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ASPECTS OF THE ECOLOGYAAND.BEHAVIOUR.OF RINGED AND.GREY. PLOVERS
CHARADRIUS HIATICULA AND PLUVIALIS SQUATAROLA.

Abstract

Both plovers were studied at Lindisfarne, Northumberland, during
three non-breeding seasonsj and the Ringed Plover while breeding at

Lindisfarne and in NE Greenland.

In winter both species fed principally on intertidal polychaetes,
but prey differed in different sites. Food requirements in winter
could not be met during daylight. Préy capture rate at night was lower
than by day. Plovers carry large fat feserves in winter probably to
buffer the effects of cold, windy weather, which reduces their feeding .

rates more than those of sandpipers.

Plovers search for prey abparently by visual means (without the
tactile element used by other waders), At the sand surface intertidal
invertebrates increased their activity (which enabled plovers to detect
them) with increasing témperaturé; also in some cases with foot~
vibration by Ringed Plovers, With an increase in prey availability,
the birds increased their capture rate first and then their selectivity
of prey sizes and species. A simple model is developed to describe the
foraging behaviour and its modifications in relation to prey availability
and distribution. The presence of other shorebirds also affected prey
capture rate. Nocturnal foraging is discussed in relation to visual
foraging and invertebrate activity. An attempt is made. to predict the
minimum densities of prey required for energy balance in various condi-
tions. and to compare visual and tactile foraging strategies of plovers
and sandpipers,

Growth rates of Ringed Plover chicks were similar in all areas
and diurnal rhythm in activity more marked in- the Arctic, Thé develop-
ment of foraging from hatching to flrst winter is descrlbed in comparl-
son to that of adults and surv1va1 rates for various age—groups asses-—
sed. Food supply does not appear to limit growth or chick survival but

feedlng ability may become 1mporsgnt—1n ‘autumn,
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Ierrltory establlshment dlstrlbut].on and 81ze, the t1m1ng or
1ay1ng, clutch s1ze, 1ncubat10n schedules ~and nestlng success are
compared for deferent areas. Predatlon ‘was the ma].n cause of the very
varlable nesting success 1n dlfferent areas and appears to be the maJor
determlnant of t1m1ng of nestlng and the limit of the breedlng range
in temperate areas. Thc 1nf1uence of human disturbance and possmle

conservatlon measures are dlSCUSSed
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~ General Introduction

The coastal wetlands of Western Europe provide habitats in the
long non-breedlng season for large numbers of wading birds of several
spec1es whlch,breed in arctic regions from NE Canada to Slberla° Among
these are.the Grey Plover PZuvtaZzs squatarola, which breeds in Slberla,
and the smaller Ringed Plover C%aradrzus hzatzcuszhosebreedlng range
extends from the high Arctic of Greenland and Siberia as far south as
Br1ta1n° Ind1v1duals of both spec1es may spend nine or ten months of

" areas.

every year in the 'wintering
In recent years several studies of the winter. ecology and behav-
iour of wadlng birds have been undertaken in W..Europe partly because
the shoreb1rd—predator/1nvertebrate-prey system lS an 1nterest1ng one
for study and these birds of open habitats are reasonablyleasy to
observe, but also because industrial activities and largeéscale reclam~
ations are threatening many of the intertidal habitatS'of these birds.

Thus information on their ecological requirements is urgently needed,

Previous detailed studles have concerned chlefly the sandplper
family Scolopacidae and the Oystercatcher Haematopus ostralegus both
of which include a strong element of tactile searchlng Wlth thelr bllls
while foraging. The plovers (family Charadrlldae) whlch.form the other
main component of the shoreblrd community forage by very dlfferent
techn1ques, apparently dependent on v1sua1 searchlng. The initial aim
of this study which took place from 0ctober 1973. to September 1976 was
to obtain detalled information on thelr feedlng ecology and foraglng :

behaviour to allow comparison with those of the other shore waders.,

The Ringed Plover also provided an opportunity'for studying other
questions as it is a common breedlng b1rd in summer at Llndlsfarne
National Nature Reserve, Northumberland the maln area used for the
winter observations., It was thus p0331b1e to study the feedlng ecology'
of the same species, and poss1bly some of the same individuals through—
out the whole year, and to examlne its breedlng blology and aspects. of
its population dynamics. In summer 1974, I was able to extend the
breeding study . by spending two months in Greenland collectlng 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
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seyeral previous~breeding season‘studies, notably,thet of Laven (1940),
but these have tended to be' concerned malnly wlth_descrrptrons of
terrxtory,behavraur, densrty and hatchlng success"and have been ma1n1y
conflned to Europe. 1In the present study, 1 was concerned to include
other aspects of the blrds blology, such as feedlng in the breedlng
season, and to compare thlS and the breedlng production in high arctic

and temperate regions,

Perhaps the aspect of wader studies most neglected so far is that
of the development of the chicks from hatching until after fledging.
Because at this time most wader young are extremely difficult to observe
in the tundras or other vegetation of their breeding areas, very little
is known of their feeding, growth and survival rates, Although Ringed
Plover young are also highly cryptic and hide in any vegetation avail-
able, this species uses fairly unvegetated breeding areas so is slightly
less difficult to study., Much of my work during the breeding season

at both Lindisfarne and NE Greenland was concentrated on the young,

This thesis is presented as four papers (which, it is hoped nay
be suitable for publication w1thout major changes in format) and f1ve
appendlces. The first two papers are concerned w1th the winter feedlng
ecology and behaviour of the two plover species, the third with the
development of foraging behaviéurs, growth and survival to reproductrve
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 in the main papers.
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Paper 1. The feeding ecology- of Grey and Ringed Plovers im the

non-breeding season

INTRODUCTION

The recent increase in pressure on intertidal habitats by
reclamation for industrial and other purposes has incréaséd 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 all 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, Vielliard 1973). The present study is concerned with the other
main family of shore-birds, the plovers Charadriidae which forage by
an apparently visual technique without the element of tactile search-

ing normally used by the other waders (e.g. Burton 1974).

This paper reports first the diet of Grey Plovers Pluvialis
squatarola and Ringed Plovers Charadrius hiaticula at Lindisfarne,
Northumberland, in the winters of 1973-4, 74-75 and 75-76 and compares
this with diets reported elsewhere, second describes attempts to
estimate the impact of these predators on some of their prey species
at Lindisfarne, and third considers the amount of food eaten by the
plovers in 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 (12} square miles),

mainly of tidal 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 Arenicola marina, forms a wide strip 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 saﬁdy region was the main winter feeding area of the Ringed
Plovers and one of the main areas of Grey Plovers, the latter also
using, particularly at low water, other parts of the reserve,
especially the sandy banks south of the main study area and west of
Holy Island village and the muddy area of Fenham Flats 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 in the winter and where a
flock formed before pre~breeding territories were taken up, at first

temporarily, from February onwards.

The general movements of the birds about the zrea in relation
to the tide are summarized in Figure 2 which also gives the distri-
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 tides.
METHODS

Diet and feeding rates

Goss—Custard (1973) réviewed the methods available and their
limitations for the determination of diet of shore-birds. At
Lindisfarne, neither Ringed nor Grey Plover have been observed to
regurgitate pellets of indigestible material and no identifiable prey
remains were found in a number of faecal pellets of both species

examined,

The gut contents of two Grey Plovers were examined. One was
shot on 20 March 1973 as it flew from HIS to roost. The oesophagus

was empty and there were no identifiable prey in the intestine. The
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gizzard held six intact shells of the gastropod Gibbula umbilicalis,
six broken shells of the gasfropod Littorina sp., 1 fragment of shell
of the bivalve Cerastoderma sp., 1 fragment of crab leg and several
smaller unidentifiable shell fragments and possibly a little vegetable
matter. No soft-bodied prey were recognizable. The other was shot on
22 October 1974 while feeding on HIS. TImmediately before collection
the bird had taken a series of thin red worms, Notomastus Latericeus
possibly with Scoioplos armiger (see below). The gut was removed and
preserved within about three minutes of the time the bird stopped
feeding. Again no prey were found in the oesophagus and no remains

in the intestine were identifiable. 1In the gizzard, only four pieces
of Notomastus were identifiable, probably parts of two worms. Also
present were one short piece (about 1 cm long) of Arenicola marina,
carapace, pincers and legs of ome crab Carcinus maenas, 1 shell and
numerous fragments of the bivalve Macoma balthica and a few small

fragments of vegetable matter.

These two examples illustrate some of the problems of analysis
of gut contents as a basis of prey identification. Gibbula is a rocky
shore mollusc and has not been identified in extensive sampling on
HIS. Presumably the bird had encountered a small concentration or had
taken them before moving to HIS. The absence of soft-bodied prey in
the gut, despite these being the most frequent items seen to be taken
on HIS (see below) is notable. The bird shot while feeding did
contain a fragment of Arenicola and remains of Notomastus (but in very
small numbers), whereas these had been the only prey seen to be taken
in that area prior to collection. Carcinus and Macoma, two infrequent

prey, were however, well preserved.

Smith (1975) has demonstrated that soft-bodied worms as large as
Arenicola can be digested without trace by Bar-tailed Godwits Limosa
lapponica within little over one minute but that hard fragments, such
as mandibles of Nereis, may be retained for at least six months. The
lack of identifiable prey fragments in the intestine and droppings of
plovers at Lindisfarne and the absence of regurgitated pellets is thus
not surprising as field observations of feeding birds and sampling of
substrate (see below) indicate that the diet of both species at

Lindisfarne comprises largely soft-bodied worms.
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Goss=Custard (1973, 1977c) showed that valid and reliable infor-
mation on prey composition and feeding rates can be obtained by field
observations of feeding birds, and this approach was adopted also in
my study. Observations were made initially from a 'hide' consisting
of bales of straw anchored to the mud surface, a method used success-
fully in the study of Bar-tailed Godwits at Lindisfarne by Smith
(1975) . However, this method proved unsuitable for the more mobile
flocks of plovers which did not restrict their feeding to the vicinity
of the tide edge. Most observations were therefore made from a car

parked on the sand-flats and moved when necessary.

Observations were made with a 15 x to 60 x telescope, of indi-
vidual feeding birds, normally over periods of one to two minutes,
The numbers and, where visible, types of prey taken wére recorded, as
were various other behavioural details (see Paper 2), weather condi-
tions, proximity of other birds, etc. At intervals of about 15
minutes, the numbers of each species feeding or engaged in other

activities were noted.

Some prey, such as lugworms Arenicola, crabs (mainly Carcinus),
and ragworms (principally Nereis diversicolor, as indicated by
substrate sampling) were easily identifiable. Arenicola was distinc-—
tive because of its size and shape and its fairly inert appearance
while hanging from the bird's bill. The length of worm as it hung
from the bill was estimated in relation to the height of the bill from
the ground (approximately 80 mm in Ringed Plovers and 120 mm in Grey
Plovers — measured from still and ciné photography, mounted specimens
and live birds caught)., Short pieces of the tails of Arenicola were
sometimes taken and the lengths of these were estimated in relation.
to bill length (about 15 mm in Ringed Plover and 30 mm in Grey Plover).
Ragworms (principally Nereis diversicolor) were recognisable because
of their 'ragged' appearance and their tendency to writhe rhythmically
while suspended from the bill. Crabs had a distinctive appearance and
the birds dealt with them in a characteristic manner: holding by each
leg in turn and shaking to detach this from the body before swallowing,
and usﬁally finishing by swallowing the main body. Also easily recog-
nisable in the field were pieces of green algae taken by the birds; it

was not possible to see whether any small animals were attached to



19

these when swallowed, although the prosobranch Hydrobia ulvae is known

to favour algal mats.

Other prey items - the majority - were smaller and, although it
was possible to identify these on many occasions, there were many
pecks which could only be allocated to either "successful peck, prey

unknown" or "

peck, outcome unknown', The most important of these
smaller prey were clearly thin worms, mainly red-bodied. When seen,
the lengths of these worms were estimated in relation to bill-height

while the worm was stretched as the plover pulled it from its burrow.

Identification of thin worms as prey was aidéd by the distinctive
behaviour of the plover while taking the prey. The bird darted to peck
at the ground, then pulled the worm from the ground, initially holding
the bill pointing almost vertically downwards. The bill, head and body
pivoted upwards slowly as the worm emerged and on some occasions with
long worms the bird quickly transferred its grip to lower parts of the
worms' bodies., Finally, the bird's head was flicked rapidly as the
worm came free and was swallowed. Plovers feeding in this manner often
showed fine dark lines across their breasts where the muddy worms had

lashed as they came free from their burrows.

To test the validity of 'thin worm' identification and to
investigate the nature of other pecks, colour ciné film was taken of
birds feeding in the natural situation. The processed film was then
run at normal speed and data recorded as in the field. The film was

later analysed frame by frame to identify prey taken. Many months
elapsed between making and watching the film and between watching and

frame-by-frame analysis, during which time many other birds were
watched in the field and on film, so that there is little likelihood
of memory retention of previous assessments. The film analysis gave

a conservative assessment of the identification ability of the obser-
ver as viewing conditions were less good by film than by direct obser-
vation. This resulted from limitations of equipment and operator,
poor light for filming and low power of telephoto lens compared with
telescope. Comparison of prey observed with that recorded by frame-

by-frame analysis is given for the two plovers in Table 1.



TABLE 1.

WITH THAT REVEALED BY FRAME-BY-FRAME ANALYSIS.

GREY PLOVER

ps .

Total

framé-by-frame

RINGED PLOVER

Total

frame-by-frame

peck

no. (%)
1 (14.3)
1 (14.3)
5 (71.4)

peck

no. (%)

2 (22.2)
2 (22.2)
5 (55.6)
9

normal speed

péck,
small prey

no. (%)
22 (10.0)
4 (20.0)
14 (70.0)
20

peck,
thin worm

no. (%)

1 (5.9)
0 (0)
16 (94.1)
17

normal speed

peck,
small prey

no. (%)
122 (14.3)
34 (40.5)
38 (45.2)
84

peck,
thin worm

no. (%)

11 (3.2)
71 (22.6)
23 (74.2)
31

COMPARISON OF PREY RECORDED FROM FILM RUN AT NORMAL SPEED

Total

no. (%)
4 (9.1)
5 (11.4)
35 (79.5)
44

Total

no. (%)

15 (12.1)
43 (34.7)
66 (53.2)
124

Notes 1 Re-showing of film clearly indicated these. to be worms
because of characteristic 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 visible.

20
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It was not always possible to assess worm length from the film
record and most were fairly small, However, those that were measur-
able supported the estimate made when the film had been run at normal

speed.

Table 1 demonstrates that the identification of thin Wérms by
the method used in the field was valid and that the recording of items
as "peck" or "successful peck" was conservative in that most of these
were captures of thin worms. At most, 9% of Grey Plover pecks and
12% of Ringed Plover pecks were unsuccessful, more likely figures
being 27 for each species. This is consistent with a finding that
99,47 of 943 pecks of Grey Plovers at Teesmouth, County Cleveland,
resulted in prey being taken (Pienkowski 1973). In Connecticut Baker
(1974) estimated that Black-bellied Plovers (the same species) on
autumn and spring migration were successful in only 487 and 407 of
pecks respectively, It is difficult to see the reason for this diff-
erence or determine whether it is real or due to differences in inter-
pretation. Possibly, without a check from ciné-film, Baker allocated
the equivalent of my 'pecks with unknown outcome' to 'unsuccessful'’
and was more conservative in allocating prey types. In any event,
because of the very small relative calorific value of small prey (see
below), the difference between unsuccessful peck and small prey (even
in considerable numbers) in terms of contribution to energy-intake is
small., Further consideration of validity and reliability of my obser-

vations of feeding behaviour are made in Paper 2.

Details of prey and feeding rates were normally recorded as prey
were taken by talking into a continually running tape recorder., The
information was later filed on punch cards and sorted into number and
capture rate of each type of prey taken, and various behavioural cate-
gories by a specially written computer program 'PLOVPROG' (see
Appendix 3 for a listing of 'PLOVPROG' and Paper 2 for more details of
procedure); The sorted material was stored on magnetic tape. Analyses
usually employed the statistical procedures available in the package
SPSS (Nie et al 1975). Other statistical procedures follow Bailey
(1959) and Sokal & Rohlf (1969). '

Air temperature near ground level and sand temperature at about
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1 cm depth were recorded during the observation period, as were other

weather data,

Night feeding

Attempts were made to investigate the percéntages of birds
involved in night feeding and feeding rates at night. Note was made
of whether birds appeared to continue feeding as night fell and
attempts were made to view birds against moon-light reflected on the
mud and pools., On the darker nights hand lamps and car head-lamps
were used to investigate the presence of birds on the flats although
little information was available from this method on whether the
waders were feeding. Attention was also paid on all occasions to the
occurrence of calls but these again did not givé definite information
on the activities of the birds. Although some relevant information
was obtained, none of these methods was particularly satisfactory.

An image-intensifier, a night-viewing apparatus, was used on
three nights in December 1974 (courtesy of the Institute of Terrestrial
Ecology) and on three nights in February, six in March and several in
May to July 1976 (courtesy of the Home Office Special Equipment Unit,
Durham Police Headquarters). This equipment was very satisfactory for
the detection of birds at a range of up to several hundred metres,
provided that the ground was reasonably wet; howevér the contrast
between bird plumage and dry sand was insufficient for detection except
at fairly short range. The equipment had the disadvantage of heavy
weight (it was only just portable by a person and was normally used
from a vehicle on the sand flats) and very low magnification. In good
conditions I was able to measure pecking rates, number of paces bet-
ween waiting positions and prey captures and other aspects of foraging
of Grey Plovers on the sand flats, but not of the smaller Ringed
Plovers, Prey could not be identified, except for a few thin worms.
Some measurements of the foraging performances of adult and chick
Ringed Plovers at ;lose range on the North Shore in the breeding

season were made.

Invertebrate distributions and densities

A survey, with samples taken on a square grid at 50 m intervals

in areas of high density and 100 m intervals elsewhere, was conducted
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in May-June 1975 over my main study area on HIS by three undergraduate
students (A.P. Coverdale, J.A. Hall & A.J. Wallis) under my direction.
Four samples each 10 x 10 x 10 cm were taken at the corners of a 1 m
square at each station, and were sieved through a 1 mm sieve in the
field. Animals in each sample were brought back to the laboratory

for identification and counting. The results are shown in Figure 3.

Variations in invertebrate density over the winter

To investigate variations in invertebrate density over the
winter two 100 m x 100 m sampling areas were established, area B on
the 'Grey Plover Flats' and area D at Godwit Creek' (Fig. 3). Within
each area 36 stations on a 20 m x 20 m grid were marked using rw -
shaped pieces of galvanised wire pushed into the mud so that they were
flush with the surface and unlikely to affect flow and sedimentation

patterns.

In November 1974 a single sample 10 em x 10 cm x 30 cm depth was
collected from a point 1 m south of each grid mark. Sampling to 30 cm
depth included almost all invertebrates occurring commonly in this
part of the mudflats except large Arenicola. The samples were trans-—
ferred to polythene bags and kept outdoors until the following day
when each sample was washed through a sieve of 20 meshes per inch
(holes approximately squares of side 0.9 mm). Washing through a sieve
of 30 meshes per inch (sides 0.5 mm) took considerably longer but
retained very few additional animals. Examination of the washings,
through both sieves, revealed no macrofauna. Retained material from
each sample was washed into an enamel tray and all animals were picked
from this and stored in a jar of sea water until the following day
when they were sorted and counted. The shell lengths of a sample of
molluscs were measured but measurements of worms were impracticable

because of damage during sieving.

