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ASPECTS OS" THE ECOLOGY AND BEHAVIOUR OF RINGED AND GREY PLOVERS 
CHARADRIUS UIATICULA AND pLUyiALIS SqVATAROLA. 

Abstract 

Both plovers were studied at Lindisfarne, Northumberland, during 
three non-breeding seasons; and the Ringed Plover while breeding at 
Lindisfarne and i n NE Greenland. 

In winter both species fed p r i n c i p a l l y on i n t e r t i d a l polychaetes, 
but prey differed i n different s i t e s . Food requirements i n winter 
could not be met during daylight. Prey capture rate at night was lower 
than by day* Plovers carry large fat reserves i n winter probably to 
buffer the effects of cold, windy weather, which reduces their feeding 
rates more than those of sandpipers. 

Plovers search for prey apparently by v i s u a l means (without the 
t a c t i l e element used by other waders). At the sand surface i n t e r t i d a l 
invertebrates increased their a c t i v i t y (which enabled plovers to detect 
them) with increasing temperature; also i n some cases with foot-
vibration by Ringed Plovers. With an increase i n prey a v a i l a b i l i t y , 
the birds increased th e i r capture rate f i r s t and then their s e l e c t i v i t y 
of prey sizes and species, A simple model i s developed to describe the 
foraging behaviour and i t s modifications i n r e l a t i o n to prey a v a i l a b i l i t y 
and d i s t r i b u t i o n . The presence of other shorebirds also affected prey 
capture r a t e . Nocturnal foraging i s discussed i n r e l a t i o n to v i s u a l 
foraging and invertebrate a c t i v i t y . An attempt i s made to predict the 
minimum densities of prey required for energy balance i n various condi­
tions and to compare v i s u a l and t a c t i l e foraging strategies of plovers 
and sandpipers. 

Growth rates of Ringed Plover chicks were similar i n a l l areas 
and diurnal rhythm i n a c t i v i t y more marked i n the A r c t i c , The develop­
ment of foraging from hatching to f i r s t winter i s described i n compari­
son to that of adults and survival rates for various age-groups asses­
sed. Food supply does not appear to l i m i t growth or chick survival but 
feeding a b i l i t y may become important-"in'autumn, 

ii! 19 :>,:„.'•';::•• )' 



.-Territory establishment, d i s t r i b u t i o n and s i z e , the timing of 
laying, clutch, s i z e , incubation schedules and nesting success are 
compared for different areas. Predation was th.e main cause of the very 
variable nesting success i n different areas and appears to be the major 
determinant of timing of nesting and the li m i t of the breeding range 
i n temperate areas. The influence of human disturbance and possible 
conservation measures are discussed. 
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General Introduction 

The coastal wetlands of Western Europe provide habitats i n the 
long non^bxeeding season for large numbers of wading birds of several 
species which breed i n a r c t i c regions from NE Canada to Siberia,, Among 
these are the Grey plover Pluvialis squatarola, which breeds i n Siberia, 
and the smaller Ringed Plover Chcwadvius hi.aticu.~La whose breeding range 
extends from the high Arctic of Greenland and Siberi a as far south as 
Britain,, Individuals of both species may spend nine or ten months of 
every year i n the "wintering" areas« 

In recent years several studies of the winter ecology and behav­
iour of wading birds have been undertaken in W. Europe, partly because 
the shorebird-predator/invertebrate-prey system i s an interesting one 
for study and these birds of open habitats are reasonably easy to 
observe, but also because i n d u s t r i a l a c t i v i t i e s and large-scale reclame 
ations are threatening many of the i n t e r t i d a l habitats of these birds,, 
Thus information on their ecological requirements i s urgently neededo 

Previous detailed studies have concerned c h i e f l y the sandpiper 
family Scolopacidae and the Oystercatcher Haematopus ostvalegus both 
of which include a strong element of t a c t i l e searching with the i r b i l l s 
while foraging. The plovers (family Charadriidae) which form the other 
main component of the shorebird community forage by very different 
techniques, apparently dependent on v i s u a l searching. The i n i t i a l aim 
of t h i s study which took place from October 1973 to September 1976 was 
to obtain detailed information on th e i r feeding ecology and foraging 
behaviour to allow comparison with those of the other shore waders. 

The Ringed Plover also provided an opportunity for studying other 
questions as i t i s a common breeding bird i n summer at Lihdisfarne 
National Nature Reserve, Northumberland, the main area used for the 
winter observations*, I t was thus possible to study the feeding ecology 
of the same species-, and possibly some of the same individuals through­
out the whole year^ and to examine i t s breeding biology and aspects of 
i t s population dynamics^ I n summer 1974 ? I was able to extend the 
breeding study by spending two months i n Greenland collecting data from 
one of the northerly breeding populations for comparison with that from 
the southern end of the range. Ringed Plovers have been the subject of 

http://hi.aticu.~La
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several previous breeding season studies, notably that of Laven (1940), 
but these have tended to be concerned mainly with, descriptions of 
terr i t o r y , behaviour f density and hatching successj and have been mainly 
confined to Europe. I n the present study, I was concerned to include 
other aspects of the birds' biology, such as feeding i n the breeding-
season, and to compare th i s and the breeding production i n high a r c t i c 
and temperate regions. 

Perhaps the aspect of wader studies most neglected so far i s that 
of the development of the chicks from hatching u n t i l after fledging. 
Because at th i s time most wader young are extremely d i f f i c u l t to observe 
i n the tundras or other vegetation of their breeding areas, very l i t t l e 
i s known of their feeding, growth and survival r a t e s . Although Ringed 
Plover young are also highly cryptic and hide i n any vegetation a v a i l ­
able, t h i s species uses f a i r l y unvegetated breeding areas so i s s l i g h t l y 
l e s s d i f f i c u l t to study. Much of my work during the breeding season 
at both Lindisfarne and NE Greenland was concentrated on the young. 

This thesis i s presented as four papers (which, i t i s hoped, may 
be suitable for publication without major changes i n format) and f i v e 
appendices. The f i r s t two papers are concerned with the winter feeding 
ecology and behaviour of the two plover species, the third with the 
development of foraging behaviours, growth and su r v i v a l to reproductive 
age of the young Ringed Plovers, and the fourth with other aspects of 
the breeding biology and population dynamics of Ringed Plovers. The 
appendices provide further supporting information on various aspects 
covered i n the main papers. 



Paper 1. The feeding ecology of Grey and Ringed Plovers i n the 
non-breeding season 

INTRODUCTION 

The recent increase in pressure on i n t e r t i d a l habitats by 
reclamation for i n d u s t r i a l and other purposes has increased the need 
for studies of the habitat requirements of the various species of 
shore-birds. Detailed investigations have been made on a number of 
waders but a l l have been concerned primarily with the sandpiper family 
Scolopacidae or the Oystercatcher Haematopus ostralegus (e.g. Bengtson 
& Svensson 1968, Dare & Mercer 1973, Davidson 1967, Drinnan 1958, 
Ehlert 1964, Feare 1966, Fuchs 1975, Goss-Custard 1969, 1970a,b, 1977b, 
Heppleston 1971, Hulscher 1974, 1976, Norton-Griffiths 1967, Prater 
1972, Recher 1966, Smith & Evans 1973, Spitz 1964, Thomas & Dartnall 
1971, V i e l l i a r d 1973). The present study i s concerned with the other 
main family of shore-birds, the plovers Charadriidae which forage by 
an apparently v i s u a l technique without the element of t a c t i l e search­
ing normally used by the other waders (e.g. Burton 1974). 

This paper reports f i r s t the diet of Grey Plovers Pluvialis 
squatarola and Ringed Plovers Charadrius hi-aticula at Lindisfarne, 
Northumberland, i n the winters of 1973-4, 74-75 and 75-76 and compares 
t h i s with diets reported elsewhere, second describes attempts to 
estimate the impact of these predators on some of t h e i r prey species 
at Lindisfarne, and third considers the amount of food eaten by the 
plovers i n daylight hours and the extent of nocturnal feeding, and 
discusses the question of energy balance. 

STUDY AREA 

Lindisfarne National Nature Reserve (Fig. 1) in north 
Northumberland comprises about 3240 hectares (12j square m i l e s ) , 
mainly of t i d a l mud and sandflats, saltmarsh and dunes. 

My research was concentrated mainly on the eastern and northern 
parts of Holy Island Sands (abbreviated henceforth to HIS). This 
predominantly sandy area of about 750 hectares, characterised by casts 
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formed by lugworms Arenioola marina, forms a wide s t r i p between Holy 
Island and the muddier part of HIS, the Swad, consisting of about 
1100 hectares with extensive eel-grass Zostera spp with some areas of 
cord-grass Spartina spp. 

The sandy region was the main winter feeding area of the Ringed 
Plovers and one of the main areas of Grey Plovers, the l a t t e r also 
using, p a r t i c u l a r l y at low water, other parts of the reserve, 
especially the sandy banks south of the main study area and west of 
Holy Island v i l l a g e and the muddy area of Fenham F l a t s on the mainland 
side of the reserve, where only a few observations were made. 

Some observations were also made on the north shore of Holy 
Island Snook (henceforth termed the North Shore) where Ringed Plovers 
in particular congregated on some occasions i n the winter and where a 
flock formed before pre^-breeding t e r r i t o r i e s were taken up, at f i r s t 
temporarily, from February onwards. 

The general movements of the birds about the area in r e l a t i o n 
to the tide are summarized i n Figure 2 which also gives the d i s t r i ­
bution of some important prey (see below) as indicated by a survey on 
a £ km grid in May and June 1973 by W.F. Miller and A. Turk 
(unpublished). The patterns of usage of areas appeared similar on 
spring and neap ti d e s . 

METHODS 

Diet and feeding rates 
Goss-Custard (1973) reviewed the methods available and t h e i r 

limitations for the determination of diet of shore-birds. At 
Lindisfarne, neither Ringed nor Grey Plover have been observed to 
regurgitate p e l l e t s of indigestible material and no i d e n t i f i a b l e prey 
remains were found in a number of faecal p e l l e t s of both species 
examined. 

The gut contents of two Grey Plovers were examined. One was 
shot on 20 March 1973 as i t flew from HIS to roost. The oesophagus 
was empty and there were no i d e n t i f i a b l e prey in the i n t e s t i n e . The 
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g i z z a r d h e l d s i x i n t a c t s h e l l s of the gastropod Gibbula umbilioalis, 

s i x broken s h e l l s of the gastropod Littovina sp., 1 fragment of s h e l l 
of the b i v a l v e Cevastodevma sp., 1 fragment of crab l e g and s e v e r a l 
s m a l l e r u n i d e n t i f i a b l e s h e l l fragments and p o s s i b l y a l i t t l e v e g e table 
matter. No soft-bodied prey were r e c o g n i z a b l e . The other was shot on 
22 October 1974 w h i l e feeding on HIS. Immediately before c o l l e c t i o n 
the b i r d had taken a s e r i e s of t h i n red worms, Notomastus laterioeus 

p o s s i b l y w i t h Scoloplos armiger ( s e e below). The gut was removed and 
preserved w i t h i n about t h r e e minutes of the time the b i r d stopped 
feeding. Again no prey were found i n the oesophagus and no remains 
i n the i n t e s t i n e were i d e n t i f i a b l e . I n the g i z z a r d , only four p i e c e s 
of Notomastus were i d e n t i f i a b l e , probably p a r t s of two worms. A l s o 
present were one short p i e c e (about 1 cm long) of Avenioola marina, 

carapace, p i n c e r s and l e g s of one crab Caveinus maenas, 1 s h e l l and 
numerous fragments of the b i v a l v e Maooma balthioa and a few s m a l l 
fragments of vegetable matter. 

These two examples i l l u s t r a t e some of the problems of a n a l y s i s 
of gut contents as a b a s i s of prey i d e n t i f i c a t i o n . Gibbula i s a rocky 
shore m o l l u s c and has not been i d e n t i f i e d i n e x t e n s i v e sampling on 
HIS. Presumably the b i r d had encountered a s m a l l c o n c e n t r a t i o n or had 
taken them before moving to HIS. The absence of soft-bodied prey i n 
the gut, d e s p i t e these being the most frequent items seen to be taken 
on HIS (see below) i s n o t a b l e . The b i r d shot w h i l e feeding d i d 
co n t a i n a fragment of AveniooZa and remains of Notomastus (but i n v e r y 
s m a l l numbers), whereas these had been the only prey seen to be taken 
i n t h a t a r e a p r i o r to c o l l e c t i o n . Caveinus and Maooma, two i n f r e q u e n t 
prey, were however, w e l l p r e s e r v e d . 

Smith (1975) has demonstrated that soft-bodied worms as l a r g e as 
Avenioola can be d i g e s t e d without t r a c e by B a r - t a i l e d Godwits Limosa 

tapiponica w i t h i n l i t t l e over one minute but t h a t hard fragments, such 
as mandibles of Nereis, may be r e t a i n e d f o r at l e a s t s i x months. The 
l a c k of i d e n t i f i a b l e prey fragments i n the i n t e s t i n e and droppings of 
pl o v e r s at L i n d i s f a r n e and the absence of r e g u r g i t a t e d p e l l e t s i s thus 
not s u r p r i s i n g as f i e l d o b s e r v a t i o n s of feeding b i r d s and sampling of 
s u b s t r a t e (see below) i n d i c a t e t h a t the d i e t of both s p e c i e s at 
L i n d i s f a r n e comprises l a r g e l y soft-bodied worms. 
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Goss-Custard (1973, 1977c) showed t h a t v a l i d and r e l i a b l e i n f o r ­
mation on prey composition and feeding r a t e s can be obtained by f i e l d 
o bservations of feeding b i r d s , and t h i s approach was adopted a l s o i n 
my study. Observations were made i n i t i a l l y from a 'hide' c o n s i s t i n g 
of b a l e s of straw anchored to the mud s u r f a c e , a method used s u c c e s s ­
f u l l y i n the study of B a r - t a i l e d Godwits at L i n d i s f a r n e by Smith 
(1975) . However, t h i s method proved u n s u i t a b l e f o r the more mobile 
f l o c k s of p l o v e r s which did not r e s t r i c t t h e i r feeding to the v i c i n i t y 
of the t i d e edge. Most observations were t h e r e f o r e made from a c a r 
parked on the s a n d - f l a t s and moved when n e c e s s a r y . 

Observations were made with a 15 x to 60 x t e l e s c o p e , of i n d i ­
v i d u a l feeding b i r d s , normally over periods of one to two minutes. 
The numbers and, where v i s i b l e , types of prey taken were recorded, as 
were v a r i o u s other b e h a v i o u r a l d e t a i l s ( s e e Paper 2 ) , weather condi­
t i o n s , proximity of other b i r d s , e t c . At i n t e r v a l s of about 15 
minutes, the numbers of each s p e c i e s f e e d i n g or engaged i n other 
a c t i v i t i e s were noted. 

Some prey, such as lugworms Arenieola, crabs (mainly Carcinus), 

and ragworms ( p r i n c i p a l l y Wereis diversi-aolor, as i n d i c a t e d by 
s u b s t r a t e sampling) were e a s i l y i d e n t i f i a b l e . Aveni-oola was d i s t i n c ­
t i v e because of i t s s i z e and shape and i t s f a i r l y i n e r t appearance 
w h i l e hanging from the b i r d ' s b i l l . The len g t h of worm as i t hung 
from the b i l l was estimated i n r e l a t i o n to the height of the b i l l from 
the ground (approximately 80 mm i n Ringed P l o v e r s and 120 mm i n Grey 
P l o v e r s - measured from s t i l l and c i n e photography, mounted specimens 
and l i v e b i r d s caught). Short p i e c e s of the t a i l s of Avenioola were 
sometimes taken and the lengths of these were estimated i n r e l a t i o n 
to b i l l length (about 15 mm i n Ringed P l o v e r and 30 mm i n Grey P l o v e r ) . 
Ragworms ( p r i n c i p a l l y Nereis diversiaolop) were r e c o g n i s a b l e because 
of t h e i r 'ragged' appearance and t h e i r tendency to w r i t h e r h y t h m i c a l l y 
w h i l e suspended from the b i l l . Crabs had a d i s t i n c t i v e appearance and 
the b i r d s d e a l t w i t h them i n a c h a r a c t e r i s t i c manner: holding by each 
l e g i n t u r n and shaking to detach t h i s from the body before swallowing, 
and u s u a l l y f i n i s h i n g by swallowing the main body. Also e a s i l y recog­
n i s a b l e i n the f i e l d were p i e c e s of green a l g a e taken by the b i r d s ; i t 
was not p o s s i b l e to see whether any s m a l l animals were attached to 



these when swallowed, although the prosobranch Hydrobia ulvae i s known 
to favour a l g a l mats. 

Other prey items - the m a j o r i t y - were s m a l l e r and, although i t 
was p o s s i b l e to i d e n t i f y these on many o c c a s i o n s , there were many 
pecks which could only be a l l o c a t e d to e i t h e r " s u c c e s s f u l peck, prey 
unknown" or " peck, outcome unknown". The most important of t h e s e 
s m a l l e r prey were c l e a r l y t h i n worms, mainly red-bodied. When seen, 
the lengths of these worms were estimated i n r e l a t i o n to b i l l - h e i g h t 
w h i l e the worm was s t r e t c h e d as the plover p u l l e d i t from i t s burrow. 

I d e n t i f i c a t i o n of t h i n worms as prey was aided by the d i s t i n c t i v e 
behaviour of the p l o v e r w h i l e t a k i n g the prey. The b i r d darted to peck 
at the ground, then p u l l e d the worm from the ground, i n i t i a l l y h o lding 
the b i l l p o i n t i n g almost v e r t i c a l l y downwards. The b i l l , head and body 
pivoted upwards s l o w l y as the worm emerged and on some occasions w i t h 
long worms the b i r d q u i c k l y t r a n s f e r r e d i t s g r i p to lower p a r t s of the 
worms' b o d i e s . F i n a l l y , the b i r d ' s head was f l i c k e d r a p i d l y as the 
worm came f r e e and was swallowed. P l o v e r s feeding i n t h i s manner oft e n 
showed f i n e dark l i n e s a c ross t h e i r b r e a s t s where the muddy worms had 
lashed as they came f r e e from t h e i r burrows. 

To t e s t the v a l i d i t y of ' t h i n worm' i d e n t i f i c a t i o n and to 
i n v e s t i g a t e the nature of other pecks, colour c i n e f i l m was taken of 
b i r d s f e e ding i n the n a t u r a l s i t u a t i o n . The processed f i l m was then 
run at normal speed and data recorded as i n the f i e l d . The f i l m was 
l a t e r analysed frame by frame to i d e n t i f y prey taken. Many months 
elapsed between making and watching the f i l m and between watching and 
frame-by-frame a n a l y s i s , during which time many other b i r d s were 
watched i n the f i e l d and on f i l m , so t h a t there i s l i t t l e l i k e l i h o o d 
of memory r e t e n t i o n of previous assessments. The f i l m a n a l y s i s gave 
a c o n s e r v a t i v e assessment of the i d e n t i f i c a t i o n a b i l i t y of the obser­
ver as v i e w i n g c o n d i t i o n s were l e s s good by f i l m than by d i r e c t obser­
v a t i o n . T h i s r e s u l t e d from l i m i t a t i o n s of equipment and operator, 
poor l i g h t f o r f i l m i n g and low power of telephoto lens compared w i t h 
t e l e s c o p e . Comparison of prey observed w i t h t h a t recorded by frame-
by-frame a n a l y s i s i s given f o r the two p l o v e r s i n Table 1. 



TABLE 1. COMPARISON OF PREY RECORDED FROM FILM RUN AT NORMAL SPEED 
WITH THAT REVEALED BY FRAME-BY-FRAME ANALYSIS. 

GREY PLOVER 

normal speed 

n P-

ps, 
s-

pw, 
>> 

E 
£ Total 

peck 

no. (%) 

1 (14.3) 

1 (14.3) 

5 (71.4) 

7 

peck, 

small prey 

no. {%) 

2 2 (10.0) 

4 (20.0) 

14 (70.0) 

20 

peck, 
thin worm 

no. (%) 

l 1 (5 .9) 

0 (0) 

16 (94.1) 

17 

Total 

no. (%) 

4 (9.1) 

5 (11.4) 

35 (79.5) 

44 

RINGED PLOVER 

E P° 
CO 
V PS. 
>> 

A PW-
E 
£ Total 

peck 

no. (%) 

2 (22.2) 

2 (22.2) 

5 (55.6) 

9 

normal speed 

peck, peck, 
small prey thin worm 

no. (%) 

12 2 (14.3) 

34 (40.5) 

38 (45.2) 

84 

no. (%) 

I 1 (3 .2) 

7 1 (22.6) 

23 (74.2) 

31 

Total 

no. {%) 

15 (12.1) 

43 (34.7) 

66 (53.2) 

124 

Notes 1 Re-showing of f i lm c l e a r l y indicated these to be worms 
because of c h a r a c t e r i s t i c bird feeding movements although 
the worms themselves could not be seen. 

2 During re-showing bird movement suggested that small prey 
were taken but these were not v i s i b l e . 
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I t was not always p o s s i b l e to a s s e s s worm length from the f i l m 
record and most were f a i r l y s m a l l . However, those t h a t were measur­
able supported the estimate made when the f i l m had been run at normal 
speed. 

Table 1 demonstrates t h a t the i d e n t i f i c a t i o n of t h i n worms by 
the method used i n the f i e l d was v a l i d and t h a t the r e c o r d i n g of items 
as "peck" or " s u c c e s s f u l peck" was c o n s e r v a t i v e i n t h a t most of these 
were captures of t h i n worms. At most, 9% of Grey Plover pecks and 
12% of Ringed Pl o v e r pecks were u n s u c c e s s f u l , more l i k e l y f i g u r e s 
being 2% f o r each s p e c i e s . T h i s i s c o n s i s t e n t w i t h a f i n d i n g t h a t 
99.4% of 943 pecks of Grey P l o v e r s at Teesmouth, County C l e v e l a n d , 
r e s u l t e d i n prey being taken (Pienkowski 1973). I n Connecticut Baker 
(1974) estimated t h a t B l a c k - b e l l i e d P l o v e r s ( t h e same s p e c i e s ) on 
autumn and s p r i n g m i g r a t i o n were s u c c e s s f u l i n only 48% and 40% of 
pecks r e s p e c t i v e l y . I t i s d i f f i c u l t to see the reason f o r t h i s d i f f ­
erence or determine whether i t i s r e a l or due to d i f f e r e n c e s i n i n t e r ­
p r e t a t i o n . P o s s i b l y , without a check from c i n e - f i l m , Baker a l l o c a t e d 
the e q u i v a l e n t of my 'pecks w i t h unknown outcome' to ' u n s u c c e s s f u l ' 
and was more c o n s e r v a t i v e i n a l l o c a t i n g prey types. I n any event, 
because of the v e r y s m a l l r e l a t i v e c a l o r i f i c v a l u e of s m a l l prey (see 
below), the d i f f e r e n c e between u n s u c c e s s f u l peck and s m a l l prey (even 
i n c o n s i d e r a b l e numbers) i n terms of c o n t r i b u t i o n to energy i n t a k e i s 
s m a l l . F u r t h e r c o n s i d e r a t i o n of v a l i d i t y and r e l i a b i l i t y of my obser­
v a t i o n s of f e e d i n g behaviour are made i n Paper 2. 

D e t a i l s of prey and feeding r a t e s were normally recorded as prey 
were taken by t a l k i n g i n t o a c o n t i n u a l l y running tape r e c o r d e r . The 
information was l a t e r f i l e d on punch cards and s o r t e d i n t o number and 
capture r a t e of each type of prey taken, and v a r i o u s b e h a v i o u r a l c a t e ­
gories by a s p e c i a l l y w r i t t e n computer program 'PLOVPROG' (see 
Appendix 3 f o r a l i s t i n g of 'PLOVPROG' and Paper 2 f o r more d e t a i l s of 
procedure). The s o r t e d m a t e r i a l was s t o r e d on magnetic tape. Analyses 
u s u a l l y employed the s t a t i s t i c a l procedures a v a i l a b l e i n the package 
SPSS (Nie e t a l 1975). Other s t a t i s t i c a l procedures f o l l o w B a i l e y 
(1959) and Sokal & Rohlf (1969). 

A i r temperature near ground l e v e l and sand temperature at about 
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1 cm depth were recorded during the obs e r v a t i o n p e r i o d , as were other 
weather data. 

Night feeding 
Attempts were made to i n v e s t i g a t e the percentages of b i r d s 

involved i n n i g h t f e e d i n g and feeding r a t e s at n i g h t . Note was made 
of whether b i r d s appeared to continue feeding as n i g h t f e l l and 
attempts were made to view b i r d s a g a i n s t moon-light r e f l e c t e d on the 
mud and pools. On the darker n i g h t s hand lamps and c a r head-lamps 
were used to i n v e s t i g a t e the presence of b i r d s on the f l a t s although 
l i t t l e i nformation was a v a i l a b l e from t h i s method on whether the 
waders were fe e d i n g . A t t e n t i o n was a l s o paid on a l l o c c a s i o n s to the 
occurrence of c a l l s but the s e again d i d not give d e f i n i t e i n f o r m a t i o n 
on the a c t i v i t i e s of the b i r d s . Although some r e l e v a n t information 
was obtained, none of the s e methods was p a r t i c u l a r l y s a t i s f a c t o r y . 

An i m a g e - i n t e n s i f i e r , a ni g h t - v i e w i n g apparatus, was used on 
three n i g h t s i n December 1974 ( c o u r t e s y of the I n s t i t u t e of T e r r e s t r i a l 
Ecology) and on thr e e n i g h t s i n February, s i x i n March and s e v e r a l i n 
May to J u l y 1976 ( c o u r t e s y of the Home O f f i c e S p e c i a l Equipment U n i t , 
Durham P o l i c e H e a d q u a r t e r s ) . T h i s equipment was v e r y s a t i s f a c t o r y f o r 
the d e t e c t i o n of b i r d s at a range of up to s e v e r a l hundred metres, 
provided t h a t the ground was reasonably wet; however the c o n t r a s t 
between b i r d plumage and dry sand was i n s u f f i c i e n t f o r d e t e c t i o n except 
at f a i r l y s h o r t range. The equipment had the disadvantage of heavy 
weight ( i t was only j u s t p o r t a b l e by a person and was normally used 
from a v e h i c l e on the sand f l a t s ) and ve r y low m a g n i f i c a t i o n . I n good 
con d i t i o n s I was able to measure pecking r a t e s , number of paces b e t ­
ween w a i t i n g p o s i t i o n s and prey captures and other a s p e c t s of fora g i n g 
of Grey P l o v e r s on the sand f l a t s , but not of the s m a l l e r Ringed 
P l o v e r s . Prey could not be i d e n t i f i e d , except f o r a few t h i n worms. 
Some measurements of the f o r a g i n g performances of adu l t and c h i c k 
Ringed P l o v e r s at c l o s e range on the North Shore i n the breeding 
season were made. 

I n v e r t e b r a t e d i s t r i b u t i o n s and d e n s i t i e s 
A survey, w i t h samples taken on a square g r i d at 50 m i n t e r v a l s 

i n a r eas of high d e n s i t y and 100 m i n t e r v a l s elsewhere, was conducted 



i n May-June 1975 over my main study a r e a on HIS by three undergraduate 
students (A.P. Coverdale, J.A. H a l l & A.J. W a l l i s ) under my d i r e c t i o n . 
Four samples each 10 x 10 x 10 cm were taken at the co r n e r s of a 1 m 
square at each s t a t i o n , and were s i e v e d through a 1 mm s i e v e i n the 
f i e l d . Animals i n each sample were brought back to the l a b o r a t o r y 
f o r i d e n t i f i c a t i o n and counting. The r e s u l t s are shown i n F i g u r e 3. 

V a r i a t i o n s i n i n v e r t e b r a t e d e n s i t y over the w i n t e r 
To i n v e s t i g a t e v a r i a t i o n s i n i n v e r t e b r a t e d e n s i t y over the 

w i n t e r two 100 m x 100 m sampling areas were e s t a b l i s h e d , area B on 
the 'Grey P l o v e r F l a t s ' and area D at Godwit Creek' ( F i g . 3 ) . Within 
each area 36 s t a t i o n s on a 20 m x 20 m g r i d were marked u s i n g |""| 
shaped p i e c e s of g a l v a n i s e d w i r e pushed i n t o the mud so t h a t they were 
f l u s h w i t h the s u r f a c e and u n l i k e l y to a f f e c t flow and sedimentation 
p a t t e r n s . 

I n November 1974 a s i n g l e sample 10 cm x 10 cm x 30 cm depth was 
c o l l e c t e d from a point 1 m south of each g r i d mark. Sampling to 30 cm 
depth included almost a l l i n v e r t e b r a t e s o c c u r r i n g commonly i n t h i s 
p a r t of the mudflats except l a r g e Aveni-cota. The samples were t r a n s ­
f e r r e d to polythene bags and kept outdoors u n t i l the f o l l o w i n g day 
when each sample was washed through a s i e v e of 20 meshes per i n c h 
( h o l e s approximately squares of s i d e 0.9 mm). Washing through a s i e v e 
of 30 meshes per i n c h ( s i d e s 0.5 mm) took c o n s i d e r a b l y longer but 
r e t a i n e d v e r y few a d d i t i o n a l animals. Examination of the washings, 
through both s i e v e s , r e v e a l e d no macrofauna. Retained m a t e r i a l from 
each sample was washed i n t o an enamel t r a y and a l l animals were picked 
from t h i s and s t o r e d i n a j a r of s e a water u n t i l the f o l l o w i n g day 
when they were s o r t e d and counted. The s h e l l lengths of a sample of 
molluscs were measured but measurements of worms were i m p r a c t i c a b l e 
because of damage during s i e v i n g . 

Sampling was repeated i n February and May 1975 at s t a t i o n s making 
an e q u i l a t e r a l t r i a n g l e of s i d e { m w i t h the November s t a t i o n ( F i g . 4 ) . 
T h i s design allowed p a i r e d comparisons between sampling o c c a s i o n s i n 
an attempt to prevent the g e n e r a l l y high v a r i a n c e i n d e n s i t i e s over 
even a s m a l l a r e a of mud-flat h i d i n g seasonal changes. The data were 
analysed by two-way a n a l y s i s of v a r i a n c e f o r p a i r e d comparisons (see 
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Li I 
m 

^ Marker 

1 m 

F i r s t sample (November) 
m 

Second sample ( F e b r u a r y ) * " * T h i r d sample (May) 
$ m 

F i g u r e 4. Arrangement of sampling at each g r i d s t a t i o n during 
i n v e s t i g a t i o n of seasonal v a r i a t i o n . 

Note: For more frequent sampling, the p a t t e r n could be extended to 
give up to seven o c c a s i o n s , s i x forming a hexagon around the 
i n i t i a l s i t e . The sample f o r any one date would then be 
e q u i d i s t a n t from that of the previous date and the i n i t i a l one. 

' C o n t r o l " B e f o r e " C l o s e d " B e f o r e ' ' C o n t r o l ' 'Before' 'open' 'Before' 'Control' 
e x c l o s u r e 'Control' e x c l o s u r e 

2 m 

1.25m 1.25m 2.5m 

F i g u r e 5. Arrangement of e x c l o s u r e s and adjacent sampling a r e a s . Dots 
i n d i c a t e sampling p o s i t i o n s . 



Sokal & Rohlf 1969, Box 11.3). A l l 36 s t a t i o n s were sampled i n area 
B. Only the e a s t e r n 24 s t a t i o n s i n a r e a D were sampled i n November 
and one sample was s p i l t during t r a n s p o r t a t i o n on another o c c a s i o n so 
that the a n a l y s i s of v a r i a n c e f o r t h i s a r e a i s based on a sample of 
23 or 36, depending on the comparison. When mean d e n s i t i e s f o r area 
D are given, these are based on the 23 s t a t i o n s common to a l l d a t e s . 

I n February and May a s i m i l a r sampling procedure was c a r r i e d out 
i n one 100 m x 100 m square on each of the upper sand f l a t s on Holy 
I s l a n d Sands ( F i g . 3) and on the N. Shore. 

E x c l o s u r e experiment 
I n an attempt to i n v e s t i g a t e the e f f e c t s of pr e d a t i o n by b i r d s 

and f i s h e s on the i n v e r t e b r a t e s , two e x c l o s u r e s were e s t a b l i s h e d on 
7 December 1974 on the mud-flats at approximately m i d - t i d a l l e v e l and 
the mid l e v e l of a r e a B. Each was b u i l t of wood of approximately 
1 i n c h (2.5 cm) square s e c t i o n and c o n s i s t e d of a r e c t a n g l e 2.5 x 2 m, 
supported a t each corner by a wooden l e g 30 cm high . Each l e g was 
fastened to an a n g l e - i r o n of len g t h 6 f t (1.8 m) which had been d r i v e n 
i n t o the mud. 

One e x c l o s u r e was covered w i t h g a l v a n i s e d w i r e n e t t i n g . I t was 
po s t u l a t e d t h a t t h i s would exclude both b i r d s and f i s h w h i l e the other 
e x c l o s u r e , which was not covered w i t h w i r e , would exclude only b i r d s . 
Frequent o b s e r v a t i o n s over the w i n t e r confirmed t h a t b i r d s did not 
enter the e x c l o s u r e s but fed i n the a r e a between and adjacent to them. 
Observations on f i s h behaviour were not p o s s i b l e . 

The e x c l o s u r e s were p o s i t i o n e d as i n d i c a t e d i n F i g u r e 5 at 
approximately the same t i d a l l e v e l and as c l o s e as p r a c t i c a b l e g i v e n 
the requirements of the experiment. Once the e x c l o s u r e s had been 
placed on the f l a t s but before the anchoring a n g l e - i r o n s were d r i v e n 
i n t o the ground, eighteen 10 x 10 x 15 cm samples were taken i n a 
r e g u l a r , evenly spaced p a t t e r n from areas 1.25 m x 2 m immediately on 
each s i d e of each e x c l o s u r e as i n d i c a t e d i n F i g u r e 5. These samples 
were t r e a t e d as i n d i c a t e d i n the previous s e c t i o n . 

During the period w h i l e the e x c l o s u r e s were i n p l a c e a l i t t l e 



e r o s i o n of sediment was apparent p a r t i c u l a r l y c l o s e to the l e g s of 
the e x c l o s u r e s . A l so d e b r i s tended to c o l l e c t and algae to grow on 
the s t r u c t u r e s , e s p e c i a l l y the ' c l o s e d ' one, although t h i s was removed 
as f r e q u e n t l y as p o s s i b l e . 

On 6 May 1975, 36 evenly spaced samples were taken from the a r e a 
i n s i d e the 'open' e x c l o s u r e and a f u r t h e r 18 from each of two areas 
1.25 m x 2 m on e i t h e r s i d e of the i n i t i a l sampling a r e a ( F i g . 5 ) . On 
16 May 1975, the ' c l o s e d ' e x c l o s u r e was removed and a s i m i l a r sampling 
procedure c a r r i e d out. The r e s u l t s were examined u s i n g a n a l y s i s of 
v a r i a n c e . 

C a l o r i f i c contents 
Thin red worms were c o l l e c t e d from samples of the s u b s t r a t e i n 

the main p l o v e r feeding a r e a by hand s o r t i n g (as the worms are broken 
by s i e v i n g ) and measured i n i t i a l l y i n an u n s t r e t c h e d s t a t e and then 
by s t r e t c h i n g u n t i l the worms broke. The r e l a t i o n s h i p between 
s t r e t c h e d and u n s t r e t c h e d length was: 
s t r e t c h e d = 1.52 x un s t r e t c h e d + 2.5 ( r = 0.86, P < 0.001). 

Worms were separated according to t h e i r s t r e t c h e d length i n t o 
c l a s s e s corresponding to the b i l l h e i g ht c l a s s i f i c a t i o n used i n the 
f i e l d . No attempt was made to remove the sand adhering to the worms, 
p a r t l y because the p l o v e r s d i d not u s u a l l y wash the worms taken, but 
mainly because c l e a n i n g would have caused f u r t h e r damage and p o s s i b l e 
l o s s of f l e s h . The samples were d r i e d i n a-vacuum oven at 60 °C and 
then weighed. 

C a l o r i f i c v a l u e s of the r e s u l t i n g d r i e d m a t e r i a l were obtained 
u s i n g a 'Durham' m i n i a t u r e bomb c a l o r i m e t e r ( P h i l l i p s o n 1964) . No 
s i g n i f i c a n t d i f f e r e n c e s i n c a l o r i f i c v a l u e s were found between 
samples taken i n e a r l y February and l a t e March, and d a t a from the two 
periods were combined. Smith (1975) found no s i g n i f i c a n t d i f f e r e n c e 
between the c a l o r i f i c v a l u e s of samples of Avenicola and t h i n red 
worms c o l l e c t e d a t L i n d i s f a r n e i n September, December and May. 

Determinations of c a l o r i f i c v a l u e were a l s o made f o r 
Bathyporeia, sandhoppers Tdli-tvus saltatov, s h o r e - f l i e s , mainly 
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Coetopa, and t a i l s of Areni-cola. For the l a t t e r , t a i l s 1 cm long 
were used as t h i s was the approximate le n g t h seen to be taken by both 
Ringed and Grey P l o v e r s i n the f i e l d . 

Impact of the b i r d s on t h e i r prey 
On seven occasions between each period of i n v e r t e b r a t e sampling, 

areas B and D were observed during t h e i r periods of t i d a l emersion. 
On each o c c a s i o n the numbers of a l l b i r d s p e c i e s p r e s e n t and feeding 
were counted at 15 minute i n t e r v a l s and i n the i n t e r v e n i n g periods 
measurements of feeding r a t e s of p l o v e r s were taken. 

For each hour of t i d a l exposure the mean number of b i r d s of each 
s p e c i e s feeding i n each a r e a was c a l c u l a t e d f o r the seven dates w i t h i n 
each i n t e r - s a m p l i n g p e r i o d . These v a l u e s were summed over the time of 
t i d a l exposure to give the number of bird-minutes of feeding per day­
l i g h t t i d a l exposure. 

Three r a t e s of t a k i n g t h i n red worms per minute were c a l c u l a t e d 
for each p l o v e r s p e c i e s i n each i n t e r - s a m p l i n g p e r i o d . These three 
r a t e s were estimates of ( i ) the number of t h i n worms ( i . e . observed 
t h i n worms plus the f r a c t i o n s of s u c c e s s f u l pecks w i t h unknown prey 
and pecks w i t h unknown outcome i n d i c a t e d by Table 1) taken per minute; 
( i i ) the minimum number of t h i n worms ( i . e . only those recorded as 
t h i n worms ) taken per minute; and ( i i i ) the maximum number of t h i n 
worms ( i . e . t h i n worms pl u s pecks w i t h unknown prey plus pecks w i t h 
unknown outcome) taken per minute. As-for each s p e c i e s each r a t e d i d 
not d i f f e r s i g n i f i c a n t l y between areas B and D the same v a l u e s f o r the 
thre e e s t i m a t e s were used f o r both a r e a s . 

These t h r e e r a t e s were m u l t i p l i e d by the r e l e v a n t bird-minutes 
of feeding per d a y l i g h t t i d e and the 92 days between each sampling 
o c c a s i o n to give estimates of the number of t h i n worms taken i n day­
l i g h t from each area by each s p e c i e s during the two i n t e r - s a m p l i n g 
p e r i o d s . E s t i m a t e s were a l s o made f o r B a r - t a i l e d Godwits u s i n g the 
remarkably constant f i g u r e f o r r a t e of t a k i n g t h i n worms over v a r i o u s 
ranges of cond i t i o n s and temperatures from -1 °C upwards reported by 
Smith ( 1 9 7 5 ) . No r a t e of capture of t h i n worms was a v a i l a b l e f o r 
D u n l i n s , the f o u r t h s p e c i e s feeding commonly i n these a r e a s , because 
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of i t s tendency to swallow prey without removing i t s b i l l from the 
s u b s t r a t e . Bird-minutes of feeding of Dunlins a r e , however, given 
l a t e r w i t h those of the other s p e c i e s . I t i s p o s s i b l e t h a t much of 
the prey of t h i s s p e c i e s c o n s i s t e d of meiofauna, as has been shown a t 
Teesmouth (Evans et at. 1979). Other sh o r e b i r d s p e c i e s were recorded 
i n only v e r y s m a l l numbers i n the areas and were seen g e n e r a l l y to 
take prey other than t h i n worms. 

Food i n t a k e of the b i r d s d u r i n g d a y l i g h t 
The c a l o r i f i c v a l u e s i n Table 7 were used to convert the numbers 

of prey taken of each type to t h e i r e n e r g e t i c e q u i v a l e n t s . A v a l u e of 
2.5 c a l per item was assumed f o r s m a l l prey as t h i s approximates to 
the v a l u e s of the s m a l l e s t category of worms and of the sm a l l C r u s t a c e a . 
S u c c e s s f u l pecks w i t h unknown prey and pecks w i t h unknown outcome were 
a l l o c a t e d to sm a l l prey and s m a l l worms i n the proportion i n d i c a t e d i n 
Table 1. The s m a l l worms r e a l l o c a t e d from these c a t e g o r i e s were 
assumed to c o n s i s t of equal numbers of < 5 b i l l - h e i g h t worms and | 
b i l l - h e i g h t worms, as i n d i c a t e d by the c i n e f i l m a n a l y s e s . Changes 
(even of about 100% f o r Ringed P l o v e r s and l a r g e r f o r Grey P l o v e r s ) i n 
the s i z e of these assumed v a l u e s have l i t t l e e f f e c t on the r e s u l t s . 
The energy i n t a k e s from a l l prey taken over each o b s e r v a t i o n period 
( u s u a l l y 1 - 2 minutes) were summed and a mean r a t e of energy i n t a k e 
per minute was c a l c u l a t e d f o r each hour f o r each s e t of t i d a l and 
weather c o n d i t i o n s f o r which d a t a on percentages of b i r d s feeding were 
a v a i l a b l e (see below). I n no case d i d mean r a t e s of energy i n t a k e 
v a r y c o n s i s t e n t l y or s i g n i f i c a n t l y during the t i d a l c y c l e . T herefore 
an o v e r a l l mean r a t e was c a l c u l a t e d f o r each s e t of weather c o n d i t i o n s . 
(The main v a r i a t i o n s i n h o u r l y i n t a k e r a t e were due to the o c c a s i o n a l 
Arenicola captured and these were taken too i n f r e q u e n t l y to give a 
c o n s i s t e n t t i d a l p a t t e r n . ) 

At approximately 15 minute i n t e r v a l s the pro p o r t i o n of b i r d s 
feeding ( r a t h e r than l o a f i n g , preening, r e s t i n g , e t c . ) was noted and 
an average v a l u e c a l c u l a t e d f o r each hour of the t i d a l c y c l e . T h i s 
measure of the average amount of time a b i r d spends feeding assumes 
that feeding and non-feeding b i r d s were e q u a l l y v i s i b l e , and t h i s i s 
thought to have been reasonably t r u e i n the ar e a s used i n my study, 
namely open f l a t a r e a s without deep c r e e k s , v e g e t a t i o n or l a r g e r o c k s . 
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Spring ( » 11.9 m depth at high water over the New Entrance Lock S i l l 
at L e i t h ) and neap t i d e s ( 11.8 m) were t r e a t e d s e p a r a t e l y ; i n l o c a l 
terms neap t i d e s did not cover the e n t i r e a r e a of HIS whereas s p r i n g 
t i d e s d i d . 

Because of the m o b i l i t y of the b i r d s and t h e i r s c a t t e r e d d i s p e r ­
s i o n w h i l e feeding, i t was r a r e l y p o s s i b l e to o b t a i n a f u l l s e t of 
data from reasonable sample s i z e s of b i r d s i n a s i n g l e day, so t h a t 
most estimates are combined from two or more days. Separate es t i m a t e s 
were made f o r each month and, when s u f f i c i e n t data were a v a i l a b l e , f o r 
d i f f e r e n t weather c o n d i t i o n s i n each month. F o r Ringed P l o v e r s , j u v ­
e n i l e s were t r e a t e d s e p a r a t e l y from a d u l t s i n e a r l y autumn when they 
were f a i r l y r e a d i l y d i s t i n g u i s h a b l e i n the f i e l d by plumage c r i t e r i a . 

For each s e t of c o n d i t i o n s the mean propor t i o n s of b i r d s feeding 
("Feeding I n t e n s i t y " F I ) were p l o t t e d a g a i n s t time s i n c e high water. 
The a r e a under the curve so produced ( i . e . the average percentage of 
time spent f e e d i n g per d a y l i g h t t i d a l c y c l e - "Percentage Feeding 
Time" PFT) was a s s e s s e d by weighing on a s u i t a b l y s e n s i t i v e balance 
t r a c i n g s of the graph on paper of uniform t h i c k n e s s . Each estimate 
of PFT was based on the e q u i v a l e n t of at l e a s t a f u l l t i d a l p eriod of 
observations and i n many c a s e s , because of overlap i n combining d a t a 
from s e v e r a l days, the e q u i v a l e n t of about two such p e r i o d s . 

The d u r a t i o n of d a y l i g h t on the middle day of each month was 
c a l c u l a t e d from t a b l e s f o r l a t i t u d e 56°N (Whitaker's Almanac). The 
periods of c i v i l t w i l i g h t were included i n the t o t a l d a y l i g h t p e r i o d . 
T h i s seemed a p p r o p r i a t e as judged by general o b s e r v a t i o n of b i r d 
behaviour; feeding r a t e s and behaviour p a t t e r n s did not change u n t i l 
l i g h t i n t e n s i t y was low. 

The e s t i m a t e s of PFT, d a y l i g h t d u r a t i o n and r a t e of energy 
intake were combined to give an average amount of food ingested per 
d a y l i g h t p e r i o d f o r each month and s e t of c o n d i t i o n s . The d a y l i g h t 
feeding d u r a t i o n was not c o r r e c t e d to allow f o r timing of h i g h water 
(when feeding may be r e s t r i c t e d ) i n r e l a t i o n to d a y l i g h t . T h i s was 
because the c a l c u l a t i o n s concerned monthly averages and, at L i n d i s f a r n e , 
high water occurs i n d a y l i g h t at about the same frequency d u r i n g both 
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s p r i n g and neap t i d e s . I t i s , however, t r u e t h a t on c e r t a i n days i n 
winte r b i r d s w i l l have l e s s f e e d i n g time a v a i l a b l e than on others 
because of the occurrence of high water i n d a y l i g h t but the present 
data cannot examine t h i s , because of the i m p o s s i b i l i t y of o b t a i n i n g a 
f u l l s e t of data i n d a y l i g h t on a s i n g l e day i n mid-winter, exacer­
bated by the m o b i l i t y of the b i r d s . 

The estimated food i n t a k e i n d a y l i g h t concerned an 'average' 
i n d i v i d u a l b i r d . C l e a r l y , t h i s method concealed i n d i v i d u a l v a r i a t i o n 
i n feeding r a t e s and feeding time and the f o l l o w i n g of s e v e r a l i d e n t i ­
f i a b l e i n d i v i d u a l s would have been p r e f e r a b l e . T h i s had been the 
o r i g i n a l i n t e n t i o n f o r Ringed P l o v e r s , some of which,were marked w i t h 
colour r i n g s , but the l a r g e feeding area u t i l i z e d , the sm a l l s i z e of 
the b i r d s and the r i n g s , t h e i r wide-ranging behaviour and the viewing 
c o n d i t i o n s prevented t h i s . 

B a s a l metabolic r a t e s of the p l o v e r s were estimated (from l e a n 
body weights) u s i n g the formula f o r non-passerines c a l c u l a t e d by 
L a s i e w s k i & Dawson (1967). 

RESULTS 

D i e t 
D e t a i l s of prey recorded i n the f i e l d , arranged by s p e c i e s , main 

p a r t s of the study a r e a and month, are given i n Appendix 1 and summar­
i z e d over the whole season i n Table 2. No v a r i a t i o n i n d i e t between 
s p r i n g and neap t i d e s was apparent. Table 3 a l l o c a t e s " s u c c e s s f u l 
pecks, unknown prey" to worms and other s m a l l prey and "pecks, unknown 
outcome" to worms, other s m a l l prey and f a i l u r e s i n proportions i n d i ­
c ated by data i n Table 1. The numerical importance of t h i n worms to 
both s p e c i e s i s c l e a r . 

The composition of t h i n worms by c o l o u r s as ass e s s e d by examination 
of cine" f i l m i s given i n Table 4. The g r e a t e r v a r i e t y on the North 
Shore i s probably a r e s u l t of the more d i v e r s e h a b i t a t c o v e r i n g a 
ste e p e r range of t i d a l l e v e l s and shore types, i n c l u d i n g rocks and more 
weed, and a l s o embracing midsummer c o n d i t i o n s when a wider v a r i e t y of 
i n v e r t e b r a t e s may be a v a i l a b l e to predation ( s e e Paper 2 ) . " 
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Sampling of the sand f o r p o t e n t i a l prey i n d i c a t e s t h a t the red worms 
are the c a p i t e l l i d polychaete Notomastus lateviceus and the a r i c i i d 
polychaete SooZoplos avmigeia Because of v a r i a t i o n i n pigmentation, 
the apparently c l e a r and b l a c k worms may a l s o be of t h i s s p e c i e s . 
The y e l l o w worms may be Phyllodooe maculata, which was found at. mod­
er a t e d e n s i t i e s i n the study a r e a during the v a r i o u s i n v e r t e b r a t e 
samplings. 

Analyses of s i z e s of t h i n worms are given i n Appendix 2 and 
summarized i n Ta b l e 5. The s i z e s of Scoloplos found i n the ar e a 
i n d i c a t e t h a t these are l i k e l y to c o n t r i b u t e s i g n i f i c a n t l y only to 
'< | b i l l - h e i g h t worms' and '| b i l l - h e i g h t worms' and that l a r g e r red 
worms are almost e n t i r e l y Notomastus; however, the l a t t e r a l s o c o n t r i ­
bute to the s m a l l e s t c a t e g o r i e s of worms. Table 5 does not i n c l u d e 
those worms i n i t i a l l y c a t e g o r i z e d i n Table 2 as " s m a l l prey" and 
"pecks" b e f o r e c o r r e c t i o n . These a re almost e n t i r e l y '< | b i l l - h e i g h t 
worms' and b i l l - h e i g h t worms'. 

Numerically the second most important group of prey a r e the 
'various s m a l l ' items. Although these probably i n c l u d e f u r t h e r t h i n 
worms and fragments of th e s e , the other s m a l l items i d e n t i f i e d give 
some c l u e to the other s p e c i e s i n v o l v e d , Sandhoppers, mainly 
Tdlitrus saltator, and D i p t e r a ( c h i e f l y C o e l o p i d s ) a r e important to 
Ringed P l o v e r s p a r t i c u l a r l y i n the breeding season when these are 
feeding on the wrack l i n e . On the sand f l a t s v a r i o u s s m a l l molluscs 
were seen to be taken and comparison of the shapes of these and the 
p o t e n t i a l prey s p e c i e s found by s u b s t r a t e sampling i n d i c a t e d t h a t most 
were the prosobranch Hydrobia ulvae, the t e l l i n Maooma balthioa and, 
l e s s f r e q u e n t l y , the wink l e Littorina sp. On one o c c a s i o n when a 
Ringed P l o v e r was observed feeding at ve r y c l o s e range i t was seen to 
take part of a syphon of a Maooma. T h i s type of prey may have been 
much more f r e q u e n t l y taken as Maooma siphons were seen to be extended 
and a c t i v e l y f e e d ing i n some w a t e r - f i l l e d hollows (such as dep r e s s i o n s 
over Arenicola head-tubes) w h i l e the t i d e was low. 

Small C r u s t a c e a probably formed many of the "s m a l l prey" 
e s p e c i a l l y a t h i g h e r t i d a l l e v e l s . T h i s assessment i s based on ( i ) 
those few observed to be taken, ( i i ) the s p e c i e s found to be pr e s e n t 
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by i n s p e c t i o n and sampling i n the areas i n which p l o v e r s were feeding, 
and ( i i i ) c o n s i d e r a t i o n s of the b i r d s ' behaviour (see Paper 
2 ) . The main s p e c i e s concerned were probably the amphipod 
Bathypoveia pelagioa and the isopod Euvydioe pulohra. 

I n other areas of the r e s e r v e , Nereis divevsiaulor was a main 
prey of Grey P l o v e r s , e s p e c i a l l y on Fenham F l a t s . I n s p r i n g f l o c k s 
of Ringed P l o v e r s a l s o fed on c o n c e n t r a t i o n s of Eurydioe pulchva on 
the very high f l a t s near the Sand Ri g and on Covophium Volutator 

below the s a l t marsh on B e a l Sands, near the bridge and Causeway 
( F i g . 1 ) . I n l a t e summer many Ringed P l o v e r s fed on c o n c e n t r a t i o n s 
of s m a l l red worms, b e l i e v e d to be n e w l y - s e t t l e d Scoloplos, at G u i l e 
P o i n t . 

Table 8 combines the prey composition (Table 3 ) , the s i z e 
composition of t h i n worms and Arenioola (Tables 4 & 6 ) , and the 
measured c a l o r i f i c v a l u e s (Smith. 1975 f o r Avenioola, J o f f e 
(unpublished) f o r Nereis, Table 7 f o r other items) to a s s e s s the r e l ­
a t i v e e n e r g e t i c c o n t r i b u t i o n s of the v a r i o u s prey t y p e s . 'Small 
items' are given the c a l o r i f i c v a l u e of 2.5 c a l / i t e m ( s e e Methods). 
Small changes to t h i s assumed v a l u e would c l e a r l y not g r e a t l y change 
the p i c t u r e i n Table 8. However t h i s f i g u r e i s not r e a l l y s u i t a b l e 
f o r the North Shore and 'other a r e a s ' because of the predominance 
there of D i p t e r a and sandhoppers. These areas are t h e r e f o r e omitted 
from Table 8. 

Table 8 demonstrates the importance i n e n e r g e t i c terms of the 
r e l a t i v e l y s m a l l number of Arenicola to Grey P l o v e r s and the v e r y 
s m a l l c o n t r i b u t i o n of " s m a l l prey" to t h i s s p e c i e s . T h i n worms are 
f a i r l y important to Grey P l o v e r s and remain the most important prey 
f o r Ringed P l o v e r s i n e n e r g e t i c as w e l l as numerical terms. The v e r y 
s m a l l number of Arenioola and the very l a r g e number of s m a l l items 
are both of secondary importance to t h i s s p e c i e s . 

Night feeding 
Observations of waders as n i g h t f e l l suggested t h a t , as found i n 

the same a r e a by Smith (1975) and at Teesmouth by Knights (1979), 
b i r d s tended to l e a v e the h i g h - t i d e r o o s t l a t e r a f t e r HW at ni g h t 



TABLE 6. SIZES OF AEENICOLA. TAKEN 

GREY PLOVERS RINGED PLOVERS 

length in relation length Low High length Low High North 
to height of b i l l (cm) f lats f lats (cm) f la ts f lats Shore 
off the ground 

< I b i l l height 2 4 1 0 1 

\ " 2 3 0 0 0 

\ " 6 6 4 4 1 1 5 

I " " 6 5 0 0 4 

1 12 19 7 8 0 0 6 

H " 1 0 0 1 

1| " 18 3 12 0 0 

>1| " - 1 1 



TABLE 7 . CALORIFIC VALUES ESTIMATED 

stretched 
length (mm) 

small thin worms 
(= Seoloplos) 

thin worms 
{Notomastus) 

\ RP b i l l height 10 - 30 

i ii 
2 

II II 30 - 5 0 

3 H 
5 

II II 5 0 - 7 0 

1 " II M 7 0 - 9 0 

I GP II II 15 - 4 5 

i " 
2 

II II 4 5 - 75 

3 I" 
4 

II II 75 - 1 0 5 

(larval worms 

Bathyporeia 

Avenioola t a i l s 

sandhopper TaHtrus 

shore f ly Coelopa 

c a l / number number 
animal weighed ca lor i f i c 

determinations 

2 . 6 4 14 1 

6 . 4 5 37 > 

1 0 . 2 5 41 

1 4 . 4 7 12 

1 6 . 5 7 9 

> 12 
7 . 3 4 41 

1 4 . 6 7 11 

1 7 . 6 5 7 

0 . 4 3 ) 10 J 

2 . 1 8 10 1 

5 3 . 0 7 3 4 

2 6 . 8 5 10 3 

9 . 4 5 12 1 

Average calor i f ic value of whole Aveniaola taken, weighted by 
proportion in each of Smith's ( 1 9 7 5 ) size classes: 

by Grey Plover 
by Ringed Plover 

9 7 3 

575 



TABLE 8. RELATIVE CONTRIBUTIONS (% OF TOTAL ENERGY INTAKE) TO THE 
DIET OF PLOVERS AT LINDISFARNE BY VARIOUS CATEGORIES OF 
PREY. 

GREY PLOVERS RINGED PLOVERS 

Low 
f lats 

High 
f lats 

Low 
f lats 

High 
fl ats 

Whole Areniaola 62.8 83.2 12.6 29.5 

Areniaola tai1S 1.1 1.0 1.2 9.1 

Ragworms 0.2 0 0 0 

Crabs 5.4 5.2 0 6.8 

Thin worms 
(Notomastiis, Sooloplos) 

29.1 10.0 75.5 44.3 

Small prey 1.3 0.7 10.7 10.3 



than by day and p o s s i b l y a l s o to r e t u r n to r o o s t e a r l i e r on the r i s i n g 
t i d e . Observations of the presence of b i r d s on the f l a t s a l s o sugges­
ted t h a t , on moon-lit n i g h t s , b i r d s delayed the move from r o o s t to 
feeding areas u n t i l the moon r o s e , but t h i s was d i f f i c u l t to q u a n t i f y . 
The tendency to delay the s t a r t of f eeding or, i f a l r e a d y feeding, to 
stop e a r l y at n i g h t appeared s t r o n g e s t up to October and from March 
and weakest between November and February. 

Observations d u r i n g the main p a r t of the n i g h t were made f a i r l y 
r e g u l a r l y from l a t e October 1974 to January 1975 and January to August 
1976 u s i n g e i t h e r moon-light or an i m a g e - i n t e n s i f i e r . On four n i g h t s 
from the end of October to l a t e January when there was l i t t l e or no 
wind, Grey and Ringed P l o v e r s and other s p e c i e s were observed feeding 
on the sand f l a t s at f a i r l y high d e n s i t i e s , which I a s s e s s e d as sim­
i l a r to those observed i n daytime (Table 9 ) . (Because of the d i f f e r ­
ent viewing c o n d i t i o n s , by day and n i g h t , i t was not p o s s i b l e to make 
q u a n t i t a t i v e comparisons.) 

High winds on three n i g h t s i n mid-winter appeared e i t h e r to keep 
b i r d s from the feeding areas or to depress the proportions of b i r d s 
feeding or the time spent feeding by i n d i v i d u a l s . Gale f o r c e winds 
and f r e e z i n g temperatures occurred on the night of 12 December 1974 
and no b i r d s were observed on the f l a t s . On the f o l l o w i n g night, 
when the wind had dropped somewhat but was s t i l l s t rong, few b i r d s 
were seen feeding. On the f o l l o w i n g n i g h t , when the temperature 
remained below zero but the wind had dropped to l i g h t , numerous 
pl o v e r s of both s p e c i e s and other waders were feeding on the f l a t s . 
On 20 January 1976, w i t h wind f o r c e 8, Grey and Ringed P l o v e r s and 
D u n l i n s were present i n f a i r l y high numbers on the sand f l a t s but few 
were feeding and many r o o s t e d . 

On three n i g h t s of l i g h t wind i n February (temperature about 
2-3 °C), Grey P l o v e r s and other waders were observed feeding at n i g h t 
but never at d e n s i t i e s as high as by day (nor as high as on n i g h t s of 
l i g h t wind e a r l i e r i n the w i n t e r when n i g h t s were longer and tempera­
t u r e s l o w e r ) . 

Observations were made on s i x n i g h t s i n March (temperatures 2 
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to 8 C ) . Small numbers of waders, i n c l u d i n g Grey P l o v e r s and some­
times Ringed P l o v e r s , were present on f i v e o c casions of f a i r l y l i g h t 
wind but never at ve r y high d e n s i t y and c e r t a i n l y many fewer than i n 
daytime or at nigh t e a r l i e r i n the w i n t e r . On one night of f o r c e 8 
winds, v e r y few b i r d s were seen. 

On s e v e r a l o c c a s i o n s from May to August, no b i r d s were seen feed­
ing on the f l a t s of HIS at nigh t although Ringed P l o v e r s , i n c l u d i n g 
l o c a l l y breeding b i r d s , and some other s p e c i e s , notably Black-headed 
G u l l s , LOTUS vidibundus were seen feeding on the North Shore and Snook 
of Holy I s l a n d . I n th e s e l a t t e r c a s e s , however, the prey appeared to 
c o n s i s t e n t i r e l y of sandhoppers T a l i d r i d a e which are a c t i v e mainly at 
night near high water mark. 

On both occasions when a comparison was p o s s i b l e , Ringed P l o v e r s 
pecked s i g n i f i c a n t l y f a s t e r i n the daytime than at nigh t (Table 1 0 ) . 
The prey taken at nigh t could not be a s c e r t a i n e d except t h a t , i n June, 
some - and probably most - n o c t u r n a l prey c o n s i s t e d of sandhoppers 
and, i n t h i s s i t u a t i o n , daytime prey may have d i f f e r e d somewhat, 
although sandhoppers were c e r t a i n l y i n c l u d e d then (Table 2 ) . (The 
c a l o r i f i c content of Talitrus i s much g r e a t e r than of Eurydioe or 
Bathyporeia.) 

Comparisons were a l s o p o s s i b l e on two occasions f o r Grey P l o v e r s . 
On a ve r y dark, moonless night i n February, the mean pecking r a t e was 
s i g n i f i c a n t l y lower than i n d a y l i g h t ( T a b l e 1 0 ) . I n March the mean 
pecking r a t e during a moonlit night was s i m i l a r to th a t i n daytime. 
Although most prey could not be i d e n t i f i e d , s e v e r a l t h i n worms were 
seen to be taken. No Arenioota were seen, although (because of t h e i r 
l a r g e s i z e ) any taken would have been v i s i b l e i n most s i t u a t i o n s . 
F u r t h e r aspects of the f o r a g i n g behaviour of the p l o v e r s at night are 
considered i n Paper 2. 

Seasonal v a r i a t i o n s i n prey d e n s i t y 
Three s p e c i e s were found abundantly on e a s t e r n HIS: Notomastus 

laterioeus, Saoloplos armigev and Maooma balthioa; the s e a s o n a l v a r ­
i a t i o n s i n d e n s i t i e s of these are summarized i n Table 11. As i n d i ­
cated above, the other common s p e c i e s of the macrofauna, the lugworm 
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Arenioola marina, was normally too deep to be sampled by the t e c h ­
nique used. Other s p e c i e s recorded, a l l at moderate to low frequency, 
were: Phyllodoce maoulata, Nereis diversi color, Lanioe oonohilega, 

Nephthys hombergi, Cirratulus sp., s e v e r a l s m a l l polychaetes and o l i -
gochaetes, Cerastoderma edule, Tellina tenuis, Scrobioularia plana, 

Mytilus edulis, Littorina saxatilis, Bathyporeia pelagiaa, Gammarus 

sp.,, Corophium volutator, Eurydioe pulohra, Urothoe sp., and Caroinus 

maenus.: 

Mean d e n s i t i e s of a l l t h r e e dominant s p e c i e s were hi g h e r i n a r e a 
B than a r e a D, t h i s p o s s i b l y being r e l a t e d to the g r e a t e r degree of 
t i d a l s c o u r i n g i n !Godwit Creek' (D) than on 'Grey P l o v e r F l a t s ' ( B ) . 
Neit h e r Sooloplos nor Maooma showed marked changes of d e n s i t y between 
sampling occasions and n e i t h e r did they show s i g n i f i c a n t v a r i a t i o n i n 
d e n s i t y between s t a t i o n s . I n c o n t r a s t d e n s i t i e s of Notomastus gener­
a l l y showed s i g n i f i c a n t v a r i a t i o n i n r e l a t i o n to sampling s t a t i o n s and 
to season. I n both a r e a s , mean d e n s i t y f e l l s i g n i f i c a n t l y by 31% i n 
a r e a B and by 90% i n ar e a D (which had a lower i n i t i a l d e n s i t y ) . A 
s l i g h t f u r t h e r f a l l i n mean d e n s i t y between February and May was not 
s i g n i f i c a n t . U nfortunately, no inf o r m a t i o n appears to be a v a i l a b l e 
on the l i f e c y c l e of Notomastus or the timing of i t s reproduction. 

The r e s u l t s from the e x c l o s u r e experiment are given i n Table 12. 
Notomastus d e n s i t i e s were s l i g h t l y but not s i g n i f i c a n t l y higher i n 
both types of e x c l o s u r e s at the end than at the s t a r t of the e x p e r i ­
ment. The c o n t r o l areas had s l i g h t l y , but not (or b a r e l y ) s i g n i f i ­
c a n t l y , lower d e n s i t i e s than those found at the s t a r t of the e x p e r i ­
ment, but s i g n i f i c a n t l y l o w e r . d e n s i t i e s than w i t h i n the e x c l o s u r e s . 

For Maooma, trends tended to be more marked i n the c l o s e d than 
the open e x c l o s u r e . D e n s i t i e s were s i g n i f i c a n t l y lower i n the e x c l o ­
su r e s than both the i n i t i a l and the ' c o n t r o l ' s i t u a t i o n , between which 
t h e r e were no s i g n i f i c a n t d i f f e r e n c e s . 

Trends a l s o tended to be more marked i n the closed e x c l o s u r e f o r 
Sooloplos but the p a t t e r n was not as simple. D e n s i t i e s were s i g n i f i ­
c a n t l y lower i n both e x c l o s u r e s a f t e r than b e f o r e the experiment. 
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Al s o , i n the c l o s e d one, the d e n s i t y a f t e r the experiment was s i g n i f i ­
c a n t l y lower than i n the c o n t r o l area. For the open e x c l o s u r e , dens­
i t y was s i g n i f i c a n t l y lower i n che c o a t r o l area a f t e r the experiment 
than i n the i n i t i a l s i t u a t i o n . 

I t i s c l e a r t h a t the e f f e c t of the e x c l o s u r e s on the micro-
environment overwhelmed any planned experimental e f f e c t . Such e f f e c t s 
may i n c l u d e sedimentation and e r o s i o n , s h e l t e r , humidity and c o l l e c ­
t i o n of organic m a t e r i a l , p a r t i c u l a r l y f o r the c l o s e d e x c l o s u r e . Den­
s i t i e s of Maooma and Saoloplos a c t u a l l y f e l l i n s i d e the e x c l o s u r e 
w h i l e those of Notomastus may have r i s e n s l i g h t l y . T h i s may r e f l e c t 
h a b i t a t p r e f e r e n c e s f o r more open s i t u a t i o n s by the former two. 
Notomastus i s f r e q u e n t l y found under algae covered patches on the 
f l a t s . The f a c t that Notomastus d e n s i t i e s f e l l l e s s i n the ' c o n t r o l ' 
areas f o r t h i s experiment than over the surrounding a r e a (Table 11) 
may i n d i c a t e t h a t e f f e c t s of the e x c l o s u r e s may extend some way from 
tham, e i t h e r v i a p h y s i c a l c o n d i t i o n s or by reducing b i r d predation 
near them. Although b i r d s were commonly seen to feed near the e x c l o ­
s u r e s , t h i s was not q u a n t i f i e d . 

On the upper sampling a r e a (T i n F i g . 3) of HIS the amphipod 
Bathyporeia pelagioa was the commonest s p e c i e s and s e v e r a l other 
amphipods and isopods, n o t a b l y Euvydioe pulchva, were a l s o recorded. 
Worms i n c l u d i n g Notomastus occurred i n s m a l l numbers. The d e n s i t y of 
Bathypove-ia f e l l g r e a t l y and s i g n i f i c a n t l y from February to May (Table 
13) and changes were a l s o i n d i c a t e d by the data on l e s s common s p e c i e s . 
However, as a l l the C r u s t a c e a a r e h i g h l y mobile and may move con s i d e r ­
a b l e d i s t a n c e s when the t i d e i s i n , i n some cases probably being d r i f ­
t e d i n the s u r f a c e waters by winds, l a r g e v a r i a t i o n s are to be expec­
ted and do not n e c e s s a r i l y i n d i c a t e r e a l s e a s o n a l changes. Some i n s ­
e c t l a r v a e were a l s o recorded i n May. 

On the North Shore, a wider v a r i e t y of s p e c i e s occurred f a i r l y 
commonly, i n c l u d i n g s e v e r a l i n s e c t l a r v a e and a d u l t s , and v a r i o u s 
other polychaetes and s m a l l C r u s t a c e a , i n a d d i t i o n to many of those 
found i n the f l a t s . The commonest s p e c i e s , Sooloplos and Maooma, 

tended to occur at lower d e n s i t y than on the open f l a t s ( T a b l e 1 3 ) . 
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TABLE 13. CHANGES IN DENSITY OF ABUNDANT MACRO-BENTHOS NEAR HOLY 
ISLAND SNOOK IN WINTER 1974 - 75 

February 
density 

An ova Feb-May May 
density 

North Shore 

Saoloplos 422 0.58 n . s . 

6.18 * * * 

364 

Maooma 686 0.10 n . s . 

2.08 * 

750 

Near small saltmarsh 

Bathyporeia 1614 18.01 * * * 

1.33 n . s . 

556 

Notes as for Table 11. 
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The g r e a t e r v a r i a t i o n i s probably r e l a t e d to the more v a r i e d h a b i t a t , 
w i t h mud, sand, some stones and weed and the greater range of t i d a l 
l e v e l s . T h i s i s r e f l e c t e d i n an high component of v a r i a n c e due to 
sampling s t a t i o n s . There were no s i g n i f i c a n t changes i n d e n s i t y of 
Sooloplos or Maooma between February and May. I n s e c t l a r v a e and 
sandhoppers T a l i t r i d a e appeared i n the samples i n May. 

Feeding d u r a t i o n s and energy i n t a k e 
The feeding i n t e n s i t i e s of the two p l o v e r s p e c i e s a r e shown i n 

r e l a t i o n to season i n F i g u r e s 6 & 7, and the r e s u l t i n g PFT's i n F i g u r e 
8. For Ringed P l o v e r s a comparison between j u v e n i l e s and a d u l t s i s 
p o s s i b l e i n e a r l y autumn, the former g e n e r a l l y feeding f o r longer 
periods than the l a t t e r . 

For both Ringed and Grey P l o v e r s , high water of s p r i n g t i d e s 
g e n e r a l l y prevented feeding a c t i v i t i e s because no feeding areas were 
a v a i l a b l e but i n the c o l d p e r i o d (1 ° - 2 °C) i n January, some Ringed 
P l o v e r s c o n t r i v e d to feed on the high beaches over the high water 
period. The p r e v e n t i o n of feeding around the time of high water 
reduced the maximum PFT g e n e r a l l y p o s s i b l e from n e a r l y 100% on neap 
t i d e s to about 70% on most s p r i n g s (the l a t t e r o b v i o u s l y somewhat 
dependent on the a c t u a l t i d a l height on the days of observation) ( F i g s . 
6 & 7 ) . I n September, feeding on sandhoppers and wrack f l i e s around 
high water allowed s l i g h t l y higher PFT's. P o s s i b l y , t h i s was not 
u s u a l l y p r o f i t a b l e i n l a t e r months because of reduced numbers and 
a v a i l a b i l i t y of such prey. 

I n e a r l y autumn and s p r i n g F I ' s were g e n e r a l l y w e l l below 100% 
f o r much of the t i d a l c y c l e but i n w i n t e r F I ' s remained at or near 
100% throughout the o b s e r v a t i o n periods or u n t i l s p r i n g h i g h t i d e s 
prevented f e e d i n g . On s e v e r a l o c c a s i o n s i n w i n t e r F I ' s were depressed 
to zero, u s u a l l y as a r e s u l t of gusts of high wind or s q u a l l y showers, 
e.g. on a day of neap t i d e s i n January w i t h a temperature of 2.5 °C. 
The c e s s a t i o n of feeding at these times appeared not to r e s u l t from 
the b i r d s ' s e e k i n g of s h e l t e r as they commonly spent the d u r a t i o n of 
the s q u a l l s , u s u a l l y between 5 and 15 minutes, preening or bathing 
w i t h f l u f f e d - u p f e a t h e r s . D i f f i c u l t y i n l o c a t i n g prey seems a more 
l i k e l y cause (see Paper 2 ) . Such s q u a l l s sometimes markedly a f f e c t e d 
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HW HW LW HW HW LW LW 
100% JU LTU1 

i 
4 I 

0%L 

100% 
Juveni les August Juveni les September Juveni les October 
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0% 

100%, 

100% 
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Figure 6. Example of feeding i n t e n s i t i e s of Ringed Plovers in re la t ion to 
t ide in d i f fe rent months. 

•neap • -spr ing depression of FI by s q u a l l s , 
January neap 
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Figure 7. Examples of feeding i n t e n s i t i e s of Grey Plovers in re la t ion to 
t ide in d i f fe ren t months. Legend as Figure 6. 
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TABLE 14. ESTIMATION OF DAYTIME CALORIFIC INTAKES OF RINGED PLOVERS AT LINDISFARNE IN 
VARIOUS CONDITIONS 

Percentage 
of time 
spent 
feeding 1 

Daylight 
period 
including 
c i v i l 
t w i l i g h t 
(min) 

Feeding rate 
cal/mints.e. 
(sample size) 

Estimated 
daytime 
c a l o r i f i c 
intake 
(kcal) 

Factor 
x BMR 

Effect of 
increasing 
number of 
Avenioola 
taken 2 

Aug neap adults 48.8 946 98.9±21.66( 45) 45.65 4.37 ( 4.89/ 25%) 

Sep neap adults 44.0 800 73.8±15.02( 8) 25.98 2.49 ( 4.66/ «° %) 

Sep spring adults 
estimate 1 78.2 800 74.0+ 8.57( 16) 46.29 4.43 ( 4.61/ - %) 

Sep spring adults 
estimate 2 62.5 800 74.0± 8.75( 16) 37.00 3.54 ( 3.69/ » %) 

Sep' spring juveniles 80.1 800 126.4±48.20( 10) . 81.00 7.75 . (10.35/100%) 

Oct neap adults 
windforce 8 84.7 662 63.7+ 4.69( 27) 35.72 3.42 ( 4.14/100%) 

Oct neap adults , 
windforce 0 to 2 73.7 662 64.6+ 4.81( 25) 31.52 • 3.02 ( 3.77/ « %) 

Oct spring 70.3 662 62.7± 3.52( 33) 29.18 2.79 ( 3.47/ » %) 

Nov neap 88.6 535 60.4+ 5.54( 19) 28.63 2.74 ( 3.98/ <•> %) 

Nov spring 59.5 535 71.0+ 9.91( 7) 22.60 2.16 ( 4.67/ » %) 

Dec neap 93.3 466 59.1+ 3.46( 23) 25.70 2.46 ( 3.35/ »%) 

Dec spring 68.1 466 51.5+ 6.58( 6) 16.34 1.56 ( 3.47/ ~ % ) 

Jan neap 93.6 503 83.3± 7.97(109) 39.22 3.75 ( 3.93/ 25%) 

Oan spring 3-4°C 66.6 503 87.1+ 8.79( 98) 29.18 2.79 ( 2.93/ 25%) 

Jan spring 1-2°C 90.9 503 33.2+ 4.45( 23) 15.18 1.45 ( 2.41/ »%) 

Feb spring 71.1 617 47.1± 7.53( 9) 20.66 1.98 ( 3.95/ »%) 

Feb-Mar neap 1-6°C 93.1 680 94.0±14.45( 57) 59.51 5.69 ( 5.99/ 33%) 

Feb-Mar neap 6.5-10°C 87.4 680 55.7± 4.59( 94) 33.10 3.17 ( 3.46/100%) 

Mar spring 66.5 748 110.6±54.62( 33) 55.01 5.26 ( 5.83/ 25%) 

Apr neap 5.0°C 64.4 896 78.4± 7.99( 57) 45.24 4.33 ( 4.76/ 50%) 

Apr neap 9.5-15°C 43.1 896 80.5±11.08( 48) 31.09 2.97 ( 3.35/ 50%) 

Apr spring 66.2 896 77.5± 8.56( 43) 45.97 4.40 ( 5.13/100%) 

Notes 

^ach estimate of PFT is based on the equivalent of at least one f u l l t i d a l cycle, usually more 
(see t e x t ) . In September spring conditions, s u f f i c i e n t data were available for two separate 
estimates. 
zTo help estimate possible variation, the effect of adding one AveivLcola to those observed in each 
weather condition/month on the intake i s indicated (see text);given as (factor x BMR/% theoretical 
increase in Aveniaola taken). 