Sampling was repeated in February and May 1975 at stations making
an equilateral triangle of side ! m with the November station (Fig. 4).
This design allowed paired comparisons between sampling occasions in
an attempt to prevent the generally high variance in densities over
even a small area of mud-flat hiding séasonal changes. The data were

analysed by two-way analysis of variance for paired comparisons (see
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Marker
N *

1 lm
//x First sample (November)

b m \im
Second sample (February)xF;—— Third sample (May)
m

Figure 4. Arrangement of sampling at each grid station during
investigation of seasonal variation.

Note: For more frequent sampling, the pattern could be extended to
give up to seven occasions, six forming a hexagon around the
initial site. The sample for any one date would then be
equidistant from that of the previous date and the initial one.

25

'"Control''Before''Closed''Before''Control’ 'Before' 'open' 'Before' 'Control'

exclosure 'Control" exclosure

[ s 0 1 ] 4 v . b e P S S

——Hn——%
1.25m 1.25m 2.5m

Figure 5. Arrangement of exclosures and adjacent sampling areas. Dots
indicate sampling positions.



26

Sokal & Rohlf 1969, Box 11.3). All 36 stationms were sampled in area
B. Only the eastern 24 stations in area D were sampled in November
and one sample was spilt during transportation on another occasion so
that the analysis of variance for this area is based on a sample of
23 or 36, depending on the comparison. When mean densities for area

D are given, these are based on the 23 stations common to all dates.
In February and May a similar sampling procedure was carried out
in one 100 m x 100 m square on each of the upper sand flats on Holy

Island Sands (Fig. 3) and on the N. Shore.

Exclosure experiment

In an attempt to investigate the effects of predation by birds
and fishes on the invertebrates, two exclosures were established on
7 December 1974 on the mud-flats at approximately mid-tidal level and
the mid level of area B. Each was built of wood of approximately
1 inch (2.5 cm) square section and consisted of a rectangle 2.5 x 2 m,
supported at each corner by a wooden leg 30 cm high. Each leg was
fastened to an angle-iron of length 6 ft (1.8 m) which had been driven

into the mud.

One exclosure was covered with galvanised wire netting. It was
postulated that this would exclude both birds and fish while the other
exclosure, which was not covered with wire, would exclude only birds.
Frequent observations over the winter confirmed that birds did not
enter the exclosures but fed in the area between and adjacent to them.

Observations on fish behaviour were not possible.

The exclosures were positioned as indicated in Figure 5 at
approximately the same tidal level and as close as practicable given
the requirements of the experiment. Once the exclosures had been
placed on the flats but before the anchoring angle-irons were driven
into the ground, eighteen 10 x 10 x 15 cm samples were taken in a
regular, evenly spaced pattern from areas 1.25 m x 2 m immediately on
each side of each exclosure as indicated in Figure 5. These samples

were treated as indicated in the previous section.

During the period while the exclosures were in place a little



erosion of sediment was apparent particularly close to the legs of
the exclosures.. Also debris tended to collect and algae to grow on
the structures, especially the 'closed' one, although this was removed

as frequently as possible.

On 6 May 1975, 36 evenly spaced samples were taken from the area
inside the 'open' exclosure and a further 18 from each of two areas
1.25 m x 2 m on either side of the initial sampling area (Fig. 5). On
16 May 1975, the 'closed' exclosure was removed and a similar sampling
procedure carried out. The results were examined using analysis of

variance.,

Calorific contents

Thin red worms were collected from samples of the substrate in
the main plover feeding area by hand sorting.(as,the worms are broken
by sieving) and measufed initially in an unstrétched stéte and then
by stretching until the worms broke. The relationship between
stretched and unstretched length was:
stretched = 1.52 x unstretched + 2.5 (r = 0.86, P < 0.001).

Worms were separated according to their stretched length into
classes corresponding to the bill height classification used in the
field. No attempt was made to remove the sand adhering to the worms,
partly because the plovers did not usually wash the worms fakén, but

mainly because cleaning would have caused further damage and possible

_loss of flesh. The samples were dried in a. vacuum oven at 60 °c and

then weighed.

Calorific values of the resulting dried material were obtained
using a 'Durham' miniature bomb calorimeter (Phillipson 1964). No
significant differences in calorific values were found between
samples taken in early February and late March,vand data from the two
periods were combined. Smith (1975) found né significant difference
between the calorific values of samples of Arenicola and thin red

worms collected at Lindisfarne in September, December and May.

Determinations of calorific value were also made for

Bathyporeia, sandhoppers Talitrus saltator; shoré—flies, main

ly
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Coelopa, and tails of Arenicola. For the latter, tails 1 cm long
were used as this was the approximate length seen to be taken by both

Ringed and Grey Plovers in the field.

Impact of the birds on their prey

On seven occasions between each period of invertebrate sampling,
areas B and D were observed during their periods of tidal emersionm. .
On each occasion the numbers of all bird species present and feeding
were counted at 15 minute intervals and in the intervening periods

measurements of feeding rates of plovers were taken.

For each hour of tidal exposure the mean number of birds of each
species feeding in each area was calculated for the seven dates within
each inter-sampling period. These values were summed over the'timé of
tidal exposure to give the number of bird-minutes of feeding per day-

light tidal exposure.

Three rates of taking thin red worms per minute were calculated
for each plover species in each inter~sawpling period. These three
rates were estimates of (i) the number of thin worms (i.e. observed
thin worms plus the fractions of successful pécks with unknown prey
and pecks with unknown outcome indicated by Table 1) taken per minute;
(ii) the minimum ﬁumber ofifhin worms (i.e. only those recorded as
thin worms ) taken per minute§ and (iii) the maxinum number of thin
worms (i.e. -thin worms plus pecks with unknown prey plus pecks with
unknown outcome) taken per minute. As .for each species each rate did
not differ significantly between areas B and D the same values for the

three estimates were used for both areas.

These three rates were multiplied by the relevant bird-minutes
of feeding per daylight tide and the 92 days between each sampling
occasion to give estimates of the number of thin worms taken in day-
light from each area by each species during the two inter-sampling
periods. Estimates were also made for Bar-tailed Godwits using the
remarkably constant figure for rate of taking thin worms over various
ranges of conditions and temperatures from -1 °c upwards reported by
Smith (1975). No rate of capture of thin worms was available for

Dunlins, the fourth species feeding commonly in these areas, because



of its tendency to swallow prey without remoying its bill from the
substrate. Bird-minutes of feeding of Dunliﬁs aré, howéver, given
later with those of the other species. It is possiblé that much of
the prey of. this species consisted of meiofauna, as has been shown at
Teesmouth (Evans et al. 1979). Other shorebird species were;recorded
in only very small numbers in the areas and were seen generally to

take prey other than thin worms.

Food intake of the birds during daylight

The calorific values in Table 7 were used to convert the numbers
of prey taken of each type to their energetic equivalents. A value of
2.5 cal per item was assumed for small prey as this approximates to
the values of the smallest category of worms and of the small crustacea.
Successful pecks with unknown prey and pecks with unknown outcome were
allocated to small prey and small worms in the proportion indicated iﬁ
Table 1. The small worms»reallocated‘from these categories were
assumed to consist of equal numbers of < } bill—héightbworms and 1}
bill-height worms, as indicated by the ciné film‘anaiyses. Changes
(even of about 1007 for Ringed Plovers and larger for Grey Plovers) in
the size of these assumed values have little efféct on the results.

The energy intakes from all prey taken over each observation period
(usually 1 - 2 minﬁtes) were sumned and a mean raté of energy intake
per minute was calculated for each hour for each set of tidal and.
weather conditions for which data on percentages of birds feeding were
available (see below). 1In no case did mean rates of energy intake
vary consistently or significantly during the tidal cycle. Therefore
an overall mean rate was calculated for each set of weather conditions.
(The main variations in hourly intake réte were due to the o;casiohal
Arenicola captured and these were taken too infrequently to give a

consistent tidal pattern.)

At approximately 15 minute intervals the proportion of birds
feeding (rather than loafing, preening, resting, etc.) was noted and
an average value calculated for each hour of the tidal cycle. This
measure of the averagé amount of time a bird spends feeding assumes
that feeding and non-feeding birds were equally visible, and this is
thought to have been reasonably true in the areas used in my study,

namely open flat areas without deep creeks, vegetation or large rocks,
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Spring ( » 11.9 m depth at high water over the New Entrance Lock Sill
at Leith) and neap tides ( <€ 11.8 m) were treated separately, in local
terms neap tides did not cover the entire area of HIS whereas spring

tides did.

Because of the mobility of the birds and their scattered disper=~
sion while feeding, it was rarely possible to obtain a full set of
data from reasonable sample sizes of birds in a single day, so that
most estimates are combined from two or more days. Separate estimates
were made for each month and, when sufficient data were available, for
different weather conditions in each month. For Ringed Plovers, juv-
eniles were treated separately from adults in early autumn when they

were fairly readily distinguishable in the field by plumage criteria.

For each set of conditions the mean proportions of birds feeding
("Feeding Intensity" FI) were plotted against time since high water.
The area under the curve so produced (i.e. the average percentage of
time spent feeding per daylight tidal cycle - "Percentage Feeding
Time" PFT) was assessed by weighing on a suitably sensitive balance
tracings of the graph on paper of uniform thickness. Each estimate
of PFT was based on the equivalent of at least a full tidal period of
observations and in many cases, because of overlap in combining data

from several days, the equivalent of about two such periods.

The duration of daylight on the middle day of each month was
calculated from tables for latitude 56 N (Whitaker's Almanac). The
perlods of c1v11 twilight were included in the total daylight period.
This seemed appropriate as Judged by general observation of bird
behaviour; feeding rates and behaviour patterns did not change until

light intensity was low.

The estimates of PFT, daylight duration and rate of energy
intake were combined to give an average amount of food ingested per
daylight period for each month and set of conditions. The daylight
feeding duration was not corrected to allow for timing of high water
(when feeding may be restricted) in relation to dayllght. This was
because the calculations concerned monthly averages and, at Lindisfarne,

high water occurs in daylight at about the same frequency during both



spring and neap tides. It is, however, trué that on certadin days in
winter birds will have less feeding time availablé than on others
because of the occurrence of high water in daylight but the present
data cannot examine this, because of the impossibility of obtaining a
full set of data in daylight on a single day in mid-winter, exacer-

bated by the mobility of the birds.

The estimated food intake in daylight concérnéd an 'average'
individual bird. Clearly, this method concéaléd_individuél variation
in feeding rates and feeding time and the following of sevéral identi-
fiable individuals would have been preferable. This had been the
original intention for Ringed Plovers, some of which were marked with
colour rings, but the large feeding area utilized, the small size of
the birds and the rings, their wide-ranging behavioﬁr and the viewing

conditions prevented this.

Basal metabolic rates of the plovers were estimated (from lean
body weights) using the formula for non-passerines calculated by
Lasiewski & Dawson (1967).

RESULTS

Diet
Details of>prey recorded in the field, arranged by species, main

parts of the study area and month, are given in Appendix 1 and summar-

ized over the whole season in Table 2. No variation in diet between -
7 spring and neap tides was appafent. Table 3 allocates "successful
pecks, unknown’prey" to worms and other small prey and "pecks, unknown
outcome" to worms, other small prey and failures in proportions indi-
cated by data in Table 1. The numerical importance of thin worms to

both species is clear.

The composition of thin worms by colours as assessed by examination

of ciné film is given in Table 4. The greater variety on the North
Shore is probably a result of the more diverse habitat covering a
steeper range of tidal levels and shore types, including rocks and more

weed, and also embracing midsummer conditions when a wider variety of

invertebrates may be available to predation (see Paper 2).
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Sampling of the sand for potential prey indicatés that the red worms
are the capitellid polychaete Notomastus latericeus and thé ariciid
polychaete Scoloplos armiger Because of variation in pigmentation,
the apparently clear and black worms may also bé of this species.
The yellow worms may be Phyllddoce maculata, which was found at mod-
erate densities in the study area during the various invertebrate

samplings.

Analyses of sizes of thin worms are given in Appendix 2 and
summarized in Table 5. The sizes of Scoloplos found in the area
indicate that these are likely to contribute significantly only to

'< | bill-height worms' and '} bill-height worms' and that larger red

worms are almost entirely Notomastus; however, the latter also contri-

bute to the smallest categories of worms. Table 5 does not include
those worms initially categorized in Table 2 as "small prey" and
"pecks" before correction. These are almost entirely '< } bill-height

worms' and '} bill-height worms'.

Numerically the second most important group of prey are the
'various small' items. Although these probably include further thin
worms and fragmenté of these, the other small items identified give
some clue to the other species involved. Sandhoppers, mainly"
Talitrus saltator, and Diptera (chiefly Coelopids) are important to
Ringed Plovers particularly in the breeding season when these are
feeding on the wrack line. On the sand flats various small molluscs
were seen to be taken and comparison of the shapes of these and the
pbtential prey species found by substrate sampling indicated that most
were the prosobranch Hydrobia ulvae, the tellin Macoma balthica and,
less frequently, the winkle Littorina sp. On one occasion when a
Ringed Plover was observed feeding at very close range it was seen to
take part of a syphon of a Macoma. This type of prey may have been
much more frequently taken as Macoma siphons wére seen to be extended
and actively feeding in some water-filled hollows (such as depressions

over Arenicola head-tubes) while the tide was low.

Small Crustacea probably formed many of the "small prey"
especially at higher tidal levels. This assessment is based on (i)

those few observed to be taken, (ii) the species found to be present
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by inspection and sampling in the areas in which plovers were feeding,
and (iii) considerations of the birds' behaviour (see Paper
2), The main species concerned were probably the amphipod

Bathyporeia pelagica and the isopod Eurydice pulchra.

In other areas of the reserve, Néreis diversicolor was a main
prey of Grey Plovers, especially on Fenham Flats. In spring flocks
of Ringed Plovers also fed on concentrations of Eurydice pulchra on
the very high flats near the Sand Rig and on Corophium volutator
below the salt marsh on Beal Sands, near the bridge and Causeway
(Fig., 1). In late summer many Ringed Plovers féd on concentrations
of small red worms, believed to be newly-settled Scoloplos, at Guile

Point.

Table 8 combines the prey composition (Tablé 3), the size
composition of thin worms and Arenicola (Tablés 4 & 6), and the
measured calorific values (Smith. 1975 for Arenicola, Joffe
(unpublished) for Nereis, Table 7 for other items) to assess the rel-
ative energetic contributions of the various prey types. 'Small
items' are given the calorific value of 2.5 cal/item (see Methods).
Small changes to this assumed value would clearly not greatly change
the picture in Table 8. However this figure is not really suitable
for the North Shore and ‘other areas' becausg of the predominance
there of Diptera and éandhoppers. These areas are therefore omitted
from Table 8.

Table 8 demonstrates the importance in energetic terms of the
relatively small number of Arenicola to Grey Plovers and the very

small contribution of "

small prey" to this species., Thin worms are
fairly important to Grey Plovers and remain the most important prey
for Ringed Plovers in energetic as well as numerical terms. The very
small number of Arenicola and the very large number of small items

are both of secondary importance to this species.

Night feeding

Observations of waders as night fell suggested that, as found in
the same area by Smith (1975) and at Teesmouth by Knights (1979),
birds tended to leave the high-tide roost later after HW at night



TABLE 6. SIZES OF ARENICOLA. TAKEN

GREY PLOVERS RINGED PLOVERS

length in relation Tength Low  High 1éngth Low. High  North
to height of bill  (cm) flats flats (cm) flats flats Shore
off the ground

< 3 bill height 2 4 1 0 1
y " " 2 3 0 0 0
y ¢ " 6 6 4 4 1 ] 5
;g " " 6 5 0 0 4
1T 12 19 7 8 0 0 6
1" "o 1 0 0 1
13 " 18 3 12 0 0
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TABLE 7. CALORIFIC VALUES ESTIMATED

stretched
length (mm)

small thin worms
(= Scoloplos)

thin worms
(Notomastus)

% RP bill height 10 - 30

3 n " " 30 - 50
3 " " g
3 50 - 70
1 " " n 70 - 90
p 6P " " 15 - 45
1 " " " 45 - 75
2 " u " 75 -105

(Tarval worms
Bathyporeia
Arenicola tails
sandhopper Talitrus

shore fly Coelopa

cal/

animal

2.64

6.45
10.25.
14.47
16.57

7.34
14.67
17.65

0.43)

2.18
53.07
26.85

9.45

number  number
weighed calorific

.determinations
14 1
37 }
4]
12
9
12
41 (
11
7
10
10 1
3 4
10 3
12 1

Average calorific value of whole Arenicola taken, weighted by
proportion in each of Smith's (1975) size classes:

by Grey Plover
by Ringed Plover

973
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 High Low High
flats flats flats flats
Whole Arenicola 62.8 83.2 12.6 29.5
Arenicola tails 1.1 1.0 1.2 9.1
Ragworms 0.2 0 0 0
Crabs 5.4 5.2 0 6.8
Thin worms 29.1 10.0 75.5 44 .3

(Notomastus, Scoloplos )

Small prey 1.3 0.7 10.7 10.3



than by day and possibly also to return to roost earlier on the rising
tide. Observations of the presence of birds on thé flats also.sugges-
ted that, on moon-lit nights, birds delayed thé move from roost to
feeding areas until the moon rose, but this was difficult to quantify.
The tendency to delay the start of feeding or, if already feeding, to
stop early at night appeared strongesf up to October and from March

and weakest between November and February.

Observations during the main part of the night were made fairly
regularly from late October 1974 to January 1975 and January to August
1976 using either moon-light or an image-inténsifiér. On four nights
from the end of October to late January when there was little or no
wind, Grey and Ringed Plovers and other species were observed feeding
on the sand flats at fairly high densities, which I assessed as sim-
ilar to those observed in daytime (Table 9). (Because of the differ-
ent viewing conditions, by day and night, it was not possible to make

quantitative comparisons.)

High winds on three nights in mid-winter appeared either to keep

birds from the feeding areas or to depress the proportions of birds
feeding or the time spent feeding by individuals. Gale force winds
and freezingtemperatures occurred on the night of 12 December 1974
and no birds were observed on the flats. On the following night,
when the wind had dropped somewhat but was still strong, few birds
were seen feeding. On the following night, when the temperature
remained below zero but the wind had dropbed to light, numerous
plovers of both species and other waders were féeding on the flats.
On 20 January 1976, with wind force 8, Grey and Ringed Plovers and
Dunlins were present in fairly high numbers on the sand flats but few

were feeding and many roosted.

On three nights of light wind in February (temperature about
2-3 OC), Grey Plovers and other waders were observed feeding at night
but never at densities as high as by day (nor as high as on nights of
light wind earlier in the winter when nights Weré longer and tempera-

tures lower).

. . . . o
Observations were made on six nights in March (temperatures 2

41
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to 8 0C). Small numbers of waders, including Grey Plovers and some-
times Ringed Plovers, were present on five occasions of fairly light
wind but never at very high density and certainly many fewer than in
daytime or at night earlier in the winter. On one night of force 8

winds, very few birds were seen.

On several occasions from May to August, no birds were seen feed-
ing on the flats of HIS at night although Ringed Plovers, including
locally breeding birds, and some other species, notably Black-headed
Gulls, Larus ridibundus were seen feeding on the North Shore and Snook
of Holy Island. In these latter cases, however, the prey appeared to
consist ent%rely of sandhoppers Talidridae which are active mainly at

night near high water mark.