TABLE 15. ESTIMATION OF DAYTIME CALORIFIC INTAKES OF GREY PLOVERS AT LINDISFARNE IN 
VARIOUS CONDITIONS 

Percentage Daylight Feeding rate Estimated Factor Effect of 
of time 
spent 
feeding 1 

period 
including 
c i v i 1 
t w i l i ght 
(min) 

cal/min±s.e. 
(sample size) 

daytime 
calori f i c 
intake 
(kcal) 

x BMR increasing 
number of 
Arenicola 
taken 2 

Sepspring 81.4 800 151.5± 61.47(13) 98.66 3.87 (5.12/502;) 

Oct neap 
windforce 8 96.4 662 57.1+ 14.81(27) 36.44 1.43 (1.76/50%) 

windforce 0-2 91.2 662 220.4±111.68( 8) 133.07 5.22 (7.01 /50%) 
Oct spring- 72.9 662 78.5± 28.17(18) 37.88 1.49 (2.10/50%) 

Nov neap 9,6.9 535 33.9± 3.51(14) 17.57 0.69 (1.44/~ %) 

Nov spring 57.8 535 101.4± 49.81(10) 31.36 1.23 (1.97/100%) 

Dec neap 93.2 466 140.8± 29.36(18) 61.15 2.40 (2.91/20%) 

Dec spring 65.6 466 69.2+ 64.28(46) 21.15 0.83 (0.99/50%) 

Jan neap 2.7-•5°C 99.7 503 62.8± 15.62(44) 31.49 1.24 (1.39/33%) 

Jan spring 3-4°C 66.6 503 80.2± 28.88(23) 26.87 1.05 (1.45/100%) 

Jan spring 1-•2°C 96.6 503 26.9± 3.46( 8) 13.07 0.51 (2.34/» %) 

Feb spring 69.8 617 224.7± 67.41(22) 96.77 3.79 (4.11/10%) 

Feb-Mar neap 1-6°C 96.8 680 171.4± 38.80(69) 112.82 4.42 (4.70/8.3%) 
Feb-Mar neap 6.5-10°C 94.9 680 50.2± 13.48( 4) 32.40 1.27 (5.25/» %) 

Mar spring 76.7 748 173.5+ 37.82(34) 99.54 3.90 (4.22/10%) 

Apr spring 62.9 896 133.6+ 48.53(17) 75.29 2.95 (3.59/25%) 

May spring 55.9 1003 350.2+104.16(33) 196.35 7.70 (8.07/5.3%) 

Notes 

^ach estimate of PFT is based on the equivalent of at least one f u l l t i d a l cycle, usually more 
(see t e x t ) . 
2To help estimate possible variation, the effect of adding one Arenicola to those observed in 
each weather condition/month on the intake i s indicated (see tex t ) ; given as (factor x BMR/ 
% theoretical increase in Ai'enicola taken). 
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PFT, e.g. f o r Ringed P l o v e r PFT was depressed by about 8% by the s q u a l l s 
on 24 January 1976. Unless feeding was i n h i b i t e d by such extremely 
adverse c o n d i t i o n s , i n c r e a s e d PFT's u s u a l l y occurred w i t h low temper­
atures and high winds ( F i g . 8 ) . 

PFT's, d a y l i g h t d u r a t i o n and mean i n t a k e r a t e s are combined i n 
Tables 14 & 15 to estimate average daytime c a l o r i f i c i n t a k e s . These 
are compared w i t h B a s a l Metabolic Rates (BMR) of 10.45 kcal/day and 
25.5 kcal/day f o r Ringed and Grey P l o v e r s r e s p e c t i v e l y , estimated from 
L a s i e w s k i & Dawson's (1967) equation f o r non-passerines and based on 
mean le a n weights of 62 g and 212 g (N.C. Davidson p e r s . comm.). The 
sea s o n a l r e l a t i o n s h i p between estimated daytime i n t a k e and BMR i s p l o t ­
ted i n F i g . 9. 

DISCUSSION 

D i e t 
I n the main study a r e a of Holy I s l a n d Sands, the polychaetes 

Aren'Lcola, Notomastus and Sooloplos c l e a r l y provided the main prey i n 
terms of both numbers and energy content f o r the two plover s p e c i e s i n 
d a y l i g h t . There i s reason to b e l i e v e t h a t Phyllodoae may have been a 
n u m e r i c a l l y important prey a t n i g h t (Paper 2 ) . A d d i t i o n a l prey s p e c i e s 
included b i v a l v e s (Macoma, Cerastoderma), gastropods (Hydrobia, 

Littorina, Gibbula) and C r u s t a c e a (Carcinus, Bathypoveia, Eurydioe) . 

G e n e r a l l y , of the two p l o v e r s , the l a r g e r Greys tended to take l a r g e r 
items (both more l a r g e r s p e c i e s and more l a r g e i n d i v i d u a l s of a given 
s p e c i e s ) than the s m a l l e r Ringed P l o v e r s , and the s m a l l amphipods and 
isopods taken mainly at high t i d a l l e v e l s were probably important only 
to the l a t t e r b i r d s . 

When feeding on Fenham F l a t s , Grey P l o v e r s took mainly Nereis., 
probably supplemented by Eydvobia and Macoma. Great f l e x i b i l i t y i n 
both p r i n c i p a l and l e s s important prey i s evident when s t u d i e s from 
other areas a r e a l s o taken i n t o account (Tables 16 & 1 7 ) . Not only 
does the prey of i n d i v i d u a l s p e c i e s tend to v a r y g r e a t l y but w i t h i n a 
p a r t i c u l a r c o a s t a l area d i f f e r e n t b i r d s p e c i e s often take s i m i l a r 
s p e c i e s of prey (Table 16), these normally being among the most abun­
dant i n v e r t e b r a t e s p e c i e s p r e s e n t . 
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Goss-Custard (1977a) has argued t h a t some s h o r e - b i r d s p e c i e s may 
have favoured prey, these being taken i n p r e f e r e n c e even to other 
items which provide a higher energy r e t u r n per u n i t time when a choice 
of prey i s p r e s e n t . Despite t h i s , most s h o r e b i r d s are c l e a r l y not 
r e s t r i c t e d to such p r e f e r r e d prey and are able to u t i l i z e d i f f e r e n t 
s p e c i e s i n d i f f e r e n t s i t u a t i o n s , as suggested a l s o by Smith (1975). 
Rather than being adapted to take p a r t i c u l a r types of prey, i t seems 
more l i k e l y t h a t waders have s p e c i a l i z e d i n the way they e x p l o i t the 
behaviour of prey (Pienkowski 1980) and t h i s i s explored f u r t h e r i n 
Paper 2. O y s t e r c a t c h e r s may r e p r e s e n t a p a r t i a l exception as Norton-
G r i f f i t h s (1967) has shown them to s p e c i a l i z e i n t a k i n g p a r t i c u l a r 
prey s p e c i e s and, i n some c a s e s , i n the way these are taken. T h i s i s , 
however, an e x c e p t i o n a l wader s p e c i e s i n t h a t the a d u l t s feed t h e i r 
young, thus a l l o w i n g maintenance of s p e c i a l i z e d feeding h a b i t s from 
generation to generation. 

Feeding areas 
S e v e r a l workers have demonstrated t h a t waders tend to feed i n the 

areas of h i g h e s t d e n s i t i e s of the predominant prey s p e c i e s being taken 
i n that a r e a (e.g. Goss-Custard 1970a, 1977b, Goss-Custard, Jones & 
Newbury 1977, Goss-Custard, Kay & B l i n d e l l 1977, O'Connor & Brown 
1977, Smith 1975, Wolff 1969, Zwarts 1974). Comparison of the low-
water d i s t r i b u t i o n p a t t e r n s of the two p l o v e r s p e c i e s w i t h t h e i r main 
prey ( F i g s . 2, 3) suggests t h i s i s t r u e at L i n d i s f a r n e a l s o , both 
s p e c i e s u s i n g the densest areas of 'red worms' on east HIS and west of 
Old Law, and the Grey P l o v e r s a l s o spreading out over Fenham F l a t s 
where Nereis was abundant (although d i f f i c u l t y of access on the s o f t 
mud of t h i s a r e a prevented s y s t e m a t i c sampling). Lack of time and 
ac c e s s d i f f i c u l t i e s a l s o prevented d e t a i l e d study of the f o r a g i n g of 
p l o v e r s on Fenham F l a t s . 

As the t i d e r o s e the movements of the p l o v e r s d i f f e r e d somewhat, 
the Greys tending to move north-westwards over HIS, e v e n t u a l l y r o o s t i n g 
over high-water on e i t h e r the Snook s a l t m a r s h (neaps) or the Sand R i g 
( s p r i n g s ) . The Ringed P l o v e r s tended t o move r a p i d l y north, once the 
r i s i n g t i d e had passed the ' P i l g r i m s ' Way' at 'Ringed P l o v e r G u l l y ' , 
to w i t h i n about 100 m of the road or i n some i n s t a n c e s to the North 
Shore of the Snook where feeding continued over high water on neaps 
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or u n t i l the a r e a was covered on s p r i n g t i d e s . The d i f f e r e n c e between 
the s p e c i e s i s probably a l s o r e l a t e d to i n v e r t e b r a t e d i s t r i b u t i o n , f o r 
at higher t i d a l l e v e l s Ringed P l o v e r s fed on s m a l l C r u s t a c e a which 
occur most abundantly (although v e r y v a r i a b l y i n p o s i t i o n along shore 
a f t e r each t i d e ) along the n o r t h and south shores of the Snook ( F i g s . 
2, 3 ) . As the t i d e rose Grey P l o v e r s tended to continue f e e d i n g on 
Aren-ioola, other worms and probably v a r i o u s s m a l l m o l l u s c s which occur 
i n h i g h e s t d e n s i t i e s away from the n o r t h e r n and e a s t e r n l i m i t s of HIS 
( F i g s . 2, 3 ) . Ringed and K e n t i s h P l o v e r s C. alexandvinus a l s o concen­
t r a t e d on the areas of the h i g h e s t d e n s i t y of s m a l l C r u s t a c e a ( i n t h i s 
case Mysids) on the shore i n I s r a e l (Moran & F i s h e l s o n 1971) . 

I n order t o o b t a i n a more q u a n t i t a t i v e assessment of the r e l a t i o n ­
s h i p between p l o v e r d i s t r i b u t i o n and prey d e n s i t y , the presence or 
absence of feeding Ringed P l o v e r s was recorded during the low water 
pe r i o d on 18 occasions i n e a r l y w i n t e r i n 12 a d j o i n i n g squares of 100 m 
s i d e s a c r o s s the high d e n s i t y area of red worms on e a s t e r n HIS (Table 
18). P l o v e r s were not- recorded i n the squares of lower prey d e n s i t y 
but on almost h a l f the occasions i n those of high prey d e n s i t y . 
C l e a r l y the p l o v e r s were tending to use the areas of h i g h e s t d e n s i t y 
of the main prey but other f a c t o r s were a l s o s t r o n g l y i n v o l v e d . These 
probably i n c l u d e the presence of other b i r d s and the behaviour and 
a v a i l a b i l i t y of the p o t e n t i a l prey (Pienkowski 1980). Such f a c t o r s 
w i l l be explored f u r t h e r i n Paper 2. 

Impact of b i r d s on t h e i r prey 
The impact of l a r g e c o n c e n t r a t i o n s of shore b i r d s on the numbers 

of t h e i r prey i s of i n t e r e s t i n terms of the population dynamics of 
the prey and the i m p l i c a t i o n s f o r the s h o r e b i r d s , e s p e c i a l l y i n terms 
of p o s s i b l e l o s s of feeding areas as a r e s u l t of current l a r g e s c a l e 
land r e c l a m a t i o n s . An u n s u c c e s s f u l attempt was made to use an e x c l o -
sure experiment to measure t h i s impact on the worms which formed, 
n u m e r i c a l l y , the most important component of the p l o v e r s ' d i e t . 
M i l l a r d (1976) and M i l l a r d & Evans (unpublished MS) have reviewed the 
problems w i t h t h i s method r e s u l t i n g from movements of sediment and 
prey i n an i n t e r t i d a l s i t u a t i o n . T h e i r work was concerned c h i e f l y 
w i t h the amphipod Corophiwn volutator and the gastropod Hydvobia ulvae 

both of which l i v e v e r y c l o s e to - or, f o r some Eydvobia > o n ~ the 
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TABLE 18. DISTRIBUTION OF RINGED PLOVERS AT LOW WATER IN SQUARES 
WITH SIDES OF 100 M, IN RELATION TO PREY DENSITIES IN 
THESE SQUARES 

Densi t ies of thin red worms 

<1500/m2 >1500/m2 TOTAL 

PRESENT 0 48 48 
RINGED 
PLOVERS 

ABSENT 108 60 168 

TOTAL 108 108 216 

x 2 = 61.72 
l 

P « 0.001 



s u r f a c e of the mud. Basing t h e i r comments on the o b s e r v a t i o n s of 
Vader (1964) on Sooloplos armiger and B r a f i e l d & Newell (1961) on 
Maooma balthiaa, M i l l a r d & Evans p r e d i c t e d t h a t these s p e c i e s would 
a l s o be too mobile f o r e x c l o s u r e experiments to be p r a c t i c a b l e . The 
present work has confirmed t h i s f o r these and f o r Notomastus. 

An a l t e r n a t i v e method of a s s e s s i n g the impact of the b i r d s on 
t h e i r i n v e r t e b r a t e prey was based on measuring feeding r a t e s , counting 
the feeding b i r d s present i n two 100 m x 100 m study areas throughout 
the d a y l i g h t t i d a l c y c l e and comparing the numbers of worms taken w i t h 
the change i n d e n s i t y of worms estimated by sampling on t h r e e occasions 
(Table 1 9 ) . 

Notomastus showed a marked and s i g n i f i c a n t decrease i n d e n s i t y i n 
both s i t e s between November and February and s l i g h t but n o n - s i g n i f i c a n t 
f u r t h e r decreases by May. Because of the l a c k of s t u d i e s on Notomastus3 

i t i s not known whether l o s s e s during reproduction could have been 
involved i n these changes. Changes i n d e n s i t y of ScolopZos and Maooma 

were g e n e r a l l y n o n - s i g n i f i c a n t , although t h e r e were s l i g h t s i g n s of 
decrease i n the former. S i g n i f i c a n t d i f f e r e n c e s between s t a t i o n s on 
the sampling g r i d were e v i d e n t i n the Notomastus samples, implying t h a t 
the f i x e d - s t a t i o n , paired-samples method may be an improvement over 
random sampling here f o r i n v e s t i g a t i n g s e a s o n a l changes. No such 
s i g n i f i c a n t e f f e c t was found f o r Scoloplos and Maooma, p o s s i b l y imply­
i n g g r e a t e r m o b i l i t y i n t h e s e s p e c i e s during the periods between 
sampling. 

D e s p i t e the number of f a c t o r s i n v o l v e d i n t h e i r c a l c u l a t i o n , the 
l a r g e v a r i a n c e s ( l e a d i n g to l a c k of s i g n i f i c a n c e of the i n v e r t e b r a t e 
d e n s i t y changes), and the l a c k of information on the l i f e - c y c l e of 
Notomastus, the e s t i m a t e s f o r prey removed and d e n s i t y r e d u c t i o n s 
between February and May show remarkably good agreement i n both s i t e s . 
E s t i m a t e s of numbers taken are somewhat lower than those given by mud-
sampling, but t h i s i s not s u r p r i s i n g , as the number of worms taken by 
Dunlins could not be estimated a c c u r a t e l y . T h i s i s because Dunlins 
tend to swallow some prey without removing the b i l l from the s u b s t r a t e . 
However, i t i s mainly s m a l l prey r a t h e r than long worms which are 
d e a l t w i t h i n t h i s way, suggesting t h a t r e l a t i v e l y few l a r g e worms are 



TABLE 19. COMPARISON OF NUMBERS OF RED WORMS TAKEN BY WADERS WITH CHANGES IN DENSITY OF RED 
WORMS OVER THE SAME PERIODS 

20 Nov 1974 to 
20 Feb 1975 (92 days) 
Area B 

Ringed Plovsr 
Grey Plover 
Bar-tailed Godwit 
Dunlin 

Feeding Thin red worms taken/min Total no. of thin worms taken 
bird-min over period in daylight tides 
/daylight by plovers and godwits 

minimum estimate maximum minimum estimate maximum 

2055 
999 
1443 
10548 

3.15 
2.16 

7.48 
4.2 V 
1.5 
? 

11 .53 - 595,539 
6.12 198,521 

199,134 
? 

1,414,169 2,179,862 
386,933 • 562,477 
199,134 199,134 

? ? 

•' Total ' 993,194 - 2,000,236 2,941,473 

Decrease in no. of red worms in period = 6,944,000 Notomaatus + 2,806,000 Scoloplos = 9,750,000 

Area D 

Ringed Plover . 973 3.15 
Grey Plover 317 2.16 
Bar-tailed Godwit 23 
Dunlin 3980 

Decrease in no. of red worms in period 

7.48 
4.21 
1.5 

? 

11.53 
6.12 

281,975 
62,994 
3,174 
? 

669,580 
122,780 
3,174 

? 

1,032,119 
178,484 
3,174 
? 

Total 348,143 795,534 1,213,777 

6,131,000 notomaatus + 305,000 Scoloplos = 6,436,000 

20 Feb to 23 May 
1975 (92 days) 

Area B 

Ringed Plover 42 
Grey Plover 1188 
Bar-tailed Godwit 879 
Dunlin 5238 

4.45 
2.51 

11.09 
4.67 
1.5 

16.71 17,195 
6.67 274,333 

121,302 
? 

42.852 
510,412 
121,302 

? 

65,467 
729,004 
121,302 

? 

Total 412,830 674,566 "914,873 

Decrease in no. of red worms in period = 1,528,000 liotomastus (-473,000 Scoloplos = 1,055,000) 

Area D 

Ringed Plover 627 
Grey Plover 317 
Bar-tailed Godwit 0 
Dunlin .3082 

4.45 11.09 16.71 
2.51 4.67 6.67 

? 

256,694 639,716 963,900 
73,201 136,196 194,524 

0 0 0 
? ? ? 

Decrease in no. of red worms in period 

Total 329,895 775,912 1,158,424 

= 435,000 fictovzstus + 608,000 Scoloplos = 1,043,000 



taken here. I n some areas Dunlins are known to take l a r g e q u a n t i t i e s 
of meiofauna, Evans et at* (1979) having shown t h a t small a n n e l i d s 
form most of the i n t a k e of t h i s s p e c i e s at Teesmouth. Worms of t h i s 
type are a l s o abundant i n the study a r e a of HIS and elsewhere at 
L i n d i s f a r n e , p a r t i c u l a r l y on Fenham F l a t s . 

I n the e a r l i e r p e r i o d of the w i n t e r the estimated numbers taken 
were f a r l e s s than those c a l c u l a t e d from the changes i n d e n s i t y . I t 
i s at t h i s time of year t h a t night feeding i s common but, as feeding 
r a t e s were l e s s at n i g h t than during the daytime and numbers of b i r d s 
feeding at night d i d not appear to exceed those during the day, 
p o s s i b l y the numbers of prey taken at nigh t did not exceed those taken 
during daytime, even though n i g h t s are long at t h i s time of year. 
Comparisons of i n t a k e i n mid-winter w i t h t h a t i n autumn and s p r i n g 
(Tables 14 & 15, F i g . 10) suggest, however, that i n mid-winter Ringed 
P l o v e r s might be expected to take as many prey items during the nigh t 
as i n daytime and Grey P l o v e r s twice the daytime i n t a k e . I f the e s t ­
imated numbers of worms taken are i n c r e a s e d i n these p r o p o r t i o n s , 
l o s s e s due to b i r d s i n area B approaches h a l f the decrease measured 
by d e n s i t y changes and i n a r e a D about o n e - t h i r d . Thus much of the 
decrease i n d e n s i t y between November and February i s l i k e l y to be due 
to other causes. These are unknown but could i n c l u d e p r e d a t i o n by 
other animals such as f i s h e s and downshore m i g r a t i o n of worms, as i s 
known to occur i n ATenioola marina (Green 1968, Darby 1975, Smith 1975). 
U n f o r t u n a t e l y , no comparable study of Notomastus appears to have been 
made. 

I f the g r e a t e r percentage f a l l i n Notomastus d e n s i t y i n area D 
(with lower i n i t i a l d e n s i t y ) than a r e a B was due to predation, t h i s 
appears to run counter to suggestions that b i r d s "graze" down the 
i n v e r t e b r a t e s from high d e n s i t y areas f i r s t (see Goss-Custard 1970a, 
Heppleston 1971, P r a t e r 1972, Smith & Dawkins 1971, Smith & Sweatman 
1974, O'Connor & Brown 1977). P o s s i b l y the higher p r e d a t i o n i n D, i f 
r e a l , r e s u l t s from g r e a t e r d e n s i t i e s of a v a i l a b l e worms i n t h i s w e t t e r 
a r e a where they tend to be nearer the s u r f a c e (Paper 2 ) . 

C o n s i d e r a b l e d i f f e r e n c e s i n the extent of changes i n d e n s i t y of 
i n t e r t i d a l i n v e r t e b r a t e s between autumn and the f o l l o w i n g s p r i n g have 
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been reported, e.g. a 50% r e d u c t i o n i n Maooma on Morecambe Bay (Anderson 
1972) and a 90% r e d u c t i o n i n Hydvobia and 80% i n Nereis at Teesmouth 
(Evans et al> 1979). I n other areas r e d u c t i o n s have been as l i t t l e as 
14% (.Maooma & Cevastodevma i n one study area at the Wash - Goss-Custard 
1977b). The estimated overwinter impact of s h o r e - b i r d s has a l s o d i f f ­
ered g r e a t l y i n d i f f e r e n t s i t u a t i o n s : b i r d s were estimated to consume 
42-84% of the b e n t h i c production of the Waddenzee (Huls.cher 1975); Bar-
t a i l e d Godwit 26% of the standing crop of Avenioola on HIS (Smith 1975); 
Knot 24%, 34% and 2% of the standing crop of Maooma and Cevastodevma 

at 3 s i t e s on the Wash and O y s t e r c a t c h e r s 21%, 12% and 14% of the 
standing crop of Cevastodevma at the same s i t e s (Goss-Custard 1977b); 
sh o r e b i r d s removed 90% of the stan d i n g crop of Hydvobia and 93% of 
Neve-is at Teesmouth (Evans et at. 1979). I n a t e r r e s t r i a l s i t u a t i o n i n 
I c e l a n d i n s p r i n g , Golden P l o v e r s Pluvialis apvioavia reduced the pop­
u l a t i o n of l u m b r i c i d earthworms by about 50% (Bengtson et a1» 1976). 
At HIS, the November to May r e d u c t i o n i n d e n s i t y i n the two s i t e s of 
Notomastus was 38% and 97% and of Sooloplos 18% and 34%, but l o s s e s of 
only 8% and 17% of the i n i t i a l numbers of th e s e worms i n the two areas 
could be a t t r i b u t e d to p r e d a t i o n by plovers and Godwits i n daytime, 
although i t i s p o s s i b l e t h a t Dunlins took a f u r t h e r amount. The l o s s e s 
c a l c u l a t e d here r e l a t e to numbers of worms estimated from observed 
feeding r a t e s and numbers of b i r d s feeding i n the areas i n d a y l i g h t , 
in c o n t r a s t to the v a l u e s from other s t u d i e s c i t e d (except Smith 1975) 
which depend on esti m a t e s of the energy requirements of the b i r d s and 
c a l o r i f i c v a l u e s of the, prey. E n e r g e t i c c o n s i d e r a t i o n s d i s c u s s e d i n 
the f o l l o w i n g s e c t i o n suggest t h a t , i n mid-winter, Ringed P l o v e r s must 
i n t a k e about the same amount of energy by nigh t as by day and Grey 
P l o v e r s about twice as much by night as by day. Smith's (1975) work 
suggests t h a t n o c t u r n a l i n t a k e by B a r - t a i l e d Godwits i s s m a l l . I f one 
assumes s i m i l a r feeding d i s t r i b u t i o n by night and by day and m u l t i p l i e s 
the numbers of worms taken i n d a y l i g h t i n November to February by the 
two plover s p e c i e s by 2 and 3 r e s p e c t i v e l y w h i l e l e a v i n g the godwit 
impact and th a t of the p l o v e r s i n February to May as before, the l o s s e s 
due to b i r d s can be i n c r e a s e d from 8% and 17% to 14% and 26%. 

We do not know to what l e v e l prey d e n s i t i e s must be reduced before 
feeding r a t e or e f f i c i e n c y i s reduced, even without the co m p l i c a t i o n 
of v a r y i n g prey a v a i l a b i l i t y , although t h i s i s considered t e n t a t i v e l y 
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i n Paper 2. F u r t h e r , t h e r e i s no reason to suppose t h a t i n i t i a l prey 
d e n s i t y i s r e l a t e d to t h i s i n any way, so th a t the v a l u e of compar­
iso n s of percentage r e d u c t i o n s i n prey d e n s i t y i s dubious. The absolute 
numbers of prey taken i n an ar e a may, however, have r e l e v a n c e to 
f u r t h e r hunting t h e r e i f t h i s can be asse s s e d by the b i r d , according 
to the system put forward by O'Connor & Brown (1977) i n which Oyster-
c a t c h e r s may avoid areas where opened cockle Cerastoderma edule s h e l l s 
are a l r e a d y abundant. 

The r e d u c t i o n i n prey d e n s i t y a t HIS d i d not appear to a f f e c t 
feeding r a t e s of the pl o v e r s (Tables 14 & 15) which i n c r e a s e d s l i g h t l y 
i n the period a f t e r February as might be expected at higher temper­
a t u r e s (Pienkowski 1980; see a l s o Paper 2 ) . P l o v e r s appear to be abl e 
to forage e f f e c t i v e l y a t low prey d e n s i t i e s (Pienkowski 1980), and 
l a r g e r e d u c t i o n s i n prey d e n s i t y over w i n t e r must be faced by many 
waders (see above). E q u a l l y the impact of the b i r d s on the worms 
appears to be s m a l l compared with other s t u d i e s . I t seems u n l i k e l y 
t h a t low prey d e n s i t y imposes c o n s t r a i n t s on p l o v e r s at L i n d i s f a r n e , 
although a v a i l a b i l i t y of prey may be important and t h i s w i l l be co n s i d ­
ered f u r t h e r i n Paper 2. 

Energy balance 
I n many s h o r e b i r d s , i n c l u d i n g the p l o v e r s , p o t e n t i a l feeding time 

i n d a y l i g h t appears to be i n short s u p p l y . i n mid-winter. Therefore i t 
seems reasonable to suppose t h a t waders may be adapted to maximise 
t h e i r net r a t e of energy input ( i . e . energy from food a s s i m i l a t e d l e s s 
the e n e r g e t i c c o s t of f o r a g i n g ) per u n i t time. I n a d d i t i o n , minimizing 
the time spent feeding may allow i n c r e a s e d a l e r t n e s s a g a i n s t p r e d a t o r s , 
as indeed would f l o c k i n g . P r e d a t i o n i s c l e a r l y an important i n f l u e n c e 
i n some s i t u a t i o n s (Page & Whitacre 1975, Smith 1975) and sh o r e b i r d 
behaviour appears to be adapted to avoid t h i s (Goss-Custard 1970b, 
Smith 1975, Owen & Goss-Custard 1976). I n many s i t u a t i o n s the maxi­
mizing of biomass i n t a k e per u n i t time may be e q u i v a l e n t to maximizing 
the r a t e of net energy gain (which i s i t s e l f not normally d i r e c t l y 
measurable) and Goss-Custard (1977c) has presented evidence t h a t the 
former i s maximized i n Redshank i n at l e a s t some c i r c u m s t a n c e s . However, 
as pointed out by Evans (1976), the c o s t s per u n i t time of f o r a g i n g 
r e l a t i v e to the r a t e of net energy gain may d i f f e r i n d i f f e r e n t 



68 

circumstances so t h a t a method maximising biomass i n t a k e per u n i t time 
may not always be the method l e a d i n g to the s h o r t e s t feeding time, 
p a r t i c u l a r l y i f t h i s method i s c o s t l y i n e n e r g e t i c terms. 

S e v e r a l s t u d i e s have i n d i c a t e d t h a t sandpipers and O y s t e r c a t c h e r s 
meet t h e i r energy requirements by feeding i n d a y l i g h t i f they can 
(Goss-Custard 1969, Heppleston 1971, Pienkowski 1973, Smith 1975, 
Evans 1976, Goss-Custard et al. i n prep.) One would expect t h i s tend­
ency to be even g r e a t e r i n p l o v e r s which forage by an apparently v i s u a l , 
r a t h e r than t a c t i l e , technique (see a l s o Paper 2 ) . Pecking r a t e i s , 
indeed, g e n e r a l l y depressed at night (Table 10) as was a l s o found f o r 
Grey P l o v e r s feeding on Nereis at Teesmouth (Evans 1976). As i n day­
time at l e a s t 90% of pecks r e s u l t i n a prey item being taken, t h i s 
must mean t h a t the r a t e of t a k i n g prey i s depressed at n i g h t . I t i s 
a l s o l i k e l y t h a t r a t e of energy i n t a k e i s lower at n i g h t than by day, 
as no Arenioola were seen to be taken a t night although some s m a l l 
worms were. C o n s i d e r a t i o n s of i n v e r t e b r a t e behaviour (see Paper 2) 
suggest t h a t these t h i n worms included Phyllodooe, a worm of approx­
imately s i m i l a r s i z e to Notomastus. Smith (1975), watching B a r - t a i l e d 
Godwits feeding at n i g h t on HIS, a l s o saw no Avenicola i n the prey 
taken i n an a r e a where Arewtoola were taken by day, although other 
worms were seen. Hulscher (1974, 1976) found l i t t l e or no decrease 
i n r a t e of energy i n t a k e at night compared w i t h t h a t during the day 
f o r c a p t i v e O y s t e r c a t c h e r s which could use t a c t i l e f o r a g i n g at n i g h t , 
although Drinnan (1958) and Heppleston (1971) both found r e d u c t i o n s 
f o r the same s p e c i e s . 

I t i s p o s s i b l e that other prey i n d i f f e r e n t areas are more 
a v a i l a b l e at n i g h t . The n o c t u r n a l emergence of earthworms may be the 
reason f o r the n o c t u r n a l a c t i v i t y of f i e l d - f e e d i n g Golden P l o v e r s 
Vluoialis aprioaria and Lapwings Vanellus v(melius. At the Ythan 
e s t u a r y , S c o t l a n d , Goss-Custard (1969) noted a change i n feeding area 
used by Redshanks between day and n i g h t . There was no evidence of 
any movement by the shore p l o v e r s at L i n d i s f a r n e to f i e l d s at night 
and such behaviour has not been noted by the l o c a l r e s i d e n t s many of 
whom are v e r y a c t i v e w i l d f o w l e r s and extremely knowledgeable about the 
n o c t u r n a l movements of the s h o r e b i r d s . I t i s a l s o p o s s i b l e t h a t the 
Grey P l o v e r s make more use of Fenham F l a t s a t n i g h t . I f t h i s were the 
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case, however, i t i s s u r p r i s i n g t h a t the b i r d s should i n c r e a s e t h e i r 
n o c t u r n a l use of HIS i n mid-winter, when t h e i r n o c t u r n a l food r e q u i r e ­
ments are h i g h e s t , r a t h e r than continue to use Fenham F l a t s . (However, 
t h i s might r e s u l t i f the e f f e c t s of low temperatures on the n o c t u r n a l 
a c t i v i t i e s of d i f f e r e n t prey s p e c i e s d i f f e r e d markedly.) Some degree 
of feeding at n i g h t by p l o v e r s on HIS was evident from October to 
March, p a r t i c u l a r l y i n November to February, the times when energy 
i n t a k e i n d a y l i g h t was lowest ( F i g . 9 ) . 

I n t e r p r e t a t i o n of F i g u r e 9 r e q u i r e s some care as i t i s b u i l t up 
of v a r i o u s parameters (Tables 14, 15) each of which may have a c o n s i d ­
e r a b l e e r r o r attached to i t . Because of the l a r g e q u a n t i t y of data 
r e q u i r e d to c a l c u l a t e PFT f o r a given s e t of c o n d i t i o n s , no standard 
e r r o r can be attached to each estimate but some i n d i c a t i o n of the 
v a r i a t i o n i s given by the two e s t i m a t e s of PFT a v a i l a b l e f o r September 
s p r i n g t i d e c o n d i t i o n s , used to give the points S I and S2 i n F i g u r e s 
8 & 9. D e s p i t e these problems the f a i r l y c o n s i s t e n t s e a s o n a l p a t t e r n 
i n F i g u r e 9 g i v e s some support to the e s t i m a t e s . 

Some of the standard e r r o r s of mean feeding r a t e s i n T a b l e s 14 & 
15 are l a r g e , p a r t i c u l a r l y those f o r Grey P l o v e r s and some f o r Ringed 
P l o v e r s i n autumn and s p r i n g . T h i s was not due to any c o n s i s t e n t 
hour-to-hour or day-to-day v a r i a t i o n but arose because the r a t e of 
t a k i n g Arenicola was low and t h i s prey occurred i n a few o b s e r v a t i o n 
cases and not i n most. I n order to give some i n d i c a t i o n of the s c a l e 
of the e f f e c t of Arenicola on i n t a k e r a t e s , Table 14 & 15 a l s o i n c l u d e 
i n parentheses an a d d i t i o n a l column of daytime i n t a k e as a m u l t i p l i e r 
of BMR. T h i s was obtained u s i n g a v a l u e f o r c a l o r i f i c i n t a k e per 
minute which assumed t h a t , had one more peck i n each weather c o n d i t i o n / 
month been watched, t h i s peck would have produced an Arenicola. Also 
given i n the parentheses are the percentage i n c r e a s e s i n numbers of 
Arenicola taken which t h i s t h e o r e t i c a l a d d i t i o n i n v o l v e s . I t i s 
u n l i k e l y t h a t a s y s t e m a t i c e r r o r of t h i s nature could have a r i s e n . 
T h i s i s e s p e c i a l l y so f o r Ringed P l o v e r s which did not take Arenicola 

at a l l i n most c o n d i t i o n s ; t h i s i s why i n t a k e r a t e s f o r Ringed P l o v e r s 
were l e s s v a r i a b l e than f o r Greys. However, some e r r o r i n e s t i m a t i o n 
of the number of Arenicola taken could account f o r the v e r y low v a l u e s 
of daytime i n t a k e r a t e c a l c u l a t e d f o r Grey P l o v e r s i n mid-winter (see 
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below). 

The i n c r e a s e i n PFT i n w i n t e r i s c l e a r l y i n s u f f i c i e n t to compen­
s a t e f o r the decreases i n both daylength and feeding r a t e which occur 
at t h i s time. The s i t u a t i o n f o r Ringed P l o v e r s appears to be more 
c r i t i c a l during s p r i n g t i d e s than neaps because feeding areas may be 
u n a v a i l a b l e f o r up to 30% of the time, over high water of s p r i n g t i d e s . 
I n some s p e c i e s which feed at the t i d e edge the a d d i t i o n a l exposure at 
low water of s p r i n g t i d e s of r i c h prey areas appears to compensate f o r 
l o s s of feeding time over high water e.g. u t i l i z a t i o n of mussel beds 
by Knots on Morecambe Bay ( P r a t e r 1972) and feeding on hanice by Bar-
t a i l e d Godwit and Curlew at L i n d i s f a r n e and the Wash (Smith 1975, 
Evans 1976, Goss-Custard, Jones & Newbery 1977). I n Ringed P l o v e r s 
t h i s does not appear to be the case as the b i r d s do not change t h e i r 
f eeding a r e a and prey between s p r i n g and neap t i d e s . The p a t t e r n i s 
l e s s c l e a r i n Grey P l o v e r s , p o s s i b l y because sample s i z e s f o r both 
feeding r a t e s and PFT e s t i m a t e s were g e n e r a l l y s m a l l e r and v a r i a t i o n 
h igher due to the more d i s p e r s e d f e e ding d i s t r i b u t i o n of these l a r g e r 
b i r d s , as w e l l as the e f f e c t of the low r a t e of capture of Arenicola, 

d i s c u s s e d above. 

What are the energy requirements of t h e s e b i r d s ? Ebbinge, Canters 
& Drent (1975) reviewed published data which showed that a v a r i e t y of 
w i l d b i r d s r e q u i r e energy to be a s s i m i l a t e d at a r a t e of between 2 
and 4 x BMR i n order to m a i n t a i n body temperature, move about and feed. 
Evans et at, (1979) considered t h a t , because of t h e i r energy-demanding 
methods of f o r a g i n g , the upper f i g u r e i s most appropriate f o r sand­
p i p e r s and, because of the 80%-90% a s s i m i l a t i o n of i n g e s t e d food, 
4.5 x BMR i s an appropriate f a c t o r f o r e s t i m a t i o n of food i n t a k e . 
Because of the apparently l e s s a c t i v e method of feeding 3.5 x BMR was 
considered s u i t a b l e f o r Grey P l o v e r s . F i e l d s t u d i e s of waders have 
given v a l u e s summarised i n T a b l e 20. 

I t should be noted that no d i r e c t measures of BMR f o r these, 
p l o v e r s i s a v a i l a b l e and the f o l l o w i n g d i s c u s s i o n assumes t h a t the 
general r e l a t i o n s h i p c a l c u l a t e d by L a s i e w s k i & Dawson (1967) a p p l i e s 
to these b i r d s . I f i t does not, the c o n c l u s i o n s may r e q u i r e amend­
ment . 



TABLE 20. PUBLISHED VALUES OF DAILY ENERGY INTAKE AS A MULTIPLIER OF 
BASAL METABOLIC RATE ESTIMATED IN FEEDING STUDIES OF WADERS 

Species Si tuat ion Dai ly intake Source 
( x BMR ) 

Oystercatcher 

Bar - ta i l ed Godwit 

Redshank 

cap t iv i t y 4 .3 

f i e l d 6.8 

capt iv i ty 

f i e l d 

f i e l d 

5.8 

3 

5 

4.2 to 5.0 

Hulscher (1974) 

Smith (1975), using 
data from Davidson 

1968) & Hulscher 
1974) 

Goss-Custard (1977b) 

Smith (1975) 

i i H 

Goss-Custard (1977b) 
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I n August, September and A p r i l a t L i n d i s f a r n e t h e r e was almost 
no night feeding of pl o v e r s and feeding i n t e n s i t i e s i n daytime were 
f r e q u e n t l y below 100%. Also the w i n t e r d i f f e r e n c e between neap and 
sp r i n g d a y l i g h t i n t a k e s i n Ringed P l o v e r s disappeared. T h i s suggests 
t h a t d a y l i g h t e s t i m a t e s for these months are reasonable ones f o r t o t ­
a l i n t a k e . August and September esti m a t e s f o r Ringed P l o v e r s are 
2.5, 3.5, 4.4 and 4.4 x BMR and f o r Grey P l o v e r s 3.9 x BMR. I n A p r i l , 
v a l u e s were 3.0, 4.3 and 4.4 x BMR f o r Ringed P l o v e r s and 3.0 f o r 
Grey P l o v e r s . Values i n August and September may be s l i g h t l y h igher 
than s u r v i v a l requirements because b i r d s are involved i n t h e i r f u l l 
annual moult at t h i s time. I n A p r i l Grey P l o v e r s and p o s s i b l y Ringed 
P l o v e r s may a l s o be involved i n moult of the contour f e a t h e r s . Meta­
b o l i c r a t e i n a v a r i e t y of mainly p a s s e r i n e s p e c i e s during moult 
i n c r e a s e d by between 5 and 30% over t h a t of non-moulting b i r d s (Payne 
1972). However, during moult most song b i r d s tend to be l e s s a c t i v e 
than at other times (e.g. Haukioja 1971, Payne 1972, Green & Summers 
1975) and t h i s appears to apply a l s o to waders d e s p i t e t h e i r p o t e n t i a l 
v u l n e r a b i l i t y and need to move i n r e l a t i o n to the t i d e i n open, 
c o a s t a l h a b i t a t s (e.g. Pienkowski & Dick 1976), so t h a t t h e r e may be 
a compensatory r e d u c t i o n i n e n e r g e t i c requirements f o r a c t i v i t y . Payne 
(1972) considered that the energy requirements f o r moult were s m a l l 
compared w i t h those concerned w i t h thermoregulation, m i g r a t i o n and 
breeding. I t seems, t h e r e f o r e that 3.5 x BMR i s a reasonable v a l u e 
f o r p l o v e r s . 

T h i s v a l u e was g r e a t l y exceeded i n two s i t u a t i o n s . I n September 
j u v e n i l e Ringed P l o v e r s which were probably s t i l l growing fed at a 
r a t e e q u i v a l e n t to 7.8 x BMR. I n May the i n t a k e of Grey Plo v e r s which 
were probably d e p o s i t i n g pre-migratory f a t was e q u i v a l e n t to 7.7 x BMR. 

During w i n t e r , i n t a k e s during d a y l i g h t f e l l to about 2 x BMR f o r 
Ringed P l o v e r s and about 1 x BMR f o r Grey P l o v e r s d e s p i t e g e n e r a l l y 
higher PFT's of the l a t t e r . E a r l i e r s t u d i e s at Teesmouth (Pienkowski 
1973, 1979) and the Wash (Goss-Custard et al. 1977) found t h a t w i t h i n 
b i r d s of s i m i l a r feeding behaviour, s m a l l e r b i r d s g e n e r a l l y fed f o r 
longer times than l a r g e r ones, the r e s u l t of high metabolic r a t e s per 
u n i t weight i n s m a l l b i r d s , t h i s i n t u r n a r i s i n g from both the 
greater r a t e of heat l o s s due to l a r g e s u r f a c e a r e a and the t h i n n e r 
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plumage of s m a l l b i r d s (Kendeigh 1970). However, i f the b i r d s are 
t a k i n g s u b s t a n t i a l l y the same s i z e of prey - and at L i n d i s f a r n e t h e r e 
seems to be c o n s i d e r a b l e overlap i n the d i e t of the two p l o v e r s p e c i e s -
t h i s may not hold because of the h i g h e r absolute requirements of the 
l a r g e r b i r d s . Smith (1975) noted t h a t B a r - t a i l e d Godwits at L i n d i s ­
f a r n e feeding on Areni-oola fed f o r a s h o r t e r time each day than those 
at Teesmouth feeding on s m a l l e r Nereis (observed by P.J. K n i g h t s ) . 

For any given month the d a y l i g h t i n t a k e of both p l o v e r s p e c i e s at 
L i n d i s f a r n e showed a c o n s i d e r a b l e range i n v a l u e s . While t h i s i s 
c l e a r l y due i n p a r t to the d i f f i c u l t i e s i n e s t i m a t i o n , l a r g e day-to­
day f l u c t u a t i o n s were a l s o observed by Hulscher (1974) i n c a p t i v e 
O y s t e r c a t c h e r s f o r which measures were more r e a d i l y obtained. F u r t h e r , 
l a r g e f l u c t u a t i o n s might be expected i n b i r d s which could not balance 
t h e i r i n t a k e and requirements on some days but compensated on o t h e r s , 
a s i t u a t i o n which seems p o s s i b l e i n the p l o v e r s . As the data on i n t a k e 
r a t e s and feeding times had to be pooled form s e v e r a l days, day-to-day 
v a r i a t i o n and s l i g h t changes w i t h environmental c o n d i t i o n s could not 
be a s s e s s e d i n d e t a i l , but must have been even g r e a t e r than the 
"composite" v a l u e s used i n these c a l c u l a t i o n s . 

The daytime i n t a k e of p l o v e r s appears to f a l l much more i n mid­
w i n t e r than do those of sandpipers. For example, i n December Bar-
t a i l e d Godwits at L i n d i s f a r n e maintained i n t a k e s e q u i v a l e n t to 2.9 to 
5.1 x BMR (Smith 1975). With daytime i n t a k e s of only about 1 x BMR i t 
i s l i k e l y t h a t many Grey P l o v e r s must be near minimum l e v e l s f o r s u r ­
v i v a l even i f feeding i s maintained throughout the n i g h t . I t i s not 
s u r p r i s i n g t h a t p l o v e r s tend to w i n t e r f u r t h e r south than do sandpipers 
(Pienkowski 1980). As waders d e p o s i t f a t (and p o s s i b l y p r o t e i n ) as an 
" i n s u r a n c e " a g a i n s t short-term n e g a t i v e energy bal a n c e s (Evans & Smith 
1975, Evans 1976, Pienkowski, Lloyd & Minton 1979), higher r e s e r v e s i n 
p l o v e r s than sandpipers might be expected and they are indeed h e a v i e r ( E a d e s 
& O k i l l 1976, Clapham 1978, Pienkowski 1980, N.C. Davidson p e r s . comm). 
Those Ringed, Grey and other p l o v e r s w i n t e r i n g i n warmer a r e a s , i n 
common wi t h other waders, do not show overwinter weight i n c r e a s e s (Dick 
& Pienkowski 1979, Summers & Waltner 1979). The peak mid-winter weights 
of p l o v e r s probably i n d i c a t e f a t r e s e r v e s which would allow s u r v i v a l f o r 
about a week. I f the r e s e r v e s are used f o r 'topping-up' inadequate 
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feeding r a t h e r than as a s o l e energy source they could probably l a s t 
much longer, a l l o w i n g s u r v i v a l over q u i t e long periods of adverse 
weather. However, strong winds, e s p e c i a l l y at n i g h t , appear to deter 
many b i r d s from feeding at a l l and during such periods the r e s e r v e s 
must supply a l l energy requirements. 

P l o v e r s at L i n d i s f a r n e a l s o appear to s u f f e r a decrease i n ener­
g e t i c i n t a k e e a r l i e r i n the autumn than sandpipers - B a r - t a i l e d Godwits 
i n October at L i n d i s f a r n e had i n t a k e r a t e s e q u i v a l e n t to 5.2 to 5.6 x 
BMR. T h i s may be the reason why f a t r e s e r v e s (as i n d i c a t e d by body 
weights) appear to be b u i l t up by p l o v e r s to a high l e v e l e a r l i e r i n 
autumn than many other s p e c i e s of waders (Minton 1975, Clapham 1978). 
T h i s aspect of p l o v e r s has long been known to w i l d f o w l e r s and Bolam 
(1912), i n d e s c r i b i n g Grey P l o v e r s i n the L i n d i s f a r n e a r e a , noted " l i k e 
most of t h e i r k i n d r e d , they a r e seldom otherwise than i n e x c e l l e n t 
c o n d i t i o n , and a r e , as a r u l e , q u i t e as good as Peewits on the t a b l e . " 
The f a l l i n i n t a k e e a r l y i n the season may a l s o r e l a t e to the primary 
moult p a t t e r n of Grey P l o v e r s at the Waddenzee (Boere 1976) and the 
Wash (Branson.& Minton 1976). Alone among waders s t u d i e d i n these 
a r e a s , many i n d i v i d u a l s (about 16%) of t h i s s p e c i e s commonly a r r e s t 
moult i n November w i t h one to f i v e o l d p r i m a r i e s remaining, these nor­
m a l l y being r e p l a c e d the f o l l o w i n g s p r i n g s t a r t i n g i n mid-March but i n 
a few cases being r e t a i n e d to the f o l l o w i n g autumn. P o s s i b l y the 
a r r e s t i n g of moult i s an adaptation to low i n t a k e r a t e s . T h i s a r r e s t ­
i n g d i d not appear to occur i n M a u r i t a n i a (Dick 1976), and i n general 
the more favou r a b l e c o n d i t i o n i n the non-breeding season at southern 
l a t i t u d e s allow prolonged moult during t h i s p e r i o d (Pienkowski e t dl. 

1976). 

Why does the energy i n t a k e of p l o v e r s f a l l so s t e e p l y from autumn 
to w i n t e r ? P l o v e r s are s u b j e c t to the same d a y l i g h t period as other 
s p e c i e s and appear able to maintain PFT's as high and o f t e n higher than 
those of sandpipers, probably because of t h e i r a b i l i t y to feed at high t i d a l 
l e v e l s on low prey d e n s i t y . The d i f f e r e n c e l i e s i n the g r e a t e r depres­
s i o n of i n t a k e r a t e s per u n i t time of p l o v e r s . Some reasons f o r t h i s 
have a l r e a d y been mentioned, but they are explored i n d e t a i l i n Paper 2. 
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SUMMARY 

The d i e t s , f e e d ing r a t e s , f o r a g i n g times during d a y l i g h t , the 
extent of n o c t u r n a l feeding and food i n t a k e s of Grey and Ringed P l o v e r s 
are d e s c r i b e d or estimated from f i e l d o bservations at L i n d i s f a r n e , 
Northumberland, i n the y e a r s 1973-76. Cine"-film was used to check the 
v a l i d i t y and r e l i a b i l i t y of d i r e c t o b s e r v a t i o n s . Gut a n a l y s i s was 
u n r e l i a b l e as a q u a n t i t a t i v e guide to d i e t . Main prey at L i n d i s f a r n e 
f o r both p l o v e r s were the polychaete worms Notomastus, Areniaola and 
probably Scoloplos and Phyllodoce and, f o r Ringed P l o v e r s , a l s o v a r i o u s 
s m a l l C r u s t a c e a , p a r t i c u l a r l y Bathypoveia and Eurydiee. 

D e n s i t i e s of the prey were sampled on t h r e e occasions d u r i n g the 
1974-75 wint e r and attempts made to a s s e s s the impact of the b i r d s on 
t h e i r prey. Although both p l o v e r s tended to feed i n the areas of 
h i g h e s t d e n s i t y of t h e i r prey, comparisons w i t h d i e t s of the same 
s p e c i e s reported from elsewhere showed t h a t they are not s p e c i a l i z e d 
but vary t h e i r d i e t i n accordance w i t h the prey s p e c i e s common i n a 
p a r t i c u l a r area. 

I n autumn and s p r i n g , food requirements could be met during day­
l i g h t but t h i s was not p o s s i b l e i n w i n t e r . Although they i n c r e a s e d 
the percentage of the d a y l i g h t hours spent feeding i n w i n t e r , t h i s was 
inadequate to compensate f o r the decreases i n both hours of d a y l i g h t 
and feeding r a t e which occur at t h i s season, e s p e c i a l l y during s p r i n g 
t i d e s when p o t e n t i a l feeding time i s reduced, s i n c e t h e i r feeding 
grounds may be covered f o r h a l f the d a y l i g h t hours on some days. Both 
p l o v e r s were able to feed at n i g h t but, on dark n i g h t s at l e a s t , a t a 
slower r a t e than by day. The b i r d s apparently fed at n i g h t only when 
food requirements could not be met by d a y l i g h t feeding. High winds 
apparently depressed the extent of n o c t u r n a l f e e d i n g . I n mid-winter, 
the b i r d s m a i n t a i n high f a t l e v e l s , probably to b u f f e r the e f f e c t s of 
days when they have d i f f i c u l t y i n o b t a i n i n g t h e i r energy requirements, 
such as during c o l d and windy weather. 

Because p l o v e r s ' feeding r a t e s a r e reduced more by low temper­
a t u r e s than those of waders f o r a g i n g by touch, t h e i r r a t e s of energy 
i n t a k e f a l l more i n such c o n d i t i o n s . 
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Paper 2. The f o r a g i n g behaviour of Ringed and Grey P l o v e r s i n 
r e l a t i o n to the behaviour of t h e i r prey and environmental c o n d i t i o n s 

INTRODUCTION 

C o a s t a l wetlands are among the most productive of ecosystems and 
c o n t a i n v e r y dense populations of i n v e r t e b r a t e s i n the i n t e r t i d a l f l a t s 
( s e e , e.g. Whittaker 1970, E l t r i n g h a m 1971, Milne & Dunnet 1972). 
Many of these i n v e r t e b r a t e s spend much of t h e i r time deep i n the sub­
s t r a t e e i t h e r because of the p h y s i o l o g i c a l and/or feeding requirements 
(e.g. Green 1968) or to escape p r e d a t i o n by f i s h and b i r d s ( c f Evans 
1979). I n the non-breeding season l a r g e f l o c k s of a r c t i c - b r e e d i n g 
s h o r e - b i r d s r e s o r t to these areas to feed on the i n v e r t e b r a t e fauna. 
The ways i n which s h o r e b i r d s forage f o r preyhave been i n v e s t i g a t e d by 
many workers (e.g. Drinnan 1958, Evans 1975, 1976, Goss-Custard 1969, 
1976, 1977, Heppleston 1971, Hulscher 1976, Smith 1975, Smith & Evans 
1973) but a l l these s t u d i e s concentrated on those waders which forage 
l a r g e l y by t a c t i l e means, as opposed to the plovers which a p p a r e n t l y 
forage almost e n t i r e l y by v i s u a l means. Few s t u d i e s have beenmade of 
t h e s e , except by Burton (1974) who included Golden P l o v e r Pluvialis 

apvioaria i n h i s study of anatomy, food and feeding behaviour of 
waders; Baker & Baker (1973) who included Semipalmated P l o v e r 
Chavadvius semipalmatus i n t h e i r a n a l y s i s of d e t a i l e d b e h a v i o u r a l sequ­
ences and h a b i t a t u t i l i z a t i o n by s m a l l waders; and Baker (1974) who 
looked at the f o r a g i n g of migrant B l a c k - b e l l i e d P l o v e r s Pluvialis 

squatavola» I n t h e s e s t u d i e s , however, no a t t e n t i o n was paid to the 
behaviour of the prey animals. 

I n Paper 1, the prey of Ringed and Grey P l o v e r s Chavadvius 

hiaticula and Pluvialis squatavola at L i n d i s f a r n e , Northumberland i n 
the y e a r s 1973-76 was d e s c r i b e d . I t was shown th a t the energy i n t a k e 
of p l o v e r s i n the d a y l i g h t hours f e l l s t e e p l y from autumn to mid­
w i n t e r , at which time the r a t e of i n t a k e may not always have balanced 
requirements. The present paper documents the way i n which p l o v e r s 
e x p l o i t e d the behaviour of some of t h e i r prey, c o n s i d e r s how behav­
i o u r s of both prey and predators v a r i e d w i t h environmental c o n d i t i o n s , 
and compares the f o r a g i n g s t r a t e g i e s of p l o v e r s and s a n d p i p e r s . 



STUDY AREA 

L i n d i s f a r n e N a t i o n a l Nature Reserve ( F i g . 1) i n north Northumber­
land comprises about 3240 h e c t a r e s (12^ square m i l e s ) , mainly of t i d a l 
mud- and s a n d - f l a t s , s a l t m a r s h and dunes. 

Observations were made mainly on the e a s t e r n and n o r t h e r n p a r t s 
of Holy I s l a n d Sands (abbreviated henceforth as H I S ) . T h i s predomin­
a n t l y sandy a r e a of about 750 h e c t a r e s c h a r a c t e r i s e d by high d e n s i t i e s 
of c a s t s formed by lugworms Arenicola marina forms, a wide s t r i p b e t ­
ween Holy I s l a n d i t s e l f and the muddier par t of HIS, the Swad, which 
c o n s i s t s of about 1100 h e c t a r e s covered w i t h e x t e n s i v e beds of e e l -
grass Zostera spp. and some areas of cord-grass Spartina spp. I n t h i s 
paper, the sandy ar e a i s sometimes d i v i d e d f o r r e f e r e n c e purposes i n t o 
the 'Low F l a t s ' and the 'High F l a t s ' , separated by the ' P i l g r i m s ' Way', 
a l i n e of posts at about m i d - t i d a l l e v e l . 

The sandy r e g i o n was the main w i n t e r feeding area of Ringed 
P l o v e r s and one of the main areas used by Grey P l o v e r s . The main prey 
of both s p e c i e s over most of the a r e a were the polychaetes Notomastus 

laterioeus, and, p a r t i c u l a r l y f o r the Grey P l o v e r , Arenioola marina 

(Paper 1) „ 

Ringed P l o v e r s were a l s o watched i n some s i t e s j u s t below the 
h i g h water mark where they took s m a l l C r u s t a c e a , notably Bathyporeia 

pelagioa and Eurydiae pulohra, as t h e i r main prey, u s u a l l y when lower 
areas were covered by water. These s i t e s included the areas near the 
s m a l l s a l t marsh on the south s i d e of the Snook and on the High F l a t s 
near the Sand R i g ( F i g . 1 ) . 

Some observations were a l s o made on the North Shore of Holy 
I s l a n d Snook ( r e f e r r e d to h e n c e f o r t h as 'North Shore') where f l o c k s of 
Ringed P l o v e r s r e s o r t e d on some occ a s i o n s i n w i n t e r and where a f l o c k 
remained u n t i l i t broke up p r o g r e s s i v e l y from February onwards as b i r d s 
e s t a b l i s h e d pre-breeding t e r r i t o r i e s . I n these areas and around Old 
Law, Ringed P l o v e r s a l s o fed on sandhoppers Talitrus and f l i e s , mainly 
Coelopa spp. 
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GENERAL DESCRIPTION OF FEEDING BEHAVIOUR 

Both s p e c i e s of p l o v e r s g e n e r a l l y fed w h i l e i n loose f l o c k s w i t h 
i n d i v i d u a l s separated by about | m to over 50 m. I s o l a t e d i n d i v i d u a l s 
a l s o occurred but, because of the nature of the f l o c k s , the t r a n s i t i o n 
from f l o c k to s o l i t a r y feeding was o f t e n d i f f i c u l t to demarcate. 

With a few exceptions noted l a t e r , p l o v e r s fed away from the 
water's edge, of t e n spreading over much of the exposed i n t e r - t i d a l 
sands. Areas where the s u r f a c e had d r i e d completely were, however, 
g e n e r a l l y avoided, e s p e c i a l l y i f wind s t a r t e d to blow the sand. 

Both s p e c i e s feed i n the h i g h l y c h a r a c t e r i s t i c stop-run-peck 
manner of p l o v e r s , presumably d e t e c t i n g prey v i s u a l l y r a t h e r than by 
touch. A b i r d stands s t i l l f o r up to s e v e r a l seconds depending on 
s i t e , weather c o n d i t i o n s and prey type (see l a t e r ) , b e f o r e running 
r a p i d l y to a new s e a r c h i n g p o s i t i o n or to peck at a prey item. The 
p l o v e r s ' l a r g e eyes, s e t w e l l to the s i d e s of the head and commanding 
a wide angle of v i s i o n are presumably adaptations to f o r a g i n g by n i g h t . 
Burton (1974) d i s c u s s e s how t h e i r s h o r t s t r a i g h t b i l l s , l a r g e heads 
and r e l a t e d head anatomy a i d r a p i d alignment over a s i t e i n d i c a t e d by 
a short-term cue and are t o l e r a n t of hard impacts on the s u b s t r a t e . 
The d e t a i l e d manner of t a k i n g p a r t i c u l a r prey s p e c i e s was d e s c r i b e d i n 
Paper 1. 

The d i s t r i b u t i o n i n waders' b i l l s of Herbst c o r p u s c l e s , which 
are p r e s s u r e - and v i b r a t i o n - s e n s o r s , has been i n v e s t i g a t e d by Bolze 
(1968). I n some sandpipers many are concentrated i n bony p i t s w i t h 
openings d i r e c t e d towards the sources of p r e s s u r e ( a l l o w i n g m u l t i p l e 
l a y e r i n g and p o s s i b l y the g a t h e r i n g of d i r e c t i o n a l i n f o r m a t i o n ) . I n 
the sandpiper f a m i l y g e n e r a l l y , c o r p u s c l e s are found i n f a i r l y high 
d e n s i t i e s spread along the outer b i l l . I n c o n t r a s t , p l o v e r b i l l s do 
not have w e l l developed p i t s and show c o n c e n t r a t i o n s of c o r p u s c l e s 
only at the b i l l t i p , but i n s i d e t h i s as w e l l as o u t s i d e . The sand­
piper p a t t e r n appears to be adapted to t a c t i l e prey d e t e c t i o n and 
probing i n the substratum whereas t h a t of the p l o v e r s to s u r f a c e peck­
in g and s e n s i t i v i t y to p r e c i s e g r i p p i n g of prey as i t i s taken. Ringed 
P l o v e r s and the other s m a l l sandplovers s t u d i e d by B o l z e had h i g h e r 
c o n c e n t r a t i o n s of Herbst c o r p u s c l e s on the t i p of the lower mandible 
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than the upper, as d i d the Lapwing. T h i s might be expected as the 
lower mandible makes more co n t a c t w i t h the ground as a b i r d pecks 
w h i l e r e a c h i n g forward. Grey and Golden P l o v e r s had s i m i l a r d e n s i t i e s 
on upper and lower mandibles, as seems appropriate f o r b i r d s which take 
more prey from s l i g h t l y f u r t h e r below the s u r f a c e , and i n which the 
pecking movements may be more n e a r l y v e r t i c a l . 

The ' a b o r t i v e pecks' d e s c r i b e d f o r Golden P l o v e r by Burton (1974) 
i n which pecks are a r r e s t e d i n m i d - a i r , before c o n t a c t i n g the ground, 
were recorded i n both shore p l o v e r s i n the present study but were 
i n f r e q u e n t . A l s o , both Grey and Ringed P l o v e r s at L i n d i s f a r n e some­
times used the sideways f l i c k combined w i t h a peck ( d e s c r i b e d by Burton) 
to send a p i e c e of s u b s t r a t e f l y i n g to one s i d e , presumably to expose 
and take prey. 

I n the 'up' w a i t i n g p o s i t i o n adopted by both s p e c i e s the body 
was h e l d somewhat more h o r i z o n t a l l y than t h a t used by Golden P l o v e r s 
( s e e , e.g., Burton 1974). T h i s may be because the i r r e g u l a r s u r f a c e 
of the feeding areas used by Golden P l o v e r s r e q u i r e s a higher vantage 
point whereas the lower p o s i t i o n of the i n t e r - t i d a l p l o v e r s reduces 
the d i s t a n c e the head has to move to reach the prey. 

A 'down' w a i t i n g p o s i t i o n was a l s o used, more by Grey P l o v e r s 
than by Ringed P l o v e r s (Table 1 ) . I t normally occurred i n the 
sequence up-run-down-(run)-peck and presumably involved the l o c a l i z ­
a t i o n of a cue f i r s t seen from a d i s t a n c e or the w a i t i n g f o r a second 
appearance of one seen from some way away. Golden P l o v e r s f e e d i n g on 
pasture use the 'down' p o s i t i o n more f r e q u e n t l y (perhaps because of 
the g r e a t e r cover f o r prey t h e r e ) than when feeding on the shore 
(Burton 1974), where they use i t at a s i m i l a r r a t e to Grey P l o v e r s . 
Foraging behaviour of Grey P l o v e r at L i n d i s f a r n e a l s o d i f f e r e d from 
t h a t of Ringed P l o v e r s i n t h a t , i n any given s e t of c o n d i t i o n s , 'ups' 
and 'runs' tended t o take longer, 'runs' a l s o covering ••. g r e a t e r 
d i s t a n c e s (Table 1 ) . 

Ringed P l o v e r s sometimes v i b r a t e d one foot on the s u b s t r a t e 
s u r f a c e but t h i s was r a r e l y done by Grey P l o v e r s . 
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The ways i n which f o r a g i n g behaviour v a r i e d i n d i f f e r e n t t i d a l 
and weather c o n d i t i o n s are considered l a t e r . 

GENERAL METHODS 

I n v e r t e b r a t e behaviour 
To i n v e s t i g a t e depth d i s t r i b u t i o n of i n v e r t e b r a t e s a m o d i f i c a t i o n 

of the technique used to estimate prey d e n s i t i e s by s i e v i n g of mud 
samples was employed. Sampling c o r e r s were pushed r a p i d l y i n t o the 
sand and removed. Samples were then d i v i d e d at pre-determined depths 
by metal p l a t e s pushed through s l o t s on opposite s i d e s of the c p r e r . 
Each depth l a y e r was then s i e v e d and s o r t e d s e p a r a t e l y . The method 
was not i d e a l i n t h a t v e r t i c a l movement of animals could occur during 
the sampling even though the whole process took only a few seconds. 
While t h i s may have a f f e c t e d the r e l a t i v e numbers i n each l a y e r , the 
method was probably s u f f i c i e n t l y c o n s i s t e n t to provide at l e a s t an 
index of changes i n v e r t i c a l d i s t r i b u t i o n s between samples. 

Because of t h i s t e c h n i c a l problem, and the time i n v o l v e d i n 
s o r t i n g samples, most e f f o r t was put i n t o an a l t e r n a t i v e approach more 
d i r e c t l y r e l a t e d to the p l o v e r s ' method of d e t e c t i n g prey, namely 
watching the sand s u r f a c e f o r s i g n s of prey a c t i v i t y . The general 
methodology was as f o l l o w s . A w i r e quadrat was used to mark out a 
square of s i d e 10 cm or 50 cm (depending on p r e l i m i n a r y o b s e r v a t i o n to 
i n d i c a t e the l e v e l s of a c t i v i t y and the area which could be watched 
e f f e c t i v e l y ) . , The observer k n e l t w h i l e counting the a c t i v i t y s i g n s 
o c c u r r i n g i n the quadrat over a timed p e r i o d . S e v e r a l t e s t s i n d i c a t e d 
t h a t the p o s i t i o n i n g of the observer had no a p p r e c i a b l e e f f e c t on prey 
a c t i v i t y . 

B i r d feeding r a t e and f o r a g i n g behaviour 

Most observations were made u s i n g a 15x - 60x60 t e l e s c o p e from 
a c a r parked on the s a n d - f l a t s and moved when n e c e s s a r y . Observations 
were timed by stop watches or by d e s c r i b i n g a c t i v i t i e s as they occurred 
on a tape-recorder running at constant speed. S u b s t r a t e temperatures 
at about 2 cm depth, a i r temperature at about 10 cm above the ground 
and other weather conditions were noted throughout the o b s e r v a t i o n 
p e r i o d . Wind f o r c e was a s s e s s e d on the Beaufort s c a l e , cloud by eighths 



of the sky covered, and r a i n on a s u b j e c t i v e s c a l e from 0 to 9. 

At about 15 to 30 minute i n t e r v a l s the numbers of b i r d s of each 
s p e c i e s i n the a r e a and the a c t i v i t i e s i n which they were engaged 
(e.g. feeding, r e s t i n g , preening) were noted. At s i m i l a r i n t e r v a l s the 
d i s t a n c e s between each plover i n a f l o c k and the n e a r e s t other b i r d of 
the same s p e c i e s was estimated i n b i r d - l e n g t h s (19 cm f o r Ringed 
P l o v e r s and 28 cm f o r Grey P l o v e r s ) . Checks based on cin£-film of 
feeding b i r d s and f e a t u r e s i n known p o s i t i o n s i n d i c a t e d t h a t such e s t ­
imates were reasonably a c c u r a t e and c o n s i s t e n t . 

The time periods between making the o b s e r v a t i o n s d e s c r i b e d above 
were spent i n watching i n d i v i d u a l b i r d s , u s u a l l y f o r periods of about 
two minutes each. I n each such'case', the d i s t a n c e to the n e a r e s t 
other b i r d and the d i s t a n c e to the n e a r e s t i n d i v i d u a l of the same 
s p e c i e s were noted, as were i t s p o s i t i o n and the s i z e of f l o c k i n which 
i t was, i t s age i f apparent from plumage, i n d i v i d u a l i d e n t i t y i f c o l o u r -
ringed and the occurrence of ' f o o t - v i b r a t i o n ' . The a c t i v i t y of the 
b i r d throughout the o b s e r v a t i o n period was noted on the t a p e - r e c o r d i n g 
as i t occurred to give a sequence such as: "up, run^ up, run, peck-
s u c c e s s , run, up, peck-red-worm-bill-height, run, up". 

The tapes were l a t e r r eplayed and a push-button operated as each 
a c t i v i t y was heard. T h i s was l i n k e d to a pen-recorder which marked a 
paper r o l l t r a v e l l i n g at 1 cm/sec so t h a t the time f o r each a c t i v i t y 
could be measured o f f to an accuracy of 0,1 s e c ( s e e a l s o below). The 
tape-recorder was then r e p l a y e d , w i t h stops as n e c e s s a r y , to note the 
a c t i v i t y r e l e v a n t to each mark. The a c t i v i t i e s and t h e i r a s s o c i a t e d 
d u r a t i o n s were then coded and t r a n s f e r r e d to punched card and thence 
to magnetic tape. U n f o r t u n a t e l y t h i s remarkably cumbersome and time-
consuming method could not be r e p l a c e d by a 'behaviour-organ' w i t h a 
d i r e c t i n t e r f a c e w i t h a computer p a r t l y because of l a c k of r e s o u r c e s 
but mainly because of the l a r g e number of d i f f e r e n t a c t i v i t i e s and 
prey types to be recorded and the speed at which these occurred; 
p o s s i b l y a very high-speed t y p i s t or concert o r g a n i s t might have 
achieved t h i s , provided t h a t they had v e r y f a s t r e a c t i o n s to u n p r e d i c t ­
able events - and a t h i r d hand to d e a l w i t h the t e l e s c o p e . 
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A computer program ?PL0VPR0G ? (see Appendix 3 f o r d e t a i l s ) was 
w r i t t e n to s o r t the coded data f o r each case, count f r e q u e n c i e s of 
each a c t i v i t y and of simple sequences, c a l c u l a t e means and other b a s i c 
s t a t i s t i c s of h a n d l i n g times f o r v a r i o u s prey, times spent w a i t i n g or 
running, e t c . The program a l s o s t o r e d on magnetic tape f o r each c a s e 
the frequency of each a c t i v i t y (or prey type or simple sequence) the 
t o t a l time spent i n each of these a c t i v i t i e s and the sum of the squares 
of the times spent on each of these a c t i v i t i e s . A l s o recorded were 
the t o t a l time d u r a t i o n of the case and the t o t a l time during the case 
spent foraging ( i . e . e x c l u d i n g any b r i e f periods of time spent bathing, 
preening, f i g h t i n g , e t c . ) . The time spent f o r a g i n g , r a t h e r than the 
t o t a l time d u r a t i o n of the case, was normally used i n working out peck­
i n g r a t e s , e t c . The s o r t e d data f i l e s were used as input f o r f u r t h e r 
a n a l y s i s u s i n g the S t a t i s t i c a l Package f o r the S o c i a l S c i e n c e s (Nie et 
al» 1975). S t a t i s t i c a l treatments used i n t h i s paper f o l l o w B a i l e y 
(1959), Nie et at. (1975) and Sokal & Rohlf ( 1 9 6 9 ) . 

Some o b s e r v a t i o n cases were used to r e c o r d the d i s t a n c e s moved 
by the b i r d s r a t h e r than the time spent i n each a c t i v i t y . I n these 
cases the number of paces made during each 'run' was recorded on the 
tape and the m a t e r i a l was l a t e r t r e a t e d i n a s i m i l a r f a s h i o n to t h a t 
f o r timed data and analysed by PL0VPR0G. As t o t a l time was a l s o r e c o r ­
ded the data could a l s o be used f o r pecking r a t e s , e t c . i n those cases 
i n which a l l the time was spent f o r a g i n g . Some f u r t h e r data were 
c o l l e c t e d simply by counting the numbers of each peck and prey type i n 
a noted time, t h i s m a t e r i a l being converted to the same data storage 
format by PLOVPR0G. These d i f f e r e n t r e c o r d i n g methods and the conse­
quent v a r y i n g r e s t r i c t i o n s on, and a p p l i c a b i l i t y of, t h e i r use accounts 
f o r the d i f f e r e n c e s i n sample s i z e i n apparently s i m i l a r s e t s of condi­
t i o n s which w i l l be used throughout t h i s paper. Various checks have 
f a i l e d to i n d i c a t e b i a s e s between s e t s of d a t a c o l l e c t e d i n the same 
s i t u a t i o n by the d i f f e r e n t r e c o r d i n g methods. 

Colour cine*-film was taken ( a t 24 frames per second) of b i r d s 
feeding i n the same n a t u r a l s i t u a t i o n s , during the same o b s e r v a t i o n 
periods as those i n which some of the t e l e s c o p e o b s e r v a t i o n s were made. 
The f i l m was used to check the v a l i d i t y of prey i d e n t i f i c a t i o n , as 
d e s c r i b e d i n Paper 1, I t was shown th e r e t h a t prey i d e n t i f i c a t i o n was v a l i d , 
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i f somewhat c o n s e r v a t i v e , and c o r r e c t i o n f a c t o r s to a s s i g n u n i d e n t i f i e d 
prey were c a l c u l a t e d . I t was a l s o estimated that a t l e a s t 90%, and 
probably 98%, of pecks r e s u l t e d i n a prey item being taken. Pienkowski 
(1973) found t h a t 99.4% of 943 pecks by Grey P l o v e r s a t Teesmouth, 
County C l e v e l a n d , r e s u l t e d i n prey being taken. 

Some of the same filmed m a t e r i a l was used to t e s t the v a l i d i t y 
and r e l i a b i l i t y of b e h a v i o u r a l measures. The processed f i l m was run 
at normal speed and d a t a recorded on to tape as i n the f i e l d and l a t e r 
analysed. T h i s was repeated a f t e r an i n t e r v a l of s e v e r a l months. I n 
t h i s p e r i o d many other b i r d s were watched i n the f i e l d and on f i l m so 
t h a t there was l i t t l e l i k e l i h o o d of memory r e t e n t i o n of previous 
assessments. A f t e r a f u r t h e r long i n t e r v a l , the f i l m was analysed 
frame-by-frame. As e x p l a i n e d i n Paper 1, f i l m a n a l y s i s was a conser­
v a t i v e assessment of observer a b i l i t y as viewing c o n d i t i o n s were l e s s 
good by f i l m than d i r e c t l y . 

F o r Ringed P l o v e r s the check u s i n g timed a c t i v i t i e s i n v o l v e d 178 
a c t i v i t y e vents. T h i r t y - o n e (17%) d i f f e r e n c e s between f i e l d - t y p e 
r e c o r d i n g and frame-by-frame a n a l y s i s were r e v e a l e d . I n the 52 events 
f o r Grey P l o v e r s , 6 (12%) d i f f e r e n c e s were detected. However, i n both 
s p e c i e s , a l l d i f f e r e n c e s i n v o l v e d s u b s t i t u t i o n s such as 'run, peck, up' 
fo r 'run, peck, run, up' and 'run, peck' f o r 'peck, run', g e n e r a l l y 
when the b i r d s were pecking r a p i d l y . I n such s i t u a t i o n s , the se p a r a ­
t i o n between peck (and the handling of prey) and preceding or f o l l o w ­
i n g runs i s somewhat a r t i f i c i a l as s m a l l prey i n p a r t i c u l a r may be 
taken w h i l e the b i r d i s s t i l l moving. Comparison between the two f i e l d -
type r e c o r d i n g s of the same f i l m e d data showed 8 (9%) d i f f e r e n c e s f o r 
Ringed P l o v e r s and 1 (4%) f o r Grey P l o v e r s , a l l of the same type as 
those d e s c r i b e d above. The s m a l l e r numbers of d i s c r e p a n c i e s than w i t h 
the frame-by-frame a n a l y s i s i n d i c a t e s f a i r l y c o n s i s t e n t treatment i n 
the f i e l d s i t u a t i o n . 

To overcome t h i s problem of demarcation between 'pecks' and 
adjacent 'runs' a m o d i f i c a t i o n of 'PLOVPROG', 'PL0VP2'(see Appendix 3 ) , 
was used to recode the data before PLOVPROG-type a n a l y s e s were c a r r i e d 
out. I n PL0VP2 } a l l runs which occurred immediately before or a f t e r a 
peck (of any outcome) were incorporated w i t h i n t h a t peck and t h e i r 
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times added to the d u r a t i o n of the peck as part of the pecking or 
handling time. I f a run occurred between two pecks, i t and i t s dura­
t i o n were included i n the f o l l o w i n g peck (on the b a s i s of both l o g i c 
and s u b j e c t i v e appearance of the b e h a v i o u r ) . Runs not immediately 
before or a f t e r a peck ( i . e . g e n e r a l l y those between w a i t i n g p o s i t i o n s ) 
were unchanged. T h i s r e s u l t e d i n a l l the d i s c r e p a n c i e s found i n the 
f i l m checks being e l i m i n a t e d . U n l e s s otherwise s t a t e d , PL0VP2-type 
data was used f o r timed m a t e r i a l i n the f o l l o w i n g a n a l y s e s . 

The durations of a c t i v i t i e s as measured by the f i e l d - t y p e 
a n a l y s e s and frame-by-frame checks are compared i n Table 2. There was 
no s y s t e m a t i c s i g n i f i c a n t d i f f e r e n c e i n recorded d u r a t i o n times f o r 
e i t h e r s p e c i e s between the two types of anal y s e s or between the two 
f i e l d - t y p e a n a l y s e s . The maximum d i f f e r e n c e s recorded were 0.5 s e c 
and these g e n e r a l l y r e l a t e d to a c t i v i t i e s of long d u r a t i o n . 80% of 
Ringed P l o v e r f i e l d - t y p e e s t i m a t e s and 90% of those f o r Grey P l o v e r 
f e l l w i t h i n 0.3 s e c of the frame-by-frame a n a l y s i s f i g u r e s . For Ringed 
P l o v e r , comparison between the two an a l y s e s of the same filmed data by 
the f i e l d - t y p e method again showed s l i g h t l y b e t t e r agreement w i t h each 
other than w i t h the frame-by-frame check (79% w i t h i n 0.1 s e c and 94% 
w i t h i n 0.3 s e c ) . 

A s i m i l a r check u s i n g cine*-film was made on data c o l l e c t e d i n 
the f i e l d on d i s t a n c e s t r a v e l l e d . Among sequences t o t a l l i n g 160 a c t i v ­
i t i e s of Ringed P l o v e r s , t h e r e were only 4 (2.5%) d i s c r e p a n c i e s and i n 
38 Grey P l o v e r a c t i v i t i e s only 1 ( 2 . 6 % ) . Comparison between the two 
f i e l d - t y p e e s t i m a t e s showed 2 (2.5%) d i f f e r e n c e s f o r Ringed P l o v e r s 
and 1 (5%) f o r Grey P l o v e r s . I n a l l cases d i f f e r e n c e s were of s i m i l a r 
type to those f o r the timed d a t a and g e n e r a l l y r e s u l t e d from a s l i g h t 
movement ( l e s s than a f u l l l e n g t h pace) being i n t e r p r e t e d as a pace i n 
one case but as no movement i n another. 

Comparisons of the d i s t a n c e s moved (Table 2) i n d i c a t e a ge n e r a l 
r e l i a b i l i t y of the method w i t h no d i f f e r e n c e of more than 2 paces 
(t h e s e l a r g e ones being a s s o c i a t e d w i t h longer runs) and about 90% 
w i t h i n one pace. There d i d , however, appear to be a f a i r l y c o n s i s t e n t 
e r r o r i n the f i e l d method i n under-e s t i m a t i n g d i s t a n c e moved by an 
average of l e s s than one pace. T h i s may have been a s s o c i a t e d w i t h the 
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problem d i s c u s s e d above of d e f i n i n g a pace. 

Cine'-photography was a l s o used to o b t a i n measures i m p r a c t i c a b l e 
i n the f i e l d , such as the angles turned by the b i r d when moving to 
take prey, measures r e q u i r e d to a s s e s s 'area searched'. The d e t a i l s 
of t h i s assessment are given l a t e r . 

Some observations were made at n i g h t , e i t h e r u s i n g moonlight or 
an i m a g e - i n t e n s i f i e r . The circumstances and l i m i t a t i o n s of t h e s e 
methods were d i s c u s s e d i n Paper 1. 

BEHAVIOUR OF THE MAIN PREY SPECIES AND THE PREDATORS' 
EXPLOITATION OF THIS 

The main prey animals taken by p l o v e r s on HIS i n d a y l i g h t were 
Av&nioola marina, Notomastus latevieeus > Scoloplos armiger, Bathyporeia 

and Enrydiae. The behaviour of Areniaola was s t u d i e d i n d e t a i l on HIS 
by Smith (1975) and i s summarized below. Observations, made as p a r t 
of the present study, on the s m a l l e r worms and amphipods are then 
d e t a i l e d . 

Arenicola 

Arenicola u s u a l l y l i e s a t a depth of about 20 - 30 cm, but up to 
twice t h a t depth i n f r e e z i n g c o n d i t i o n s , i n the h o r i z o n t a l g a l l e r y of 
i t s U- or L-shaped burrow. I t makes ex c u r s i o n s to the head s h a f t to 
feed and to the s u r f a c e of the t a i l s h a f t to d e f a e c a t e . Smith (1975) 
showed t h a t B a r - t a i l e d Godwits Limosa lapponioa respond to the cue of 
c a s t formation to take Arenicola, t h e i r main prey. Most Arenicola 

were thus taken t a i l - f i r s t . My o b s e r v a t i o n s suggested t h a t Grey 
P l o v e r s a l s o r e a c t e d to c a s t formation of Arenicola and 75% of 
Arenicola were taken t a i l f i r s t . The 25% h e a d - f i r s t probably r e p r e s e n t 
a much h i g h e r proportion taken i n t h i s manner than by godwits. I t i s 
not known i f t h i s r e f l e c t s a g r e a t e r s e n s i t i v i t y to more s u b t l e cues 
by the large^eyed p l o v e r s or a s p e e d i e r r e a c t i o n to the presumably 
b r i e f period of a v a i l a b i l i t y of prey i n the head s h a f t ( c f Burton 1974) . 
I n some c a s e s , only the t a i l s of Arenicola were taken. These were 
c l e a r l y d i s t i n g u i s h a b l e from whole s m a l l Arenicola as the l a t t e r showed 
the c h a r a c t e r i s t i c wide a n t e r i o r and narrow p o s t e r i o r p a r t s w h i l e the 
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former were v e r y wide i n r e l a t i o n to t h e i r l e n g t h . 

Smith (1975) found t h a t the r a t e of c a s t formation by AvervicoZa 
i n c r e a s e d approximately l i n e a r l y from -1°C (below which no c a s t s were 
formed) to 3°C above which temperature the r a t e remained constant. At 
a l l temperatures the r a t e was somewhat hi g h e r on the f a l l i n g t i d e than 
on the r i s i n g t i d e . On the f l o o d i n g t i d e a higher p r o p o r t i o n of c a s t s 
occurred near the t i d e edge than on the ebb. (The t i d e edge was d e f i ­
ned as the a r e a covered by up to about 15 cm of water together w i t h , 
on the ebb, t h a t r e g i o n above the edge r e t a i n i n g a t h i n l a y e r of water 
and, on the fl o o d , t h a t r e g i o n i n which the r i s i n g water t a b l e reached 
the h o r i z o n t a l g a l l e r i e s . ) On the f l o o d t i d e , the proportion of c a s t s 
o c c u r r i n g near the t i d e edge i n c r e a s e d markedly at temperatures below 
3°C. The period between d e f a e c a t i o n s of i n d i v i d u a l Aven-ioota i n c r e a s e d 
p r o g r e s s i v e l y w i t h time a f t e r exposure of the s u b s t r a t e and was longer 
i n d r i e r areas than w e t t e r ones and on windy days than calm ones. 

Notomastus and Saoloplos 
C l o s e examination of the s u r f a c e of the mud i n the a r e a where 

pl o v e r s were seen to take red worms ( i n v a r i a b l y h e a d - f i r s t ) r e v e a l e d 
a l a r g e number of s m a l l h o l e s , the l a r g e s t about 1 mm i n diameter and 
most c o n s i d e r a b l y s m a l l e r . The m a j o r i t y of these were found to be the 
openings of v e r t i c a l burrows occupied by Notomastus, r a t h e r fewer by 
SoolopZos, and a sm a l l number by other worms, i n c l u d i n g Phytlodooe 

maeulata,and the syphons of Maooma and Cevastoderma. 

Most worms were found s e v e r a l centimetres below the s u r f a c e ( s e e 
below), so t h a t the presence of h o l e s was not a good i n d i c a t o r of the 
l o c a t i o n of worms at the s u r f a c e and t h e r e f o r e w i t h i n reach of the 
p l o v e r s . 

The only other p o s s i b l e cues t h a t c l o s e i n s p e c t i o n of the mud 
showed to occur w i t h reasonable frequency were outflows of water from 
some of the h o l e s . ( I n a d d i t i o n , v e r y i n f r e q u e n t l y , the heads of 
Not'omastus showed at the h o l e s ; the a n t e r i o r p a r t s of Phyllodoce 

extended from h o l e s ; and Maooma i n h a l e n t syphons were extended from 
t h e i r h o l e s . ) Although a s m a l l p r o p o r t i o n of outflows were apparently 
due to Maooma or Cerastoderma, most appeared to be a s s o c i a t e d w i t h the 
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presence of Notpmastus or Sooloplos near the s u r f a c e . T h i s was i n v e s t ­
igated f u r t h e r by u s i n g a p a i r of forceps to 'peck 1 at 50 holes as 
water flowed from them and 50 s i m i l a r nearby h o l e s from which t h e r e 
was; no flow at that time (Table 3 ) . S i x t y - e i g h t percent of 'pecks' at 
outflows r e s u l t e d i n the capture of a worm compared w i t h only 22% at 
other h o l e s . I t i s l i k e l y t h a t p l o v e r s pecking at outflows would 
perform even b e t t e r because of t h e i r speed of response, b e t t e r shaped 
e x t r a c t i o n d e v i c e ( b i l l r a t h e r than f o r c e p s ) , and l e s s clumsy handling 
of i t . Because of the absence of other v i s u a l cues and the r e l i a b i l i t y 
of outflows as i n d i c a t o r s of a v a i l a b l e worms, I c o n s i d e r t h a t t h e s e 
were the cues being used by p l o v e r s t o d e t e c t Notomastus and, to a 
l e s s e r e xtent, some other prey. 

Smith (1975) considered t h a t B a r - t a i l e d Godwits at L i n d i s f a r n e 
detected small pblychaetes by t a c t i l e means w h i l e probing i n the sub­
s t r a t e and he i n v e s t i g a t e d the depth d i s t r i b u t i o n of the worms by 
sampling the s u b s t r a t e . Almost a l l worms were found w i t h i n 15 cm of 
the s u r f a c e , 28% to 55% (according to temperatures) being i n the top 
5 cm. There were i n d i c a t i o n s t h a t at 4 to 7°C, the p r o p o r t i o n i n the 
top 5 cm was h i g h e s t on the ebb t i d e - l i n e ( 5 5 % ) , next h i g h e s t on the 
flo o d t i d e - l i n e ( 4 9 % ) , then on wet areas above the t i d e - l i n e (41%) 
and f i n a l l y on d r i e r areas ( 3 6 % ) . On c o l d e r days, the percentages 
were lower: 43% on the ebb t i d e - l i n e at 2°C and 28% on the f l o o d t i d e -
l i n e at -1°C. However, because of high v a r i a n c e s , these d i f f e r e n c e s 
were not s t a t i s t i c a l l y s i g n i f i c a n t . 

These as p e c t s were i n v e s t i g a t e d f u r t h e r i n the present study 
u s i n g a s i m i l a r sampling method to t h a t used by Smith. On 21 February 
1976 when the sand temperature was 6°C, samples were taken at about 
5 min i n t e r v a l s throughout the p e r i o d of t i d a l emersion on the main 
study a r e a of HIS. F i v e 10 x 10 cm samples were taken randomly from 
each of t h r e e areas ( F i g . 1 ) , one s e t from a r e a a ( j u s t above the 
P i l g r i m ' s Way), the others from ar e a b (Grey P l o v e r F l a t s ) and a r e a d 
(Godwit C r e e k ) . The s u r f a c e of a r e a b d r i e d more r a p i d l y than of 
a r e a d. Samples were returned to the k i t c h e n , s i e v e d and s o r t e d as 
d e s c r i b e d i n Paper 1. 

The proportion of Notomastus i n the top 5 cm was very v a r i a b l e 
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TABLE 3. OUTFLOWS FROM HOLES AS INDICATORS OF WORMS 
(PRINCIPALLY NOTOMASTUS) 

Holes w i t h Holes w i t h o u t Total 
outflows outflows 

Worm present 34 11 50 

No worm 16 39, 50 

Total 50 50 . 100 

X* = 21.38 P « 0.001 
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i n a l l areas ( F i g . 2) but was, on average^ twice as h i g h i n the wet 
a r e a d as i n the d r i e r area b (mean v a l u e s , u s i n g the a r c s i n e transform­
a t i o n ( t o covert percentages to v a l u e s conforming to Normal D i s t r i b u t i o n 
r e q u i r e m e n t s ) , 69.3% and 34.7%, r e s p e c t i v e l y ) . T h i s d i f f e r e n c e was 
h i g h l y s i g n i f i c a n t ( t ^ = 4.73, P < 0.001). No t i d a l p a t t e r n of depth 
d i s t r i b u t i o n was apparent d u r i n g most of the period of exposure i n area 
d, but the p r o p o r t i o n i n the s u r f a c e l a y e r s i n a r e a b d e c l i n e d somewhat 
dur i n g the p e r i o d of emersion. I n both areas the p r o p o r t i o n near the 
s u r f a c e i n c r e a s e d s l i g h t l y j u s t before t i d a l immersion. The l a s t s e t 
of samples taken from a r e a d showed a s i g n i f i c a n t i n c r e a s e i n proportion 
(90.7%) i n the top 5 cm compared w i t h a l l other samples taken during 
low water i n the same a r e a (62.0%) ( t 2 1 = 2.61, P < 0.02). These 
p a t t e r n s are compatible w i t h those found by Smith (1975) . 

As p l o v e r s appear to use v i s u a l , r a t h e r than t a c t i l e , f o r a g i n g 
methods, f u r t h e r i n v e s t i g a t i o n s of i n v e r t e b r a t e a v a i l a b i l i t y used 
measures of the presumed v i s u a l cues - the outflows of water - r a t h e r 
than samples of the s u b s t r a t e to i n d i c a t e the d e n s i t i e s of a v a i l a b l e 
prey. Observations were made by k n e e l i n g on the mud and watching from 
about 30 cm height an a r e a of mud marked by a 10 cm x 10 cm quadrat f o r 
a p e r i o d of 2 min. Four s i t e s were used, a l l i n a r e a b on Grey P l o v e r 
F l a t s of HIS (which h e l d high d e n s i t i e s of the worms). S i t e s A and B 
were on w e t t e r areas than s i t e s C and D, but worm d e n s i t i e s were f a i r l y 
s i m i l a r i n the two a r e a s . 

At a l l s i t e s the number of outflows observed i n 2 min. i n t e r v a l s 
i n c r e a s e d s i g n i f i c a n t l y w i t h i n c r e a s i n g temperature ( F i g . 3 ) . The 
d i f f e r e n c e i n slopes between s i t e s A/B and C/D are presumably due to 
l o c a l , c o n d i t i o n s . On t h r e e o c c a s i o n s the r a t e at which outflows occurred 
was i n v e s t i g a t e d i n r e l a t i o n to t i d a l time ( F i g . 4 ) . There was some 
tendency, p a r t i c u l a r l y i n the wetter a r e a s , for the r a t e s to i n c r e a s e 
s l o w l y a f t e r emersion. Worm a c t i v i t y probably di d not i n c r e a s e over 
t h i s p e r i o d , but outflows became more v i s i b l e as the s u r f a c e f i l m of 
water d r i e d out. A d e c r e a s e i n the r a t e at which outflows were seen 
often occurred i n the l a t e r p a r t of the exposure p e r i o d . T h i s appeared 
to be a s s o c i a t e d w i t h p r o g r e s s i v e d r y i n g of the s u r f a c e of the s u b s t r a t e . 
However, i n some cases an i n c r e a s e i n r a t e was n o t i c e d immediately before 
t i d a l c o v e r i n g . 
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F i g u r e 3. Outflows from holes per 2 minutes i n 100 cm 2 areas i n r e l a t i o n 
to sand temperature, (a) s i t e s A & B, (b) s i t e s C & D 

F i t t e d r e g r e s s i o n l i n e s are (a) y = 1.69x - 5.82, P < O.OOl; and 
(b) y » 0.67x - 2.2 , P < 0.01 

Dashed l i n e s i n d i c a t e outflows which would be produced i f a l l worms i n area 
of t h i s estimated d e n s i t y produced one outflow d u r i n g the ob s e r v a t i o n p e r i o d . 
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F i g u r e 4. Outflows from h o l e s per 2 minutes i n 4 100 cm 2 areas (A,B,C,D) i n 
r e l a t i o n to time a f t e r t i d a l emergence, on d i f f e r e n t days^when the 
sand temperatures weie (a) 3,/v-C,; (b) 8.2 C; and ( c ) 10.8 C, 

S C I E N C E V, 
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A l l t h e s e data were recorded on days of wind-force 5 or below. 
Attempts were made to r e c o r d worm a c t i v i t y at high wind speeds, but 
i n c r e a s i n g movement of any s u r f a c e f i l m s of water made counting out­
flows i m p r a c t i c a b l e . I n such c o n d i t i o n s , areas without s u r f a c e water 
d r i e d r a p i d l y . I n a l l wind c o n d i t i o n s , although a c t i v i t y remained 
v i s i b l e i n damp a r e a s , i f the s u r f a c e d r i e d completely, so t h a t sand 
p a r t i c l e s moved i f a wind blew, no outflows were apparent, perhaps bec­
ause water soaked i n t o the sand below the s u r f a c e . However, i t was 
probably due mainly to a r e a l r e d u c t i o n i n a c t i v i t y . 

Observations i n r a i n y c o n d i t i o n s were a l s o i m p r a c t i c a b l e because 
the d i s t i n c t i o n between outflows and impacting r a i n - d r o p s was d i f f i c u l t 
to make. 

C r u s t a c e a and other i n v e r t e b r a t e s on the high f l a t s 
The a c t i v i t y of s m a l l i n v e r t e b r a t e s on the high t i d a l l e v e l f l a t s 

was i n v e s t i g a t e d by watching areas enclosed by 50 x 50 cm quadrats f o r 
periods of 15 or 30 s e c . These animals were not v i s i b l e u n l e s s they 
moved. S i n c e these high l e v e l areas were those where ' f o o t - v i b r a t i o n ' 
by Ringed P l o v e r s was most f r e q u e n t l y observed, a f t e r each period of 
obs e r v a t i o n a second o b s e r v a t i o n of 15 or 30 sec d u r a t i o n was made, 
during which a p a i r of forc e p s was v i b r a t e d on the s u r f a c e of the sand 
to s i m u l a t e f o o t - v i b r a t i o r i by the p l o v e r . 

On the Sand R i g feeding s i t e used by Ringed P l o v e r s , no a c t i v i t y 
of any i n v e r t e b r a t e s was apparent at 4°C but some at 13°C and more at 
17°C ( F i g . 5 a ) . I n both of the warm c o n d i t i o n s , s i g n i f i c a n t l y more 
animals were seen during " v i b r a t i o n s " than without. Almost a l l animals 
seen were Euvydiae. 

On high HIS, near the s m a l l s a l t - m a r s h , a s i m i l a r p a t t e r n of 
a c t i v i t y i n r e l a t i o n to temperature was found ( F i g . 5b), no Crustacea 
being v i s i b l e at -1.5°C, few at 4°C and more at 13°C and 17°C. At 4°C 
and 13°C, s i g n i f i c a n t l y more animals, about h a l f of which were ,Bathy-
"poveia and h a l f Euvydice, were seen d u r i n g v i b r a t i o n s than without. At 
17°C a l s o more were v i s i b l e d uring v i b r a t i o n s , but the d i f f e r e n c e was 
not s i g n i f i c a n t . At -1.5°C, the only animals v i s i b l e were two v e r y 
s m a l l t h i n worms ( l e s s than 4 mm l o n g ) , which moved i n response to 
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F i g u r e 5. Small prey observed i n r e l a t i o n to temperature and v i b r a t i o n . 
(a) s m a l l c r u s t a c e a near Rig; (b) s m a l l C r u s t a c e a near s m a l l s a l t 
marsh; ( c ) verv small worms near s m a l l s a l t marsh, o = wi t h v i b r a t i o n , 

• = without v i b r a t i o n ( l a r g e c i r c l e s r e p r e sent the numbers of p o i n t s 
i n d i c a t e d below them). S i g n i f i c a n t d i f f e r e n c e s between w i t h v i b r a t i o n 
and without i n d i c a t e d by: -X- ( 5 % ) ; -)04 <17-) 5 -^fX* (0.1%) 



v i b r a t i o n . At 4 C, many more of these worms were seen, almost a l l 
during v i b r a t i o n s ( F i g . 5 c ) . I t i s doubtful, however, t h a t these were 
taken by feeding p l o v e r s as the worms became v i s i b l e only i n the 
immediate v i c i n i t y of the v i b r a t i n g t i p of the forceps (never more 
than 1 cm from t h i s ) . P l o v e r s normally peck f u r t h e r from t h e i r f e e t 
than t h i s and d i d not concentrate t h e i r pecks i n t h i s immediate a r e a . 

f 
( A c t i v i t y of these worms was not i n v e s t i g a t e d at h i g h e r tenteratures.) 

Few night o b s e r v a t i o n s were made. On one o c c a s i o n when the temp­
e r a t u r e was about 10°C and the sky o v e r c a s t both before and a f t e r dusk, 
the number of outflows seen i n each 2 min. i n t e r v a l was s i m i l a r i n day­
l i g h t and at n i g h t . However, at night Phyllodoce emerged from the 
sand to a length of s e v e r a l centimetres and fed i n w a t e r - f i l l e d hollows 
Such emergences were r a r e l y observed i n daytime. At night during 25 
two minute o b s e r v a t i o n periods on 100 cm 2 a r e a s , 1 Phyllodoce was seen 
i n each of two areas and three i n a t h i r d . The worms remained a c t i v e 
throughout the n o c t u r n a l o b s e r v a t i o n periods and l a t e r checks showed 
t h a t they were s t i l l a c t i v e on the s u r f a c e about 30 min. l a t e r . Thus, 
u n l i k e Notomastus) Phyllodoce remained on the s u r f a c e , and appeared 
u n a f f e c t e d by t o r c h - l i g h t . Small s e c t i o n s of some of the Phyllodoce 

were luminous, perhaps because of the presence i n t h e i r guts of diatoms 
and d i n o f l a g e l l a t e s . These are common on the mud s u r f a c e and luminesce 
when d i s t u r b e d . 

Ringed P l o v e r s on the low t i d a l l e v e l f l a t s 
On the Low F l a t s at l e a s t 65% of the prey items taken by Ringed 

P l o v e r s were t h i n worms (Paper 1 ) . The estimated number of t h i n worms 
taken per minute, as d e f i n e d i n Paper 1, are considered below i n r e l a ­
t i o n to environmental c o n d i t i o n s . (Rates of capture of a l l prey, and 
estimated maximum and minimum r a t e s of t a k i n g worms gave g e n e r a l l y 
s i m i l a r r e l a t i o n s h i p s . ) 

Prey capture r a t e r ose w i t h r i s i n g mud temperature up to about 
6°C, above which the r a t e decreased ( F i g . 6 ) . At any given temperature 
no s e a s o n a l v a r i a t i o n i n the r a t e of capture of t h i n worms could be 

ente 

Night 

FEEDING RATES AND ENVIRONMENTAL CONDITIONS 
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e s t a b l i s h e d . The capture r a t e was i n v e r s e l y r e l a t e d to wind f o r c e at 
low temperatures but d i r e c t l y r e l a t e d a t high ones (Table 4.) At low 
temperatures only, capture r a t e s i n c r e a s e d s i g n i f i c a n t l y w i t h i n c r e a s ­
i n g cloud cover and, at higher temperatures only, feeding r a t e d e c l i n e d 
s i g n i f i c a n t l y w i t h time a f t e r high water. 

As some of the independent v a r i a b l e s considered above were cor­
r e l a t e d w i t h each other, stepwise m u l t i p l e r e g r e s s i o n a n a l y s i s was 
used to examine the r e l a t i o n s h i p s f u r t h e r (Table 4 ) . R a i n f a l l was not 
included i n t h i s a n a l y s i s because i t s s c o r i n g method was n o n - l i n e a r 
and i t s e f f e c t s on prey a v a i l a b i l i t y could not be measured. Because 
t h e r e was a l s o a n o n - l i n e a r r e l a t i o n s h i p between worm capture r a t e s 
and mud temperature, d a t a c o l l e c t e d below 6°C were t r e a t e d s e p a r a t e l y 
from those from higher temperatures. The r a t e of capture of red worms 
showed a s i g n i f i c a n t p a r t i a l c o r r e l a t i o n only w i t h mud temperature, 
accounting f o r 27% of the v a r i a n c e at the lower temperature c o n d i t i o n s 
and 19% at higher ones. I n c l u s i o n of other environmental v a r i a b l e s i n 
the r e g r e s s i o n equation i n c r e a s e d these f i g u r e s to 28% and 20% r e s p e c ­
t i v e l y . (Note t h a t lower s i g n i f i c a n c e l e v e l s i n the m u l t i p l e r e g r e s ­
s i o n a n a l y s e s r e s u l t e d p a r t l y from the r e d u c t i o n i n sample s i z e , as 
only those cases were included i n which data f o r a l l v a r i a b l e s r a t h e r 
than p a i r s of v a r i a b l e s , were a v a i l a b l e . Thus the r e s u l t s of the 
m u l t i p l e r e g r e s s i o n a n a l y s e s may be o v e r - c o n s e r v a t i v e . However, they 
do not d i f f e r g r e a t l y from those of simple r e g r e s s i o n . ) 

The mean s i z e of worms taken i n c r e a s e d s i g n i f i c a n t l y w i t h i n c ­
r e a s i n g temperature and time a f t e r high-water, the former remaining 
s i g n i f i c a n t i n m u l t i p l e r e g r e s s i o n analyses (Table 4 ) . 

Ringed P l o v e r s on the high t i d a l l e v e l f l a t s 
On the main feeding a r e a used during the h i g h e r p a r t of the 

t i d a l c y c l e , namely the High F l a t s near the road and s m a l l s a l t marsh, 
t h i n worms and other s m a l l prey, mainly Babhypoveia and Eurydice, 

formed most of the d i e t (Paper 1 ) . 

S i g n i f i c a n t r e l a t i o n s h i p s s i m i l a r to those found on the Low 
F l a t s were e s t a b l i s h e d f o r the estimated r a t e of capture of t h i n worms 
i n r e l a t i o n to mud temperatures ( F i g . 7) and wind f o r c e , these 
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TABLE 4. RELATIONSHIPS BETWEEN FEEDING RATES AND ENVIRONMENTAL CONDITIONS 

For significant relationships, the correlation coefficient is given and the level of significance (<0.05, 
0.01, 0.001) indicated after i t by 1 to 3 asterisks. For those relationships which remained significant 
in stepwise multiple regression analysis, significance levels in that analysis are indicated before the 
coefficient. (Rain was not included in multiple regression). 
(ne = not examined; ni = not included; - = examined but not significant) 

RINGED PLOVER GREY PLOVER 

Low f lats High f lats Low f lats High flats 

<6 °C >6 °C <6 °C >6 °C 
Aug to 
Feb 

Mar to 
May <5.5°C >5.5°C 

Rate of taking Areniaola 

Mud temperature ne ne ne ne - * * 
* 0.305 - -

Wind force ne ne ne ne - -0.20* -0.31* -

Rain ne ne ne n& - - - -

Cloud ne ne ne ne - * 0.19* - -

Time after high water ne ne . ne ne - -0.30* - -

Rate of taking thin worms 

Rate of taking Arenicola ni ni ni ni -0.17 5 -0.37* - *-0.25* 

Mud temperature * 0.47* 
* * 
$-0.43* * 0.58* 

* * 
$-0.59$ 0.40$ 5-0.48* - -

Wind force -0.19* 0.23* 
* * 
*-0.37$ 

* * 
* 0.52* -0.25* 0.22* - -

Rain - - - - -0.20* - - -

Cloud 0.19* - - - - - - -

Time after high water - -0.18* -0.39* -
* * 
* 0.32$ 5 0.48* - * 0.26* 

Rate of taking small prey 

Rate of taking Arenicola ne ne ni ni ne ne ne ne 

Mud temperature ne ne 0.53* 
* * 
*-0.41* ne ne ne ne 

Wind force ne ne * * 
$-0.32* 0.34* ne ne ne ne 

Rain ' ' ne ne - • , - ne ne ne ne 

Cloud ne ne - - ne ne ne ne 

Time after high water ne ne -0.33* - ne ne ne ne 

Length of visible thin worms taken 

Rate of taking Ai-enicola • ni ni - -0.27* 

Mud temperature * 0.13* - - -0.19* $-0.28* 

Wind force - - * 0.28* 

Rain - - - 0.24* • 

Cloud - • - * 0.23* 

Time after high water 0.10* *-0.24* $ 0.21* $ 0.41$ * 0.12 
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remaining s i g n i f i c a n t i n m u l t i p l e r e g r e s s i o n s a n a l y s i s ( Table 4 ) . At 
low temperatures, capture r a t e a l s o d e c l i n e d w i t h time a f t e r high water. 
T h i s i s i n v e s t i g a t e d f u r t h e r below. Mean s i z e of worms captured was 
higher (but not q u i t e s i g n i f i c a n t l y so, probably due to s m a l l sample 
s i z e ) a t higher temperatures but f e l l s i g n i f i c a n t l y w i t h time a f t e r 
high water. 

The number of pecks i n u n i t time, l e s s the estimated r a t e of 
capture of t h i n worms, was used as a measure of the r a t e at which b i r d s 
attempted to cat c h s m a l l prey, p r i n c i p a l l y Bathyporeia and Eurydice. 

I f a l l attempts were s u c c e s s f u l , t h i s r a t e i s e q u i v a l e n t to the maxi­
mum p o s s i b l e r a t e at which s m a l l items were captured. A minimum r a t e 
of capture, based on only those s m a l l items seen to be taken, gave 
g e n e r a l l y s i m i l a r r e l a t i o n s h i p s to the maximum estimate i n comparisons 
w i t h environmental c o n d i t i o n s . 

The estimated r a t e of pecking at s m a l l prey showed a p a t t e r n 
s i m i l a r to t h a t f o r t h i n worms i n r e l a t i o n to temperature, i n c r e a s i n g 
w i t h temperature to about 6°C, but d e c l i n i n g above t h a t ( F i g . 8 ) . At 
a given temperature no s e a s o n a l d i f f e r e n c e s i n pecking r a t e could be 
found. The r a t e of pecking a t sm a l l prey showed s i m i l a r r e l a t i o n s h i p s 
w i t h wind f o r c e and time a f t e r high water as d i d the r a t e of capture 
of t h i n worms (Table 4 ) . 

Because few b i r d s fed i n t h i s a r e a between HW + 3.5 h to HW + 9 h 
(when most b i r d s were on the Low F l a t s ) , the feeding r a t e s here were 
a l s o i n v e s t i g a t e d s e p a r a t e l y f o r ebb and flow (Table 5 ) . The r a t e s 
of capture of worms and s m a l l prey v a r i e d i n p a r a l l e l i n r e l a t i o n to 
environmental c o n d i t i o n s . At high temperatures no d i f f e r e n c e s i n r a t e s 
between ebb and flow t i d e s were s i g n i f i c a n t but at low temperatures 
feeding r a t e s on the ebb were s i g n i f i c a n t l y h i g h e r than on the flow. 
During the flow t i d e p e r i o d , the r a t e s of prey capture i n c r e a s e d t o ­
wards high water (e.g. F i g . 9 ) , and, p o s s i b l y but l e s s c l e a r l y , during 
the ebb the r a t e s decreased. 

At low temperatures feeding r a t e s were a l s o h i g h e r w i t h onshore 
than w i t h o f f s h o r e winds (Table 6 ) , but again t h i s d i d not apply at 
temperatures above 6°C. T h i s may be because onshore winds 
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concentrate the small Crustacea at high t idal levels. At high temper­
atures, prey activity may be sufficient, in any wind direction to allow 
maximum pecking rates. 

Tables 5 & 6 include similar comparisons for prey capture rates 
on the North Shore. Here the difference in capture rates between ebb 
and flow tides was less than on HIS. Wind direction had l i t t l e effect. 
Rates of prey capture on the North Shore only exceeded those on HIS high 
f la t s when winds were from NW to E and temperatures low. 

Grey Plovers on the low t idal level f la ts 
The diet of Grey Plovers on HIS consisted mainly of Avenicola, 

which contributed most of the biomass by virtue of i t s large s ize , and 
thin worms, of which a large number were taken (Paper 1) . Because of 
the low frequency at which Aven^icola were taken, the number taken in 
most observation cases was zero, particularly in autumn and winter. In 
these seasons the non-zero records were too few to allow investigation 
of relationships between capture rate and environmental conditions. In 
spring, (March to May inclusive) , however, more Avenioola were taken at 
higher mud temperatures (Fig. 10), and under increasing cloud cover 
(Table 4) but fewer with increasing wind force and time after high 
water (Fig. 11) . 

For Grey Plover, as for Ringed Plover, the various measures 
(maximum, estimate and minimum) of rate of capture of thin worms gen­
erally followed the same patterns of variation in relation to environ­
mental factors. Only the estimated rates are used hereafter. 

The pattern of variation in rates of capture of thin worms d i f ­
fered seasonally. In spring, capture rate f e l l with increasing temp­
eratures (Fig. 12), rose with increasing wind strength (Table 4) and 
time after high water (Fig. 13). Rates of capture of thin worms were 
also related inversely to rate of capture of Avenieola (Fig. 14). 

In autumn and winter, the opposite relationships were found bet­
ween rates of capture of thin worms and wind strength or temperature, 
but similar ones with t idal time and rate of capture of Arenicola 
(Table 4) . The rates also f e l l with increasingly heavy ra in . (A 
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similar relationship between rate of capture of thin worms and rain 
was suggested in many situations for both plovers but, because of the 
low number of occasions of observations during rain, i t was significant 
in only this case). 

In spring, the mean lengths of thin worms taken decreased with 
increases in temperature and the rate of capture of Aremoola but 
increased with increasing r a i n f a l l and time after high water (Table 4) . 
In autumn and winter, the mean length of worms taken increased with 
time after high water. 

Grey Plovers on the high t idal level f la ts 
The diet of Grey Plovers on the High Flats was similar to that on 

the Low Flats (Paper 1). The rate of capture of Areniaota increased 
sharply from close to zero below 5.5°C (mean 0.02 ± s.e. 0.02 min , 
n = 25) to a steady higher level above 5.5°C (mean 0.19 ± s.e. 0.04 
min \ n = 91). This difference was highly significant (t-Q^ = 4.07, 
P < 0.001) but there was no trend with temperature within each temp­
erature group. The marked difference with season noted on the Low 
Flats did not occur on the High F la t s , and the overall rate of capture 
of AvenLcola was lower on the high level than on the low level f lats 
during spring but higher at other times of year. Probably mainly 
because of low sample size, the rate of capture of Arenicola showed 
only one significant relationship with environmental factors, namely 
a decrease with increasing wind force at low temperatures. 

Probably for similar reasons, the rate of capture of thin worms 
showed no significant relationship with environmental conditions at 
low temperatures, although the mean length of such worms appeared to 
increase with increasing wind and cloud cover. At higher temperatures, 
the rate of capture of thin worms increased with time after high water 
but decreased as the rate of capture of Avenioola increased. The mean 
rate of capture of thin worms declined from 4.61 ± s.e. 0.41 min ^ 
below 5.5°C to 3.15 ± s.e. 0.22 min"1 above ( t ^ = 3.19, P < 0.01). 
The detailed relationship of rate of capture of thin worms with mud 
temperature showed some similarity to that of Ringed Plovers, possibly 
increasing with temperatures up to about 5 - 6°C, followed by a 
decrease (Fig. 15). However, small sample sizes prevented this 
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relationship from reaching s t a t i s t i c a l significance. 

The mean length of thin worms taken decreased with increasing mud 
temperature but increased with increasing wind force, cloud cover and 
time after high water (Table 4) . 

EFFECTS OF OTHER BIRDS ON PREY CAPTURE RATES 

Aggressive interactions between plovers feeding in flocks, or 
with birds of other species feeding nearby, were extremely rare, as 
also found for Grey Plovers at the Wash by Goss-Custard (1977b). Those 
few that were observed at Lindisfarne generally concerned Ringed 
Plovers as the breeding season approached. To investigate any other, 
more subtlej effects of birds on each other's feeding, distances to 
the nearest bird, to the nearest bird of the same species (which may 
be the same) and the number of birds of the same species in the flock 
were noted at the time of each feeding observation. Interpretation of 
any relationships found is more d i f f i c u l t than of those with environ­
mental factors. I f a significant correlation between the latter and 
prey capture rate is found, then there may or may not be a causal 
effect of the environmental factor on the rate. I f a significant r e l ­
ationship between prey capture rate and flock-size or nearest neighbour 
distance i s found, once again there may or may not be a causal l ink, 
but in these cases the possible causal links could be in either direc­
tion, e.g. of capture rate on flock size or vice versa. In contrast, 
a causal effect of rate of capture of worms on, e.g., windforce is 
highly unlikely! This ambiguity also causes d i f f i cu l ty in the use of 
multiple regression analyses involving these factors as well as envir­
onmental ones. 

The relationships of rates of capture of various prey to flock-
size and nearest neighbour distances are summarized in Table 7. When 
incorporated with environmental factors in multiple regression analyses 
the degree to which these relationships remained significant varied. 
'Flock' factors occasionally displaced 'environmental' ones. However, 
the interpretation of this result is d i f f i c u l t , for reasons indicated 
above. Because the distance to the nearest other bird was often iden­
t i c a l to the distance to the nearest other bird of the same species, 
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simple correlations of capture rates with these two factors were very 
similar, and for this reason only the distance to the nearest bird was 
used in the multiple regressions analysis. A f a i r l y consistent pattern 
emerged, however. With few exceptions the rate of prey capture decrea­
sed both with increasing flock-size and with increasing distance to 
the nearest other bird. Thus maximum feeding rates tended to occur in 
small, relatively tight flocks (or, conversely, f lock-size increased 
and birds spread out when feeding rate dropped). 

There was some evidence that plovers tended to occur in areas 
where densities of other shorebird species were low. This was d i f f i ­
cult to test quantitatively because a l l species moved to some extent 
with the tides, thus leading to some degree of positive association. 
However, on 14 October 1974 the numbers of birds in several squares of 
side 100 m were counted during the low water period and the numbers of 
Ringed Plovers were inversely correlated with those of non-plovers 
(r=*-0.48, P<0.001)e However, on other occasions the relationship was not shown 
numerically as simply as this , because the plovers of both species 
merely kept away from the moving band of birds at the tide-edge and 
from any other areas where dense flocks of Bar-tailed Godwits and 
Dunlins tended to occur. Plovers very rarely fed in the water. An 
exception occurred, however, in spring (March to May inclusive) when 
Grey Plovers spread down to the tide edge and often fed in the water, 
particularly on the ebb tide. This period coincided with the absence 
of Bar-tailed Godwits from most of the area as most godwits leave 
Lindisfarne in March, whereas many Grey Plovers remain unt i l May or 
early June. 

HANDLING TIMES 

The time taken to handle prey is defined as the time taken to 
move to the s i te from which the prey is taken, the time to handle i t 
and the time unt i l a waiting position is resumed. This parameter 
showed very l i t t l e variation with environmental or flock conditions, 
although the handling times differed according to the prey taken 
(Table 8) . Grey Plovers took significantly longer to handle Avenioola 
than thin worms and other small prey, and both plovers took longer to 
handle large thin red worms than small ones (Fig. 16). A similar 
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increase in handling time with prey size was found for Great Blue Heron 
Ardea hevodius by Krebs (1974). On the Low Flats plovers took less 
time to handle small items than worms but on the High Flats the times 
were fa ir ly similar, probably bacause the worms taken there were mainly 
small. 

On the Low F la t s , the handling time for thin worms by Ringed 
Plovers increased significantly with ris ing temperature (r-j^g = 0.29, 
P < 0.001). This may have arisen because larger worms were taken in 
warmer conditions or because birds tended to wash worms more often 
before swallowing them in warmer weather (or for both reasons). Simi­
lar ly , and for similar possible reasons, Grey Plovers took longer to 
handle Arenicola on the High Flats in warmer weather = 0*37, 

P < 0.05). However, in the same area, they took less time to handle 
thin worms (r,.^ = -0.36, P < 0.01) and small prey (X^Q = -0.28, 
P < 0,05) with increasing temperatures, perhaps because the size of 
thin worms taken f e l l with increasing temperature. On the Low Flats 
the handling time of thin worms by Grey Plover increased with increas­
ing windforce ( T i $ i

 = 0.17, P < 0.05), perhaps because the birds exp­
erienced increasing d i f f i cu l ty in making directed movements in strong 
winds. 

The mean handling times excluding the times taken to run to and 
from the capture sites ( i . e . PLOVPROG-data, as defined in 'Methods') 
are also shown in Table 8. These data showed similar relationships 
with environmental conditions to those found for the 'PL0VP2-type' data. 

WAITING AND GIVING-UP TIMES 

The times spent in the 'up' position before moving to a new 'up' 
position (the 'giving-up' times) and the times spent in the 'up' pos­
it ion before moving to peck at prey (the 'waiting' times) are summar­
ized in Table 9. Although waiting and giving-up times for any given 
s i te tended to be f a i r l y similar, a consistent pattern can be discer­
ned. Times increased through the series: waiting time before taking 
Areniaola, waiting time before taking thin worms, waiting time before 
taking small prey, giving-up time. Krebs (1974), studying Great Blue 
Herons, also found signif icantly longer giving-up times than waiting 
times. 
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Giving-up times tended to be c o r r e l a t e d w i t h the w a i t i n g times 
(Table 10)„ 

The r e l a t i o n s h i p s of w a i t i n g and giving-up times to environmental 
and f l o c k c o n d i t i o n s are summarized i n T a b l e l l a For both s p e c i e s on 
both High and Low F l a t s , p a t t e r n s of giving-up and waiting times 
tended to be s i m i l a r , probably even more so than i n d i c a t e d i n T a b l e 11, 

as s m a l l sample s i z e s prevented s t a t i s t i c a l s i g n i f i c a n c e i n s e v e r a l 
caseso A l s o , s e v e r a l r e l a t i o n s h i p s t h a t were s i g n i f i c a n t i n simple 
r e g r e s s i o n were not so i n m u l t i p l e r e g r e s s i o n , because the sample s i z e 
was g e n e r a l l y much reduced then. 

For Ringed P l o v e r s i n both a r e a s , both w a i t i n g and giving-up 
times appeared to l e s s e n w i t h r i s i n g temperature up to about 6°C and 
then remain constant or i n c r e a s e above t h a t (e.g. F i g . 17 ) , I n c r e a s e s 
i n wind f o r c e g e n e r a l l y acted on timings i n the opposite way to 
i n c r e a s e s i n mud temperature (Table 1 1 ) . Other f a i r l y c o n s i s t e n t r e l ­
a t i o n s h i p s were i n c r e a s e s i n times w i t h i n c r e a s i n g r a i n f a l l , i n c r e a s i n g 
time a f t e r h igh water, d i s t a n c e to other b i r d s and f l o c k s i z e (Table 11 ) . 

For Grey P l o v e r s , w a i t i n g and giving-up times tended to i n c r e a s e 
w i t h i n c r e a s e s i n the r a t e of capture of ArenicoZa, i n mud temperatures 
and i n wind f o r c e and to decrease w i t h passage of time a f t e r high water 
(Table 11) . 

For Ringed P l o v e r s i n both areas the i n c i d e n c e of 'downs' 
i n c r e a s e d w i t h i n c r e a s i n g temperature, i n c r e a s i n g f l o c k - s i z e or dec­
r e a s i n g wind f o r c e (Table 1 2 ) . On the Low F l a t s the i n c i d e n c e of 
'downs' a l s o i n c r e a s e d w i t h time a f t e r high water and d e c r e a s i n g d i s ­
tance to the n e a r e s t other Ringed P l o v e r . I n Grey P l o v e r , t h e r e was 
l e s s c o n s i s t e n c y i n the i n c i d e n c e of 'downs* between a r e a s , but those 
r e l a t i o n s h i p s which were s i g n i f i c a n t p a r a l l e l e d those f o r Ringed 
P l o v e r , w i t h the a d d i t i o n of an i n v e r s e r e l a t i o n s h i p between i n c i d e n c e 
of 'downs' and the r a t e of capture of Arenioola on the High F l a t s B 

The capture of an Apenioola was s i g n i f i c a n t l y more l i k e l y to be 
preceded by an 'up' ( r a t h e r than a 'down') than was the t a k i n g of a 
t h i n worm ( x 2 = 4.76, P < 0 . 0 5 ) . 
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TABLE 11. RELATIONSHIPS BETWEEN WAITING AND GIVING-UP TIMES AND ENVIRONMENTAL AND 
FLOCK CONDITIONS 

Arrangement as for Tables 4 & 7. 

RINGED PLOVER GREY .PLOVER 

Low F l a t s High F l a t s Low High 
F l a t s F l a t s 

<6 °C >6 °C <6 °C >6 °C 

* 
Giving-up time 

Rate of taking Arenioola * - 0 . 1 8 - * 0.24 - * 0 .18* 0 .15* 

Mud temperature * - 0 . 2 7 * - * - 0 . 7 3 * - - 0 .22* 

Wind force 0 .14* - * 0 .70J - 0 .14* 

Ra in 1 - - - -

Cloud - 0 . 1 9 * - - - - -

Time a f te r HW * 0.13 - 0 .33* * 0 .38* * - 0 . 2 4 { 
* 

Distance to nearest same s p . - N - 0 .53{ -
* 

Distance to nearest b i r d 1 - - 0 .54J -

Flock s i z e - * 0 .56J - - 0 .17* 

Waiting time 

* 
Rate of taking Arcnicola - * 0.24 - 0 .33J 

Mud temperature * - 0 . 1 3 * 0.20 - 0 . 5 2 * - * 0 .39J 

Wind force - - £ 0 .55J - * 0 .21* 

R a i n 1 0 .25* - - 0 .30* - - 0 . 1 7 * 

Cloud - - - - - -

Time a f t e r HW * 0 .29* * 0.24 0.38* - * - 0 . 1 8 * 

Distance to nearest same s p . * 0 .19* -

Distance to nearest b i r d 1 0 .19* - - - -

Flock s i z e - - 0.35* . . . 

1 excluded from mult ip le regress ion 

* P < 0.05 

* P < 0.01 

* P < 0.001 
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3 

3 

0> 

2 

5 

-A. 

* 

1 I 1 
8 12 

S a n d t e m p e r a t u r e ( ° C ) 

F i g u r e 17. Giving-up time (time 
without t a k i n g prey) 
F l a t s i n r e l a t i o n to 

F i t t e d r e g r e s s i o n l i n e s a re: y = 
and y = 

spent i n 'up' before moving on 
of Ringed P l o v e r s on the High 
sand temperature. 

2.91 - 0.34-x (P < 0.001) below 6°C 
1.40 + O.OAx ( n . s . ) above 6°C 
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DISTANCES MOVED WHILE FORAGING, AND SEARCH AREAS 

The d i s t a n c e s b i r d s moved to take prey d i d not d i f f e r s i g n i f i ­
c a n t l y w i t h prey type (Table 13) but t h i s may have been p a r t l y due to 
low sample s i z e s . I n a l l cases the mean d i s t a n c e moved to take prey 
was s i g n i f i c a n t l y l e s s than the mean d i s t a n c e moved to a new 'up' 
p o s i t i o n . The mean d i s t a n c e moved to a 'down' p o s i t i o n was i n t e r ­
mediate. 

D i s t a n c e s moved v a r i e d r e l a t i v e l y l i t t l e w i t h environmental and 
f l o c k c o n d i t i o n s (Table 1 4 ) . General tendencies were an i n c r e a s e i n 
d i s t a n c e s moved (both to take prey and to a new 'up' p o s i t i o n ) w i t h 
i n c r e a s i n g d i s t a n c e to the n e a r e s t other b i r d of the same s p e c i e s ; 
a l s o a tendency f o r a decrease w i t h i n c r e a s i n g temperature, except f o r 
Grey P l o v e r s on the Low F l a t s where the d i s t a n c e s they moved i n c r e a s e d 
w i t h the r a t e of capture of Arenicola* 

The d i s t a n c e moved to a new w a i t i n g p o s i t i o n v a r i e d according 
to the previous a c t i v i t y ( Table 1 5 ) . B i r d s moved f a r t h e s t between two 
'up' p o s i t i o n s and l e s s f a r ( i n d e c r e a s i n g sequence) a f t e r t a k i n g 
pecks of unknown outcome, s m a l l prey, t h i n worms of i n c r e a s i n g s i z e 
and the l e a s t d i s t a n c e a f t e r t a k i n g Aven-ico'la. 

The frequency d i s t r i b u t i o n s of d i s t a n c e s moved to a new p o s i t i o n 
and p a r t i c u l a r l y the d i s t a n c e s moved to take prey tended to show 
f a i r l y sharp upper l i m i t s ( T a b l e 1 6 ) . These upper l i m i t s are e s t i ­
mated i n Table 16. As b i r d s can take prey w i t h i n about \ pace (c5 cm 
f o r Ringed P l o v e r ; c7 cm f o r Grey P l o v e r ) without moving another pace, 
i t can be seen t h a t the average d i s t a n c e moved to a new w a i t i n g p o s i ­
t i o n ( T a b l e s 13, 15) tended to be s l i g h t l y longer than the normal 
range from w a i t i n g p o s i t i o n to the s i t e of prey capture. 

F o r e s t i m a t i o n of the d i s t a n c e through which b i r d s move i n an 
attempt to take prey (Table 17) the 'normal' maximum number of paces 
taken to reach prey has been i n c r e a s e d by one to allow f o r both the 
d i s t a n c e at which a b i r d can reach prey without t a k i n g another pace 
and the s l i g h t b i a s towards un d e r e s t i m a t i o n of the r e c o r d i n g methods 
(see 'Methods'). 
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TABLE 17. ESTIMATION OF SEARCH AREAS (see text ) 

RINGED PLOVER GREY PLOVER 

Pace length (cm) 

'Normal' maximum no. of 
paces moved to prey 

'Normal' maximum foraging 
radius 

'Normal' arc of movement 

Search area = 4££ u r 2 240 
Iffi 

10 

3 

4 x 10 = 40 cm 

240° 

0.34 m2 

14 

4 

5 x 14 = 70 

240° 

1.03 m 
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The mean length of paces was estimated from cine'-film and from 
measurement of t r a c k s . o h the f l a t s . The angle turned from the w a i t i n g 
p o s i t i o n to the d i r e c t i o n chosen when moving to take prey was estimated 
on a ' c l o c k ' b a s i s from examination of cin£-film (Fig„ 1 8 ) . These 
measures are combined i n Table 17 to estimate the s e a r c h a r e a from 
which prey can be taken. 

The f o r a g i n g method of a p l o v e r , which uses a s e a r c h a r e a of 
f a i r l y constant s i z e w i t h a changeable l o c a t i o n , i s compared i n F i g u r e 
19 with t h a t of a sandpiper f o r a g i n g by touch w i t h b i l l - t i p on the s u r ­
f a c e or i n s e r t e d s l i g h t l y i n t o the substratum. The l a t t e r uses a 
narrow s e a r c h a r e a determined by d e t e c t i o n d i s t a n c e on e i t h e r s i d e of 
the path taken ( s e e , e.g., Smith.1975, Hulscher 1976). The sandpiper 
s e a r c h a r e a i s thus an a r e a searched per u n i t time. I n c o n t r a s t , 
plovers are g e n e r a l l y s i t - a n d - w a i t p r e d a t o r s , monitoring an a r e a u n t i l 
a s u i t a b l e prey i s detected, or u n t i l the b i r d g i v e s up to move to a 
new w a i t i n g p o s i t i o n . 

FOOT VIBRATION 

F o o t - v i b r a t i o n w h i l e f o r a g i n g has o f t e n been reported i n p l o v e r s 
(e.g. Simmons 1961). I n t h i s behaviour, the b i r d stands on one l e g w i t h 
the toes of the other j u s t i n c o n t a c t w i t h the ground and v i b r a t i n g 
r a p i d l y . At L i n d i s f a r n e , t h i s was recorded on only one o c c a s i o n i n 
Grey P l o v e r s : a b i r d feeding i n November near the s m a l l s a l t - m a r s h , an 
a r e a not much used by t h i s s p e c i e s . 

However, f o o t - v i b r a t i o n by Ringed P l o v e r s was recorded commonly 
on the h i g h e s t i n t e r t i d a l a r e a s : near the s m a l l s a l t - m a r s h , the North 
Shore, the Sand R i g and Goswick F l a t s , but i n f r e q u e n t l y on the main 
areas of the f l a t s (Table 1 8 ) . On none of the high l e v e l areas was a 
s i g n i f i c a n t d i f f e r e n c e found i n pecking r a t e between b i r d s f o o t -
v i b r a t i n g and those not (Table 1 9 ) . However, when the environmental 
c o n d i t i o n s d u r i n g cases when f o o t - v i b r a t i o n was seen are compared w i t h 
those during cases without (Table 2 0 ) , f o o t s h a k i n g occurred at s i g n i f ­
i c a n t l y lower mean temperatures on the North Shore. The same r e l a t i o n s h i p 
was found on the High F l a t s near the R i g , but t h i s was not s i g n i f i c a n t , 
probably due to s m a l l sample s i z e . A s i g n i f i c a n t temperature d i f f e r e n c e 
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RINGED PLOVER GREY PLOVER 

l l l l l l l l I I </<• ()<• I C i M I . 1 ^ 1 -

I r"f|ui . ' t H 'y 
p e r c e n t a g e rcequency 

f r e q u e n c y observed 
42 

3 5 97 

100 

6 14 96 

100 

F i g u r e 18, D i r e c t i o n s moved t o t a k e p r e y . 
Turns t o l e f t o r t o r i g h t t h r o u g h t h e same a n g l e arc not 
s e p a r a t e d 

SANDPIPER p a t h walked 

s e a r c h w i d t h 

d i s t a n c e moved i n u n i t t i m e x search p a t h w i d t h area searched per u n i t t i m e 

'PLOVER' 

search a r e a = a p p r o x i m a t e l y c o n s t a n t a r e a w i t h changeable l o c a t i o n 

F i g u r e 19. G e n e r a l i z e d f o r a g i n g p a t t e r n s o f t a c t i l e f e e d i n g s a n d p i p e r and 
v i s u a l s e a r c h i n g p l o v e r . 
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TABLE 19. MEAN RATES OF PECKING BY RINGED PLOVERS IN SELECTED SITES 
AND MONTHS IN RELATION TO FOOT-VIBRATION 

Given as mean ± s . e . (sample s i z e ) 

Birds foot -v ibrat ing Birds not foot-
for some or a l l time vibrat ing 

North Shore and Rig Apri l 19.4 ± 1.3 (37) ns 19.7 ± 1.8 (43) 

Near small s a l t marsh April 24.3 ± 2.0 (15) ns 25.8 ± 3.6 ( 2) 

Tealhole June 16.6 ± 3.0 ( 8) ns 17.1 ± 2 . 9 ( 6) 

TABLE 20. MEAN ENVIRONMENTAL CONDITIONS DURING OBSERVATION CASES OF 
RINGED PLOVERS IN RELATION TO FOOT-VIBRATION 

Birds foot -v ibra t ing Birds not foot-
for some or a l l time v ibrat ing 

North Shore 

Air temperature 10.4 ± 0.8 (32) * * * 14.7 ± 0.4 (141) 

High F l a t s near Rig 

Air temperature 11.2 ± 1.1 (20) ns 15.5 ± 4.9 ( 4) 

High F l a t s near small 
s a l t marsn 

Air temperature 

Wind force 

Rain f a l l 

5.3 ± 0.2 (34) ns 5.7 ± 0 . 7 ( 40) 

4.8 ± 0.5 (34) * 3.7 ± 0.3 ( 52) 

0.9 ± 0.3 (34) * 0.2 ± 0.1 ( 52) 
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between cases w i t h and without f o o t - v i b r a t i o n was not found on the 
High F l a t s near the s m a l l s a l t marsh, but the behaviour t h e r e was 
a s s o c i a t e d w i t h stronger winds and h e a v i e r r a i n . 

NOCTURNAL FORAGING 

Observation on f o r a g i n g behaviour of Grey P l o v e r s were made w i t h 
a night-viewing apparatus on Holy I s l a n d Sands on a dark, moonless 
night i n February 1976 and a moon-lit night i n March 1976. The r e s u l t s 
are compared w i t h those from d a y l i g h t feeding i n the same weather con­
d i t i o n s i n Ta b l e 21 ( s e e a l s o Paper 1 ) . At night the Grey P l o v e r s fed 
i n more d i s c r e t e , t i g h t e r and more synchronised f l o c k s than during the 
day but t h i s was not q u a n t i f i e d . 

Pecking r a t e s on the dark n i g h t , but not on the moon-lit n i g h t , 
were s i g n i f i c a n t l y lower than i n d a y l i g h t . The sequence 'run-peck' 
was more frequent by day than by night i n both s i t u a t i o n s and the mean 
d i s t a n c e moved to take prey was longer i n d a y l i g h t . I n March, the 
sequence 'up-peck' was s i g n i f i c a n t l y more frequent by n i g h t . Waiting 
times tended to be longer a t n i g h t . 

Nocturnal o b s e r v a t i o n s on for a g i n g behaviour of Ringed P l o v e r s were 
p o s s i b l e only when the b i r d s could be observed at c l o s e q u a r t e r s , on 
the breeding grounds of the North Shore, F o r both a d u l t s and c h i c k s , 
d i f f e r e n c e s between f o r a g i n g by day and nigh t (Table 22) were f a i r l y 
s i m i l a r to those found f o r the Grey P l o v e r s , but, because of s m a l l 
sample s i z e s , fewer r e l a t i o n s h i p s were s t a t i s t i c a l l y s i g n i f i c a n t . 

DISCUSSION 

A model of plover f o r a g i n g 
The r e s u l t s d e s c r i b e d i n t h i s paper allow me to put forward a 

model to d e s c r i b e the fo r a g i n g behaviour of p l o v e r s . Taking the Grey 
Plo v e r at L i n d i s f a r n e as as example, these t e n t a t i v e r u l e s a r e : 
1. Grey P l o v e r s feed i n areas where t h e i r r a t e of energy i n t a k e i s 

high. 
2. T h i s may be modified i n th a t p l o v e r s do not feed i n areas of high 

d e n s i t y of other b i r d s , which f o r Grey P l o v e r s at L i n d i s f a r n e 
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u s u a l l y means f l o c k s of B a r - t a i l e d Godwits feeding at the t i d e 
edge where prey a v a i l a b i l i t y i s h i g h e s t . 

3. As temperatures f a l l or the mud d r i e s Aveni-cota become l e s s a v a i l ­
a ble and s m a l l e r worms, notably Notomastus , are taken more 
f r e q u e n t l y . 

4. As temperatures f a l l , Notomastus a l s o become l e s s a v a i l a b l e , and 
l e s s s i z e s e l e c t i o n i s p r a c t i s e d by the b i r d s . 

5. I n the most adverse c o n d i t i o n s the r a t e of t a k i n g t h i n worms of 
any s i z e i s depressed by reduced a v a i l a b i l i t y . 

6. The p l o v e r s feed by scanning a s e a r c h area. I f prey are not 
detected the b i r d moves approximately f a r enough to see the next 
a r e a beyond. When feeding on v e r y d i s p e r s e d clumps of prey, the 
b i r d may move f u r t h e r . 

7. Most i n t e r t i d a l i n v e r t e b r a t e s tend to be d i s t r i b u t e d p a t c h i l y , 
e s p e c i a l l y when a v a i l a b i l i t y as w e l l as d e n s i t y i s c o n s i d e r e d . 
P l o v e r s a d j u s t to t h i s by moving l e s s f a r a f t e r t a k i n g a prey than 
not. The d i s t a n c e moved appears to be adjusted to the v a l u e of 
the prey. 

8. P l o v e r s appear to a d j u s t t h e i r giving-up time to the time they 
have to w a i t before t a k i n g prey; t h i s i s monitored f a i r l y r a p i d l y . 

9. Prey s e l e c t i o n appears to be achieved by becoming p r o g r e s s i v e l y 
more prepared to take s m a l l e r prey w i t h i n each w a i t i n g p e r i o d . 

10. P l o v e r s at L i n d i s f a r n e appear to feed as c l o s e to the other members 
of t h e i r f l o c k as t h e i r feeding requirements (scan and run d i s t ­
ances) allow. The i n t e r - b i r d d i s t a n c e i n c r e a s e s when r e a c t i n g 
mainly to the widespread cues of Arenieola, but w i t h i n a prey type 
decreases as prey a c t i v i t y i n c r e a s e s , e.g. w i t h r i s i n g temperatures. 
( I n other s i t u a t i o n s , notably as Teesmouth, t h i s r e l a t i o n s h i p does 
not hold as the b i r d s defend feeding t e r r i t o r i e s - D.J. Townshend 
i n Evans 1976.) 

11. At n i g h t d e t e c t i o n range was reduced and b i r d s tended to pack more 
c l o s e l y . 

12. P l o v e r s are w e l l able t o feed at night but probably l e s s s u c c e s s ­
f u l l y i n d e c r e a s i n g l i g h t . They appear to p r e f e r to feed i n day­
l i g h t . 

13. I n adverse c o n d i t i o n s , p l o v e r s tend to form l a r g e r f l o c k s , probably 
on the b e s t feeding a r e a s . 
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A s i m i l a r scheme could be w r i t t e n f o r Ringed P l o v e r s , except t h a t 
Arenioola i s a l e s s important prey and s m a l l C r u s t a c e a of g r e a t e r impor­
tance p a r t i c u l a r l y at hi g h e r t i d a l l e v e l s . The b i r d s use f o o t - v i b r a t i o n 
to i n c r e a s e a v a i l a b i l i t y of s m a l l C r u s t a c e a when t h i s i s depressed by 
adverse weather c o n d i t i o n s . A l s o D u n l i n Calidris alpina appears to 
provide the main i n t e r f e r e n c e i n t h e i r use of feeding a r e a at L i n d i s -
f arne. 

I n the f o l l o w i n g d i s c u s s i o n I s h a l l attempt to j u s t i f y t h i s model 
by c o n s i d e r i n g the ways i n which the b i r d s e x p l o i t the behaviour of 
t h e i r prey; the ways i n which environmental c o n d i t i o n s and other b i r d s 
may a f f e c t prey behaviour, p l o v e r feeding r a t e and p l o v e r d i s p e r s a l ; 
and how the p l o v e r s modify t h e i r behaviour i n r e l a t i o n to th e s e changes. 
I s h a l l then d i s c u s s the apparently v i s u a l f o r a g i n g technique of p l o v e r s , 
f i r s t i n r e l a t i o n to n o c t u r n a l feeding and f i n a l l y i n comparison to 
the t a c t i l e f o r a g i n g s t r a t e g y used by many other waders. 

Prey behaviour and i t s e x p l o i t a t i o n by p l o v e r s 
I t i s c l e a r t h a t the de p r e s s i o n of the r a t e of prey capture by 

plovers at low temperatures i s a s s o c i a t e d w i t h the d e p r e s s i o n of a c t i ­
v i t y of t h e i r prey, Arenioola, other worms and s m a l l C r u s t a c e a , i n 
such c o n d i t i o n s . A c t i v i t y leads prey animals to come w i t h i n reach of 
a b i r d ' s b i l l and a l s o , i n some cases a t l e a s t , makes them d e t e c t a b l e 
( c f Davies 1977, f o r Spotted F l y c a t c h e r s Musoioapa striata which may 
l o s e s i g h t of f l i e s when the l a t t e r stop moving). Comparable depres­
s i o n of a c t i v i t y w i t h d e c l i n i n g temperature has been reported f o r 
swimming by Bathyporeia (Fincham 1970b, Preece 1971), Eurydioe (Jones & 
Naylor 1970) and Corophium volutator (Morgan 1975)^ emergence from the 
mud by.antennae of Corophium (Goss-Custard 1969) and from sand by 
Talitrus saltator ( P a l l a u a l t 1954); and p o s s i b l y siphon emergence from 
the mud by Maooma balthica (Goss-Custard et alt 1977) . 

I n a d d i t i o n to reducing a c t i v i t y a t low temperatures, many animals 
burrow deeper i n the s u b s t r a t e i n the w i n t e r months (e.g. Arenioola -

Smith 1975; Maooma - Reading & McGrorty 1978; Nereis diversicolor -

Evans 1979) or move downshore towards the s u b l i t t o r a l zone ( e.g. 
Arenioola, Caroinus maenas, Cvangon vulgaris, Nerine oirratulus .- Brady 
1943, Naylor 1962, Swennen 1971, D.M. Brearey i n Evans 1979), and 
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t h i s probably exacerbates the problems f o r waders i n w i n t e r . Many 
i n v e r t e b r a t e s a l s o move deeper or become l e s s a c t i v e as the t i d e f a l l s 
and the s u b s t r a t e d r i e s (Newell 1962, Vader 1964, Smith 1975, L i t t l e & 
Nix 1976, Evans 1976, 1979, present study) and t h i s probably accounts 
f o r the general d e c l i n e i n feeding r a t e s w i t h time a f t e r exposure and 
i n c r e a s i n g wind f o r c e . For p l o v e r s u s i n g a space-demanding f o r a g i n g 
s t r a t e g y , there i s l i t t l e scope f o r av o i d i n g t h i s by moving area i n 
the way t h a t sandpipers do, i . e . f o l l o w i n g the zone of high a v a i l a b i l i t y 
near the t i d e edge. 

Why should the prey animals make themselves a v a i l a b l e to b i r d s at 
any time? Most infau n a r e q u i r e a c c e s s to the s u r f a c e f o r food, r e s p ­
i r a t i o n or other reasons and burrowing i s e n e r g e t i c a l l y expensive 
(Trevor 1978), so t h a t i t i s probably advantageous to remain as c l o s e 
to the s u r f a c e as temperature or pr e d a t i o n c o n s i d e r a t i o n s a l l o w . S t u d i e s 
of Arenicota have shown how the fe e d i n g method i n v o l v i n g the throughput 
of l a r g e q u a n t i t i e s of sand r e q u i r e s t h a t t h i s sand be removed from the 
burrow and, indeed, the worms appear to be able to achieve t h i s i n a 
short time on each o c c a s i o n and may have to defaec a t e on only 2 to 5 
occasions d u r i n g t i d a l exposure (Smith 1975, Evans 1979). 

I t i s not c l e a r why Notomastus makes i t s migrations to the mud 
su r f a c e as t h i s behaviour does not appear to have been d e s c r i b e d or 
i n v e s t i g a t e d p r e v i o u s l y . A v e r y few o c c a s i o n s of appearance of the head 
of the worm may have been a s s o c i a t e d w i t h feeding but whether the out­
flows r e s u l t from i r r i g a t i o n f o r fe e d i n g or r e s p i r a t o r y purposes i s 
unknown. The mainly n o c t u r n a l s u r f a c e appearances ( u s u a l l y i n areas 
w i t h a t h i n water covering) of other worms such as Phyltodoce and the 
o c c a s i o n a l appearances of syphons of Maooma and Cavdium ( a l s o u s u a l l y i n 
areas w i t h a water covering) appear to be a s s o c i a t e d with f e e d i n g . 

I t i s the b r i e f v i s i t s to the s u r f a c e by polychaetes, such as 
Arenicola and Notomastus, that p l o v e r s u t i l i z e both to b r i n g the worms 
w i t h i n t h e i r r e ach and to l o c a t e them. By s p e c i a l i z i n g i n scanning a 
l a r g e a r e a and being adapted to r a p i d movement to the s i t e of a cue the 
plovers are abl e to u t i l i z e a feeding area even i f the d e n s i t y of a v a i l ­
a ble prey i s low. D e s p i t e t h e i r apparent r e l i a n c e on v i s u a l s e a r c h i n g , 
they appear to be remarkably e f f e c t i v e n o c t u r n a l hunters and are able 
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to e x p l o i t the n o c t u r n a l a c t i v i t y of worms such as Phyllodooe and 
sandhoppers such as Talitrus which are presumably n i g h t - a c t i v e to 
avoid other p r e d a t o r s . Presumably the p l o v e r s ' l a r g e eyes a r e adap­
t a t i o n s to t h i s behaviour. 

• Small amphipods and isopods, notably Bathyporeia and Eurydice, 

normally swim mainly when covered by the t i d e and t h i s a c t i v i t y i s 
g e n e r a l l y r e l a t e d to feeding ( p a r t i c u l a r l y i n Eurydice, which preys on 
Bathyporeia) and the a c h i e v i n g of mating contacts (Fincham 1970a, b, 
Jones & Naylor 1970, Preece 1971) . As i n the present f i e l d study, 
Preece (1971) found t h a t swimming a c t i v i t y i n the l a b o r a t o r y was 
depressed at low temperatures. Most of these authors found a t i d a l 
rhythm which could be modified by environmental c o n d i t i o n s . I n l a b o r ­
a t o r y s t u d i e s , E n r i g h t (1962, 1965) found t h a t a c t i v i t i e s of s e v e r a l 
i n t e r t i d a l amphipods were s t i m u l a t e d by r a p i d but s m a l l changes i n 
h y d r o s t a t i c p r e s s u r e and suggested t h a t t h i s was an adaptation to 
i n i t i a t e swimming when waves reach the animal as the t i d e r i s e s or 
f a l l s . A l s o i n the l a b o r a t o r y , Jones & Naylor (1970) found t h a t only 
mechanical d i s t u r b a n c e of the sand caused the Eurydiae pulchra to 
swim and concluded t h a t " i t seems l i k e l y t h a t i n the f i e l d wave a c t i o n 
must wash them out." 

I t seems l i k e l y t h a t the f o o t - v i b r a t i o n of Ringed P l o v e r s i s 
e x p l o i t i n g t h i s r e a c t i o n to v i b r a t i o n s and s t i r r i n g , as the plovers 
used t h i s method commonly only i n the areas where these s m a l l C r u s t a c e a 
were prey and the method was used almost i n v a r i a b l y when the b i r d s were 
feeding on the Sand R i g a r e a where almost a l l prey were Eurydiae. 

There was no d i f f e r e n c e i n f e e d i n g r a t e s i n a given a r e a between b i r d s 
f oot-shaking and those not but t h i s could be because Ringed P l o v e r s 
f o o t - v i b r a t e only when prey are being detected i n s u f f i c i e n t l y q u i c k l y 
without v i b r a t i o n . T h i s i s supported by Table 20 which shows t h a t 
f o o t - v i b r a t i o n was f r e q u e n t l y a s s o c i a t e d w i t h environmental f a c t o r s 
tending to reduce prey a c t i v i t y or feeding r a t e . L i k e other aspects of 
p l o v e r s ' behaviour, f o o t - v i b r a t i o n i s c l e a r l y not adapted s o l e l y to 
p a r t i c u l a r prey types ( s e e a l s o Paper 1 ) . Simmons (1961), Sparks (1961) 
and Swennen & van der Baan (1959) have d e s c r i b e d and reviewed some of 
the occurrences of the v a r i o u s types of foot-movement i n p l o v e r s and 
other b i r d s . Some p l o v e r s use a s i m i l a r technique i n the v e r y d i f f e r e n t 
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t e r r e s t r i a l s i t u a t i o n of feeding on earthworms Lumbvicus and 
Allolobophova • I t has been suggested (without s t r o n g evidence) t h a t 
the earthworms r e a c t to the v i b r a t i o n s as i f they were caused by r a i n 
and emerge from t h e i r burrows; a l s o t h a t s i m i l a r v i b r a t i o n s a re caused 
by moles and the worms ascend to avoid f a l l i n g i n t o mole tunnels ( s e e 
Simmons 1961). I t seems l i k e l y t h a t the technique may be applied i n 
any s i t u a t i o n , i t s use being continued i f p r o f i t a b l e . The o c c a s i o n a l -
and unmaintained - occurrence of foot-shaking on the Low F l a t s of HIS 
would be compatible w i t h t h i s i n t e r p r e t a t i o n . Contrary to Simmons 
(1961) and i n agreement w i t h Swennen & van der Baan (1959) and Sparks 
(1961), i n the present study worms were not taken when f o o t - v i b r a t i o n 
was used i n t e r t i d a l l y . As suggested by Sparks, i t i s used when s m a l l 
C r u s t a c e a are the main prey, although the way i n which i t makes them 
more a v a i l a b l e appears to depend at l e a s t p a r t l y on the animals' 
normal r e a c t i o n to waves and t i d e , r a t h e r than only by producing a 
s e m i - f l u i d water/sand mixture by t h i x o t r o p y , thus c a u s i n g the animal 
to swim. 

Environmental e f f e c t s on feeding r a t e 
I f prey a v a i l a b i l i t y i s l i m i t i n g capture r a t e , an i n c r e a s e i n the 

l a t t e r should be expected as the former i n c r e a s e s . Any such r e l a t i o n ­
s h i p may, however, be complicated i f the degree of prey s e l e c t i o n v a r i e s 
w i t h prey a v a i l a b i l i t y . V a r ious t h e o r i e s of optimal f o r a g i n g s t r a t e ­
g ies p r e d i c t t h a t s e l e c t i v i t y i n choice of prey should i n c r e a s e when 
d e n s i t y of a v a i l a b l e prey i n c r e a s e s (e.g. Emlen 1966, MacArthur & 
Pianka 1966, Schoener 1971, P u l l i a m 1974). On t h i s b a s i s , and i f one 
assumes th a t energy i n t a k e per u n i t time i s to be maximized, then l a r g e 
prey should become i n c r e a s i n g l y l a r g e components of the d i e t as they 
become more a v a i l a b l e . T herefore, one would expect the r a t e s of cap­
t u r e of the l a r g e s t prey (Arenioola f o r Grey P l o v e r s and l a r g e 
Notomastus f o r Ringed P l o v e r s ) to i n c r e a s e w i t h i n c r e a s e d a v a i l a b i l i t y 
of these prey but the r a t e s of capture of a l t e r n a t i v e prey to depend 

r 
both on t h e i r own a v a i l a b i l i t y and t h a t of preferred prey. Goss-Custard 
(1977c) d e s c r i b e d a comparable s i t u a t i o n i n which the feeding r a t e of 
Redshanks on s m a l l worms was more i n f l u e n c e d by the d e n s i t y of l a r g e 
worms (and biomass of these ingested) than by the d e n s i t y of s m a l l 
worms. The feeding r a t e s of p l o v e r s on v a r i o u s types of prey i n r e l ­
a t i o n to environmental c o n d i t i o n s at L i n d i s f a r n e a r e summarized i n 
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F i g u r e 20 and d i s c u s s e d below. 

Feeding on Avenicolg 

G e n e r a l l y the feeding r a t e of Grey P l o v e r s on Avenicota 

i n c r e a s e d w i t h i n c r e a s i n g temperature and decreased w i t h i n c r e a s i n g 
wind f o r c e and time a f t e r h i gh water. These r e l a t i o n s h i p s a r e a l l 
compatible w i t h the obser v a t i o n s of Avervicola behaviour d e s c r i b e d by 
Smith (1975) and summarised above. I n some s i t u a t i o n s , the r a t e of 
capture of AvenicoXa i n c r e a s e d w i t h i n c r e a s i n g cloud cover. The 
reason f o r t h i s i s l e s s apparent but could be r e l a t e d to slower d r y i n g 
of the sand s u r f a c e when out of d i r e c t s u n l i g h t , as Arenioola a c t i v i t y 
i s reduced as the s u r f a c e d r i e s . A l t e r n a t i v e l y , i n c r e a s i n g cloud cover 
may reduce g l a r e o f f the wet sand s u r f a c e as suggested i n r e l a t i o n to 
foraging by herons (Krebs & P a r t r i d g e 1973, Krebs 1974). 

The h i g h e r feeding r a t e of Grey P l o v e r s on Avenicota i n s p r i n g 
than i n autumn and w i n t e r on the Low F l a t s may be r e l a t e d to the e a r l y 
departure of B a r - t a i l e d Godwits Limosa tapponiea from L i n d i s f a r n e i n 
s p r i n g . A f t e r numbers of Godwits dropped the Grey P l o v e r s spread 
nearer the t i d e edge and at times fed i n water. At Teesmouth a l s o , 
Grey P l o v e r s l e f t areas as Godwits and Curlew Numen-ius avquata moved 
i n (Pienkowski 1973, 1980). 

Feeding on Notomastus and other t h i n worms 
I n Ringed P l o v e r s a t low temperatures, the i n c r e a s e i n r a t e of 

capture of t h i n worms w i t h mud temperature ( F i g s . 6, 7, 20; Table 4) 
probably r e f l e c t s the i n c r e a s i n g a c t i v i t y of the worms as temperatures 
r i s e ( F i g . 3) and the d e p r e s s i n g e f f e c t of i n c r e a s e d wind may r e f l e c t 
d e p r e s s i o n of worm a c t i v i t y by i n c r e a s e d d r y i n g , r e d u c t i o n of v i s i ­
b i l i t y of cues due to i n c r e a s e d movements of water i n the s u r f a c e f i l m , 
or i n c r e a s e d d i f f i c u l t y experienced by the p l o v e r s i n making r a p i d 
d i r e c t e d movement i n such c o n d i t i o n s . At higher temperatures feeding 
r a t e d e c l i n e d again i n s p i t e of c o n t i n u i n g i n c r e a s e i n prey a c t i v i t y 
but the mean s i z e of worm taken continued to i n c r e a s e and i t i s l i k e l y 
t h a t the p l o v e r s became more s e l e c t i v e of l a r g e r worms. Curves of 
comparable shape were obtained by Hulscher (1976) r e l a t i n g the r a t e of 
t a k i n g of c o c k l e s Cerastoderma edule by O y s t e r c a t c h e r s Haematopus 

ostralegus to the d e n s i t y of c o c k l e s , and by Goss-Custard (1977d) 
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f o r the r a t e of capture of Corophium by Redshanks Tringa totanus to 
the d e n s i t y of Corophium. 

The estimated r a t e of occurrence of outflows i n the s e a r c h a r e a 
of Ringed and Grey P l o v e r s are compared w i t h r a t e s of t a k i n g t h i n worms 
i n F i g u r e 21. As w e l l as showing the r a t e s from s i t e s A/B and C/D, 
Fi g u r e 21 i n c l u d e s an estimate of the presumed r a t e at a d e n s i t y of 
h a l f that of s i t e s C & D. T h i s estimate should be more t y p i c a l of the whole 
of the feeding a r e a on Low F l a t s as the a c t i v i t y o b s e r v a t i o n s were 
concentrated at the areas of h i g h e s t d e n s i t y . The suggested t r a n s i t i o n 
to s e l e c t i o n of i n c r e a s e d s i z e of worms by Ringed P l o v e r s a t about 6°C 
c o i n c i d e s w i t h the divergence of feeding r a t e s and outflow r a t e s , 
suggesting t h a t below t h i s temperature, the p l o v e r s were indeed pecking 
at almost a l l outflows. (Note t h a t few outflow o b s e r v a t i o n s a r e a v a i l ­
able below 4°C so t h a t the r e g r e s s i o n may be l e s s a p p l i c a b l e t h e r e . ) 
I n Grey P l o v e r s , the estimates c o i n c i d e at about 4°C. The d i f f e r e n c e 
between the numbers of outflows per minute and r a t e of capture of worms 
suggest that the Grey P l o v e r s are g e n e r a l l y more s e l e c t i v e than Ringed 
P l o v e r s i n pecking at outflows. 

Although e s t i m a t i o n s of t o t a l c a l o r i f i c i n t a k e a r e not a c c u r a t e 
enough f o r ve r y p r e c i s e a n a l y s i s , the i n c r e a s e i n worm s i z e appears to 
compensate f o r the r e d u c t i o n i n t h e i r r a t e of capture ( F i g . 2 2 ) . 
(Because the c a l o r i f i c v a l u e of l a r g e s t t h i n worms i s probably under­
estimated (see Paper 1) the r a t e of c a l o r i f i c i n t a k e at h i g h tempera­
t u r e s i s probably a l s o underestimated s l i g h t l y . ) 

At higher temperatures on the Low F l a t s the r a t e of t a k i n g t h i n 
worms d e c l i n e d w i t h time a f t e r h i gh water but mean worm s i z e i n c r e a s e d 
(Table 4 ) . P o s s i b l y some degree of d r y i n g of the s u b s t r a t e a i d s 
e s t i m a t i o n s of the s i z e of worms from the diameter of the ho l e s or of 
the outflows of water, i f these a r e the cues used. On the High F l a t s 
both r a t e of capture of t h i n worms and mean worm s i z e d e c l i n e d w i t h 
time a f t e r high water, presumably due to d r y i n g of the s u b s t r a t e ( c f 
F i g . 4 ) . T h i s i s supported i n t h a t onshore winds (which tend to keep 
a f i l m of water on the upper f l a t s of HIS) were a s s o c i a t e d w i t h 
i n c r e a s e d r a t e of t a k i n g worms. (Note, however, that because of the 
method of e s t i m a t i o n of r a t e of capture of t h i n worms i t i s p o s s i b l e 
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t h a t i n c l u s i o n of some small prey i n t h i s estimate may i n f l u e n c e the 
r e l a t i o n s h i p s ; onshore winds a l s o i n c r e a s e the r a t e of capture of 
sma l l prey, p o s s i b l y by c o n c e n t r a t i n g s m a l l C r u s t a c e a i n t o t h i s area.) 
The r a p i d movement of Ringed P l o v e r s from the High F l a t s as t i d e f a l l s 
i s probably a s s o c i a t e d with the de p r e s s i o n of i n t a k e r a t e there as 
w e l l as the exposure of the Low F l a t s w i t h h i g h e r worm d e n s i t i e s . 