On both occasions when a comparison was possible, Ringed Plovers
-pecked significantly faster in the daytime-than at night (Table 10).
The prey taken at night could not be ascertained except that, in June,
some - and probably most - nocturnal prey consisted of sandhoppers
and, in this situation, daytime prey may have differed somewhat,
although sandhoppers were certainly included then (Table 2). (The
calorific content of Talitrus is much greater than of Eurydice or

Bathyporeia.)

Comparisons were also possible on two occasions for Grey Plovers.
On a very dark, moonless night in February, the mean pecking rate was
significantly lower than in daylight (Table 10). In March the mean
peckingirate during a moonlit night was similar to that in daytime.
Although most prey could not be identified, several thin worms were
seen to be taken. No Arenicola were seen, although (because of their
large size) any taken would have been visible in most situations.
Further aspects of the foraging behaviour of the plovers at ﬁight are

considered in Paper 2.

Seasonal variations in prey density

Thréé-spécies were found abundantly on eastern HIS: Notomastus
latericeus, Scoloplos armiger and Macoma balthica; the seasonal var-—
iations in densities of these are summarized in Table 11, As indi-

cated above, the other common species of the macrofauna, the lugworm
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Arenicola marina, was normally too deep to be sampled by the tech-
nique used. Other species récorded, all at moderate to low frequency,
were: Phyllodoce maculata, Nereis diversicolor, Lanice conchilega,
Nephthys hombergr , Cirraiulus sp., several small polychaetes and oli-
gochaetes, Cerastoderma edule, Tellina Atenuis, Scrobicularia plana,
Mytilus edulis, Littorina saxatilis, Bathyporeia pelagica, Gammarus
sp,,‘Corophium volutator, Eurydice pulchra, Urothoe Sp.; and Careinus

maenus « .

Mean densities of all three dominant species were higher in area
B than area D, this possibly being related to the greater degfee of
tidal scouring in 'Godwit Creek' (D) tham on 'Grey Plover Flats' (B).
Neither Scoloplos nor Macoma showed marked changes of density between
sampling occasions and neither did they show significant variation in
density between stations. In contrast densities of Notomastus gener-—
ally showed significant variation in relation to sampiing stations and
to season. In both areas, mean density fell significantly by 317 in
area B and by 90% in area D (which had a lower initial density). A
slight further fall in mean density between February and May was not
significant. Unfortunately, no information appears to be available

on the life cycle of Notomastus or the timing of its reproduction.

The results from the exclosure experiment are given in Table 12,
Notomastus densities were slightly but not significantly higher in
both types of exclosures at the end than at the start of the experi-
ment. The control areas had slightly, but not‘(or barely) signifi-
caﬁtly,.lower densities than those found at the start of the experi-

ment, but significantly lower.densities than within the exclosures.

For Macoma, trends tended to be more marked in the closed than
the open exclosure. Densities were significantly lower in the exclo-
sures than both the initial and the ‘control' situation, between which

there were no significant differences.

Trends also tended to be more marked in the closed exclosure for
Scoloplos but the pattern was not as simple. Densities were signifi-

cantly lower in both exclosures after than before the experiment.
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Also, in the closed one, the density after the experiment was signifi-
cantly lower than in the control area. For the open exclosure, dens—
ity was significantly lower in che coutrol area after the experiment

than in the initial situation.

It is clear that the effect of the exclosures on the micro-
environment overwhelmed any planned experimental effect. Such effects
may include sedimentation and erosion, shelter, humidity and collec-
tion of organic material, particularly for the closed exclosure. Den-
sities of Macoma and Scoloplos actually fell inside the exclosure
while those of Notomastus may have risen slightly. This may reflect
habitat preferences for more open situations by the former two.
Notomastus is frequently found under -algae covered patches on the
flats. The fact that Notomastus densifies fell less in the 'control'
areas for this experiment than over the surrounding area (Table 11)
may indicate that effects of the exclosures may extend some way from
tham, either via physical conditions or by reducing bird predation
near them. Although birds were commonly seen to feed near the exclo-

sures, this was not quantified.

On the upper sampling area (T in Fig. 3) of HIS the amphipod
Bathyporeia pelagica was the commonest species and several other
amphipods and isopods, notably Eurydice pulchra, were also recorded.
Worms including Notomastus occurred in small numbers. The density of

Bathyporeia fell greatly and significantly from February to May (Table

13) and changes were also indicated by the data on less common species.

However, as all the Crustacea are highly mobile and may move consider-
able distances when the tide is in, in some cases probably being drif-
ted in the surface waters by winds, large variations are to be expec-
ted and do not necessarily indicate real seasonal changes. Some ins=-

ect larvae were also recorded in May.

On the North Shore, a wider variety of species occurred fairly
commonly, including several insect larvae and adults, and various
other polychaetes and small Crustacea, in addition to many of those
found in the flats. The commonest species, Scoloplos and Macoma,

tended to occur at lower density than on the open flats (Table 13).

48
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TABLE 13. CHANGES IN DENSITY OF ABUNDANT MACRO-BENTHOS NEAR HOLY
ISLAND SNOOK IN WINTER 1974 - 75

North Shore

SeodeZos

Macoma

Near small saltmarsh

Bathyporeia

Notes as for Table 11,

Fébruary Anova Feb-May

density

422 0.58 n.s.
6.18 ***

686 0.10 n.s.
2.08 *

1614 18.01 ***
1.33 n.s.

May
density

364

750

556
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The greater variation is probably relatéd to the more varied habitat,
with mud, sand, some stones and weéd and thé greater range of tidal
levels. This is reflected in an high component of variance due to
sampling stations. There weré no significant changes in density of
Scoloplos or Macoma between February and May. Insect larvae and

sandhoppers Talitridae appeared in the samples in May.

Feeding durations and energy intake

The feeding intensities of the two plover speciesaré shown in
relation to season in Figures 6 & 7, and the resulting PFT's in Figure
8. For Ringed Plovers a comparison between juveniles and adults is
possible in early autumn, the former generally feeding for longer

periods than the latter,

For both Ringed and Grey Plovers, high water of spring tides
generally prevented feeding activities because no feeding areas were
available but in the cold period (1 °© -2 °9%) in January, some Ringed
" Plovers contrived to feed onAthe high beaches over the high water
period. The prevention of feeding around the time of high water
reduced the maximum PFT generally possible from nearly 10d% on neap
tides to about 707 on most springs (the latter obviously somewhat
dependent on the actual tidal height on the days of observation) (Figs.
6 & 7). In September, feeding on sandhoppers and wrack flies around
‘high water allowed slightly higher PFT's. Possibly, this was not
usﬁally profitable in later months because of reduced numbers and

availability of such prey.

In early autuﬁn and spring Fl's were generally well below 1007%
for much of the tidal cycle but in winter FI's remained at or near
100% throughout the observation periods or until spring high tides
prevented feeding. On several occasions in winter FI's were depressed
tc zero, usually as a result of gusts of high wind or squally showers,
e.g. on a day of neap tides in January with a temperature of 2.5 °c.
The cessation of feeding at these times appeared not to result from
the birds' seeking of shelter as they commonly spent the duration of
the squalls, usually between 5 and 15 minutes, preening or bathing
with fluffed-up feathers. Difficulty in locating prey seems a more

likely cause (see Paper 2). Such squalls sometimes markedly affected
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TABLE 14, ESTIMATION OF DAYTIME CALORIFIC INTAKES OF RINGED PLOVERS AT

VARIOUS CONDITIORS

Aug neap adults
Sep neap adults

Sep spring adults
estimate 1

Sep spriﬁg adults
estimate 2

. Sep spring juveniles

Oct neap adults
windforce 8

. -0ct neap adults ,
windforce 0 to 2~

Oct spring

Nov neap

Nov spring

Dec neap

Dec spring

Jan neap

Jan spring 3-4%
Jan spring 1-2%
Feb spring

Feb-Mar ne&p 1-6%¢C
© Feb-Mar neap 6.5-10°C
Mar spring

, Apr neap 5.9°C

Apr neap 9,5-15°C
Apr spring

Notes

Percentage Daylight

of time
spent
feeding!

~48.8

44.0
78.2

62.5
80.1

84.7

73.7
70.3
88.6
59.5
93.3
68.1
93.6
66.6
90.9

7.4

93.1
87.4
66.5

64.4

43.1
66.2

period

including (sample size)

civil
twilight
(min)

946

800

800

800
800

662

662

662
535
535
466
466
503
503
503
617
680'
680
748
896
896
896

Feeding rate
cal/mints.e.

98.9+21.66(

73.8+15.02(
74.0+ 8.57(

74.0+ 8.75(

126.4248.20(
1 63.7+ 4.69(

64.6%
62,7+

3.81(
3.52(
60.4+ 5.54(
9.91(
3.46(
6.58(

7.0+
59.1+
51.5¢
83.3+
87.1% 8,79(
33.2+ 4.45(
47.1% 7.53(
94.0414,45(

55.7+ 4.59(

110.6254.62(

78.4+ 7,99(
80.5+11.08(
77.5% 8.56(

45)
8)

16)

16)

10)

27)

25)
33)
19)
7)
23)
6)

7.97(109)

98)
23)

9)
57)
94)
33)

57).

48)
43)

LINDISFARNE IN

Estimated Factor Effect of

daytime
calorific
intake
(kcal)

45.65
25.98

46.29

37.00
81.00

35.72

31.52 -
29.18
28.63
22.60
25.70
16.34
39,22
29.18
15.18
20.66
59.51
33.10°
55.01
45.24
31.08
45,97

X BMR

4,37
2.49

4.43

3.54

7.75

3.42

3,02

2.79
2.74
2.16
2.46
1.56
3.75
2.79
1.45
1.98
5.69
3.17
5.26

- 4.33

2.97
4.40

increasing
number of
Arenicola
taken2

( 4.89/ 25%)

( 4.66/ = %)

{ 4.61/ = %)

( 3.69/ = %)

.(10.35/100%)

( 4.14/100%)

(3777 = %)
( 3.47/ = %)
( 3.58/ = %)
(4.67/ = %)
{ 3.35/ = %)
( 3.87/ =3%)
( 3.93/ 25%)
( 2.93/ 25%)

54

( 2.41/ =%)

{ 3.95/ =3%)
( 5.99/ 332)
( 3.46/100%)
( 5.83/ 25%)

( 4.76/ 50%)

( 3.35/ 50%)
( 5.13/100%)

1fach estimate of PFT is based on the equivalent of at least one full tidal cycle, usually more

(see text).
estimates.

In September spring conditions, sufficient data were available for two separate

2To help estimate possible variation, the effect of adding one Arenicola to those observed in each
weather condition/month on the intake is indicated (see text);given as (factor x BMR/% theoretical
increase in Arenicola 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 period cal/minis.e. daytime =~ x BMR  increasing
. spent including (sample size) calorific number of
feeding! civil . intake Arenicola
twilight (kcal) taken?
(min)
Sepspring 81.4 800 151.5+ 61.47(13) 98.66 3.87  (5.12/50%)
Oct neap : ' '
-windforce 8 . 9.4 662 /57.1+ 14.81(27) 36.44 1.43\ . {1.76/50%)
windforce 0-2 n.2 662 220.4:1]1.68( 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 - ' 96.9 535 . 33.9+ 3.51(14) . 17.57 0.69  (1.44/~ %)
Nov spring 57.8 535 101.4+ 49.81(10) 31.%  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 1.26  (1.39/33%)
Jdan spring 3-4°C €6.6 503 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  (2.384/= %)
Feb spring 69.8 617 2247+ 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

:Each estimate of PFT is based on the equivalent of at least one full tidal cycle, usually more
see text).

2To help estimate possible variation, the effect of adding one Arenicola to those observed in
each weather condition/month on the intake is indicated (see text); given as (factor x BMR/
% theoretical increase in Arenicola taken),
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PFT, e.g. for Ringed Plover PFT was depressed by about 87 by the squalls
on 24 January 1976. Unless feeding was inhibited by such extremely
adverse conditions, increased PFT's usually occurred with low temper-

atures and high winds (Fig. 8).

PFT's, daylight duration and mean intake rates are combined in
Tables 14 & 15 to estimate average daytime calorific intakes. These
are compared with Basal Metabolic Rates (BMR) of 10.45 kcal/day and
25.5 kcal/day for Ringed and Grey Plovers respectively, estimated from
Lasiewski & Dawson's (1967) equation for non-passerines and based on
mean lean weights of 62 g and 212 g (N,C, Davidson pers. comm.). The
seasonal relationship between estimated daytime intake and BMR is plot-

ted in Fig. 9.
DISCUSSION

Diet

In the main study area of Holy Island Sands, the polychaetes
Arenicola, Notomastus and Scoloplos clearly provided the main prey in
terms of both numbers and energy content for the two plover species in-
daylight. There is reason to believe that Phyllodoce may have been a
numerically important prey at night (Paper 2). Additional prey species.
included bivalves (Macoma, Cerastoderma), gastropods (Hydrobia, -
Littorina, Gibbula) and Crustacea (Carcinus, Bathyporeia, Eurydice) .
Generally, of the two plovers, the larger Greys tended to take larger
items (both more larger species and more large individuals of a given
species) than the smaller Ringed Plovers, and the small amphipods and
isopods taken mainly at high tidal levels were probably important only

to the latter birds.

When feeding on Fenham Flats, Grey Plovers took mainly Nereis,
probably supplemented by Hydrobia and Macoma. Great flexibility in
both principal and less important prey is evident when studies from
other areas are also taken into account (Tables 16 & 17). Not only
does the prey of individual species tend to vary greatly but within a
particular coastal area different bird species often take similar
speciés of prey (Table 16), these normally being among the most abun-

dant invertebrate species present.
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Goss-Custard (1977a) has argued that some shore-bird species may
have favoured prey, these being taken in preference even to other
items which provide a higher energy return per unit time when a choice
of prey is present. Despite this, most shorebirds are clearly not
restricted to such preferred prey and are able to utilize different
species in different situations, as suggested also by Smith (1975).
Rather than being adapted to take particular types of prey, it seems
more likely that waders have specialized in the way they exploit the
behaviour of prey (Pienkowski 1980) and this is explored further in
Paper 2. Oystercatchers may represent a partial exception as Norton-
Griffiths (1967) has shown them to specialize in taking particular
prey species and, in some cases, in the way these are taken. This is,

-however, an exceptional wader species in that the adults feed their
young, thus allowing maintenance of specialized feeding habits from

generation to generation.

Feeding areas

Several workers have demonstrated that waders tend to feed in the
areas of highest densities of the predominant prey species being taken
in that area (e.g. Goss-Custard 1970a, 1977b, Goss-Custard, Jones &
Newbury 1977, Goss-Custard, Kay & Blindell 1977, O'Connor & Brown
1977, Smith 1975, Wolff 1969, Zwarts 1974). Comparison of the low-
water distribution patterns of the two plover species with their main
prey (Figs. 2, 3) suggests this is true at Lindisfarne also, both
species using the densest areas of 'red worms' on east HIS and west of
0ld Law, and the Grey Plovers also spreading out over Fenham Flats
where Nereis was abundant (although difficulty of access on the soft
mud of this area prevented systematic sampling). Lack of time and
access difficulties also prevented detailed study of the foraging of

plovers on Fenham Flats.

As the tide rose the movements of the plovers differed somewhat,
the Greys tending to move north-westwards over HIS, eventually roosting
over high-water on either the Snook saltmarsh (neaps) or the Sand Rig
(springs). The Ringed Plovers tended to move rapidly north, once the
rising tide had passed the 'Pilgrims' Way' at 'Ringed Plover Gully',
to within about 100 m of the road or in some instances to the North

Shore of the Snook where feeding continued over high water on neaps



or until the area was covered on spring tides. The difference between
thé species is probably also rélatéd to invertebrate distribution, for
at higher tidal levels Ringed Plovers fed on small Crustacea which
occur most abundantly (although véry variably in position along shore
after each tide) along the north and south shores of the Snook (Figs.
2, 3). As the tide rose Grey Plovers tended tocontinue feeding on
Arenicola, other worms and probably various small molluscs which occur
in highest densities away from the northern and eastern limits of HIS
(Figs. 2, 3). Ringed and KentishPlovers C. alexandrinus also concen-
trated on the areas of the highest density of small Crustacea (in this

case Mysids) on the shore in Israel (Moran & Fishelson 1971).

In order to obtain a more quantitative assessment of the relation-
ship between plover distribution and prey density, the presence or
absence of feeding Ringed Plovers was recorded during the low water
period on 18 occasions in early winter in 12 adjoining squares of 100 m
sides across the high density area of red worms on eastern HIS (Table
18) . Plovers were not- recorded in thé squares of lower prey density
but on almost half the occasions in those of high prey density.

Clearly the plovers were tending to use the areas of highest density
of the main prey but other factors were also strongly involved. These
probably include the presence of other birds and the behaviour and
availability of the potential prey (Pienkowski 1980). Such factors

will be explored further in Paper 2.

Impact of birds on their prey

Thé impact of large concentrations of shore birds on the numbers
of their prey is of interest in terms of the population dynamics of
the prey and the implications for the shorebirds, especially in terms
of possible loss of feeding areas as a result of current large scale
land reclamations. An unsuccessful attempt was made to use an exclo-
sure experiment to measure this impact on the worms which formed,
numerically, the most important component of the plovers' diet,
Millard (1976) and Millard & Evans (unpublished MS) have reviewed the
problems with this method resulting from movements of sediment and '
prey in an intertidal situation. Their work was concerned chiefly
with the amphipod Corophium volutator and the gastropod Hydrobia ulvae

both of which live very close to - or, for some Hydrobia s, on - 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

PRESENT
RINGED
PLOVERS

ABSENT
TOTAL

Densities of thin red worms

<1500/m?

108

108

72

P

>1500/m2 TOTAL
48 48
60 168
108 216
<< 0,001
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surface of the mud. Basing their comménts on the observations of
Vader (1964) on Scoloplos armiger and Brafield & Newell (1961) on
Macoma balthica, Millard & Evans prédictéd that these species would
also be too mobile for exclosuré éxpériménts to bé practicable, The

present work has confirmed this for these and for Notomastus.

An alternative method of assessing the impact of the birds on
their invertebrate prey was based on measuring feeding rates, counting
the feeding birds present in two 100 m x 100 m study areas throughout
the daylight tidal cycle and comparing the numbers of worms taken with

the change in density of worms estimated by sampling on three occasions
(Table 19).

Notomastus showed a marked and significant decrease in density in
both sites between November and February and slight but non-significant
further decreases by May. Because of the lack of studies on Notomastus,
it is not known whether losses during reproduction could have been
involved in theselchanges. Changes in density of Scoloplos and Macoma
were generally non-significant, although there were slight signs of
decrease in the former. Significant differences between stations on
~ the sampling grid were evident in the Notomastus samples, implying that
the fixed-station, paired-samples method may be an improvement over
random sampling here for investigating seasonal changes. No such
significant effect was found for Scoloplos and Macoma, possibly imply-
ing greater mobility in these species during the periods between

sampling.

Despite the number of factors involved in their calculation, the
large variances (leading to lack of significance of the invertebrate
density changes), and the lack of information on the life-cycle of
Notomastus, the estimates for prey removed and density reductions
between February and May show remarkably good agreement in both sites.
Estimates of numbers taken are somewhat lower than those given by mud-
sampling, but this is not surprising, as the number of worms taken by
Dunlins could not be estimated accurately. This is because Dunlins
tend to swallow some prey without removing the bill from the substrate.
However, it is mainly small prey rather than long worms which are

dealt with in this way, suggesting that relatively few large worms are
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TABLE 19.

WORMS OVER THE SAME PERIODS

Feeding
bird-min
/daylight
tide
20 Nov 1974 to :
20 Feb 1975 (92 days)
Area B
'Ringed Plover 2055
- Grey Plover 999
Bar-tailed Godwit 1443
Dunlin

10548

Thin red worms taken/min

minimum estimate maximum

3.15 7.48 11.53
2.16 4,21 6.12
1.5
? .

" Total

Decrease in no, of red worms in period = 6,944,000 Notomastus

Area D

Ringed Plover .973
Grey Plover 317
Bar-tailed Godwit 23
bunlin 3980

3.15 7.48 11.53
2.16 4.21 6.12
1.5
?

Total

Decrease in no. of red worms in period = 6,131,000 Wotamastus

" 20 Feb to 23 May
1975 (92 days)

* Area B

" Ringed Plover B V1
Grey Piover 188
Bar-tailed Godwit 879

Dunlin 5238

4.45 "11.09 -

16.71

2.51 4.67 6.67
1.5
?

Total

Decrease in no. of red worms in period = 1,528,000 Notomastus

Area D

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

4.45 1.0 16.71
2.51 4.67 6.67
?

Total

COMPARISON OF NUMBERS OF RED WORMS TAKEN BY WADERS WITH CHANGES IN DENSITY OF RED

Total no, of thin worms taken
over period in daylight tides
by - plovers and godwits

minimum  estimate maximum
.595,539 1,414,169 2[179,862
198,521 386,933 " 562,477 .
199,134 199,134 199,134
? ? ?
© 993,194 - 2,000,236 2,941,473

+ 2,806,000 Scolopleos = 9,750,000

281,975 669,580 1,032,119
62,994 122,780 178,484
3,174 3,174 3,174

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

+ 305,000 Scoloplos = 6,436,000

17,195

42,852
274,333 510,412 729,004
121,302 121,302 121,302
? ? ?
412,830 674,566 ‘914,873

(-473,000 Scoloplos = 1,055,000)

256,694 639,716 963,900
73,201 136,196 194,524
0 0 0

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

Decrease in no. of red worms in period = 435,000 Notomastus + 608,000 Scoloplos = 1,043,000

65,467
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taken here. In some areas Dunlins are known to take large quantities
of meiofauna, Evans et ql. (1979) having shown that small annelids
form most of the intake of this species at Teesmouth. Worms of this
type are also abundant in ﬁhe study area of HIS and elsewhere at

Lindisfarne, particularly on Fenham Flats.

In the earlier period of the winter the estimated numbers taken
were far less than those calculated from the changes in density. It
is at this time of year that night feeding is common but, as feeding
rates were less at night than during the daytime and numbers of birds
feeding at night did not appear to exceed those during the day,
possibly the numbers of prey taken at night did not exceed those taken
during daytime, even though nights are long at this time of year.
Comparisons of intake in mid-winter with that in autumn and spring
(Tables 14 & 15, Fig. 10) suggest, however, that in mid-winter Ringed
Plovers might be expected to take as many prey items during the night
as in daytime and Grey Plovers twice the daytime intake. If the est-
imated numbers of worms taken are increased in these proportions,
losses due to birds in area B approaches half the decrease measured
by density changes and in area D about one-third. Thus much of the
decrease in density between November and February is likely to be due
to other causes. These are unknown but could include predation by
other animals such as fishes and downshore migration of worms, as is
known to occur in Arenicola marina (Green 1968, Darby 1975, Smith 1975).
Unfortunately, no comparable study of Notomastus appears to have been

made.

If the greater percentage fall in Notomastus density in area D
(with lower initial density) than area B was due to predation, this
appears to run counter to suggestions that birds '"graze" down the
invertebrates from high density areas first (see Goss-Custard 1970a,
Heppleston 1971, Prater 1972, Smith & Dawkins 1971, Smith & Sweatman
1974, O'Connor & Brown 1977). Possibly the higher predation in D, if
real, results from greater densities of available worms in this wetter

area where they tend to be nearer the surface (Paper 2).

Considerable differences in the extent of changes in density of

intertidal invertebrates between autumn and the following spring have
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been reported, e.g. a 507 reduction in Mgcoma on Morecambe Bay (Anderson
1972) and a 90% reduction in Hydrobia and 80% in Nereis at Teesmouth
(Evans et gql. 1979). In other areas reductions have been as little as
147 (Macoma & Cerastoderma in one study area at the Wash - Goss-Custard
1977b). The estimated overwinter impact of shore-birds has also diff-
ered greatly in different situations: birds were estimated to consume
42-847 of the benthic production of the Waddenzee (Hulscher 1975); Bar-
tailed Godwit 26% of the standing crop of Arenicola on HIS (Smith 1975);
Knot 247, 347 and 2% of the standing crop of Macoma and Cerastoderma

at 3 sites on the Wash and Oystercatchers 217, 127 and 14% of the
standing crop of Cerastoderma.at the same sites (Goss—Custard 1977b);
shorebirds removed 907 of the standing crop of Hydrobia and 937 of
Nereis at Teesmouth (Evans et al. 1979). In a terrestrial situation in
Iceland in spring, Golden Plovers Pluvialis apricaria reduced the pop-
ulation of lumbricid earthworms by about 50% (Bengtson et ql. 1976).

At HIS, the November to May reduction in density in the two sites of
Notomastus was 387 and 97% and of Scoloplos 18% and 347%, but losses of
only 87 and 177 of the initial numbers of these worms in the two areas
could be attributed to predation by plovers and Godwits in daytime,
although it is possible that Dunlins took a further amount. The losses
calculated here relate to numbers of worms estimated from observed
feeding rates and numbers of birds feeding in the areas in daylight,

in contrast to the values from other studies cited (except Smith 1975)
which depend on estimates of the energy requirements of the birds and
calorific values of the prey. Energetic considerations discussed in
the following section suggest that, in mid-winter, Ringed Plovers must
intake about the same amount of energy by night as by day and Grey
Plovers agbout twice as much by night as by day. Smith's (1975) work
suggests that nocturnal intake by Bar-tailed Godwits is small, If one
assumes similar feeding distribution by night and by day and multiplies
the numbers of worms taken in daylight in November to February by the
two plover species by 2 and 3 respectively while leaving the godwit
impact and that of the plovers in February to May as before, the losses

due to birds can be increased from 87 and 17% to 14% and 26%.

We do not know to what level prey densities must be reduced before
feeding rate or efficiency is reduced, even without the complication

of varying prey availability, although this is considered tentatively
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in Paper 2. Further, there is no reason to suppose that initial prey
dénsity is related to this_in any way, so that the value of compar-
isons of percentage reductions in préy density is dubious. The absolute
numbers of prey taken in an area may, however, have relevance to
further hunting there if this can be assessed by the bird, according

to the system put forward by O'Connor & Brown (1977) in which Oyster-
catchers may avoid areas where opened cockle Cerastoderma edule shells

are already abundant,

The reduction in prey density at HIS did not appear to affect
feeding rates of the plovers (Tables 14 & 15) which increased slightly
in the period after February as might be expected at higher temper-
atures (Pienkowski 1980; see also Paper 2). Plovers appear to be able
to forage effectively at low prey densities (Pienkowski 1980), and
large reductions in prey density over winter must be faced by many
waders (see above). Equally the impact of the birds on the worms
appears to be small compared with other studies. It seems unlikely
that low prey density imposes constraints on plovers at Lindisfarne,
although availability of prey may be important and this will be consid-

ered further in Paper 2.

Energy balance

In many shorebirds, including the plovers, potential feeding time
in daylight appears to be in short supply in mid-winter. Therefore it
seems reasonable to suppose that waders may be adapted to maximise
their net rate of energy input (i.e. energy from food assimilated less
the energetic cost of foraging) per unit time, In addition, minimizing
the time spent feeding may allow increased alertness against predators,
as indeed would flocking. Predation is clearly an important influence
in some situations (Page & Whitacre 1975, Smith 1975) and shorebird
behaviour appears to be adapted to avoid this (Goss—Custard 1970b,
Smith 1975, Owen & Goss—Custard 1976). In many situations the maxi-
mizing of biomass intake per unit time may be equivalent to maximizing
the rate of net energy gain (which is itself not normally directly

measurable) and Goss-Custard (1977c) has presented evidence that the

former is maximized in Redshank in at least some circumstances. However,

as pointed out by Evans (1976), the costs per unit time of foraging

relative to the rate of net energy gain may differ in different
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circumstances so that a method maximising biomass intake per unit time
may not always be the method leading to the shortest feeding time,

particularly if this method is costly in energetic terms.

Several studies have indicated that sandpipers and Oystercatchers
meet their energy requirements by feeding in daylight if they can
(Goss—Custard 1969, Heppleston 1971, Pienkowski 1973, Smith 1975,

Evans 1976, Goss=Custard et al. in prep.) One would expect this tend-

ency to be even greater in plovers which forage by an apparently visual,

rather than tactile, technique (see also Paper 2). Pecking rate is,
indeed, generally depressed at night (Table 10) as was also found for
Grey Plovers feeding on Nereis at Teesmouth (Evans 1976). As in day-
time at least 907 of pecks result in a prey item being taken, this
must mean that the rate of taking prey is depressed at night., It is
also likely that rate of energy intake is lower at night than by day,
as no Arenicola were seen to be taken at night although some small
worms were. Considerations of invertebrate behaviour (see Paper 2)
suggest that these thin worms included Phyllodoce, a worm of approx-
imately similar size to Notomastus. Smith (1975), watching Bar-tailed
Godwits feeding at night on HIS, also saw no Arenicola in the prey
taken in an area where Arenicola were taken by day, although other
worms were seen. Hulscher (1974, 1976) found little or no decrease
in rate of energy intake at night compared with that during the day
for captive Oystercatchers which could use tactile foraging at night,
although Drinnan (1958) and Heppleston (1971) both found reductions

for the same species.

It is possible that other prey in different areas are more
available at night. The nocturnal e&ergence of earthworms may be the
reason for the nocturnal activity of field-feeding Golden Plovers
Pluvialis apricaria and Lapwings Vanellus vamellus. At the Ythan
estuary, Scotland, Goss-Custard (1969) noted a change in feeding area
used by Redshanks between day and night. There was no evidence of
any movement by the shore plovers at Lindisfarne to fields at night
and such behaviour has not been noted by the local residents many of
whom are very active wildfowlers and extremely knowledgeable about the
nocturnal movements of the shorebirds. It is also possible that the

Grey Plovers make more use of Fenham Flats at night, If this were the
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case, however, it is surprising that the birds should increase their
nocturnal use of HIS in mid-wintér, whén théir nocturnal food require-
ments are highest, rather than continue to usé Fenham Flats, (However,
this might result if the effects of low temperatures on the nocturnal
activities of different prey species differed markedly.) Some degree
of feeding at night by plovers on HIS was evident from October to
March, particularly in November to February, the times when energy

intake in daylight was lowest (Fig. 9).

Interpretation of Figure 9 requires some care as it is built up
of various parameters (Tables 14, 15) each of which may have a consid-
erable error attached to it, Because of the large quantity of data
required to calculate PFT for a given set of conditions, no standard
error can be attached to each estimate but some indication of the
variation is given by the two estimates of PFT available for September
spring tide conditions, used to give the points S1 and S2 in Figures
8 & 9. Despite these problems the fairly consistent seasonal pattern

in Figure 9 gives some support to the estimates.

Some of the standard errors of mean feeding rates in Tables 14 &
15 are large, particularly those for Grey Plovers and some for Ringed
Plovers in autumn and spring. This was not due to any consistent
hour-to-hour or day-to-day variation but arcse because the rate of
taking Arenicola was low and this prey occurred in a few observation
cases and not in most. In order to give some indication of the scale
of the effect of Arenicola on intake rates, Table 14 & 15 also include
in parentheses an additional column of daytime intake as a multiplier
of BMR. This was obtained using a value for calorific intake per
minute which assumed that, had one more peck in each weather condition/
month been watched, this peck would have produced an Arentcola. Also
given in the parentheses are the percentage increases in numbers of
Arenicola taken which this theoretical addition involves. It is
unlikely that a systematic error of this nature could have arisen.
This is especially.so for Ringed Plovers which did not take Arenicola
at all in most conditions; this is why intake rates for Ringed Plovers
‘were less variable than for Greys. However, some error in estimation
of the number of Arenicola taken could account for the very low values

of daytime intake rate calculated for Grey Plovers in mid-winter (see
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below).

The increase in PFT in winter is clearly insufficient to compen-
sate for the decreases in both daylength and feeding rate which occur
at this time. The situation for Ringed Plovers appears to be more
critical during spring tides than neaps because feeding areas may be
unavailable for up to 307 of the time, over high water of spring tides.
In some species which feed at the tide edge the additional exposure at
low water of spring tides of rich prey areas appears to compensate for
loss of feeding time over high water e.g. utilization of mussel beds
by Knots on Morecambe Bay (Prater 1972) and feeding on Lanice by Bar-
tailed Godwit and Curlew at Lindisfarne and the Wash (Smith 1975,
Evans 1976, Goss-Custard, Jones & Newbery 1977). In Ringed Plovers
this does not appear to be the case as the birds do not change their
feeding area and prey between spring and neap tides., The pattern is
less clear in Grey Plovers, possibly because sample sizes for both
feeding rates and PFT estimates wefe generally smaller and variation
higher due to the more dispersed feeding distribution of these larger
birds, as well as the effect of the low rate of capture of Arenicola,

discussed above.

~ What are the energy requirements of these birds? Ebbinge, Canters
& Drent (1975) reviewed published data which showed that a variety of
wild birds require energy to be assimilated at a rate of between 2
and 4 x BMR in order to maintain body temperature, move about and feed.
Evans et al. (1979) considered that, because of their energy-demanding
methods of foraging, the upper figure is most appropriate for sand-
pipers and, because of the 80%-907 assimilation of ingested food,
4,5 x BMR is an appropriate factor for estimation of food intake.
Because of the apparently less active method of feeding 3.5 x BMR was
considered suitable for Grey Plovers. TField studies of waders have

given values summarised in Table 20.

It should be noted that no direct measures of BMR for these
plovers is available and the following discussion assumes that the
general relationship calculated by Lasiewski & Dawson (1967) applies
to these birds. If it does not, the conclusions may require amend-

ment.



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

Species Situation Daily intake Source
( x BMR )
Oystercatcher captivity 4.3 Hulscher (1974)
" field 6.8 Smith (1975), using

data from Davidson
1968) & Hulscher

1974)
" " 5.8 Goss-Custard (1977b)
Bar-tailed Godwit captivity 3 Smith (1975)

" field 5 " "
Redshank field 4,2 to 5.0 Goss=-Custard (1977b)
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In August, September and April at Lindisfarne there was almost
no night feeding of plovers and feeding intensities in daytime were
frequently below 100Z. Also the winter difference between neap and
spring daylight intakes in Ringed Plovers disappeared. This suggests
that daylight estimates for these months are reasonable ones for tot-
al intake. August and September estimates for Ringed Plovers are
2.5, 3.5, 4.4 and 4.4 x BMR and for Grey Plovers 3.9 x BMR. 1In April,
values were 3.0, 4.3 and 4.4 x BMR for Ringed Plovers and 3.0 for
Grey Plovers. Values in August and September may be slightly higher
than survival requirements because birds are involved in their full
annual moult at this time. In April Grey Plovers and possibly Ringed
Plovers may also be involved in moult of the contour feathers. Meta-
~bolic rate in a variety of mainly passerine species during moult
increased by between 5 and 307 over that of non-moulting birds (Payne
1972) . However, during moult most song birds tend to be less active
than at other times (e.g. Haukioja 1971, Payne 1972, Green & Summers
1975) and this appears to apply also to waders despite their potential
vulnerability and need to move in relation to the tide in open,
coastal habitats (e.g. Pienkowski & Dick 1976), so that there may be
a compensatory reduction in energetic requirements for activity. Payne
(1972) considered that the energy.requirements for moult were small
compared with those concerned with thermoregulation, migration and
breeding. It seems, therefore that 3.5 x BMR is a reasonable value

for plovers.

This value was greatly exceeded in two situations. In September
juvenile Ringed Plovers which were probably still growing fed at a
rate equivalent to 7.8 x BMR. In May the intake of Grey Plovers which

were probably depositing pre-migratory fat was equivalent to 7.7 x BMR.

During winter, intakes during daylight fell to about 2 x BMR for
Ringed Plovers and about 1 x BMR for Grey Plovers despite generally
higher PFT's of the latter. Earlier studies at Teesmouth (Pienkowski
1973, 1979) and the Wash (Goss-Custard et al. 1977) found that within
birds of -similar feeding behaviour, smaller birds generally fed for
longer times than larger ones; the result of high metabolic rates per
unit weight in small birds, this in turn arising from both the

greater rate of heat loss due to large surface area and the thinner
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plumage of small birds (Kendeigh 1970). However, if the birds are
taking substantially the same sizé of prey - and at Lindisfarne there
seems to be considerable overlap in the diet of the two plover species -
this may not hold because of the highér absolute requirements of the
larger birds, Smith (1975) noted that Bar-tailed Godwits at Lindis-
farne feeding on Arenicola fed for a shorter time each day than those

at Teesmouth feeding on smaller Nereis (observed by P.J. Knights).

For any given month the daylight intake of both plover species at
Lindisfarne showed a considerable range in values. While this is
clearly due in part to the difficulties in estimation, large day-to-
day fluctuations were also observed by Hulscher (1974) in captive
Oystercatchers for which measures were more readily obtained. Further,
large fluctuations might be expected in birds which could not balance
their intake and requirements on some days but compensated on others,

a situation which seems possible in the plovers. As the data on intake
rates and feeding times had to be pooled form several days, day-to-day
variation and slight changes with environmental conditions could not

be assessed in detail, but must have been even greater than the

"composite" values used in these calculations.

The daytime intake of plovers appears to fall much more in mid-
winter than do those of sandpipers. For example, in December Bar-
tailed Godwits at Lindisfarne maintained intakes equivalent to 2.9 to
5.1 x BMR (Smith 1975). With daytime intakes of only about 1 i BMR it
is likely that many Grey Plovers must be near minimum levels for sur-
vival even if feeding is maintained throughout the night. It is not
surprising that plovers tend to winter further south than do sandpipers
(Pienkowski 1980). As waders deposit fat (and possibly protein) as an
"insurance" against short-term negative energy balances (Evans & Smith
1975, Evans 1976, Pienkowski, Lloyd & Minton 1979), higher reserves in
plovers than sandpipers might be expected and they are indeed heavier (Eades
& Okill 1976, Clapham 1978, Pienkowski 1980, N.C. Davidson pers. comm),
Those Ringed, Grey and other plovers wintering in warmer areas, in
common with other waders, do not show overwinter weight increases (Dick
& Pienkowski 1979, Summers & Waltner 1979). The peak mid-winter weights
of plovers probably indicate fat reserves which would allow survival for

about a week. If the reserves are used for 'topping-up' inadequate
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feeding rather than as a sole enérgy source théy could probably last
much longer, allowing survival ovér quité long périods of adverse
weather. However, strong winds, especially at night, appear to deter
many birds from feeding at all and during such periods the reserves

must supply all emergy requirements.