F o r Grey P l o v e r s the r a t e of capture of t h i n worms appeared to 
be depressed as the r a t e of t a k i n g AvenicoZa i n c r e a s e d . Such a dec­
r e a s e might be expected simply because the long h a n d l i n g times f o r 
AvenicoZa would reduce the e f f e c t i v e f o r a g i n g time f o r other prey. 
However, the r e d u c t i o n i n t h i n worms taken was g r e a t e r than expected 
from t h i s ( F i g . 14, P < 0.001 f o r Low F l a t s i n s p r i n g ; P < 0.05 f o r 
Low F l a t s i n autumn and w i n t e r ; not s i g n i f i c a n t i n High F l a t s due to 
low frequency of Aren-iaoZa taken) and t h i s suggests t h a t i n such s i t ­
u a t i o n s the p l o v e r s were modifying t h e i r behaviour to take AveniaoZa 

so t h a t t h i n worm cues were e i t h e r not seen or l a r g e l y ignored. 

I n such s i t u a t i o n s , the r a t e of capture of t h i n worms would be 
expected to decrease even more than i n d i c a t e d by the r a t e of capture 
of AreniooZa- T h i s i s because, due to the low r a t e of t a k i n g 
AveniooZat t h i s prey may not be recorded during many obs e r v a t i o n cases 
when i t i s the main o b j e c t of f o r a g i n g . T h i s would account f o r the 
i n c r e a s e of r a t e of capture of t h i n worms i n s p r i n g on the Low F l a t s 
w i t h f a l l i n g temperature, r i s i n g wind s t r e n g t h and i n c r e a s i n g time 
a f t e r high water as a l l these lead to decrease of AreniooZa a c t i v i t y 
and presumably i n c r e a s e d a t t e n t i o n to t h i n worms. 

I n autumn and w i n t e r , fewer Aven-LcoZa were taken and w h i l e the 
capture of AveniooZa i s s t i l l i n v e r s e l y a s s o c i a t e d w i t h the r a t e of 
capture of t h i n worms, the r e l a t i o n s h i p s between r a t e of capture of 
t h i n worms and environmental f a c t o r s correspond more c l o s e l y w i t h 
those expected from d i r e c t c o n s i d e r a t i o n s of t h i n worm behaviour. 

S i m i l a r l y throughout the season on the High F l a t s , where fewer 
AvewtooZa were taken than i n s p r i n g on the Low F l a t s , the r a t e of 
t a k i n g t h i n worms and the mean worm s i z e g e n e r a l l y showed s i m i l a r 
r e l a t i o n s h i p s w i t h environmental c o n d i t i o n s as f o r Grey P l o v e r s i n 
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autumn and w i n t e r on the Low F l a t s and Ringed P l o v e r s i n a l l s i t u a t i o n s , 
but i n c r e a s e d rates, of t a k i n g Arenioola s t i l l appeared to depress r a t e 
of t a k i n g t h i n worms» 

A comparable s i t u a t i o n i n which the number of s m a l l prey items 
taken by Redshanks was i n f l u e n c e d by the d e n s i t y of l a r g e worms as w e l l 
as of the s m a l l prey has been described f o r Redshank by Goss-Custard 
(1970c, 1977c, 1978). T h i s comparison was based on obser v a t i o n s i n 
d i f f e r e n t s i t e s or experimental s i t u a t i o n s , r a t h e r than i n r e l a t i o n to 
v a r i a t i o n s i n temperature-dependent a v a i l a b i l i t y as i n the present case. 
Smith (1975) working on B a r - t a i l e d Godwits at L i n d i s f a r n e and Goss-
Cus t a r d (1969) s t u d y i n g Redshanks at the Ythan es t u a r y ^ NE Scotland, 
a l s o detected changes i n d i e t corresponding to temperature e f f e c t s on 
the a v a i l a b i l i t y of t h e i r prey. S e l e c t i o n f o r p a r t i c u l a r prey s p e c i e s 
has been suggested f o r Redshank by Goss-Custard (1977a) but t h i s s e l ­
e c t i o n r e s u l t e d i n maximum biomass or c a l o r i f i c i n t a k e per u n i t time 
only when Corophium, the p r e f e r r e d prey, was considered. Corophium was 
p r e f e r r e d to the much l a r g e r Nereis, and Goss-Custard suggested t h a t , 
i n d e t e c t i n g inconspicuous cues by v i s u a l means, Redshanks might form 
s e a r c h images l i m i t i n g the range of cues t h a t were n o t i c e d . The appa­
rent s e l e c t i o n by Grey P l o v e r s of Arenioola, when these were a v a i l a b l e , 
over s m a l l worms f i t s b e t t e r e xpectations based on biomass i n t a k e and 
t h i s may be a r e f l e c t i o n of the a b i l i t y of a s p e c i a l i s e d v i s u a l f o r ­
ager (Grey P l o v e r ) to respond to v i s u a l cues, i n comparison w i t h the 
a b i l i t y of a more g e n e r a l i s e d s h o r e b i r d (Redshank). Indeed, t h e r e i s 
no reason to suppose t h a t s p e c i a l i z a t i o n on a p a r t i c u l a r foraging method 
n e c e s s a r i l y i m p l i e s s p e c i a l i z a t i o n on p a r t i c u l a r types of prey {contra 

Baker 1974). 

Feeding on s m a l l prey 
As might be expected from a c o n s i d e r a t i o n of prey behaviour 

( F i g . 5 ) , the r a t e of t a k i n g s m a l l prey by Ringed P l o v e r s on the High 
F l a t s near the s m a l l s a l t marsh i n c r e a s e d w i t h i n c r e a s i n g temperature 
and w i t h d e c r e a s i n g wind f o r c e at low temperatures. As f o r the r a t e of 
capture of t h i n worms, th e r e was a d e c l i n e i n r a t e of capture of s m a l l 
prey a t higher temperatures. The c o n d i t i o n s during o b s e r v a t i o n s d i d 
not allow i n v e s t i g a t i o n of prey s i z e f o r s m a l l prey, so any e f f e c t s of 
s i z e s e l e c t i o n w i t h i n t h i s prey category could not be detected. However, 
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s e l e c t i o n f o r l a r g e t h i n worms was probably t a k i n g p l a c e i n t h i s f e ed­
i n g s i t u a t i o n (see above). At low temperatures, but not at high, the 
r a t e of capture of s m a l l prey was lower on the r i s i n g than on the f a l l ­
i n g t i d e , presumably because of d r y i n g of s u b s t r a t e . I n s p e c t i o n of 
F i g u r e 9 suggests a r i s i n g r a t e j u s t b e f o r e HW as the t i d e wetted the 
a r e a . At high temperatures, no t i d a l p a t t e r n i n r a t e of prey capture 
was found, perhaps because a t these temperatures prey a c t i v i t y i s above 
a 'plateau' l e v e l f o r maximum r a t e of t a k i n g prey by the p l o v e r s . 

Most of the amphipods d r i f t to some extent i n the water when the 
t i d e i s h i g h . Presumably the extent to which they are concentrated up 
and/or along the shore depends on the wind d i r e c t i o n . One might expect 
h i g h e r d e n s i t i e s to be l e f t a f t e r onshore winds and t h i s may be the 
e x p l a n a t i o n of the higher feeding r a t e s near the s m a l l s a l t marsh dur­
i n g winds between SE and W. On the North Shore, a narrow channel sep­
a r a t e s a N f a c i n g shore on the Snook and a S f a c i n g shore on the R i g 
so t h a t one would not expect a great d i f f e r e n c e i n f eeding r a t e a c c o r ­
ding to wind d i r e c t i o n and, indeed, none was found ( T a b l e 6 ) . However, 
the mean r a t e here was somewhat lower than on the f l a t s during onshore 
winds, p o s s i b l y because, on the l a t t e r a rea, winds concentrate prey 
from a wider a r e a at the top of the shore. 

The present r e s u l t s c o n t r a s t w i t h those of Baker & Baker (1973) 
who found f o r s e v e r a l s p e c i e s of waders v e r y few r e l a t i o n s h i p s between 
pecking r a t e and a i r temperature, number of conspe.cifics and number of 
other s h o r e b i r d s near. The waders they studied included Semipalmated 
P l o v e r Charadrius semipalmatus which i s c l o s e l y r e l a t e d to Ringed 
P l o v e r . However, the temperatures during t h e i r study were much warmer 
than i n my study. Baker (1974), working on B l a c k - b e l l i e d P l o v e r ( i . e . 
Grey P l o v e r ) on autumn and s p r i n g m i g r a t i o n i n C o n n e c t i c u t , found a 
weak p o s i t i v e c o r r e l a t i o n between the p r o p o r t i o n of capture attempts 
t h a t were s u c c e s s f u l and temperature, although the temperatures were 
again somewhat h i g h e r than i n the present study. 

As i n the present study, Townshend ( i n Evans 1976) a l s o found a 
d e c r e a s e i n feeding r a t e of Grey P l o v e r on Nereis dvoevsioolov at 
Teesmouth as wind s t r e n g t h i n c r e a s e d , I n other s t u d i e s , s trong winds 
have been found to cause b i r d s to congregate i n s h e l t e r e d feeding 
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s i t e s or stop feeding a l t o g e t h e r (Evans 1976, Goss-Custard 1976, 
Dugan et al. i n p r e s s ) . 

I n some s i t u a t i o n s i n the present study, the r a t e of prey capture, 
p a r t i c u l a r l y of t h i n worms, decreased w i t h i n c r e a s i n g r a i n f a l l . T h i s 
may have been due to d i f f i c u l t i e s experienced by b i r d s i n d i s t i n g u i s h ­
ing the impacts of r a i n drops from prey outflows, d i f f i c u l t i e s a l s o 
experienced by human o b s e r v e r s . Goss-Custard (1970a) noted a s i m i l a r 
d e p r e s s i o n i n feeding r a t e of Redshanks Tringa totanus on Corophium 

i n r a i n . He a l s o found t h a t simulated r a i n f a l l depressed the number 
of Corophium appearing at the s u r f a c e . 

P r o x i m i t y of other b i r d s 
Feeding p l o v e r s of both s p e c i e s appeared to avoid c o n c e n t r a t i o n s 

of other s h o r e b i r d s and a f t e r most B a r - t a i l e d Godwits had l e f t i n 
s p r i n g the prey i n t a k e r a t e of Grey P l o v e r s , at l e a s t , i n c r e a s e d . A 
comparable s i t u a t i o n occurs f o r Grey P l o v e r s at Teesmouth (Pienkowski 
1973,,1980, Goss-Custard et al. i n p r e p . ) . At V e n t j a g e r , the 
Netherlands, Avocets Reourvirostra avooetta and Black-headed G u l l s 
Larus ridibundus avoid each other w h i l e feeding, and f o r s e v e r a l s p e c i e s 
of s h o r e b i r d t h e r e was evidence t h a t b i r d s avoided high d e n s i t i e s of 
c o n s p e c i f i c s by moving to l e s s p r e f e r r e d areas when numbers were high 
(Zwarts 1974). The l a t t e r c o n c l u s i o n was supported by more d e t a i l e d 
evidence f o r Redshank i n the Ythan e s t u a r y , S c o t l a n d , by Goss-Custard 
(1977d). However, other s h o r e b i r d s a r e g e n e r a l l y more t o l e r a n t than 
plovers to high b i r d d e n s i t i e s . 

Smith (1975) found t h a t , i n the i n f r e q u e n t a n t a g o n i s t i c i n t e r ­
a c t i o n s between s p e c i e s during feeding, Grey P l o v e r s were d i s p l a c e d by 
B a r - t a i l e d Godwits. I t seems l i k e l y t h a t high b i r d d e n s i t i e s , by 
r e s t r i c t i n g the a r e a of view, could cause d i f f i c u l t i e s i n the p l o v e r s ' 
normal f o r a g i n g method, which depends on having a l a r g e enough ar e a 
a v a i l a b l e per b i r d to g i v e a reasonably high frequency of s u r f a c e 
a c t i v i t y w i t h i n t h a t areajwhereas l o n g - b i l l e d , t a c t i l e f o r a g e r s can 
s e a r c h a s m a l l a r e a p r o f i t a b l y by t a k i n g prey not only at the s u r f a c e 
( c f Goss-Custard 1976). I t i s a l s o p o s s i b l e t h a t a high d e n s i t y of 
b i r d s impedes the r a p i d runs normally made by p l o v e r s to prey ( c f the 
suggested mutual i n t e r f e r e n c e of movement i n feeding T e a l Anas crecoa 
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- Zwarts 1976). High numbers of b i r d s may also depress surface a c t i v ­
i t y of i n v e r t e b r a t e s as found f o r Corophium by Goss-Custard (1970a). 
Mechanical disturbance or pressure on the substrate surface also appear 
t o reduce surface a c t i v i t y of Nereis and siphons of Macoma (Goss-
Custard 1970a; pers. obs.). V i s u a l searchers would probably be a f f e c ­
ted more by such a r e a c t i o n of the prey than t a c t i l e searchers ( c f 
Goss-Custard 1970a, Zwarts 1974, Pienkowski 1980) . Comparable i n t e r -
and i n t r a - s p e c i f i c avoidance has been described and discussed by Zwarts 
(1974). 

Decreased feeding r a t e of both species of plovers i n a l l condi­
t i o n s tended t o be associated w i t h i n c r e a s i n g f l o c k - s i z e and i n c r e a s ­
i n g distance t o nearest neighbour. While i t i s possible t h a t i ncreas­
i n g f l o c k s i z e impedes plover feeding i n the same way as the presence 
of large numbers of other b i r d s may do, t h i s seems u n l i k e l y f o r two 
reasons. F i r s t , the f l o c k s are w e l l spaced, and second, the r e l a t i o n ­
ship of feeding r a t e t o nearest-neighbour distance i s the opposite of 
t h a t which an i n t e r f e r e n c e hypothesis would suggest. An inverse r e l a ­
t i o n s h i p between nearest-neighbour distance and feeding r a t e has been 
found f o r Redshank but only at unusually high d e n s i t i e s (Goss-Custard 
1976, 1977d). Also, the c l o s e r crowding of plovers would of course 
a f f e c t a l l the b i r d s concerned, which i s not the case when sandpipers 
crowd p l o v e r s . Possibly increased f l o c k - s i z e allows greater p r o t e c t i o n 
against b i r d s of prey which are important predators i n at l e a s t some 
s i t u a t i o n s and which appear t o be more successful against s o l i t a r y 
shore-birds than against f l o c k s (Page & Whittaker 1975, Smith 1975, see 
also e.g., Davis 1975, Lazarus 1979 and other workers c i t e d t h e r e ) . 
F locking may a i d defence a f t e r d e t e c t i o n of predators by confusion of 
predator or by the r e d u c t i o n i n the p r o b a b i l i t y t h a t any one i n d i v i d u a l 
b i r d w i l l be caught (e.g. Hamilton 1971, Vine 1971, P u l l i a m 1973, Owens 
& Goss-Custard 1976). 

An a l t e r n a t i v e explanation f o r the inverse c o r r e l a t i o n s between 
feeding r a t e and f l o c k - s i z e i s t h a t , when feeding r a t e i s low, plovers 
concentrate i n the best feeding areas. This would be compatible w i t h 
theories of s o c i a l f a c i l i t a t i o n , l o c a l enhancements and f l o c k s a c t i n g 
as i n f o r m a t i o n centres (e.g. Murton 1971a,b, Krebs et oil, 1972, Ward & 
Zahavi 1973). A comparable aggregation on the r i c h e s t feeding areas by 
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Oystercatchers at Strangford Lough, N. I r e l a n d , d u r i n g the w i n t e r as 
d e n s i t i e s of a v a i l a b l e cockles Cerastodevma edule were reduced ( i n 
t h i s case by predation) has been described by O'Connor & Brown (1977). 
At L i n d i s f a r n e i n very cold weather Smith (1975) found a concentration 
of Godwits at the best feeding areas ( i . e . at the t i d e edge), leading 
to an increase i n a g o n i s t i c i n t e r a c t i o n s . Possibly the c o r r e l a t i o n 
between decrease i n feeding r a t e and increase i n nearest neighbour 
distance i n plovers i s the r e s u l t of the concentration of b i r d s i n the 
s i t e s of highest d e n s i t y of a v a i l a b l e prey, w h i l e c o n c u r r e n t l y leaving 
s u f f i c i e n t space f o r e f f i c i e n t f o r a g i n g . This could p a r a l l e l the study 
of f o r a g i n g of Great Blue Herons by Krebs (1974) who also demonstrated 
how b i r d s would tend t o concentrate i n the best feeding areas as the 
r e s u l t of a balance between steady a r r i v a l rates and v a r y i n g departure 
r a t e s , the l a t t e r i nfluenced by giving-up times ( i . e . the time d u r a t i o n 
which a b i r d would w a i t before moving t o a new s i t e ) . 

The plovers seem t o pack more c l o s e l y as the distances moved 
wh i l e f o r a g i n g decrease (Table 14 and n i g h t observations) . Such a com­
promise between the requirements of a n t i - p r e d a t o r defence and feeding 
e f f i c i e n c y has been discussed by Goss-Custard (1970a) and Lazarus (1972). 
I n the case of the wide search areas of p l o v e r s , looser f l o c k s are 
required f o r e f f i c i e n t feeding but these become t i g h t e r as feeding r a t e s 
increase and food i s obtained closer t o the b i r d s , or at n i g h t when 
e f f e c t i v e f o r a g i n g range appears t o be reduced. 

Changes i n f o r a g i n g p a t t e r n w i t h environmental and f l o c k c o n d i t i o n s 
The r e l a t i o n s h i p s of d i e t and feeding r a t e s w i t h environmental 

and f l o c k c onditions suggest t h a t i n cold and other adverse conditions 
the feeding r a t e of plovers i s governed by the a c t i v i t y of the prey 
but as conditions become more favourable the b i r d s become more selec­
t i v e f o r l a r g e r items and prey types. Plovers may feed more c l o s e l y 
together i n areas of high d e n s i t y of a v a i l a b l e prey. The feeding areas 
e x p l o i t e d and thus the prey types taken may be influenced by the 
presence of competing predators which can forage at higher d e n s i t i e s . 
This general model (summarized i n Figure 23) receives some support from 
a c o n s i d e r a t i o n of how the b i r d s modify t h e i r f o r a g i n g behaviour accor­
ding t o the feeding s i t u a t i o n . 
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Presence of 
Other s p e c i e s 

Temper 

Wind 

R a i n 

Drying of 
s u b s t r a t e 

_^ Prey 
A v a i l a b i l i t y 

F l o c k s i z e 

Prey capture 
r a t e 

Prey 
s e l e c t i o n 

D i s t a n c e moved 
to take prey 

I n t e r - p l o v e r 
d i s t a n c e 

F i g u r e 23. Schematic model of the e f f e c t s of environmental 
c o n d i t i o n s and the presence of competing s p e c i e s 
on p l o v e r feeding r a t e s , prey s e l e c t i o n and b i r d 
d i s t r i b u t i o n s . 
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On the Low F l a t s the mean distance moved between 'up' p o s i t i o n s 
by Ringed Plovers d i d not change w i t h environmental conditions whereas 
at high t i d a l l e v e l s the distance moved increased w i t h changes i n 
f a c t o r s associated w i t h r e d u c t i o n i n prey a c t i v i t y and feeding r a t e . 
Possibly i n such adverse conditions on the High F l a t s , the b i r d s ' move­
ments enabled the sampling of a wide area t o detect concentrations of 
mobile prey where prey d i s t r i b u t i o n v a r i e s i n a f a i r l y u npredictable 
manner from t i d e t o t i d e . 

For Grey Plovers on the Low F l a t s the mean distance moved between 
'ups' increased w i t h those f a c t o r s which led to'increased feeding on 
Arenicola ( a s opposed to other prey) and, indeed, w i t h the r a t e of 
ta k i n g Arenicola This probably r e s u l t s from the greater range from 
which the b i r d s may move t o take ArewLoola'. consequently a l a r g e r area 
w i l l be scanned from one w a i t i n g p o s i t i o n , leading t o a greater d i s t ­
ance t o the next vantage p o i n t . On the High F l a t s where fewer 
Avenicola were taken, the distance moved increased w i t h decreasing 
temperature, p o s s i b l y f o r analogous reasons t o those suggested f o r 
Ringed Plover, i . e . sampling a wider area. A comparable increase i n 
distances run between pauses when prey were presumed t o be less a v a i l ­
able was recorded at Teesmouth by D.J. Townshend ( i n Evans 1979). 

For Ringed Plovers on the Low F l a t s the mean number of paces 
moved t o peck at prey ge n e r a l l y decreased w i t h those f a c t o r s l eading t o 
increased pecking r a t e and prey a v a i l a b i l i t y as might be expected i f 
the b i r d s tend to take s u i t a b l e prey nearest them. On the High F l a t s , 
no trend w i t h p h y s i c a l conditions was apparent. I f there r e a l l y i s no 
t r e n d , t h i s could be due t o the short range at which the small prey i n 
t h i s area could be detected or because, i n the clumped areas i n which 
prey do occur, they do so i n f a i r l y h i gh numbers. 

For Grey Plovers on the Low F l a t s the distance moved t o take prey 
increased w i t h r a t e of t a k i n g Arenicola and from w i n t e r t o s p r i n g , both 
r e l a t i o n s h i p s probably being due t o increased f o r a g i n g on Arenicola t o 
which the b i r d s may move greater distances than t o other prey. J.N.M. 
Smith (1975) n o t i c e d an increase i n movement to take prey when more 
conspicuous a r t i f i c i a l prey was provided experimentally f o r Blackbirds 
Tuvdus mevula and when grass was cut s h o r t , t h i s also in c r e a s i n g 
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conspicuousness of prey. Distances moved by Grey Plovers t o take t h i n 
worms increased w i t h environmental f a c t o r s associated w i t h increased 
f o r a g i n g on Arewtaota and distances moved t o take small prey increased 
w i t h r a t e of t a k i n g Areniaola« This could suggest t h a t such prey are 
taken i n c i d e n t a l l y d uring f o r a g i n g p r i m a r i l y fox Aren't cola <> 

I n several s i t u a t i o n s f o r both species, the distances moved t o 
a new p o s i t i o n or the distance moved t o take prey increased s i g n i f i ­
c a n t l y w i t h i n c r e a s i n g distance t o the nearest other b i r d of the same 
or other species or decreasing f l o c k - s i z e . I f , as suggested above, 
increased movement i s associated w i t h reduced prey a v a i l a b i l i t y , and 
increased f l o c k - s i z e and nearest neighbour distances w i t h reduced feed­
i n g r a t e s , these s o r t s of r e l a t i o n s h i p s would be expected. 

The maximum numbers of paces normally moved t o take most prey 
appear t o remain f a i r l y constant i n d i f f e r e n t c o n d i t i o n s (Table 16); 
about 3 f o r Ringed Plovers and about 4 f o r Grey Plovers (although more 
when t a k i n g ArewicoZd) . This may correspond t o the maximum range of 
d e t e c t i o n or the maximum distance t o which the b i r d can move and catch 
the prey w h i l e i t i s s t i l l a v a i l a b l e . These distances also appear t o 
correspond f a i r l y w e l l ( p a r t i c u l a r l y a f t e r adding the 1 pace corres­
ponding t o the distance reachable w i t h o u t moving f a r t h e r ) t o the mean 
distances moved t o a new w a i t i n g p o s i t i o n : 4.0 and 5.3 paces f o r Ringed 
Plovers on Low and High F l a t s r e s p e c t i v e l y , and 5.4 and 7.8 f o r Grey 
Plovers. This suggests t h a t the plovers move on j u s t f a r enough t o 
scan a t o t a l l y new catching area when the viewing p o s i t i o n i s changed 
(see F i g . 19). But i n some s i t u a t i o n s p o s s i b l y of lower prey d e n s i t y 
or a v a i l a b i l i t y and lower feeding r a t e s , such as pa r t s of the High 
F l a t s , the b i r d s may move f u r t h e r i n t h e i r search f o r prey concentra­
t i o n s . 

Table 15 demonstrates t h a t when prey are taken the b i r d moves less 
f a r t o the next w a i t i n g p o s i t i o n and t h a t the distance moved decreases 
w i t h i n c r e a s i n g s i z e of prey. This behaviour would be adaptive i f prey 
d i s t r i b u t i o n s were clumped, as indeed they tend t o be. Such a r e a c t i o n 
t o a high r a t e of food i n t a k e leading t o a concentration of feeding 
waders on areas of highest food a v a i l a b i l i t y was suggested f o r Redshanks 
by Goss-Custard (1970b) but he had no data then t o t e s t t h i s . Baker 
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(1974) found t h a t success of a given p r e d a t i o n attempt by B l a c k - b e l l i e d 
Plovers shortened the subsequent distance t r a v e l l e d compared t o t h a t 
a f t e r unsuccessful attempts. J.N.M. Smith (1975) found t h a t Blackbirds 
Turdus Song Thrushes T. philomelos a l t e r e d t h e i r f o r a g i n g path 
a f t e r c a p t u r i n g an earthworm or a r t i f i c i a l prey (each of whose d i s p e r ­
sions were aggregated) t o concentrate t h e i r a c t i v i t y i n the v i c i n i t y . 
This also applied t o randomly but not r e g u l a r l y spaced a r t i f i c i a l prey. 
Krebs (1973) gives f u r t h e r examples of " a r e a - r e s t r i c t e d " searching. 

Generally the w a i t i n g time before t a k i n g prey increased w i t h 
decreasing size of prey. This i s at f i r s t s i g h t s u r p r i s i n g i n t h a t , 
f o r example, i n both Grey Plover feeding areas, cues f o r Avenicola 
tended t o be less frequent than those f o r t h i n worms, and the feeding 
r a t e on Avenioola was less than f o r t h i n worms. S i m i l a r l y , f o r Ringed 
Plovers on the High F l a t s , cues f o r small prey were more frequent than 
those f o r worms and, on the Low F l a t s , cues f o r small t h i n worms 
(which are included i n small prey i n t h i s comparison) were more frequent 
than those f o r l a r g e r t h i n worms. I n both areas the feeding r a t e on 
v i s i b l e t h i n worms (those f o r which w a i t i n g time i s a l l o c a t e d t o worms) 
was less than the feeding r a t e on small prey. This apparently anomalous 
r e s u l t could be accounted f o r i f , i n a given w a i t i n g p e r i o d , the plover 
i n i t i a l l y tends t o ignore cues of small prey but becomes p r o g r e s s i v e l y 
more ready t o re a c t t o them. For example, a Grey Plover i s i n i t i a l l y 
responsive mainly t o AveniaoZa cues but becomes p r o g r e s s i v e l y more 
responsive t o t h i n worms (probably f i r s t large ones and l a t e r i n c r e a s ­
i n g l y smaller ones) and l a t e r i n c r e a s i n g l y t o small prey. F i n a l l y the 
b i r d becomes i n c r e a s i n g l y l i a b l e t o give-up, the giving-up time being 
s l i g h t l y longer than the w a i t i n g time f o r small prey. 

An a l t e r n a t i v e s t r a t e g y of responding t o the f i r s t cue seen would 
r e s u l t i n small common prey forming the d i e t and l a r g e r prey r a r e l y 
contributing» By a l l o w i n g time f o r large prey t o appear but being pro­
g r e s s i v e l y more ready t o take smaller prey, some in t a k e i s l i k e l y , 
l a r g e r i n take i f a v a i l a b l e i s allowed f o r and the sampling of as many 
areas as possible r e s u l t s . Because the small handling time of small 
prey involves very l i t t l e e x t r a time over t h a t simply t o move s i t e 
(Table 8) t a k i n g a small prey does not in v o l v e much 'cost' i n f o r a g i n g 
time. 
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The tendency f o r w a i t i n g and giving-up times t o be c o r r e l a t e d 
(Table 10) suggests a st r a t e g y r a p i d l y f l e x i b l e i n r e l a t i o n t o l o c a l 
c o n d i t i o n s , p o s s i b l y analogous t o the ra p i d appearance of s e l e c t i o n of 
pr e f e r r e d prey size by Redshanks i n an experimental s i t u a t i o n (Goss-
Custard 1970c) . 

I n Ringed Plovers, both giving-up and w a i t i n g times tended t o 
decrease w i t h i n c r e a s i n g temperatures t o about 4 - 6°C and then increase 
again* This probably corresponded to the increased a v a i l a b i l i t y of 
prey and the suggested increased s e l e c t i o n of l a r g e r worms discussed 
above. On the High F l a t s 'up' times of Grey Plovers also increase w i t h 
i n c r e a s i n g temperature and increased r a t e of t a k i n g ArenicoZa, prob­
ably the r e s u l t of increased f o r a g i n g on Aren-icola. I n some s i t u a t i o n s 
f o r both species of predators, the w a i t i n g times increased w i t h wind-
f o r c e , presumably the r e s u l t of increased d i f f i c u l t y i n f o r a g i n g . 
L i t t l e consistent p a t t e r n was apparent i n the r e l a t i o n s h i p s w i t h r a i n ­
f a l l or cloud cover. 

I n Ringed Plovers, w a i t i n g times tended t o increase l a t e r a f t e r 
h i gh water, presumably as areas d r i e d out and prey became less a v a i l ­
able. I n Grey Plovers on the Low F l a t s the reverse tendency showed, 
po s s i b l y as the b i r d s t r a n s f e r r e d t h e i r a t t e n t i o n from AvenicoZa t o 
t h i n worms as the former became less a v a i l a b l e . 

L i t t l e consistent v a r i a t i o n was i n d i c a t e d i n r e l a t i o n t o f l o c k -
s i z e or nearest-neighbour distance. 

The r a t e of occurrence of 'downs' appeared t o be associated w i t h 
conditions leading t o the increased s e l e c t i o n of large t h i n worms: 
increased temperature, decreased wind f o r c e , increased f l o c k s i z e , 
decreased nearest-neighbour distance and, i n Grey Plover, l a t e r i n the 
t i d e and decreased r a t e of t a k i n g AvenicoZa. The capture of an 
AvenicoZa was less l i k e l y t o be preceded by a 'down' than was the 
t a k i n g of a t h i n worm. 

The present r e s u l t s have some s i m i l a r i t i e s t o those discussed by 
Krebs & Cowie (1976) i n r e l a t i o n t o the model of Charnov (1976) except 
t h a t , i n the present case, r a t h e r than m o n i t o r i n g d e p l e t i o n the b i r d 
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should be assessing the p r o b a b i l i t y of a c t i v i t y i n non-randomly d i s ­
persed prey i n the search area. The e a r l i e r experiments by Krebs et 
al, (1974) i n which prey d e p l e t i o n was not incorporated are t h e r e f o r e 
more s i m i l a r t o the present f i e l d s i t u a t i o n . L i k e the Black-capped 
Chickadees Parus atrioapillus i n t h a t study where the r e c i p r o c a l of 
giving-up times were c l o s e l y r e l a t e d t o the capture r a t e , the g i v i n g -
up times and w a i t i n g times of the plovers at L i n d i s f a r n e were c o r r e l ­
ated. 

The s i t u a t i o n where there i s n e g l i g i b l e d e p r e c i a t i o n during a 
p a r t i c u l a r feeding p e r i o d and where changes i n prey a v a i l a b i l i t y are 
l a r g e l y independent of the predator's a c t i v i t y , as u s u a l l y applies i n 
the present study, has also been studied i n the f i e l d by Davies (1977) 
working on Spotted F l y c a t c h e r s , another predator f o r a g i n g i n a b a s i c a l l y 
s i t - a n d - w a i t manner. Davies showed t h a t the p r o b a b i l i t y t h a t a b i r d 
w i l l r e t u r n t o the same perch i s n e g a t i v e l y r e l a t e d t o the w a i t i n g time 
before the l a s t capture. This has p a r a l l e l s w i t h the p a t t e r n s of 
giving-up time and distance moved i n r e l a t i o n t o prey taken i n the 
present study i n t h a t plovers move f a r t h e r a f t e r t a k i n g no prey or small 
items than a f t e r c a p t u r i n g l a r g e r ones, and w a i t i n g time i s i n v e r s e l y 
r e l a t e d t o the s i z e of prey taken^ 

Nocturnal f o r a g i n g and senses used 
I t has f r e q u e n t l y been supposed t h a t , when feeding at n i g h t , 

plovers are at a considerable disadvantage when compared t o other waders 
which appear t o r e l y mainly on t a c t i l e l o c a t i o n of prey i n darkness 
(e.g. Goss-Custard 1970a, Hulscher 1976). Hulscher found t h a t , although 
f o r a g i n g methods of Oystercatchers changed from d a y l i g h t t o darkness, 
the r a t e of biomass i n t a k e d i d not - but the average energy costs of 
each f o r a g i n g method are unknown, hence the r e l a t i v e r a tes of net i n t a k e 
i n the two s i t u a t i o n s are unknown. Plovers have commonly been noted i n 
the feeding areas d u r i n g darkness and observations at L i n d i s f a r n e using 
n i g h t - v i e w i n g apparatus showed t h a t they were able t o feed even on 
overcast and moonless n i g h t s , e i t h e r by u t i l i s i n g the very low l i g h t 
i n t e n s i t i e s a v a i l a b l e or by d e t e c t i n g t h e i r prey by sound. I t i s also 
possible t h a t plovers detect prey t a c t i l e l y using t h e i r f e e t but t h i s 
i s u n l i k e l y as prey were r a r e l y taken from the immediate v i c i n i t y of 
the f e e t , where they were presumably hidden t o the b i r d s ' s i g h t by 
t h e i r bodies. 
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Perry (1945) considered t h a t plovers at L i n d i s f a r n e foraged by 
hearing but h i s opinion was based only on the b i r d s ' stances. Several 
authors have assumed acoustic a b i l i t i e s by f o r a g i n g plovers (see 
review by Lange 1968) and F a l l e t (1962) presented some evidence t h a t 
Golden Plovers i n c a p t i v i t y could locate prey by hearing. She sugges­
ted t h a t the two pauses ( = up_, ( r u n ) , down, ( r u n ) , before peck) enable 
t h i s t o be done. However, i n many s i t u a t i o n s , as i n the present study, 
'downs' were i n f r e q u e n t . The f a c t t h a t they were p a r t i c u l a r l y so at 
n i g h t (Tables 21, 22) when one would expect maximum use of acoustic 
prey l o c a t i o n suggests t h a t these are not a u d i t o r y a i d s . The l a t t e r 
view i s supported by Burton (1974) who saw 'down' p o s i t i o n i n g used by 
the W h i t e - t a i l e d Lapwing or Plover Vanellus leuourus i n I r a n . As the 
b i r d was h u n t i n g prey submerged under water, i t would h a r d l y have used 
a u d i t o r y cues, 

Lange (1968) and e a r l i e r authors suggest t h a t because plovers 
sometimes t u r n t o take prey from behind them, t h i s i s evidence of 
acoustic d e t e c t i o n , as such prey p o s i t i o n s are outside the range of 
v i s i o n of p l o v e r s . However, the present study demonstrates t h a t pecks 
behind are r a r e ( F i g . 1 8 ) 0 I n any case, the large eyes of plovers 
placed at about the widest p a r t of the head give almost a l l - r o u n d 
v i s i o n , and the t a p e r i n g of the f r o n t of the head towards the b i l l 
allows a d d i t i o n a l l y good b i n o c u l a r v i s i o n forwards. 

However, Lange (1968), although conceding the importance of 
v i s u a l f o r a g i n g , presented experimental evidence of acoustic d e t e c t i o n 
of prey by a wide range of c a p t i v e waders i n c l u d i n g several species of 
p l o v e r s . The evidence t h a t plovers i n cages could detect l a r g e , noisy 
prey, earthworms Lumbricidae and mealworm Tenebrio l a r v a e , by a u d i t o r y 
means does not show t h a t i n f i e l d s i t u a t i o n s they normally use or are 
able t o use such a technique on the smaller prey being taken t h e r e . 
Heppner (1965), working on the American Robin Ticrdus migratorius, 
which forages i n a manner s i m i l a r t o p l o v e r s , concluded t h a t earthworms 
were located only by v i s u a l means. I n various experiments he found 
evidence f o r v i s u a l searching, but none supporting a u d i t o r y or o l f a c t o r y 
d e t e c t i o n s I n p a r t i c u l a r the r a t e of capture of earthworms was not 
a f f e c t e d by the presence of h i g h - i n t e n s i t y w h i t e noise and the back­
ground noise i n the normal s i t u a t i o n masked the low i n t e n s i t y of sounds 
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made by burrowing earthworms. Prospects f o r a u d i b l e d e t e c t i o n of the 
sm a l l e r worms and other prey on open shores w i t h a background of wind 
and wave n o i s e thus appear unpromising, p o s s i b l y except f o r v e r y n o i s y 
prey, such as Talirtpus > on calm n i g h t s away from the t i d e edge ( s e e 
a l s o Evans 1976). 

Whether or not aud i b l e cues are used, i t appeared t h a t pecking 
r a t e was depressed on dark n i g h t s but perhaps not on l i g h t ones, so 
th a t n o c t u r n a l feeding appears l e s s rewarding. When fe e d i n g at n i g h t , 
the d i s t a n c e moved to take prey tended to be s h o r t e r and the percentage 
of prey items taken without t a k i n g paces i n c r e a s e d . T h i s was so even 
when o v e r a l l pecking r a t e was not depressed, and i t suggests t h a t the 
range of prey d e t e c t i o n was depressed and p o s s i b l y that the b i r d s were 
l e s s s e l e c t i v e as to the types of prey taken. The r a t e of occurrence 
of 'downs' was a l s o depressed at nigh t suggesting fewer l o n g - d i s t a n c e 
d e t e c t i o n s of s u i t a b l e prey. Waiting time tended to i n c r e a s e , p o s s i b l y 
because fewer prey were detected per u n i t time, but i n Grey P l o v e r 
giving-up time d i d not. P o s s i b l y t h i s was r e l a t e d to the t i g h t e r f l o c k 
s t r u c t u r e observed at n i g h t , the b i r d s s u r v e y i n g the are a as a f l o c k 
r a t h e r than as i n d i v i d u a l s . Presumably the s h o r t e r p o t e n t i a l range of 
prey d e t e c t i o n i n darkness allowed the c l o s e r f l o c k formation, s i n c e 
i n d a y l i g h t a l s o s h o r t e r d i s t a n c e s moved to prey were a s s o c i a t e d w i t h 
c l o s e r proximity of other b i r d s . 

Although n o c t u r n a l f o r a g i n g appears to pr e s e n t more d i f f i c u l t i e s 
than d a y l i g h t feeding, and p l o v e r s and other b i r d s appear to avoid i t 
when i t i s p o s s i b l e to o b t a i n t h e i r requirements by day, e n e r g e t i c 
c o n s i d e r a t i o n s (Paper 1) c l e a r l y i n d i c a t e that a great deal of feeding 
by night must occur i n w i n t e r . P o s s i b l y , other f a c t o r s may compensate 
f o r l i m i t a t i o n s i n the range of prey d e t e c t i o n . Among the s e may be 
i n c r e a s e d prey a c t i v i t y . 

I n t e r r e s t r i a l s i t u a t i o n s , earthworms tend to be more a c t i v e on 
the s u r f a c e at nigh t than by day (e.g. Buchsbaum 1951), and t h i s may 
be the reason f o r the high degree of n o c t u r n a l f o r a g i n g noted i n Lap­
wings Vanellus. vanellus \ Golden VloversPluvialis aprioaria , and Snipe 
GaWmgo; gallinago(e0Zo Burton 1974). The d e f a e c a t i o n r a t e of 
Avenioola at n i g h t has not been i n v e s t i g a t e d . Grey P l o v e r s were not 
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seen t o take Arenicola d u r i n g n i g h t observations although any taken 
would probably have been v i s i b l e ; probably reasonably l a r g e d e t e c t i o n 
ranges are needed f o r e f f e c t i v e feeding on Arenicola above the t i d e 
edge because of the low d e n s i t y of a v a i l a b l e p r e y 8 (Indeed Smith 
(1975) d i d not see Godwits t a k i n g Arenicola a t n i g h t , although the 
t a k i n g of a Nereis was seen s) The a c t i v i t y of Notomastua as i n d i c a t e d 
by outflows from holes appeared t o be s i m i l a r by day and n i g h t but the 
emergence of Phyllodoce , a worm of approximately s i m i l a r s i z e , apparently 
t o feed f o r extended periods on surface organisms was f a r more common 
at n i g h t and i n some instances the prey taken apparently caused sec­
t i o n s of these worms t o become luminous^ I t seems l i k e l y t h a t the 
plovers may have added these worms t o t h e i r d i e t a t night© Vader (1964) 
also found t h a t Phyllodoce and some other i n t e r t i d a l e r r a n t polychaetes 
appeared on the surface more at n i g h t than by day. F i n a l l y , i t i s w e l l 
e s tablished t h a t many Crustacea of i n t e r t i d a l f l a t s , e.g. Eurydice 
(Jones & Naylor 1970), Bathyporeia (e.g. Fincham 1970a,b, Preece 1971), 
Talitrus (e.g. Geppetti & Tongiorgi 1967, present study) are more 
ac t i v e by n i g h t than by day. 

Presumably co n c e n t r a t i o n of a c t i v i t y i n t o the hours of darkness 
by such shore i n v e r t e b r a t e s i s an a n t i - p r e d a t o r a d a p t a t i o n (although 
Eltringham (1971) considered avoidance of harmful u l t r a - v i o l e t and 
i n f r a - r e d r a d i a t i o n as the main cause). Although the tendency t o noc­
t u r n a l a c t i v i t y of i n v e r t e b r a t e s i s u s u a l l y a t t r i b u t e d t o an adaptation 
against f i s h or marine i n v e r t e b r a t e predators, behavioural studies have 
shown t h a t many i n t e r t i d a l i n v e r t e b r a t e s are able t o d i s t i n g u i s h between 
when the t i d e i s i n and when i t i s out, so t h a t some other adaptation 
i s l i k e l y i n the l a t t e r s i t u a t i o n . I t i s , t h e r e f o r e , l i k e l y t h a t the 
avoidance of emergence and a c t i v i t y i n d a y l i g h t around low water i s an 
adaptation t o the ' t e r r e s t r i a l ' element among the 
predators, and b i r d s are the main component of t h i s (see also Naylor 
(1958) and K i t c h i n g & E b l i n g (1967)£oractivity rhythms of and g u l l preda-
t i o n on Carcinus, other crabs and s t a r f i s h ) . 

I t i s po s s i b l e t h a t p l o v e r s , r a t h e r than being at a p a r t i c u l a r 
disadvantage at n i g h t as compared w i t h sandpipers, are i n some ways 
pre-adapted t o n o c t u r n a l feeding. The Charadriidae are mainly a low 
l a t i t u d e f a m i l y , many of which forage i n semi-desert c o n d i t i o n s . I n 



172 

such h a b i t a t s most p o t e n t i a l prey are a c t i v e only at n i g h t , because of 
the heating and d e s s i c a t i n g e f f e c t i n d a y l i g h t as w e l l as p r e d a t i o n , 
and many plovers feed by n i g h t as w e l l as by day (e„g8 

Thomson 1964). The l a r g e eyes of plovers are probably an adaptation t o 
v i s u a l f o r a g i n g , and p o s s i b l y n o c t u r n a l f o r a g i n g i n p a r t i c u l a r s 

Plover:and sandpiper s t r a t e g i e s 
I n the non-breeding season, the behaviour of a b i r d should be 

adapted t o s u r v i v a l when times are hard. For i n t e r t i d a l waders t h e i r 
behaviours should ensure t h a t they can o b t a i n adequate food supplies 
when prey are hard t o come by: at low a c t i v i t i e s , deep i n the substrate 
or at low d e n s i t i e s . I n 1977, I put forward a simple model c o n t r a s t i n g 
the way i n which v i s u a l s i t - a n d - w a i t predators, 'plovers', and t a c t i l e 
searchers, 'sandpipers', t a c k l e these problems (Pienkowski 1980) „ With 
the f u r t h e r i n f o r m a t i o n now a v a i l a b l e i n t h i s and Paper 1, i t i s pos­
s i b l e t o develop t h i s model, although, because of the l a r g e number of 
estimations and assumptions r e q u i r e d , i t remains h i g h l y s p e c u l a t i v e . 

The estimated d a i l y energy requirements f o r D u n l i n , Ringed and 
Grey Plovers and B a r - t a i l e d Godwits are given i n Table 23„ The f a c t o r 
x BMR f o r each species i s the best c u r r e n t l y a v a i l a b l e . A l l f a l l 
between 3»5 and 5. Changing the value f o r any species w i t h i n t h i s 
range would a f f e c t the absolute values of requirements estimated below 
but would not a l t e r the general p a t t e r n . Ratios of n i g h t feeding r a t e 
t o d a y l i g h t feeding r a t e are also given, based on the f o l l o w i n g i n f o r -
m ation e The r a t i o f o r plovers i s based on Tables 21 & 22 and may be 
' p e s s i m i s t i c ' from a plover's p o i n t of view. I t i s assumed t h a t t a c ­
t i l e f o r a g i n g of sandpipers i s unaffected by l i g h t l e v e l s , so t h a t 
feeding rates are s i m i l a r by day and by night,, This received some 
support from Hulscher (1976) but i s probably s l i g h t l y o p t i m i s t i c 
Because of t h i s d i f f e r e n c e i n r a t i o of n i g h t ; day feeding r a t e between 
plovers and sandpipers, i n mid-winter (when hours of darkness are long­
est and conditions t h e r e f o r e most d i f f i c u l t f o r f e e d i n g ) , i n a s i t u a ­
t i o n where feeding f o r a l l the time when f l a t s are uncovered i s r e q u i r e d , 
plovers should seek t o o b t a i n h a l f of t h e i r d a i l y food requirement i n 
d a y l i g h t and h a l f i n darkness, whereas sandpipers feeding only by touch 
(a c o n d i t i o n never f u l l y r e a l i z e d ) could spread t h e i r d a i l y i n t a k e 
u n i f o r m l y throughout the hours of d a y l i g h t and darkness, thereby 
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a c q u i r i n g 2 / 3 of t h e i r t o t a l i n t a k e at n i g h t . The hours per day a v a i l ­
able f o r feeding i n s p r i n g i n s p r i n g and neap t i d a l s i t u a t i o n s d i f f e r 
and are based on the data f o r plovers i n Figure 8 of Paper 1 . This 
assessment of p o t e n t i a l feeding time may be a s l i g h t over-estimate f o r 
the sandpipers (see Smith 1 9 7 5 ) . Required c a l o r i f i c intakes per minute 
can then be c a l c u l a t e d (Table 2 3 ) . Estimations of worm length i n d i c a t e d 
t h a t at low temperatures the mean sizes of worms taken by both p l o v e r 
species were about \ x b i l l - h e i g h t . The average c a l o r i f i c values of 
such worms were, r e s p e c t i v e l y , 6 . 4 5 c a l f o r Ringed Plovers ( t h i s f i g u r e 
i s used also f o r Dunlins) and 7 . 3 4 c a l f o r Grey Plovers(used also f o r 
Godwits) (Paper 1 ) . Thus the energy requirements can be expressed i n 
terms of numbers of J b i l l - h e i g h t worm u n i t s per minute (Table 2 3 ) . 

For the two smaller waders, the numbers of small Crustacea equivalent 
to the required c a l o r i f i c intakes are also given i n Table 2 3 , based on 
2 . 2 cal/animal (Paper 1 ) . 

Several studies have i n d i c a t e d t h a t waders can b u f f e r s h o r t -
term shortages of resources by d e p o s i t i n g f a t and p r o t e i n reserves 
(Evans & Smith 1 9 7 5 , Dick & Pienkowski 1 9 7 9 , Pienkowski et at. 1 9 7 9 , 

Davidson 1 9 7 9 ) . Thus, on the assumption t h a t a small surplus food 
intake during neap t i d e s b u f f e r s a small d e f i c i t d u r i n g spring.tides, mean 
spring/neap values of requirements are used below and i n Figures 24 & 2 5 . 

Figure 24 shows the requirement l e v e l s i n terms of | b i l l - h e i g h t 
worms f o r Grey Plovers and Godwits. Also shown are the estimated 
numbers of outflows per minute w i t h i n a Grey Plover's search area i n 
r e l a t i o n t o d e n s i t y o f worms f o r several d i f f e r e n t temperatures. These 
estimates are obtained from the mean of Figures 3 (a) & ( b ) . Also 
shown are the estimated number of t h i n worms detectable per minute by 
Godwits. This i s based on a search area of 9 m 2 per minute (Smith 
1 9 7 5 ) , 50% of worms w i t h i n detectable depth (Smith 1 9 7 5 , present paper) 
and 1% of such worms i n t h i s search area being detectable and catch-
able by godwits. This l a s t value i s a maximum j u s t i f i e d by Pienkowski 
( 1 9 8 0 ) ; i n an examination of Smith's ( 1 9 7 5 ) r e s u l t s , the p r o p o r t i o n 
detected and catchable d i d not reach t h i s f i g u r e even when the godwits 
were c l e a r l y feeding on t h i n worms as f a s t as they could. Figure 26 

summarizes the data on estimated minimum acceptable prey d e n s i t i e s i n 
Figure 2 4 . 
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Figure 26. Model of minimum acceptable prey d e n s i t i e s f o r various shore-
b i r d s on Holy I s l a n d Sands i n r e l a t i o n t o temperature. 
Based on Figures 24 i 25 
Estimated minimum acceptable d e n s i t i e s of t h i n worms (mainly 
Notomastus) f o r Ringed Plover (RP), D u n l i n (D) and B a r - t a i l e d 
Godwit (G) 
Estimated minimum acceptable d e n s i t i e s of small Crustacea. 
V a r i a t i o n i n energetic requirements w i t h temperature not included. 
Dunlin and B a r - t a i l e d Godwit should show some temperature e f f e c t s 
because of v a r i a t i o n s of depth d i s t r i b u t i o n and d e t e c t a b i l i t y 
w i t h temperature but these are f a r smaller than the v a r i a t i o n s 
i n surface a c t i v i t i e s relevant to plover f o r a g i n g . 
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I t i s clear from Figures 24 & 26 that at low temperatures, 
because of low prey a v a i l a b i l i t y , Grey Plovers require to feed i n areas 
of high, densities of prey s (Indeed, the situation of the birds i s 
probably even worse as Figure 24 ignores the higher energy requirements 
of birds at lower temperatures,,) At 4°C (at which temperature very few 
Arenicola a r e taken) a minimum density of about 1200 thin worms/m^ i s 
required. As can be seen from Figures 2 & 3 of Paper 1, such densities 
are r e s t r i c t e d to a few small areas at Lindisfarne and t h i s may account 
for the r e l a t i v e l y large flocks on these (the main study areas) i n 
adverse conditions. T a c t i l e foraging Godwits can u t i l i z e lower densi­
t i e s of worms at such temperatures but, because worm depth i s less 
sensitive to temperature than worm a c t i v i t y , a r i s e i n temperature has 
le s s effect on the feeding rates on thin worms by godwits than by plovers 
even i f a l l worms come within depth reach (as indicated i n Figure 24). 
At high temperatures, Grey Plovers can u t i l i z e much lower densities 
than godwits but, of course, other prey may also be available then. The 
presence of any food such as kpenioola which gives a high net energy 
intake per unit time allows lower acceptable densities of alternative 
prey (thin worms) for the res t of the available feeding t i m e 

Areni-cola d i f f e r from thin worms i n that when lying i n the 
ga l l e r i e s of their burrows they are out of reach of godwits„ I f they 
are within reach, they are also moving to or from the surface„ I n such 
a situation any worm available to a t a c t i l e forager i s usually available 
(al b e i t for a shorter time) also to a v i s u a l forager which has the adv­
antage of longer detection range. Thus both Godwits and Grey Plovers 
use v i s u a l searching while feeding on these. Although Godwits appear 
to be able to feed at high density and to exclude Grey Plovers the tide 
edge, i t i s possible that the plovers' higher speed of movement makes 
them better able to exploit the lower frequency of a c t i v i t y of Areniaola 
above the tide edge than are the godwits. 

Figures 25 and 26 presents similar data on Ringed Plovers and 
Dunlins. The data on Dunlin search area of 3.2 m2/min, and estimates 
of det e c t a b i l i t y and ca t c h a b i l i t y factors s i m i l a r to those of Godwit 
were based on examination of c i n ^ - f i l m of Dunlins feeding i n the same 
area as Ringed Plovers. At low temperatures, Ringed Plovers require 
s i m i l a r l y high densities of worms as Grey Plovers, but Dunlins are able 
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to u t i l i z e much lower den s i t i e s . I n increasingly warm conditions, 
Ringed Plovers are able to exploit progressively lower densities of 
prey. This i s important on the High F l a t s where Ringed Plovers are 
able to exploit a lower density of the (low-density) surface-living 
Crustacea than could be used by a Dunlin foraging mainly by touch. In 
fa c t , on the High F l a t s , Dunlins normally fed by a largely v i s u a l 
method. 

Dunlins were also seen to feed by a plover-like stop-run-peck 
technique on several occasions at night at Lindisfarne, usually when 
there was some moonlight (pers. obs.). On two occasions a s i m i l a r 
unexpected stop-run-peck feeding method was observed, only at night, 
i n Redshank at Teesmouth i n a s i t e receiving some illumination from 
road lamps (Pienkowski 1973). For Dunlin and Redshank, which usually 
feed c h i e f l y by touch, t h i s change to apparently v i s u a l feeding at 
night when the range of v i s i o n i s presumably less than by day (see 
above for evidence of th i s i n plovers) seemed anomalous. Presumably, 
the reason for the change was the increased surface a c t i v i t y at night 
of various prey discussed above. With some li g h t from the moon or 
street lamps, the sandpipers were presumably able to exploit the 
change of prey behaviour i n a few s i t u a t i o n s . 

The t a c t i l e foraging sandpipers thus appear to be better adap­
ted to colder climates than are plovers although the l a t t e r manage to 
survive by building up large energy reserves in autumn (Pienkowski 
1980, Davidson 1979). The plovers are, however, better adapted to 
warmer areas where they can exploit lower densities of available prey 
than can sandpipers. This i s refl e c t e d i n the distributions of the 
two types of species i n the non-breeding seasons (Pienkowski 1980). 
Plovers tend to occur at lower l a t i t u d e s , where in winter the longer 
daylight period i n every 24 hours w i l l also be to their advantage. 
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SUMMARY . 

The effects of environmental conditions on the foraging behav­
iour of Ringed and Grey Plovers and the behaviour of their prey were 
investigated at Lindisfarne National Nature Reserve, Northumberland 0 

Plovers forage by an apparently v i s u a l searching technique, scanning 
an area while standing s t i l l before running to peck at prey„ 

The i n t e r t i d a l invertebrates Avenicola, Notomastus3Bathyporeia 

and Eurydice increased th e i r surface a c t i v i t y i n r e l a t i o n to variations 
i n environmental conditions, p a r t i c u l a r l y warmer temperatures<, The 
plovers detected and caught prey by exploiting the b r i e f periods of 
surface a c t i v i t y . As prey became more available, the numbers of prey 
taken per minute increased at f i r s t , but at higher temperatures, rates 
of capture of smaller prey decreased as larger items were selected„ 
When a c t i v i t y of surface-living small Crustacea was low, Ringed Plovers 
used foot-vibration to stimulate movement of these animals, making 
them v i s i b l e , 

A simple model to describe the foraging behaviour of plovers i s 
proposed. Plovers appeared to selec t large prey i n suitable conditions 
by being less responsive to cues of small prey at the s t a r t of each 
waiting period but progressively became more ready to take smaller prey 
before eventually giving-up and moving to a new waiting s i t e . The birds 
tended to concentrate t h e i r a c t i v i t y on clumps of high density of a v a i l ­
able prey by moving les s f ar after taking large prey than small or no 
prey„ When no prey was taken a f t e r a wait, the bird moved on s u f f i c i e n t l y 
far to scan a new area, or farther i n areas of low density, highly 
clumped prey. 

The plovers tended to feed as close to each other as compatible 
without interfe r i n g with each other's foraging and gathered together on 
the areas of highest prey density when adverse environmental conditions 
caused lowest prey a v a i l a b i l i t y . An attempt i s made to predict the 
minimum densities of prey required for energy balance i n various condi­
tions and to compare the foraging strategies of visually-foraging 
plovers and ta c t i l e l y - f o r a g i n g sandpipers. The presence of other 
shore-birds foraging t a c t i l e l y and thereby tolerant of high densities, 
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caused plovers to move to other (l e s s favourable) feeding areas. 

In addition to feeding by day, plovers also forage at night, and 
this i s discussed i n r e l a t i o n to v i s u a l foraging and the increased 
a c t i v i t y of some i n t e r t i d a l invertebrates at night. 
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Paper.3« Development of feeding and foraging behaviours i n young 
Ringed Plovers Charqdfius hiaticula, and thei r relationship 

to growth and survival to reproductive age 

INTRODUCTION 

Shorebirds have become popular subjects for study i n recent years, 
partly because of the increasing threats to their wintering areas and 
partly because of the i r convenience for observation while feeding on 
r e l a t i v e l y simple prey communities. Unfortunately for such studies, i n 
the breeding season most species become highly cryptic, p a r t i c u l a r l y 
near the nest and with young. Observations on the behaviour and feed­
ing (and even presence) of the l a t t e r are generally d i f f i c u l t to obtain 
(e.g. Holmes 1966, Harris 1967, Lack 1968, Nettleship 1973, Prater 
1974, R a t c l i f f e 1976, S o i k e l l i 1970b). Detailed studies are lacking, 
except for the Oystercatcher Haematopus ostralegus which i s a t y p i c a l of 
waders i n that adults feed the young (Buxton 1939, Tinbergen & Norton-
G r i f f i t h s 1964, Lind 1965, Norton-Griffiths 1967, Heppleston 1972)„ 

Ringed Plovers breed i n one of the most open habitats, incorp­
orating much bare ground of sand or gravel, and are thus one of the 
most practicable species for study i n the breeding season. This 
paper reports studies on the behaviour, feeding, growth and surv i v a l 
of young Ringed Plovers i n the northern part of their range i n NE 
Greenland i n 1974 and near the southern l i m i t s at Lindisfarne, North­
umberland i n 1973 to 1976. The study at Lindisfarne also continues to 
consider post-fledging and l a t e r s u r v i v a l , d i s p e r s a l , and recruitment. 

The aim of t h i s study was to investigate feeding and foraging 
behaviour of chicks i n r e l a t i o n to age, area, season and environmental 
conditions and to see how changes i n these affected growth rates and 
s u r v i v a l . I t w i l l be shown that i n each main study area growth rates 
were remarkably similar i n a wide range of situations and that feeding 
conditions did not normally affect growth or surv i v a l of Ringed Plover 
chicks at high or low l a t i t u d e s . I t i s also concluded, however, that 
feeding a b i l i t y may become important i n l a t e autumn on the wintering 
grounds. 
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STUDY AREAS 

Scoresby Land 
Observations were made near Mestersvig Government Station, 

Scoresby Land, NE Greenland (72°14' N, 23°55' W) during the Joint 
Biological Expedition to North East Greenland 1974. We were present 
i n the area from 25 June to 16 August. The f i r s t young hatched on 24 
July and the f i r s t fledged j u s t before our departure. Some additional, 
le s s detailed, observations obtained by other members of the Expedition 
i n other vall e y s i n Scoresby Land (where times of the breeding season 
differed - Green, Greenwood & Lloyd 1977) are also incorporated. 

The detailed study area around Mestersvig s t a t i o n (Figs. 1, 2) 
was mainly 'river-bed' shingle and sparse tundra heath ( i . e . 30-60% 
covered by vascular plants; organic crust of lic h e n covering ground 
between heath plants; some disturbance by frost heaving - see Green 
&b at* 1978, Green 1978a). During the study period, snow cover dec­
reased progressively from greater than 90% on 25 June to about 60% on 
6 July and to les s than 10% by la t e July. Generally a damp zone was 
formed i n tha l a t e s t areas from which snow had melted and also i n small 
pools and streams. The shore of the small i n l e t , Noret, was ic e covered 
u n t i l mid-July, after which melt run off and s l i g h t t i d a l movement gave 
r i s e to another damp zone there. Some of the other areas v i s i t e d i n 
NE Greenland had more vegetation cover but Ringed Plovers tended to 
occupy the more barren areas (see Green 1978a, Ferns 1978a). 

Northumberland 
Studies at Lindisfarne National Nature Reserve (55°40' N, 1°50' W) 

and adjacent parts of the Northumberland coast ( F i g s . 1 & 3) took place 
from 1973 to 1976. I n 1973 only occasional v i s i t s were made to obtain 
information on d i s t r i b u t i o n and to colour-ring the young. More detailed 
work was undertaken i n early 1974 and throughout 1975 and 1976. After 
mid-June 1974, i n my absence, young were colour-ringed by P.J. knights. 

At Lindisfarne the Ringed Plovers breed on or near the shore. 
Detailed studies took place mainly around Holy Island Snook where the 
habitat includes sandy and pebbly beaches and i n t e r t i d a l area. I n 
other parts of the Reserve, some muddy areas were included, as well as 
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exposed sandy beaches w i t h pronounced strand l i n e s but l i t t l e i n t e r -
t i d a l feeding area. 

METHODS 

Birds were watched using a tripod-mounted 15-60x telescope, at 
L i n d i s f a r n e u s u a l l y from a hide on dunes adjacent t o the shore or from 
a car, but at Mestersvig, where the plover f a m i l y p a r t i e s tended t o 
range more wi d e l y , by an observer standing i n the open and moving when 
necessary, but keeping s u f f i c i e n t l y d i s t a n t so as not t o cause d i s t u r ­
bance. I n Greenland, f a m i l y p a r t i e s were u s u a l l y watched f o r 24 h 
periods, 2400 t o 0600 and 1200 t o 1800 normally being covered by myself 
and 0600 t o 1200 and 1800 t o 2400 by another observer, u s u a l l y D.I. 
Northo Time of day i s given as GMT (which i s used l o c a l l y , although 
s o l a r midnight occurs a t 0136). At t h i s time of year the sun d i d not 
drop below the h o r i z o n although i t was lower i n the sky and i n some 
s i t u a t i o n s hidden by h i l l s around midnight and ' n i g h t s ' tended t o be 
considerably cooler than 'days' (see below). At L i n d i s f a r n e , only one 
observer was normally a v a i l a b l e and watches e i t h e r covered the whole 
d a y l i g h t period or d i f f e r e n t p a rts of t h i s were covered on adjacent 
days. Although at t h i s l a t i t u d e i n the summer the short n i g h t s are 
not very dark, i t was not u s u a l l y possible t o watch f a m i l y p a r t i e s 
d u r i n g the n i g h t , although some observations were made i n 1976 using an 
image i n t e n s i f i e r . Observations l a t e r i n the n i g h t and e a r l y morning 
were p a r t i c u l a r l y d i f f i c u l t t o o b t a i n because of the problems of l o c a t ­
i n g the brood i n the dark and poor l i g h t . M i s t was f a i r l y common i n 
the e a r l y morning. (Some e x t r a observations made by Miss S. Jones, 
Miss S. Parkinson, P. S n e l l , F.W. P u r n e l l and Miss S. Dick conducting 
undergraduate p r o j e c t s under my d i r e c t i o n are also u t i l i s e d . ) Times 
were recorded as B r i t i s h Summer (or Standard) Time, midnight o c c u r r i n g 
at about 0 l 0 8 , so t h a t times i n the two areas are roughly comparable. 
Observations were recorded e i t h e r i n a notebook or d i c t a t e d i n t o a 
tape-recorder and t r a n s c r i b e d l a t e r . 

Prey was i d e n t i f i e d where p o s s i b l e from v i s u a l observations and 
examination of p o t e n t i a l prey types i n the areas the b i r d s were feed­
i n g : u s u a l l y the possible range was very l i m i t e d . Pecking r a t e s i n 
Greenland were measured using a stopwatch. The numbers of i d e n t i f i a b l e 
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items also being noted. I n Northumberland, pecking r a t e s were measured 
both by t h i s method and by using a continuously running tape-recorder 
t o record a d d i t i o n a l l y times f o r each f o r a g i n g behaviour and distances 
moved, as described i n Paper 2. Checks of the r e l i a b i l i t y and v a l i d i t y 
of these methods of d e s c r i b i n g prey and f o r a g i n g behaviour of adults 
and chicks were c a r r i e d out using c i n i - f i l m as described i n Papers 1 & 
2 f o r a d u l t b i r d s , w i t h s i m i l a r results<> On a chick aged about 1 week 
at l e a s t 89% of pecks r e s u l t e d i n an item being taken but s u i t a b l e 
short-range cine'-film was not a v a i l a b l e f o r younger chicks . 

During each observation period note was kept of weather condi­
t i o n s , i n c l u d i n g a i r temperature at ground l e v e l , wind f o r c e and d i r e c ­
t i o n and r a i n f a l l and, i n Greenland, these were supplemented by records 
at the meteirological s t a t i o n , which was w i t h i n the study area. : 

At both study areas, as many chicks and a d u l t s as possible 
( g e n e r a l l y i n c l u d i n g a l l f a m i l i e s studied i n d e t a i l ) were marked w i t h 
combinations of colour r i n g s , unique t o each i n d i v i d u a l . Later r i n g i n g 
and observations of ri n g e d b i r d s a t L i n d i s f a r n e by P.A. S n e l l , P.R. 
Evans and L.R. Goodyer.are also incorporated where appropriate. Chicks 
were weighed at capture and attempts were made t o recapture them l a t e r 
(not more f r e q u e n t l y than about 1 week between captures) t o estimate 
r a t e of weight g a i n . 

RESULTS 

Dates of hatching, growth r a t e s and f l e d g i n g periods 
The t h r e e broods studied i n d e t a i l i n NE Greenland hatched on 

24-25, 27 and 28 J u l y , t h i s probably being f a i r l y l a t e f o r the area i n 
general but not f o r the immediate Mestersvig area i n 1974, a l a t e 
season (see Green et al° 1977, and F i g . 4 ) . Hatching dates at L i n d i s ­
f a r ne i n 1975 and 1976, the two years of f u l l coverage throughout the 
season are given i n Figure 5, 

A f t e r hatching and d r y i n g Ringed Plovers are about 13% of a d u l t 
weight, Greenlandic young being s l i g h t l y smaller than Northumbrian ones 
i n absolute terms but s l i g h t l y l a r g e r r e l a t i v e t o a d u l t weight (Table 
1 ) . Weights remain constant or normally f a l l s l i g h t l y d u r i n g the f i r s t 
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TABLE 1. jyiEAN WEIGHTS (g) OF RINGED PLOVERS IN NE ENGLAND AND NE 
GREENLAND 

LINDISFARNE SCORESBY LAND 

n X s . e . n X s , e . 

Breeding males 7 67.9 1.28 15 59.1 0.68 

Breeding females 15 71.1 0.57 12 61.1 1.33 

Young at hatching 24 8.5 0.23 27 8.0 0.09 

Mean weight of hatching 
young as percentage 
of weights of adult : 

male 12.6% 13.6% 

female 12.0% 13.2% 
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day (as documented f o r D u n l i n Calidris aVpina, by S o i k e l l i 1967), and 
then increase at a f a i r l y steady r a t e of about 2.5 g/day from 2-3 days 
old throughout most of the p r e - f l e d g i n g p e r i o d ( F i g . 6 ) . At L i n d i s -
f a r n e , from 3 days o l d onwards, weight i s r e l a t e d t o age by the regres­
s i o n equation: 
Weight (g) = 1.5 + 2.49 x days (n = 35, r = 0.95, r 2 = 0.90). 
I f weights from day 0 are included, t h i s becomes: 
Weight (g) = 6.7 + 2.06 x days (n = 81, r = 0.95, r 2 = 0.91) 
The smaller sample of 13 weights of b i r d s a t Mestersvig gives a f a i r l y 
s i m i l a r l i n e : 
Weight (g) = 7.6 + 1.92 x days ( r = 0.97, r 2 = 0.95). 

Growth r a t e s at L i n d i s f a r n e can also be c a l c u l a t e d from chicks 
caught more than once, i n c l u d i n g b i r d s of both known and unknown age 
( F i g . 7 ) . A r e g r e s s i o n of weight increase on time between captures 
f o r b i r d s not caught i n the f i r s t day a f t e r hatching gives: 
Weight (g) = 2.0 + 1.77 x days (n = 22, r = 0.87, r 2 = 0.76). 
I n c l u s i o n of b i r d s caught soon a f t e r h atching changes t h i s t o : 
Weight (g) = -0.6 + 1.93 x days (n = 35, r = 0.89, r 2 = 0.79), 
the negative i n t e r c e p t r e s u l t i n g from the low, weight increases i n the 
f i r s t days a f t e r hatching. The general s i m i l a r i t y of these growth 
rates c a l c u l a t e d from r e t r a p s t o those of b i r d s of known age supports 
the i n d i c a t i o n of f a i r l y l i n e a r growth r a t e throughout the pre-
f l e d g i n g period a f t e r the f i r s t few days* A few data on growth r a t e s 
obtained from r e t r a p s i n Cumbria by J. Sheldon (in litt.) also approx­
imate t o t h i s r a t e ( F i g . 7 ) , as do some from N. Norway (Miss CM. 
Lesse l l s pers. comm.), U i s t , Outer Hebrides (Wilson 1978 & in litt „) 
and mean weights at known ages i n Estonia (Keskpaik et at. 1970). 

As i l l u s t r a t e d i n Figure 8, there was no i n d i c a t i o n of a seasonal 
trend i n growth r a t e s which were very s i m i l a r f o r a l l i n d i v i d u a l s i n 
Greenland and i n B r i t a i n i n a l l years. Wilson (1978),working on the 
machair of South U i s t , suggests t h a t chicks hatched on grass grow more 
slowly than those on plough b u t , although the r e g r e s s i o n c o e f f i c i e n t s 
were 1 037 and 1.82 r e s p e c t i v e l y , the d i f f e r e n c e was not s t a t i s t i c a l l y 
s i g n i f i c a n t . 

Dates of f i r s t f l i g h t s f o r broods are also i n d i c a t e d i n Figure 6. 
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These were 20 and 21 days at Mestersvig and 19 (or less) and 23 days 
at L i n d i s f a r n e w i t h some f u r t h e r maximum values of 25, 26 and 26 days 
at the l a t t e r s i t e . These maximum f i g u r e s a r i s e from cases i n which 
the chicks were suspected of being capable of f l i g h t f o r some time 
before t h i s was observed. I t seems t h a t chicks may avoid f l i g h t 
(which i s e n e r g e t i c a l l y expensive, presumably e s p e c i a l l y so i f feathers 
are not f u l l y grown and the b i r d inexperienced) even when capable of 
short f l i g h t s unless there i s a need t o escape from a p o t e n t i a l pred­
a t o r . Figure 6 suggests t h a t f l e d g i n g occurs a t about 55-60 g. This 
coincides w i t h the mean weight of j u v e n i l e Ringed Plovers caught a t 
the Wash, E. England throughout the months J u l y t o September (McGregor 
& Jones 1979). 

D e t a i l e d studies of the development of body organs were not 
made, although a few dead chicks were examined. Those p a r t s of the 
body associated w i t h s e l f - f e e d i n g were large and w e l l developed at 
hatching, these i n c l u d i n g l e g s , eyes, b i l l , g i z z a r d , i n t e s t i n e and 
l i v e r . Body plumage was already present and developed r a p i d l y . Back 
plumage was c r y p t i c and also apparently adapted t o absorb r a d i a n t 
heat (Keskpaik &t ale 1970). F l i g h t feathers and p e c t o r a l muscles 
developed l a t e , wing feathers ( a l l o w i n g f l u t t e r i n g escape f l i g h t ) 
preceding t a i l f e a t h e r s . This i s as would be expected from the l i f e 
s t y l e of the p r e c o c i a l s e l f - f e e d i n g young and may be compared w i t h the 
d e t a i l e d studies of a l t r i c i a l passerines (e.g. O'Gonnor 1977 )„ 

Feeding areas and range 
The feeding ranges of Ringed Plover broods at Mestersvig and 

L i n d i s f a r n e are shown i n r e l a t i o n t o e a r l i e r season t e r r i t o r i e s i n 
Figures 2 & 3. At the Snook and some other p a r t s of the reserve at 
L i n d i s f a r n e , t h e r e was a tendency f o r broods t o remain w i t h i n t e r r i ­
t o r i e s , adjacent t e r r i t o r i e s u s u a l l y remaining occupied as other p a i r s 
made replacement or o c c a s i o n a l l y second n e s t i n g attempts d u r i n g the 
long breeding season. T e r r i t o r i a l behaviour was maintained i n such 
s i t u a t i o n s . I n some other p a r t s of the reserve, n o t a b l y the exposed 
sea beaches w i t h o u t r i c h i n t e r t i d a l feeding areas, t h e f a m i l i e s o f t e n 
moved some way, e s p e c i a l l y a f t e r the young were a few days o l d . 

At Mestersvig, t e r r i t o r i e s broke down around hatching time and 
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those b i r d s which had l o s t t h e i r nests d i d not attempt t o renest 
(although some may have done so elsewhere i n Scoresby Land where the 
season was e a r l i e r ) . Family p a r t i e s ranged widely but avoided other 
f a m i l y p a r t i e s . The b i r d s tended t o move t o damp areas, i n c l u d i n g 
the shore, although f o r many Ringed Plovers i n t h i s area, the shore i s 
probably too f a r from the n e s t i n g area f o r t h i s t o be p r a c t i c a b l e . 

A c t i v i t y p atterns 
At both Mestersvig and L i n d i s f a r n e there was normally a spread 

of several hours between the hatching of f i r s t and l a s t chicks. About 
h a l f a day seemed t y p i c a l but shorter and longer i n t e r v a l s were e s t i ­
mated. The brooding a d u l t f l e w away w i t h the l a r g e r egg s h e l l f r a g ­
ments. A f t e r d r y i n g , chicks o f t e n l e f t the nest scrape f o r short 
periods w h i l e the parent was o f f the nest but were u s u a l l y r e c a l l e d by 
the r e t u r n i n g a d u l t . Chicks were l e d from the nest w i t h i n a few hours 
of h atching, one f a m i l y p a r t y i n Greenland moving 500 m i n less than 
24 h a f t e r h a t c h i n g . I n a l l three f a m i l i e s watched i n Greenland, the 
e a r l y hatching chicks l e f t before the l a t e r ones so t h a t the brood was 
d i v i d e d i n t o two or three groups f o r a time. Separation of chicks 
ranged from f i v e t o nearly 500 m. This c l e a r l y caused problems, as 
chicks only a few hours old r e q u i r e d frequent brooding and could walk 
only a few metres between brooding periods. S i m i l a r behaviour was 
observed a t L i n d i s f a r n e , except t h a t the b i r d s d i d not move very f a r , 
normally remaining i n the small t e r r i t o r i e s and near the nest. 

The chicks began pecking almost as soon as they l e f t the nest but 
at a very low r a t e (see below). Feeding behaviour, which developed 
r a p i d l y , was mainly the run-stop-peck type o f movement t y p i c a l of 
plovers (see Paper 2) but during r a p i d feeding on abundant small prey, 
p a r t i c u l a r l y i n Greenland, the 'run' element was almost e l i m i n a t e d . 

A f t e r the chicks l e f t the nest scrape, t h e parents g e n e r a l l y took 
t u r n s t o brood or be i n immediate attendance on the chicks, brooding 
being shared f a i r l y equally between male and female (Table 2 ) . The 
p o s s i b l e lesser share of brooding by males a t L i n d i s f a r n e may be due t o 
the maintenance of t e r r i t o r i a l behaviour throughout the season here, as 
the male tended t o perform more of t h i s . The greater p r o p o r t i o n of 
i n c u b a t i o n by the male at Mestersvig may not be t y p i c a l as most of the 
i n f o r m a t i o n comes from one f a m i l y , which the female l e f t s h o r t l y before 



TABLE 2 . SHARES OF BROODING BY THE TWO SEXES 

S i t e / t e r r i t o r y Age of chicks Observed minutes % of brooding 
(days) of brooding by: by d* 

* 9 
Mestersvig 

98MG004 7 252 377 43 

98MG004 9 357 95 79 

98MG004 11 140 70 76 

98MG003 10 286 78 79 

98MG004 17 89 0 100 

L indisfarne 

N Shore G 1974 1 115 149 44 

N Shore G 1974 5 185 338 35 

N Shore H 1975 2 106 169 39 

Snook End 1976 10 142 137 51 

The f igures on any par t i cu la r day may be biased by the timing of the 
observations in re la t ion to the s h i f t s of the birds and because the 
sex of the brooding bird could not always be determined. 
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the young fledged. The ' o f f - d u t y ' b i r d f e d , rested or 'stood guard' 
some distance away but w i t h i n s i g h t of the brood ( u s u a l l y less than 
100 m). I t was u s u a l l y the f i r s t of the p a i r t o give alarm c a l l s and 
d i s t r a c t i o n d i s p l a y s when p o t e n t i a l predators approached,, The ad u l t s 
fed mostly when ' o f f - d u t y ' , r a t h e r than when at t e n d i n g the chicks. I n 
a few cases both i n Greenland and Northumberland one or other parent 
(of e i t h e r sex) l e f t the brood a few days before f l e d g i n g (but w e l l 
a f t e r the end of the period i n which brooding occurs f r e q u e n t l y - see 
below)o 

At Mestersvig, each p a i r made only one n e s t i n g attempt, t e r r i t o r i e s 
breaking down e a r l y and f a i l e d b i r d s l e a v i n g w e l l before those w i t h 
young. Some f a i l e d b i r d s at Mestersvig remained i n the area f o r a few 
days before l e a v i n g . Although they were seen t o t r y t o brood chicks of 
other p a i r s they were u s u a l l y d r i v e n o f f , except when a l l the b i r d s 
mobbed or d i s t r a c t e d p o t e n t i a l predators. Young were seen t o be brooded 
by an a d u l t other than the parents on one occasion: the 'adoption' was 
only temporary, l a s t i n g a few minutes. 