Plovers at Lindisfarme also appear to suffer a decrease in ener-
getic intake earlier in the autumn than sandpipers ~ Bar-tailed Godwits
in October at Lindisfarme had intake rates equivalent to 5.2 to 5.6 x
BMR. This may be the reason why fat reserves (as indicated by body
weights) appear to be built up by plovers to a high level earlier in
autumn than many other species of waders (Minton 1975, Clapham 1978).
This aspect of plovers has long been known to wildfowlers and Bolam
(1912), in describing Grey Plovers in the Lindisfarne area, noted "like
most of their kindred, they are seldom otherwise than in excellent ‘
condition, and are, as a rule, quite as good as Peewits on the table."
The fall in intake early in the season may also relate to the primary
moult pattern of Grey Plovers at the Waddenzee (Boere 1976) and the
Wash (Branson.& Minton 1976). Alone among waders studied in these
areas, many individuals (about 16%) of this species commonly arrest
moult in November with onme to five old primaries remaining, these nor-
mally being replaced the following spring starting in mid-March but in
a few cases being retained to the following autumn. Possibly the
arresting of moult is an adaptation to low intake rates. This arrest-
ing did not appear to occur in Mauritania (Dick 1976), and in general
the more favourable condition in the non-breeding season at southern
latitudes allow prolonged moult during this period (Pienkowski et al.
1976).

Why does the energy intake of plovers fall so steeply from autumn
to winter? Plovers are subject to the same daylight period as other
species and appear able to maintain PFT's as high and often higher than
those of sandpipers, probably because of their ability to feed at hightidal
levels on low prey density. The difference lies in the greater depres-
sion of intake rates per unit time of plovers. Some reasons for this

have already been mentioned, but they are explored in detail in Paper 2,
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SUMMARY

The diets, feeding rates, foraging timés during daylight, the
extent of nocturnal feeding and food intakés of Grey and Ringed Plovers
are described or estimated from fiéld obsérvations at Lindisfarne,
Northumberland, in the years 1973-76. Ciné-film was used to check the
validity and reliability of direct observations. Gut analysis was
unreliable as a quantitative guide to diet. Main prey at Lindisfarne
for both plovers were the polychaete worms Notomastus, Arenicola and
probably Secoloplos and Phyllodoce and, for Ringed Plovers, also various

small Crustacea, particularly Bathyporeia and Eurydice.

Densities of the prey were sampled on three occasions during the
1974-75 winter and attempts made to assess the impact of the birds on
their prey. Although both plovers tended to feed in the areas of
highest density of their prey, comparisons with diets of the same
species reported from elsewhere showed that they are not specialized
but vary their diet in accordance with the prey species common in a

particular area.

In autumn and spring, food requirements could be met during day-
light but this was not possible in winter. Although they increased
the percentage of the daylight hours spent feeding in winter, this was
inadequate to compensate for the decreases in both hours of daylight
and feeding rate which occur at this season, especially during spring
tides when potential feeding time is reduced, since their feeding
grounds may be covered for half the daylight hours on some days. Both
plovers were able to feed at night but, on dark nights at least, at a
slower rate than by day. The birds apparently fed at night only when
food requirements could not be met by daylight feeding. High winds
apparently depressed the extent of nocturnal feeding. In mid-winter,
the birds maintain high fat levels, probably to buffer the effects of
days when they have difficulty in obtaining their energy requirements,

such as during cold and windy weather.

Because plovers' feeding rates are reduced more by low temper-
atures than those of waders foraging by touch, their rates of energy

intake fall more in such conditions.
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Paper 2, The: foraglng behaviour: of- Rlnged and- Grey Plovers in

relation to the behaviour:of- the1r prey- and- env1ronmenta1 conditions

INTRODUCTION

Coastal wetlands are among the most productlve of ecosystems and
contain very dense populations of 1nvertebrates in the 1ntert1da1 flats
(see, e.g. Whittaker 1970, Eltringham 1971, M11ne & Dunnet 1972).

Many of these invertebrates spend much of their.time deep in the sub-
strate either because of the physiological and/or feeding requirements
(e.g. Green 1968) or to escape predation by fish and birds (cf Evans
1979) . In the non-breeding season large flocks of arctlc-breedlng
shore-birds resort to these areas to feed on the 1nvertebrate fauna.
The ways in which shorebirds forage for preyhave been 1nvest1gated 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 all these studies concentrated on those waders which forage
largely by tactile means, as opposed to the plovers which apparently
forage almost entirely by visual means. Few studies have beenmade of
these, except by Burton (1974) who included Golden Plover Pluvialzs
apricaria in his study of anatomy, food and feeding behaviour of
waders; Baker & Baker (1973) who included Semipalmated Pldver
Charadrius semipalmatus in their analysis of detailed behav1oura1 sequ-
ences and habitat utilization by small waders ‘and Baker (1974) who
looked at the foraging of migrant Black—bellied<Plovers Pluwwialis
squatarola. In these studies, however, no attention was paid to the

" behaviour of the prey animals.

In Paper 1, the prey of Ringed and Grey Plovers Charadrius
hiaticula and Pluvialis sqﬂatarola at Lindisfarne, Northumberland in
the years 1973-76 was described. It was shown that the energy intake
of plovers in the daylight hours fell steeply from autumn to mid-
winter, at which time the rate of intake may not always have balanced
requirements. The present paper docoments the way in which plovers
exploited the behaviour of some of their prey, considers how behav~
iours of both prey and predators varled with env1ronmenta1 condltlons,

and compares the-foraging strategies of plovers and sandpipers.



STUDY AREA
Llndlsfarne National Nature Reserve (Flg. 1) in north Northumber—
1and comprises about 3240 hectares (12% square mlles) mainly of tidal

mud- and sand-flats, saltmarsh and dunes.

Observations were made mainly on the eastern and northern parts
of Holy Island Sands (abbrev1ated henceforth as HIS) This predomin—-
antly sandy area of about 750 hectares characterlsed by high densities
of casts formed by lugworms Arenicola marina forms\ a wide strip het-
ween Holy Island itself and the muddier part of HiS, the Swad, which
consists of about 1100 hectares covered with extensive beds of eel-

- grass Zostera spp. and some areas of cord-grass Spartina spp. In this
paper, the sandy area is sometimes divided for reference purposes into
the 'Low Flats' and the '"High Flats', separated by the 'Pllgrlms' Way',

a line of posts at about mid-tidal 1eve1

The sandy region was the main winter feeding area of Ringed
Plovers and one of the main areas used by Grey Plovers. The main prey
of both species over most of the area were the polychaetes Notomastus
- latericeus, and, particularly for the Grey Plover, Arenicoia marina
(Paper 1). V

Ringed Plovers were also watched in some sites just below the
high water mark where they took small Crustacea, notably Bathyporeia
pelagica and Eurydice pulchra, as their main prey, usually when lower
areas were covered by ﬁater. These sites included the areas near the
small salt marsh on the south side of the Snook and on the High Flats
near the Sand Rig (Fig. 1).

Some observations were also made on the North Shore of Holy
Island Snook (referred to henceforth as 'Ncrth Shore') where flocks of
Ringed Plovers reéorted on some occasions in winter and where a flock
remained until it broke up progressively from February onwards as birds
established pre—breedlng territories. 1In these areas and around 01d
Law, Rlnged Plovers also fed on Sdndhoppers Talitrus and flies, mainly

Coelopa spp.
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GENERAL DESCRIPTION OF FEEDING BEHAVIOUR.

Both species of plovers generally fed while in loose flocks with
individuals separated by about % m to over 50 m, Isolated individuals
also occurred but, because of the nature of the flocks, the transition

from flock to solitary feedlng was often difficult to demarcate.

With a few exceptions noted later, plovers fed away from the
water's edge, often spreading over much of the exposed inter-tidal
sands. Areas where the surface had dried completely were, however,

generally avoided, especially if wind started to blow the sand.

Both species feed in the highly characteristic stop-run-peck
manner of plovers, presumably detecting prey visually rather than by
touch, A bird stands still for up to several seeonds depending on
site, weather conditions and prey type (see later), before running
rapidly to a new seatching position or to peck at a prey item. The
plovers' large eyes, set well to the sides of the head and commanding
a wide angle of vision are presumably adaptations to foraging by night.
Burton (1974) discusses how their short straight bills, large heads
and related head anatomy aid rapid alignment over a site indicated by
a short-term cue and are tolerant of hard impacts on the substrate.
The detailed manner of taking particular prey'species was described in

Paper 1.

The distribution in waders' bills of Herbst corpuscles, which
are pressure; and vibration-sensors; has been investigated by Bolze
(1968). 1In some sandpipers many are concentrated in bony pits with
openings directed towards the sources of pressure (allqwing multiple
layering and possibly the gathering of directional information). In
the sandpiper family generally, corpuscles are found in fairly high
densities spread along the outer bill. Im contrast, plover bills do
not have well developed plts and show concentratlons of corpuscles
only at the bill tip, but inside this as we11 as outslde. The sand-
piper pattern appears to be adapted to tactlle prey detection and
probing in the substratum whereas that of the plovers to surface peck-
ing and sensitivity to precise gripping of prey as it is taken. Ringed
Plovers and the other small sandplovers studied by Bolze had higher

concentrations of Herbst corpuscles on the tip of the lower mandible
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than the upper, as did the Lapwing. 'This might be expected as the
1ower mandible makes more contact w1th the ground as a bird pecks
while reachlng forward Grey and Golden Plovers had similar den51t1es
on upper and 1ower mandlbles, as seems approprlate for blrds Wthh take
more prey from slightly further below the surface, and in which the

pecking movements may be more nearly vertlcal°

The 'abortive pecks' described for Golden Plover by Burton (1974)
in which pecks are arrested in mid-air, before contacting the ground,
were recorded in both shore plovers in theé present study but were
infrequent. Also, both Grey and Ringed Plovers at Lindisfarne some-
times used the sideways flick combinedeith a peck (described by Burton)
to send a piece of substrate flying to one side, presumably to expose

and take prey.

In the 'up' waiting position adopted by both species the body
was held somewhat more horizontally than that used by Golden Plovers
(see, e.g., Burton 1974), This may oe because the irregular surface
of the feeding areas used by Golden Plovers requires a higher vantage
point whereas the lower position of the inter-tidal plovers reduces

the distance the head has to move to reach the prey.

A 'down' waiting position was also used, more by Grey Plovers
than by Ringed Plovers (Table 1), It normally occurred in the
sequence uP-run—down—(run)-peck and presumably involved the localiz-
ation of a cue first seen from a distance or the waiting for a second
appearance of one seen from some way away. Golden Plovers feeding on
pasture usé the 'down' position more frequently (perhaps because of
the greater cover for prey there) than when feeding on the shore
(Burton 1974), where they use it at a similar rate to Grey Plovers.

Foraging behaviour of Grey Plover at Llndlsfarne also d1ffered from

T ¥

that of Ringed Plovers in that, in any given set of conditions, ‘'ups
and 'runs' tended to take longer, 'runs' also covering : greater

distances (Table 1),

Rlnged Plovers sometlmes v1brated one foot on the substrate

surface but this was rarely done by Grey Plovers.
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The ways in which foraglng behav1our varied in different tidal

and weather ¢onditions are cons1dered later.
GENERAL METHODS

Invertebrate behav10ur

To 1nvest1gate depth d1str1but10n of 1nvertebrates a modification
of the technique used to estimate prey den81t1es by sieving of mud
samples was employed. Sampllng corers were pushed rapidly into the
sand and removed. Samples were then d1v1ded at pre~determined depths
by metal plates pushed through slots on opposite sides of the corer,
Each depth layer was then sieved and sorted separately. The method
was not ideal in that vertical movement of animals could occur during
the sampling even though the whole process took only a few seconds.
While this may have affected the relative numbers in each layer, the
method was probebly sufficiently cohsistent to provide at least an |

index of changes in vertical distributions between samples,

Because of this technical problem, and the time involved in
sorting samples, most effort was. put into an alternative approach more
directly related to the plovers' method of detecting prey, namely
watching the sand surface for signs of prey activity. The general
methodology was as follows. A wire quadrat was used to mark out a
square of side 10 cm or 50 cm‘(depending_op_preliminary observation to
indicate the levels of activity and the area which.could be watched
effectively).. The observer knelt while counting the activity signs
occurring in the quadrat over a timed period. Several tests indicated
that the positioning of the observer had no appreciable effect on prey

activity,

Bird feeding rate and foraging behaviour

Most observations were made using a 15x - 60x60 telescope from
a car parked on the sand-flats and moved when necessary. Observations
were timed by stop watches or by describing activities as they occurred
on a tape-recorder running at constant speed. Substrate temperatures
at about 2 cm depth, air temperature at about 10 cm above the ground
and other weather conditions were noted throughout the observation

period. Wind force was assessed on the Beaufort scale, cloud by eighths
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of the sky covered, and rain on a subjective scale from O to 9.°

At about 15 to 30 mlnute 1ntervals the numbers of blrds of each
species in the area and the act1v1t1es in which they were engaged
(e.g. feeding, restlng, preenlng) were noted. At31m11ar1ntervals the
distances between each plover in a flock and the nearest other bird of
the same species was estlmated in bird- 1engths (19 cm for Ringed
Plovers and 28 cm for Grey Plovers). Checks based on ciné-film of

feeding birds and features in known positions indicated that such est-

imates were reasonably accurate and consistent.

The time periods between making. the observations described above
were spent in watching individual birds, usuall& for perieds of "about
two minutes each. In each such 'case, the distance to the nearest
other bird and the distance to the nearest individual of the same
species were noted, as were its position and the size of flock in which
it was, its age if apparent from plemage, individual identity if colour-
ringed and the occurrence of 'foot—#ibration'7 The activity of the
bird throughout the observation period was noted on the tape-recording
as it occurred to give a sequence such as: "up, run; up, run, peck-

success, run, up, peck-red-worm-bill-height, run, up"

The tapes were later replayed and a push-button opefated as each
activity was heard. This was linked to a pen—reeorder which marked a
peper roll traveliing at 1 em/see so that the time for each activity
could be measured off to an accuracy of 0,1 sec (see also below). . The
tape-fecordef was then replayed, with stops as necessary, to note the
activity relevant to each mark. The activities and their associated
durations were then coded and transferred to punched card-and ﬁhence
to magnetic tape. Unfortunately this remarkably cumbersome and’tiﬁe—
consuming method could not be replaced by a 'beheviour-organ' with a
direct interface with a computer partly because of lack of resources
but mainly because of the large number of different activities and
prey types to be recorded and the speed at which these occurred;
possibly a very high-speed typist or concert organist might have
achieved this, provided that they had very fast reactions to unpredict-

able events - and a third hand to deal with the telescope.



A computer program '"PLOVPROG' (see Appendlx 3 for deta1ls) was
written to sort the coded data for each case, count frequenc1es of
each activity and of 31mp1e sequences, calculate means and other basic
statistics of handling times  for various prey, times spent wa1t1ng.or
running, etc, The program also scored on magnetic tape for each case
the frequency of each activity (or prey fype or simple sequence) the
total time spent in eacn of tnese acfivities and the sum of the squares
of the times spent on each qf.theee activities. Also recorded were
the total time duration of the case and the total time during the case
spent foraging (i.e. excluding any brief periods of time spent bathing,
preening, fighting, etc.). The time spent foraging, rather than the
total time duration of the case, was normally used in working out peck-
ing rates, etc. The sorted data files were used as input for further
analysis using the Statistical Package for ehe Social Sciences (Nie et
al. 1975). Statistical treatments used in this paper follow Bailey
(1959), Nie et al. (1975) and Sokal & Rohlf (1969).

Some observation cases were used to record the distances moved
by the birds rather than the time spent in each activity. In these
cases the number of paces made during each 'run' was recorded on the
tape and the material was later treated in a similar fashion ;Q that
for timed data and analysed by PLOVPROG. " As total time was also recor-
ded the data could also be used-for pecking rates, etc., in thoee cases
in which all the time nas spent foraging. Some further data were
collected simply by counting the numbers of each peck and prey type in
a noted time, this material being converted to the same data storage
format by PLOVPROG, These different‘recording methods and the conse-
quent varying restrictions on, and applicability of, their use accounts
for the differences in sample size in apparently similar sets of condi-
tions which will be used throughout this paper. Various checks have
failed to indicate biases between sets of data collected in the same

situation by the different recording methods.

Colour ciné-film was taken (at 24 frames per second) of birds
feedlng in the same natural 31tuat10ns, during the same observation
' perlods as those in which some of the telescope observations were made,

The film was used to check the validity of prey identification, as

described in Paper 1. It was shown there that prey identification was valid,
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if somewhat conservatlve, and correctlon factors to ass1gn un1dent1f1ed
prey were calculated. "It was also estlmated that at least 90%Z, and
probably 987, of pecks resulted 1n a prey 1tem belng taken. Plenkowski
(1973) found that 99.47 of 943 pecks by Grey Plovers at Teesmouth,

County Cleveland, resulted in prey being taken.

Some of the same filmed material was used to test the validity
and reliability of behavioural measures. The processed film was run
at normal speed and data recorded on to tape as in the field and later
analysed. This was repeated after an interval of several months. In
this period many other birds were watched in the field and on film so
that there was little likelihood of memory retention of previeus
assessments, After a further long interval, the film was analysed
frame~by-~frame. As explained in Paper 1, film analysis was a conser-
vative assessment of observer ability as viewing conditions were less

good by film than directly.

For Ringed Plovers the check using timed activities involved 178
activity events. Thirty-one (17%) differences between field-type
recording and frame-by-frame analysis were revealed. In the 52 events
for Grey Plovers, 6 (12%) differences wefe~detected. However, in both
species, all differences involved substitutions such as 'run, peck, up'

for 'run, peck, run, up' and 'run, peck' for 'peck, run', generally v
when the birds were pecking rapidly. In such situations, the separa-
tien between peck (end the handling of prey) and preceding or follow—

ing runs is somewhat artificial as small prey in particular may be

taken while the bird is still moving. Comparison between the two field-

type recordings of the same filmed data showed 8 (97%) differences for
Ringed Plovers and 1 (47) for Grey Plovers, all of the same type as
those described above. The smaller numbers of discrepancies than with
the frame-by-frame analysis indicates fairly consistent treatment in

the field situation.

To overcome this problem of demarcatlon between pecks and
adJacent 'runs' a modification of 'PLOVPROG', 'PLOVP2'(see Appendlx »,
was used to recode the data before PLOVPROG-type analyses were carried

out. In PLOVP2, all runs which occurred immediately before or after a

peck (of any outcome) were incorporated within that peck and their
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times added to the duration of the peck as part of the pecking or
handllng time, If a run. occurred between two pecks, it and its dura-
tion were 1nc1uded in the f0110w1ng peck (on the basis of both loglc
and subJectlve appearance of the behaV1our) Runs not 1mmed1ate1y
before or after a peck (1.e. generally those between waiting positions)
were unchanged. This resulted in all the discrepancies_found in the
film checks being eliminated. Unless otherwise stated, PLOVP2-type

data was used for timed material in the following analyses.

The durations of activities as measured by the field-type
analyses and frame-by-frame checks are compared in Table 2. There was
no systematic significant difference in recorded duration times for
either species between the two types of analyses or between the two
field-type analyses. The maximum differences recorded were 0.5 sec
and these generally related to activities of long duration. 807 of
Ringed Plover field-type estimates and 907 of those for Grey Plover
fell within 0.3 sec of the frame-by-frame analysis figures. For Ringed
Plover, comparison between the two analyses of the same filmed data by
the field-type method again showed slightly better agreement with each
other than with the frame-by-frame check (797 within 0,1 sec and 94%

within 0.3 sec).

A similar check using ciné~film was made on data collected in
the field on distances travelled. Among sequences totalling 160 activ-
ities of Ringed Plovers, there were only 4 (2.5%) discrepancies and in
38 Grey Plover activities only 1 (2.6%Z). Comparison between the two
field-type estimates showed 2 (2.5%) differences for Ringed Plovers
and 1 (57) for Grey Plovers. In all cases differences were of similar
type to those for the timed data and generally resulted from a slight
movement (less than a full length pace) being interpreted as a pece in

one case but as no movement in another,

Comparisons of the distances moved (Table 2) indicate a general
reliability of the method with no difference of more than 2 paces
(these 1arge ones being associated with longer runs) and about 90%
Wlthln one pace. There did, however, appear to be a fairly consistent
error in the field method in under-e st1mat1ng distance moved by an

average of less than one pace. This may have been associated with the
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problem discussed above of defining a pace.

Clné—photography was also used to obtain measures 1mpract1cab1e
in the fleld, such as the angles turned by the bird when moving to
take prey, measures requlred to assess 'area searched' 'The details

of this assessment are given later.

Some observations were made at night, either using moonlight or
an image-intensifier, The circumstances and limitations of these

methods were discussed in Paper 1.

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

The main prey animals taken hy plovers on HIS in daylight were
Arenicola marina, Notomastus latericeus, Scoloplos armiger, Bathyporeia
and Eurydice. The behaviour of Arenicola was studied: in detail on HIS
by Smith (1975) and is summarized below. Observatlons, made as part
of the present study, on the smaller worms and amphlpods are then

detailed.

Arenicola :

Arenicola usually lies -at a depth of about 20 —‘30'cm,,but up to
twice that depth in’freezing conditions, in the horizontal gallery of
its U- or L-shaped"burrow. It makes'exeursions to the head ehaft to
feed and to the surface of the tail shaft to defeecate. Smith (1975)
showed that Bar;tailed Godwits Limosa Zappqnica respond»to'the cue of
cast formation to.take Arenicola, their mein prey. Most Arenicola
were thus taken tail-first, My observationsvsuggested that Grey
Plovers also reacted to cast formation of Arenicola and 75% of
Arenicola were taken teil first. The 25% head-firet probably represent
a much higher proportion taken in this manner than by godwits. It is
not known if this reflects a greater sensitivity to more subtle cues

by the 1arge—eyed plovers or a speedler reaction to the presumably

brief perioed of avallablllty of prey in the head shaft (ef Burton 1974),

In some cases, only the tails of Arenteola were taken. These were
clearly dlstlngulshable from whole small Arenicola as the latter showed

the characteristic wide anterlor and narrow posterior parts whlle the
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former were very wide in relation to their length,

Smith (1975) found that the rate of cast formation by Arenicola
1ncreased approx1mate1y 11near1y from -1% (below which no casts were
formed) to 3 C above wh1ch temperature the rate remalned constant. At
all temperatures the rate was somewhat higher on the falling tide ‘than
on the rising t1de. On the flooding tide a higher proportion of casts
occurred near the tide edge than on the ebb. (The tide edge was defi-
ned as the area covered by up to about 15 cm of water together with,
on the ebb, that region above the edge retaining a thin layer of water
and, on the flood, that region in which the rising water table reached
the horizontal galleries.) On the flood tide, the proportion of casts
occurring near the tide edge increased markedly at temperatures below
3°c. The period between defaecations of individual Arenicola increased
progressively with time after exposure of the substrate and was longer

in drier areas than wetter ones and on windy days than calm ones.

Notomastus and Scoloplos

Close examination of the surface of the mud in the area where
plovers were seen to take red worms (invariably head-first) revealed
a large number of small holes, the largest about 1 mm in diameter and
most considerably smaller. The majority of these were found to be the
openings of vertical burrows occupied by Notomastus, rather fewer by
Scoloplos, and a small number by other worms, including PhyZZodoée

maculata,and the syphons of Macoma and Cerastoderma.

Most worms were found several centimetres below the surface (see
below), so that the presence of holes was not a good indicator of the
location of worms at the surface and therefore within reach of the

plovers.

The only other p0331b1e cues that close inspection of the mud
showed to occur with reasonable frequency were outflows of water from
some of the holes. (In addltlon, very 1nfrequent1y, the heads of
Notomastus showed at the holes; the anterior parts of Phyllodoce
extended from holes; and Macoma inhalent syphons were extended from
their holes.) Although a small proportion of outflows were apparently

due to Macoma or Cerastoderma, most appeared to be associated with the
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presence of Notomastus. or Seoloplos near- the surface, This was invest-—
1gated further by us1ng a pair of forceps to peck' at 50 holes as
water flowed from them and 50 similar nearby holes from whlch there
wasg no flow at that time (Table 3). Sixty-eight percent of pecks at
outflows resulted in the capture of a worm compared with only 227 at
other holes. It is llkely that plovers pecklng at outflows would
perform even better because of their speed of response, better shaped
extraction device (bill rather than forceps), and less clumsy handling
of it. Because of the absence of other visual cues and the reliability
of outflows as indicators of available worms, I consider that these
were the cues being used by plovers to detect Notomastus and, to a

lesser extent, some other prey.

Smith (1975) considered that Bar-tailed Godwits at Lindisfarne
detected small polychaetes by tactile means while probing in the.sub-
strate and he investigated the depth distribution of the worms by
sampling the substrate. Almost all worms were found within 15 cm of
the surface, 28% to 557 (according to temperatures) being in the top
5 cm. There were indications that at 4 to 700; the proportion in the
top 5 cm was highest on the ebb tide-line (55%), next highest on the
flood tide-line (49%), then on wet areas above the tide-line (417)
and finally on drier areas (36%). On colder days, the percentages
were lower: 437 on the ebb tide-line at 29C and 287 on the flood tide-
line at -1°C. However, because of high variances, these differences

were not statistically significant.

These aspects were investigated further in the present study
using a similar sampling method to that used by Smith. On 21 February
1976 when the sand temperature was 6°C, samples were taken at about
5 min intervals throughout the period of tidal emersion on the main
study area of HIS. Five 10 x 10 cm samples were taken randomly from
each of three areas (Fig. 1), one set from area a (just above the
Pilgrim's Way), the others from area b (Grey Plover Flats) and area d
(Godw1t Creek). The surface of area b dried more rapidly than of
area d. Samples were returned to the kitchen, sieved and sorted as

described in Paper 1.

The proportion of Notomastus in the top 5 cm was very variable



TABLE 3. OUTFLOWS FROM HOLES AS INDICATORS OF WORMS
(PRINCIPALLY NOTOMASTUS)

Holes with Holes without Total
outflows outflows |
Worm present 34 11 50
No worm 16 | 39, 50
Total 50 50 . 100

X

- N

= 21,38 P << 0.001
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in all areas kFig. ) but was, on. average, twice as hlgh in the wet

area d as 1n.the dr1er area b (mean values, using the arcsine. transform—
ation (to covert percentages to values conformlng to Normal Dlstrlbutlon
requlrements), 69 3% and 34. 7%, reSpectlvely) This dlfference was
highly 51gn1f1cant (t = 4,73, P < 0 001). VNo tidal pattern of depth
distribution was apparent durlng most of the perlod of exposurée in area
d, but the proportion in the surface layers in area b declined somewhat
during the period of emersion. In both areas the proportion near the
surface increased slightly just before tidal iﬁmersion. The last set

" of samples taken from-area d showed a significant increase in proportion
(90.7%) in the top 5 cm compared with ali other samples,takeﬁ durihg

' o1 = 2.61, P < 0.02).  These
patterns are compatible with those found by Smith (1975).

low water in the same area (62.6%) (t

As plovers appear to use visual, rather than tactile, foraging
methods, further investigations of invertebrate availability used
measures of the presumed visual cuesb— the outflows of water - rather
than>samp1es of the substrate to indicate the densities of available
prey. Observations were made by kneelihg.qn the mud and watching from
about 30 cm height an area of mud marked by a 10 cm x 10 cm quadrat for
a period of 2 min. Four sites were used, all in area b on Grey Plover
Flats of HIS (Which held high densities of the worms). Sites A and.B
were on wetter areas than sites C and D, but worm densities were fairly

similar in the two areas.

At all sites the number of outflows observed in 2 min, intervals
increased significantly with increasing temperature (Fig. 3). The
difference in slopes between sites A/B and C/D are presumably due to
1ocai_conditions. On three occasions the rate at which outflows occurred
was inﬁestigated in relation to tidal time (Fig. 4). There was some
tendency, particularly in the wetter areas, for the rates to increase
slowly after emersion., Worm activity probably did not increase over
this perlod but outflows became more v131b1e as the surface film of
water dried out, A decrease in the rate at whlch outflows were seen
often occurred in the later part of the exposure perlod This appeared
to be associated with progres51ve drying of the surface of the substrate.
However, in some cases an increase in rate was noticed immediately before

tidal covering.
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All these data were recorded on days of Wlnd-force 5 or below.

Attempts were made to record worm act1v1ty at hlgh wind apEEdS, but
increasing movement of any surface films of water made counting out-
flows impracticable. "In sucﬁ conditions, areas without surface water
dried rapidly. In all wind conditions,'although activity remained
visible in damp areas, if the surface dried completely, so that sand
particles moved if a wind blew, no outflows were apparent, perhaps bec-
ause water soaked into the sand below the surface. However, it was

probably due mainly to a real reduction in activity.
Observations in rainy conditions were also impracticable because
the distinction between outflows and impacting rain-drops was difficult

to make.

Crustacea and other invertebrates on the high flats

The activity of small invertebrates on the high tidal level flats
was investigated by watching areas enclosed by 50 x 50 cm quadrats for
periods of 15 or 30 sec., These animals were not visible unless they
moved. Since these high level areas were those where 'foot-vibration'
by Ringed Plovers was most frequently observed, after each period of
observation a second observation of 15 or 30 sec duration was made,
during which a pair of forceps was vibrated on the surface of the sand

to simulate foot-vibration by the plover,

On the Sand Rig feeding site used by Ringed Plovers; no activity
of any invertebrates was apparent at 4°C but some at 13°C and more at

» 170C (Fig. 5a). 1In both of the warm conditions, -significantly more

animals were seen during "“vibrations" than without, Almost all animals

seen were Eurydice.

On high HIS, near the small salt-marsh, a similar pattern of
activity in relation to temperature was found (Fig. 5b), no crustacea
being visible at -1. 5° C, few at 4°C and more at 13°C and 17°%. at 4°%
and 13 C, significantly more anlmals, about half of which were . Bathy-
pore%a and half Purydice, were seen during vibrations than without. At
17°C also more were visible during vibrations, but the difference was
not significant. At -1.5°C, the only animals visible were two very

small thin worms (less than 4 mm long), which moved in response to
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vibration. At 4° C, many more of these worms were seen, almost all
durlng vibrations (Flg. 5¢). It is doubtful, however, that these were
taken by feedlng plovers as the worms became v151b1e only in the
1mmed1ate vicinity of the V1brat1ng tip of the forceps (never more
than 1 cm from this)., Plovers normally peck further from thelr feet
than this and did not concentrate their pecks in this immediate area.

_ . . . P
(Activity of these worms was not investigated at higher teﬁbratures.)

Night

Few night observations were made. On one occasion when the temp~-
erature was about 10°C and the sky overcast both before and after dusk,
the number of outflows seen in each 2 min. interval was similar in day-
light and at night. However, at night Phyllodoce emerged from the
sand to a length of several centimetres and fed in water-filled hollows.
Such emergences were rarely observed in daytime. At night during 25
two minute observation periods on 100 cm? areas, 1 Phyllodoce was seen
in each of two areas and three in a third. The worms remained active
throughout the nocturnal observation periods and later checks showed
that they were still active on the surface about 30 min. later, Thus,
unlike Notomastus, Phyllodoce remained on the surface, and appeared
unaffected by torch-light., Small sections of some of the Phyllodoce
were luminous, perhaps because of the presence in their guts of diatoms
and dinoflagellates. These are common on the mud surface and luminesce

when disturbed.
FEEDING RATES AND ENVIRONMENTAL_CONDITIONS

Ringed Plovers on the low tidal level flats

On the Low Flats at least 657 of the prey items taken by Ringed
Plovers were thin worms (Paper 1). The estimated number of thin worms
taken per minute, as defined in Paper 1, are considered below in rela-
tion to environmental conditions. (Rates of capture of all prey, and
estlmated maximum and minimum rates of taking worms gave generally

similar relatlonshlps.)

Prey capture rate rose with rising mud temperature up to about
60C above which the rate decreased (Fig. 6) At any given temperature,

no seasonal variation in the rate of capture of thin worms could be
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establlshed. The capture rate was 1nverse1y related to wind force at
1ow temperatures but dlrectly related at hlgh ones (Table 4.) At low
temperatures only, capture rates 1ncreased 51gn1f1cant1y w1th 1ncreas-
ing cloud cover and, at hlgher temperatures only, feeding rate dec11ned

significantly with time after hlgh water.,

As some of the independent variables considered above were cor-
related with each other, stepwise multiple regression analysis was A
used to examine the relationships further (Table 4). Rainfall was not
included in this analysis because its scoring method was non-linear
and its effects on prey availability could not be measured. Because
there was also a non-linear relationship between worm.capture rates
and mud temperature, data collected beiow 6°C were treated separately
from those from higher temperatures. The rate of capture of red worms
showed a significant partial correlation only with mud temperature,
accounting for 277 of the variance at the lower temperature conditions
and 197 at higher ones. Inclusion of other environmental variables in
the regression equation increased these figures to 287 and 207 respec-—
tively. (Note that lower significance levels in the multiple regres-
sion analyses resulted partly from the reduction in sample size, as
only those cases were included in which data for all variables rather
than pairs of variables, were available. Thus the results of the
multiple regression analyses may be over-conservative. However, they

do not differ greatly from those of simple regression.)
The mean size of worms taken increased significantly with inc-
reasing temperature and time after high-water, the former remaining

significant in multiple regression analyses (Table 4).

Ringed Plovers on the high t1da1 1eve1 flats

On the main feedlng area used during the higher part of the
tidal cycle, namely the High Flats near the road and small salt marsh,
thin worms and other small prey, mainly Bathyporeia and Eurydice,

formed most of the diet (Paper 1).

Slgnlflcant relatlonshlps similar to those found on the Low
Flats were establlshed for the estlmated rate of capture of thin worms

in relation to mud temperatures (Fig. 7) and wind force, 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 it 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 flats High flats Low flats High flats
6°% 6% <6°% 360 IF\:E to ﬁi; o <5.5%  35.5%C
Rate of taking Arenicola
Mud temperature » ne ne -ne ne - E 0.30§ - -
Wind force ne ne ne ne - -0.20+  -0.31% -

- Rain - ' ne ne ne ne - - .- -
Cloud l ' e ne  ne ne i - * 0.19* - R
Time after high water ne ne ., ne ne - -0.30% - -

- Rate of taking thin viorms ‘ v
Rate of taking Arenicola - oni ni ni ni 007 03 - w05
Mud temperature % 0.07F $-0.43%F +o0.58% ¥-0.50% o0.40%F ¥-0.a8% - -
Wind force 049  0.23% Fo.7f fosed -08F 02 - -
Rain - - - - -0.20% - - -
Cloud | 0.9 - . - - - - -
Time after high water - -0.18% -0.30* -  *o,2F Yo.ael - o.26+
Rate of taking small prey
Rate of taking Arenicola ne ne- ni ni ne ne ne ne
Mud temperature . ne ne 0.532 2-0.41: ne ne ne ne -
Wind force . " ne ne ¥-0.32F  0.38% ne ne ne ne
Rain * - . ne pe - = - ne ne ne .7 ne
Cloud ne ne - - ne ne ne ne
Time after high water ) ne ne . - -0.53§ - ne ne ne ne

“Léngth of visible thin Qorms'taken ~————— e ‘ o S
Rate of taking dremicola ' ni ni - -0.27% -
Mud temperature . * 0;13* - - -0,19* 2-0.28:
Wind force : - - - - % 0.28%
Rain - - - 0.24% « -
Cloud - - - - ¥ .23

* * * % *
Time after high water 0.10* *-0.24* ¥ 0.21* f0.41% * 0.12



remaining significant in mulfiple regressions analysis'(Table 4). At
low temperatures, capture rate also decllned Wlth time after hlgh water°
This is 1nvest1gated further below. Mean size of worms captured was
higher (but not qu1te 51gn1f1cant1y so, probably due to small sample
size) at hlgher temperatures but fell significantly with time after

high water.

The number of pecks in unit time, less the estimated rate of
capture of thin worms, was used as a measure of the rate at which birds
attempted to catch small prey, principally Bathyporeia and Eurydice.

If all attempts were successful, this rate is equivalent to the maxi-
mum possible rate at which small items were captured. A minimum rate
of eapture, based on only those small items seen to be taken, gave

generally similar relationships to the maximum estimate in comparisons

with environmental conditions.

The estimated rate of pecking at small prey showed a pattern
similar to that for thin worms in relation to temperature, increasing
with temperature to about 6°C, but declining above that (Fig. 8). At
a given temperature no seasonai differences in pecking rate could be
found. The rate of pecking at small prey showed similar relationships
with wind force and time after high water as did the rate of capture

of thin worms (Table 4).

Because few birds fed in this area between HW + 3.5 h to HW + 9 h
(when most birds were on the Low Flats), the feeding rates here were
also investigated separately for ebb and flow (Table 5). The rates
of capture of worms and small prey varied in parallel in relation to
environmental conditions. At high temperatures no differences in rates
between ebb and flow tides were significant but at low temperatures
feeding rates on the ebb were significantly higher than on the flow.
During the flow tide period, the rates of prey capture increased to-
wards high water (e.g. Fig. 9), and, possibly but less clearly, during

the ebb the rates decreased.

At low temperatures feeding rates were also higher with onshore
than with offshore winds (Table 6), but agaln this did not apply at

temperatures above 6°C. This may be because onshore winds
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concentrate the small Crustacea at h1gh tidal levels, At high temper—
atures, prey act1v1ty may be suff1c1ent in any wind dlrectlon to allow

maximum pecking rates.

Tables 5 & 6 lnclude 31m11ar comparlsons for prey capture rates
on the North Shore. Here the dlfference in capture rates between ebb
and flow t1des was 1ess than on HIS. W1nd d1rect10n had little effect.
Rates of prey capture on the North Shore only exceeded those on HIS high

flats when winds were from NW to E and temperatures low.,

Grey Plovers on the 1ow t1da1 1eve1 flats

The d1et of Grey Plovers on HIS consisted mainly of Arenicola, .
which contributed most of the biomass by virtue of its large size, and
thin worms, of which a large number were taken (Paper 1), Because of
the low frequency at which Arenicola 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 Arenicola 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 dif-
fered seasonally. In spring, capture rate fell 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 Arenicola (Fig. 14).

In autumn and w1nter, the opp031te relationships were found bet-
ween rates of capture of th1n worms and w1nd strength or temperature,
but similar ones w1th tidal time and rate of capture of Arenicola

(Table 4). The rates also fe11 w1th 1ncrea51ng1y heavy rain. (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, it was significant

in only this case).