At L i n d i s f a r n e , a f t e r f l e d g i n g young b i r d s moved around the area 
of the reserve and j o i n e d the e a r l y autumn f l o c k s . The Mestersvig 
broods were watched only u n t i l about f l e d g i n g . However, numerous j u v ­
e n i l e s from other areas where breeding was e a r l i e r passed through 
Mestersvig i n e a r l y August. They fed on coastal tundra and the sea 
shore, probably mainly on small D i p t e r a , and showed a strong tendency 
to f l o c k w i t h Ringed Plovers and other waders. Juveniles o f t e n attemp­
ted t o f l o c k w i t h unfledged broods but were chased away by the parents. 
The a d u l t s , which probably l e f t before t h e i r o f f s p r i n g , d i d not o f t e n 
j o i n the c o a s t a l f l o c k s . 

The p r o p o r t i o n s of each 6 h pe r i o d spent feeding by chicks a t 
Mestersvig and L i n d i s f a r n e are shown i n Figures 9 and 10. At Mesters­
v i g , the feeding of chicks i n the f i r s t h a l f of the p r e - f l e d g i n g period 
tended t o show a marked d i u r n a l p a t t e r n w i t h more feeding by 'day' than 
by ' n i g h t ' . This p a t t e r n broke down l a t e r i n the p r e - f l e d g i n g p e r i o d . 
Heavy r a i n depressed feeding, as measured f o r the 7-day-old young. At 
L i n d i s f a r n e , data on the s i x hour periods 2400-0600 are very l i m i t e d 
because of the d i f f i c u l t y i n l o c a t i n g b i r d s d u r i n g the dark n i g h t and 
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2400-0600 0600-1200 1200-1800 1800=2400 
Time of day (GMT) 

Figure 9. P r o p o r t i o n of each 6 hour period spent feeding by chicks 
at Mestersvig i n r e l a t i o n to age. 

Age i n days i n d i c a t e d against each l i n e . 

F i n d i c a t e s f l e d g i n g young. 
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Figure 10. P r o p o r t i o n of each 6 hour period spent feeding by chicks 
at L i n d i s f a r n e i n r e l a t i o n t o age. 

Age i n days i n d i c a t e d against each l i n e ; F i n d i c a t e s fledged young; 
S i n d i c a t e s a brood at Snook End i n 1976. 
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i n e a r l y mornings <> Although, a d i u r n a l p a t t e r n was apparent on some 
days, t h i s was less marked than at Mestersvig. 

Feeding time i n each 6 h period increased s i g n i f i c a n t l y w i t h a i r 
temperature at Mestersvig ( F i g . 11, from which i t can be seen t h a t 
t h i s applied a t a l l ages) but not at L i n d i s f a r n e (Fig„ 12) where the 
temperatures were g e n e r a l l y h i g h e r . Feeding appeared t o be depressed 
by r a i n at both s i t e s , and h i g h winds at L i n d i s f a r n e (these d i d not 
occur i n the study period at M e s t e r s v i g ) . 

The 24 h watches a t Mestersvig allow e s t i m a t i o n of the t o t a l time 
a l l o c a t i o n of chicks throughout the p r e - f l e d g i n g p e r i o d ( F i g . 13), the 
p r o p o r t i o n of the day spent feeding i n c r e a s i n g from about 25% on the 
f i r s t day a f t e r hatching t o 70% by the end of the p e r i o d . At f i r s t , 
almost a l l the non-feeding time was spent being brooded, except f o r the 
b r i e f periods of movement w h i l e not feeding and crouching d u r i n g approach 
of p o t e n t i a l predators. The brooding component decreased slowly f o r the 
f i r s t 10 days ( l e s s so d u r i n g r a i n on the seventh day) and then markedly 
by 15 days of age t o almost zero. Consequently, the time spent on, e.g. 
preening, non-brooded r e s t i n g and r o o s t i n g increased r a p i d l y a f t e r about 
11 days. A very small element of brooding remained u n t i l s h o r t l y before 
f l e d g i n g . 

Because of the l a c k of data i n the 2400 to 0600 peri o d at L i n d i s ­
f a r n e , a s i m i l a r diagram covering the whole day cannot be constructed. 
Instead, Figure 14b, based on the period 1200-1800 h, allows comparison 
w i t h Figure 14a, based on the same time of day at Mestersvig. Figure 
14a gives a f a i r l y s i m i l a r p i c t u r e t o Figure 13, a l l o w i n g f o r the con­
c e n t r a t i o n of feeding d u r i n g t h i s , the warmest peri o d of day at Mesters­
v i g , The p a t t e r n at L i n d i s f a r n e showed some s i m i l a r i t i e s , n o t a b l y the 
increase i n feeding d u r i n g the f i r s t p a r t of the p r e - f l e d g i n g period 
and the marked decrease i n brooding from about 10-11 days onwards. 
D i f f e r e n c e s between the two areas were the greater v a r i a b i l i t y a t L i n d i s ­
f a r ne (which appeared t o r e s u l t from the lesser d i u r n a l rhythm than at 
Mestersvig) and the decrease i n feeding at L i n d i s f a r n e around the time 
of f l e d g i n g (which seemed t o r e s u l t from a tendency t o f u l f i l feeding 
requirements e a r l y i n the day where possible and r e s t i n the a f t e r n o o n ) . 
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Figure 11. P r o p o r t i o n of each 6 hour p e r i o d spent feeding i n 
r e l a t i o n t o mean a i r temperature d u r i n g the period, at 
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Regression l i n e i s y = 5.Ox + 18.8 ( r = 0.49, P < 0.01) 



100 

11 

5 

26 

7 

© 5 22 1 6 

(D 

15 

22 
<3> 24 

155 

1 1 20 
3 
1 8 

(2) 

15 

4 

• • i • • i i i i 1 1 1 1 1—20-

10 15 20 
Mean air temperature (°C ) 

Figure 12. Pr o p o r t i o n of each 6 hour period spent feeding i n r e l a t i o n 
t o mean a i r temperature d u r i n g the period,at L i n d i s f a r n e . 

Numbers i n d i c a t e age i n days. C i r c l e d f i g u r e s i n d i c a t e adverse weathei 

r = 0.20, not s i g n i f i c a n t . 



210 

ID 

U J 
LU 

4-i 

0) 

CD 
in 

U J 

<0 
CO 

CD <4-l C71 

\ 
CU 

w 
w 

w 

\\ O cfl 

o \\ 
4) rC 8 o 

CO 

CD 

r- l 
I fx, 

Lfl 
sjnou w 40 °/ 



211 

14-1 

00 

<d 

CM 
00 

CO 

0) 

CO 

n) 

to CM ID 
CO 

LU 
LU LU 

LL. 

o 

CX. 
I / ) 

CO 

ai o 01 o 00 LU LU LsJ LU U_ Ll_ 
eg 
0) 

00 

in 
LU 

<u e LU CO 
o 
CD 

CD 

1 1 1 1 1 1 

on Lfl 

sjnoi) 9 40 % 



212 

The mean duration of non-brooded periods remained low at Mesters-
vig i n the f i r s t week (F i g . 15) and at 'night' in the second week but 
increased markedly i n the afternoon i n the l a t t e r period. Chicks were 
brooded very l i t t l e i n the third week, and then only at 'night'„ 
During the period of t r a n s i t i o n from much to l i t t l e brooding (but not 
e a r l i e r or l a t e r ) , the time i n t e r v a l between broodings was more v a r i ­
able, possibly to some extent dependent on temperature. The pattern 
at Lindisfarne was f a i r l y s imilar, although there were fewer data 
around the t r a n s i t i o n period (Fig. 16). 

Prey composition 
The outcome of pecks made by Ringed Plover chicks at Holy Island 

Snook are detailed i n r e l a t i o n to age of chick i n Table 3. Data on 
some fledged young of known age, i d e n t i f i a b l e by colour rings and feed­
ing i n the same area, are also included. Some of the v a r i a t i o n displayed 
i n the Table i s undoubtedly due to variations i n viewing conditions 
such that prey were l e s s i d e n t i f i a b l e on some days. However, the high 
proportion of pecks with unknown outcome i n very young chicks, particu­
l a r l y on the day of hatching and that following, suggests that a high 
proportion of pecks at t h i s age were indeed unsuccessful, or that only 
very small prey were taken. Sandhoppers Tatitrus saltatov and small 
f l i e s , mainly Coelopa, were the main prey i d e n t i f i e d from the f i f t h 
day after hatching onwards and these probably formed most of the unident­
i f i e d prey taken even before t h i s time. However, i n t e r t i d a l inverte­
brates were also taken, thin worms being noticed from 2 days after 
hatching, kvenioola from 5 days and Hydvobia occasionally. Although a l l 
Arenieola and many thin worms would have been i d e n t i f i a b l e , many smaller 
items probably were not. Feeding locations and methods suggested that 
other prey included small amphipods. The s i z e s of Avenioola taken are 
given i n Table 4. 

Comparison with prey taken by parent birds i n the same area i s 
d i f f i c u l t , since, as suitable viewing conditions and opportunities were 
limited, work was concentrated on the young and fewer prey of adults 
were i d e n t i f i e d (Appendix 1 ) . However, there was c l e a r l y great overlap 
i n range of prey types taken, although adults appeared to take a wider 
range and possibly a s l i g h t l y higher proportion of i n t e r t i d a l prey. 

*3 
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TABLE 4. NUMBERS OF ARENICOLA OF VARIOUS SIZES TAKEN BY RINGED PLOVER 
CHICKS AT HOLY ISLAND SNOOK 

Worm 1ength 
(in relation to height 
of b i l l off the ground)1 

Fragment of ta i l only 

< | bill^height 

1 

H 

M 

Age (days) 

5 10 15 22 26 

1 2 

1 

3 

3 

1 

1 

2The height off the ground of the b i l l of a feeding Ringed Plover 
increases from about 5 cm to about 8 cm during the pre-fledging 
period. 

20ne bill-height worm taken at 15 days was not swallowed. Five 
worms were seen to be taken from the substratum t a i l - f i r s t and 
one head f i r s t . 
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Fewer data are available from s i t e s at Lindisfarne outside the 
main study area at the Snook. These are summarized i n Table 5. Birds 
were ra r e l y observed closely enough to allow i d e n t i f i c a t i o n of prey. 
Items taken from the thick algal beds between clumps of Spartina at 
Tealhole appeared to include large insect larvae and pupae. Many of 
the items taken at Ross Back Sands and Old Law were thought to be 
sandhoppers and small f l i e s ; t h i s seems l i k e l y from examination of prey 
available on the beach feeding areas. One small chick was found dead 
on the shore above the-mud-flats at Elwick on 30 June 1973. I t s gizzard 
contained fragments of at l e a s t 8 Hydrobid, 74 mandibles of Nereis, 
several fragments of vegetable matter and several grains of sand and 
small stones. Hydrobia and Nereis are both abundant i n t h i s area. 
Droppings of chicks from Snook examined contained numerous fragments 
of adult Diptera but no other i d e n t i f i f i a b l e remains. The problems of 
use Of gut contents i n the i d e n t i f i c a t i o n of prey are discussed i n 
Paper 1. Most of the fledged young included i n Table 5 were feeding 
on the f l a t s either on Holy Island Sands or off Guile Point. The thin 
red worms t y p i c a l of prey i n these areas (Paper 1) were well represented. 

The outcome of pecks made by chicks and adults at Mestersvig are 
detailed i n Table 6. Again great v a r i a t i o n i s apparent i n the Table 
due to varying observation conditions on different days. Birds were 
generally viewed from a greater distance than at Lindisfarne and fewer 
prey tended to be i d e n t i f i e d . However, on some days i t was clear that 
most prey were very small adult Diptera (mainly Nematocera - midges, 
gnats, mosquitos, etc.) which were taken off the sand, s o i l or vegeta­
tion surface or occasionally i n f l i g h t . Examination of feeding s i t e s 
also suggested that these very abundant items were the main prey at 
other times a l s o . Other f a i r l y common prey i d e n t i f i e d were spiders 
Aranea and large items, probably large insect larvae including 
Lepidoptera. 

Prey of adults at t h i s time appeared to be f a i r l y s i m i l a r . E a r l i e r 
in the season, fewer adult insects were probably taken (fewer had 
emerged) and possibly more spiders. Examination of feeding s i t e s i n d i ­
cated that some of the small items taken i n l a t e June and July were 
dipteran larvae (again mainly Nematocera). Examination of gizzard 
contents of seven adult Ringed Plovers collected i n the same area 
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between 28 July and 2.1 August 1972 by R.W. Summers and Q̂ Ho Green 
supported t h i s general assessment of d i e t . The only i d e n t i f i a b l e 
remains i n a number of droppings of chicks examined were numerous 
fragments of small adult Diptera. 

Feeding rates 
At Mestersvig, the t o t a l pecking rate increased s i g n i f i c a n t l y 

with increasing age of chick and a i r temperature and decreasing r a i n ­
f a l l (Table 7, Appendix 4 ) . These relationships were paralleled by 
the variations in rates of taking i d e n t i f i e d insects, observed prey 
and pecks of unknown outcome (Table 7). These p a r a l l e l s resulted from 
the predominance i n the diet of small f l i e s throughout the period. 

At Lindisfarne, both on the North.Shore and elsewhere, t o t a l 
pecking rate did not vary l i n e a r l y with chick age (Table 8, 9, Appendix 
4) but this numerical measure appears to hide considerable v a r i a t i o n 
due to the more varied diet i n terms of both species arid s i z e . Rates 
of taking any prey ( i . e . a l l pecks seen to be succes s f u l ) , Avenicola 
and thin worms a l l increased with increasing chick age and decreasing 
wind force, whereas rates of pecking with unknown outcome ( i n the main 
small prey or f a i l e d pecks) varied i n the opposite d i r e c t i o n (Tables 
8, 9, Appendix 4 ) . Rain also appeared to depress feeding rate, but as 
birds also tended to stop feeding during r a i n , the sample was too small 
to give s i g n i f i c a n t r e s u l t s with individual prey types. A i r temperature 
seemed to have l i t t l e effect on feeding rate, though th i s possibly 
increased with temperature at low temperatures but decreased at higher 
ones (Appendix 4, Paper 2 ) . 

Diurnal temperature v a r i a t i o n had a strong influence on pecking 
rate at Mestersvig, but at Lindisfarne, the fluctuations i n temperatures 
occur around much higher l e v e l s and did not appear to influence pecking 
rate (Appendix 4 ) . 

Because of the overwhelming predominance of one type of prey (the 
very small f l i e s ) i n the diet at Mestersvig, and the observations of 
feeding throughout 24 h periods, i t i s possible to make an estimation 
of the minimum energy intake of chicks at t h i s s i t e (Table l o ) . The 
mean dry weight of these f l i e s was determined as 0.16 mg and the 
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c a l o r i f i c value as 5 kcal/g, giving a value for an individual of 0.8 c a l . 
A l l pecks were assumed to r e s u l t i n a prey item being taken and a l l 
prey items were assumed to be small f l i e s . As other items were seen 
to be taken (Table 6) and the c a l o r i f i c contents of spiders and crane-
f l i e s are, respectively, more than 30x and more than lOOx that of small 
f l i e s (Greenwood 1974a, present study), the effect of the l a t t e r assump­
tion considerably outweighs the former so that the energy intake figure 
obtained i s an underestimate. Using values of Basal Metabolic Rate for 
chicks of various ages obtained experimentally by Keskpaik et at. (1970), 
Table 10 estimates the minimal t o t a l energy intakes as multipliers of 
BMR. This gives a value of 1.2 - 1.5 i n the f i r s t week after hatching, 
r i s i n g to 2.1 on day 9 and s t a b i l i z i n g at 2.3 - 2.5 from day 11. While 
bearing i n mind that these figures are probably underestimates, i t i s 
noteworthy that the values reach a r e l a t i v e l y high l e v e l and s t a b i l i z e 
around the time that the young become largely thermally independent. 

Foraging behaviour 
Aspects of the foraging behaviour of chicks at Lindisfarne are 

summarized i n Table 11 i n relations to age and weather conditions. 
Behavioural categories are described more f u l l y i n Paper 2. 

Both waiting and giving-up times increased with age of chick, 
as did the frequency of 'successful' pauses ('up' followed by 'peck'). 
The frequency of 'unsuccessful' pauses ('up' followed by 'run' to 
another 'up') f e l l with increasing age (Table 11 & Appendix 4), as 
did the frequency of 'downs'. Handling time did not vary with age, 
although s i z e of prey taken did tend to increase with age (see above). 
Number of paces (both to move position and to take prey) showed no 
s i g n i f i c a n t trends with age or weather conditions, possibly due i n part 
to small sample s i z e . However, there was an increase i n pace-length 
from about 6 cm shortly after hatching to about 10 cm when f u l l y grown 
(measured from tracks of young of known age). 

Increasing windforce was associated with decreasing waiting time 
i n the 'up' position but increasing rate of 'unsuccessful pauses'. 
Despite the small number of observations during r a i n , the rate of 
'successful' pauses decreased with increasing r a i n f a l l , and the rate 
of 'abortive pecks' increased. With increasing cloud cover both 
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waiting and giving»-up times decreased and rates of unsuccessful pauses 
and downs increased,, There were no s i g n i f i c a n t relationships with 
temperature But t h i s was mainly above 12°C. 

For the adults, with increasing temperature, increased waiting 
and handling times and a decreased rate of unsuccessful pauses occurrede 
Windforce was inversely related to rate of downs and distance run to 
take prey. With increasing cloud cover, the rate of successful pauses 
increased but handling time decreased. Foraging behaviour of f u l l y 
grown birds was considered more f u l l y i n Paper 2. 

The occurrence of foot-vibration as a foraging technique i n the 
breeding areas at Lindisfarne i s summarized i n Table 12. Although t h i s 
was recorded i n a 10-day old chick and i n another around fledging time, 
these were the only occurrences, whereas foot-vibration was frequent 
i n parent birds in the same areas over the same period. These d i f f e r ­
ences were s i g n i f i c a n t . Foot-vibration was not recorded i n adults or 
young at Mestersvig. 

The feeding behaviours of fledged young and older birds at L i n d i s ­
farne from l a t e summer onwards are compared i n Table 13. I n August 
and September, the only s i g n i f i c a n t difference detected was a higher 
incidence of 'downs' i n young birds (as tended to occur also i n p u l l i -
see above). I n October-November the rate of pecking (and rate of 'ups') 
was s i g n i f i c a n t l y higher i n adults than young. I n December-February, 
although pecking rates were similar, there was some indication that 
prey taken by juveniles tended to be smaller. (By t h i s time, numbers 
of i d e n t i f i a b l e young were small as many birds of the B r i t i s h population 
assume plumage very similar to adults i n autumn.) No s i g n i f i c a n t d i f f e r ­
ences were apparent i n March-May. 

Pre-fledging mortality and survival 
The survival rate to fledging of cryptic nidifugous young i s 

notoriously d i f f i c u l t to measure and few estimates have been made for 
waders. Only data from closely watched and individually i d e n t i f i a b l e 
broods are used here and only from those families observed from before 
hatching u n t i l their fate was d e f i n i t e l y known (Table 14)„ 



228 

• 1 — 
s_ in 

oo o +J 
+J i— 00 r->. 
• r - 3 CM CM ^ » 

> S - T3 1 

O S . fO 
- J CO 
D_ 1— 
O 
1 • 1 
CD 

i—H a> e n 
CD C 

- a 3 OO o CM 
>- <u o CM 

I— > -
u _ 

00 

a 
UJ 
oo 

a 
z : 

Q 
U J 

oo 

a: 
oa 

o 
o 

to 

T 3 

0) 
> 

CD 
CD 

O 

< 
oo 
I—I 
Q 

OO 
U J 
OO 
< c 
o 

Ll_ 
O 

OO 
Q£ 
L U 
CQ 

CM 

CO 

CM 

CM 
CM 

O 
CM 

CM 

O i— 

o> O 

i— o 

c n o 

t o 

o CO 
CD r— 

c o o 

"3- o 

Lf) O 
CO 

o 

o o 
CM 

o o 

c 
o 

•r— 

(0 o 
s - •<-

• i - fd 
> s -

O T -
c > 

J * 
o 
o 
c 

OO 

c 
o 

• I— 
+J c 
to o 
S- • ! -

J D 4-> 
• r - fd 
> i -JQ 
O • • -
E > 

to 
fd 
CO 
S-

s -
0) 

m 

. r— 
o 
o 
• o 

V 

a _ 

CO 
• c n 

1 — 

I I 

CM 
— ' 
CD 
c 

O 
>» 
c 
fd 

j = • +-> CD 
•i— 

to > 
4-> to 
r— i. ' 3 a> 
T3 +-> 
fd to 

a> 
C s : 

•i— 
+-> 

+J fd 
c 
Ci) (/) 
3 c 
CT o 
CO •r— 
S - to 

<4- fd 
u 

QJ o 
S- o 
o 
E o 

c 
>> 

r— c 
4-> o 
C 
fd T3 
a CU 

• r - > 
S -

•r— co 
C to 
CD x > 

•i— o 
10 

</> 
(/) fd 
rd s 

c 
c o 
o • [— 

• r - +J 
4-> rd 
fd s -
s - X I 

J D •f— 
•t— 

; > > 
1 +J 

+J o 
o o 
o u _ 

u . ' 



>> • cu c S- o 
O-.r-to 4-> 

Q r— 
Cd i — CO s-
i—f ro o cu ca E C L 

to E o; m a> 
U I c n c > o c 2 o 
_i • r - O •z. o -o 

re - •a Q +-> c 
c n ra 

O •!- s-or E cu « 3 .O. U J 10 10 o >- +-> 
<_> <o o 

I — CU o CO 
or o A 
i—i c o S~ 
Li_ c « cu 

• i - to X ) 
Cd E 
I—I rO o cu U J E.-r- 4-> 
a: Q-I— CU 

10 to CO (U o i—i 4-> Q . 
<a +J 

to S- - to a. 3 
U J c n 3 c n 
> c -
O •f-
— J 2 C n 
Q - O C 

i— *i— • • 
Q •— E to 
U J O 3 c 

M— to o 
zz to to 
i—i ai to rd 

J C cu - P t— to 
z: O U J M- c n 
ijj O - c 
3 « *l— . 
I — cu 2 
U J -a Q o ca rO o 1 

E V r— 
CD o •ZL CU 05 
i—i S - Ss >> CD CD <3 • cu (a • a : 2 -= s: Q £ c o + J 

o to sz o Ll_ C L - i - S- 4 J 
O U_ O rO 

O S - +J O 

. CU i-
•ZL q - "O rO 
O cu o ro s: to c n E 
1—1 <o • » 

to • cu >> =£ C E s- £/ Q_ cu s_ cu <o s: cu o 2 3 o 2 2 s_ o 4-> to -Q a> c C CU 
OU_ • to 

CO to +-> • r - . O 
1 c s- +-> 

O c n ro 
U J to c Q . S-

1 •i— 'i— E CU 
0 0 S- O XI 
<c (O to O E 

Q - - P CU 
E CU O 
O 4- _c cu <_> O 

^ — 

00 00 co 
cu 00 r— 

• 1 — o • • cu o O > 3 +1 +1 
•"-) 

1 v o CO 
•!-> CM CM 
CO • • O o o 

to cu o c cu s-cu • 

1- o , 

•1— 4-> o CTl 
T 3 • CO 

to o O 
+-> M • 
c 4-> V o 
fd c * • N " 
u cu 

• 1 — T 3 o 4— 3 1 — 

4 J • - • 
C CO I D CVI 
c n 

•i— to 
>> 

rO 
u 

•i— 
+-> o to to 
*i— 
+-> 
fd CO 

+-> 

to • • o O X J cu cu 1 +1 +1 
2 •1— 

o c: o 
( U co t£> to > • • 3' O to c 

o to 
•i— s~ 
m 
Ou 
E o o 
c n 
c 

•i— 
2 
o 

r— 
— ^ 

o t»- I 
C to s- to cu •i— c cu c 

_E_ 2 X) 2 
- p + J o E O to a cu a >. cu 3 - +-> -

+-> c n Q . 
c f0 3 cu o CO 

* V v 00 00 
CM CXI CO 00 to 1 0 1—• 1 — 

"—-—-
r-̂  to VO UD 
00 •— co to • • • • O i— o o 
+1 +1 +1 +1 
CO to i— 00 
CO i— co • • • • to o CO 
i— CM 

CO CO 
CM CO 
o o O ' • - •. • • o o o if) 
* — ~ - " 

v — ' m 
c' 

o to CO r— 
• 

CM CM CM 

1 — 1 ^ — * 

t o U D <NJ C M cu — — ' — ^ N 
• r -

t o t o > * C M to 
t o i— C M t n 
• • • • CU 

O i— •— r~ r— 
Q . 

+1 +1 +1 +1 E 
ro 

00 CO CO c j - trt 
00 <T> CTl 00 — ^ 

» e • • co t o i n co i -
I — 1 * i — O S-

S-
cu 
•a 
i-
ro 
-a 
c 

>> ro 
S- c +J 
rO CU to 
3 S - rd +1 cu - Q •»-> 10 

x i to CU c 
E U_ > , O (O 
cu u CU CU cu > cu O S- Q - ' E O Q- +> a z: to 

r— <• r— rd ro 
S - rd to CU r— +J 
CU +-> Q- J 3 ffl O c: 

H O D E E I — cu O H - cu co»— > 
+J u • 1 — 
u cu CD 
o o 



230 

At Mestersvig, three broods, each i n i t i a l l y of 4 young, were 
followed. These fledged 0, 3 and 3 young respectively. At least one 
chick of the unsuccessful brood was seen to be injured and limping for 
some time and i t i s suspected that t h i s brood may have suffered from 
human interference. There i s also circumstantial evidence that the 
loss on one chick from one of the other broods was due at least part­
i a l l y to human interference. The actual agency of death i s not known. 
Potential predators i n the area included A r c t i c Fox Alopex lagopus, 
Stoat Mustela erminea, Gyr Falcon Faloo rustiaolus, Long-tailed Skuas 
Steroorarius Vxngicaudus, Glaucous Gull LOTUS hyperboreus and Raven 
Corvus corax, although none were seen to take c h i c k s e The chicks' 
cryptic plumage when they crouched, combined with the adults' d i s t r a c ­
tion displays towards ground predators and mobbing of a e r i a l predators 
appeared to provide e f f e c t i v e protection. A l l non-surviving chicks 
died within the f i r s t week after hatching. There i s reason to believe 
that the predation rate of wader eggs and young were inflated over 
that t y p i c a l of this area of NE Greenland because of the presence of 
high densities of predators around Mestersvig station where they were 
sustained, p a r t i c u l a r l y overwinter, by food gathered by scavenging 
(Ferns 1978b). Other studies, with small sample s i z e s , also suggest 
f a i r l y high s u r v i v a l of Ringed Plover young i n northerly parts of 
t h e i r range (see Boyd 1962). 

At Lindisfarne, a larger sample of broods was studied. Average 
sur v i v a l i n different areas and years varied between 40% and 60%, 
overall 45% (Table 14). I n 1976 (the only year when sample si z e 
throughout the season was adequate to test t h i s ) , s u r v i v a l of lat e 
hatching young was s i g n i f i c a n t l y l e s s than that of early hatching 
young (Table 15). Most rates are somewhat lower than the 59.9% of 
Laven (1940) and much lower than the maximum of 77% estimated by Prater 
(1974) by an i n d i r e c t method, which he conceded was l i k e l y to include 
a systematic error leading to an overestimate of s u r v i v a l . 

Cause of death i s known for only 2 broods (8 young) i n 1976 when 
exceptionally high tides flooded the whole of an area which was normally 
an island at high water. No cases of successful predation of young 
were observed despite many hours of watching. Several predation 
attempts by g u l l s , usually Black-headed Lcwus ridibundus were observed, 
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TABLE T4* .'-PERCENTAGE. QF YOUNG,.WHICH SURVIVE FROM HATCHING, TO FLEDGING 

NE Greenland 1974 

Lindisfarne 1975 
Snook 
Ross Back Sands & 

Old Law 
All Lindisfarne 

Lindisfarne 1976. 
Ross Back Sands & 

Old Law 
All Lindisfarne 

No. of 
broods 
watched 

8 

5 
14 

13 
18 

No. young 
hatching 

12 

20 

20 
43 

42 
57 

No. of 
those 
fledging 

8 

Percentage 

8 
19 

25 
26 

40% 

40% 
44% 

60% 
46% 

Lindisfarne 1975 & 1976 32 100 45 45% 

TABLE 15. PERCENTAGE OF YOUNG FLEDGING IN RELATION TO HATCHING DATE, 
ROSS BACK SANDS & OLD LAW 1976 

No. No. Total % fledging 
fledging dying 

Hatching up to 16 July 20 7 27 74% 

Hatching after 16 July 5 10 15 27% 

Total 25 17 42 57% 

= 6.64 P < 0.01 
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of ten while chicks were swimming across stretches of water but the 
parent birds always deterred the attack by f l y i n g at the predators 8 

Presumably, attacks by several gulls at once might be more successful 
but t h i s was not observed. Carrion Crows Corvus aovone were also poss­
i b l e predators but no attacks were observed„ Most losses of chicks 
appeared to take place at night (despite the short period of darkness 
at t h i s season). Foxes Vulpes vulpes, Brown Rats Rattus norvegious 
and Short-eared Owls Asio ftammeus are amongst the possible predators 
known to be active i n t h i s area at night. 

Because of the d i f f i c u l t i e s of observation, the actual dates of 
death were often d i f f i c u l t to ascertain but of those where reasonable 
estimates were made, 19 (53%) died within the f i r s t week after hatching, 
15 (42%) i n the second week and only 2 (5%) i n the t h i r d . 

Post-fledging survival 
Estimation of post-fledging survival rates over the f i r s t year of 

l i f e of young waders are d i f f i c u l t to obtain from ringing returns 
because ringing may take place at any time i n the pre-fledging period, 
when much of the mortality occurs. Many calculations ( e B g . Laven 1940, 
Rittinghaus 1956, Wilcox 1959, Lenington & Mace 1975) have been based 
on returns of ringed p u l l i . However, survival of these birds u n t i l one 
year old involves ah unknown and variable component of the pre-fledging 
survival rate plus the post-fledging r a t e . This i s i l l u s t r a t e d i n Table 
16 where the apparent decline i n survival from 1973 to 1978 i s a t t r i b u ­
table largely to a switch towards ringing chicks at a younger age i n 
l a t e r years. 

This problem i n estimating the survival from fledging to about one 
year old may be overcome by considering the survival of only those colour-
ringed chicks known to have fledged ( i . e . those fledging from broods 
which were the subject of detailed observations and others seen a l i v e 
within a few days of fledging - Table 17). This Table treats a l l returns 
as i f they had occurred at one year old, although s t r i c t l y a small cor­
rection should be applied for the one bird (4%) sighted for the f i r s t 
time at two years old. Allowance for t h i s would increase sur v i v a l rate 
from 57% to 59% . This sur v i v a l rate includes one bird s e t t l i n g e l s e ­
where i n the Northumbrian coast„ With the help of l o c a l observers, 
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TABLE 16. MTNIMUM SURVIVAL FROM RINGING TO FIRST RETURN TO LINDISFARNE 
OR OTHER TERRITORIAL AREA OF BIRDS RINGED AS CHICKS 

Year of No- of No. sighted % apparent 
hatching chicks in a subsequent survival 
& ringing ringed year 1 

1973 7 3 43 
1974 15 5 33 
1975 46 17 37 
1976 58 13 22 
1978 18 4 22 

Total 143 42 29 

^ o s t f i r s t sightings were at one year old and most at Lindisfarne 
(see Tables 18 & 22) 

TABLE 17. SURVIVAL FROM FLEDGING TO ONE YEAR OLD OF CHICKS RINGED AT 
LINDISFARNE 

Year of 
hatching 
& ringing 

No. colour-ringed 
chicks known to 
fledge 

No. of these 
sighted 
following year 

% survival 
fledging to 
one year 

1973 1 0 0 
1974 3 2 67 
1975 15 10 2 67 
1976 23 1 2 3 52 

Total 42 24 57 

2 includes one bird settl ing at Low Newton, Northumberland 

includes one bird f i r s t sighted in third year (few observations made 
in second year) 
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checks have been made oyer much, of the coast of NE England and SE 
Scotland. Of a l l chicks marked at Lindisfarne during the main study 
( i . e . not only those knovcn to fledge) 3 were found on t e r r i t o r y (when 
ohe-year^old) elsewhere i n Northumberland and one probably on t e r r i -
tory i n F i f e (Table 18). Additionally, one chick marked i n 1977 after 
my main study had been completed was found i n the breeding season i n 
1979 in East Lothian, and a chick marked at Lindisfarne i n 1976 was 
present i n that area during the 1980 breeding season ( F i g . 17). 

Of 21 colour-ringed one-year-old birds seen prospecting for or 
holding t e r r i t o r i e s , 12 (57%) were seen again the following year (only 
years for which there was detailed checking two years after ringing 
being considered) (Table 19). No such birds were seen in following 
breeding seasons except i n the general v i c i n i t y of the s i t e s where 
they were seen when one year old. Notably some young also v i s i t e d 
t e r r i t o r i e s i n many parts of the study area after fledging and may have 
been investigating areas for future use as breeding areas (cf Brewer & 
Harrison 1975). Return rates of males and females were sim i l a r , as 
were return rates of birds seen only prospecting and those holding 
t e r r i t o r y . Of a small sample of 4 older birds, a l l returned i n the 
following season (Table 19), suggesting higher survival i n l a t e r years. 
This i s supported by a consideration of the return rates of birds 
marked as breeding adults of unknown age (Table 20). The increasing 
return rate from year to year i s not unexpected i n view of the r e s u l t s 
from birds ringed as chicks, and tends to support the view that ring 
wear and loss was not a problem i n th i s study. ( I n fact only one case 
of p a r t i a l loss of colour rings was noted during the main study.) Of 
21 nesting males of unknown age, a l l returned the following year but 
only 15 (79%) of nesting females of unknown age. None of the non-
returning birds were found elsewhere. 

Recruitment to the breeding population and uptake of t e r r i t o r y 
Most birds attempted to gain a t e r r i t o r y and breed when about one 

year old, 70% acquiring a t e r r i t o r y and nesting then, the r e s t at two 
years old. Many of the l a t t e r had attempted to gain a t e r r i t o r y the 
previous year (Tables 19, 21). Birds spread throughout the study area 
and to a les s e r extent outside, although there i s possibly a s l i g h t 
tendency towards return to the natal s i t e (Table 22). Birds, 
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TABLE 18.'. AGES OF RINGED PLOVERS SEEN FOR THE FIRST TIME IN POTENTIAL 
NESTING AREAS 

Year of hatching Years later when f i r s t sighted 
& ringing 

1 2 3 

1973 1 
1974 5 1 

1975 162 1 
1976 123 

Total 5 34 1 I 4 

Mncludes 1 .bird at Eden Estuary, F i fe 
includes Z birds at Low Newton, Northumberland 
includes 1 bird at Craster, Northumberland 
'•few sightings were made two years after ringing and the bird 
may have returned then 

includes 32 at Lindisfarne and 4 elsewhere ( i . e . 11% elsewhere) 

TABLE 19. SURVIVAL OF RINGED PLOVERS OF KNOWN AGE AFTER THE FIRST 
SUMMER OF LIFE 

Year of 
hatching 
& ringing 

No. seen 
at 1, year 
old 

No. of 
these 
seen at 
2 years 
old 

% 
survival 
1 to 2 
years 
old 

No. 
surviving 
from 2 to 
3 years 
old 

No. {%) 
surviving 
from 3 to 
4 years 
old 

1973 
1974 
1975 

1 
4 

16 

1 
2 
9 

100 
50 
56 

1 (100) 
2(100) 

1(100) 

Total 

Males 

Females 

Sex not 
determined 

21 

9 

8 

4 

12 

6 

4 

2 

57 

67 

50 

50 



Tyninghame 
Dunglass 

Newton 
B o u l m e r — i 

W h i t l e y Bay-* 

Teesmouth 

CUMBRIA 

0 50 km 
i i 

Morecambe Bay 

F i g u r e 17. S i g h t i n g s o f L i n d i s f a r n e - m a r k e d Ringed P l o v e r s e l s e w h e r e (see 
a l s o T a b l e 2 6 ) . 

F i g u r e s i n d i c a t e month of s i g h t i n g ; t h o s e i n square boxes i n d i c a t e where 
t h e b i r d s were t h o u g h t t o be e s t a b l i s h i n g t e r r i t o r y , or t r y i n g t o . 



TABLE 20. SURVIVAL OF NESTING ADULTS1 

Year of ringing No. recorded in year: 
0 1 2 3 

1974 2 2 2 2 
1975 18 15 14 
1976 1 1 

Years after ringing (x) 0 1 2 All 

No. recorded x years 
after ringing 

21 17 2 40 

No. recorded following 
year 18 16 2 36 

Survival in relation to 
years after ringing 86% 94% 100% 90 

Total nesting bird-
years of unknown age 40 - 36 (90%) 

Total nesting bird-
years of known age 2 25 - 16 (64%) 

All nesting bird-years 65 - 52 (80%) 

Survival in relation to year of birds ringed as adults 

74 - 75 75 - 76 76 » - 77 

2 2 20 17 16 1 17 

100% 85% 94% 

Survival in relation to sex of birds ringed as adults 

Males 21/21 (100%) 

Females 15/19 ( 79%) 

^ h i s Table refers to birds ringed as adults, except as indi 
cated by 2 . 

2 This l ine refers to birds ringed as chicks and later found 
nesting adults. 
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TABLE 2.1. AGE OF FIRST RECORDED NESTING 

Year of hatching 
& ringing 

Age at f i r s t recorded 
nesting 

1 2 

1973 1 
1974 2 2 a 

1975 11 4 b 

Total 14 (70%) 6 (30%) 

Males 6 (83%) 1 (17%) 

Females 4 (80%) 1 (20%) 

Birds of undetermined sex 1 (33%) 2 (67%) 

aboth seen at Lindisfarne "prospecting8 when one year old 
b three seen at Lindisfarne 'prospecting' when one year old 

TABLE 22. SITES OF.TERRITORY ESTABLISHMENT IN RELATION TO NATAL AREA 

Number of birds settl ing at: 

Hatched: 

Goswi ck 
Snook 
Guile Point 
rest of Old Law 
Ross Back Sands 
Teal hole 
Sand Rig 

10 o 
C 3 

o o 
CO 
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p a r t i c u l a r l y onervyear^oIds,, may move around to several s i t e s within a 
season before establishing a t e r r i t o r y or f a i l i n g to do so (Table 23) o 

Once a t e r r i t o r y had been' established birds tended to return to 
that v i c i n i t y (and p a r t i c u l a r l y i n some parts of the Lindisfarne Reserve 
to the same t e r r i t o r y ) i n following years (Tables 24, 25). Three s i g h t ­
ings i n l a t e r years of colour-ringed birds in the areas of marking give 
evidence for a tendency to s i t e - f i d e l i t y i n Greenland (Green 1978b), 
although systematic checks of nearby areas to look for changes of s i t e 
could not be made. 

Mate f i d e l i t y 
There were several cases of change of mate between years but most 

of these involved cases i n which either one bird was not individually 
i d e n t i f i a b l e or one of the pair was not seen i n the l a t e r year. However, 
the high degree of s i t e f i d e l i t y , i n some s i t e s at l e a s t , by both sexes 
suggests that mate f i d e l i t y may also tend to occur. There were only 
two cases i n which both birds of a pair were marked and both returned 
the following year. I n one instance, these remained as a p a i r . In 
another case a female was paired to an unringed male (not necessarily 
the same one) i n three years and to two different marked males i n the 
next two years. The mate of the fourth year nested i n the same t e r r i ­
tory i n the f i f t h year, with a new female. The old female frequently 
changed t e r r i t o r y i n the f i v e years (RW/RM in Table 23). Laven (1940) 
found only two pairs mated for two seasons out of 54 marked adults 
studied for 4 years, but Kozlova (1961) reported that pairs stay to­
gether for several years, though she did not give d e t a i l s of the studies 
on which t h i s conclusion was based. 

Wintering 
Greenland-breeding Ringed Plovers migrate through B r i t a i n i n 

August - September and May and probably winter i n W. A f r i c a (Green 1978, 
Pienkowski i n p r e s s ) . 

Most Lindisfarne breeding birds leave their t e r r i t o r i e s i n l a t e 
July or August and move on to the main i n t e r t i d a l f l a t s . Many of the 

adults s t a r t primary moult while breeding and continue i t at t h i s time 
and many-young birds undergo a p a r t i a l moult to acquire plumage very 
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TABLE 23. EXAMPLES OF BIRDS APPARENTLY PROSPECTING PRIOR TO TAKING UP TERRITORY AND MOVES OF TERRITORY 

RW/RM (2) 
Ringed as chick 15 July 1973 at Sand Rig 
Held territory and nested f i r s t at Goswick, then on west part of N Shore 1974 and in feeding flock on 
Holy Island Sands in October 1974 
1975: 

late March and early April on territory at W end of Snook 
24 April chased from E. part of N Shore by territorial birds and later seen in feeding flock near 

Sand Rig 
20 May found nesting at Tealhole, Hatched and reared 3 young which fledged in late June 
9 July scraping on shore at Snook Point. (On same day, unmarked pair were holding Tealhole terr i tory. ) 
early September - late October seen in feeding flocks at Rig, N Shore, Holy Island Sands and Sandon Bay 

1976: 

Territory at Snook End 

RBAM (<?) 
Ringed as chick 25 June 1974 on North Shore 
Feeding on Holy Island Sands on numerous occasions from 2 September 1974 to 25 January 1975 (moulted from 
juvenile to adult plumage between 2 September and 16 October 1974). 

.1975: 
20 January Sandon Bay 
26 January displaying near Chare Ends 

' 27 February North Shore ' 
3 March onwards through May holding territory at Chare Ends 

RW/WM (p.) 
Ringed as chick 25 June on North Shore 
1975: 

20 January & 8 April Sandon Bay but not defending territory 
23 June feeding on E. North Shore but not territorial and chased off 
August to December feeding in flocks at Guile Point, Holy Island Sands, Sandon Bay 

YW/HH (c?) 
Ringed as chick 25 June 1974 on North Shore 
1975: 

6 May in flock on Beal Sands 
22 June feeding briefly on E. N Shore but chased off from territory to territory westward along shore 

to Snook End, and from there 
September & October in flock on N Shore and Holy Island Sands 

1976: 
on territory on W. North Shore a l l season 

GB/BM ($) . \ • 
Ringed as chick 12 June 1975 on North Shore 
1976: " 

16 June apparently prospecting at Guile Point 
29 June apparently prospecting at Snook End 
apparently no-permanent territory in 1976 

1977: 

1977 onwards held territory near Guile Point 

RO/MB (d*) 
Ringed as chick 1 August 1975 Goswick 
1976: 

February to March feeding in flock on Holy Island Sands 
29 April near Guile Point 
30 April apparently prospecting at Tealhole 
24 June nesting on Sandon Bay 

GB/MO 
Ringed as chick 7 August 1976 SW Old Law 
Throughout summer 1977 seen on numerous occasions on Snook and Old Law 

Throughout summer 1979 on territory on North Shore 
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similar to that of adultSo Many individuals leave the area between 
August and October, returning from February to A p r i l or even May but 
some birds- stay i n the area over the winter (Table 2 6 ) e These d i f f e r ­
ences do not appear to be age-relatedo Those birds which depart appear 
to disperse mainly along the coast of NE England and SE Scotland and to 
a lesser extent to the nearest parts of the W coast (Table 26, F i g , 17) 0 

The birds of the NE England/SE Scotland coast are probably among the 
more thoroughly watched i n the country but there i s other i n d i r e c t 
evidence that Lindisfarne Ringed Plovers do not spread much further,, 
This comes from sightings elsewhere i n B r i t a i n of Ringed Plovers marked 
i n East Germany by similar methods over the same years i n approximately 
similar numbers (Dr A„ Siefke, in.litt„)„ Four sightings of these 
birds have been made i n S. England, S, Ireland, and Channel Islands but 
none i n those areas of birds marked i n the present study 0 

DISCUSSION 

A c t i v i t y patterns, feeding and growth 
One reason frequently given for the northern breeding d i s t r i b u ­

tions of some birds i s that continuous daylight allows uninterrupted 
feeding and rapid growth of the young (eeg» Karplus 1952, Armstrong 
1954, Welty 1962, Thomson 1964, Lack 1968, Dorst 1974), I n the present 
study, however, growth rates of Ringed Plover chicks were remarkably 
similar at Lindisfarne, i n Greenland and i n other areas, and the diurnal 
pattern of feeding a c t i v i t y was more marked i n the A r c t i c than i n 
temperate breeding grounds, where some feeding took place i n darkness 
(Paper 2)o In the A r c t i c , such a diurnal pattern i s t y p i c a l both of 
other waders, e 0 g 0 Semipalmated Sandpiper Calidris yusiVla ( S a f r i e l 
1975), and non-waders e eg. Snow Buntings Plectvophenax nivalis and 
Wheatears Oenanthe oenanthe (Summers 1972, 1974, Asbirk & Franzmann 
1978a,b) 0 Further, Maher (1964) found l i t t l e difference i n growth rates 
i n a r c t i c and temperate finches, and R i c k l e f s (1968) summarized similar 
data for various species 0 

Several features support the argument that food supply was not 
limiting growth rate or chick s u r v i v a l (cf R i c k l e f s 1968, 1969): the 
constancy of growth rates (Figs<> 6-8); the abundance of available prey 
(Papers 1 and 4, Appendix 5, Greenwood 1978); the 9unused" potential 
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TABLE 26. SUMMARY OF WINTER OBSERVATIONS AND OF SIGHTINGS AWAY FROM LINOISFARNE 

Approximate dates of l a s t and f i r s t sightings are given only when observations covered appropriate 
areas around these times. S e t t l i n g (and breeding season si g h t i n g s ) away from Lindisfarne are under­
li n e d . Note tha t continuous coverage ended September 1976. 

Individual Year of Month of l a s t Month of f i r s t Observations away from Lindisfarne & Notes 
hatching s i g h t i n g i n s i g h t i n g i n 
(or autumn spring 
r i n g i n g ) 

RW/WM 9 1973 end Oct 74, l a t e Feb 75, RW/WM 9 
end Oct 75 early Mar 76 

R0/Q1 o* (1974) Sept 75, Aug 76 May 76, Mar77 
RY/GM 0* (1974) mid Oct 75 early Mar 76 Probably stayed 74-75 winter 
WG/WM 1974 Eden Estuary, F i f e May-June 1975 
RY/WM 9 1974 Probably stayed 74-75 winter 
RB/WM o" 1974 Stayed 74-75 winter 
RW/WM 5 1974 Stayed 74-75, 75-76, 76-77'winters 
YW/WM o* 1974 Oct 75 Mar 76 
W/YM (1976) - Whitley Bay, Northumberland 25 Nov 79 
RY/YM } . (1974) Oct 74 
RG/YM 9 (1974) Nov 75' Mar 76 
BM/WY 9 1975 T e r r i t o r y at Newton, Northumberland 76 & 
GY/BM o" 1975 Probably stayed 75-76 winter 
GW/BM 0* 1975 Mar 76 
GB/BM 9 1975 Mar 77 White Sands.E. Lothian 21 Feb 79 
RU/BM 1975 Oct 76 Mar 77 Largo Bay, F i f e 28 Oct 78 
YR/YM d" (1975) Aug 75 Feb 76 
YG/YM o* (1975) Oct 75 Feb 76 
GR/YM 9 (1975) Oct 75 Apr 76, Mar 77 
GY/YM o* (1975) Aug 75, Aug 76 Mar 76, Mar 77 
YW/YM o* (1975) Sept 75 Mar 76, Mar 77 
GW/YM 9 (1975) July 75 Apr 76 Whitley Bay, Northumberland 23 Oct 79 
WR/YM 9 (1975) July 75 Apr 76, Mar 77 
WY/YM 9 (1975) July 75, Sept 76+ Mar 76, Mar77 
WG/YM 9 (1975) " July 75, Aug 76 
WB/YM 9 (1975) July 75, July 76 Apr 76, Mar 77 
RB/YM o* (197 5) Oct 75 . Feb 76 
YB/YM o* (1975) - Aug 75, July 76 Apr 76 
YO/BM o" 1975 Aug 75 May 76 ' 
WO/BM o* 1975 July 75, Aug 76 Apr 76 
OW/BM 9 1975 Sept 75 Apr 76 
RB/BM ri" 1975 July 75, Olt 76 , T e r r i t o r y at Newton, Northumberland 1976 
BY/BM 9 1975 July 76 Mar 76 
BG/BM 0" 1975 July 75, Aug 76 Apr 76, Mar 77 
BW/BM g 1975 Aug 75, Aug 76 Mar 76 
OR/YM a" 1975 Sept 75 Mar 76 
RB/MB 1975 Sept 75 
RW/MB 1975 Aug 76 Mar 76 
RO/MB 1975 Aug 75, Sept 76+ Feb 76 
YR/MB 1975 Aug 75 
YW/MB 1975 Aug 75 
YO/MB 1975 Sept 75 

Table continued overleaf 



TABLE 26. CONTINUED 

Indiv i d u a l Year of Month of l a s t Month of f i r s t Observations away from Lindisfarne & Notes 
hatching s i g h t i n g i n s i g h t i n g i n 
(or autumn spring 
r i n g i n g 

YR/OM 1976 Sept 76+ 
YG/OM 1976 Aug 76 Mar 77 
WY/OM o* 1976 Sept 76+ Feb 77 
WR/OM 1976 Aug 76 
OY/OM 1976 July 76 
OW/OM 
WG/OM 

1976 
1976 

July 76 
Sept 76+ 

Mar 77 Boulmer, Northumberland July 77 
Tyninghame, E. Lothian 29 Mar 80 

RW/MY (1976) Sept 76+ 
RB/OM 1976 Aug 76 
YB/OM 1976 Sept 76+ 
GB/OM 1976 Sept 76+ 
WB/OM " 1976 Aug 76 
BR/OM 1976 Sept 76+ 
BO/OM 1976 Sept 76+ 
BY/OM d" 1976 Aug 76 Mar 77 
OB/OM 1976 Aug 76 
BW/OM 1976 Aug 76 
WO/MO 19/6 Probably wintered 76-77; Teesmouth, 

Cleveland 17 Mar 78 
YW/MO 1976 Aug 76 Craster, Northumberland 13 Nov 76 
BY/MO 1976 Tyninghame, East Lothian 29 Mar 80 
WB/MO 1976 Aug 76 
OB/MO 1976 Aug 76 Mar 77 
GB/MO 1976 Sept 76 Mar 77 
W/MO 1976(at Beadnal1, Northumb-land) 

Tyninghame, East Lothian 16 July 78 

BW/MR 1977 " Probably wintered 77-78 
YR/RM 1977 Dunglass, East Lothian 28 Jan 79 
RY/MW 1978 .North Berwick, East Lothian 13 Jan 79 
OG/RM 1977 Tyninghame, East Lothian 3 July 79 
OR/MRO 1979 Hest Bank, Morecambe, Lanes 9 Mar 80 
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feeding time ^ at l e a s t in the l a t e r half of the pre-^fledging period -
(Figs 9, 10, 13, 14); and the fact that those chicks that did not 
survive were probably l o s t to predators and not by starvation . (Indeed, 
those chicks lost had generally shown similar growth rates to other 
members of the i r broods, as found also for Dunlins, i n which species 
mortality of chicks i s also due to weather or predation (e.g. Holmes 
1966). (This contrasts with the greater v a r i a t i o n i n growth rates with­
i n a brood i n some other precocial species, e.g. Coot Fulica atva 
(Visser 1974), terns Sterna spp. (Dunn 1975, LeCroy & Collins 1972), 
gamebirds (Ricklefs 1968), and the large variations of a l t r i c i a l young 
(e.g. Lack & Lack 1951, Lack 1954, Owen 1960, Ri c k l e f s 1968)). The 
sit u a t i o n could, however, be different i n very windy or wet summers. 

Apart from such weather-induced reductions i n a v a i l a b i l i t y , food 
appeared to be superabundant i n both of the present study areas. The 
young c l e a r l y did not require p a r t i c u l a r types of prey: whilst small 
f l i e s were undoubtedly the most t y p i c a l component, small spiders, 
sandhoppers, insect larvae, small i n t e r t i d a l worms and small i n t e r t i d a l 
s n a i l s were important prey i n some sit u a t i o n s . Although parent birds 
appeared to take a wider range of prey than chicks at both Mestersvig 
and Lindisfarne, there was undoubtedly great overlap between the diets 
of the two age-classes. 

While the 'off-duty* adult tended to feed a l i t t l e distance 
(r a r e l y more than 100 m and usually much le s s ) from the r e s t of the 
family, t h i s was probably not to avoid prey depletion since adults and 
young, and often prey animals also, were mobile. I t may, however, 
have reduced immediate interference i n feeding, and provided a vantage 
point away from the brood from which to detect potential predators and 
give alarm c a l l s (cf Lenington 1980). Young tended to feed further 
apart from each other and from the attendant parent as they grew older 
but i t i s not known whether t h i s was to avoid interference or simply 
the r e s u l t of greater mobility. At Mestersvig, migrant juveniles 
tended p e r s i s t e n t l y to approach broods of chicks and attempted to feed 
near them but were continually chased away by the parents, as were 
other shorebirds. This behaviour by the parents could be adaptive, to 
reduce feeding interference or to reduce the conspicuousness of a 
gathering of birds to potential predators. However, both p o s s i b i l i t i e s 
seem unlikely, the former because of high prey a v a i l a b i l i t y and the 
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l a t t e r i n view; pf the conspicuousness of the chasing behaviour i t s e l f . 
Possibly, the chasing i s a remnant of early t e r r i t o r i a l behaviour. 

The young appear to be dependent on their parents for warmth 
u n t i l they are about 10 days old and progressively l e s s for up to a 
week afte r t h i s . I n a detailed laboratory and f i e l d study on energe­
t i c s of chicks, the effects of brooding and the development of i n s u l a ­
tion by plumage of Ringed Plover, Keskpaik et at. (1970) also found 
that chicks became thermally independent at about 10 - 15 days. I t i s 
around t h i s age also that food intake probably reached a plateau l e v e l 
when expressed as a m u l t i p l i e r of BMR (Table 10; cf Paper 1, Koskimies 
1962). Before t h i s age thermoregulatory a b i l i t y f e l l with f a l l i n g 
ambient temperature and was almost non-existent before about 5 days 
(Keskpaik et al» 1970). The duration of periods i n which the chicks 
were not brooded (mainly while they fed) were matched to the rate of 
f a l l of body temperature of chicks and t h i s to age, temperature, and 
time of day. In my study I noticed that, i n the low temperatures at 
Mestersvig, young chicks were brooded almost whenever they stopped 
feeding, whereas at Lindisfarne periods when the chicks were neither 
feeding nor being brooded were common e a r l i e r . Part of t h i s difference 
was due, however, to more frequent disturbance by potential predators 
and humans at Lindisfarne. . 

The onset of thermoregulation occurred much l a t e r than in several 
other taxa of precocial or semi-precocial birds, such as gulls and ducks, 
but at about the same age as i n the gamebirds (Dunn 1976, Koskimies & 
Lahti 1964), presumably the r e s u l t largely of the small s i z e of young 
waders and gamebirds, giving r i s e to high surface area:volume r a t i o s 
and to thin plumage (Koskimies & Lahti 1964, Lasiewski & Dawson 1967, 
Kendeigh 1970). Thus, the precocity and self-feeding of young shore-
birds, apart from removing the need for food-delivery journeys by adults 
(and the r i s k of a long period spent i n a fixed nest i n open h a b i t a t ) , 
also removes the need for one adult to remain at the nest to brood, 
t h i s being possible i n short s p e l l s on the feeding grounds. Chappell 
(1980) reported that shorebird chicks are p a r t i c u l a r l y tolerant of 
c h i l l i n g , and concluded that t h i s was a further adaptation to allow 
e f f i c i e n t self-feeding. I t i s also important i n areas where there i s 
a high degree of disturbance and may account i n part for the maintenance 
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of f a i r l y higk chick surv i v a l rates even i n s i t e s frequented by humans. 

In Greenland^ most chicks are moved away from the nest very soon 
after hatching. Because of asynchrony in hatching t h i s often led to 
s p l i t t i n g of the brood (or eggs and brood) on the day of hatching 
between two parents several hundred metres apart, one attending mobile 
young and the other eggs and/or newly hatched young i n the nest scrape. 
One of the family parties watched at Mestersvig was separated i n t h i s 
way for about one day before reuniting. Such asynchrony i n hatching has 
been reported for Ringed Plovers also by Kreehmar (1966) and appears 
to be f a i r l y widespread i n a r c t i c waders (e.g. Dotterel Ckaradrtus 
morinellus - Pullianen 1970; Dunlin - Holmes 1966; Turnstone Avenavia 
•intevpves Nettleship 1973). Presumably the development of hatching 
synchrony i s achieved by delays to the older chick and speeding of 
development of the younger. This would involve costs at least to the 
older chicks i n terms of a prolonged high r i s k period i n the nest and 
delayed s t a r t of feeding, as well as benefits to the younger chicks, 
and to the parent i n terms of increased chick production and reduced 
parental work. Also the strategy of Ringed Plovers to leave nests and 
perform d i s t r a c t i o n displays when predators are i n the v i c i n i t y , 
rather than s i t t i n g t i g h t l y and re l y i n g on camouflage, may lead to 
increased asynchrony i n hatching (see Norton 1972, P i t e l k a , Holmes & 
MacLean 1974, Hunter, Ross & B a l l 1976). 

At Lindisfarne most of the feeding by chicks, at le a s t for the 
f i r s t few days after hatching, occurs on t e r r i t o r y and often close to 
the nest so that s p l i t t i n g of broods i s l e s s marked, involving at most 
only a few metres. The need to move at Mestersvig appears to be due 
to the rapidly changing microclimate as each area progressively dries 
out after emerging from the snow. Thus, i n early August, the damp 
sparsely-vegetated areas near the shore at Noret held higher densities 
of active small f l i e s than many other nearby areas which were exposed 
e a r l i e r and had dried and which also had more vegetation giving cover 
to the f l i e s , e specially i n wind (see Greenwood 1978). This v a r i a t i o n 
i n state of ground and a v a i l a b i l i t y of prey i s the probable reason for 
the early desertion of t e r r i t o r i e s and movement of the broods at 
Mestersvig. I n contrast, at Lindisfarne, l i t t l e consistent change was 
apparent i n prey a v a i l a b i l i t y , even in a small area, over much of the 
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summer (Appendix 5 ) . 

Intervals between brooding were somewhat temperature-dependent 
only during the f i r s t 10 days of chick growth, but the t o t a l time 
spent feeding i n each 6 h period was related to temperature through­
out much of the pre-fledging period i n Greenalnd. The feeding rate i n 
Greenland showed a relationship with temperature (Table 7 & Appendix 4) 
which matched v a r i a t i o n with temperature i n the a c t i v i t y of the prey 
animals - small f l i e s and spiders (Greenwood 1974b, 1978). Thus feed­
ing appeared to be concentrated at the times when prey was most a v a i l ­
able. This also resulted i n the strong diurnal pattern (Fig. 9 & 
Appendix 4 ) . At Lindisfarne, temperatures, which were generally higher 
than in Greenland, did not influence feeding time or feeding rate but 
both the l a t t e r were depressed by r a i n (which also affected feeding 
rate and a c t i v i t y at Mestersvig) and strong winds, again indicating a 
concentration of feeding a c t i v i t y when t h i s was most profitable. F l i e s 
were a main prey at Lindisfarne and t h e i r a c t i v i t y appeared to be 
depressed by r a i n and wind. Wet weather also depressed the a c t i v i t y of 
prey animals at Mestersvig (Greenwood 1974b). Such conditions may also 
depress the d e t e c t a b i l i t y of prey and the e f f i c i e n c y of foraging move­
ments (Table 11 & Paper 2 ) . Although, at Lindisfarne, insect a c t i v i t y 
appeared to be depressed at night, the a c t i v i t y of sandhoppers, the 
other main prey of the birds, was maximal at that time. The a c t i v i t y 
of some i n t e r t i d a l invertebrates which may also be included i n the diet 
i s also enhanced at night (Paper 2 ) . This may account for the lack of 
a diurnal rhythm i n foraging a c t i v i t y at Lindisfarne. 

Development of foraging behaviour and i t s influence upon su r v i v a l 
In the f i r s t hours after leaving the nest, chicks made bri e f 

'feeding' excursions and appeared to peck at various items, both suitable 
and unsuitable as prey; but suitable prey appeared to dominate within 
the f i r s t day.. Foraging success and rate of taking prey increased 
progressively, i n subsequent days. An increase in waiting and giving-
up times with age was apparent and each pause became more l i k e l y to 
r e s u l t in a peck. This may be related to an improving a b i l i t y to 
recognise suitable cues and/or to greater s e l e c t i v i t y . The constancy 
of handling time, despite increasing prey s i z e , indicates progressive 
improvement i n handling a b i l i t y with age. Similarly, the number of 
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paces moved to take prey did not change despite an increase i n pace 
length., so that the range at which prey were taken must have increased. 
The frequency of 'down' waiting positions decreased with age, t h i s 
decrease possibly continuing for some time after fledgingo This may 
r e f l e c t an increasing a b i l i t y to react and orient to cues rapidly from 
a distance without the need for a 'second look'. 

Food intake appeared to be l e s s than energy expenditure in the 
f i r s t day or two after hatching, as weight f e l l i n t h i s time and yolk 
reserves were used up, but weights recovered from about the third day, 
as found also by Keskpaik et at, (1970). The changes with age of the 
estimated d a i l y intakes agree with t h i s (Table 10). Presumably adverse 
weather could be p a r t i c u l a r l y c r i t i c a l i n the f i r s t few days after 
hatching. As discussed e a r l i e r , however, losses due to inadequate food 
supply, throughout the r e s t of the pre-fledging period seem un l i k e l y . 

For much of the time one adult was close to or brooding the young 
and each adult did most of i t s feeding while 'off-duty' some distance 
away (but well within sight and alarm-call range). As i n Spotted 
Flycatchers Musoioapa striata (Davies 1976) and Sandwich Terns Sterna 
sandoioensis (Dunn 1972), the improvement i n foraging performance 
appeared to be the r e s u l t of growth and experience rather than of copy­
ing from adults, unlike i n the Oystercatcher Haematopus ostralegus 
(Norton-Griffiths 1969) and Ring Dove Streptopelia risoria (Wortis 1969). 

By the time of fledging, feeding rates and foraging behaviour of 
young were very similar to those of adults, and t h i s remained true 
throughout the early autumn (Table 13), although young birds tended to 
feed for longer, presumably as growth continued then (Paperl), I n l a t e 
autumn and winter, however, there were indications that the rate of 
food intake of young was l e s s than that of adults (Table 13), when prey 
became l e s s available in the adverse conditions (Paper 2 ) . 

Groves (1978) found that juvenile Turnstones on migration i n 
Massachussetts i n mid-July to October pecked and took prey s i g n i f i c a n t l y 
l e s s frequently than did adults, although the proportions of pecks 
which were successful were s i m i l a r . Juveniles also tended to be sub­
ordinate to adults i n aggressive interactions on the feeding grounds. 
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Lower feeding success by juveniles than adults at times of food s c a r c i t y 
were reported for C a t t l e Egrets Avdeola ibis i n South A f r i c a (Siegfried 
1971, 1972). Brown: Pelicans J?elecanus oooidentalis, 18-24 months old, 
also miss prey on a higher percentage of dives than do adults (Orians 
1959), Dunn (1972) found that adult Sandwich Terns caught more f i s h 
per unit time than f i r s t winter birds, by diving from greater heights, 
but on occasions of superabundance of small f i s h near the t i d e l i n e , 
rates became similar for the two age groups. Recher & Recher (1969) 
reported lower feeding success and food intake i n younger L i t t l e Blue 
Herons Florida oaerutea (up to about one year old) than i n older birds 
and argued that t h i s resulted i n higher mortality i n winter and early 
spring. They also cited unpublished work by D. M i l l i a r d indicating 
that two-year-old Caspian Terns Hydroprogne aaspia miss prey more often 
and forage longer each day than adults. Norton-Griffiths (1967,1969) 
found that some young Oystercatchers may rel y i n part on parental feed­
ing for over 30 weeks aft e r hatching, i f feeding on Carainus or 
Mytiluso Indeed, they may take three years to become as e f f i c i e n t as 
adults at feeding on Mussels Mytilus edulis„ In flocks of Woodpigeons 
Columba palumbus, subordinate birds, including many young, feed at the 
front edge of flocks and are l e s s successful. This appears to be due 
to inexperience i n selecting the food which can be eaten most e f f i c i ­
ently, and such ( i . e . subordinate) young birds suffer higher mortality 
during unfavourable seasons (Murton, Isaacson & Westwood 1971). 

Parent birds of most of the species c i t e d above feed the i r young, 
in some cases even after fledging. I n contrast, most shorebirds never 
receive food from their parents, and thus must be able to feed e f f e c t ­
i v e l y by the time that the yolk reserve i s used up (within the f i r s t 
few days). This may be possible only in areas of superabundance of 
obvious mobile prey, i n most cases adult Diptera. I n a r c t i c areas, 
such superabundance may occur only i n rapidly varying l o c a l i t i e s , such 
as the wet areas which accompany the receding snow melt i n NE Greenland. 
This reinforces Holmes' (1966) suggestion that p r e c o c i a l i t y may be 
p a r t i c u l a r l y advantageous i n the A r c t i c i n that the young are able to 
move, sometimes long distances, to l o c a l l y favourable feeding s i t e s . 
This movement may be even more marked i n Ringed Plovers than i n some 
other species, as they nest on the barren gravels which are the f i r s t 
f l a t lands to emerge from snow cover but also the f i r s t to dry out. 
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This adaptation to early movement away from the nesting s i t e allows 
the wide breeding d i s t r i b u t i o n i n NE Greenland where Ringed Plover i s 
the commonest wader« On the wintering grounds, as adverse weather con­
ditions develop i n autumn and winter, food demands increase, prey 
becomes les s available and i s often detectable only by b r i e f subtle 
cues (Papers 1 & 2). At these times, adult/juvenile differences i n 
feeding a b i l i t y are revealed again. 

There i s evidence that juvenile waders of some species occur on 
their f i r s t autumn migration mainly i n different habitats to adults; 
or that they may roost on the fringes of main flocks or i n smaller 
roosts (Pienkowski 1975, Pienkowski & Dick 1976, W.J.A. Dick unpublished), 
but i t i s not known i f t h i s i s due to competitive exclusion. This 
sit u a t i o n contrasts with that i n geese where families remain together 
over the winter, and where adults appear to remain more a l e r t for 
predators while their young feed fa s t e r than when alone(e.g. Owen 1972). 

The period i n l a t e autumn and winter when differences i n forag­
ing between age categories of birds could be detected (implying d i f f i ­
culty i n feeding for at least some juveniles) coincided with the period 
when most of those birds which l e f t Lindisfarne for part of the year 
were absent. Why some individuals stay and others leave i s , however, 
unknown; nor i s i t known whether differences occur within broods or 
only between broods. 

The possible advantages to_staying seem to be:-
1. Young birds do not have to learn suddenly to feed on a new type 

of habitat or prey. Young birds newly arrived i n early autumn 
i n NW A f r i c a were frequently seen trying to feed i n unsuitable 
situations (Pienkowski 1975, Dick 1976, Dick & Pienkowski 1979). 
Resident Ringed Plovers may even learn the cues given by potential 
winter foods before fledging, as at Lindisfarne. 

2. Apart from habitat differences, the birds do not have to learn 
the c h a r a c t e r i s t i c s of p a r t i c u l a r new s i t e s . 

3. Individuals (especially young ones soon after fledging) are not 
subject to the r i s k s of migration and the need to feed s u f f i c i e n t l y 
to deposit fat reserves for t h i s . This may allow a l a t e end to 
the breeding season and thus an increased potential production 
of young. 
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4. The birds do not have to f i t th e i r moult into a migration schedule 
(cf Pienkowski et <xl. 1976) . 

5. Resident birds are present to take up t e r r i t o r i e s as soon as 
conditions are suitable. 

The main disadvantage appears to be that resident birds are subject to 
a harsher climate, on average, and consequent reduced prey a v a i l a b i l i t y 
i n some months or years than those which move south. Perhaps the r i s k s 
and benefits of the two strategies are f a i r l y s i m i l a r at Lindisfarne 
so that both co-exist, but data to test t h i s are very d i f f i c u l t to obtain. 
Feeding observations are available i n October (the l a s t month when 
many potential migrants were present) from three colour-ringed i n d i v i ­
duals known to have stayed at Lindisfarne (22 observation sessions 
t o t a l l i n g 44 min) and 13 thought to have departed l a t e r that autumn 
(20 t o t a l l i n g 34 min). Some differences i n feeding rates and behaviour 
were found, these tending only to border on the 5% significance l e v e l , 
partly because of small sample siz e s (Table 27). Individuals which 
were to stay pecked more frequently than those which departed and took 
more worms (but neither difference was s t a t i s t i c a l l y s i g n i f i c a n t ) . 
More of the departers' pecks were of small prey (P = 0.016) whereas 
the stayers took more unidentified prey (P = 0.04) - these tending 
to be larger than "small items" - and made more pecks of unknown out­
come (P = 0.004). Both the mean waiting time and mean 'giving-up* 
time of stayers were shorter than of departers but only s i g n i f i c a n t l y 
so when considered together. The stayers had more successful waits 
(but not s i g n i f i c a n t l y s o ). I f r e a l , these differences could mean 
either that stayers were detecting more prey or were being l e s s s e l e c ­
t i v e . The suggested differences i n rates of prey taken suggest the 
former to be more l i k e l y . 

Thus, these data are compatible with the idea that those birds 
which stay at Lindisfarne are the better feeders; but the data are 
inadequate to te s t t h i s c r i t i c a l l y . They are also i n s u f f i c i e n t to 
ascertain whether birds from one brood tend to behave s i m i l a r l y . From 
one brood of three ringed i n 1974, two stayed for the winter and one 
was not seen between raid October and early Marchy One bird of this 
brood was recorded as wintering at Lindisfarne i n i t s f i r s t , second 
and third winters. 
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Weights of juvenile Ringed Plovers tend to be.lower than those 
of adults during the winter (Eades & O k i l l 1976, McGregor & Jones 1979), 
suggesting that they may be le s s able to maintain condition (e.g. 
Evans & Smith 1975, Pienkowski, Lloyd & Minton 1979, Dick & Pienkowski 
1979, Davidson 1979, Pienkowski 1980). Apparent (minimum) survival of 
young from fledging to one year old was l e s s than that of adults (Tables 
17, 19, 20). The s u r v i v a l , from hatching to one year old, of Ringed 
Plovers at Lindisfarne (45% x 59% = 27%) i s notably similar to the 
approximate estimate obtained by indirect means for Dunlin i n Finland 
of 27.5% (from S p i k e l l i 1970b) „ Presumably lack of experience i n fora­
ging techniques or the a b i l i t y to discover by sampling areas of best 
feeding may be involved i n t h i s difference between adults and young. 

More surprisingly, the apparent surv i v a l from one to two years 
old (57%) was similar to that from fledging to one year (59%) and much 
less than that of older birds (80+%). Although i t i s possible that 
the lower apparent survival of young birds r e s u l t s from lower s i t e 
f i d e l i t y , t h i s i s unlikely to represent more than a small frac t i o n of 
the difference as good coverage was achieved over much of the coast 
of NE England and SE Scotland and those birds which were found e l s e ­
where were mainly at the nearest contentrations of Ringed Plovers both 
to the north and the south. I n the related and ecologically similar 
Piping Plover C. melodus, Wilcox (1959), i n a large scale ringing study 
i n New York State, found very few movements away from the nesting area 
i n later years. The tendency for birds to s e t t l e mainly near their 
s i t e of hatching, but for a few to disperse widely, seems similar to 
that found for Dunlin by S o i k e l l i (1970a) and for many - but not a l l -
wader species reviewed i n that work. 

The return of birds to the breeding grounds at one year old i s 
common i n small waders, although the return tends to be delayed one 
or more years i n larger species (e.g. Harris 1967, Johnson 1973, Dare 
& Mercer 1974, Minton 1975, Pienkowski & Knight 1975, Glutz et at, 
1975, 1977, Pienkowski et at. 1976, Pienkowski & Knight 1977, various 
sources reviewed by Pienkowski i n p r e s s ) . This may imply some r i s k 
i n breeding at one year, which i s l e s s i n small birds (which may also 
have behaviour adapted to shorter l i v e s ) . 
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Lower s u r v i v a l rates of birds i n their f i r s t year are common 
(see, e.g. Lack 1943 and, for waders, Boyd 1962). Evidence for lower 
survival i n the second and third years than i n la t e r years i s l e s s 
frequent, partly because the data are r a r e l y available, although 
evidence for gradual improvement i n breeding performance with age i s 
more common (e.g. Coulson & White 1958). S o i k e l l i (1970b) found a 
sli g h t but not si g n i f i c a n t decrease i n apparent surv i v a l rate of 
Dunlins i n Finland between one and two years after ringing before an 
increase i n rate i n l a t e r years, and remarked on the apparent tendency 
for survival rate to increase s l i g h t l y with age. Grosskopf (1959), 
studying Redshanks Tvinga totanus ringed at adults at a German breeding 
colony, found that the apparent surv i v a l rate increased i n successive 
years and argued that the adult death-rate decreased with age from 
30%, through 23% to 18% i n the three years. Boyd (1962) pointed out, 
however, that the apparent increase i n survival could also be due to 
an increasing tendency to return to the same breeding place with 
experience i n breeding. Kortlandt (1942) found progressivly increasing 
annual surv i v a l i n f i r s t - y e a r , second-year, third-year and adult 
Cormorants Phataovooovax oarbo in the Netherlands. Boyd (1962) found 
indications that the survival of Avocets Recurvirostra avosetta was 
lower i n the fourth and f i f t h years (48-56%) than i n the second and 
third (67%) and suggested that this may r e s u l t from an increase i n 
mortality at f i r s t breeding at three years old. However, the apparent 
difference i n t h i s case may also have arisen from ring l o s s , which was 
a serious problem with the aluminium rings used i n these e a r l i e r studies 
and remains so, for some species at l e a s t , even with the newer, harder 
metal substitutes (e.g. Harris 1980, Clapham 1978). This i s presumably 
at l e a s t a contributory reason for the low apparent surv i v a l rates 
calculated by Boyd (1962) and similar studies based on ringing returns 
compared with detailed studies of returns to a study s i t e (see 
Grosskopf 1964, S o i k e l l i 1970b, Harris 1980). For Ringed Plovers, 
Boyd calculated an adult s u r v i v a l of only 58% using ringing r e s u l t s 
compared with 80-90% in the present study. Laven (1940) i n a study at 
one s i t e i n N. Germany also calculated a low annual survival rate of 
59%, but Grosskopf (1964) estimated 70-75%. Sim i l a r l y studies of 
return to breeding s i t e of Dunlins have given annual surv i v a l rates of 
75% and 71% compared with 61% and 62% from ringing recoveries ( S o i k e l l i 
1970b, also c i t i n g Martin-Lof 1955, Boyd 1962, Holmes 1965). For 



Oystercatchers, intensive studies of returns of birds have given 
annual survivals of 93%(Grosskopf 1964) and 89% (Harris 1967),while 
Boyd's (1962) estimate using ringing recoveries was only 71%. Sur­
v i v a l rates and populations dynamics of Ringed Plovers are considered 
further i n Paper 4. 



258 

SUMMARY 

The food, foraging behaviour, growth and survival of Ringed Plover 
chicks were studied i n 1974 at Mestersvig, NE Greenland, and from 1973 
to 1976 at Lindisfarne, NE England, Post-fledging s u r v i v a l , dispersal 
and recruitment were also investigated for the Lindisfarne population. 

Growth rates were similar i n both study areas and comparable to 
those reported from other s i t e s . A diurnal rhythm i n feeding a c t i v i t y 
was more evident i n the Arc t i c than at temperate latitudes despite 
continuous daylight i n the former area. This was correlated with low 
nocturnal temperatures and prey a v a i l a b i l i t y . Brooding decreased 
progressively during the pre-fledging period; the relationship of brood­
ing period to age, environmental conditions and area were investigated. 

Small Diptera were the main prey both i n the tundra study area i n 
Greenland and on the sea-shore at Lindisfarne, where sandhoppers and 
some i n t e r t i d a l invertebrates also were taken. Food intake rate 
increased with age. Estimates of minimum c a l o r i f i c intake i n r e l a t i o n 
to age are presented for birds at Mestersvig. Detailed changes i n for­
aging behaviour with age and environmental conditions at Lindisfarne 
are described. 

Survival from hatching to fledging varied between 40% and 60% i n 
different areas and years, and at lea s t 59% of birds survived from 
fledging to about one year old. Minimum survival from one to two years 
old was only 57% but year to year s u r v i v a l of older birds was higher, 
that of breeding adults being at l e a s t 80%, Most birds returned to the 
breeding area and attempted to breed when one year old. The extent of 
dispersal from Lindisfarne, and the wintering areas of the Lindisfarne-
breeding birds are investigated. 

I t i s concluded that food supply did not li m i t growth or chick 
survival i n either study area. The appropriateness of adaptations of 
Ringed Plover feeding and brooding behaviour for a r c t i c and temperate 
nesting are discussed. Food a v a i l a b i l i t y and foraging a b i l i t y may i n f l u ­
ence survival of young i n l a t e r autumn and winter. The alternative 
strategies of residency and migration are discussed i n r e l a t i o n to L i n d i s ­
farne Ringed Plovers, as are the age-related variations i n survival r a t e s . 
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Paper 4° Aspects of the breeding biology and population dynamics 
of two populations of Ringed Plovers Ckgrcxdrius hiatiaulg 

j n B r i t a i n and Greenland 

INTRODUCTION 

The Ringed Plover i s a small shorebird breeding over a wide range 
of latitudes ( F i g 0 1) from north Greenland (where i t i s the commonest 
wader i n many areas, e.g 0 Salomonsen 1950, Larson 1960, Meltofte 1975,, 
Green 1978 - to the shores of B r i t a i n and adjacent parts of the western 
European mainland ( e 0 g a Voous 1960) 0 The range spreads from across the 
whole of the northern USSR to W. Greenland and the Canadian a r c t i c 
archipelago, where the species i s replaced by the Semipalmated Plover 
C. semipalmatus, sometimes considered to be conspecific (see Smith 
1969), and which i s also the commonest breeding wader i n some areas 
(Sutton & Parmelee 1955) „ 

In the northern parts of the breeding range the birds nest both 
inland and near the coast on barren land, such as stony ground and 
r i v e r gravels. At lower latitudes such habitats are generally r e s t r i c ­
ted to the coast and i n B r i t a i n the species i s mainly a coastal n e s t e r 0 

Concern has been expressed i n recent years that a decrease may have 
occurred since the 1940's i n the numbers and range of Ringed Plovers 
breeding i n B r i t a i n , apparently due to increased himan disturbance of 
the coasts (see Parslow 1967, Prater 1976) 0 

Ecology, behaviour and d i s t r i b u t i o n of Ringed Plovers outside the 
breeding season have been considered by Pienkowski (1980) and i n Papers 
1 & 2. Many aspects of the breeding behaviour and nesting of Ringed 
Plovers and the other small European plovers have been described prev­
iously, notably by Laven (1940), Edwards, Hosking & Smith (1947), Mason 
(1947), Simmons (1953, 1955, 1956), S l u i t e r s (1954), Rittinghaus (1956), 
Walters (1957) and Glutz et al. (1975). However, studies on the a r c t i c 
breeding grounds, which form most of their range, are lacking and, i n 
B r i t a i n , no intensive study has been published since concern was expres­
sed about their possible decline. 
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.The present paper summarizes information on the nesting of Ringed 
Plovers at the Lindisfarne National Nature Reserve, Northumberland, i n 
the southern part of the breeding range^ and compares t h i s with the 
situation i n Scoresby Land, NE Greenland, well to the north. Together 
with information on the l a t e r stages of the breeding season and sub­
sequent s u r v i v a l of young (already presented i n Paper 3), the timing 
of breeding, population dynamics and breeding d i s t r i b u t i o n are discussed. 

STUDY AREAS 

Scoresby Land 
Observations were made near Mestersvig Government Station, 

Scoresby Land, NE Greenland (72° 14' N, 23° 55* W) during the Joint 
Biological Expedition to North East Greenland 1974 from 25 June, at 
which time the birds were taking up t e r r i t o r y and.laying, to 16 August, 
shortly after the f i r s t young had fledged. The 1974 season was excep­
t i o n a l l y l a t e and some additional l e s s detailed information from other 
valle y s i n Scoresby Land (where times of breeding differed - Green, 
Greenwood & Lloyd 1977), obtained by other members of the Expedition, 
are also incorporated« 

The detailed study area around Mestersvig station ( F i g s . 1, 2) 
was mainly 'river-bed' shingle and sparse tundra heath ( i . e . 30-60% 
cover by vascular plants; organic crust of lichen covering ground bet­
ween heath plants; some disturbance by fr o s t heaving - see Green et al. 
1978, Green 1978). During the study period, snow cover progressively 
decreased from greater than 90% on 25 June to about 60% on 6 July and 
to less than 10% by late July. Generally a damp zone existed i n the 
l a t e s t areas from which enow had melted and also i n small pools and 
streams. The shore of the small i n l e t , Noret, was i c e covered u n t i l 
mid-July, after which melt run-off and s l i g h t t i d a l movement gave r i s e 
to a damp zone there a l s o . Certain other areas v i s i t e d i n NE Greenland 
had more vegetation cover but Ringed Plovers tended to occupy the more 
barren areas (see Green 1978, Ferns 1978). 

Nor thumb ex 1 and 
Studies at Lindisfarne National Nature Reserve (55° 40' N, 1° 50' W) 

and adjacent parts of the Northumberland coast (Figs. 1 & 3) took place 
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i n 1974- ( u n t i l mid-June), 1975 and 1976, 

At Lindisfarne the Ringed Plovers nest on the shore and i n sand 
dunes, gravel f l a t s or occasionally on f i e l d s immediately adjacent to 
the shore. Most nests are close to i n t e r t i d a l areas, where much of the 
feeding takes place, although some birds nesting on sea beaches (e.g. 
Ross Back Sands) may move to the sheltered sand and mud-flats to feed,, 

METHODS 

Bird d i s t r i b u t i o n , t e r r i t o r i e s and, where possible, feeding 
locations were mapped using observations of bird behaviour, made with 
a tripod-mounted 15-60 x telescope and 10x50 or 11x50 binoculars. 
Nests were found by searching suitable habitat i n the t e r r i t o r i e s or 
watching the birds' return from a concealed or distant viewpoint. The 
fates of nests were determined by regular checks and searches were 
made for indications of causes of loss i n unsuccessful cases. I t i s 
possible that tracks and a c t i v i t i e s of observers and other persons i n 
the area increased the predation rate on nests at Mestersvig (cf W i l l i s 
1973, Picozzi 1975). At Lindisfarne, i t i s unlikely that t h i s had an 
effect, as observer a c t i v i t y formed only a small proportion of human 
a c t i v i t y i n the area 0 To check on t h i s , in 1976, a number of nests 
were inspected for much of the time only from a distance (by telescope) 
rather than by close approach. Predation on these nests did not d i f f e r 
from that on nests inspected closely. 

Because of the d i f f i c u l t i e s i n detecting nests on the date of 
laying of the f i r s t egg and the consequent over-estimation of survival 
rates,nesting success was calculated by Mayfield's (1961, 1975) 
'exposure' method. This uses the f i e l d data to estimate the probab­
i l i t y of a clutch being l o s t , by dividing the number of unsuccessful 
nests by the number of nest-days of observation. The estimated s u r v i ­
v a l rate of a nest, from the laying of the f i r s t egg to hatching, i s 
the d a i l y chance of sur v i v a l raised to the power df where d i s the 
number of days i n t h i s period. The method assumes that the chance of 
loss does not vary systematically through the laying and incubation 
period} checks on my data indicate t h i s to be approximately true, 
apart from seasonal effects considered l a t e r . The only situations i n 
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which.observations were detailed enough to allow: approximate estimates 
of nest survival from 1st egg to hatching by the 'conventional' 
method were at the Nortfr Shore i n 1975 and 1976* 242 and 3% respect­
i v e l y (based on samples of nests of 29 and 30 respectively)„ These 
compare with 13% and 1% calculated by Mayfield's method. As expected, 
the 'conventional' estimates are higher because, even i n the detailed 
study areas, some nests were not found u n t i l after the clutches had 
been lo s t (and others were probably not found at a l l ) . I n other areas, 
because of l e s s complete coverage and consequent biases i n the conven­
tional method, Mayfield's Cethod i s the only practicable one and t h i s 
i s used throughout t h i s paper for data gathered i n the present study 
and, where possible, from other sources. 

The B r i t i s h Trust for Ornithology's Nest Record Cards for Ringed 
Plovers were also examined i n an attempt to investigate egg production 
and nesting success i n other s i t e s . Unfortunately, serious d i f f i c u l t i e s 
in their use gradually became apparent. F i r s t , a large number of si n g l e -
v i s i t cards had to be ignored because they could not be used i n estima­
ting hatching success nor even clutch s i z e . Second, many cards covered 
periods at unknown stages of incubation and the i r use, even for calcu­
lat i n g mean clutch s i z e , was dubious because of the uncertainty of prev­
ious losses of one or more eggs. Third, coverage through the breeding 
season i s very uneven, often becoming non-existent at many s i t e s l a t e r 
in the seaspn a This i s apparent from notes and dates of checks on some 
of the cards themselves and i s reflected i n the early end to the season 
indicated by these data (see F i g . 4 ) . Fourth, and most serious, i n a 
very large number of cases, the outcome of the nest was unknown, making 
estimates of survival rate by any method impossible. Disregard of such 
cases - which were t y p i c a l l y a majority of cards for any region or year -
could have introduced large and unknown biases. I t i s not clear how 
Prater (1974) dealt with such cards, as the method of analysis that he 
used, developed by D.I. Sales, has not yet been published. I i n v e s t i ­
gated the p o s s i b i l i t y of r e s t r i c t i n g analysis to cards from certain 
s i t e s , such as bird observatories and nature reserves, but i t soon be­
came clear that some biases applied here also. Thus, although nest 
record cards, as gathered by the current system, may be valuable for 
examining the breeding biology of, e.g. summer-visiting songbirds with 
a r e s t r i c t e d breeding season and nidicolous young, their use for species 
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with a protracted season and, p a r t i c u l a r l y , nidifugous chicks seems 
to be very limited. Instead of using the Nest Record Cards, therefore, 
some comparative information from other areas was obtained by corres­
pondence with p a r t i c u l a r f i e l d workers who are acknowledged i n the text. 

Incubation schedules were monitored by watches at the nest from 
a hide placed nearby. I n Greenland, these watches usually covered 24h 
periods, the hours 2400 to 0600 and 1200 to 1800 generally being covered 
by myself and 0600 to 1200 and 1800 to 2400 by another observer, 
generally D.I. North. Time of day i s given as GMT (which i s used 
l o c a l l y , although solar midnight occurs at 0136). At this time of year 
the sun did not drop below the horizon, although i t was lower i n the 
sky (and i n some situations was hidden by h i l l s ) around midnight so 
that 'nights' tended to be considerably cooler than 'days' (Paper 3 ) . 
At Lindisfarne, only one observer was normally available and watches' 
covered either the whole or most of the daylight period. Although at 
t h i s latitude i n summer the short nights are not very dark, i t was 
not usually possible to see the incubating bird throughout the night. 
Some extra observations made by Miss S, Dick, Miss S. Jones, Miss S. 
Parkinson, F. Purnell and P. Snell , during undergraduate projects under 
my direction, are also u t i l i s e d . Times were recorded as B r i t i s h 
Summer (or Standard) Time, solar midnight occurring at about 0108, so 
that times i n the two areas are roughly comparable. 

Attempts were made to locate feeding areas of nesting birds, to 
measure time spent feeding and feeding rates and to identify prey, as 
described i n Papers 1 to 3. Seasonal fluctuations i n ' t e r r e s t r i a l ' 
( i . e . not i n t e r - t i d a l ) prey abundance were monitored by p i t f a l l traps 
(Appendix 5 and Greenwood 1978). 

During each observation period, note was kept of weather conditions, 
including a i r temperature at ground l e v e l , wind force and direction, and 
r a i n f a l l . In Greenland, these were supplemented by records at the 
meteorological station, which was within the study area. I n both study 
areas, as many birds as possible were marked with combinations of colour 
rings unique to each individual. 

RESULTS 

T e r r i t o r i a l establishment and egg-laying 
Numerous Ringed Plovers were making stiff-winged ("butterfly") 

song f l i g h t s over the areas clear of snow when the expedition arrived 
at Mestersvig on 25 June and these areas were the only ones where 

t e r r i t o r i e s were established (Fig. 2 ) . I n other l o c a l i t i e s , notably 
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parts of the Nyhavn and Labben H i l l s , p a i r s established t e r r i t o r i e s on 
snow-free patches of tundra but l a t e r deserted thea, p o s s i b l y when 
f u r t h e r snow clearance f a i l e d t o r e v e a l unyegetated areas, which 
Ringed Plovers always used f o r n e s t i n g . These p a i r s may l a t e r have 
established t e r r i t o r i e s i n more s u i t a b l e areas but t h i s seems u n l i k e l y , 
at l e a s t i n the Mestersvig area; no t e r r i t o r i e s were established l a t e 
i n the r e g u l a r l y censused area and i t i s u n l i k e l y t h a t s u f f i c i e n t time 
f o r i n c u b a t i o n and growth of young would remain f o r b i r d s beginning to 
lay a f t e r e a r l y J u l y . Many areas o f f e r i n g , a f t e r snow melt, apparently 
s u i t a b l e n e s t i n g s i t e s remained u n u t i l i s e d because snow clearance came 
too l a t e (although some were used f o r r e a r i n g the young - see Paper 3 ) . 
I n some gravel areas, p a r t i c u l a r l y i n "Lemming V a l l e y " , f a i r l y dense 
aggregations of p a i r s appeared t o be t r y i n g t o e s t a b l i s h t e r r i t o r i e s as 
the snow began t o c l e a r i n l a t e June and e a r l y J u l y . By mid-July many 
of these defended areas were deserted: the remaining t e r r i t o r i e s appa­
r e n t l y enlarged t o f i l l the space. The average s i z e of 30 defended 
t e r r i t o r i e s at Mestersvig was about 20 ha, although the p a i r s were 
g e n e r a l l y widely spaced and disputes i n f r e q u e n t once t e r r i t o r i e s had 
been es t a b l i s h e d , so t h a t boundaries were very d i f f u s e . 

During the period of t e r r i t o r y establishment at Mestersvig b i r d s 
appeared t o feed both on the defended t e r r i t o r y and i n n e u t r a l areas. 
These undefended areas included a s t r i p of marsh land and extensive 
melt water pools i n the low ground beside the road between Mestersvig 
and Nyhavn. Such areas d i d not provide s u i t a b l e n e s t i n g s i t e s f o r 
Ringed Plovers and the b i r d s d i d not attempt t o defend them. The 
b i r d s fed on both wet and dry areas but d i d not o f t e n wade i n pools. 
As w i t h other waders, the wet areas l e f t by r e t r e a t i n g snow cover was 
a favoured feeding h a b i t a t . Foraging was almost e n t i r e l y by the 
t y p i c a l plover "run-stop-peck" method, prey u s u a l l y being taken from 
the surface of the v e g e t a t i o n and of the substrate; shallow probing 
was i n f r e q u e n t . Prey comprised a v a r i e t y of i n v e r t e b r a t e s , p a r t i c u ­
l a r l y d i p t e r a n l a r v a e and - as soon as they were a v a i l a b l e - a d u l t s , 
some l a r g e r larvae, and spiders (see Paper 3 ) . 

I n a l l areas the b i r d s nested on bare ground i n shallow scrapes, 
u n l i n e d or sparsely l i n e d w i t h small stones, e t c . At Mestersvig, egg 
l a y i n g followed soon a f t e r snow clearance and t e r r i t o r y establishment 
( F i g s . 4, 5 ) . The l a y i n g dates of the f i r s t eggs of seven nests i n 
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Scoresby Land 1 

(Mestersvig hatched) 

Karents So'-t 
Lapland 

N. Gulf of Bothnia 2 

B a l t i c Sea 2 

S. Scandmavia 

Iceland 1972 3 

South U i s t 4 

L i n d i s f a r n e 1975 5 

L i n d i s f a r n e 197b 5 

B r i t i s h I s l e s 2 

(Museum) 

B r i t i s h I s l e s (NRC)3 

N. I s l e s 6 

W. I s l e s 6 

NW Scotland 6 

NE Scotland 6 

SW Scotland 6 

SE Scotland 6 

NE England D 

England, 6 

I r i s h Sea Coast 

E. England b 

S. England 6 

I r e l a n d 

6 
I • - .J 1 ' X t 

1 1 1 1 

' M A R C H ' A P R I L ' MAY ' J U N E J U L Y 

Figure 4. D i s t r i b u t i o n of dates of l a y i n g the f i r s t egg of Ringed Plover 
clutches i n various areas. 

Sources: 'Green at al. (1977) & present study; 2Vaisanen (1977); 3Prater 
(1974); H/ilson (1978); 5Present study; 6 B r i t i s h Trust f o r Ornithology 
Nest Record Cards. 
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the Mestersvig area were estimated to be between 2 2 June and 1 July, 
with both e a r l i e r and s l i g h t l y l a t e r dates being recorded i n other 
areas in Scoresby Land i n the same year (Fig , 4 ) , E g g s were l a i d at 
approximately 1 day i n t e r v a l s , the clutch s i z e at Mestersvig being 4 
(11 cases) or 3 eggs ( 2 ) and i n a l l areas i n Scoresby Land 4(19) or 
3(3 ) , mean 3.86 (Green, Greenwood & Lloyd 1977, 1978; present study). 

At Lindisfarne, t e r r i t o r y establishment was a much more gradual 
process. Some birds stayed at Lindisfarne throughout the year, whereas 
others dispersed or migrated r e l a t i v e l y short distances and returned 
from February onwards (Paper 3 ) . Such birds t y p i c a l l y joined the winter 
feeding flock on the i n t e r t i d a l f l a t s and gradually spent increasing 
proportions of the day (both feeding and roosting) on t e r r i t o r i e s from 
February onwards, most taking up permanent residence i n March or A p r i l 
( F i g . 5 ) . 

Because birds nesting on the North Shore fed mainly on t e r r i t o r y 
or to a l e s s e r extent at nearby accessible communal feeding areas, i t 
was possible to assess the amount of time spent feeding. For example, 
values for females on the North Shore on two days i n late A p r i l before 
commencing nesting were 49% and 61% of the daylight hours spent feed­
ing with probably v i r t u a l l y no feeding at night. Many casual obser-
vations also indicated that much of the available feeding time was not 
used and that the above values were f a i r l y t y p i c a l . Later i n the sea­
son, during incubation, the maximum possible feeding time averaged, of 
course, 50% but non-incubating birds were seen to spend much of t h e i r 
time resting, preening, bathing, etc. 

T e r r i t o r i e s were established around much of the shore of the 
Reserve ( F i g . 3), the main exceptions being steep rocky shores or s i t e s 
where mudflats and Spca>tina marshes reached the high water mark, leav­
ing no gravel or sand area above the i n t e r t i d a l . Some areas, notably 
the North Shore of Eoly Island Snook, Tealhole and the Guile Point 
area, seemed to hold t e r r i t o r i e s of approximately constant s i z e and 
position i n each year. In these areas returning birds often took up 
the same t e r r i t o r y as i n previous years (Paper 3 ) . I n other areas, 
Viz*parts of Goswick, the Sand Rig, Old Law and Ross Back Sands, the 
locations of t e r r i t o r i e s varied more between years, possibly because 
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these beaches were more subject to changes in configuration by winter 
storms and by wind-blown sand at a l l times of year* These were also 
the areas where l e s s feeding was generally done on t e r r i t o r y (see 
below). Birds returning i n successive years tended to return to the 
same general area, rather than to a pa r t i c u l a r t e r r i t o r y (Paper 3 ) . 
In extreme cases, e.g. part of the Elwick shore, over-winter changes 
in surface substrate appeared to make areas suitable for nesting i n 
some years with high shores and some gravel expanses but unsuitable i n 
others when shore l e v e l was lowered or gravel covered. 

I n a l l years at Lindisfarne, one or two pairs began to es t a b l i s h 
t e r r i t o r i e s on the eastern end of the North Shore, but abandoned these 
without nesting by mid-May. This appeared to be associated with the 
increasing use of t h i s shore (which i s close to a car park and access 
point) by humans at t h i s time of year. 

Territory sizes at Lindisfarne varied greatly but were generally 
far smaller than i n Greenland. On the North Shore, t e r r i t o r i e s as small 
as about 0.3 ha were well defined (sometimes even by footprints l e f t by 
opposing males walking p a r a l l e l up and down the shore); whereas, at 
Ross and Goswick, more diffuse t e r r i t o r i e s of over 10 ha were common. 
I n the terneries at Black Law, in the Lindisfarne Reserve, and at 
Aberlady Bay, East Lothian, they were probably even smaller than on the 
North Shore. At Lindisfarne, t e r r i t o r i a l a c t i v i t y was maintained 
throughout the breeding season, presumably a r e s u l t of the small, t i g h t l y 
packed t e r r i t o r i e s and the frequently repeated nesting attempts (see 
below). Territory s i z e s previously reported for Ringed Plovers also 
range widely i n different areas from about 0.06 ha i n a closely packed 
group nesting i n a tern colony i n Co. Dublin (Mason 1947) to other 
large t e r r i t o r i e s i n Greenland (e.g. Meltofte 1979). 

Laying dates of f i r s t eggs spread over several months (F i g . 4 ) . 
The suggested b i - or t r i - modality at Lindisfarne i s known not to be 
due to renesting after a successful brood as there was only one case 
of t h i s i n each year. I t a r i s e s instead from a certain degree of 
synchrony i n the dates of predation of clutches, leading to some 
synchrony i n laying of replacement clutches (see also below). Prater 
(1974) used the bimodality i n the d i s t r i b u t i o n of fi r s t - e g g dates of 
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BTQ Nest Record Cards as. * evidence for double brooding, Reanalysis of 
the Nest Record Cards ( F i g . 4) indicates that, the'wide spread of f i r s t 
egg dates occurs throughput the B r i t i s h I s l e s (early dates are probably 
f a i r l y r e l i a b l e but the end of season data probably not « see Methods), 
As found by Prater (1974), there are some indications that the e a r l i e s t 
s t a r t to the season occurs i n Ireland, generally followed by I r i s h Sea 
coasts and much of England, with the l a t e s t i n northern Scotland (but 
t h i s may be due to lack of observer coverage before the t o u r i s t season 
the r e ) . At more northerly s i t e s laying commences progressively l a t e r , 
as found by Vaisanen (1977) whose r e s u l t s are also summarized i n Figure 4. 
F i r s t laying dates i n Iceland and S. Scandinavia were somewhat l a t e r 
than the B r i t i s h I s l e s and considerably e a r l i e r than N. Scandinavia and 
Greenland. (The data for the end of the season in Iceland i s incomplete 
because of a change i n work-pattern of the observers there.) Laying 
dates on the Taimyr Peninsula (Krechmar 1966) appear to be f a i r l y 
s i m ilar to those i n NE Greenland. 

Some information on laying intervals was obtained on the North 
Shore of Holy Island but t h i s was limited because the frequency of nest 
v i s i t s was deliberately r e s t r i c t e d to minimize the chance of attracting 
predators. Seventeen estimated in t e r v a l s between egg-laying ranged 
from 1 to 3 days and averaged about l£ days. Prater (1974) estimated 
s l i g h t l y longer mean int e r v a l s of 1.74, 1.66 and 1.99 for the 3 i n t e r -
egg in t e r v a l s respectively. 

The mean clutch s i z e (3.84, Table 1) was similar to the 3.86 found 
both in Greenland and i n north Finland (Vaisainen 1969) and marginally 
higher than the 3.79 from B r i t i s h Nest Record Cards (Prater 1974) which 
may be biased by early losses of eggs and inclusion of incomplete clutches. 
One apparent case of a complete clutch of two eggs at Lindisfarne may 
possibly have been a case of very early loss of one or more eggs. One 
case of 5 eggs was observed but the laying frequency and birds respon­
s i b l e were not observed. The clutch was incubated for at leas t 40 days 
without hatching (the mean incubation period i s 23.5 days - see below). 

Incubation 
Both sexes incubate, generally sharing the time f a i r l y equally 

(Table 2), although there i s some v a r i a t i o n . Some of t h i s may be an 
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a r t i f a c t of observations, usually limited to 24b. or l e s s . Various 
authors (e.g. Walters 1957 for Kentish Plover Chopadrius• alexandrinus) 
have suggested that i n some species there may be a regular diurnal 
pattern i n the schedule of incubation of the two sexes» Although t h i s 
appeared to be so for the Ringed Plover on some days, there seemed to 
be no consistent pattern within or between pairs and the suggested 
regularity at times may have resulted simply from the long incubation 
sessions i n some s i t e s (see below). There was no evidence that the 
female alone incubated at night, although the sex of the Lindisfarne 
birds could not be determined i n darkness. 

o 

Incubation s t i n t s ( i . e . the period between r e l i e f s for which an 
individual was i n attendence at the nest, including brief interruptions) 
were very variable i n duration and no difference between the sexes was 
apparent. Variations with stage of incubation were d i f f i c u l t to assess, 
p a r t i c u l a r l y at Lindisfarne, because of the high probability that any 
given nest under observation would not survive long, but l i t t l e system­
a t i c change was apparent, possibly except a decrease i n duration of each 
s t i n t as a c t i v i t y increased around hatching time. Incubation s t i n t s 
tended to be longer i n Greenland than at most of the Lindisfarne nests 
watched, except at the sea-beach at Old Law. On the basis of more 
casual observations, incidental to other a c t i v i t i e s such as catching, 
the longer s t i n t s are thought to be t y p i c a l of t h i s area and of Ross 
Back Sands. I n common with the s i t u a t i o n at Mestersvig, Ringed Plovers 
nesting on the sea-beaches of Old Law and Ross Back Sands generally move 
some distance to feed rather than doing so on t e r r i t o r y and longer feed­
ing periods are probably more e f f i c i e n t as distance to feeding grounds 
increases (cf Brown 1975, Brooke 1978). 

During incubation at Mestersvig, apart from b r i e f periods during 
change-over of incubating birds and during disturbance, most feeding 
took place well away from the nest. Colour-ringed birds were seen 
feeding over 3 km from t h e i r t e r r i t o r y . This may have been a r e s u l t of 
the rapid l o c a l variations i n prey density and a v a i l a b i l i t y (see 
Greenwood 1974, 1978). Observed prey included various invertebrates, 
with spiders and adult Diptera most important„ Adult and larval- L e p i -
doptera were also observed as prey (Paper 3 ) . As indicated above, at 
Lindisfarne the extent of feeding within the t e r r i t o r y varied somewhat. 
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On the North Shore, moat feeding took, place on t e r r i t o r y with some 
additional feeding, at times in flocks, on f l a t s away from defended 
t e r r i t o r i e s ( Fig. 3)© Birds from Ross Back Sands and the seaward beach 
of Old Law appeared to obtain most of t h e i r food on the i n t e r t i d a l 
f l a t s on Budle Bay or west of Old Law away from the t e r r i t o r y 0 Later 
in the season, however, family parties obtained most of their food i n 
the area of the t e r r i t o r y , at least i n i t i a l l y , although some of the 
sea beach nesting birds l a t e r took their broods to the f l a t s of Budle 
Bay or through Wideopens (Paper 3 ) . Prey identified during observations 
on feeding i s summarized i n Appendix 1, 

Generally the clutch was incubated for more than 90% of each day, 
but possibly le s s i n the f i r s t days of incubation and at times j u s t 
before hatching ? 

One incubation was abnormal i n that the male took almost no part 
in ito This was the f i f t h nesting attempt by pair E on the North Shore 
i n 1975, the f i r s t four having been unsuccessful (see F i g . 5 ) . Up to 
and including the fourth nest, which was l o s t topredation at around 
the expected date of hatching at the end of June, both birds shared 
incubation normally„ The male had started wing-moult by early July,, 
(The starting of wing-moult by incubating birds i n July i s f a i r l y common.) 
The birds displayed and made preliminary scrapes normally i n the f i r s t 
few days of July, and the f i r s t egg of the f i f t h clutch was found on 9 
J u l y 0 By 13 July there were 3 eggs and incubation started, probably 
on that day. Observations during incubation are summarized in Table 3. 
The incubation period was abnormally long: 35 days to the hatching of 
the f i r s t young and the hatching was prolonged and asynchronous. The 
female was unable to both incubate eggs and brood young which had l e f t 
the nest scrape. Detailed observations had to be stopped shortly after 
hatching and the young did not survive u n t i l the next check about a 
week l a t e r . 

The percentage of time the eggs were incubated by th i s female 
alone (probably about 80%) i s rather similar to that of some a r c t i c 
wader species i n which normally only one adult incubates, i n contrast 
to the > 90% t y p i c a l of 2-parent incubation, as are the frequent 
feeding excursions from the nest (Norton 1972, Pienkowski & Green 1976). 
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TABLE 3. INCUBATION AT NESTS OF TERRITORY E, NORTH SHORE, 1975 

Date Observation 
period 

% time 
incubation 
by female* 

13 July 1005 - 1556 71% 

20 July 1040 - 2150 54% 

27 July 1049 - 2151 77% 

3 August 1012 - 1902 71% 

% time no 
incubation 

26% 

41% 

23% 

29%. 

Duration (min) 
of incubation 
sessions: 
mean s.d.(n) 

2Z.3 16.3(12) 

51.6 61.4( 7) 

20.3 34.7(25) 

15.1 12.9(25) 

Notes 

Male continues terr i torial behaviour 
and occasionally runs towards nest as 
i f to incubate but stops short. Male 
has dropped f i rs t 2-3 inner primaries 
and replacements are well grown. 

Male behaves as above, additionally 
incubating once for 36 min. at most. 
Female off nest for one long period in 
afternoon as well as several shorter 
ones. 

Male s t i l l defends territory but does 
not show any signs of incubation or 
approaches to nest. Female leaves 
nest frequently to feed, chase intruders 
or to avoid people. 

Female has dropped f i r s t 1-2 inner 
feathers. Male s t i l l defending 
territory. 

4 August to 17 August only female seen incubating during frequent checks 

12 August f i rs t egg 's tars ' 

13 August a l l eggs starred 

1 4 - 1 7 August slow progress towards hatching by chicks 

17 August 1243 - 1813 78% . 22% 18.4 15.1(14) Male s t i l l present but shewing l i t t l e 
terr i tor ial activity and for a time 
associated with flock of non-breeding 
birds which spends some time nearby. 
1 egg hatches late on 17 August. 

18 August Male s t i l l present but shows no interest in brooding chick even when this attempts brood 
with him. Female broods young but only occasionally spends brief times on nest. Second 
young hatches later that day; third not at al l despite being well advanced in hatching. 

*These estimates are probably too low for the total proportion of the day spent incubating as the female 
spent more time off the nest feeding, etc. during the day than late in the evening, and presumably even 
less at night. 
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Slngle^-adult incubation .probably increases the conapicuousriess of the 
nest to predators by v i r t u e of the increased movements to and from the 
nest (see Pienkowskl & Green,1976; eontva Pitelka,..,Holmes & MacLean 
1974). Cl e a r l y , i n the Ringed Plover^ neither the parents nor the 
eggs are adapted to singles-adult incubation, which i n t h i s case resulted 
from the male's desertion presumably because of a change i n hormonal 
condition towards the end of the breeding season. The female did not 
appear the following year and had presumably died i n the intervale The 
male occupied the same t e r r i t o r y i n 1976. 

One incubation period in Greenland was measured as 25-26 days a 

At Lindisfarne, four incubation periods were measured as 23 days' and 
four as 24 days (mean 23.5) and the one exceptional case of 35 days 
(making the overall mean 2 4 B 8 ) 0 The mean incubation period i s similar 
to the 22-25 days reported by Bent (1929), 24 of Witherby et aU (1940) 
and 24.0 of Prater (1974). After allowing for the laying period and 
for the asynchrony of hatching, t h i s gives a t o t a l period i n the nest 
of about 29 days, and t h i s figure i s used below. 

The birds l e f t the nest to perform d i s t r a c t i o n displays i f people 
and probably other ground predators approached. The reaction to poten­
t i a l a e r i a l predators (notably Long-tailed Skuas SterooTcwius longicaudus, 
Raven Covvus ooraoc and Glaucous Gulls Lams hyperboreus at Mestersvig; 
Carrion Crows Corvus aovone, Kestrels FaToo tinnurieulus and various 
gulls at Lindisfarne) varied. Usually the birds sat s t i l l , relying 
on camouflage, although occasionally the predators were mobbed, espec­
i a l l y i n higher-density nesting areas. Generally the reaction to pred­
ators, and the inte n s i t y and development of d i s t r a c t i o n displays, 
increased markedly j u s t before the eggs hatched to a l e v e l t y p i c a l of 
that of birds with youngo The frequencies of disturbance from the nest 
by humans (which tended to be the most frequent cause observed) varied 
greatly between sites„ At Mestersvig, the 6 hourly changes of observer 
and occasional movements by the observer were ofteii the only human 
disturbances occurring. This was also true on some occasions at Old 
Law, Elwick and Tealhole, but on the Snook disturbance was much more 
intense especially at weekends and holidays when ten disturbances per 
hour during daylight were not uncommon. 
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Eirds at bottLUestersvig .and Lindisfarne also occasionally l e f t 
the neat to chase intruders, usually of the same species. Both sexes 
were involved i n agonistic and anti-predator behaviour. There were 
some indications that males were more involved i n agonistic exchanges 
when both birds were available to do t h i s but t h i s was more obvious 
both e a r l i e r , during t e r r i t o r y establishment, and l a t e r , when with young. 

Nesting success and f a i l u r e and relayings 
The nesting successes of Ringed Plovers i n the present study and 

i n other detailed studies are summarized i n Table 4, which shows marked 
differences between s i t e s and at the same s i t e i n different years. 
These differences are, i n the main, s t a t i s t i c a l l y s i g n i f i c a n t (e,g 0 

Table 5 ) , Further analyses (Tables 6-8) also demonstrate a seasonal 
difference i n nesting success at Lindisfarne with early nests generally 
more l i k e l y to f a i l . Similar effects were also shown at some other 
s i t e s . 

Predators were the suspected cause of a l l nest losses at Mesters­
vi g , A r c t i c Fox Alopex lagopus d e f i n i t e l y being the agent i n one case. 
Other potential predators were Stoat Mustela erminea, Long-tailed Skua, 
Glaucous Gull and Raven, One case of a Musk Ox Ovibus mosohatus kicking 
an egg from a scrape and causing i t to crack was suspected i n one 
Greenland study area, and Musk Oxen did appear to be a potential danger 
to eggs at Mestersvig early i n the season, as both species made use of 
the few areas clear of snow, A r c t i c Hares Lepus arotious are suspected 
of damaging a clutch at Danmarkshavn (Meltofte 1979), As discussed i n 
Paper 3, rates of predation on wader eggs and young at Mestersvig were 
probably higher than i s ty p i c a l for NE Greenland because of the higher 
density of predators around the station where they were sustained by 
scavenging from t i p s , etc. The values from Danmarkshavn and Baffinland 
(Table 4) may be more r e a l i s t i c , and Jehl (1971) also found higher 
hatching success (176 eggs hatched/219 eggs found - 80%) i n Semipalmated 
Plovers at Chu r c h i l l , Manitoba in 1964-67. 

Causes of loss of whole clutches at Lindisfarne and St, Cyrus are 
summarized i n Table 9. A few cases of flooding by spring tides (prob­
ably a l l those occurring being detected) were recorded i n a l l situations; 
covering by blown sand may have been s l i g h t l y more frequent than the 
identified cases indicate. A f a i r l y wide range of predators were 
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TABLE 5. COMPARISON OF NEST LOSSES BETWEEN AREAS OF LINDISFARNE NNR 
1976 

Days 
w i t h o u t 
l o s s 

L o s s 
days 

T o t a l L o s s e s / 
day 

Ross & Old Law 503,5 20 523.5 0.04 
Snook 215.5 35 250.5 0.14 
A l l 719 55 774 0.07 

x 2 - 16.62 P < 0.001 

TABLE 6. ESTIMATED PERCENTAGES OF NESTS SURVIVING TO HATCHING IN 
RELATION TO AREA AND SEASON AT LINDISFARNE NNR 

Snook 
T o t a l 

Up to Mid-May t o Mid-June 
mid-May mid-June onward 

.3.' 45% 

1975 
6.4$ 
6.4% 

T o t a l No.«f Ho.of 

*ie<l used 

13% *H> 

15% 3*3 
J * . 

1976 
Ross Back Sands 3.6% 31% 
Old Law 33% 20% 
Snook 0.2% 2.4% 
Others - 0.2% 
T o t a l 2.8% 8.7% 

31% 

1.9% 
3.3% 

21% 2/2 // 
43% II 

1.1% /* i 

11% 189 74 



TABLE 7. COMPARISON OF NEST LOSSES AT THE SNOOK, LINDISFARNE 
NNR, IN RELATION TO SEASON IN 1975 

Days L o s s T o t a l L o s s e s / d a y 
w i t h o u t days 
l o s s 

Up t o mid-May 47.5 6 53.5 0.11 
Mid-May to mfd June 179.5 5 184.5 0.03 
Mid-June onwards 141 14 155 0.09 
A l l 368 25 393 0.05 

X 2 = 18.51 P < 0.001 
2 

TABLE 8. COMPARISON OF NEST LOSSES AT LINDISFARNE NNR IN 
RELATION TO SEASON IN 1976 

Days L o s s T o t a l L o s s e s / d a y 
w i t h o u t days 
l o s s e s 

Up to mid-May 130 17 147 0.12 
Mid-May to mid-June 227.5 20 247.5 0.08 
Mid-June onwards 373.5 20 393.5 0.05 
A l l 731 57 788 0.07 

X 2 = 7.17 P 0.05 
2 
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responsible for most losses and there are signs that the causes of 
losses varied from place to place and year to year; note, for example, 
the difference between years at the Snook i n the extent of predation 
by corvids. Observations of behaviour of Crows, of Fox Vulpes vutpes 
tracks, etc. suggest that r e l a t i v e l y few individuals of both species 
may have been involved and that changes i n their behaviour could have 
had marked effects on nest s u r v i v a l . During the period of most detailed 
coverage, 1976 at the Snook, nests were lo s t at the overall mean rate 
of 0.36 per day. However, non-loss days were s i g n i f i c a n t l y over-
represented compared with the expected Poisson Distribution (Table 10). 
This was so, despite the numerous days when few (or only one)nests 
were available, making multiple losses impossible. There were indica­
tions of a similar pattern at St. Cyrus. As also pointed out with 
reference to nest losses of Golden Plovers Pluvialis apvioavia ( R a t c l i f f e 
1976), predation may be of major importance to the numbers or breeding 
success of the prey but form only a small part of the predator's d i e t . 

In one case at St. Cyrus and one at Lindisfarne (after the main 
study years) an adult bird was taken at the nest, probably by a fox and 
a dog respectively. Usually Ringed Plovers leave the nest to lure 
potential mammalian predators away while the l a t t e r are s t i l l distant, 
so that losses of adults at the nest are probably infrequent. However, 
an important element of Ringed Plover defence appears to be the unpred-
i c t a b i l i t y of i t s behaviour (Meltofte 1976, 1977, 1979, Green 1978, 
present study) and s i t t i n g tight on the nest, more t y p i c a l of some 
other wader species relying on camouflage, may be one extreme of t h i s . 
This variable strategy may also be true of Golden Plovers (see R a t c l i f f e 
1976). 

At Mestersvig there were no p a r t i a l losses of clutches and no 
cases of eggs f a i l i n g to hatch. At Lindisfarne 6 of 121 (5%) eggs 
of successfully incubated clutches were l o s t before hatching. Prater 
(1974) obtained the same proportion from Nest Record Cards. I n a l l 
cases at Lindisfarne, the eggs were thought to have been removed by 
humans; . one such"predation" was witnessed and others probably deterred 
by the presence of observer or hide. Of the 115 eggs of successful 
clutches, 9 (8%) f a i l e d to hatch. These eggs included losses at 
various stages including some f u l l y developed young where the f a i l u r e 
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TABLE 10. COMPARISON OF NUMBERS OF RINGED PLOVER NESTS LOST PER 
DAY AT THE NORTH SHORE, LINDISFARNE NNR, IN 1976 WITH 
THE PATTERN OF LOSSES EXPECTED BY THE POISSON 
DISTRIBUTION I F LOSSES WERE INDEPENDENT 

L o s s e s per day 0 1 2 3 4 5 6 
Observed f r e q u e n c y 82 15 5^ 1 I 0 J 

Expected f r e q u e n c y 73-4 li-.S f.l 

Mean = 0.3619$ x
2 " 7^5"; P < 0.05 
2 

TABLE T U NUMBERS OF NESTING ATTEMPTS ON THE NORTH SHORE PER PAIR 
PER SEASON 

No. o f attempts 1 9 7 5 1 1976 1 Both y e a r s 
0 1 1 2 
1 1 0 1 
2 7 1 8 
3 3 4 7 
4 0 4 4 
5 1 0 1 
mean 2.2 3.0 2.6 

^ D i f f e r e n t sample s i z e s i n t h e 
e x t e n t s o f d e t a i l e d c o v e r a g e . 

The means f o r t h e two y e a r s do 

two y e a r s r e f l e c t d i f f e r e n t 

not d i f f e r s i g n i f i c a n t l y . 
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appeared to be due to an i n s u f f i c i e n t degree of synchrony between 
hatching times of eggs in the clutch. Prater (1974) estimated 6% from 
B r i t i s h Nest Record Cards and Meltofte (1979) found the same value at 
Danrarkshavn, Greenland,, Some values for other species are 5X for 
Dotterel Charadrius morinellus (Pulliainen 1970), 42 for Golden Plover 
( R a t c l i f f e 1976), and 6% for Upland Sandpiper Barbvamia longiqauda 
(Higgins & Ki r s c h 1975). 

At Mestersvig no unsuccessful nests were replaced probably bec­
ause i n s u f f i c i e n t time for incubation and rearing remained. I t i s 
possible that there was s u f f i c i e n t time for replacement clutches in 
some other areas, such as 0rsted Dal and Karupelv (see Green, Greenwood 
& Lloyd 1977). At Danmarkshavn i n 1975 several pairs probably renested 
after desertion during a l a t e snow storm i n mid-June around the time 
of laying (Meltofte 1979). 

At Lindisfarne, the long season and high predation rate of 
chicks led to numerous rehestings, the birds being able to relay, i n 
a new scrape, within a few days of the loss (e.go F i g . 5 ) . Only two 
cases of "genuine" repeat (rather than "replacement") clutches were 
recorded, these being on the North Shore i n 1975 and Old Law i n 1976, 
The North Shore pair hatched their f i r s t brood (from a f i r s t clutch) 
on 1 June and r e l a i d around the time these fledged and were s t i l l i n 
the area of the t e r r i t o r y i n late June. This clutch was, however, 
lo s t i n early July and replaced by a third i n mid July.' The young 
from t h i s hatched on 8 August but did not survive u n t i l fledging. The 
Old Law pair hatched their f i r s t clutch on 28 May. The newly fledged 
young were s t i l l i n the t e r r i t o r y when the second f u l l clutch was found 
on 27 June after the s t a r t of incubation. This hatched about 15 July 
and the young fledged i n early August.. 

The numbers of nesting attempts i n each year by each pair i n the 
detailed study area are shown i n Table 11. The higher mean number in 
1976 r e f l e c t s the higher loss rate i n that year. No nest was found i n 
one t e r r i t o r y in both 1975 and 1976 (the same i n both years) despite 
intensive searching and watching of the birds. Numerous 'display' and 
' t r i a l ' scrapes were made and i t seems possible that the birds were 
incapable of producing eggs. The birds concerned were not colour-



293 

ringed, so i t i s not known.if they were the same individuals in both 
years, although t h i s seems likely;, 

DISCUSSION 

Timing of breeding 
Numerous studies have shown that in some species of birds the 

breeding season i s timed either so that the young are being raised when 
food i s most p l e n t i f u l or so that eggs are l a i d as soon as s u f f i c i e n t 
food i s available to the female to allow their production (e,g, Lack 
1954, 1966, 1968, Perrins 1970, KMllander 1974, Slagsvold 1975, Dunn 
1976)o HSgs'tedt (1974) has presented evidence that t h i s applies to at 
lea s t one wader, the Lapwing Vanellus vanellus i n southern Sweden, 
where the birds spend longer on t e r r i t o r y before egg-laying i f the 
density of available earthworms, their main prey, i s low c 

Many breeding waders, including Ringed Plovers, u t i l i z e the very 
high summer productivity of prey species, notably Diptera, i n both 
a r c t i c and temperate breeding grounds, to allow production and growth 
of their young (e«g. Holmes 1966a,b, Holmes & P i t e l k a 1968, Nettleship 
1973, 1974, Paper 3 ) . However, while an abundant available food source 
i s c l e a r l y a prerequisite, changes i n abundance do not necessarily 
determine the time of breeding. 'In the present study, i n Greenland, the 
timing of snow clearance from nesting areas appeared to be the relevant 
factor, as evidenced by the observations at Mestersvig, the differences 
in date of nesting i n other v a l l e y s with different timings of snow melt 
and the.lack of a marked seasonal peak i n prey a v a i l a b i l i t y . These 
r e s u l t s are discussed more f u l l y by Green, Greenwood and Lloyd (1977) 
who also consider the differences between NE Greenland and some other 
high a r c t i c areas. 

At Lindisfarne, there i s no such obvious determinant of the timing 
of breeding and the long delay between t e r r i t o r y establishment and the 
commencement of laying i s at f i r s t sight anomalous„ Settled snow i s 
f a i r l y rare there even i n mid-winter and nest s i t e s are available through^ 
out the season. I t i s u n l i k e l y that food for the laying female i s 
c r i t i c a l , because both before and during incubation much potential feed­
ing time i s not u t i l i s e d ; available prey appears to be abundant throughout 
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the season (Paper 1 & Appendix.5); and the birds appeared.to have no 
d i f f i c u l t y i n obtaining most or a l l of the i r food from thei r small 
t e r r i t o r i e s whereas Greenlandic birds foraged outside t h e i r larger 
territories,, Also, throughout the season, egg production appeared not 
to be d i f f i c u l t , as relaying after the loss of a clutch commonly began 
within as l i t t l e as 4 days (or, i n the case on one nest lost to preda­
tion during laying, 1-2 days) and the replacement clutches apparently 
took no longer to produce (Fig, 5)„ Up to 5 clutches (mean 2,6) were 
produced by a female i n a season (Table 11)„ Although there was a 
sl i g h t tendency for an increase i n frequency of 3-egg clutches l a t e r 
i n the season, the frequency remained low and there i s no reason to 
suppose that a proximate factor (food shortage) was responsible» The 
reduced time taken to lay smaller clutches may have benefits l a t e r i n 
the season when an e a r l i e r hatching of young by 1-2 days may be an 
appreciable benefit and the shortened nest exposure time reduces the 
r i s k of predation 0 (Many passerines lay smaller clutches l a t e r i n the 
season, the p r i n c i p a l reason for t h i s put forward by Lack (1966) being 
the reduction in suitable food available for feeding the young la t e r 
in the season 0 Such a cause i s unlikely, however, for the case of 
Ringed Plovers, for reasons discussed i n Paper 3.) 

An alternative to the food-for-egg-formation argument i s that 
by delaying laying, the birds are "insuring" against the r i s k of food 
shortage during incubation and a consequent heed to desert (Brooke 
1978). This seems unlikely to apply to Ringed Plovers because, apart 
from the reasons outlined above, desertion for any reason i s rare 
(Table 9) rand probably due to human interference when i t does occur. 
Furthermore, nests of Ringed Plovers stand a high probability of loss 
for other reasons (Tables 3, 9 ) . Also, incubation s t i n t s do not 
become shorter l a t e r i n incubation (Table 3) as would be expected by 
Brooke (1978) i f food was i n i t i a l l y d i f f i c u l t (or time consuming or 
involved long journeys) to obtain but l a t e r became easier to collect,, 

Timing of production of young to coincide with prey abundance 
also seems a d i f f i c u l t hypothesis to apply to Ringed Plovers. Although 
there are indications of an increase i n a v a i l a b i l i t y of f l i e s i n A p r i l 
and early May (Appendix 5 ) , sandhoppers were already very numerous by 
then and i n t e r t i d a l prey were also available (Papers 1 & 2 ) . Also, 
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the increase i n f l y abundance occurred well before the hatching of the 
first.young, and i f production of young is^delayed to match increased 
f l y a v a i l a b i l i t y , an e a r l i e r s t a r t would be expected because of the 
decreased probability of surv i v a l of young l a t e r i n the season (Paper 
3 ) . Moreover, throughout the season the chicks appeared to have sur­
plus feeding time, their rates of weight gain showed no sign of depen­
dence on food a v a i l a b i l i t y and losses were due to other causes (Paper 3) . 

I t also seems unlikely that the r i s k of severe weather early i n 
the season delays nesting, as the conditions i n the northern parts of 
the breeding range i n June and July are considerably l e s s clement than 
at Lindisfarne i n Aprils The only conditions which caused prolonged 
brooding and cessation of feeding by the young was heavy r a i n on one 
day, f a i r l y frequent low overnight temperatures i n Greenland i n August, 
and a single occasion of a freak snowfall on 1 June 1975 at Lindisfarne« 
Although severe weather has led to some desertions i n Greenland 
(Meltofte 1974), the moderately cold, wet or windy weather i n summer at 
Lindisfarne did not appear to depress hatching success. Indeed, one 
could argue that i t had a b e n e f i c i a l e f f e c t , since tourists were deter­
red by i t (see below). 

The only feature that appears to account for the delay i n commence­
ment of nesting at Lindisfarne i s the high r i s k of nest predation early 
i n the season. This factor alone i s probably s u f f i c i e n t to account for 
the l a t e s t a r t to the breeding season as the probability of a clutch 
surviving to hatching before mid-May at Lindisfarne was only about 3% 
(Table 6)„ 

The reason for the seasonal v a r i a t i o n i n incidence of predation 
i s l e s s clear and, as indicated above, generalizations on t h i s aspect 
are p a r t i c u l a r l y d i f f i c u l t because a large proportion of the losses may 
be due to the actions of a small number of individual predators to 
which eggs are a minor food source, so that small changes i n the behav­
iour of these individuals may have marked effects on plover nesting 
success 8 Thus,, the increase i n alternative foods such as other birds' 
eggs and young Rabbits Ovyotolagus ouniaulus may decrease the predation 
pressure on Ringed Plover nests. Also, as the predators themselves 
breed, the spread of the i r a c t i v i t i e s may become more r e s t r i c t e d . I t 
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i s also possible that Ringed Plovers may>gai.n.protection l a t e r i n the 
season from other bird species nesting i n the v i c i n i t y (notably terns 
which do not arrive t i l l l a t e r ) , and t h i s i s explored l a t e r 0 

A breeding sit u a t i o n with some s i m i l a r i t i e s to that of Ringed 
Plovers i n both Greenland and B r i t a i n occurs i n Golden Plover Pluvialis 
aprteavCa i n S. Norway where, by observations and f i e l d experiments, 
Byrkjedal (1979J i n press) found decreasing egg predation l a t e r i n the 
season and attributed this to the high v u l n e r a b i l i t y of nests situated 
on small, snow-free, patches of ground. 

Annual v a r i a b i l i t y i n hatching success may be common amongst 
waders, Purdue (1976b) reporting 29% to 100% i n Snowy (= Kentish) Plover 
i n the Great S a l t Plains of Oklahoma, Harris (1967) 44% to 82% for 
Oystercatchers Haematopus ostralegus at Skokholm and S o i k e l l i (1969, 
1970) 30% to 97% for Dunlin Calidvis aVpina i n Finland (note that some 
studies used different methods for ca l c u l a t i n g nesting success). 

The end of the nesting season of Ringed Plovers may be determined 
by the need for adult birds to divert energy to other a c t i v i t i e s , such 
as moult at Lindisfarne or preparation for migration i n Greenland, as 
evidenced by the incidence of a few desertions by one or other of the 
pair l a t e i n the season (and possibly by the f a i l u r e to return next 
summer of a female l e f t l a t e i n the season to incubate alone discussed 
e a r l i e r ) . The decreasing pre-fledging sur v i v a l of chicks hatched 
late in the summer (Paper 3) may be a consequence of lack of adult 
attentiveness then, but may also have other causes which would lead 
the adults to reduce the i r investment i n chick-rearing then. 

Population dynamics 
I f a breeding population of animals i s to be maintained without 

continual net immigration, the production of young surviving u n t i l 
reproductive age must not be exceeded by the mortality of the breeding 
adults. 

The annual mortality of nesting adults (regardless of age) at 
Lindisfarne was 20% (Paper 3 ) . (The same value i s obtained by using 
weighted values of age-dependent mortality calculated i n Paper 3.) 
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Thus each, pair need to produce, on average, 0.4 surviving young per 
year. The figures relevant to production of young and the i r s u r v i v a l 
are summarised i n Table 12. The observations suggest that at l e a s t 
some young birds are capable of breeding at one-year-old but only some 
do because of t e r r i t o r i a l i t y (Paper 3; Table 21), so the product of 
items 1 to 7 i n Table 12 gives the mean number of potential r e c r u i t s 
per pair per year: 2«24s at Lindisfarne. (Because of the number of 
components and t h e i r methods of calculation no confidence l i m i t s can 
be attached to t h i s value,), For t h i s value to exceed 0.4, s > 0.4/ 
2.24, i . e . 0.179. I t i s clear from Table 4 that production of Ringed 
Plovers i s marginally s u f f i c i e n t to replace losses i n several study 
areas and t o t a l l y inadequate i n some years i n some situa t i o n s , notably 
Holy Island Snook i n 1976 (and several years since then - Table 13 
and unpublished data) and St. Cyrus i n 1975. 

Figures at Mestersvig are inadequate for the equivalent c a l c u l a ­
tion to be made. However, using the Lindisfarne survival rates of 
adults and juveniles and the probable underestimates for chick s u r v i v a l , 
clutch survival of 0.36 i s required for population s t a b i l i t y . The 
acknowledged under-estimate of 0.38 exceeds t h i s , and other, probably 
more t y p i c a l , a r c t i c estimates greatly so (Table 4 ) . 

Possible reasons for differences in breeding success between areas and 
years and their relevance to the geographical breeding d i s t r i b u t i o n of 
the Ringed Plover 

Apart from the e r r a t i c differences due to the behaviour of 
individual predators referred to above, several possible factors may 
give r i s e to the differences i n Table 4. these include d i s t r i b u t i o n 
of predators, conspicuousness and a c c e s s i b i l i t y of nests to predation, 
i n t r a - or i n t e r - s p e c i f i c interference and protection, human interference 
and conservation measures, 

. The birds at the northern end of Old Law appeared to gain some 
warning of the approach of predators (or observers) from the adjacent 
ternery and the terns also appeared, inc i d e n t a l l y to the defence of 
t h e i r own nests, to afford e f f e c t i v e protection against a e r i a l preda­
tors, which were mobbed. The observer at St. Cyrus (N.K. Atkinson 
i n litte) came independently to the same conclusion i n accounting for 
the marked difference i n nesting success i n the two years there: 
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TABLE 13. SUMMARY OF RINGED PLOVER NESTING SUCCESS AT 
LINDISFARNE NNR IN 1977 

P l a c e 
North Shore 
R e s t o f Holy I s l a n d 
Ross Back Sands 
01d Law 

A l l o t h e r a r e a s o f NNR 

T o t a l s 

No. o f No. o f % s u c c e s s 
c l u t c h e s c l u t c h e s 
attempted hatched 

19 1 2% 
16 5 31% 
15 5 • 33% 
31 18 58% 
8 1 ? 12.5% ? 

89 30 34% 

Sour c e : P.A. S n e l l ( in Ktt.) 
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"the main difference between.1974 and 1975 was the l a t t e r ' s l a t e 
'spring' ? which included gale-force NE winds i n l a t e May, snow showers 
on June 1st [see above] , and generally cold temperatures t i l l mid" 
June. Apart from t h i s , and possibly due to i t , the A r c t i c Terns 
[ Sterna paradisaea'j ( c . 65^70 pairs in 1974), did not r e a l l y get going, 
and these d e f i n i t e l y help the Ringed Plovers by keeping Crows out. 
Normally, the heaviest predation occurs from mid<-April to lat e May, 
before the terns have started nesting, and l a t e r i n July i f they do 
hot have a successful year 0" 

The effect of tern protection from a e r i a l predators i s probably 
also relevant on the offshore Fame Islands (Northumberland) where the 
Ringed Plovers probably benefit also from the absence of ground pred­
ators and the control of human v i s i t o r s by wardens. A similar effect 
occurs at Aberlady Bay, East Lothian, where nests i n the ternery are 
more successful than those outside, although the situation i s compli­
cated by the exclusion of humans from the ternery (pers. obs0)« There 
are several other anecdotal reports of Ringed Plovers benefitting from 
nesting i n colonies of terns or Black-headed Gulls LOTUSridibundus\ 

on Scolt Head, Norfolk, nesting i n a ternery afforded protection from 
Carrion Crows and Rooks Corvus frugilegus, (Turner 1928). At t h i s s i t e 
also, some birds increased th e i r chances of avoiding predation by nest­
ing under branches of ,Suaeda<> Similar behaviour was noted at L i n d i s ­
farne, where some birds on the North Shore occasionally nested under 
tree branches washed up on the shore, and some at Ross Back Sands commonly 
nested among marram g r a s s 0 Walters (1957) reported that Kentish Plovers 
i n the Netherlands often nest and find protection i n colonies of Common 
Terns Sterna hirundo and Avocets Reeurvirostra avosetta. Fuchs (1977) 
described a situation i n Scotland where Sandwich Terns Sterna 
sandvicensis gained protection by breeding i n colonies of other terns 
and Black-headed Gulls and apparently adjusted t h e i r time of breeding 
according to that of the 'protecting' species. There have been 
numerous other reports of various species gaining protection by nesting 
i n such colonies (e.g. Bergman 1946, 1957, Ahlen & Andersson 1970, 
Bengtson 1972)„ 

The effect of human disturbance may be the reason for the d i f f e r ­
ences in nest s u r v i v a l i n the three main areas at Lindisfarne (Table 4 ) 0 
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This difference was maintained.in,1977 (Table 13) and probably in 
other years since ( l e s s systematic observations). The North Shore 
l i e s near the road to the tourist centre of Holy Island v i l l a g e and 
there are numerous access points to the beach and dunes Q Access was 
unrestricted and generally unsupervised,. Well over a hundred tourist s 
were commonly recorded at the eastern end of the North Shore (east of 
the t e r r i t o r i e s maintained through the summer, shown i n Figure 3,but 
coinciding with the area where t e r r i t o r i e s were abandoned early i n 
the season)o Many of these t o u r i s t s walked around the Snooko At Ross 
Back Sands, where a walk of about 1„2 km i s required from car park to 
nearest beach, ra r e l y more than 40-50 people v i s i t e d the area i n a 
day; most stayed near the footpath access and only about a tenth walked 
around Old Law0 Some direct deleterious effects of people were noted: 
5 clutches of eggs were stepped on i n 1977 (P„A<> S n e l l , pers. conrnu); 
single, or occasionally two, eggs were probably taken from clutches i n 
each year (Table 9; and P.A„ S n e l l , pers. comm.); dogs took several 
clutches (Table 9); and di r e c t disturbance probably caused desertion 
of the eastern North Shore t e r r i t o r i e s (see above; cf HBlzinger 1975)„ 
However, indirect effects of people and t h e i r dogs were probably more 

! 
serious. Incubating birds normally l e f t t h e i r nests when people or 
dogs approached, though a few birds developed considerable tolerance 
of people as the summer progressed. The more often the birds l e f t the 
nests, the greater the opportunity for Carrion Crows to detect th e i r 
movements to and from the nest. Some Crows appeared to use vantage 
points to watch for movements of disturbed birds. (Ringed Plovers often 
remain crouched on the nest and r e l y on camouflage i n response to 
the presence of a e r i a l predators, in contrast to th e i r early departure 
at the approach of ground predators„ At Lindisfarne most a e r i a l pred­
ators are active i n daylight and ground predators nocturnal but the 
presence of human potential 'ground predators' and the reaction to 
them potentially gives a considerable advantage to a e r i a l predators.) 
I n addition, increased bird movements to and from the nest led to more 
obvious t r a i l s of footprints i n sandy areas and increased scent t r a i l s 
(possibly of the birds themselves but also well-meaning bird-watchers, 
and dogs) may have assisted foxes, weasels, etc. to locate clutches at 
night 0 A comparable interaction between human disturbance of incuba­
ting Black Oystercatchers Haemabopus moquini i n S. A f r i c a and egg pred­
ation by g u l l s has been suggested by Summers & Cooper (1977), and 
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repprted for Dunlins and gulls i n Scotland (Hobson 1972.) • . 

The effect of mutual interference on nesting i s d i f f i c u l t to 
assess. Various studies have argued that increasing density leads on 
the one hand to an increase i n predation (Tinbergen 1952, Hinde 1956, 
Lack 1966, Tinbergen, Impekoven & Franck 1967) but on the other to 
increases i n mutual alertness and protection within and between species 
(e,g, Hagen 1947, Kruuk 1964, Lack 1968, Kvaerne 1973, Goranssan et ala 

1975, Slagvold 1980). Both such effects may apply to Ringed Plovers; 
predators appeared to use the proximity of nests on the North Shore 
to 'do the rounds' pe r i o d i c a l l y but, conversely, adjacent pairs a l l 
performed d i s t r a c t i o n displays towards, or mobbed, potential predators 
(as also reported by Mason (1947) and Simmons 1956), undoubtedly causing 
confusion to them. No obvious pattern of predation rates i n r e l a t i o n 
to density were apparent at Lindisfarne. Rates were highest at the 
North Shore and lowest at Old Law but both occurred i n areas of high 
bird density and small t e r r i t o r i e s . Intermediate predation rates were 
found at the larger, lower density Ross Back Sands t e r r i t o r i e s . 

The reason for the large v a r i a t i o n in s i z e of t e r r i t o r i e s i s 
unclear, partly because of the doubts which surround the function of 
t e r r i t o r y i n t h i s species. Food supply for adults seems unlikely to 
be implicated because of the v a r i a t i o n i n the extent to which the 
t e r r i t o r y i s used for food gathering, at l e a s t before the young hatch. 
Safeguarding of food supply or a feeding area for family parties seems 
a more feas i b l e function of a t e r r i t o r y , but again t h i s argument i s 
weakened in that the t e r r i t o r y may be deserted by the family, although 
t h i s seems more frequent i n larger and l e s s productive t e r r i t o r i e s : 
for example, i t i s more common at Ross Back Sands than North Shore and 
i s t y p i c a l i n Greenland. Also compatible with the observed v a r i a t i o n 
i n nesting density i s the suggestion that t e r r i t o r i e s serve to space 
out nests according to the conspicuousness of nests i n r e l a t i o n to 
nesting habitat. Thus, the highest densities occur at The Snook and 
Old Law where the substrate i s gravel on which nests are best camouf­
laged; and lower densities are found on the sandy beaches of Goswick 
and Ross Back Sands where the nests are more obvious and are d i f f i c u l t 
to find mainly because of the expanse of sand or the marram cover. 
The lowest densities occur i n Greenland where, at the time of laying 
and during the early part of incubation, the possible nest s i t e s are 
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r e s t r i c t e d to small clear areas, aiding searches by predators (cf 
Byrkjedal 1979 & i n press).' The present information cannot decide 
between these p o s s i b i l i t i e s . Simmons (1956) argued that the main 
function of t e r r i t o r y i n the three small plovers i s i n spacing out of 
pairs and nests, but i t i s d i f f i c u l t to exclude t o t a l l y the element of 
feeding of small young. Harris (1970) argued that t e r r i t o r i e s were 
required for feeding young Oystercatchers at Skokholm but t h i s wader 
species i s exceptional i n that the adults feed the young. Holmes 
(1970) argued that t e r r i t o r y s i z e s of Dunlin i n Alaska adjusted to allow 
enough food for adults early i n the season but his paper does not adequ­
ately consider the effects of predation. For the same species i n Finland, 
Soikkeli (1967) argued that the function of t e r r i t o r y i s to aid pair 
formation, but i f t h i s i s the case, i t i s not c l e a r why t e r r i t o r y s i z e 
should vary so markedly. 

Variations i n nest surv i v a l rate on a wide geographical scale may 
also be related to predation i n t e n s i t y and to the extent of available 
habitat i n which to hide a nest. Generally, densities and number of 
species of potential predators, and the e f f i c i e n c y of predation due to 
increasing overall prey density, increase at lower latitudes (e.g. 
Larson 1960, Voous 1960, Connell 1971, Fretwell 1972, Dorst 1974, 
Maiorana 1976). The study of species d i v e r s i t y of waders i n r e l a t i o n 
to latitude by JSrvinen & VMis'dnen (1978) stressed the importance of 
increased habitat d i v e r s i t y i n increasing species d i v e r s i t y , but commen­
ted that predation did not appear to be implicated i n the increasing 
species d i v e r s i t y northwards. However, they appeared to consider i n c ­
reasing predation only as a factor which might reduce competition and 
thereby enhance species d i v e r s i t y , and not the reverse effect that 
increasing predation might l i m i t the range of individual species and 
hence the number of species represented. Huffaker (1971) & Krebs (1972) 
c i t e numerous cases of predators affecting the distributions of prey 
species. 

The extent of bare ground also decreases at lower latitudes, being 
r e s t r i c t e d i n W;0 Europe almost to the shoreline. The increasing preda­
tion and decrease i n extent of bare ground would tend to increase the 
probability of nest predation and l i m i t the southern extent of the breed­
ing d i s t r i b u t i o n . However, two c l o s e l y related species breed further 
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south, i n Europe and North. A f r i c a than Ringed Plover,. The L i t t l e Ringed 
Plover Charadrius dub-ins i s an inland breeding species t t y p i c a l l y found 
breeding on s a l t flats. ( F i g . 7 ) . I t s recent spread across Europe and 
i t s dependence on man-made, often transient, barren habitats such as 
gravel p i t s and newly reclaimed land, has been well documented (e 0 g . 
Parrinder 1964, Parslow 1967). The Kentish or Snowy Plover i s largely 
a coastal species, l i k e the Ringed Plover 6 I t d i f f e r s i n being adapted 
to sand and clay, rather than gravel and stony, substrates by v i r t u e 
of i t s body colouring, egg markings, egg covering behaviour 
(Meinertzhagen 1954, Simmons 1956, H a l l 1960, Dybbro 1970, MacLean 
1974) and nest concealment (Bent 1929, Rittinghaus 1961). I t may also 
have p a r t i c u l a r adaptations to warmer conditions, such as egg cooling 
(Purdue 1976a, cf Begg & MacLean 1976), water shortage and high s a l i n i t y 
(Purdue 1976b, Purdue & Haines 1977, cf MacLean 1976) and possibly 
different temperature tolerances for biochemical a c t i v i t y (see 
Chappell 1980)„ 

There appears to be a l a t i t u d i n a l gradient in the d i s t r i b u t i o n 
of gravel and sand on coasts ( F i g . 6) and t h i s seems to be matched 
closely by the breeding distributions of the two coastal species ( F i g s D 

1, 7)o Dybbro (1970) noted that, i n Denmark near t h e i r northern l i m i t , 
Kentish Plovers nested only i n markedly sandy biotopes and that the 
breeding population had declined due to increased human a c t i v i t y i n 
these areas. I n the Netherlands where the three small plover species 
may breed alongside each other, they hold mutually exclusive t e r r i t o r y 
i e s and there may be some dominance relationship between species which 
could affect d i s t r i b u t i o n ( S l u i t e r s 1954)„ The species may compete by 
the possible increase i n nest predation with increasing density as, 
although a l l species w i l l be affected, the probability of a nest being 
lo s t w i l l be influenced by the match between egg camouflage and habitat 
(cf Fretwell 1972). 

Southern l i m i t s of d i s t r i b u t i o n and some implications for conservation 
At the l i m i t s of a d i s t r i b u t i o n , i t i s l i k e l y that breeding 

production w i l l approximate to or be less than mortality. I n the case 
of the Ringed plover, there are indications that, i n much of B r i t a i n , 
the species i s only s e l f supporting at s i t e s where i t receives some 
form of natural or a r t i f i c i a l protection (Table 4 ) : namely, off-shore 



Figure 6. Predominant substrate types at top of d e p o s i t i n g shores. 

">•>•> boulder, gravel, sand and gravel 

WW- s and , c 1 ay, mud 

— no data 

Sources: Anon. (1947), INQUA (1967-75), Pienkowski (1975, pers. obs.) 
N.C. Davidson, P . J . Dugan & P.R. Evans (pers. comm.) 
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Figure 7. D i s t r i b u t i o n s of (a) Kentish and (b) L i t t l e Ringed Plovers, 
according to Voous (1960). For Ringed Plover, see Figure 1. 
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islands protected fjrcro ground predators; tern colonies which provide 
defence against a e r i a l predators; or nature reserves which, can provide 
protection against some predators and/or people. These requirements 
may also apply to other species nesting i n f a i r l y open s i t u a t i o n s , and 
may be relevant to the southern l i m i t of Turnstones Areriaria interpres 
on islands i n the B a l t i c (Voous 1960, Larson 1960) and Long-tailed Duck 
Clangula hyemaKs i n the A r c t i c (Larson 1960). Colonial birds demon­
str a t e t h i s dependence on protected s i t e s throughout much of the i r 
range, e.g 0 c l i f f - and island-nesting seabirds, but even i n the A r c t i c , 
terns may have to wait u n t i l sea-ice melts before their nesting islands 
are safe from ground predators (Lack 1933, Bertram, Lack & Roberts 1934, 
Bird & Bird 1940, Larson 1960, Meltofte 1975). Many other species, 
including the waders Turnstone and Grey Phalarope Phalaropus ful-ioar-ius, 
appear to depend on island nesting s i t e s for protection from predators 
i n parts of th e i r range (Larson 1960). The same author also argued that 
the breeding range of many a r c t i c shorebirds and other species i s limited 
by the intensity of predation by A r c t i c Fox, against which protective 
adaptations vary between species, so that the l i m i t s of prey d i s t r i b u ­
tions vary also. 

For the Ringed Plover i n W. Europe, usage of beaches by people 
and th e i r dogs creates an additional adverse factor and t h i s may be 
enough to change a positive net production to a negative one. I f 
conservation of breeding populations of the species i s required i t may 
prove necessary to eliminate public access to c e r t a i n areas and/or 
compensate for the effect of humans and dogs by reducing 'natural* 
predation - e.g. by reduction or exclusion of some predators (e.g. 
Forster 1975). A comparable sit u a t i o n appears to e x i s t i n breeding 
Black Oystercatchers i n S. A f r i c a (Summers & Cooper 1977)„ 

An added complication i s the interaction of possible effects on 
breeding success (Fig.. 8) so that the s i t u a t i o n i f public access were 
to be r e s t r i c t e d cannot be predicted. This may apply to the detailed 
study area at the North Shore. Public access to the area has increased 
markedly i n recent years, both because of increased l e i s u r e , wealth 
and car-ownership of the population (e.g. Speight 1973; pers. comm. 
from l o c a l residents) and the progressive building of a road to the 
island, completed i n the 1960's. These have probably had direct effects 



308 

CD X> 

in 
t/> 

O 0) 
Q) t f l C 
E 10 (U 
r - <U +-> 

(J) +J 
N l/> r- <D Oi 
(/> £ O 

£ 
>> S- ro 
S- CD -O 
O 4-J S_ 
4-> £ 

CD 
60 
CO 
t-> 
3 
O 

CO O 

CD 00 
> 60 
o w 

t-H >w 

• 
0) CU 
60 CJ 
cJ c 

•r-l to 
PS 4-> 

H 
«4-< O 
o o. B 
CO T-t 
to 
<D a) 
O > 
O >H 
3 ti 
to to 

i - i 
60 CD 

1/5 4J IM 
CO CO O 
UJ 01 • o C c ^ 
CJ O C 
ZD 60 •H £ 
to c 4J O 

• H tO J2 
CD 4-1 cj co 

u •H 
i—i CD T ) 4J 
31 4-1 c o 
O M-l • H C 
1— CO 
=t <u . CO 4J O 

n CO 4J 
o 0 CD 4-> • H 
CJ X " 

r 
a o u 

U 3 
(X O 

CD 
S CO > 
o tO 

>.ja 
U Q> CD J3 

O) > CD u 
t* CO O 
4-1 CD 4-> 
CD > to 
JO •r4 

60 CD 
CO 
c CO CX 
o 0) 1 

•r-l CS - H 
•M •r-t 4J 
o c 
CO CO 
U M-4 
CD O « 
4-1 CD 
C 0} 00 

CO CO 
CD r - l 
C >4-l 

t - l 3 
CD CJ O 

J<i • r-l p3 
•H a 
hJ 

00 

CD 
U 



309 

on the. Ringed plovers but also v i a the terns as the farmer North 
shore ternery lias disappeared (pers. comm. from Holy I s l a n d e r s ) . 
(.It has disappeared,.probably-.due to human disturbance (Bolam 1912), 
and reappeared at least once i n the'past.) Also, management policy 
has changed; i n former years the l o c a l fox-hunt was allowed to v i s i t 
the island but t h i s stopped some time after the establishment of the 
Nature Reserve i n 1964; and changes have also occurred i n keepering 
on l o c a l estates. There have also been what appear to be natural 
topographical changes, for example i n the route of the channel along 
the North Shore, giving r i s e to a much narrower beach here than that 
shown by Perry (1945). 

Against such a background, i t i s d i f f i c u l t to know how much the 
behaviour of Ringed Plovers and their apparent preference for the 
North Shore i s f i t t e d to the present s i t u a t i o n and how much i s an 
h i s t o r i c a l effect, especially when the f a i r l y high adult survival (and 
consequent delay before a decline i n production might become apparent) 
are taken into account. Indeed, the s i t u a t i o n may not be stable at 
a l l : w i l l the low production and poor success in t h i s area eventually 
lead to i t s abandonment despite i t having had the highest density of 
breeding Ringed Plovers recorded during the study? Since the birds 
show some f l e x i b i l i t y i n behaviour, such as nesting under cover and in 
f i e l d s , pairs might move toother habitats. The tendency to nest 
farther from the shore might increase as has apparently happened i n 
Oystercatchers (Heppleston 1972; see also Prater 1976). On the other 
hand, high densities on the shore have a long history and high nest 
predation rates have long been suffered at Lindisfarne. Bolam (1912) 
noted that, at Ross Links and Holy Island, " on the shore, j u s t above 
high water mark, and i n stony depressions amongst the sandhills . . . 
I have sometimes seen three or four nests, a l l containing eggs, within 
ten or twenty yards of one another." Unfortunately the extent of 
nest predation was not quantified but was s u f f i c i e n t for Bolam to remark 
on the birds "patiently laying again as often as i t s eggs were taken 
(as they used to be on a wholesale manner u n t i l a few years ago), and 
p e r s i s t i n g i n doing so u n t i l happy chance enabled i t to bring off a 
brood, or the advanced season had satiated the Islanders' p r o c l i v i t i e s 
for birds'-nesting." The protecting effect of other birds was also 
noted: "On the Fame Islands, the Ringed Plover also breeds on the 
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outskirts, of the clamorous* colonies of Terns, appreciating, perhaps, 
the protection which the l a t t e r afford i n keeping off marauding G u l l s . " 
A few- terns, mainly A r c t i c , nested at several s i t e s on the seaward 
side of the reserve, including the Snook at t h i s time, although subject 
to egg c o l l e c t i n g (see Bolam 1912). Hence, i t i s d i f f i c u l t to decide 
i f low nesting success of Ringed Plovers i n parts of the Lindisfarne 
Reserve i s a new situation or of long standing. The various possible 
causes of low success could be investigated further only by f i e l d 
experiments, such as the r e s t r i c t i o n of access to humans or various 
predators. 
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SUMMARY 

The nesting of Ringed Plovers was investigated i n 1974 at 
Mestersvig, NE Greenland, and i n 1974-*76 at Lindisfarne, NE England 0 

D i f f i c u l t i e s in the use of Nest Record Cards for t h i s species are 
discussed. 

Territory establishment, d i s t r i b u t i o n and s i z e s , the timing of 
egg laying and clutch s i z e s i n different areas are compared. Incuba­
tion (mean period about 25 days) was shared f a i r l y equally by the two 
sexes and variations i n the incubation schedule appeared to be related 
to l o c a l geography. Nesting success varied greatly i n different areas 
and years and in r e l a t i o n to timing within a season. Most egg losses 
were, probably due to predation. Up to f i v e nestings per pair per year 
were made at Lindisfarne where nest losses were very high. 

The timing of breeding i s discussed and i t i s concluded that the 
date of st a r t of egg-laying i n NE Greenland i s determined by the timing 
of snow clearance while that at Lindisfarne i s related to the decreas­
ing probability of egg-predation l a t e r i n the season. Because of the 
high nest losses, the production of young at many temperate s i t e s , 
including parts of Lindisfarne, was probably inadequate for the 
population to be self-supporting, and the reasons for the large seasonal, 
annual and geographical differences are discussed. I t i s concluded 
that increasing predation probably determines the southern nesting 
l i m i t s of Ringed Plovers but that t h i s l i m i t may be modified by varying 
degrees of different types of natural and a r t i f i c i a l protection. 
Increased human usage of nesting beaches probably has an adverse effect 
on nesting success but, because of the complexity of the number of 
inter - r e l a t e d factors affecting the l a t t e r , without f i e l d experiments 
i t i s d i f f i c u l t to predict how t h i s could best be offset by protection 
measures. 
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Appendix 1, Numbers of each type of prey seen during observations 
of feeding rates of Ringed and Grey Plovers at Lindisfarne 

In the following tables, pecks and prey identified are l i s t e d for each 
month and separated according to species and area. 



320 

co t o co 
CM 

O CM O O i— CM O 00 •— i— 
cn LD 

cn •=d- o o o o CO CM O CO O CM . 
00 

CO O 

« 3 -

I D O i— O m CO CM O 
co 
CM 

o cn 
LO I — 

O i— 
CM 

O O O O CM 00 CM O * o in 

CO 
<*• i n o i n 

CM r — O I — « * • CTl. O I D 
CM i— 

m o o o co 
i— CM 

o 
_ J 

o 
00 
cc 
LLJ > o 
_ 1 

>-
UJ 
as 

CM I D 
CO 
CO 

o r-s. 
VD 

i— <x> 
I D 
CM 

00 O UD 
I D 

i— i n o i— ,— 

o o o o o 

i— O O i— i— 

CM O O O O 

I I I 

lO O o 

O O 
m 

r - O r — 

o 

00 CO o 
I D 

I I 

O O CM 
I D i n 

CO o o 
I D m 

CO O CO 
cr> I D 

t— O CM 
m 

t I I I 

X 
I — I 

o 
z: 
UJ 
Q_ 
Q_ 

CU 

</> -o 
•i— • » CU 
> CU 

CO 
*i— 
M -

h
o
 

b
 1

 U
 

-g 
CO 

•i— CU 
• — > E 3 O • r — 

O to -P 
CU a -M 

to IM 
'i— te: rQ no

 

cu 
CO to >> E 

ze
 

, CU CO
 

•i— <o s- +•> 
to fO Q . Q . 3 

• 1 — to O 
1 +-> o • • 
r— CU o e to o c (O C • 1 — CU 

o • r - s- 5 CU u Q. o 
co . e J= fd O- O CU c -V o s +-> o s ' « fd a. r — 

o • r - * - — * * » — ' • r — 4-> 3 
CU sz 10 CO i—• <4- 3 
Q- o « 3 3 10 

CU s- <a S_ <f- to -o Q . <+- O o E 4 - o o O 10 CU o <u o s- O to to o +-) i — o to CU 3 S- CU o to s- rd >> s S j Q (O >> cz T— cu o 3 
o +-> cu &> (0 cn CU • I — 1 _c u to u 

O i. ?^ s- i — s- o 4-> 3 c CU < 1— "3 en o h - O oo Z2- Q_ 



321 

I O I I I 

o co 00 O I o o >* O O 00 <— CM 

«a: o CM •— O I O o in o o N o m 
in 

s: o io 
co CTi co i o O CO o o o 

CO CM 

U. o «*• 
lO 

LO CO I I — tf> 
i— CO 

VO 00 i— i— r̂ . 
CM 

1 0 i— CM 
00 CM CM I o m CM o 

in 
co o to 
co r-. 