In spring, thé méan léngéﬁs of thin worms takén decreaséd with
increases in temperature and the raté of capturé of Arenicola but
increased with increasing rainfall 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 tidal level flats

The diet of Grey Plovers on thé High Flats was similar to that on
the Low Flats (Paper 1). The rate of capture of Arenicola increased
sharply from close to zero below 5.5°C (mean 0.02 * s.e. 0.02 min_l,

n = 25) to a steady higher level above S,SOC (mean 0.19 * s.e. 0.04
min—l, n = 91). This difference was highly significant (t114 = 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 Higﬁ Flats, and the overall rate of capture
of Arenicolaq was lower on the high level than on the low level flats
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 ré?ons, 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 Arenicola increased. The mean
rate of capture of thin worms declined from 4.61 * s.,e. 0.41 min-1
below 5.5°C to 3.15 * s.e. 0.22 min_1 above (t114 = 3,19, P < 0.01),
The detailed relationship of rate of capture of thin worms with mud
témperature showéd some similarity to that of Ringed Plovers, possibly
increasing with températurés 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 statistical 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 subtle, 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. Intérpretation of
any relationships found is more difficult than of those with environ-
mental factors., If 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. If a sighificant rel-
ationship between prey capture rate and flbck-size or nearest neighbour
distance is found, once again there may or may not be a causal link,
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 unlikély! This ambiguity also causes difficulty 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 difficult, for reasons indicated
above. Because the distance to the nearest other bird was often iden-

tical 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
31m11ar, and for this reason only the distance to the nearest bird was
used in the multlple regre531ons analysis. A fairly 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, flock-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 diffi-
cult to test quantitatively because all 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
Rihged Plovers .were inversely correlated with those of non-plovers
(x=-0.48, P<0.001). 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-until May or

early June,
HANDLING TIMES

The time taken to handle prey is defined as the time taken to
move to the site from which the prey is taken, the time to handle it
and the time until a waiting position is resumed. This parameter
showed very little variation with environmental or flock cenditionms,
although the handling times differed according to the prey taken
(Table 8). Grey Plovers took significantly longer to handle Arenicola
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 herodius by KreBs'(1974)."0n the Low Flats plovers took léss
time to handle small items éhan worms but on the High Flats the times
were fairly similar, proBaﬁly Bacausé the worms takén theré wére mainly

small.

On the Low Flats, the handling time for thin worms by Ringed

168 0.29,

P < 0,001). This may have arisen because larger worms were taken in

Plovers increased significantly with rising temperature (r

warmer conditions or because birds tended to wash worms more ofteh
before swallowing them in warmer weather (or for both reasons), Simi-
larly, and for similar possible reasons, Grey Plovers took leonger to
95 = 0.37,

P < 0.05). However, in the same area, they took less time to handle

handle Arenicola on the High Flats in warmer weather (r

thin worms (r56 = -0,36, P < 0.01) and small prey (r60>= -0.28,

P < 0,05) with increasing temperatures, perhaps because the size of
thin worms taken fell with increasing temperature. On the Low Flats
the handling time of thin worms by Grey Plover increased with'increas—
ing windforce (r151 = 0.17, P < 0.05), perhaps because the birds exp-
erienced increasing difficulty 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 'PLOVP2-typef 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-
ition before moving to peck at prey (the 'waiting' times) are summar-
ized in Table 9. Although waiting and giving-up times for any given
site tended to be fairly similar, a consistent pattern can be discer-
néd. 'Timés increased through the series: waiting time before taking
Arenicola, waiting time before taking thin worms, waiting time before
taking small prey, giving-up time. Krebs (1974), studying Great Blue
Herons, also found significantly longer giving-up times than waiting

times.
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Giving-up times tended to be correlated with the waiting times
(Table 10).

The relationships of waiting and giving-up times to envirommental
and flock conditions are summarized in Table ll. For both species on
both High and Low Flats, patterns of giving-up and wailing times
tended to be similar, probably even more so than indicated in Table 11,
as small sample sizes prevented statistical significance in several
cases, Also, several relationships that were significant in simple
regression were not so in multiple regression, because the sample size

was generally much reduced then,

For Ringed Plovers in both areas, both waiting and giving-up
times appeared to lessen with rising temperature up to about 6°C and
then remain constant or increase above that (e.ge Fig. 17). Increases
in wind force generally acted on timings in the opposite way to
increases in mud temperature (Table 11), Other fairly consistent rel-
ationships were increases in times with increasing rainfall, increasing

time after high water, distance to other birds and flock size (Table 11).

For Grey Plovers, waiting andvgiving—up times tended to increase
with increases in the rate of capture of Arenicola, in mud temperatures
and in wind force and to decrease with passage of time after high water
(Table 11), '

For Ringed Plovers in both areas the incidence of 'dowms’
increased with increasing temperature, increasing flock—-size or dec-
reasing wind force (Table 12), On the Low Flats the incidence of
'downs' also increased with time after high water and decreasing dis-
tance to the nearest other Ringed Plover. In Grey Plover, there was
less consistency in the incidence of "downs' between areas, but those
relationships which were significant paralleled those for Ringed
Plover, with the addition of an inverse relationship between incidence
of 'downs' and the rate of capture of Arenicola on the High Flats,
The capture of an Arenicola was significantly more likely to be
preceded by an 'up' (rather than a 'down') than was the taking of a
thin worm (x% = 4,76, P < 0,05).
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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

Low Flats

6% 6%
Giving-up time
Rate of taking Arenicola 0,18 -
Mud temperature *-0.27* -
Wind force . 0.14* -
Rain! - -
Cloud I -0.9x -
Time after HW %+ 0,13 -
Distance to nearest same sp. - < -
Distance to nearest bird} - -
Flock size - -
Waiting time
Rate of taking A}enicola - -
Mud temperature ¥0.13  *0.20
Wind force - -
Rain! 0.25% -
Cloud - - -
Time after HW ¥o.29% xo0.2
Distance to nearest same sp. * 0.15* -
Distance to nearest bird} 0.19*% -

Flock size -

excluded'from multiple regression

* P < 0.05

*H

P < 0,01

*AR

P < 0,001

High Flats

<6 °C

*0.24
* *
*.0,73%
* *
* 0.70%
*

0.33*

*
0.53%

N *
0.54%

Dk
* 0.56%

*
-0.52%

* *
* 0.55%

6 °c

GREY .PLOVER

Low
Flats

*
* 0.18*

0.14*

High
Flats

0.15*
0.22*

131
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Figure 17, Giving-up timé (time
without taking prey)
Flats in relation to

Fitted regression lines are: y

and vy
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sand temperature.

2.91 - 0.34x (P < 0.001) below 6°C
1.40 + 0.04x (n.s.) above 6°C
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DISTANCES MOVED WHILE FORAGING, AND SEARCH AREAS

Thé distances birds moved to take prey did not differ signifi-
cantly with prey type (Taﬁle‘13)‘but this may havé been partly due to
low sample sizes. In all cases the mean distancé movéd to také préy
was significantly less tﬁan éhé méan distancé moved to a newv'up'_
position. The méan distance moved to a 'down' position was inter-—

mediate.

Distances moved varied relatively little with environmental and
flock conditions (Table 14). General tendencies were an increase in
distances moved (both to take prey and to a new 'up' position) with
increasing distance to the nearest other bird of the same species;
also a tendency for a decrease with increasing temperature, except for
Grey Plovers on the Low Flats where the distances they moved increased

with the rate of capture of Arenicola.

The distance moved to a new waiting position varied according
to the previous activity (Table 15). Birds moved farthest between two
'up' positions and less far (in decreasing sequence) after taking
pecks of unknown outcome, small prey, thin worms of increasing size

and the least distance after taking Arenicola.

The frequency distributions of distances moved to a new position
and particularly the distances moved to take prey tended to show
fairly sharp upper limits (Table 16). These upper limits are esti-
mated in Table 16. As birds can take prey within about } pace (c5 cm
for Ringed Plover; c7 cm for Grey Plover) without moving another pace,
it can be seen that the average distance moved to a new waiting posi-
tion (Tables 13, 15) tended to be slightly longer than the normal

range from waiting position to the site of prey capture.

For estimation of the distance through which birds move in an
attémpt to take préy (Tablé 17) the 'normal' maximum number of pacés
taken to reach prey has beén increased by oné to allow for both the
distance at which a bird can reach prey without taking another pace
and the slight bias towards underestimation of the recording methods

(see "Methods').
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TABLE 17, ESTIMATION OF SEARCH AREAS  (see text)

RINGED PLOVER GREY PLOVER
Pace Tength (cm) 10 14
'Normal' maximum no. of 3 4
paces moved to prey
'‘Normal' maximum foraging 4 x 10 = 40 cm 5x 14 =70 cm
radius
'"Normal' arc of movement 240° 240°

Search area = %%% T r? 0.34 m? 1.03 m2
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The mean length of paces was estlmated from ciné-fllm and from
measurement of tracks. on the flats. The angle turned from the waltlng
position to the dlrection chosen when moving to take prey was estimated
on a 'clock' ba51s from examlnatlon of c1né f11m (Fig. 18). These
measures are comblned in Table 17 to estimate the search area from

which prey can be taken.

The foraging method of a plover, which uses a search area of
-fairly constant size with a changeable location, is compared in Figure
19 with that of a sandpiper foraging by touch with bill-tip on the sur-
face or inserted slightly into the substratum, The latter uses a
narrow search area determined by detection distance on either side of
the path taken (see, e.g., Smith.1975, Hulscher 1976). The sandhiper
search area is thus an area searched per unit time. In contrast,
plovers are generally sit-and-wait predators, monitoring an area until
a suitable prey is detected, or until the bird gives up to move to a

new waiting position.
FOOT VIBRATION

Foot-vibration while foraging has often been reported in plovers
(e.g. Simmons 1961). In this behaviour, the bird stands on one leg with
the toes of the other just in contact with the ground and vibrating
rapidly. At Lindisfarne, this was recorded on only one occasion in
Grey Plovers: a'bird feeding in November near the small salt-marsh, an

area not much used by this species.

However, foot-vibration by Ringed Plovers was recorded commonly
on the highest intertidal areas: near the small salt-marsh, the North
Shore, the Sand Rig and Goswick Flats, but infrequently on the main
areas of the flats (Table 18). On none of the high level areas was a
significant difference found in pecking rate between birds foot-
vibrating and those not (Table 19). However, when the envirommental
conditions during cases when foot-vibration was seen are compared with
those during;cases without (Table 20), footshaking occurred at signif-
icantly lower mean temperatures on the North Shore. The same relationship
was found on the High Flats near the Rig, but this was not significant,

probably due to small sample size. A significant temperature difference
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RINGED PLOVER GREY PLOVER
canmte ) at s pereent ape
Irvquunry 71 L)
percentage frequency 21 61 40 56
16
frequency observed 12 40 17
23 ' 7 82
31 26
18 11
3 5 g7 6 14 96
2 2
5
. 3 100
0 100 0
0 0 0
0 0 0
Figure 18, Directions moved to take prey.
Turns to left or to right through the same angle are not

separated

'SANDPIPER'

search width

area searched per unit time = distance moved in unit time x search path width

'"PLOVER'

search area = approximately constant area with changeable location

Figure 19. Generalized foraging patterns of tactile feeding sandpiper and
visual searching plover.
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TABLE 19..

Given as mean * s.e. (sample s1ze)

North Shore and Rig

Near small salt marsh April.

Tealhole

TABLE 20.

Birds foot-vibrating
for some or all time
19.4 £1.3 (37) ns
24,3 £2.0 (15) ns
16.6 + 3.0 ( 8) ns

'MEAN RATES OF PECKING BY RINGED PLOVERS IN SELECTED SITES
AND MONTHS IN RELATION TO FOOT VIBRATION

Birds not foot-
vibrating

19.7 + 1.8 (43)
25.8 + 3.6 ( 2)
17.1 +2.9 ( 6)

MEAN ENVIRONMENTAL CONDITIONS DURING OBSERVATION CASES OF

RINGED PLOVERS IN RELATION TO FOOT-VIBRATION

North Shore

Air temperature

High Flats near Rig

Air temperature

High Flats near small

salt marsh
Air.temperature
Wind force

Rain fall

Birds fobt-vibrating

for some or all time

10.4 + 0.8 (32) ***

1.1 (20) ns

—
—
© e
(A
I+

5.3+ 0.2 (34) ns

4.8 + 0.5 (34) *

0.9+ 0.3 (34)  *

Birds not foot-
vibrating

14.7

+

0.4 (141)

15.5

I+

4.9 ( 4)

5.7 + 0.7 ( 40)
3.7+ 0.3 ( 52)

i+

0.2+ 0.1 ( 52)

143
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between cases w1th and wlthout foot-vibration was not found on the
High Flats near the small salt marsh but the behav1our there was

assoc1ated w1th stronger winds and heav1er rain,
NOCTURNAL FORAGING

Observation on foraging behaviour of Grey Plovers were made with
a night-viewing apparatus on Holy Island Sands on a dark, moonless
night in February 1976 and a moon-1lit night in March 1976. The results
are compared with those from daylight feeding ih the same weather con-
ditions in Table 21 (see also Paper 1). At night the Grey Plovers fed
in more discrete, tighter and more synchronised flocks than during the

day but this was not quantified.

Pecking rates on the dark night, but not on the moon-1lit night,
were significantly lower than in daylight. The sequence 'run—peck'
was more frequent by day than by night in both situations and the mean
distance moved to take prey was longer in daylight, In March, the
sequence 'up~peck' was significantly more frequent by night. Waiting

times tended to be longer at night.

Nocturnal observations on foraging behaviour of Ringed Plovers were
possible only when the birds could be observed at close quarters, on
the breeding grounds of the North Shore. For both adults and chicks,
differences between foraging by day and night (Table 22) were fairly
similar to those found for the Grey Plovers, but, because of small

sample sizes, fewer relationships were statistically significant.
DISCUSSION

A model of plover forag;;g

The results described in th1s paper allow me to put forward a
model to descrlbe the foraglng behav1our of plovers. Taking the Grey
Plover at Lindisfarne as as example, these tentatlve rules are:

1. Grey Plovers feed in areas where thelr rate of energy intake is
high.
2, This may be modified in that plovers do not feed in areas of high

density of other birds, which for Grey Plovers at Lindisfarne
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usually means flocks’ of Bar—ta11ed Godw1ts feedlng at the tide

edge where prey ava11ab111ty is hlghest.

As temperatures fall or the mud dries Arenzcola become less avail-

able and smaller worms, notably Notomastus, are taken more
frequently.

As temperatures fall, Notomastus also become 1ess available, and
less size selection is practised by the birds.

In the most adverse conditions the rate of taking thin worms of
any size is depressed by reduced availability.

The plovers feed by scanning a search area. If prey are not
detected the bird moves approximately far enough to see the next
area beyond. When feeding on very dispersed clumps of prey, the
bird may move further.

Most intertidal invertebrates tend to be distributed patchily,
especially when availability as well as density is considered.
Plovers adjust to this by moving less far after taking a prey than
not, The distance moved appears to be adjusted to the value of
the prey.

Plovers appear to adjust their giving-up time to the time they
have to wait before taking prey; this is monitored fairly rapidly.
Prey selection appears to be achieved by becoming progressively
more prepared to take smaller prey within each waiting period.
Plovers at Lindisfarne appear to feed as close to the other members
of their flock as their feeding requirements (scan and run dist-
ances) allow. The inter-bird distance increases when reacting
mainly to the widespread cues of Arenicola, but within a prey type
decreases as prey activity increases, e.g. with rising temperatures.
(In other situations, notably as Teesmouth, this relationship does
not hold as the birds defend feeding territories - D.J. Townshend
in Evans 1976 )

At night detectlon range was reduced and birds tended to pack more
closely.

Plovers are well able to feed at night but probably less success-—
fully in decrea31ng light. They appear to prefer to feed in day-
light.

In adverse condltlons, plovers tend to form larger flocks, probably

on the best feeding areas.
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A similar scheme could be wrltten for Rlnged Plovers, except that
Arenzcola is a 1ess 1mportant prey and small Crustacea of greater impor-
tance part1cu1ar1y at hlgher t1da1 1evels. The birds use foot—v1brat10n
to increase ava11ab111ty of small Crustacea when this is depressed by
adverse weather conditions. Also Dunlin Calzdrzs alpina appears to
provide the main 1nterference in the1r use of feedlng area at Lindis-

farne.

In the following discussion I shall attempt. to justify this model
by considering the ways in which the birds exploit the behaviour of
their prey; the ways in which environmental conditions and other birdsv
may affect prey behaviour, plover feeding rate and plover dispersal;
and how the plovers modify their behaviour in relation to these changes.
I shall then discuss the apparently visual foraging technique of plovers,
first in relation to nocturnal feeding and finally in comparison to

the tactile foraging strategy used by many other waders.

Prey behaviour and its exploitation by plovers

It is clear that the depression of the rate of prey capture by
plovers at low temperatures is associated with the depression of acti-
vity of their prey, Arenicola, other worms and small Crustacea, in
such conditions. Activity leads prey animals to come within reach of
a bird's bill and‘also, in some cases at least, makes them detectable
(cf Davies 1977, for Spotted Flycatchers Muscicapa striata which may
lose sight of flies when the latter stop moving). Comparable depres—-
sion of activity with declining temperature has been reperted for
swimming by Bathyporeia (Fincham 1970b, Preece 1971), Eurydice (Jones &
Naylor 1970) and Corophium volutator (Morgan 1975); emergence from the
mud by antennae of Corophium (Goss—Custard 1969) and from sand by
Talitrué saltator (Pallaualt 1954); and possibly siphon emergence from
the mud by Macoma balthica (Goss-Custard et al. 1977).

In addition tovreducing activity at low temperatures, many animals
burrow deeper in the substrate in the winter months (e.g. Arenicola -
Smith 1975; Macoma - Reading & McGrorty 1978; Nereis diversicolor -
Evans 1979) or move downshore towards the sublittoral zone (e.g.
Arenicolas Carcinus maenas, Crangon vulgaris, Nerine cirratulus — Brady
1943, -Naylor 1962, Swennen 1971, D.M. Brearey in Evans 1979), and

by
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thls probably exacerbates the problems for waders in w1nter. 'Many
1nvertebrates also move deeper or become 1ess actlve as the tide falls
and the substrate dr1es (Newell 1962 Vader 1964, Sm1th 1975, L1tt1e &
Nix 1976 Evans 1976, 1979, present study) and th1s probably accounts
for the general decline in feedlng rates with time after exposure and
increasing wind force. For plovers using a space—demandlng foraging
strategy, there is little scope for avoiding this by moving area in

the way that sandpipers do, i.e. following the zone of high availability

near the tide edge.

Why should the prey animals make themselves available to birds at
any time? Most infauna require access to the surface for food, resp-
iration or other reasons and burroﬁing is energetically expensive
(Trevor 1978), so that it is probably advantageous to remain as close
to the surface as temperature or predation considerations allow. Studies
of Arenicola have shown how the feeding method involving the throughput
of large quantities of sand requires that this sand be removed from the
burrow and, indeed, the worms appear to be able to achieve this in a
short time on each occasion and may have to defaecate on only 2 to 5

occasions during tidal exposure (Smith 1975, Evans 1979).

It is not clear why Notomastus makes its migrations to the mud
surface as this behaviour does not appear to have been described or
investigated previously. A very few occasions of appearance of the head
of the worm may have been associated with feeding but whether the‘out-
flows result from irrigation for feeding or respiratory purposes is
unknown. The mainly nocturnal surface appearances (usually in areas
with a thin water covering) of other worms such as Phyllodoce and the
occas1onalappearances of syphons of Macoma and Cardium (also usually in

areas with a water covering) appear to be associated w1th feeding.