CD 
Q O CO 

lO CM o i i— in CM o o 
CM 

a> o * 
00 

2 O CO 
CO 

«d- O I o o m i— o 
ID 

m o co 
CM CO 

CO 
on 
>• o 
Q_ 
>-
or 
ess 

o o tn 
oo 

«=c i o 

CO i— I i— i— 

• i i i 

i— CM O 
CO 

ID i— <T> 
m co 

r i i 

I — I 

a •-o i o i i i i i i 

CM 

CO 

X 
I — I 
o 

cu 
J3 
•i— 
i/i 

• I — > 
0) 

J 3 

3 
O 

to 
CU 
tM 

10 
u 

o i/> •r— 
CU .c 
O- o S 

CU 
•a o_ t»-
CU o +J i— 
s_ ro >> 
o CU 

o s-
(— o. 

i— cu in 
fO i— i— 

o •!-
JZ (O 

« 
O 

CSS 
S 

S-
o 

(0 
S-
O 

T3 
• • CU 
CU 

r— & q-
.a o •r— 
•i— +•» 

CO + i C 
' r - « ' CU 
> o id

 

I/) 
CD o 4-> 
IM O 

•i— £= CU 
in ^ > a 

>> om
 

i— r - CU o 
f— fO S i S- +-> 
(O a. 3 

*i— O +-> u • • 
o c in o c 
c •r— - V CU 3 

i- 6 CU Q- o 
_e Q. u CU £Z 
o • ' « 10 Ou f— ^ £ 

• r - £= 
J C in </> ^ ™ 4 -
5 . E in 

s_ as S- H- 10 M-
4 - o o O «/l CU O 
O 10 t/l o 

CU 3 s- CU u (/) 
ra >> c r— cu o 
a> CU *r— I — -£= o IA o 

f—— s_ JZ o +J Z3 C CU 
Q- h - m o CO =3 Q-



322 

co 
Q 

co 
Q 
«C 
_ l 
CO 

o :r 

o 

<u re 
+> s_ o re 

o» 
i-
o 

SZ 
CO 
x: 

«=c o o 
CO 

s: o LO 

S-
o 

U_ O i— 
CO 

O O CM 
CO 

a o i— 
co 

O O I o o 

CO O I o o 

O O I o o 

O O I O i— 

O O I CM O 

CM O O 

CO o o 

co o m 
CM 

* O 
CO 

i— i— O IX) O CO 
CM 

en o o co o en 

CM o o m o w 

a: 
u_ 
CO 
I — I 

o 

CO 
Ixl 
or 

CO 

o _l 
D_ 

> -
LU 
CC 
CD CU 

CO -o 
b •i— • • a> b > cu .—•. •i™ 
•—i i— CO M— 
o cu -Q 

CO 

a 
•i— 
to CO nt

 

co •a • I — « cu 
• > S -a no to O 

+i 
•i— 

LU cu o « +-> 
_l CO IM o CU CO •r— 

O 
c CU 

<: CO to >> O E 
i— cu 

N •a ey
 

C
O

 

X re s- +J 
i—i re a. ttj O- 3 
a •1— to O 

, — ,—^ X— + J o 
UJ r— cu CO o c o c 
Q_ CO •1— £ re -s«£ cu 
O- o «r— s- O) o a. o 
<: to x: re XT Q- o cu c 

o +-> O — re Q. r— 
o 10 •T— •i— +•> c: 

- V J£ x: to CO M— 3 
o 2 « 3 B 3 3 to 
cu CO s_ re S- "4- to 

-o a. <t- o o o u o co cu O 
CU o <u <a £l O to CO u 
+> • — v> o 10 cu s- cu u to 
S- >> s e g , x» re >> c i— O) U 3 
o +-> ai g , (O cn <u •r— r ~ O to o 

o S- res S- r— s- x: O +J c CU 
e r 1— ( V- — e u - ! — o cr» ZD 



*"D o m O O I o o 10 o o CO O lO 
CM 

i i r 

s o 
CM 
en 

O CM I O i— CM i— O 

CM 

o-> i— o 
CO CTi 
i— 

U_ O O 
CO 

O O I O CM o o o 
co CO 

o r-*. 

CO •"O i— r— 
CM 
CM 

co cvr i o t** Lf) CM CO 
CO 
CO 

at o i n 
CO 
co 

Q o 
o 
co 

O O I O CM cn o o 
LO 

N O Cfl 
Lf> CO 

2 : O CO 
lO 
CM 

O O I O •— O O O CO O CT> 
r~, 1— 

co 

o _l 

o. 
U J us 

o •— m 

(/) O LO 
CO 

0 0 t o o 

O O I O O 

CO O CO 
10 

CM O O 
cn 

O LO 
co 
CM CO 

r-s o 10 
LO CTl 
CM "vi­

ce: 

o 
•=c o r>> co 1—1— 1 o t— o o 

<o 
>=*- O "vl-
IO o 
CM 1— 

o 
r> r 1 r t 1 1 1 1 1 t 

_ 1 

9 
1— 
X 
I — I 
o 

in 
o 
co 
o_ 
-o 
CD 
+J 

o 
X I 

to 
o 
CO 

rd 
+-> 
O 

CO 
-Q 
•1— 
in 
> 
CO 

x i 

3 
o 

x : 
in 
in 
co 
N 

1— CO in 
re 1— 1— 

o ' I -
x : sz as 
U 2 4-> 

>> 
CU 
S-

s 
"5C re 

(/) . CD 
x i re 
S- f— 
o <c 

CO -~-
1— co 
in to 

10 +i 
CO 0, 

r- J= * 
i— as 
as a. 

• I — 
4-> U 
O E 
C • ! -

s~ 
x r a . 
o -—" 

•1— 
x : in 

o 
o 
2 

Si 

o 

I 
re 
o 
in 

CO >r-
5- XT 

-a 
co 

co 
•a 

o 
c CO 

E >> 0 
CO 0 
s- 4-> 
O- 3 

in O •'• ^ ! 
in O C 

re CO s CO 0 a . 0 
0 CO c 
re Q_ 1— J* 
+J c 
in r— M— 3 
3 3 in 
s- M- in l»-
0 in (U O 

in 0 
s- CO 0 in 
co 0 3 

x : 0 in 0 
+-> 3 c CO 
0 CO =3 0. 



I I I I I 

324 

i i I I I I i i i 

<c o 
LO 

O O I O CM CO O O CO 
ro 

LO O "=f 
CM 0\ 
in i— 

o •— i— o i o o r— O O O o CM 

L L O U ) 
CO 

O O I o o CO •— O O •— O LO 
i — LO 

OO 
o o 

CM 
CO I o 00 
CM 

CO r— r— O to o t 
CO CO 
i — to 

CD Q O CO 
CO 

O O I O O CM O O O O CM 
CO 

2 : o o 
LO 

O O I i — i — in o o o 
CM 

O CM 
r - en 

00 

O 
— I 
O -

O 
U J 
CD 

O i— 0\ 
LO 
LO 

GO O LO 

o o i o CO 

CM O I O O 

r-. o o o 
CM 

00 O LO 
CM cn 
CM CM 

co o o >— LO 
00 

tl_ 
o 

<C O CM 
LO 

o o r o o o o o o O O CM 
LO 

Q 

LO 

I I I I I r i i 

CO 

X 
I — I 

co 
-Q 
10 

• I — 

> 
CO 

3 
o 

CD ^—. 
•— CO 

to CO 
• r - « 

> I 
10 -Li 
CO 
isl 

- := •& 
to in >» 
CD 
M r—~ 

•r— rO 
to ro Q. 

•r= 
. ^— +-> O 

j— CO to o C 
<a o 

•i— 
5-

to sz res x : Q-
<_> + J o -o to •r-

cu . e JT 
a. ec
 

« E 
X) Q. t - Q t*- o 
cu o CO o 
-p i — o in CO 
s- ?a >> s .a rd >> c 
o + J CO <u 0) a> rC CD CO • I — 

o S- it, rd s- s-
< I — Q- •3 co < Q- 1— 

1-3 

ro 
a in 
3 

ro 
CO 
o 
r0 
-t-> 
to 
3 
S-
o 
s-
C0 

JZ 
+ J 
o 

to 
s-
<u 
CL 
o 
-a 
c 
<0 

00 

CO 

+-> 
c 
CO 
-o 

+•> 
o 
c 

s-

to 
-si 
<J 
CO 
a. 

to 
u 
a> 
a. 

to 
to 
co 
o 
o 

00 

3 
to 
to 
cu 
u 
o 
3 
to 

CO 
E 
o 
o 
4-> 
3 
O 

s 
o 

• c 

3 

O 
to 
o 
CO 

O -



325 

•"3 0 1̂  
CO 

o o o o CD O O O O i n o co 
oo en 

S O N 
CM 

•— i— O i— o> O i— o o CM O >» 
CM CTV 

=t o cn 
co 

I f l * O IO i— i— i— O CO 
r — CM 

i — CO 
Lf) I — 

ir> ID 

s o i— 
o 
CM 

CM m o m o o o o o 
CM 

<t- o in 
«a- o 
>— 00 

oc o 
co 

u_ o in i— o o o m o o o o cn o o 
co ^j-

oc 
o 

•O O CO 
o 
CM 

o o o o o o o o CO O CO 
CM lO 

Q O VO 
cn 

o o o o m i— o o o cn o •— i— . r-* 

co 
oc I I I I I I 

o 
_l 
Q_ 
O 
Ul 
CD 

r i 

OC CO O CM 
CM" 

O O O O o o o o o CM O O 

O 
OC 
CJJ <C i— •— co co o o CM in © o •— «=i-

in O r̂ . 
CM CM 
CM >sl-

•"3 i— i— 
CM 1̂  O •— i— i— CM O t— CM CO O 00 

co r̂ . 

e
: 

ID r— 

• Xi 
I — *i— 10 
UJ • I — • • _J > CU 
CO p— 

CU -O. 
1— ja • r -

10 
X -a •i— 
I—t t > o 3 
•zc O l/> 
LU XT CU 
o_ to N 
el­
's: 10 10 

CU 
N r — 

*l— 1— 
to fO 
, +J 
r — CU o 
(O r^— 

O •r— 
10 x:. XT- <o x: 

o 4J o 
o to -»—' •i— CU -V 
Q- O 

CU 
-O O. 
CU 
+-> i— 
i- (O 
O -P 
-Q O 

4— 

o 

s-

O 

S 

o 
s XI ra 

s-
o 

CU 
ra 

s 
to 

CO 

1 

"x: 
3 

q-
o 

S-

Q. 

o 

1 

X I 
s_ 
o 
c 
o 

cu o 
(0 
to 
3 

o o 
l/> 
3 S_ 
i— CU 
r— x: 
O 4-> 
s o 

(/> 
cu 
Q-
D_ 
O 

CO 

T3 
CU 
•i— H— 
' r -

+J 
C 
CU 
-o 
•f— 

+-> 
o 
c CU e >> o 
CU o S- •p 
Q- 3 

to o 
* • 
10 u c 

CU 
a o_ o 
CU e 
Q. ) 

ZJ c 
tt- 3 

3 (/) 
4 - 10 q-
10 CU o 
10 o 
CU o 10 
o 3 
o 10 u 
3 c CU 

CO => 



326 

O CXl O O CM O O O O O O O o o r-

Q 

GO 

I I I I I 

>-
o 

o f̂- o o o o o 00 o o o o CM O 
O CM 
r— CO 

o 
DC 
>~ •ST 
•=c 
DC 
z: 
z: 
LU 
z: 
oc 
<C' 
Ll_ 
co i—i 
Q 

O CM 
CM 

o o o o o 

I I I I I 

o o o o o CM O 
o 
CM 

CO 
< 
U I 
QC 

I I 

co 
QC 

CO I I I I I I I 

O 
_ l 
Q_ 

o 
LU U l 
CUQC 
z: o 
DC CO 

O •— 

CD 

O CTl 
00 

Lf) i— o o o 

i— o o o o 

o o •— o 
1-

CO O O CO 00 

oo o r-. 
i— CM <5i- CM 

m o CTV 
O CM 
CM r— 

O DC 
DC O 
cu z: 

Ll_ Q 
z: 

u_< 
o 

co 
I— o 
LU z: 
i - . <c 
Q CO 

X 
I—I 
Q 
z: 
LU 
Q_ 
o. 

cu 
X) 
• r-
to 

' I — 

> 
cu 

X I 

=3 
o 

to 
cu 
N 

to x : 
^z. o 
u to •r— 
cu x : 
Q. ec

 

3 

"O O- tt-
CU o 
+J 
s- « >, o +-> cu 

X I O &-
H - Q . 

i— tu to 
CO i— i— 

O • ! -
as 
4-> 

O 
o to 

OC o 

•o 
• • 

in
 

CU 
cu f in

 

•f— 
1 ^-X! o 
•i— +i +J 
to CO e 

•r— cu 
> o id

 

to +i n 
CU o « 4-> 
N fe: X I O 

•r— (0 C cu 
to >> o cr

 

>» 

LUO 

r— i—. i CU u 
i— CO c • 5- +-) 
res Q- o CL 3 

•i— e to O 
4-> U •» * ^ •• 
O CO to o c 
C •1— E (0 cu 

s_ O CU u Q. o 
x : Q. CJ cu c 
o •—* « CO Q- r̂— ^ £ 

• r - +-> to 3 c 
x : to to s- i— t- 3 
3 E O) ZJ to 

i - (O s- Q- <4- to <4-
M— o O CJ Q. to CU O 
O 3 to O to u 

cu 3 i . SZ CU o to 
CO >> c f— cu •a o 3 
C7> CU • I — r— SZ c >> o to CJ 

i— i . SZ O +J fO 3 c cu 
< o. I— o CO Ll_ CO => O-



Appendix 2 . Sizes of th in red worms seen to be taken during 

observations of feeding rates of Ringed and 

Grey Plovers at L ind i s farne 

I n the following tab les , the number of th in red worms ( p r i n c i p a l l y 

Notomastus) of each length category are l i s t e d for each month and 

separated according to species and l o c a l i t y . 

Length i s stretched length as the worm i s pul led from the substratum, 

and i s recorded i n r e l a t i o n to the height of b i l l above the ground 

(about 80 mm for Ringed Plover and 120 mm for Grey P l o v e r ) . 



APPENDIX TABLE J> J LENGTHS OF THIN RED WORMS SEEN TO BE TAKEN BY 
GREY PLOVERS 

(a) LOW FLATS 
Length 
( x b i l l -
height) 

J A S 0 N D 0 F ' M A M 

< I r- - 1 2 34 23 46 51 2 93 1 19 
ft - 23 22 16 14 19 0 30 0 17 
i 
z 

- 13 19 6 22 21 3 49 0 19 
1 - 7 3 2 2 14 0 9 0 5 

1 - 5 10 2 12 12 2 14 1 4 
H - 7 5 0 7 6 1 6 0 3 
i-i 1 7 0 3 0 0 5 1 2 
i f - 0 1 0 0 0 0 0 0 1 
2 0 0 0 0 2 0 0 0 0 

>2 ' -• 0 0 0 0 0 0 0 0 0 
Total - 68 101 

(b) 

49 
HIGH 

106 
FLATS 

125 8 206 3 70 

< I - - 25 27 16 22 79 5 1 3 
I - - 1 5 0 1 4 2 0 1 
i 
2 - 0 10 3 9 10 1 0 0 
3 4" - - 0 5 0 1 2 0 0 0 

1 - - 0 11 0 8 2 1 0 0 
H - - 0 5 0 1 0 0 0 0 
U - -. 0 0 0 0 0 0 0 0 
I f - - 0 0 0 0 • 0 0_ 0 0 
2 - 0 0 0 0 0 0 0 0 
>2 0 0 0 0 0 0 0 0 
Total -• -, 26 63 19 42 97 9 1 4 

(c) OTHER AREAS 
< ft 2 6 1 12 1 

I 0 0 0 0 1 
i 

2. 
0 0 0 1 0 

3 4 0 0 0 0 0 
1 0 0 0 0 0 
H 0 0 0 0 0 
11 0 2 0 0 0 
i t 0 0 0 0 0 
2 

>2 
Total 

0 
0 
2 

O
 O

 CO 

0 
0 
1 

0 
0 
13 

0 
0 
2 



APPENDIX TABLE 2.? LENGTHS OF THIN RED WORMS SEEN TO BE TAKEN BY 
.. .. RINGED PLOVERS AT LINDISFARNE 

(a) LOW FLATS 

Length 
( x b i l l -
height) 

J A S 0 N D J F M A M J 

< } - 18 35 56 35 40 155 18 138 - 0 
i 
4 

6 14 10 11 2 25 1 6 - 0 
1 
2 - 10 8 27 10 4 37 4 33 - 0 
I 5 2 8 2 3 22 2 5 - 0 

1 7 10 29 5 5 55 2 44 -• , - 0 
6 5 2 1 0 11 0 4 - 0 

U 9 3 19 0 1 12 3 6 - 0 
H 1 0 2 0 0 1 0 0 - 0 
2 2 8 6 1 0 6 0 2 - 0 

>2 r 1 3 1 0 0 0 0 0 - 0 
Total - 65 88 160 65 55 324 30 238 - 0 

(b) HIGH FLATS 

< * 0 2 14 18 1 7 4 1 18 -
0 0 1 1 0 2 0 0 5 -

i 
2 

0 0 7 3 0 1 0 0 5 -
3 4 0 0 1 0 0 0 0 0 2 -

1 0 1 2 1 0 1 3 0 2 -
u 0 0 0 0 0 0 0 0 0 -

0 0 0 0 0 0 0 0 0 -
0 0 0 0 0 0 0 0 0 -

2 0 0 0 0 0 0 0 0 0 -
>2 - 0 0 0 0 0 0 0 0 0 -
Total 0 3 25 23 1 11 7 1 32 -



APPENDIX TABLE 2.2 CONTINUED 

(c) NORTH SHORE 
Length 
( x b i l l -
height) 

J A S 0 N D 0 F M A M J 

< i 25 26 0 5 12 8 148 55 15 4 
i 1 6 0 0 0 0 4 16 1 1 
i 
2 

8 13 0 - 0 2 1 27 14 1 2 
1 0 0 0 0 0 1 0 5 0 0 

1 7 1 0 0 2 4 24 8 0 1 
H 0 0 0 0 0 0 1 2 0 0 
11 0 0 0 0 1 0 0 2 0 0 
1 4 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 

>2 0 0 0 0 0 0 0 0 0 0 
Total 41 46 0 

(d) 

5 

OTHER AREAS 

17 14 204 102 17 8 

< \ 6 33 _ - - - 0 13 - 0 
i 
4 

0 0 - - - - 0 1 - 0 
1 2 1 3 - - - - - - 0 1 - 0 
3 
5 0 1 - - - - 0 0 - 0 

1 0 0 - - - 0 0 - 0 
H 0 0 - - 0 0 - 0 
11 0 0 - - 0 0 - 0 

0 0 - - - - - 0 0 - 0 
2 0 0 - - - - 0 0 - 0 
>2 0 0 - - - - 0 0 0 
Total 7 37 - _ - 0 15 - 0 
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Appendix 3 . Computer handling of observations on 

plover foraging behaviour 

T h i s Appendix l i s t s the two computer programs wri t ten to sort the 

observations on plover foraging behaviour (see Papers 2 & 1) and gives 

examples of the mater ia l input and output by these programs,, The fol low­

ing materia l i s presented; 

1. l i s t of data formats and codes; 

2. l i s t i n g of 'PLOVPROG*; 

3. l i s t i n g of 'PL0VP2'; 

4. example of input of observations on'duration of each a c t i v i t y ; 

5 . example of input of observations on distances moved; 

6. example of input of observations of frequencies of pecks and prey 

taken; 

7. example of printed output from PLOVPROG for section-:4-type input; 

8. example of printed output from PL0VP2 for section-4-type input; 

9. example of output to computer f i l e ( for subsequent a n a l y s i s , e .g . by 

SPSS) from PLOVPROG (output from PL0VP2 uses the same format) . 

SECTION 1. DATA INPUT AND OUTPUT FORMATS 

Each observation of each foraging b i r d (usual ly about 2 minutes 

duration but not r e s t r i c t e d to t h i s ) i s re ferred to here as a ' c a s e ' . 

PLOVPROG and PL0VP2 read data as cards (or card images)„ For any form 

of data, the f i r s t 70 columns of the f i r s t card of each case follows 

the same format. This i s defined below and examples can be seen i n 

sections 4, 5 and 6. 

F i r s t card 

columns entr ies ( a l l numerical data are r i g h t - j u s t i f i e d wi th in 

each f i e l d ) 

1 4 Case s e r i a l number. 

5 - 6 Card s e r i a l number (always 01 for ' f i r s t c a r d ' ) . 

7 - 8 Number of continuation cards for t h i s case . 

9 Medium; 1 = timed data; 2 = d is tance moved data; 5 = 

data on frequency only. 

10 Species; 1 = Ringed Plover; 2 3 Grey Plover; 3 = Dunlin; 

4 = Sanderling; 5 = Golden Plover; 6 = Lapwing; 7 = Curlew. 



Sex^ 0 n unknown; 1 male; 2 ~ female,, 

Ag&i (follows Eur ing code) i: 1 B pul lus ( i « e 0 not yet 

f ledged); 2. " f u l l y grown but age t o t a l l y unknown; 

3 ?5 hatched during current calender year; 4 " hatched 

before current calender year , exact year unknown; 

5 " hatched during previous calender year; 6 ~ hatched 

before l a s t calender year; 7 = hatched 2 calender years 

ago; 8 = hatched 3 or more calender years ago» 

Age of chick i n days. For older b irds or chicks of 

unknown age: - 1 . 

Foot -v ibrat ion: 0 = not recorded; 1 = none; 2 = foot^ 

v ibra t ion throughout observation case; 3 = foot -v ibrat ion 

for part of t ime 0 

Distance to nearest b i rd of same species i n metres; 

-1 = unrecorded; 100 = distant,. 

Distance to nearest other b i r d , coded as above„ 

Number of conspec i f ics i n f l ock : 1 = b ird alone; 0 = 

unrecordedo 

Pos i t ion i n f lock: 0 = unrecorded; 1 = centre; 2 = 

intermediate; 3 = edge. 

L o c a l i t y 

01 N Shore - Tip 18 F l a t s above PoW.,hoilows 

02 N Shore - B a r r i e r 19 F l a t s above P„W<, ,r idges 

03 N Shore - East 20 Ringed Plover Gul ly 

04. N Shore - West 21 Grey Plover F l a t s 

05 Snook Point 22 Godwit Creek 

06 Rig off Snook Point 23 West of Godwit Creek 

07 Rig of f N Shore 24 Sandon Bay 

08 Goswick F l a t s 25 Harbour 

09 Goswick Rig 26 Tealhdle 

10 Goswick Sea Shore 27 Fenham-le-Moor 

11 By Causeway, W of Channel 28 Fenham M i l l 

12 By Causeway, E of Channel 29 Elwick 

13 Snook House Bay 30 Wideopens 

14 High f l a t s below Tip 31 Old Law, inner 

15 By Road, Tip 32 Old Law, Gui le Point 

16 By Road, Small Saltmarsh 33 Old Law, outer 

17 F l a t s above P i l g r i m s ' Way, 34 Ross L i n k s , North 
High Gul ly 
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35\ Rosa L i n k s , South. 

36 Budle Bay 

53 North End Runway 

54 S W of Radio Eut 

55 Noret"Shore 

52 South. Runway 

51 Tunnelelv 56 E of mid Runway 

57 By Nyhavn Road 

28 

29 - 32 

33 - 38 

39 

40 

41 - 42 

43 

44 - 46 

47 - 49 

50 - 53 

54 - 56 

57 - 60 

61 - 63 

64 - 67 

68 - 69 

Statua: .1 = on t e r r i t o r y ; otherwise 0 

Time: 24 h clock 

Date: numerical , i n sequence day, month, year , 2 d i g i t s 

for each. 

R a i n f a l l during case; 0 = none; 1 = l i ght d r i z z l e ; 

2 = d r i z z l e ; 3 = l ight r a i n ; 4 = r a i n ; 5 = heavy r a i n ; 

6 « downpour; 7 = h a i l ; 8 = s l e e t ; 9 = snow. 

Cloud cover: i n eighths of the sky covered, plus 9 = 

ground l e v e l mist with f u l l cover (although observations 

i i i such conditions were rare J) 

Windforce (Beaufort Scale) 

Wind d i r e c t i o n : 0 = unrecorded or none; 1 = N; 2 = NE; 

3 = E ; 4 = SE; 5 = S; 6 = SW; 7 = W; 8 = NW. 

A i r temperature, entered i n tenths of degrees Centigrade, 

Sand temperature, as above. 

Predicted time of high water preceding observation 

(24 h c l o c k ) . 

Predicted height at L e i t h of preceding high water (tenths 

of metres) . 

Predicted time of high water fol lowing observations 

Predicted height at L e i t h of following high water. 

I n d i v i d u a l , i f known. Colour-ringed indiv iduals were 

entered using the l a s t four d i g i t s of t h e i r metal r ing 

numbers. Other codes were used for other, temporarily 

i d e n t i f i a b l e b i r d s , such as the male of a p a r t i c u l a r 

t e r r i t o r y or unringed chicks of a p a r t i c u l a r fami ly . 

Species of nearest other b i r d : 0 = unrecorded or none; 

1 « Ringed Plover; 2 = Grey Plover; 3 = Dunl in; 4 = 

Oystercatcher; 5 = B a r - t a i l e d Godwit; 6 - Redshank; 

7 = Golden Plover; 8 = Turnstone; 9 = Lapwing; 10 = 

Curlew; 11 " Knot; 12 = Sanderl ing. 

Substrate wetness and daylight conditions; 0 =< dayl ight; 

1 - dry, dayl ight; 2 <= wet, dayl ight; 4 => dry, t w i l i g h t ; 

5 - wet, t w i l i g h t ; 6 = dry, darkness; 7 = wet, darkness; 

8 = t w i l i g h t ; 9 = darkness. 



334 

The format of continuation cards d i f f e r s according to column 

9 (Medium) of the f i r s t card . The three types are described below. 

For a l l sorts of data, the end of the batch, (which, usua l ly consisted 

of about 50 cases) i s indicated by a card with '-109' i n the f i r s t 

four spaces. 

Continuation cards for timed data 

For a l l cards , columns 1 - 4 contain the case number and columns 

5 - 6 the s e r i a l number of the card wi th in the case . Columns 9 to 80 

are divided into 9 f i e l d s of 8. Within each f i e l d the f i r s t four spaces 

were al located to a code indicat ing a c t i v i t y and prey type and s i z e i f 

taken ( l e f t - j u s t i f i e d ) , and the second four to the duration of th i s 

a c t i v i t y i n tenths of a second ( r i g h t - j u s t i f i e d ) . An example of 

several cases i s given i n sect ion 4. As many continuation cards as 

required are used, 'STOP' i s entered i n the f i r s t part of the f i e l d 

a f t e r the l a s t a c t i v i t y i n the case. The a c t i v i t y codes are l i s t e d 
below. 

U = wait i n up pos i t ion 

D = wait i n down pos i t ion 

R = run 

TN= turn (without running - th i s was infrequently recorded and the 

program recodes t h i s as R) 

DR= produce faecal dropping 

PE= produce regurgitated p e l l e t 

DRI=drink 

P = peck 

PSU=peck, success fu l (prey seen to be taken, not i d e n t i f i e d ) 

PSM=peck small prey taken 

PA =peck, Arenioola taken 

PW =peck, th in worm of unknown length taken 

PR0=peck, th in worm, shorter than \ b i l l - h e i g h t taken 

PR1 - 9 ~ s imi lar to above for th in worms { , \ , | , l , l i , 1 | , 1 | , 2 , > 2 times 

b i l l height, r e spec t ive ly . 

PWE^peck at weed (algae) 

PAB=aborted peck 

SP = stop feeding to preen 

SB =sstop feeding to bathe 

SR =stop feeding to roost 
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SS Fsstop feeding to stand 

SD Katop feeding to display 

SI Bstop feeding to incubate or brood (or be brooded, for chick) 

Continuation cards for data on distances moved 

These data are recorded i n the same way as for timed data, with 

the following exceptions: 

( i ) . two f i e l d s of 4 d ig i t s each are added i n columns 71 - 74 and 75 -

78 of the f i r s t cards These included the to ta l time duration for 

the case and the amount of time ac tua l ly foraging ( i n tenths of a 

second). (These two times d i f f e r i f any of the a c t i v i t i e s coded 

with an i n i t i a l S occur 0 ) 

( i i ) On the continuation cards, the numbers of paces moved, instead of 

the time taken to make the run, are coded for each 'run'o For a l l 

other a c t i v i t i e s , the a c t i v i t y code i s entered but the numerical 

component i s recorded as zero B 

Examples are given i n Section 5o 

Continuation cards for data on frequencies of prey, etc'» only 

For such data the f i r s t card i s coded as for data on distances 

moved (except column 9)„ 

Only one continuation card i s used for each case c This records 

the case numbers i n columns 1 - 4 and '02' i n columns 5 - 6„ Columns 

7 to 75 are divided into 23 f i e l d s of 3. These are used to record 

(each r i g h t - j u s t i f i e d ) the frequencies i n the case of the fol lowing 

a c t i v i t i e s , respect ive ly : DR,PE,DRI,U,D,R,P,PSU,PSM,PA,PW,PRO,PR1,PR2, 

PR3,PR4,PR5,PR6,PR7,PR8,PR9,PWE,PAB. 

Examples are given i n Sect ion 6„ 

Printed output 

Apart from carrying out various checks on the data coding, 

sort ing the data and storing i t for further a n a l y s i s , PL0VPR0G and 

PL0VP2 p r i n t some bas i c s t a t i s t i c s for manual checking and for some 

simple analyses,, Examples are shown i n Sections 7 and 8. PLOVP2 output 

d i f f e r s from that of PLOVPROG by l i s t i n g the recoded data used i n the 

sortingo (For d e t a i l s of the recoding, see Paper 2 . ) 
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Output for storage; and further . analys i s 

Both, programs store the sorted data for each case on d i s k - f i l e s 

(and also l i s t these on a pr in ter for manual checking). These d i s k -

f i l e s were l a t e r grouped into a smaller number of f i l e s and stored on 

magnetic tape- An example of the format i s given i n Section 9. 

For each case, the f i r s t l i n e cons is ts of an image of the f i r s t 

card (as for timed data i n p u t ) . The second l i n e , labe l led with case 

number and -card' number 7 1 , l i s t s to ta l time duration of case ( s e c ) ; 

time spent foraging (sec);, no. of droppings produced; no„ of p e l l e t s 

produced; no„ of drinks taken; t o t a l number of t h i n worms taken; and 

t o t a l number of pecks of any outcome made.- There fo l low 1 5 further 

l ines^ labe l led with case number and 'card! numbers 72 to 86 respect ­

i v e l y „ Each l i n e c a r r i e s the following three parameters for four 

v a r i a b l e s ; frequency wi th in the case, sum of durations (or of paces 

for distance data ) , and sum of squares of durations (or of paces ) . The 

60 var iab les represent a c t i v i t i e s or simple sequences of a c t i v i t i e s , 

these being ( l i s t e d i n order of occurrence i n the f i l e ) : 

U-D; U-R; U-P; U-PSU; U-PSM; U-PA; U-PW; U-PR; 
U-PWE; JJ-PAB; U; D; R-U; R-D; R-P; R.-PSU; 
R-PSM;R-PA; R-PW; R-PR; R_-PWE; R_-PAB; R; P; 

PSU; PSM; PA; PW; PRO; PR1; PR2; PR3; 
PR4; PR5; PR6; PR7;•PR8; PR9; PWE; PAB; 
P-U; PSU-U; PSM-U; PA-U; PW-U; PRA-U; PRB-U; PRC-U; 

PWE-U; PAB-U; P-R; PSU-E.; PSM-R; PA-R; PW-«; PRA-R; 
PRBTR; PRC-R.; PWE-_R; PAB-^0 

I n the case of sequences, durations are summed for the element under­

l ined i n the above l i s t i n g (e„g„ PA-U r e f e r s to frequencies of t h i s 

sequence, the sum of duration of those U's preceded by PA and the sums 

of squares of these durat ions ) . Apart from codes defined above, PR.-
peck, taking th in worm of any s i z e , and PRA, PRB and PRC = peck taking 

th in worms of the regrouped categories PRO & PR1, PR2 to PR4, and 

PR5 to PR9 ? r e spec t ive ly . 



SECTION 2. LISTING OF 'PLOVPROG' 

tCOMPJLE TIME=30 
C 
C PLOVPROG C a a a s s c a a 
c 
C AUTHOR! M M PIENKOWSKI PROGRAM WRITTEN APRIL 1975 
C THIS L I S T I N G INCORPORATES MODIFICATIONS UP TO SEPTEMBER 1979 
C 
C A PROGRAM TO SORT SEQUENT I AL PLOVER FORAGING HEHAVIOUR BASED ON 
C TIME OR DISTANCE MOVED, TO PRINT HASIC S T A T I S T I C S FOR EACH CASE• 
C AND TO F I L E SORTED DATA FOR EACH CASK: ALSO TO ADAPT SIMPLER DATA 
C ON NUMBERS OF EACH ACTIVITY PER TIME TO THE SAME FORMAT FOR F I L E 
C STORAGE. 
C 
C THE PROGRAM I S WRITTEN IN FORTRAN IV LANGUAGE AS ACCEPTED 8 V THE 
C COMPILER tWATFIV, SLIGHT MODIFICATION •CIULI) 06 NECESSARY FOR USE 
C a l l H OTHER FORTRAN COMPILEHS. CARDS (OR CARD IMAGES! ARE READ ON 
C LOGICAL UNIT 5; BASIC CASE S T A T I S T I C S ARE PR I HI ED ON LOGICAL UNIT 
C 61 AND SORTED DATA ARE OUTPUT ON LOGICAL UNIT 7. 
C 
C 

D I MENS ION N.VCT (9 9 9 ) > T< 999 I . T UO ( 99 > , TUR i 99 > ,TUP< 99 ) . T UP SUI 99 I . TUPSM 
1 ( 99) • TUOAI 991 . TUPWI 99! ,TUPR(99| ,TDU(99 I , TOR ('19 I ,TDPSUI99 ) . TDPSMI99 
?. I . TDPAI 99 ) • TDPw( 99 I .TDPR! 99 ) . T BU ( 99 ) . T HD I 99 ) , T «p ( 99 ) . TRP SU ( 99 ) , TRP 
3SMC 99) •TRPA(99) .TRPWl991 .TRPRI99) , TPSUI99>.TPSM(99>.TPA(99) 
4,TPW( 99) ,TPROI 99) .TPRI ( 9 9 ) t T P R 2 ( 9 9 ) .TPH3(99) . TPRA(99).T P»5(991 .TPR 
5 6 ( 9 9 ) . TPR7(99) .TPRHI99) .TPH9I99) . T P D I 9 9 ) , TPSUUC 99 ! 
6. TPSUD < 9'J ) . TPSU'M 99 ),T»SMU(99 >,TPSMO(99) .TPSMR ( 9 9 ! »TPAU(99) » TP AD ( 9 
79 >,TPAPI 99 >.TPWU( 99) ,TPWD ( <>S) I , TP WR ( 99 ) , T PR AU( 9 9 ) . TPR AD ( 99 ) , TPRAR ( 9 
09),TPRHU< 9 9 ) • T P R H 0 ( 9 9 ) . T P R H R I 9 9 ) . T P R C U ( 9 9 ) . T P R C D ( 9 9 ) . T P R C R ( 9 9 1 
DIMENSION TPI200),TPU(200>,TPH(20 0 ) 
DIMENSION TUPWE(991.T U"»B(99) .TDPWE(99).TOPAS(991 ,TRPWE(99 I.TRPAO( 

I 9 9 ) , TPAIM 991.TPAUU(99),TPABO!99),TPABR( 991 .TPWE(99 I .TPWEUl991. TPWE 
2D(99)•TPWER(99) 
DIMENSION TOPI99I 
DIMENSION T U I 9 9 9 I . T O I 9 9 9 1 t T R ( 9 9 9 l 
COMMON FEEDT 
REAL MTl,MTZ , 
I NTEGER HW1 ,HW2 
INTEGER ALL 
INTEGER PRA.PRO.PRC 
INTEGER U.D.R.DR.SP•SB.SR.SS.P,PSU•PSM.PA,PW.PRO.PR 1.PR2.PR3.PRA , P 

1H5.PR6.PR7.PR8.PR9 
INTEGER PAS!,PWE.PE.TN.SI iSOfORI 
INTEGER PR 
INTEGER STOP 
DATA ST0P/4HSTOP/ 
DAT A U.D.R,OR•SP•SB.SR.SS.P >PSU.PSM•PA,PW.PR.PRA,PRB.PRC.PRI.PR2.P 

1R3iPttt.PR5.PR6.PR7.PR8.PR9/1HU.1 HO.1HH,2HDR,2HSP.2H50,2HSR < 2HSS.IM 
ZP.3HPSU, 3HPSM, 2HPA,2HPW,2HPR, 3HPHA,3HPRB•3HPRC•3HPR1 •3HPR2.3HPR3 »3 
3HPR4,3HPRS.3HPP6.3HPR7.3HPR8,3HPR9/ 
DATA PWE.PAti.PE.SI. SD • OR I / 3HPWE • 3HPAB • 2HPE • 2HS I • 2HS0,3H0H I / 
DATA PRO/JHPRO/ 
OAT A TN/2HTN/ 
DATA ALL/3HALL/ 
DATA MCD.MCT.MTD.MTT.M.MF•MN•MNE> ME,MSE.MS•MSW.HH•MNW/AHC/OI»4HC/T 

1 I . 4HT/0I .AHT/-T I . IHM. 1HF, IHN.2HNE. I HE. 2HSE. I HS. 2HSW, IHW.2HNW/' 
DATA MTN/AHT/NO/ 

C 
c 

C INPUT DATA 

I RE ADI5.10! INCASE.NSER.NC.MEDIUM.MSP.NSEX.NAGE,NDAYS.NFOOT,KOI ST. NO 
1 IST2.NFLOCK.NPOS.LOC.NSTAT,NTIM,NOATE.NRA IN.NCLOUD.NWIND.NO IR,AIRT 
2.A MUD T,H*I,HTI.HW2.HT2.INDIV.NEARSP.NWET.ZTT.ZFT 
IF(NCASE.EQ.-109)STOP 
1F(ME0IUM.EQ.5IGOTO 3010 
DO 10 1=1,NC 
NL=9«1-8 
NH=9*I 

10 R E A D ( 5 . 1 0 0 I ( N A C T ( J I . T ( J I , J =NL.NH! 
101 F O R M A T ( I 4 , I 2 . i 2 . 4 t l . I 2 . I t . 3 I 3 . I l . I 2 . t l . l 4 . I 6 . 1 , l . ! l . l 2 . l l , F 3 . 0 . F 3 . 0 

1 . I 4,F3.0, I 4,F3.0.14, 12 . I 1 .2F4.0) 
100 FORMAT(8X,9(A4,F4.0)1 

IF(MEDIUM.NE.2IGOTO 9010 
IT0P=NC*9 
DO 901 1 1 = 1,1 TOP 
T ( I ) = T ( 1 ) * I 0 

90 11 CONTINUF 
9010 IF(MEDIUM.EO.IIMMFO=MTT 

IF(MEDIUM.E0.2IKMED=MTD ' 
I F ( MED IUM .E'J. i |MMED=>MCT 
IFIMEDIUM.E0.4)MMEO — MCD 
IF(MEOIUM.E0.5JMMEO=MTN 
MC = NCM 
NCARD=NCASE 
WR[TEI6,3 000)NCASE,MC.MMED 

3000 FGHMA T ( I HI ,9HCA5E NO. .14.3H • ,12,23H I N I T I A L OATA CARDS. .A4l 
IF(MSP.EQ.IIGOTO 300 1 
IF(MSP.E0.2)GOTO 300Z 
IF!MSP.E0.3)G0T0 3011 
IFIMSP.EQ.4IGOTO 30 13 
IF(MSP.EO.5)G0TO 3016 
IF(MSP.E0.6IGOTO 3017 
WRITE(6,3020)MSP 

3020 FORMAT!12H0SPECIES NO..14) 
3001 WRI T E ( 6 . 3 0 0 3 I 
3003 FORMAT 114H0RINGED PLOVER! 

GOTO 3004 
3002 WRITE(6,30051 
3005 FORMAT( I2H0GREY PLOVER I 

GOTO 3004 
3011 WRITEIfi,3012) 
30 12 FORMAM7H0DUNLIN1 

GOTO 3004 
3016 WR1TE(6.30131 
3018 FORMAT!14H0GOLDEN PLOVER! 

GOTO 3004 
301 7 WR I TE( 6, 301 9! 
3019 FORMAT!8H0LAPW1NGI 

GOTO 3004 
3013 WRITE(6,30t41 
3014 FORMAT!11H0SAN0ERLING) 
3004 CONTINUE 

WR I T E ( 6 , 4 0 0 0 ) INDIV 
4000 FORMAT!ISH INOIVIOUAU NO..141 

flAIRT = A l R T / I O 
RAMUOT=AMUOT/10 
MT1=HTI/10 
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MT2=HT2/10 
1FINSF x.EO.0)MSKX=0 

P) 123 I F (NOCX.I O. I 1MS(.X = H 
••"» IF ( N5EX .1.0 . 2 > MSFX = MF 

WR I r>i ( 6 , 10 0'i I M>;r X . NAGE • NO AY S • N5TA t .LIIC . NT I M, NDATE 
3006 f o m A t i A M r.t:x , AA , i ;>n, AGE CODE , I I . I 2 M ( C H I C K AGE . 1 2 . I 6 H D A V S I , 

© 127 1STATUS: . I I . 1 7 H , LOCATION CODE: . I 2 . 8 H , TIME: .14.HH. D A T E ! .16) 
I F t NDIIi.hU.OIMOIrtsO 
I F ( N O I W . C O . I )H01R=MN 
I F ( HI) I W . C O . ?. I «0 I R-MNE 

© 1 3 1 I F I N R I I I . F O . 31MDIR = ME 
I F ( NO I I I . L O . 4 IHOI R = M5E 
I F < NO I n . EO . fi I KOIK-HS 
I F ( NO I H . I . Q . I> I M L ' I K = H S » 

f t 135 I F ( NO I U.CCI. 7 |MOIR = MV» 
• 1 F ( NO I R . L0 .') > MDI R=MN* 

Wttl TEt 6 . .100 7 I Nil A I N.NCLOUD, NWINO.MO 1 R . H A I HT . RAMUDT , HW I , MT1.HK2.MT2 
3007 FORMAT! 12H0'-TAIN CODE: .11. 9M. CLOUO: . I 1 . I 6 H / 8 . WI NO FORCE: .12.6H 

f j 139 1 FROM . A 4 . I 2 H . AIR TEMP: . F 4 . I . 1 8 H . SUBSTRATE IEMP: . F 4 . I , 8 H | H * A 
2T . 1 4 , 3 H ( .F4.1.7H 1 AND * I 4•3H ( .F4.1.2H ) ) 
* R I T E ( 6 . 30 08INFOOT . N O IST,NO IST2.NFLUCK .NPOS 

3008 FORMAT!IH .11HFOOTSHAKE: .I1.33H, OISTANCE FROM NEAREST SAME SPZ i 
O 1*3 113,14M M. OTHER S P : . I 3 . 1 6 H M. FLOCK S I Z E : . I 3 . 2 1 H , POSITION IM F L 

20CK: , I I ) 
I F ( INOIV.EO.OIGOTO 3010 
WR I TE t (3. 3009 1 I NO I V 

O 1*7 3009 FDHMATI21H0IN01VI D U A L COOE NO. .14) 
•*" 3 0 1 0 CONTINUE 

i O 

o 

o 

121 
122 
123 
1 24 
12 5 
126 
1 27 
128 
129 
1 30 
131 
1 32 
133 
134 
1 35 
I 36 
137 
1 3B 
1 39 
140 
141 
142 
143 
144 
145 
146 
147 
148 
1 49 C 
150 c 
151 c 
1 52 c 
153 c 
154 
1 55 
1 56 
157 
158 
159 
160 
161 
• 62 
163 
1 64 
165 
166 c 
167 c 
168 c 
1 69 c 
170 c 
171 
17Z 
173 
174 
175 
176 
I 77 c 
1 78 c 
179 c 
1 80 

SET ZEROS 

SORT F I R S T A C T I V I T I E S 

1=1 
GOTO 76 

74 FEEO T = F E E O T * T ( I ) 
78 TOTT=TOTT*T<I) 
77 1=1*1 
76 IF(NACT(I)» EQ •STOP)GOTO 75 

( GO TO CALCULATE AND PRINT OUT ) 
I F ( N A C T ( I I.EO.U1GOTO 50 

NDROP=0 
I O 155 NUPWE=NOPAB=NDPWE=NDPAB=NRPWE=NRPAB=NPE=NSI=NSD=NPAB=NPABU=0 

• " NPABD = NPABR = NPWE=NP<IEU = NP.I«EO = NP«fER = NDR I =NPU = NPO = NPR = NPSUU=0 
NPSUD=MPSUW=NPSMU=NPSMO=NPSMM=NPAU=NPAO=NPAR=NP»U=NPWD=NPWR=0 
NPRAU = NPRAO = NPRAR=NPRBU = NP»UD = NPRflR = NPHCU=NPRCD = NPRCR = 0 

© 159 NU=ND=NR=NOR=NSP=NSB=N5R=NSS=NP=NPSU=NPSM=NPA=NP»=NPR0=NPR1=0 
NPH2=NPR3=NPW4=NPR5=NP«6=NPR7=NPRS=NPR9=NPRT=0 
TOTT=FEEDT=0. 
NUO=NUR=NUP=NUPSU=NUPSM=NUPA=NUP«=NUPR=NDU=NDH=NDPSU=NDPSM=0 

O 163 NDP=0 
•'- NDPA = NDPW = NDPR=NRU = NRD = NRP = NRPSU = NRPSM = NRPA = NRPW = NRPR>=0 

IF(MEOIUM.EQ.5IGOTO 6000 
l A A ' r 

© 

© 

G 
Q 

IF<NACT(I>.EO.DIGOTO 51 
IFINACTI I ) .EO.TN INACTI I > =»R 

P5 183 1FINACT(I).EO.R1GOTO 52 
IF INACTI I).EO.DRIGOTO 53 
IFINACT( I 1.EO.PE)GOTO 81 
IF(NA C T I I I.EO.SPIGOTO 54 

© 187 I F I N A C T I I >.E0.SB>GOTO 55 
IF(NACT(I).EO.SR1GOTO 56 
IF(NACT((I.EQ.SS1GOTO 57 
I F ( N A C T ( I ) . E O . S I 1 G O T O 79 

O 191 I F ( N A C T ( I ) . E Q . S D I G O T O 80 
I F I N A C T ( I ) . E Q . P I G O T O 58 
IF(NACT( I I.EO.PSU)GOTO 59 
IFIN A C T ( I I.EQ.PSMIGOTO 60 ' 

Q 195 IF(NACT(I>.EO.PAIGOTO 61 
IF I N A C T I I I.EQ.P*IGOTO 62 
IF I MACT( I I .EO.PROIGOTO 63 
IF(NACT( I I .EQ.PR1 )GOTO 64 

Q 199 I F INACTI 1 I .E0.PR2IGOTO 65 
IF(NACTII>.EQ.PR3>GOTO 66 
IF I N A C T I I ) .EQ.PR4 IGOTO 67 
IFI N A C T I I 1 .EQ.PR5IGOTO 68 

O 203 ' I F I N A C T ( I ) . E 0 . P R 6 ( G O T O 69 
I F ( N A C T ( I ) . E O . P R 7 I G O T O 7 0 
I F I N A C T I I I . E Q . P R 8 I G O T O 71 
I F INACT<I 1.EQ.PR9)GOTO 72 

Q' 207 I F I N A C T I I I.EQ.PABIGOTO 82 
I F INACTI I I.EQ.PWElGOrO 83 
IFINACT( I ) .EQ.DRI IGOTO 84 
WR!TE(6,201)1 

1 O 2 1 1 201 FORMAT!31H0UNRECOGNISEO CODE AT ACT I V I T Y .141 
! GOTO 1 

181 
1 82 
1 83 
184 
185 
186 
187 
1 88 
189 
190 
191 
192 
193 
1 94 
195 
196 
197 
1 98 
199 
200 
201 
202 
203 
204 
205 
206 
207 
203 
209 
210 
21 1 
212 
213 C 
214 C 
21S c 
216 c 
217 c 
218 c 
219 c 
220 c 
221 
222 
223 
224 
225 
226 
227 
228 
229 
2 30 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

{ GO TO NEXT CASE ) 

F I R S T A C T I V I T Y = U 

50 NU=MU*1 
K = 0 

Q 223 IFINACTI1+1).NE.DRIGOTO 50 1 
K = I 
T ( I ) = T ( I > + T I 1 + 1 ) 
L = I*1 * K 

( 227 T U ( N U ) = T ( I ) 
IF(NACTIL).EO.DIGOTO S02 
IFINACTILI.EO.R.nR.NACT(L).EQ.TNIGOTO 503 
IFINACTILI.EQ.P1GUTO 504 
I F I NACT I L ) .EO.PSIJ) GOTO 505 
IF!NACTIL).EQ.PSMIGOTO 506 
IF(NACTIL).EQ.PAIGOTO 507 
IF ( NACTIL ) .EQ.PW>r.aTO 508 
I F I N A C T I L ) . EQ.PriO .OR . N AC T I L ) . EQ . PR 1 . OR . NACT I L ) ,F_0.PR2.0R.NACT(L).E 

I Q. PR J . OR. NACT ( L I . EO. P H .OR .NACT (L ) .EQ.PR5.OR.NACt (L ) .EQ .PR6.0R.NAC 
2r(L).EO.pn7.0R.NACT(L).EQ.PR8.0».NACT(L).EQ.PR9)GOTO 509 

IF INACTILI.EQ.PKE)GOT0 500 
IFINACTIL).EO.PAHIGOTO 5000 
GOTO 7 4 

http://EQ.PR5.OR.NACt
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© 

© 
C 
c 
o 
o 
o 
o 
o 
o 
o 
0 

© 
© 
o 
© 
o 
G 
o 
o 
o 
o 
o 

G 
o 
© 
o 
r 
o 

r • 
c • 

211 502 NUD=NUO»l 
z«a TUDt NUO)= T ( I ) 
2*3 GOTO 74 
244 503 NUBaNUIlt 1 
245 Tom nun» = r ( I» 
206 GOTO 74 
247 504 NUP-NUP*! 
24(1 T U P ( N U P I = T ( I > 
249 GOTO 74 
P50 505 NUPSU=NUPSU*I 
251 TUPSU(NUPSUI=T< I ) 
252 GO TO 74 
253 506 NUPSM = NUPSHH 
2S» T UPSM1NUPSM)=T(I) 
255 GOTO 74 
256 507 NUPA=NUPA+I 
257 TUPA(NUPAI=T<11 
258 GOTO 74 
259 508 NUPH=NUPW*1 
2&0 TUP«tNUPW)=T<1» 
261 GOTO 74 
262 509 NUPR = NUPRH 
263 TUPIK N U P R ) = T ( 1 ) 
264 GOTO 74 
265 500 N U P * E = N U P * E * I 
266 TUPWf; ( NUPKE I = T ( I ) 
267 GOTO 74 
268 5000 NUPAB = NUPABH 
269 TUPAH(NUPAB»=T(t1 
27Q GOTO 74 
271 C 
272 c 
273 c F I R S T A C T I V I T Y = 0 ( 0 O W N 1 
274 c 
275 c 
2 76 81 N D = N D * 1 ' 
277 

81 
K=0 

278 I F ( N A C T ( 1 * 1 ) . N E . O R ) G O T O 5 1 1 
279 K=l 
2B0 Tt i > = T < n » t ( i m 
281 511 L«I*I*K 
2 82 T 0 ( N D I ' T I I I 
283 IF(NACT(L1.E0.U1G0T0 512 
284 I F ( N A C T ( L 1 . E O . R . O R . N A C T ( L ) . 6 Q . T N I G O T O 5 1 3 
285 I F ( N A C T ( L ) . 6 0 . P I G O T O 5 t 4 • 
286 IF(NACT1L).EQ.PSUIGOTO 515 
287 IF(NACTIL).EQ.PSM1GOTO 016 
288 IF(NACT(LI.EO.PA1GOTO 517 
289 IF{NACT(L1.60.PWIGOTO 518 
290 I F (NACT < L ) .6 0.PRO .OR. NACT ( L I .EQ.PR1.OR.NACTIL1 .E0.PR2.OR .NACT ( L I .6 
291 1Q.PR3.OR.NACT(L) .EO.PR4.OR.NACTIL1.EO.PR5.OH.NACT(L).E0.PR6.OR . NAC 
292 2T(L).EO.PR7.DH.NACT(L).EQ.PR8.OR.NACT(LI.EQ.PR9IGOTO 519 
293 I F (NACT(L ) .F.O.PKE (GOTO 510 
294 IF(NACT(L).EQ.PAU)GOTO 5100 
295 GOTO 74 
296 512 NOU=NDU+l 
297 T 0 O ( N 0 U ) = T I I 1 
293 GOTO 74 
299 513 NOR = NOR*1 
300 TORINORI=T(I 1 

301 GOTO 74 
30 2 514 N D P = N D P + l 
303 T O P ( N O P ) = T ( I > 
304 GOTO 74 
305 515 NOPSU=NOPSUtl 
306 T D P S U ( N O P S U » = T ( 1 ) 
307 GOTO 7 4 
308 516 NDPSM=NOPSM+l 
309 T D P S M ( N D P S M ) = T ( I ( 
310 GOTO 7 4 
311 517 NDPA=NDPAt1 
312 T O P A ( N D P A ) = T < I ) 
313 GOTO 7 4 . 
3 1 4 510 NDPW=NOPW*r 
315 T D P « ( N D P W I = T { 1 • 
316 GOTO 7 4 
317 519 NOPR = N D P R H 
31 8 T D P R ( N O P R ) = T ( I » 
319 GOTO 7 4 
320 510 NDPWE=NOPWE+l 
321 T O P W E ( N O P » £ l = T ( I I 
322 GOTO 7 4 . •• 
323 5100 NDPAB=NOPAB+l 
324 T D P A B ( N O P A S I = T < I ) 
325 GOTO 74 
326 C 
327 C 
3 2 8 c F I R S T A C T I V I T Y =» R ( OR T ) (RUN - OR T U R N ) 
329 c 
330 c 
331 52 N R = N R M 
332 K«=0 
333 I F ( N A C T ( 1 * 1 1 . N E . O R I G O T O 521 
3 3 4 K=l 
3 3 5 T ( 1 » = T ( I ) + T ( 1 + 1 1 
336 521 L = I * 1 * K 
337 T R I N R ) = T ( I > 
330 I F ( N A C T ( L ) . E O . U 1 G O T O 522 
339 I F ( N A C T I L ) . E O . O I G O T O 523 
340 I F ( N A C T ( L ) . E O . P I G O T O 524 
341 I F ( N A C T ( L I . G O . P S U I G O T O 525 
342 IF(NACT(LI.EG.PSMIGOTO 526 
3 4 3 I F ( N A C T ( L » . E O . P A I G O r O 527 
3 4 4 I F ( N A C T ( L I . E Q . P W I G O T O 0 2 8 
345 I F ( N A C T ( L 1 . E O . P H O . O R . N A C T ( L 1 . E Q . P R 1 .OR.NACTIL1.CQ.PR2 • O R . N A C T ( L ) • E 
346 1 0 . P R 3 . O R . N A C T I L 1 . E 0 . P U 4 . O R . N A C T ( L 1 . E O . P H 5 . O R . N A C T ( L ) . F.0.PR6.0R.NAC 
347 2 T ( L ) . E Q . P R 7 . O P ,NACT(L1.EQ . P R 8 . O R . N A C T ( L ) . E O . P R 9 I G O T O 529 
3 4 8 IF(NACT(L1.EG.PWEIGOTO 520 
349 I F ( N A C T ( L 1 . E Q . P A B I G O T O 5200 
350 GOTO 7 4 
351 522 NRU=>NRU» 1 
352 TRUINHU1=T{ I 1 
353 OOTO 7 4 
354 523 NRD = NROH 
355 T R D ( N R O ) = T ( I ) 
356 GOTO 74 
357 524 NRP = NRPH 
358 T R P ( N R P ) » T ( I 1 
359 GOTO 7 4 
360 525 NHPSU = NRP5UH 
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.161 
362 
363 
36» 
365 
366 
367 
36a 
36 9 
370 
371 
372 
373 
374 
375 
J76 
377 
378 
379 
3B0 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
40 2 
403 
404 
405 

TRP'JUI NRPSU) "1 ( t 1 
GOTtl 74 

526 NRP'iM = NRPSM*l 
IHP'JMi NHP>iM) = T< I ) 
GUT I) 7 4 

527 NRPA = NRPAH 
TRPAINRPAl-TI I ) 
GOTO 74 

528 NHP* = NRP«I* I 
THP*{NHPWI=T(1) 
GOTO 74 

529 NRP»=NRPR* 1 
TRPRINRPR)=:Tf I ) 
GOTO 74 

520 NPP*E=NRPME+l 
TRP*E(NRP«IE) = T ( I ) 
GOTO 74 

5200 NHPAli = NRPAn»-l 
TRPA[)(NRPA8I=T<I) 
GOTO 74 

F I R S T A C T I V I T Y = f)R t D R O P P I N G I 

53 N0ROP = NDROP«-l 
GOTO 77 

F I R S T A C T I V I T Y PE < P E L L E T I 

81 NPg=>NPE*l 
GOTO 77 

F I R S T A C T I V I T Y = SP ( STOP ' PREEN ) ' 

54 NSP=NSP+1 
REALT=TOTT/10. 
RE AL T 2 =(TOTTtTCI ) ) / 1 0 . 
*RITE<6.202)REALT.REALT2 

202 FORMAT!13H PREENING AT . F 5 . 1 . I 4 H SECONDS T I L L . F 5 . I . 8 H SECONDS) 
GOTO 78 

406 C 
407 c 
408 c 
409 c 
410 c 
411 
412 
413 
414 
415 
416 
417 c 
418 c 
419 c 
420 c 

421 c 
422 
423 
424 
425 
426 
427 
428 c 
429 c 
430 c 
431 c 
432 c 
433 
434 
435 
436 
437 
438 
439 c 
440 c 
441 c 
442 c 
443 c 
444 
445 
446 
447 
448 
449 
4 50 
451 c 
452 c 
453 c 
454 c 
455 c 
456 
457 
458 
459 
460 
461 
462 c 
463 c 
464 c 
465 c 
466 c 
467 
468 
469 
470 
471 
4 72 
473 
474 
475 
4 76 
477 
47ft 
479 
480 

F I R S T A C T I V I T Y = SB « S T O P B A T H E ) 

55 NSB=NSB+1 
R E A L T J = T O T T / I 0 . 
REAl.T2=(TOTT*T< 1 ) 1 / 1 0 . 
WRTTE(6.203 >REALT,REALT2 

203 FORMAT ( 12H SAT H t NG AT .F5.1.14H SECONDS T I L L 
GOTO 78 

.F5.1.8H SECONDS) 

F I R S T A C T I V I T Y = SR < S T O P R O O S T I N G ) 

5 6 NSR=NSR«-1 
R E A L T = T O T T / 1 0 . 
R E A L T 2 = { T O T T + T ( 1 ) 1 / 1 0 . 
W H 1 T E ( 6 . 2 0 4 ) R E A L T . R E A L T 2 

2 0 4 F O R M A T ( 1 3 M R O O S T I N G AT . F 5 . I . 1 4 H S ECONDS T I L L . F 5 . I . 8 H S E C O N D S ) 
GOTO 7 8 

F I R S T A C T I V I T Y = SS < S T O P S T A N O I N G ) 

57 NSS=NSStl i 
REALT=TOTT/10. 
REALT2=(TOTT»T(II)/l0. 
WRITE < 6.20S)REALT,REALT2 

205 FORMAT!13H STANOING AT . F 5 ^ 1 i t 4 H SECONDS T I L L 
GOTO 78 

,F5.1.8M SECONDS) 

F I R S T A C T I V I T Y S I ( S T O P INCUBATE.OR 0RO0D ) 

79 NSI=NSI+1 
REALT=TOTT/10. 
REALT2=(TOTT+T(I»)/lO. 
KRITE16.206)REALT,HEALT2 

206 FORMAT(27H INCUOATING OR BROODING AT .F5.1.14M SECONDS T I L L 
18H SECONDS) 
GOTO 78 

F I R S T A C T I V I T Y SD ( STOP DISPLAY ) 

80 NSD=NSD*1 
REALT = TOTT/10 . 
REALT2=<TOTT»T(I))/10. 
W R I r E ( 6 . 2 0 7 ) R E ALT.REAL T2 

207 FORMAT(15H DISPLAYING AT 
GOTO 78 

,K5.1,I4H SECONDS T I L L . FS.I.BH SECONDS) 

F I R S T A C T I V I T Y < P E C K ) 

58 NP=NP+I 
T P ( N P ) = T C I ) 
IF(NACT(I»l).EQ.UIGOTO 580 
I F ( N A C T I I H > . E O . D I G O T O 581 
IF (NACT( I + 1 ) . CO. I ) . OH. NACT ( | »I ) ,E0.TN)G0T0 382 
GOTO 74 

580 NPU = NPUH 
TPU(NPU)=T(1*1) 
[ F ( NACT I 1*2) .KQ.OH.OR.NACTI 1+2) .EO..PE )TPO( NPU) =TPU t NPU ) +T( t »2) 
GOTO 74 

581 NPO=NPO*t 
TPD(NPOl = T( I»l ) 
IF(NACT(I*21.EO.DR.OR.NACT(H-2).EO.PE)TPO(NPO)nTPDINPD) + TI 1*2) 
GOTO 74 
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582 NPR=NPR i- 1 4«2 TPRINPKI n T ( ( * | | 

483 I F (NACT ( 1»2 >.EO.DH .OR .NACT 1 1 + 2 ) .EO.PE ) TPIH NPR ) = TPH|NPR> +TC 1+2) 
484 GOTO 74 
485 C 
4 86 C 
487 c F I R S T A C T I V I T Y = PSU 1 PECK SUCCESS 1 
488 c 
4 89 c 
4 90 59 NPSU=NPSU*I 
491 TPSU(NPSU)=T<1) 
492 I F ( N A C T ( 1 H ) . E O . U I G O T O 590 
493 I F I N A C T M M I.EO.OIGOTO 59 1 
494 I F I N A C T I I M I . E Q . R . O R . N A C T t l t l l . E O . T N l G O T O 592 
495 GOTO 7 4 
496 590 NPSUll = NPSUUH 
497 T P S u u ( N P s u u i = r ( 1 * 1 ) 
498 IF(NACT(l*2>.EO.OH.OR.NACTII+ 2).EO.PE)TPSUU(NPSUU1=TPSUU<NPSUU1•T( 
4 99 11+2) 
50 0 GOTO 74 
s o t 591 NPSUO = N P SUDU 
502 TPSUn(NPSUOI=T(1*11 
503 IF(NACT(I*2).EO.OR.OR.NACT <I+2).EO.PE1TPSUDINPSUDl = TPSUO<NPSUO1*T< 
S04 1 I »2I 
505 GOTO 74 
506 592 NPSUR=NPSUR+1 
50 7 TPSUR(NPSUH)=T(1M > 
508 IF=(NACTII*2> . EQ.DN.OR. NACT ( 1 *2 I .EO.PE ) TPSUR ( NPSUR )= TPSUR (NPSUR ) +T ( 
509 11*21 
910 GOTO 74 
51 1 C 
512 C / 
513 c F I R S T ACTIVITY = PSM ( PECK SMALL ITEM ) 
514 c , 515 c 
516 60 NPSM=NPSM+1 . . . 
517 TPSM(NPSMI=TC1) 
518 IF1NACT1IM).EQ.UIGOTO 600 
519 IFINACTI1M).EO.D1GOTO 601 
520 IF(NACT( I•1 ).EO.R.OR.NACTI I•I).EO.TN1 GOTO 602 
521 GOTO 74 
522 600 NPSMU=NPSMU+1 
523 TPSMU(NPSMU)=T(I»1) 
S24 I F ( NACTI 1 + 2 ) .EO. OR. OR. NACT ( I+2 ) .EQ.PE 1 TPSMU( NPSMU) =>TPSMU(NPSMU ) • T< 
325 11+21 
526 GOTO 74 
52 7 601 NPSMD=NPSMD+1 
528 TPSMDINPSMO>=T( I H ) 
529 I F ( NACT ( I »2 > .EQ.OR.OR.NACT ( I +2 ) .EO. .PE 1TPSMDINPSMO 1 =TPSMO (NPSMO » + T< 
530 11*2) 
531 602 NPSMR=NPS"R+1 
532 TPSM«(NP5MR)=T(1*1 ) 
533 IF(NACT(1*21.EO.OR.OR.NACTI1+21.EO.PE)TPSMRCNPSMR)=TPSMRCNPSMR)+T< 
634 11*21 
535 GOTO 74 
S36 C 
537 c 
538 c F I R S T A C T I V I T Y » PA ( PECK ARENICOLA ) 
539 c 
540 c 

541 61 NPA=NPA+1 
542 TPA( NPA ) -T ( I ) 
543 IF(N4CT<1H».EO.U1GOTO 610 
544 IFINACTI1*11.EO.01GOTO 611 
545 I F 1NACT( 1*1 1.EQ.R.OR•NACT1 1 * 1 ) . EQ.TNJGOTO 612 
546 GOTO 74 
54 7 610 NPAU=NPAU+l 
548 TPAUINPAUI=T(I) 
549 I F ( N A C T I I*21.EO.OR.OR.NACT(1+2) • EQ.PE)TPAUINPAUt =TPAU(NPAU)+TI1+2) 
550 GOTO 74 
551 611 NPAD=NPAD*1 
552 TPAO(NPAD)=T( I ) .EQ.PE)TPAO(NPAO >=TPAD(NPADl+T<1*2) 553 I F(NACT(l*2).EQ.QR.OR.NACT(I+2) .EQ.PE)TPAO(NPAO >=TPAD(NPADl+T<1*2) 
554 GOTO 74 
555 612 NPAR = NP AR* 1 
556 TPAR(NPAR)=T(I) 
557 IF(NACTII*2).EO.OR.OR.NACT(I+2) •EQ.PE)TPAR(NPAR)=TPARINPAR)+TC1+2 > 
558 GOTO 74 
559 C 
560 C 
561 . C F I R S T A C T I V I T Y = PW I PECK WORM - UNIDENTIFIED ) 
562 c - • . 
563 c _ 
564 62 NPW=NPW*I 
565 TPW(NPW)=T(1) 
566 IF<NACT(I+1).EQ.U)GOTO 620 
567 IF(NACTI1*1).EO.OIGOTO 621 
568 IF(NACT(1*1).EO.R.OR.NACT1I+l1. EO.TN)GOTO 622 
569 GOTO 74 
570 620 NPWU=NPWU* 1 
571 TPWU(NPWU)=TC1*1 ) 
572 IF(NACT(1*2).EQ.OR.OR.NACT( I +2 I •EQ.PEITPWU(NPWU)=TPWU(NPWU)+T(1+2) 
573 GOTO 74 
574 621 NPWD=NPWO*l 
575 TPWO<NPWD>=T( I + l ) .EQ.PE)TPWD(NPWD)=TPWD(NPWD)*TC1*2) 576 1F(NACT( 1+2 I.EQ.DR.OR.NACT(I*21 .EQ.PE)TPWD(NPWD)=TPWD(NPWD)*TC1*2) 
577 GOTO 74 
578 622 NPWR=NPWR*1 
579 TPKRINPWR)=T(I + I 1 .EQ.PE>TPWR(NPWR>=TPWR(NPWR)+T(1+2) 580 IF(NACT(1+2)•EO.OR.OR.NACT(I+2) .EQ.PE>TPWR(NPWR>=TPWR(NPWR)+T(1+2) 
581 GOTO 74 
582 c 
583 c 
584 c F I R S T A C T I V I T Y = PRO-9 ( PECK REO WORM ) 
585 c 
586 c 
587 c PRO I SMALL RED WORM I 
583 c 
589 63 NPRO=NPR0+I 
590 T P R 0 ( N P R 0 ) a T ( 1 } 
591 GOTO 630 
592 c 
593 c • PR1 ( 1/4 REO WOnMS ) 
594 c 
595 64 NPR1aNPRl+1 
596 TPR1(NPR11=T<I) 
597 GOTO 630 
598 c 
599 c SMALL RED WORMS I PRO t PI) 1 I 
600 c 
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601 630 I F I N A C T I I • 1 ) . C D . D I O O r o 631 
602 I F (NACT ( 1 H 1 . e o . l l I C n r o 632 
603 |F(NACT( 1 » 1 1 .RQ.R.QM.NACT{ H I 1 .EQ . TN IGOTO 633 
604 GOTO 74 
603 631 NPHAU-NPHAUH 
606 TPHAU(NPHAUI=T(1+11 
607 IF(NACUI+2I.EO.OR.OR.NACT(1+ 21.EQ.PEITPRAU(NPRAUI •TPRAU«NPRAUI+T( 
60U 11+21 
609 GOTO 74 
610 632 NPHAOsiNPRAO+1 
61 1 tPMAB (N I'RAOI=T( I• 1 I 
612 I F INACT( 1+21 .EQ. OR. OR. NACT ( 1 +2 I . F.Q. PE ITPRAO (NPR AD 1 -•TPRAO (NPRAO) *T( 
613 11+2) 
614 GOTO 74 
615 633 NPRAR=NPRAR+1 
616 T P R A R ( N P R AR1=T( 1 + 1 1 
617 I F (NACT ( 1+2 1 .EQ.OR.OR.NACM I +21 .EQ .PE 1TPRARI NPR AR t =TPRAR (Nf'RAR 1 + T{ 
618 1 1+21 
619 GOTO 74 
620 C 
621 C PR2 ( 1/2 RED WORMS 1 
622 c 
623 65 NPR2=NPR2+1 
6»24 T P R 2 ( N P R 2 I = T ( I ) 
625 GOTO 650 
626 c 
627 c PR3 ( 3/4 RED WORMS > 
62 8 c 
629 66 NPR3=NPR3+1 
630 TPR3(NPR3)=T( 11 
631 GOTO 650 
632 c 
633 c PR4 ( 1 RED WORMS I 
634 c 
635 67 NPR4=NPR4+1 
636 TPR41NPR4)=TtI> 
637 GOTO 650 
638 c 
639 c MEDIUM RED WORMS < PR2. PR3 4 PR* 1 
640 c 
641 650 IF(NACT(1+11.EO.UIGOTO 651 
642 I F ( N A C T ( I + ll.EQ.DIGOTO 652 
643 I F ( N A C r l I + l 1.E Q.R.OR.NAC T( I+11.EO.TNI GOTO 633 
644 GOTO 7 4 
645 651 NPROU-NPRBU+1 ' 
646 TPRflll(NPR8U)=T( 1 + 1 1 =TPRBUINPRBU1+TC 647 IF(NACT(I+2I.EO.OR.OR.NACTI1+21,E0.PE)TPR8U(NPRGUI =TPRBUINPRBU1+TC 
648 11+21 
64 9 GOTO 7* 
650 652 NPHODiNPRHD+l 
651 T P R a D ( N P R B 0 1 = T ( I + l 1 
652 I F ( N A C T ( I + 2 I.EO.OR.OR.NACT iI+2).EQ.PE1TPRBDINPRBOI =:TPRBDI NPRBD ) *T ( 
653 11+21 
654 GOTO 74 
655 653 NPHBR=NPRBR+1 
656 T P H 3 R ( N P R B R ) = T ( I • I ) 
657 !F(NACT(I+2).EQ.OR.OR.NACT(t+2>.EQ.P6ITPRAR(NPRAR) cTPRAR(NPRAR)+TI 
659 11+21 
659 GOTO 74 
660 c 

661 C PR5 ( 1 1/4 RED NORMS ) 
662 C 
663 68 NPRS=NPRS+l 
664 TPR5( NPR5) =-Tt 1 ) 
665 GOTO 680 
666 C 
667 C PR6 ( 1 1/2 RED WORMS ) 
668 C 
669 69 NPR6=NPR6+I 
670 TPR6(NPR6)=T<I) 
671 GOTO 680 
672 c 
67 3 c, PR7 ( 1 3/4 RED WORMS ) 
674 c • 
675 70 NPR7=NPR7+1 
676 T P R 7 ( N P R 7 ) = T ( I ) 
677 GOTO 680 
678 c 
679 c PR8 ( 2 RED WORMS I 
680 C 
681 71 NPRS=NPR0+1 
682 ' TPR8INPR8)=T»I) 
6G3 GOTO 680 
68* c 
685 C PR9 ( >2 RED WORMS ) 
686 C 
687 72 NPR9=NPR9+l 
6 a s T P R 9 ( M P R 9 ) = T ( I ) 
689 GOTO 680 
690 C ( PR5, PR6i PR71 PR8 & PR9 ) 691 c LARGE RED WORMS ( PR5, PR6i PR71 PR8 & PR9 ) 
692 C 
693 680 I F ( N A C T ( I + l I . E O . U I G O T O 681 
694 I F ( N A C T ( I + l 1 . E Q . 0)GOTO 682 
695 1 F ( N A C T ( 1 + 1 1 . E O . R.OR.NACT(I+l1.EQ.TNIOOTO 683 
696 GOTO 74 
69 7 681 NPRCU=NPRCU+I 
690 TPRCU(NPRCUI=T(I+l) =TPRCUINPRCU1+T( 699 I F ( N A C T ( 1 + 2 ) . E Q . OH.OR.NACT(1+2).EQ.PE)TPRCUINPRCU) =TPRCUINPRCU1+T( 
700 11 + 2) 
701 GOTO 74 
702 682 NPRCD=NPRCD+1 
703 TPRCO(NPRCO)=T(I+l) =TPRCO(NPRCD)+T( 704 I F ( N A C T ( 1 + 2 ) . E Q . OH.OR.NACT(I+21.EQ.PE)TPRCO(NPRCO) =TPRCO(NPRCD)+T( 
705 1 I +2) 
706 GOTO 74 
70 7 683 NPRCR=NPRCR»1 
708 TPHCR(NPRCR)-T(I+l1 *TPRCR(NPRCR » +T < 709 I F (HACK 1+2).EQ.DR.OR* NACT ( 1 +2 ) . EO.PE ) TPHCR (NPRCR ) *TPRCR(NPRCR » +T < 
710 ) 1+2) 
711 GO TO 74 
712 C 
713 C 
71 4 c F I R S T A C T I V I T Y = PAB ( PECK - ABORTED ) 
715 c 
716 C 
717 82 NPA0=NPAB+1 
718 TPABINPAB)=T( I 1 
719 I F ( N A C T ( I + 1 1 . E Q . UIGOTO 820 
720 IF(NAC T( I + 1 1.EQ. OIGOTO 821 

http://eo.ll
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721 I F ( NACT! I H 1 .EQ.R .OR,NACT ( I H ) . E O . T N I G O T O 822 
722 GOTO 74 
723 820 NI-A^IJsNPABU* I 
724 TPAilUI NOAGU) = T < 1 + 1 1 
72b IF(NACTI 1*2) .HO.OH.OR.NACT( 1 *2).EO.PE1 TPAQU{NPABU1 =TPABU(NPA8U)+T< 
726 1 1 »2 1 
72 7 GOTO 74 
723 821 NPAUD=NPAHD*1 
729 TPA0illNPAH01 = T( 1*1 1 
730 I FINACT(l*2I.E0.DR.OR.NACTI I»2 >.EQ.PE1 TPABD(NPABD1 = TPABD(NPABD) +7 • 
731 1 1 *2 1 
732 GOTO 74 
733 822 NPAH9=NPAHRn 
734 TPA3W(NPADHl=T(IH) 
T35 I F 1 N A C T I 1 * 2 I .EO.DR.OR.NACTI 1 + 2) .E0.PE)TPA3R(HPABR> =TPABR«NPAOH»+T< 
736 11*2) 
73 7 GOTO 74 
73B C 
739 c 
740 c F I R S T A C T I V I T Y = PWE ( PECK - WEED 1 
741 c 
742 c 
743 83 NPWE=NPWEM 
744 TPwEINPWE)=T( 1 1 
745 IF(NACT( 1 * 1 I.EQ.UIGOTO 830 
74 6 1F(NACT(1•11.EQ.01GOT0 831 
747 I F ( NACT I i n I.EO.R. OR.NACTI 1*1 1 .EO.TNI GOTO 832 
74 8 GOTO 74 
749 830 NPWEU=NPWEU*1 
750 TPWEU(NP WEU 1= T( I * 1 ) 
751 I F 1NACTI1»2>.EQ.OR.OR.NACT11*2).EQ.PE)TPWEUINPWEU) =TPWEU « NPWEU)+T « 
752 11*21 
753 GOTO 74 
754 831 NPWEO=NPWED*l 
75S TPwED(NPWED) = T ( I * l I 
756 IF(NACT(1*2).EQ.OR.OR.NACT(I*21•EQ.PE1 TPWEDINPWED) =TPWEO(NPWEOI+TC 
757 11+21 1 

758 GOTO 74 
759 832 NPWER=NPWER*1 
760 TPWER(NPWER|=T(Itl1 
761 IF(NACT(1*2).EQ.OH.OR.NACT(I*21.EQ.PE1TPWER<NPWER1 =TPWER(NPWERI+T< 
762 11+21 
763 GOTO 74 
764 c 
765 c -
766 c F I R S T A C T I V I T Y » OR I < ORINK ) 
767 c 
768 c 
769 84 NDRI=NDRl+l 
770 GOTO 74 
771 c 
772 c 
773 c I N I T I A L TOTALLING CALCULATIONS 
774 c 
775 c 
776 75 IF(MEDIUM.60.21FEEOT=ZFT«10. 
777 IF[MED1UM.E0.21T0TT=»ZTT»I0. 
778 IF(f-EEDT.EO.O) GOTO 9000 
779 HATO=FLOAT(NU)/1FEEOT/600.1 
780 RATD=FLOAT(ND)/(FEEDT/600.> 
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761 RATR=FLOAT(NRI/(FEEDT/600•) 
782 RATDRI= FLO A T(NDROPI/(FEEDT/600.I 

O 783 RATDW2=FLOATINOROPI/1TOTT/600.1 
784 RATPEI=FLOATYNPEI/(FEEOT/600.I 
785 RATOE2=FLOAT(NPE)/(TOTT/600.) 
786 RATP=FLOAT(NP)/(FEEOT/600.> 

O) 787 RATPSU=FLOATINPSU)/(FEEOT/600.) 
7 8 8 . RATPSM=FLOAT(NPSM)/ ( F E E D T / 6 0 0 . ) 
789 RATPA=FLOATINPA)/(FEEDT/600.) 
790 RATOW=FLOAT(NPW>/(FEEDT/600.1 

fH) 791 RAT»A=FLOAT(NPA)/(FEEOT/600.) 
792 RATRR0=FLOAT(NPRO)/<FEEDT/600.I 
793 RATPRl=FLOAT(NPR1)/(FEEDT/600.1 ' 
794 RATPR2=FLOAT(NPR2I/<FEEDT/600.1 

O 795 RATPR3=FL0AT(NPR3)/(FEEDT/600.) 
796 RATPR4=FLOATINPR41/(FEEDT/600.) . 
797 RATPR6=FLOAT(NPR5)/<FEEOT/«00.1 
798 RATPR6=FL0AT(NPR6)/(FEEUT/600.1 

Q 799 HATPR7=FLO»T(NPR7)/(FEEOT/600.) 
800 RAT»Rfi=FLOAT(NPRB)/( FEEOT/600. 1 
801 RATPR9=FLnAT(NPR9)/(FEEDT/600.> 
802 NPHT=NPR0*NPHI*NPR2*NPR3+NPR4+NPR5*NPR6*NPR7+NPR8+NPR9 

. Q 803 RATPRT=FLOAT(NPRT)/(FEEDT/600.) 
804 RATPWE=FLOAT(NDWE)/(FEEDT/600.1 
805 RATPAB=FLOAT(NPAB)/(FEEDT/600.) 
806 NHTOT=NP+NP5U+NPSM+NPA+NPW+NPRT*NPWE 

O 807 RATPTO^FLOAT!NPTOT)/(FEEOT/600.) 
808 RATDRI=FL0AT(NORI)/<FEEDT/600.) 
809 GOTO 9001 
810 9000 RATU=RATO=RATR=RATORI=RATPE1=RATP=0 

C) 811 RATPSU = RATPSM=f!ATPA = RATPW = 0 
812 RATPR0=RATPR1=RATPH2=RATPR3=RATPR4=0 
813 RATPRS=RATPR6=RATPR7=RATPR8=RATPR9=0 
814 RATPRT=RATPWE=RATPA0=RATPTO=RATDRI=O 

O 815 9001 REALTT=TOTT/l0. 
8 I C REALFT=FEEDT/10. 
817 WRITEI6,10001REALTT.REACFT 
818 1000 FORMAT(16H TIME ELAPSED = .F5.1.20H TIME FEEDING = •F5.1) 

O 819 WRITE(6,1001) 
820 1001 FORMAT(1 HO,9X,4X.IHU.4X.1HD.4X.1HR.2X.3HDRT,2X.3HDRF.2X.3HPET.2X.3 
821 1HPEF.4X, IHP.2X* 3HPSU »2X.3HPSM,3X.2HPA.3X.2HPW) 
822 WRITE(6.1002)NU.NO.NR.NDROP.NDROP.NPE.NPE.NP.NPSU.NPSM•NPA•NPK 

O 823 1002 FORMAT ( 1 OH OI1S . FREQ . I 4 , 1 I I 5 ) 
824 WRITE(6.1003)HATU.RATO.RATR.RATDH1•RATOR2.RATPE1,RATPE2.RATP.RATPS 
825 IU.RATPSM.RATPA,HATPW 
826 1003 FORMAT! 1 OH FHEQ/MIH . 1 2 F 5 . 1 I 

t 82 7 WRITE(6.I 0 I 2) 
828 1012 FOHMAT( I HO.9X,2X.3HPR0,2X.3HPR1,2X.3HPR2,2X.3HPR3,2X.3HPR4,2X.3HPR 
829 15•2x•3HPRS.2X.3HPR7.2X,3HPR0,2X.3HPR9.2X,3HPRT,2X,3HPWE•I X.4HPTOT. 
830 22X•3HPA0i2X,3HORI) 

( 831 WRITEI6. I 0131NPR0,NPRI.NPR2.NPR3.NPR4.NPR5.NPR6.NPR7.NPR8«NPR9.NPR 
832 1T.NPWE .NPTOT.NPAli.NORI 
833 1013 FORMAT! I OH 0U5. FHE0. I 4 . I 4 15 I 
834 W R I T E I 6 . I 0 I 4 IRATPRO.HATPH1 .RATPR 2.RATPR 3.RATPR1,R A TPR5 . R A TPR6,RATP 

( 835 IR7,rtATPRO,RATPH9,RATPRT,RATPWE.RATPTU.RATPAO.RATDRI 
836 1014 FORMAT! 1 OH FREO/MIN .15F5. 1 1 
837 C 
8 38 C 

( 839 C S T A T I S T I C S OUTPUT 
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84 1 
042 
1)4 3 
944 
845 
04 6 
04 7 
849 
849 
850 
851 
852 
053 
854 
855 
056 
85 7 
858 
859 
860 
861 
86 2 
863 
a* 4 
865 
866 
867 
868 
869 
870 
871 
872 
87 3 
874 
875 
876 
877 
878 
879 
880 
801 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
890 
899 
900 

901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 
916 
91 7 
918 
919 
92 0 
921 
922 
92 3 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
94 3 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 

WRITEC6.1004) 
1004 FORMAT 1 2 1 M —A C T I V I T Y 560UENCT. N.1X.7HSIGMA X.IX.BHSIGMA X2.9X.5HN/ 

IM IN.'jX ,3HAV . 1 0X.2MSS. I OX, 3HVAR, 9X. 2HSD. 9X,4HVARM•9X,2HSE) 
HIM Tl: I 6. IOO'J ) 

1005 FORMAT(37H0TIMES FOR UP SORTED BY NEXT A C T I V I T Y / I 
CALL PST AT SIO.TUO,NUD.HTUO,AVUO) 
CALL PS TAT S ( It , TUP . NUR ,'IIOH. AVUR ) 
CALL PST AT S I P , lUI'.NUI'.HrUPiAVUPI 
CALL PSTAT SI PSU. T VJPSU . NUPSU . H TUPSU • A VUPSU > 
CALL P5TATGI PSM, TUPSM, NUPSM. RTUPSM . AVUPSH) 
CALL PST AT I PA,TUPA.NU QA, R TUPA . AVUPA ) 
CALL PSTATSIPW.TUPW,NUPW,RTUPW.AVUPW) 
CALL PST AT f, ( PR , 1UPIJ.NUPH , RTUPR , A VUPR ) 
CALL PST A Tf. ( PWF , t UP WE . NUPWE .RTUPWE • AVUPWE) 
CALL PSTAT5IPAH.TUPAB•NUPADiRTUPA8•AVUPAB) 
CALL PSTATSI ALL.TU.NU,RTU.AVU) 
WRI TEC fa.1006) 

1006 FUWMATI39H0TIMES FOR DOWN SORTED BY NEXT A C T I V I T Y / ) 
CALL PSTATSCU.TOU.NOU.RTDU,AVOU) 
CALL PSTATSIR,TDR,NOR.RTDR.AVDH) 
CALL PSTATS(P.TDP.NOP.RTOP•AVDP) 
CALL PSTATS(PSU.TOPSU,NDPSU.RTDPSU.AVOPSU) 
CALL PSTA TSC PSM.TOPSM,NOPSM,RTOPSM.AVOPSH) 
CALL PSTATSCPA, T OPA , NOP.A , R TDP A , A VDPA ) 
CALL PSTATSIPW.TDPW,NOPW,RTDPW,AVOPW) 
CALL PSTATSIPR,TOPR.NDPH.RTDPH,AVDPR) 
CALL PSTAT5IPWF. . TOPWE ,NOPW£.RTOPWE .AVDPWE) 
CALL PSTATS(PAH,TDPAB,NDPAU.RTDPAB,AVDPAB) 
CALL PSTATSIALL.TD.NO.RTO.AVO) 
WRITE(6.1007> 

1007 FOHMATI3HH0TIMES FOR RUN SORTED BY NEXT A C T I V I T Y / ) 
CALL PST ATSC U.T«U.NRVJ.RTRU.AVRU) 
CALL PSTATSC O,THO.NRD.RTRO.AVRD) 
CALL PSTATSIP.TRP.NRP,RTRP,AVRP) 
CALL PSTATSCPSU.THPSU.NRPSU.RTRPSU,AVRPSU) * 
CALL P5TAT3CPSM,TRPSM,NRPSM,RTRPSM.AVHPSMI 
CALL PSTATSIPA,TRPA.NHPA.RTHPA.AVRPA) 
CALL PSTATSIPW,TRPW.NRPW.RTRPW.AVRPW) 
CALL PSTAT SI PR,TRPR.NRPR,RTSPR.AVRPR) 
CALL PST ATSC P WE . T PPW E . NRPW E . H TPP VIE • A VHP WE ) 
CALL PSTATSCPAH.TRPAB.NRPA3,RTRPAB.AVRPAB) 
CALL PSTATSCALL.TR.NR.RTR,AVR) 
WR I Tif C 6. I 0 0 3 ) 

1008 FORMAT I 27H0PECKING AND HANOLING . TIMES/) " ' 
CALL PSTATSCP.TP.NP.RTP.AVP) 
CALL PSTATSIPSU,TPSU,NOSU.RTPSU•AVPSU) 
CALL PSTATSIPSM.TPSM.NPSM,HTPSM,AVPSH) 
CALL PSTATSCPA,TPA,NPA.RTPA,AVPA) 
CALL PSTATSCPW.TPW.NPW,RTPW.AVPW) 
CALL PSTATSC PRO.TPRO.N»RO.RTPRO,AVPRO) 
CALL PSTATSCPMl.rPRl.NPRl.RTPR!.AVPR1) 
CALL PSTATSC PR2.TPR2,NPR2,RTPR2.AVPR2) 
CALL PSTATSCPR 3.TPR3,NPR3,RTPR3.AVPR3) 
CALL PSTATSCPH4,1PP4,NPR4,RTPR4,AVPR4) 
CALL PSTATSC PR 5,1PR5,NPR 5,RTPR5,AVPR5) 
CALL PSTATSIPH6,TPR6•NOR6,RTPR6,AVPR6> 
CALL PSTATSIPR 7.TPB7.NPR7.RTPR7,AVPR7) 
CALL PSTATSIPRa.TPH8,NPR8.RTPRH,AVPR8) 
CALL PSTATSIPR9.TPR9.NPR9.RTPR9,AVPR9) 

CALL PSTATSCPWE.TPWE.NPWE•RTPWE,AVPWE) 
CALL PSTATSCPAU.TPAB.NPAS.RTPAB.AVPAB) 
WRITEC 6,1009) 
FORMAT(48 HO TIMES OF UP SORTED BY OUTCOME OF PRECEDING PECK/) 
CALL PSTATSIP.TPU.NPU,HTPU.AVPU) 
CALL PSTATSCPSU.TPSUU.NRSUU.RTPSUU,AVPSUU) 
CALL PSTATSIPSM.TOSMU.NPS MU.RTPSMU,AVPSNU) 
CALL PSTATSIPA.TPAU.NPAU.RTPAU.AVPAU) 
CALL PSTATSIPW.TPWU.NP*U.RTPWU,AVPWU) 
CALL PSTATSIPRA.TPRAU,NPHAU.RTPRAU.AVPRAU) 
CALL PSTAT SIPRB.TPPBU.NPHHU•RTPRHU,AVPRBU) 
CALL PSTATSCPrtC,TPRCU.NPHCU.»TPRCU.AVPHCU) 
CALL PSTATSCPWE,TPWEU.NPWEU.RTPWEU.AVPWEU) 

'CALL PSTATS(PAB.TPA3U.NPABU.RTPA0U,AVPABU) . '. 
WRITE(ft.I 010) 
FORMATCS0H0TIMES OF OOWN SORTED BY OUTCOME OF PRECEDING PECK/) 
CALL PSTATSI P. TPO ,NPO. RTPO.. AVPD) 
CALL PSTATSCPSU.TPSUD,HPSUO.PTPSUO.AVPSUD) 
CALL PSTATSCPSM,TPSMD,NPSMO.RTPSMO,AVPSMD) 
CALL PSTATSCPA,TPAD,NPAO,RTPAD.AVPAD) 
CALL PST ATS IPW.I»WO,NPWO,R TPWO.AVPWD) 
CALL PSTATSIPWA. TPR AD,NPRAO,HTPRAO,AVPRAD) . 
CALL PSTATSIPRO,TPRBD,NPRBO.RTPRBO,AVPRBD) 
CALL P ST AT S C PRC,TPRCO,NPHCO,RTPRCO,AVPRCO) 
CALL PST ATSCPWE,TPWED,MPWED,RTPWED,AVPWED) 
CALL PSTATSCPAB,TPABO,NPABO,RTPABD,AVPABO) 
WRI TE C 6, 10 1 1 ) 
FORMAT!49H0TIMES OF RUN SORTED BY OUTCOME OF PRECEDING PECK/1 
CALL PSTATS(P.TPR.NPH,RTPR,AVPRI 
CALL PSTATS(PSU.TPSUR,NPSUR,RTPSUR•AVPSUR) 
CALL PSTATS(PSM,TPSMR,NPSMR,RTPSMR.AVPSMR) 
CALL PSTATS(PA,TPAR,NPAR,RTPAR,AVPAR) 
CALL PSTATS(PW.TPWR.NPWR,RTPWR,AVPWR) 
CALL PSTATSIPRA,TPRAR,NPHAH.RTPRAR,AVPRAR) 
CALL PSTATSCPRB.TPRBR.NPRBR.RTPRBR.AVPRBH) 
CALL PSTATS(PRC,TPRCR,NPRCR,RTPRCR,AVPRCR) 
CALL PSTATSC PWE,TPWER.NPW6R,HTPWER,AVPWER) 
CALL PSTATSC PAO,TPABR * NPAOR.RTPABR.AVPABR) 

OUTPUT FOR F I L E STORAGE 

I F I MEDIUM.NE.51GOTO 6001 
) REAO(5.6 00 3)N0R0P,NPE.NDR|.NU.ND,NR,NP,NPSU•NPSM.NPA.NPW•NPRO•NPR1 
I,MPR2,NPH3,NPn4,NPH5,NPH6,NPR7,NPR8,NPR9,NPWE,NPAB 

J FORMAT I6X,23 I 3) 
NPHT-NPHO*NPR I fNPR2«-NPR3tNPR4tNRR5»NPR6»NPR7mPR8*NPR9 
NPTOT=NP*NPSU*NPSM+NPA+NPW*NPRT+NPWE 
REAL TT = ZTT 
REALFT=ZFT 
NCARD=NCASE 
R.TU = AVU = RTO = AVO = 0 
RTR=AVR=RTP=AVP=0 
HTPSU=AVPSU=HTPSM=AVPSM=RTPA=AVPA=RTPW=AVPW=0 
RTPRO <=AVPR0 = RTPR1 =AVPRI = HT PR2 = AVPR 2=-R T PR 3= A VPR 3= 0 
RTPR4 =AVPH4 sRTPHS=AVPR5=RTPP«=AVPR6=RTPR7=AVPR7 = 0 
RTPR8 = AVPR8 = RTPR') = AVPR9=RTPWi:=AVPW6=RTPAH=AVPAB = 0 
RTUD = AVUO = RTUM = AVim = RTUP = AVUP*RTUPSU='AVUPSU»0 
Rl UPSM=A VUPSM = HTUPA = AVUPA = Rr UP W= A VUP W = ll T UPR* A VUPR»0 

http://X2.9X.5HN/


345 

O 
961 RTUPwC = AVUPwe = HTUPAt)»AVIIPAH=0 
962 RTRU = A V k U i H n i O « A V ! J O - » U T R P = A V H P = RTRPr;U=AVRPSU-0 

(f) 963 aTHPSM=AVH"OM=r/IWPA-AVlll,A=HTHI'H = AVRP* = HIt)PR = AVRPH = 0 
964 *T WPWE = A V W P WE =("} T R P A I I = AVMMA(l = 0 
965 RTI>IJ = A V»U=S TPSUU-AVP5I HI='I rP!-,MI)=AVPOM(.l = nTPAU = AVPAU = 0 
966 R I I M U = A V I ' . I J = I I 1 l>ll AU = A V'"IAU = " I PR H I ) = A VPft illl'K r (>(»CU = A VPHCU»0 

Q. 96 7 R T P W L r U = A V P » E U = " I P A H I J s A V I ' A H l ) = »TP^3AVP!<=HTPSUfl = AVPSUR=0 
968 RTP5iMR=AVPSMIi-nTPAR = AVPA'*=WTPWIJ=AVPwn = RTPPA r» = AVPPAna:0 
969 RTPRI1H = AVPHHM = RTI'HCR = AVPMC R = H TP WE « = A VP WE H =R TP AOR = A VPABR =0 
970 C 

© 971 C 
972 C CHANGE REAL VALUES TO APPARENT INTEGER FOR F I L E OUTPUT 
973 C 
974 6001 JA1R=1F1X1AIRT) 

C 975 JMUDT=IFIX(AHUDT) 
976 J T I = I F I X I H T I I 
977 J T 2 = 1 F I X 1 H T 2 ) 
978 C O 9 ? 9 C 
980 NSERM 
981 WRITt( 7.191NCASE.NSEII,NC ,HEOIUM,MSP.NSEX,NAGE,NOAYS.NFOOT,NOI ST,NO 
932 1 I S F2 .NFLOCK ,NPOS ,LOC i N5TAI . NI I M.NDAIE , Nl) A I N . NCLOUD . NW I NO • ND I R , J A IR 

O 983 2.JHUDT.HW1 ,JT1 ,HW2,JT2.1 NOIV.NEARSP,NWET 
984 19 FORMAT 114,12. 1 2 . 4 1 1 , 1 2 , 1 1 . 3 1 3 . 1 1 . 1 2 . I I . I 4 > 1 6 . I I . I I , 1 2 , I I , 1 3 , 1 3 . 1 4 . 
985 113.14.13.14.12,11) 
986 NSER=7I 

O 987 WRITE! 7.2001 )NCARD.NSER.REALTT.REALFT,NOROP.NPE.NOR I,NPRT,NPTOT 
988 2001 FORMAT(I 4,12,2F6.1.312.2 I 3) 
989 N5ER=72 

| 990 WRITE!7.20 00 INCARD,NSER.NUD,RTUD,AVUD,NUR.RTUR,AVUR.NUP.RTUP,AVUP, 
' O 9 9 1 1NUPSU.RTUPSU.AVUPSU 

992 NSER=73 
993 WHITE 17.20 00)NCARD.NSER.NUPSM,RTUPSM•AVUPSM.NUPA,RTUPA•AVUPA.NUPW, 
994 IRTUPW,AVUPW,NUPR.RTUPR.AVUPR 

O 9 9 5 NSER=74 , 
! 996 WR1TEI 7,2000)NCARO.NSER.NUPWEiRTUPWE,AVUPWE»NUPAO,RTUPAD,AVUPAB.NU 

997 1.HTU.AVU.NO,RTD.AVO 
998 N5ER=75 

0 999 WRITEI 7.2000)NCARD.NSER.NRU.RTRU.AVRU.NRO.RTRD,AVRO.NRP.RTRP.AVRP. 
1000 INRPSU,RTRPSU,AVRPSU 
1001 NSER=7fi 
1002 WRITE!7.2 0 00)NCARO.NSER•NRPSM,RTRPSM.AVRPSM.NRPA,RTRPA,AVRPA.NRPW. 

O 1003 1RTHPw,AVRPW,NRPR,HTRPH.AVRPR 
1004 NSER=77 
1005 WRITEI 7,2000)NCARD,NSER,NRPWE,RTRPWE.AVRPWE,NRPAB,HTRPAB,AVRPAB.NR 
1006 1 ,RTf),AVR.NP,RTP,AVP 

© 1007 NSER=78 
| 1008 WRITEI7.20 00 )NCARO .NSER.NPSU,RTPSU,AVPSU,NPSM,RTPSM.AVPSM.NPA,RTPA 

1009 l.AVPA.NPW.RTPW.AVPW 
| 1010 NSER=79 
I © WR I TE< 7.2000 INCARO.NSER.NPRO.RTPRO . AVPR0.NPR1 ,RTPR I , AVPR1 ,NPR2 ,T»TP 

1012 1R2.AVPH2,NPR3,RTPR3,AVPR3 
| 1013 NSER=80 
, 1014 WR1TEI7.20 00(NCARD.NSER.NPR4,RTPR4.AVPR4,NPR5•RTPR5•AVPR5,NPR6•RTP 
! © 1015 1R6.AVPR6.NPR7,RTPR7,AVPR7 
i 1016 NSER= 81 
1 1017 WR | TE! 7.2000 ) NCARD, NSER, NPR8, RTPR8, A VPR8 . NPR9 , R TPR9 , AVPR9.NPWF. .RTP 
] 1013 1 WE,AVPWE,NPAO,HTPAH,AVPA8 
I Q 1019 NSER=H2 
I 1020 WHITE!7.2000)NCARD,NSER.NPU,RTPU,AVPU.NPSUU.UTPSUU,AVPSUU,NPSMU,RT 

o 
o 
o 

© 
] 1021 1PSMU.AVPSHU.NPAU.RTPAU.AVPAU 
! 1022 NSER=83 
Q. 1023 WRITEI 7.2000INCARD,NSER,NPWU,RTPWU.AVPWU.NPRAU,RTPRAU,AVPRAU.NPRBU 

1 . « TPRUU,AVPRHU.NPRCU.RTPRCU.AVPRCU 
NSE R = 84 
WRITE17.20 00)NCARD,NSER,NPWEU,RTPWEU.AVPWEU,NPABU,RTPABU,AVPAUU.NP 

© 1027 1R,HTPR.AVPR,NPSUR,«TPSUR,AVPSUR 
NSE R = H5 
wniTE17,2000)NCAnO,NSER,NPSMR.RTPSMR,AVPSMR.NPAR,RTPAR•AVPAR.NPWR, 
IRTPBR,AVPWR.NPRAR.RTPRAR.AVPRAR 

I O 1031 NSER=86 
WHITE!7.20 001NCAPD.NSEH,NPRBR•RTPRBR,AVPR8R.NPRCrt.RTPRCR.AVPRCR,NP 
1WEM.UTPWER.AVPwEP.NPAHH.RTPAHR,AVPAOR 

2000 FORMAT 1 I 4, I 2,4! I 3 . F 6 . 2 , F 9 . 3 ) I 
O 1035 GOTO 1 

END 

1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1 029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
1037 C 1038 C 1039 c 1040 
1041 . 
10 42 
1043 
1 044 
1045 c 1046 c 1047 c 1048 
1049 
1050 
1051 
1052 c 1053 c 
1054 c 1055 
1056 
1057 
1058 
1059 
1060 c 1061 c 
1062 c 1063 
1 064 
1065 
1066 
1067 
1068 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
10 76 
1077 
1078 
1079 c 1080 c 

SUBROUTINE PSTATS1ITEM.A.N.SSUMA,SSUMA2) 
COMMON FEED T 
DIMENSION A!20) ' 
REAL*8 SUMA,SUMA2,SSA 
T=FEE0T/600. 
SET ZEROS 

. SUMA=0 
SUMA2=0 
SSUMA=0 

O l ° s l SSUMA2=0 
LOOP FOR SUM AND SUM OF SQUARES 

Q 1055 " 1F1N.LT.I1GOTO 15 
DO I 0 I = 1.N 
SUMA = SUMA*A(I ) / l 0 

, „ SUMA2= SUMA2 + A! I )*AI I )/100 
I © 1059 10 CONTINUE. 

CALCULATE 

O 1063 SSUMA=SUMA 
SSUMA2=SUMA2 A VA = SUMA/FLOAT!N) 
SSA=SUMA2-SUMA*SUMA/FLOAT(N> 
I F I N . E O . I 1GOTO 21 
VAR4 = S S A / I F L O A T I N ) - l ) 
IF!VARA.LE.01VARA=0 
GOTO 20 

21 V»RA=0. 
GOTO 20 

20 SOA=SQHT!VARA) 
VARMA-VARA/FLOAT!Nl 
1F1VAWMA.LE.0)VARHA»0 
SEA=SOWTIVARMA) 
IF(FEEDT.EQ.OIGOTO 16 
RATN=FL0AT1N)/T 
PRINT RESULT 



1001 c 
• OR;: 17 «RITE16,I0Q> ITEM,N,SSUMA,SSUMA2.RATN.AVA.SSA.VAii.\. SDA,VARMA.SEA 
1083 100 F0»MAT(1H ,A4 . 10X , I J,F 6. 1 . 8F 1 2 .31 

V 1084 RErUUN 
1085 15 WRITE(6, 101 ItTEM 
10H6 101 FOHMATUH ,A4,8X.4HZERO) 

Q 1087 RETURN 
1088 16 RATN = —0 
1089 GOTO 17 
1090 END 

© 1091 *OATA 
1092 *STOP 

END OF F I L E 

o 

o 

o 

© 
© 7 

0 

SECTION 3. LISTING OF 'PL0VP2' 

1 t 
2 C 
3 C 
4 C 
5 c 
6 c 
7 c 
a c 
9 c 

10 c 
I t c 
12 c 
1 3 c 
1 4 c 
15 c 
16 c 
17 c 
1 8 c 
1 9 c 
20 s C 
21 c 
22 c 
23 c 
24 c 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
4 7 
48 
49 
SO 
51 
52 
53 
54 
55 
56 
57 
50 
59 
60 

© 
4 C 
5 C 

AUTHOR: M H PIENKOWSKI PROGRAM MODIFIED FROM "PLOVPROG" APRIL 1979 
© 7 C THIS L I S T I N G INCORPORATES MODIFICATIONS UP TO SEPTEMBER 1979 

A MODIFICATION OF "PLOVPROG" FOR TIME-BASED RATA ONLY• TIMES SPENT 
RUNNING ARE ABSORBED INTO PRECEOING OR FOLLOWING PECK-TYPE A C T I V I T I E S 

O 11 C I F SUCH ACTIVITY I S AOJACENT. FOLLOWING PECKS TAKE PRECEDENCE OVER 
PRECEDING. I F NO SUCH PECK— TYPE ACTIVITY I S ADJACENT. RUN I S RETAINED. 
REARRANGED DATA ARE THEN PRINTED ION LOGICAL UN I T 6 1 AND USED AS THE 
INPUT TO "PLOVPROG" TYPE ANALYSIS. RESULTING IN PPI NT-OUT OF BASIC 

O 15 C S T A T I S T I C S FOR EACH CASE ANQ WRITING TO F I L E OF SORTED OATA 'FOR 
EACH CASE. 
THE PROGRAM I S BRITTEN IN FORTRAN [V LANGUAGE AS ACCEPTED BY THE 

Q 19 C COMPILER «WATFIVi SLIGHT MODIFICATION WOULD BE NECESSARY FOR USE 
WITH OTHER FORTRAN COMPILERS. CARDS (OR CARD IMAGES) ARE READ ON 
LOGICAL UNIT S I BASIC CASE S T A T I S T I C S ARE PRINTED ON LOGICAL UNIT 
6; AND SORTED DATA ARE OUTPUT ON LOGICAL UNIT 7. 

0 
£ 4 L 

DIMENSION N A C T ( 5 0 0 ) . T ( 5 0 0 ) .TUO(99).TURI991 , TUPSU(99 I.TUPSM 
1 ( 991 . TUPA( 99) . TUPW< 99) . TUPR( 99) . TDU( 99 ) , TOR( 99 ) . TDPSU( 99 ) . T0PSMI99 

C) 27 2 ) . TDPA(99) ,TOPW(99 > .TOPR(99) ,THU(99)« T R 0 ( 9 9 ) , T H P ( 9 9 >,TOPSU(99 >,TRP 
3SM(99),TRPA(99) >TRPW(99) .T R P R ( 9 9 ) , TPSU(99) .TPSM(99) .TPA(99) 
4.TPW(99 > •TPH0(99) , T P R 1 ( 9 9 ) . T P R 2 ( 9 9 I . TPR3(99),TPR«(99 >,TPR5(99),TPR 
5 6 1 9 9 ) , T P R 7 ( 9 9 ) , T P H 8 1 9 9 ) , T P R 9 I 9 9 ) . T P D ( 9 9 ) , TPSUU{99) 

© 31 6.TPSUD(99) , TPSUR(99),TPSMU(99).TPS MO(99).TPSMH(99).TPAU(99),TPA0(9 
79),TPA«(99),TPWU(99),TPWD(99).TPWR(99).TPRAU(99>,TPRAO(99),TPRAR<9 
89 i . TPWflU(99 ) . TPRBD (99 ) * TPR8R ( 99 ) • T°RCU(99) . TPRCDI 99) , TPRCR( 99) 
DIMENSION T P ( 2 0 0 ) , T P U ( 2 0 0 ) , T P R ( 2 0 0 ) , T U P ( 3 0 0 ) 

0 35 DIMENSION TUPut (99 ) , TUPABt 99 ) , TDP WE( 99 ) • TDPARI 99) ,TRPWE( 99) . TftPABI 
I 99) .TPAB( 9 9) . TPABUI99) . T PABD ( 99 ) , TPABR I 99 ) . TP WE ( 99 ) . TPWEUI 99) . TP WE 
2D(99),TPWER(99) 
DIMENSION TDP(99) 

G 3 9 DIMENSION T U I 5 0 0 ) , T D ( 5 0 0 ) , T R < 5 0 0 ) 
OIMENSION N A C 2 ( 5 0 0 ) , T 2 ( 5 0 0 ) 
COMMON FEEDr 
HEAL MTI.MT2 
INTEGER HW1.HW2 
INTEGER ALL 
INTEGER PRA.PRB.PRC 
INTEGER U.D.R.OR.SP,SB.SR.SS.P.PSU.PSM,PA,Pw,PRO.PR 1.PR2.PR3.PR4,P 

IR5.PH6,PM7.PRO•PW9 
INTEGER PAB.PWE.PE.TN.SI.SD.DRI 
INTEGER PR 
INTEGER STOP 
OATA STOP/4HSTOP/ 
D A T A U,0.W.OR.SP.SB. SR•SS > P.PSU.PSM,PA,PW,PR,PRA,PRO,PRC,PR I .PR2,P 
IH3,PR4•PR5.PR6.PR 7,PRM,PR9/IHU. I HO. 1 HP,2HDR,2HSP,2 HSU.2HSR,2HSS.1H 
2P, JHPSU. 3HPSM , 2HPA , 2HP»/, 2HPR • 3HPRA, 3HPRB, 3HPRC . 3HPR I .3MPR2 .3HPR3 , 3 
3HPI14 . 3HPK5 , 3HPR6 . 3HPR7 , 3HPR8 , 3MPR9/ 
DATA PWE.PAU.PE,SI.SO.OR I/3HPWE•3HPAB,2HPE,2H31•2HS0.3HORI/ 
OATA PHO/MHPftO/ 
DATA TN/2HIN/ 
DATA A L L / 3 HALL/ 
DATA MCO.MCT.MTD• MIT,M.MF,MN.MNE.ME.MSE tMS,MSW.MW,MNW/4MC/DI .4HC/T 
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© 
O 
© RE ADI 5. I 01 INCASE .NSER. NC . MEO I UH, M SP . NSE X , N AGE , NDAY S . NFQOT . ND I ST . ND 

llSr?.NFLOCK,NPL)S,LOC,NSIAT.NTlM,NI>ATE,NRAIN.NCLOUD.NWIND.NDIR,AlRT 
2.AMUDT,HM1,HT1.HW2,HT2. INDI V.NEARSP.NWET.ZTT•ZFT 

Q 71 IF INCASE.EO.-l09)STOP 
IFIMEDIUM.EQ.51GOTO 3010 
DO 10 I=1•NC 
NU=y»i-a 

C 75 NH=y»i 
" •" "PI 5 , I 00 1 I NAC2I J ) . T 2 I J ) . J = NL ,NH> 

M A T ( 1 4 . 1 2 . 1 2 , 4 1 1 . 1 2 , I I . 3 1 3 . I I , 1 2 , I I . 1 4 . 1 6 , 1 1 . 1 1 . 1 2 . I I , F 3 . 0 . F 3 . 0 
1. 14. r- 3.0. 14. F 3 , 0.14, 12, I I .2F4.0) 
FORMAT ( 8 X , 9 ( A 4 . F 4 . 0 ) > 
IF(MEDIUM.EQ.I)MMED=MTT 
IFIMED1UM.EQ.2IMMED=MTD 
IF I MEDIUM.E0.3>MMEO=MCT 

O 83 IFIMEOIUM.E0.41MMEO=MCO 
IF(MEOIUM.EQ.51MMEO=MTN 
MC=NC*1 
NCARD=NCASE 

O 87 WRITEIG,3000 INCASE.MC.MMEO 
„.„» FORMAT(1H1.OHCASE NO. .14.3H , ,12,23H I N I T I A L OATA CARDS. .A4.1 

10X,«RUNS INCLUDED IN PECK-TIMEM 
I F I MSP .EQ.1 1GUTO 3001 
IF(MSP.EQ.2IGOTO 3002 
IFIMSP.EQ.31GOTO 3011 
IF I MSP.EQ.4IGOTO 3013 
IF IMSP.E0.51GUT0 3016 
IF(MSP.EQ.6IG0T0 3017 
WRITEI 6,3020 I MSP . 

0 

| f5 103 GOTO 3004 
W R i r E ( 6 , 3 0 
FORMAT I7M0 
GO TO 3004 
WRITEI 6.30 
FORMAT!14H 
GOTO 3004 
WRITEI 6,30 
FORMAT(8 HO 
GOTO 3004 

© 

o 

61 1 
62 
63 C 
64 c 
65 c 
66 c 
67 c 68 1 
69 
70 
71 
72 
73 
74 
75 
76 1 0 
77 101 
78 
79 100 
80 
81 
82 
83 
84 
85 
86 
87 
88 3000 
89 
90 
91 
92 
93 
94 
95 
96 
97 3020 
98 30 0 1 
99 3003 

100 
101 3002 
102 3005 
103 
104 301 1 
105 3012 
106 
107 3016 
108 3018 
109 
110 301 7 
1 1 1 3019 
1 12 
1 1 3 3013 
1 1 4 3014 
115 3004 
116 
1 t 7 4000 
1 18 
119 
120 

121 
t22 
123 
124 
125 
126 3006 
127 
128 
129 
130 
131 
132 
1 33 
134 
135 
136 
137 
138 3007 
139 
140 
141 
142 3008 
1 43 
144 
145 
146 
147 3009 
148 30 10 
149 C 
150 C 
151 c 
152 c 
153 c 
154 
1 55 
156 
157 
1 58 
159 
160 
161 
162 
163 
164 
165 
166 c 
167 c 
168 c 
169 c 
170 c 
171 
172 
173 7002 
174 
175 
1 76 7 001 
177 
1 78 
179 
1 80 

I I .4HT/OI .4HT/TI. IHM,1HF,1HN.2HNE. 1 HE.2HSE. IHS,2HSW, 1MW.2HNW/ 
DATA MTN/4HT/N0/ 

INPUT OATA 

WRITEI6.30031 
FORMAT ( 1 4H0R I r> 
GOTO 3004 

WRITE< 6.40001 INDIV 
F0RMAT(I5H INDIVIDUAL NU..I4I 
RA1RI=AIRT/10 
RAMUDT = AMUOT/I 0 
MT1=MT1/10 

MT2=HT2/10 
IFINSEX.EQ.OIMSEX=0 

0 123 IFINSEX.EQ.1IMSEX=M 
IFINSEX.EQ.2>MSEX=MF 
WR I TF. ( 6. 3006 ) M SEX • NAGE , ND A YS , NS T AT ,LOC, NT I M.NDATE 
F0RMATI4H S E X . A 4 . 1 2 H . AGE CODE ,11,1211 (CHICK AGE ,12.16H DAYS). 

O 1 2 7 1STATUS: .I1.17H. LOCATION CODE : ,12.811. TIME: ,14.811, DATE: ,16) 
IFIN0IR.EO.0)MDI R=0 
IFINOIR.EQ.I)HOIR=MM 
IF(N0IR.EQ.21M0IR=MNE 

f ) 131 1F(NDIR.EQ.3)MDIR=ME 
• " IFINDIR.E0.4>MDIR=MSe 

IFINDt R . E 0 . 5 >MDIR = MS 
IF ( N l > I R . E Q . 6 ) H D I R = M5W 

C't 135 I F ( N O I R . E O . 7 ) M C IR = MW 
IF(NDIW.EQ.3)MO IR=MNW 
WRITEI6.3007 ) N i > A I N , NCLOUO. NW INO.MO IR . RA IRT .RAMl.tOT ,HW1 , M T 1 ,HW2 ,MT2 
FORMAT(12H0RAIN COOE: .11.9H• CLOUD: .1I.16H/B. WIND FORCE: .12.6H 

Q 139 1 FROM .A4.12H, AIR TE M ° : . F 4 . 1 . 1 8 H , SUBSTRATE TEMP I .F4.1.8H. HW A 
2T . 1 1 . J H ( , F 4 . 1 , 7 H ) AND . I 4,3H ( .F4.1.2H ) ) 
WRI TE I 6 .30 08) NFOC1T , NO I ST , NDI ST2.NFLDCK .NPOS 
FORMA TI IH . I 1HFOOTSHAKE: ,I1,33H, DISTANCE FROM NEAREST SAME SP: . 

Q 143 113,14H M. OTHER SP: ,I 3 , 1 6 H M, FLOCK S I Z E : . I 3 . 2 1 H . POSITION IN FL 
20CK! .11) 
IFI[NDIV.EQ.OIGOTO 3010 
WRITE(6.30091 I NO I V 

! O 
j 

O j§> 9 SET ZEROS 

NDROP=0 
Q 1 55 NUPWG = NUPA8 = NOPWE=ND"Af3 = NRPWE = NRPAP-NPE = NSI =N SD = NPAB = NPABU=0 

• " NPA8D = NPArm=NPWe = NPWEU = NPWEO = NPWER=NORl=NPU=NPO = NPR-NPSUU="0 
NPSUD=NI5SUR=NOSMU=NPSMD = N P SMR= N P AU =NP AD= NP AR̂ = NPWU = NPWD=sNPWR=0 
.NPRAJ=NPRAn=NPRAR=NPRDU=NPHBO=NPRnR=NPRCU=NPRCD=NPRCR=0 
NU=ND=NR=NDR=NSP=NS8=NSR=NSS=NP=NPSU=NPSM=NPA=NPW=NPR0=NPR1=0 
NPR2=NPR3=NPR4=NPR5=NPR6=NPR7=NPR8=NPR9=NPRT=0 
TOTT=«FEEDT=0. 
NU0=NUR=NUP=NUPSU=NUPSM=NUPA=NUPW=NUPR=NDU=NDR=NOPSU=NOPSM=0 

O 163 NOP'O 
NOPA=NOPW=N0PR=N«U=NRO=NRP=NRPSU=NRPSM=NRPA=NRP«=NRPR=0 
IFIMEDIUM.E0.5IGOTO 6000 
RECODING TO COMBINE RUNS WITH PECKS 

1 = 1 
J = l 
I F I N A C 2 I I 1.EO.STOPIGOTO 7005 
IF(NAC2( I I .EO.TN)NAC2( I 1=H 
I F ( N A C 2 ( I ) , N E . R ) G O T O 7000 
IF|NAC2(I+II.NE.U.AND.NAC2(I+1).NE.0.AN0,NAC2{IU1.NE.OR.AND.NAC2( 

1 I M > .ME .PE . AND. NAC 2 I I • I ) . N E . SP .AND. NAC 2 I I H I ,NL . SO .AND. NAC 2 I I > 1 ) .N 
2E. SR. AND. MAC2 ( I + I ) .NE .SS. ANO.NAC2 ( I » I ) . NE . SI . AND. NAC 2 1 1 »l 1 .NE. SO. A 
3N3.NAC 211 + 1).NE.STOP.ANO.NAC2( I+I I .NE.R)GOTO 7004 
I F ( I . E Q . I I G O T O 7000 
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© 
181 1 F ( N A C 2 ( I - 1 ) .NE.U.ANO.NAC2 ( I - I ) .NE . D . AND . NAC2 t I - I ) .NE.DR .AND. NAC 2 < 
102 11-11 .Nl; .PE.ANU.NAC21 I - I I .NE.5P.AN0.NAC2I I-1 >.NC.SB.AN0.NAC2( 1-1 > ,N 

O 1 83 2E.SR. AN0.NAC2 < 1-1 I . NE . S'J . A NO • N AC2 I 1-1 I .NE.S1 .AND. NAC 2 ( 1- 1 I .NE .SO. A 
1 OA 3ND.NAC2I l - l ) . N E . R I G D I O 7003 
185 GOTO 7 0 0 0 
186 7004 T 2 ( I + 1)=T2(1*1 )+T2( I ) e> 187 1=1 + 1 
188 GOTO 7002 
181 7003 T ( J - l 1 = T 1 J - l ) + T 2 < I I 
190 l a i n 

£5 191 GOTO 7002 
192 7000 N A C T I J t = N A C 2 I I ) 
193 T ( J ) = T 2 C I ) 
194 1=1+1 C 195 J = J + l 
196 GOTO 7002 
197 7005 NACT( J)=NAC21 I ) 
190 T ( J ) = 0 

O 199 WRITEI6.7006) 
. 200 MR ITE< 6 . 7 0 0 7 ) ( N A C T ( I ) . T ( I I . 1 - 1 . J ) 

201 7006 FORMAT< 1ORECODED OATA:') 
202 7007 FORMAT! 1 • . 9 ( A 4 , F 5 . 0 . 4 X t t 

I O 2 0 3 C 
i 204 C 

205 C SORT F I R S T A C T I V I T I E S 
206 C : O 207 C 

, 208 1=1 
209 GOTO 76 

! 210 74 F E E D T = F E E D T + T ( I ) 
•• O 2 | I 7 8 TOT T= TOTT + T( I ) 

212 77 1=1+1 213 76 IFINACTII).EQ.U1GOTO SO 
214 I F ( N A C T I I ) . E Q . O l G O T O 51 

I) 215 I F I NACT( I ) .EQ. TN 1NACTI I »=>R 
216 IF(NACT( 1 I .'EQ.RIGOTO 52 
217 IF(NACT(I).EO.ORIGOTO 53 
218 I F ( N A C T ( I I.EQ.PEIGOTO 81 

(*» 219 I F ( NAC T ( I ) . EQ . SP ) GOTO 54 
220 IFINACTI1)•EQ.SB)GOTO 55 
221 I F ( N A C T I I ) . E Q . S R I G O T O 56 
222 1FINACT1 I I.EQ.SSIGOTO 57 

© 223 I F I N A C T I I ) . E Q .SI IGOTO 79 
224 I F ( N A C 1 ( I ) . E Q . S D I G O T O 80 
225 IF(NACT( I I.EQ.PIGOTO 58 
226 IFINACTIII.HQ.PSUIGOTO 59 

© 227 IF!NACTI I I.EQ.PSMIGOTO 60 
228 IF(NACTI I 1.EQ.PAIGOTO 61 
229 IF ( N A C T I I 1.EQ.PWIGOTO 62 
230 I F I N A C T I I I.EO.PROIGOTO 63 

0 231 I F ( N A C T I I).EQ.PR1 IGOTO 64 
232 I F ( N A C T ( I I . E Q . P R 2 I G O T O 65 
233 I F ( N A C T ( I I . E Q . P R 3 I GOTO 66 
234 I F INACT( I 1.EQ.PR4IGOTU 67 

O 235 I F I N A C T I I I . E Q . P R 5 I G O T O 68 
236 I F I NACT I I 1 .EQ.PRMGOTO 69 
237 IF I N A C T I I I.EQ.PR7IGOTO 70 
238 IF(NACTI I 1.UQ.PROIGOTO 71 

0 239 I F INACTI I I,EQ.PR9IGOro 72 
240 IF|NACTI I I.EQ.PADIGOTO 82 

0 

o 
o 

o 
© 

! o 
i 
; O 

! ° 
. o 
j 0 
j o 
i 

i ° 
r 

241 I F I N A C T ( I 1.EO.PWEIGOTO 83 
242 I F ( N A C T I I 1.EQ.OR1 IGOTO 84 
243 ' I F I N A C T I 11.EQ.STOP)GO TO 75 
244 C 
245 C ( GO TO CALCULATE AND PRINT OUT ) 
246 c 
247 WRITE(6.201)1 
248 201 FORMAT!31HOUNRECOGN1SED CODE AT A C T I V I T Y .14) 
249 GOTO 1 
250 c 
251 c ( GO TO NEXT CASE 1 
252 c 
253 c - ~ - - ' •• ' ' 
254 c 255 c F I R S T A C T I V I T Y = 0 
256 c 
257 c 
258 50 NU=NU+1 
259 K = 0 
260 I F I N A C T I I + l ) . N E . O R ) G O T O 501 
261 • K=l • 
262 T( 1 )=T( I>+T<I+1) -
263 501 L = l + I + K 
264 T U I N U I = T I I ) 
265 IF(NACT(L).EO.D)GOTO 502 
266 IF(NACTIL).EQ.R.OR.NACTIL).EQ.TNI GOTO 503 
267 IFINACTIL1.EQ.PIGOTO 504 
268 IF(NACT(LI.EO.PSUIGOTO 505 
269 IF(NACT(L).EQ.PSM)GOTO 506 
270 IFtNACT(L).EQ.PA)GOTO 507 
271 IF(NACT(L).EQ.PWIGOTO 508 
272 IF(NACT(LI.EO.PR0.OR.NACT(L).E0.PR1.OR.NACT(L1.EQ.PR2.OR.NACT(L>.E 
273 1Q.PR3.OR.NACT(LI .EO.PR4.OR.NACT(L I.EQ.PR5iOR.NACT(L).EQ.PR 6.OR.NAC 
274 2T(L).EQ.PR7.0R.NACT(L).EQ.PR8.0R.NACT(L).EO.PR9IGOTO 509 
275 IF(NACT(L).EO.PWE)GOTO 500 
276 IF(NACT(L).EQ.PAB)GOTO 5000 
277 GOTO 74 
278 502 NUD=NUO+l 
279 TUD(NUD)=T(I) 
280 GOTO 74 
281 503 NUR=NUR+I 
282 TUR(NUR)=T(M 
283 GOTO 74 
284 50 4 NUP=NUP+t 
285 TUP(NUP)=T( I ) 
286 GOTO 74 
287 505 NUPSU=NUPSU+l 
288 TUPSU(NUPSU)=T( 1 ) 
289 GOTO 74 
290 506 NUPSM=NUPSM+1 
291 TUPSMINUPSM)=T( I ) 
292 GOTO 74 
293 507 NUPA=NUPA+l 
294 TUPAINUPA)=T(I) 
295 GO TO 74 
296 508 NUPW=NUPW+ 1 
297 TUPW(NUPWI=T( t > 
298 GOTO 74 
2 99 509 NUPR=NUPR+1 
300 TUPR(NUPR)=TII) 



GO TO 74 
500 NUPWE = NUPUEM 

TUP WE(NUPWEI»T(I) 
GOTO 74 

5000 HUPA!> = NllPAO»l 
TUPAtllNUPAU)»T( 1 ) 
GOTO 74 

F I R S T A C T I V I T Y a 0 (OOWN) 

51 ND=ND*1 
K = 0 
I F ( NACTI I «•! ) .NE .0R1G0T0 S l l 
K=l . 
T( I >=TI I I t T I 1 * 1 ) 

511 L=I * 1•* 
T D ( N D ) = T I I ) 
IF(NACT(L).EQ.U(GOTO 512 
IF(NACT(LI.EQ.R.OR.NACT(L).EQ.TNI GOTO 513 
IF(NACTIL).EQ.PIGOTO 514 
IF(NACT(LI.EQ.PSU1GOTO 515 
IF(NACT(L).EQ.PSMIGOTO 516 
1F(NACT(LI.EQ.PA1GOTO 517 
IF(NACTILI.EQ.PWIGOTO 518 
IF(NACT(L).EQ.PH0.OR.NACT(Ll.EQ.PRl.OR.NACTILI.EQ.PR2•OR.NACTIL).E 

IQ.PR3.OR.NACT(LI.EO.PR4.OR.NACT(L).EQ.PR5.0R.NACTIL).EQ.PR6.OR.MAC 
2T(LI.EQ.PR7.0n.NACT(LI.EQ.PRB.0H.NACT(L).EQ.PR9IG0T0 519 
IF(NACTIL).EQ.PWEIGOTO 510 
IF(NACT(L1.EQ.PAa)GOTO 5100 
GOTO 74 

512 NDU=NDUM 
TOU(NDU)=TII) 
GOTO 74 • .. 

513 NDH=NDR»l 
T D R I N D R ) = T I I ) 
GOTO 74 

514 NOP=NOP*l 
TDPINDP)=TII> 
GOTO 74 

515 NDPSU=NOPSUH 
TDPSUINOPSU)=T(I) 
GOTO 74 

516 NOPSM=NOPSM»l 
TDPSMINDPSM)=TII) 
GOTO 74 

517 NDPA=NDPA*1 
TDPA(NOPA)=TII) 
GOTO 74 

518 NDPW=NDPW+I 
TOPHI NI)P«I=TI I ) 
GOTO 74 

519 NOPR=NDPR+l 
TOPHIN0PH)=TI1) 
GOTO 74 

510 N0PWE=NOPWE»l 
TOPWE ( NOP WE ) = T I I ) 
GOTO 74 

5100 N0PAU-NDPA8*! 

TOPABINOPAB)=T(I> 
GOTO 74 

C 
C 
C F I R S T A C T I V I T Y » R I OR T ) (RUN - OR TURN) 
C 
c 

52 NR=NR*1 
K = 0 
IFINACTI1*1).NE.OR)GOTO 52 1 

' ' K = 1 
Tl I )=T( I )+T( 1*1 ) ' ... 

521 L = I M + K 
T R | N R ) = T ( I ) 
IF(NACTIL).EQ.U)GOTO 522 
IF(NACTIL).EQ.01GOTO 523 " ' 
IFINACT(L).EQ.P)GOTO 524 
IF ( NACT (L ) .F.Q.PSU IGOTO 525 
IF(NACTIL).60.PSMIGOTO 526 
I F ( N A C T ( L I . E Q . P A ) G O T O 527 
IF(NACT(LI.EQ.PWIGOTO 528 
IF(NACT(L).E0.PR0.OR.NACT(LI.EQ.PR 1.OR.NACTIL).EQ.PR2.OR.NACT I L ) . E 

IQ.PR3.0R.NACT(LI.EO.PR4.OR.NACTIL).EQ.PR5.OR.NACT(L).EQ.PR6.OR.NAC 
2T(L).EQ.PR7.0R.NACT( LI.EQ.PR8.0R.NACTIL).EO.PR9)GOTO S29 
IFINACTIL).EQ.PWE)GOTO 520 
IFINACT(LI.EQ.PAQ)GOTO 5200 
GOTO 74 

522 NRU=NRU*l 
TRU(NRU)=TII I 
GOTO 74 

523 NHO=NRD*l 
TRO(NRO)=TII) 
GOTO 74 

524 NRP=NRP*1 
T R P I N R P ) = T ( I ) 
GOTO 74 

525 NRPSU=NRPSU+1 
TRP S U I N R P S U ) = T I I ) 
GOTO 74 

526 NRPSM=NRPSM*l 
TRPSMINRPSM)=TII) 
GO TO 74 

527 NRPA=NRPA*I 
TMPAINRPA)=TII) 
GOTO 74 

528 NRPW=NHPW*1 
TRPWINRPW)=TII) 
GOTO 74 

529 NRPR=NRPR*1 
TRPHINHPR)=TII) 
GOTO 74 

520 NRPWE=NRPWE*I 
TRPWE(NRPWE)»T(I) 
GOTO 74 

5200 NHPAB=NRPAflf1 
TRPABINRPAB)=TII) 
GOTO 74 

C 
C 
C F I R S T A C T I V I T Y = OR I OROPPING I 
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© 
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81 NPE=NPE+I 
© 431 GOTO 77 

Q 

O 

O 

o 
G 

: Q 

| o 
1 o 
© 
o 
o 
o 

421 c 
422 c 
423 
424 
425 c 
426 c 
427 c 
428 c 

v4 29 c 
430 
431 
432 c 
433 c 
434 c 
435 c 
436 c 
437 
438 
439 
440 
441 
442 
44,3 c 
444 c 
445 c 
446 c 
447 c 
448 
449 
450 
451 
452 
453 
454 c 
455 c 
456 c 
457 c 
458 c 
459 
460 
461 
462 
463 
464 
465 c 
466 c 
467 c 
46H c 
469 c 
470 
471 
4 72 
473 
474 
475 
476 c 
477 c 
478 c 
479 c 
480 c 

5 3 NDWOP=N0R0P+t 
GO TO 77 

F I R S T ACTIVITY = PE I P E L L E T ) 

F I R S T ACTIVITY = SP ( STOP PREEN ) 

54 NSP=NSPH 
REALT-TOTT/IO. 
REALT2=(TOTT+T( I I 1/10. 
W R I T E ( 6 . 2 0 21REALT.REALT2 

202 FORMAT!13H PREENING AT . F 5 . 1 . I 4 H SECONDS T I L L . F 5 . I . 8 H SECONOSl 
GOTO 78 

F I R S T ACTIVITY = SB ( STOP BATHE ) 

o 
o 
o 
o 

55 NSB=N5B+1 
RE ALT = TOTT/l0• 
RE ALT 2 = I TOTT +T II))/10» 

O 451 WR1TEI6.2031REALT.REALT2 
* " 203 FORMAT( 12H BATHING AT . F 5 . 1 . I 4 H SECONDS T I L L .F5.1.8H SECONDS) 

GOTO 78 
F I R S T A C T I V I T Y a SR ( STOP • ROOSTING > 

0 4 5 9 5 6 N S R = N S R + t 
R E A L T = T DTT / I 0 . 
R E A L T 2 = I T O T T + T I I ) 1 / 1 0 . 
W R I T E I b . 2 0 4 1 R E A L T . R E A L T 2 

Q 4 6 3 2 0 4 F O R M A T ( 1 3 H R O O S T I N G AT . F 5 . 1 . 1 4 H S E C O N D S T I L L . F 5 . I . B H S E C O N D S ) 
GOTO 7 8 . , 

@ 4 6 7 C F I R S T A C T I V I T Y - S S ( S T O P S T A N D I N G ) 

5 7 N S S = N S S + I 
R E A L T = T O T T / I 0 . 
RE A L T 2 = ( T O T T + T ( I ) ) / 1 0 . 
W R I T E I 6 . 2 0 5 I R E A L T » R E A L T 2 

2 0 5 F O R M A T ( 1 3 H S T A N D I N G AT . F 5 . 1 . 1 4 H S E C O N D S T I L L . F 5 . 1 . 8 H S E C O N D S ) 
GOTO 7 8 

F I R S T A C T I V I T Y = S I ( STOP INCUBATE OR BROOD ) 

481 79 NSI=NSI+1 
482 REALT^TOTT/10. 
483 R E A L T 2 = ( T O T T + T I I ) ) / I O . 
484 S R 1 r c ( 6 . 2 0 6 IREALT,REALT2 
485 206 F Q R M A l ( 2 7 H INCUBATING OR BROODING AT .F3.1.14H SECONDS T I L L . F 3 . 1 . 
486 IBM SECONOS) 
487 GOTO 78 
488 C 
4 89 c 
490 c F I R S T ACTIVITY = SO ( STOP DISPLAY ) 
491 c 
492 c 
493 80 ,NSO=NSO+l - • 
494 R E A L T = T OT T / l 0 . 
495 R E A L T 2 - ( T O T T + T ( I ) ) / I 0 . 
496 WRI F E I 6 . 2 0 7 1 R E A L T,REALT2 
497 207 FORMAT(15H DISPLAYING AT .FS.1.14H SECONOS T I L L . F S . 1 . 8 H SECONOS) 
498 GOTO 7 8 
499 c 
500 c 
501 • c F I R S T ACTIVITY =» P « PECK ) 
502 c 
563 c 
504 58 NP=NP+I 
505 TP < N P ) = T I I ) 
506 I F ( N A C T ( I + l ) . E O . U 1 G O T O 580 
507 I F ( N A C T ( I + l ) . E Q . D ) G O T O 581 
508 I F ( N A C T ( I + l I . E O . R . O R . N A C T ( l + l ) . E O . T N ) G O T O 582 
509 GO TO 74 
510 580 NPU = NPUH 
51 1 T P U ( N P U 1 = T I I + l ) 
512 IF(NACTI1+2).EQ.OR.OR.NACT(1+2).EO.PE)TPU(NPU)=TPU(NPU)+TC1+2) 
513 GOTO 7 4 
514 581 NPD=NPO+l 
515 T P O ( N P O ) = T ( I + l ) 
516 IF(NACTII+2|.EO.DR.OR.NACTII+2).EQ.PE1TPO<NPO)=TPO(NPD)+TC1+2) 
51 7 GOTO 7 4 
518 582 NPR=NPR+1 
519 TPR ( N P « ) = T ( l + l ) . 
520 IF(NACT(1+2).EQ.DR.OR.NACTI1+2).EQ.PE)TPR1NPR)=TPR<NPR1•T{1+2) 
521 GOTO 74 
522 c 
523 c 
524 c F I R S T A C T I V I T Y = PSU < PECK SUCCESS ) 
525 c 
526 c 
527 59 NPSl! = NPSU+l 
528 TP51X NPSU) =T( I ) 
529 1F(NACT(I+11.EQ.U)GOTO 590 
530 I F ( N A C T ( I + l 1 . E 0 . D ) G O T O 591 
531 I F ( N A C T ( I + l I . E O . R . O R • N A C T 1 l + l 1 . E O . T N ) G O T O 592 
532 GOTO 74 
S33 590 N P S U U = N P S U U H 
534 T P 5 U U ( N P S U U ) = T ( I + l ) 
535 I F (NACT ( 1+2) .EO. OR .OR. NACTI 1 +2 ) .EQ .PE ) TPSUUI NPSUU > >=TPSUU (NPSUU > +T ( 
536 1 1 + 2 ) 
537 GOTO 7 4 
538 591 N P S U D = N P S I I D + I 
53 9 TPSUD(NPSUOI=T«I+1) 
540 I F ( N A C T ( 1 + 2 ) .EQ. DR. OR. NACT I t +2) . E O . PE ) TPSUOINPSUD ) "TPSUD (NPSIID ) »T I 
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541 
542 
543 
544 
545 
546 
547 
548 C 
549 C 
550 c 
551 c 
552 c 
553 
554 
555 
556 
5S7 
55B 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 c 
574 c 
575 c 
576 c 
577 c 
5T8 
579 
580 
581 
582 
583 
584 
585 
58 b 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 c 
597 c 
598 c 
599 c 
600 c 

601 
602 
60 3 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
6 i a 
619 c 
620 c 
621 c 

'622 c 
623 c 
624 c 
625 c 
626 
627 
628 
629 c 
630 c 
631 c 
632 
633 
634 
63S c 
636 c 
637 c 
638 
639 
640 
641 
642 
64 3 
644 
645 
646 
647 
648 
649 
650 
651 
652 
65 3 
654 
635 
636 
657 c 
6KB c 
699 c 
660 

114-2) 
GOTO 74 

592 NPSUH»NPSUR*l 
TPS'.IRI NPSUH ) = T ( 1 * 1 ) 
IF(MAC T( I*2I.EO.DR.OH.NACT(I*2>.EO.PE)TPSURtNPSUR)»IP5URINPSUR) + T( 

11*21 
GOTO 74 

FI R S T A C T I V I T Y I PECK SMALL ITEM > 

60 

600 

NPSM=NPSM+| 
TPSM(NPSM)=T(I) 
I F I N A C t l [ t l I . E Q . U I C O r O 600 
I F I N A C T I I + l ) I E O I D ) G O T O 60 1 
IF(NACT11 * 1 ).EQ.R.OR.NACTt I*1).EQ.TNIGOTO 602 
GOTO 74 
NPSMU=NPSMU+1 
TPSMU(NPSMU)=T( 141 ) 
IF(NACT(I*2>.EO.DH.OR.NACT(1+2).EQ.PE)TPSMUI NPSMU)cTPSMU(NP5MU)*T| 

1142) 
GOTO 74 

601 NPSMO=NPSMD+l 
TPSMD(NPSMD)=TIl+l) 
IF(NACT(I*2).EQ.DR.OR.NACT(1*2).EQ.PEITPSMOINPSMD)=TPSMOINPSMD)+TI 

11*2) 
602 NPSMR=NPSMR*1 

TPSMR(NPSMR)=T(1*1) 
IF(NACT(1+2).EQ.DR.OR.NACTII*2).EQ.PE)TPSMRINPSMR>=TPSMR(NPSMR)+TI 

11+21 
GOTO 7* 

F I R S T A C T I V I T Y = PA I PECK• AREN1COLA ) 

61 NPA=NPA+1 
1 PA( N P A ) = T ( I ) 
IF (NACTt 1*1).EQ.U) GOTO 610 
I F ( N A C T ( I + l ) . E Q . D ) G O T O 611 
IF(NACT(I+1).EQ.R.OR.NACTI I+1).EO.TN1GOTO 612 
GOTO 74 

610' NPAU = NPAO+l 
TPAUI NPAU) =T( I I 
1 F I N A C K I + 2 ) .EQ. DR. OR. NACT | I +2),EQ.PE)TPAUINPAU)=TPAU(NPAU>+TI 1+2) 
GOTO 74 

611 NPAD=NPAO+l 
TPAO!NPAO)=TI I ) 
I FINACT(I+2).EO.OR.OR.NACTII+2).EO.PE)TPAD INPAD)=TPAD(NPAD)+TI1+2> 
GOTO 74 

612 NPAR-NPAR+1 
TP AR( NPAR)=TII ) 
IF(NACTI 1+2).EQ.OR.OR.NACTII•2).EQ.PE)TPARINPAR1 = TPARINPAR)*T(1+2 > 
GOTO 74 

F I R S T A C T I V I T Y => PM ( PECK WORM - UNIDENTIFIED ) 

62 NPW=NPW+l 
TP»(NP«)=T(t) 
IF(NACT(1+1).EO.UIGOTO 620 
IF ( N A C T ( I + l ) . E Q . O ) G O T O 621 
IF(NACT( I * 1 ).EO.R.OR.NACTII+1).EQ.TNIGOTO 622 
GOTO 74 

620 NPWU=NPWU*1 
TPWUINPWU)=>TI I + l I 
IFINACTII+2).EQ.OR.OR.NACTI1+2 I.EQ.PEITPWUINPWU)=TPWUINPWU)+TI 1 + 2 ) 
GOTO 74 

621 NPWO*NPWO*l 
TPWOINPWD)=T(I+t) 
IF(MACT<I*2).EO.DR.OR.NACTII+ 2).EQ.PE)TPWOINPWO)=TPWDINPWO)+TI I + 3 ) 
GOTO 74 

622 NPWR=NPWR+1 
TPWR(NPWR)=T(I+1) 
IF(NACTI 1+2).EQ.DR.OR.NACTI 1+2).EQ.PE)TPWRINPWR)=TPWRINPWR)+TI I+21 
GOTO 74 

F I R S T A C T I V I T Y = PRO-9 ( PECK RED WORM ) 

( SMALL RED WORM > 
63 NPR0=NPR0+1 

TPHOINPRO)=TI I ) 
GOTO 630 
PR1 1 1 / 4 RED WORMS > 

64 NPR1=NPRI+1 
TPR1 I N P R 1 ) * T ( 1 ) 
GOTO 630 

SMALL RED WORMS I PRO A PR 1 ) 
630 I F I N A C T I I + l l . E O . U ) G O T O 631 

I r l N A C T I l + l ) . E Q . D ) G O T O 632 
IF ( N A C T ( t + l I . E Q . R . O R » NACTI I + l).EQ.TN)GOTO 633 
GOTO 74 

631 NPRAU=NPRAU+1 
TPRAU(NPHAU)=T|I+l) 
I F INACTI 1+2 I.E0.DR.OR.NACT1 I+2).EQ.PE)TPRAUINPRAU)oTPRAUINPRAU)+T( 

11+2) 
GOTO 74 

632 NPRAD=NPRAD+1 
TPRAIXNPRAD)=TI 1 +1 ) 
IF(NAC T( 1*2).EQ.OR.OR.NACTI I+2 I.EQ.PEITPRAO INPRAO I=TPRAO(NPRAO)+TI 

I 1 +2 ) 
GOTO 74 

633 NPRARiNPRAR+l 
TPRAR|NPRARI=TII+1) 
IF I N A C T I I 421.EO.OR.OR.NACT(I•21.EQ.PE)TPRARINPRAR)=TPRARINPRAR)+T( 

11+2) 
GOTO 74 
PR2 ( 1/2 RED WORMS 

65 NPR2»NPR2+1 
) 
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651 VPR2(NPR2I=T(1) 
662 GOTO 650 
663 C 
664 C PR3 ( 3/4 REO WORMS ) 
665 c 
666 66 NPR3=NPR3+l 
667 TPR31NPR3I>'T( I ) 
668 GOTO 650 
669 c 
670 c PR4 ( 1 RED WORMS I 
671 c 
672 67 NPR4=NPR4+I 
673 T P R 4 ( N P R 4 ) = T ( I ) 
674 GOTO 650 
675 c 
6 76 c MEDIUM RED WORMS I PR2. PR3 A PR4 ) 
677 c 
678 650 I F ( N A C T I I + 1».EO.UIGOTO 651 
679 |F|MACrl1•V1.EO.OIGOTO 652 
680 IF1NACTII+1).hQ.R.QR.NACT(I+ 1).EQ.TNIGOTO 653 
631 GOTO 74 
682 651 NPRUU=NPRBU+I 
683 TPRfJUlNPRHUI^TI I + l > 
684 I F INACTI I+2).EQ.DR.OR.NACT(1+2).EQ.PE>TPRBU(NPRBU)=TPRBU(NPRBU)+T< 
685 11+2) 
686 GOTO 74 
687 652 NPRUD = NPRODH 
688 TPR3D(NPRBD)=T{I+l) 
689 I F INACTI I+2).EO.DR.OR.NACTI I+21.EQ.PE)TPRBDINPRBD) = =TPHBOJNPRBD)+Tt 
690 11+21 
691 GOTO 74 
692 653 NPRBR=NPRBR+1 
693 TPRURINPRBRI=T(I+1) 
694 IF(NACT( 1+21.EQ.OR.OR.NACTI I+21.EQ.PE)TPRAR(NPRAR) =TPRAR(NPRAR)+Tf 
695 11+21 
696 GOTO 74 
69 7 c 
698 c PR5 < 1 1/4 REO WORMS 1 
699 c 
700 68 NPR5=NPR5»I 
701 TPR5(NPR5)=T<I) 
702 GOTO 680 
703 c 
704 c PR6 < 1 1/2 RED WORMS I 
70 5 c 
706 69 NPR6=NPR6+l 
707 TPR6(NPR6)=T<I I 
708 GOTO 680 
709 c 
710 c PR7 I 1 3/4 RED WORMS ) 
71 1 c 
712 70 NPR7=NPR7+I 
713 T P R 7 ( M P R 7 ) = T ( I ) 
714 GOTO 600 
715 c 
716 c PR8 < 2 REO WORMS > 
71 7 c 
718 71 NPR8=NPR8+1 
719 TPR8 ( N P R 8 ) = T I I > 
720 GOTO 680 

721 c 
722 c PR9 ( >2 RED WORMS ) 
723 c 
724 72 NPR9=NPR9+1 
725 TPR9< NPR9 > = T ( I 1 
726 GOTO 680 
72 7 c 
720 c LARGE RED WORMS I PR5, PR6, PR7, PR8 A PR9 ) 
729 c 
730 680 I F I N A C T I I + l ) . E O . U I G O T O 681 
731 IFINACTII+1I.EQ.01GOTO 682 , 
732 I F I N A C T I I + l ) • EQ• R.OR.NACTII+ll.EQ.TN)GOTO 683 
733 GOTO 74 
734 681 NPRCU=NPRCU+1 
735 TPRCU(NPRCU1=T(I+l) 
736 IFINACTII+2).EQ.OH.OR.NACTCl + 2).EQ.PE)TPRCU1NPRCU1 =TPRCU(NPRCU)+T( 
737 1 1+2) 
738 GOTO 74 
739 682 NPRCD=NPRCD+1 
740 TPRCD(NPRCO)=T(1+1> 
741 I F 1NACTI 1+2).EQ.DR.OR.NACTII+2).EQ.PE)TPRCDINPRCD) =TPRCD(NPRCD)+T< 
742 11+2) 
74 3 GO TO 74 
744 683 NPRCR=NPRCR»l 
745 TPRCR|NPRCR)=T(I+l) 
74 6 I F INACTI1+2).EQ.OR.OR.NACTI I+2).EQ.PE)TPRCR<NPRCR) =TPRCR(NPRCR)»T< 
747 1 1+2) 
748 GOTO 74 
749 c 
750 c 
751 c F I R S T A C T I V I T Y = PAS ( PECK - ABORTED ) 
752 c 
753 c 
754 82 NPAB=NPAB*1 
755 TPAB(NPAB)=T(I) 
756 I F ( N A C T I l + l ) . E O . U ) G O T O 820 
757 I F 1NACTI I+ 1).EQ.DIGOTO 821 
758 IF(NACT( 1+1 ) .EQ•R.OR•NACT( I + l).EQ.TN)GOTO 822 
759 GOTO 74 
760 820 NPAOU=NPABU+1 
761 TPABU(NPABU)=T(I+l) =TPAOU(NPABU)+T< 762 IF(NACT(I+2).EO.DR.OR.NACT(1+2).EO.PEITPABUINPABU) =TPAOU(NPABU)+T< 
763 11+2) 
764 GOTO 74 
765 821 NPA0D=NPABD+1 
766 TPABDINPABD)=T(I+I) 
767 IF(NACTII+21.EQ.OR.OR.NACT(1+21.EQ.PEITPABD(NPABD1 »TPABO(NPABO)+T< 
768 11+2) 
769 GOTO 74 
770 822 NPABR=NPABR+I 
771 TPAURI NPABR ) >=T ( I + 1 1 
772 I F ( N A C T ( I + 2 ) .EO.OR.ORVNACT(1+2 >.EO.PE)TPASM(NPABR) oTPAB»(NPABR)+T( 
773 11+2) 
774 GOTO 74 
775 c 
776 c 
777 c F I R S T A C T I V I T Y = PWE ( PECK - WEED ) 
778 c 
779 c 
780 03 NPW6=NPWE+1 
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9 0 1 W R I r e ( 6 . I O O / ) 
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Appendix 4. Scattergrams r e l a t i n g f e e d ing r a t e s and f o r a g i n g 
behaviour of Ringed P l o v e r c h i c k s to age 

and environmental c o n d i t i o n s 
(see Paper 3) . 

On these p l o t s , s i n g l e p o i n t s a r e represented by a s t e r i s k s , from 2 to 8 
c o i n c i d e n t p o i n t s by the numbers of such p o i n t s , and 9 or more c o i n c i d e n t 
p o i n t s by '9'. On some f i g u r e s the mean (± 1 s.e.) v a l u e f o r a d u l t s (A) 
i n the same are a i s a l s o i n d i c a t e d . 
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Figure 1. Rate of pecking by chicks at Mestersvig i n r e l a t i o n t o 
age. 

F i t t e d r e g r e s s i o n l i n e i s y = 1.30x + 8.00 ( r = 0.49; P < 0.00001) 
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Appendix 5o Prey abundance and a v a i l a b i l i t y i n the 
breeding season of Ringed Plovers 

I n f o r m a t i o n on the i n t e r t i d a l i n v e r t e b r a t e s a t L i n d i s f a r n e are 
d e t a i l e d i n Papers 1 & 2 and Appendices 1 & 2. Seasonal f l u c t u a t i o n s i n 
' t e r r e s t r i a l ' ( i . e . not i n t e r - t i d a l ) prey abundance i n the breeding 
season at both Mestersvig and L i n d i s f a r n e (see Papers 3 and 4) were mon­
i t o r e d by p i t f a l l t r a p s . Each t r a p consisted of a white p l a s t i c c a r t o n 
6.5 cm i n diameter set i n a hole w i t h i t s opening f l u s h w i t h the ground. 
I n Greenland each t r a p contained t o a depth of a few centimetres a 
saturated s o l u t i o n of phenyl mercuric acetate, w i t h a l i t t l e l i q u i d soap 
to reduce surface t e n s i o n . At L i n d i s f a r n e , only water and l i q u i d soap 
were used because of the p u b l i c nature of the s i t e . Traps were set i n 
groups of 10 spaced at 1 m i n t e r v a l s along two l i n e s of f i v e , 1 m between 
l i n e s . The traps were emptied weekly by pouring the contents through a 
sieve (mesh size approximately 0.4 x 0.8 mm) and t r a n s f e r r i n g w i t h l i g h t 
forceps the contents t o a storage v i a l f o r l a t e r s o r t i n g and counting. 
I n Greenland, the contents of a l l t en traps at each s i t e were c o l l e c t e d 
t o g ether. At L i n d i s f a r n e , the contents from each t r a p were kept sep­
ar a t e as traps there tended t o s u f f e r e r r a t i c a l l y from blowing sand and 
human i n t e r f e r e n c e , the l a t t e r r e s u l t i n g i n the loss of a l l samples on 
a few occasions i n J u l y and August. Because of t h i s the r e s u l t s are 
expressed as mean numbers per p i t f a l l . I n Greenland a l l the sampling 
was conducted i n c o l l a b o r a t i o n w i t h the Dundee U n i v e r s i t y team who were 
responsible f o r s o r t i n g and counting (see Greenwood 1978, who also 
discussed methodology and problems i n more d e t a i l ) . 

The r e s u l t s of i n v e r t e b r a t e sampling at Mestersvig are d e t a i l e d 
by Green, Greenwood & Lloyd (1977) and Greenwood (1978). To sample 
p o t e n t i a l " t e r r e s t r i a l " prey on the North Shore at L i n d i s f a r n e , two 
sets of p i t f a l l t r a ps were used, one j u s t above the h i g h water mark of 
sp r i n g t i d e s where most of the nests were found and one on a ra i s e d 
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gra v e l p l a t f o r m about 10 m behind. Although, t h e . b i r d s ( e s p e c i a l l y the 
young) d i d riot feed much on the platforms (and prey were c l e a r l y less 
a v a i l a b l e there -• F i g . 1) t h i s set on the more s t a b l e s ubstrate are of 
use as the p i t f a l l s were less prone t o sand f i l l i n g than those on the 
shore,, The accuracy of the r e s u l t s from the l a t t e r s u f f e r from t h i s , 
the h i g h numbers of prey caught, and the h i g h evaporation which combined 
to cause t h e i r e f f i c i e n c y of capture t o vary considerably. This, 
together w i t h weather e f f e c t s on prey a c t i v i t y , i s the probable reason 
f o r the tendency f o r some p a r a l l e l v a r i a t i o n s i n numbers of d i f f e r e n t 
animals trapped ( F i g . 1) and the high variances (not shown). Indeed, 
i t i s probably unreasonable t o consider the v a r i a t i o n s i n numbers as 
matching any r e a l i s t i c p a t t e r n r a t h e r than i n d i c a t i n g the presence of 
very large numbers of prey on the shore and f a i r l y l a r g e on the g r a v e l 
p l a t f o r m . Other p o i n t s i n d i c a t e d are p o s s i b l y increased tendencies f o r 
sandhoppers t o occur on the p l a t f o r m e a r l y and l a t e i n the season; t h i s 
may have been because h i g h winds at these times moved sand onto t h i s 
area. Also, the numbers of f l i e s increased markedly i n A p r i l and e a r l y 
May. 
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F i g u r e 1. Mean numbers of main prey a n i m a l s caught i n p i t f a l l t r a p s on 
t h e N o r t h Shore a t L i n d i s f a r n e i n 1976. 
(a) G ravel p l a t f o r m b e h i n d s h o r e ; (b) Shore 

o—o sandhoppers 
& f l i e s 5 - 10 mm l e n g t h 

• — • f l i e s 2 - 3 mm l e n g t h 
(Gap i n d a t a i n J u l y - August due t o human i n t e r f e r e n c e ) 
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