It is the brief visits to the surface by polychaetes, such as
Arenicola and Notomastus, that plovers utilize both to bring the worms
within thelr reach and to locate them° By spec1allzlng in scanning a
large area and belng adapted to rapid movement to the site of a cue the
plovers are able.to utlllze a feeding area even if the density of avail-
able prey is low. Desplte the1r apparent rellance on visual searching,

they appear to be remarkably effective nocturnal hunters and are able
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to exploit the nocturnal activity of worms such as Phyllodoce and
sandhOppers such as.TaZttrus whlch are presumably nlght—actlve to
avoid other predators. Presumably the plovers' large eyes are adap-

tations to this behaviour,

- Small amphipods and isopods, notably Bathyporeia and Eurydice,
normally swim mainly whén covered by the tide and this activity is
generally relatéd to feeding (particularly in Eurydice, which preys on
Bathyporeiza) and the achieving of matlng contacts (Fincham 1970a, b,
Jones & Naylor 1970, Preece 1971). As in the present field study,
Preece (1971) found that swimming activity in the laboratory was
depressed at low temperatures. Most of these authors found a tidal
rhythm which could be modified by enviromnmental conditions. In labor-
atory studies, Enright (1962, 1965) found that activities of several
intertidal amphipods were stimulated by rapid but small changes in
hydrostatic pressure and suggested that this was an adaptation to °
initiate swimming when waves reach the animal as the tide rises or
falls. Also in the laboratory, Jomes & Naylor (1970) found that only
mechanical disturbance of the sand caused the Eurydice pulchra to
swim and concluded that "it seems likely that in the field wave action

must wash them out."

It gseems likely that the foot-vibration of Ringed Plovers is
exploiting this reaction to vibrations and stirring, as the plovers
used this method commonly only in the areas where these small Crustacea
were prey ana the method was used almost invariably when the birds were
feeding on the Sand Rig area where almost all prey were Eurydice.

There was no difference in féeding rates in a given area between birds
foot-shaking and those not but this could be because Ringed Plovers
foot-vibrate only when prey‘ate being detected insufficiently quickly
without vibration., This is supported by Table 20 which shows that
foot-vibration was freqﬁently associated with environmental factors
tending to reduce préy activity or feeding rate. Like other aspects of
plovers' behaviour, foot-vibration is cléarly not adapted solély to
particular préy types (séé also Paper 1). Simmons (1961), Sparks (1961)
and Swennen & van der Baan (1959) have described and reviewed somé of
the occurrences of the various types of foot-movement in plovers and

other birds. Some plovers use a similar technlque in the very different
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terrestrial 51tuat10n of feedlng on earthworms Lumbrtcus and
AZZoZobophopa. It has been suggested (w1thout strong ev1dence) that
the earthworms react to the vibrations as if they were caused by rain
and emerge from thelr burrOWS° also that similar vibrations are caused
by moles and the worms ascend to avoid fa111ng 1nto mole tunnels (see
Simmons 1961). It seems 11ke1y that the technique may be applied in
any situation, its use being continued if profitable. The occasional -
and unmaintained - occurrence of foot-shaking on the Low Flats of HIS
would be compatible with this interpretation. Contrary to Simmons
(1961) and in agreement with Swennen & van der Baan (1959) and Sparks’
(1961), in the present study worms were not taken when foot-vibration
was used intertidally. As suggested by Sparks, it is used when small
Crustacea are the main prey, although the way in which it makes them
more available appears to depend at least partly on the animals'
normal reaction to waves and tide, rather than only by producing a
semi~fluid water/sand mixture by thixotropy, thus causing the animal

to swim,

Environmental effects on feeding rate

If prey availability-is limiting capture rate, an increase in the
latter should be expected as the former increases, Any such relation-
ship may, however, be complicated if the degree of prey selection varies
with prey availability. Various theories of optimal foraging strate- |
gies predict that selectivity in choice of prey should increase when
density of available prey increases (e.g. Emlen 1966, MacArthur &
Pianka 1966, Schoener 1971, Pulliam 1974). On this basis, and if one
assumes that energy intake per unit time is to be maximized, then large
prey should become increasingly large components of the diet as they
become more available. Therefore, one would expect the rates of cap-
ture of the 1argest prey (Arenicola for Grey Plovers and large
Notomastus for Ringed Plovers) to increase with increased availability
of these prey but the rates of capture of alternative prey to depend
both on their own avallablllty and that of prefe?ed prey. Goss—Custard
(1977¢) described a comparable 31tuat10n in which the feeding rate of
Redshanks on small worms was more 1nf1uenced by the density of large
worms (and biomass of these 1ngested) than by the density of small
worms., The feeding rates of plovers on various types of prey in rel-

ation to environmental conditions at Lindisfarne are summarized in
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Figure 20 and discussed below.

Feedlng on- Arenzcola

Generally the feedlng rate of Grey Plovers on Arenicola
increased with 1ncrea31ng temperature and decreased with 1ncreas1ng
wind force and time after high water. These relatlonshlps are all
compatible with the observations of Arenicola behaviour described by
Smith (1975) and summarised above. In some situations, the rate of
capture of Arenicola increased with increasing cloud cover. The
reason for this is less apparent but could be related to slower drying
of the sand surface when out of direct sunlight, as Arenicola activity
is reduced as the surface dries. Alternatively, increasing cloud. cover
may reduce glare off the wet sand surface as suggested in relation to

foraging by herons (Krebs & Partridge 1973, Krebs 1974),

The higher feeding rate of Grey Plovers on Adrenicola in spring
than in autumn and winter on the Low Flats may be related to the early
departure of Bar-tailed Godwits Limosa lapponica from Lindisfarne in
spring. After numbers of Godwits dropped the Grey Plovers spread
nearer the tide edge and at times fed in water. At Teesmouth also,
Grey Plovers left areas as Godwits and Curlew Numenius arquata moved
in (Pienkowski 1973, 1980).

Feeding on Notomastus and other thin worms

In Ringed Plovers at low temperatures, the increase in rate of
capture of thin worms with mud temperature (Figs. 6, 7, 20; Table 4)
probably reflects the increasing activity of the worms as temperatures
rise (Fig. 3) and the depressing effect of increased wind may reflect
depression of worm activity by increased drying, reduction of visi-
bility of cues due to increased movements of water in the surface film,
or increased difficulty experienced by the plovers in making rapid
dlrected movement in such condltlons. At higher temperatures feeding
rate declined agaln in spite of contlnulng increase in prey activity
but the mean size of worm taken contlnued to increase and it is likely
that the plovers became more se1ect1ve of larger worms, Curves of
comparable shape were obtained by Hulscher (1976) relating the rate of
taking of cockles Cerastoderma edule by Oystercatchers Haematopus
‘ostralegus to the den61ty of cockles, and by Goss-Custard (1977d)/£e£{
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for the rate of capture of Corophium by Redshanks Tringa totanus to

the density of Corophium.

The estlmated rate of occurrence of outflows in the search area
of Rlnged and Grey Plovers are compared w1th rates of taking thin worms
in Figure 21. As well as show1ng the rates from sites A/B and C/D,
Figure 21 includes an estlmate of the presumed rate at a density of
half that of sites C & D. Thisestimate should be more typical of the whole
of the feeding area on Low Flats as the activity observations were
concentrated at the areas of highest density. The suggested transition
to selection of increased size of worms by Ringed Plovers at about 6°C
coincides with the divergence of feeding rates and outflow rates,
suggesting that below this temperature, the plovers were indeed pecking
at almost‘all outflows. (Note that few outflow observations are avail-
able below 4°C so that the regression may be less applicable there.)

In Grey Plovers, the estimates coincide at about 4°C. The difference
between the numbers of outflows per minute and rate of capture of worms
suggest that the Grey Plovers are generally more selective than Ringed

Plovers in pecking at outflows.

Although estimations of total calorific intake are not accurate
enough for very preecise analysis, the increase in worm size appears to
compensate for the reduction in their rate of capture (Fig. 22).
(Because the calorific value of largest thin worms is probably under-
estimated (see Peper 1) the rate of calorific intake at high tempera-

tures is probably also underestimated slightly.)

At higher temperatures on the Low Flats the rate of taking thin
worms declined with time after high water but mean worm size increased
(Table 4). Possibly some degree of drying of the substrate aids
estimations of the size of worms from the diameter of the holes or of
the outflows of water, if these are the cues used. On the High Flats
both rate of capture of thin worms and mean worm size declined with
t1me after high water, presumably due to drying of the substrate (cf
Fig. 4). This is supported in that onshore winds (which tend to keep
a film of water on the upper flats of HIS) were associated with
increased rate of taking worms. (Note, however, that because of the

method of estimation of rate of capture of thin worms it is possible
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that inclusion of some small prey in thlS estlmate ‘may 1nf1uence the
relatlonshlps- onshore winds also increase the rate of capture of
small prey, p0331b1y by concentrathg small Crustacea into this area.)
The rapid movement of Rlnged Plovers from the High Flats as t1de falls
is probably assoc1ated w1th the depre551on of 1ntake rate there as

well as the exposure of the Low Flats with hlgher worm densities,

For Grey Plovers the rate of capture of thin worms appeared to
be depressed as the rate of taking Arenicola increased. Such a dec-
rease might be expected simply because the long handling times for
Arenicolaq would reduce the effective foraging time for other prey.
However, the reduction in thin worms taken was greater than expected
from this (Fig. 14, P < 0.001 for Low Flats in spring; P < 0.05 for
Low Flats in autumn and winter; not significant in High Flats due to
low frequency of Arenicola taken) and this suggests that in such sit-
uations the plovers were modifying their behaviour to take Arenicola

so that thin worm cues were either not seen or largely ignored.

In such situations, the rate of capture of thin worms would be
expected to decrease even more than indicated by the rate of capture
of Arenicola. This is because, due to the low rate of taking
Arenicola, this prey may not be recorded during many observation cases
When it is the main object of foraging. This would account for the
increase of rate of capture of thin worms in spring on the Low Flats
with falling temperature, rising wind strength and increasing time
after high water as all these lead to decrease of Arenicola activity

and presumably increased attention to thin worms.

In autumn and winter, fewer Arenicola were taken and while the
capture of Arenicola is stillinversely associated with the rate of
capture of thin worms, the relationships between rate of capture of
thin worms and environmental factors correspond more close1§ with

those expected from direct considerations of thin worm behaviour.

Similarly throughout the season on the High Flats, where fewer
Arenicola were taken than in spring on the Low Flats, the rate of
taklng thin worms and the mean worm size generally showed similar

relatlonshlps with env1ronmenta1 conditions as for Grey Plovers in



autumn and winter on the Low Flats and Ringed Plovers in all situations,
but- increased rates of taking Arenicola. still: appeared to depress rate

of taking thin worms.

A comparable gituation in which the number of small prey items
taken by Redshanks was influenced by the density of large worms as well
as of the small prey has been described for Redshank bj Goss=Custard
(1970c, 1977c, 1978). This comparison was based on observations in
different sites or experimental situations, rather than in relation to
variations in temperature-dependent availability as in the present case.
Smith (1975) working on Bar-tailed Godwits at Lindisfarne and Goss-—
Custard (1969) studying Redshanks at the Ythan estuary; NE Scotland,
also detected changes in diet corresponding to temperature effects on
the availability of their prey. Selection for particular prey species
has been suggested for Redshank by Goss-Custard (1977a) but this sel-
ection resulted in maximum biomass or calorific intake per unit time
only when Corophium, the preferred prey, was considered. Corophium was
preferred to the much larger Nereis, and Goss—-Custard suggested that,
in detecting inconspicuous cues by visual means, Redshanks might form
search images limiting the range of cues that were noticed. The appa-
rent selection by Grey Plovers of Arenicola, when these were available,
over small worms fits better expectations based on biomass intake and
this may be a reflection of the ability of a specialised visual for-
ager (Grey Plover) to respond to visual cues, in comparison with the
ability of a more generalised shorebird (Redshank). Indeed, there is
no reason to suppose that specialization on a particular foraging method
necessarily implies specialization on particular types of prey (contra
Baker 1974).

Feeding on small prey

As might be expected from a consideration of prey behaviour
(Fig. 5), the rate of taking small prey by Ringed Plovers on the High
Flats near the small salt marsh increased with increasing temperature
and with decreasing wind force at low temperatures. As for the rate of
capture of thin worms, there was a decline in rate of capture of small
prey at higher temperatures. The conditions during observations did
not allow investigation of prey size for small prey, so any effects of

size selection within this prey category could not be detected. However,
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selection for large thin worms was probably taking place in this feed-
ing situation (see above).. At low temperatures, but not at high, the’
rate of capture of small prey was lower on the rising than on the fall-
ing tide, presumably because of drying of suBstrate. Inspection of
Figure 9 suggests a rising rate just before HW as the tide wetted the
area., At high temperatures, no tidal pattern in rate of préy capture
was found, perhaps because at these temperatures prey activity is above

a 'plateau’ level for maximum rate of taking prey by the plovers.

Most of the amphipods drift to some extent in the water when the
tide is high, Presumably the extent to which they are concentrated up
and/or along the shore depends on the wind direction. One might expect
higher densities to be left after onshore winds and this may be the
explanation of the higher feeding rates near the small salt marsh dur-
ing winds between SE and W. On the North Shore, a narrow channel sep-
arates a N facing shore on the Snook and a S facing shore on the Rig
so that one would not expect a great difference in feeding rate accor-
ding to wind direction and, indeed, none was found (Table 6). However,
the mean rate here was somewhat lower than on the flats during onshore
winds, possibly because, on the latter area, winds concentrate prey

from a wider area at the top of the shore.

The present results contrast with those of Baker & Baker (1973)
who found for several species of waders very few relationships between
pecking rate and air temperature, number of conspecifics and number of
other shorebirds near. The waders they studied included Semipalmated
Plover Charadrius semipalmatus which is closely related to Ringed
Plover. However, the temperatures during their study were much warmer
than in my study. Baker (1974), working on Black-bellied Plover (i.e.
Grey Plover) on autumn and spring migration in Connecticut, found a
weak positive correlation between the proportion of capture attempts
that were successful and temperature, although the temperatures were

again somewhat higher than in the present study.

As in the present study, Townshend (in Evans 1976) also found a
decrease in feeding rate of Grey Plover on Nereis diversicolor at
Teesmouth as wind strength increased, In other studies, strong winds

have been found to cause birds to congregate in sheltered feeding
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sites or stop feeding altogether (Evans 1976, Goss-Custard 1976,

Dugan et ql. in press).

In some situations in the present study, the rate of prey capture, .
particularly of thin worms, decreased with increasing rainfall. This
may have been due to difficulties experienced by birds in distinguish-
ing the impacts of rain drops from prey outflows, difficulties also
experienced by human observers, Goss-Custard (1970a) noted a similar
depression in feeding rate of Redshanks Tringa totanus on Corophium
in rain. He also found that simulated rainfall depressed the number

of Corophium appearing at the surface.

Proximity of other birds

Feeding plovers of both specieé appeared to avoid concentrations
of other shorebirds and after most Bar-tailed Godwits had left in
spring the prey intake rate of Grey Plovers, at least, increased. A
comparable situation occurs for Grey Plovers at Teesmouth (Pienkowski
1973, .1980, Goss-Custard et gl. in prep.). At Ventjager, the
Netherlands, Avocets Recurvirostra avocetta and Black-headed Gulls
Larus ridibundus avoid each other while feeding, and for several species
of shorebird there was evidence that birds avoided high densities of "
conspecifics by moving to less preferred areas when numbers were high
(Zwarts 1974). The latter conclusion was supported by more detailed
evidence for Redshank in the Ythan estuary, Scotland, by Goss—Custard
(1977d) . However, other shorebirds are generally more tolerant than

plovers to high bird densities.

Smith (1975) found that, in the infrequent antagonistic inter-
actions between species during feeding, Grey Plovers were displaced by
Bar-tailed Godwits. It seems likely that high bird densities, by
restricting the area of view, could cause difficulties in the plovers'
normal foraging method, which depends on having a large enough area
available per bird to give a reasonably high frequency of surface
activity within that area,whereas long-billed, tactile foragers can
search a small area profitably by taking prey not only at the surface
(cf Goss—Custard 1976). It is also possible that a high density of
birds impedes the rapid runs normally made by plovers to prey (cf the

suggested mutual interference of movement in feeding Teal Anas crecca
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- Zwarts 1976) .. High numbers of birds may also depress surface activ-
ity of invertebrates as found for Corophium by Goss—Custard (1970a).
Mechanical disturbance or pressure on the substrate surface also appear
to reduce surface activity of Nereis and siphons of Macoma (Goss-
Custard 1970a; pers. obs.). Visual searchers would probably be affec-
ted more by such a reaction of the prey than tactile searchers (cf
Goss—Custard 1970a, Zwarts 1974, Pienkowski 1980). Comparable inter-

and intra-specific avoidance has been described and discussed by Zwarts

Decreased feeding rate of both species of plovers in all condi-
tions tended to be associated with increasing flock-size and increas-
ing distance to nearest neighbour. While it is possible that increas-
ing flock size impedes plover feeding in the same way as the presence
of large numbers of other birds may do, this seems unlikely for two
reasons. First, the flocks are well spaced, and second, the relation-
ship of feeding rate to nearest-neighbour distance is the opposite of
that which an interference hypothesis would suggest. An inverse rela-
tionship between nearest-neighbour distance and feeding rate has been
found for Redshank but only at unusually high densities (Goss-Custard
1976, 1977d). _Also, the closer crowding of plovers would of course
affect all the birds concerned, which is not the case when sandpipers
crowd plovers. Possibly increased flock-size allows greater protection
against birds of prey which are important predators in at least some
situations and which appear to be more successful against solitary
shore-birds than against flocks (Page & Whittaker 1975, Smith 1975, see
also e.g., Davis 1975, Lazarus 1979 and other workers cited there),
Flocking may aid defence after detection of predators by confusion of
predator or by the reduction in the probability that any one individual
bird will be caught (e.g. Hamilton 1971, Vine 1971, Pulliam 1973, Owens
& Goss—-Custard 1976).

An alternative explanation for the 1nverse correlatlons between
feedlng rate and flock-size is that when feedlng rate is low, plovers
concentrate in the best feeding areas. ThlS would be compatible with
theories of social facilitation, local enhancements and flocks acting
as information centres (e.g. Murton 1971a,b, Krebs et aZ. 1972, Ward &

Zahavi 1973). A comparable aggregation on the r1chest feedlng areas by
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Oystercatchers at Strangford Lough, N, Ireland during the winter as
den31t1es of available. cocklesC@rastoderma edule. were reduced (in

thls case by predatlon) has been descrlbed by . 0' Connor & Brown (1977) .
At Lindisfarne in very cold weather Smlth (1975) found a concentration
of Godw1ts at the best feedlng areas (i.e, at the t1de edge), leading
to an increase in agonistic interactions. P0351b1y the correlation
between decrease in feeding rate and increase in nearest neighbour
distance in plovers is the result of the concentration of birds in the
sites of hlghest density of avallable prey, wh11e concurrently leaving
sufficient space for efficient foraging. This could parallel the study
of foraging of Great Blue Herons by Krebs (1974) who also demonstrated
how birds would tend to concentrate in the best feeding areas as the
result of a balance between steady arrival rates and varying departure
rates, the latter influenced by giving-up tlmes (1.e. the time duration

which a bird would wait before moving to a new 51te).

The plovers seem to pack more closely as the distances moved
while foraging decrease (Table 14 and night observatlong Such a com-
promise between the requirements of anti-predator defence and feeding
efficiency has been discussed by Goss—Custard (1970a) and Lazarus (1972).
In the case of the wide search areas of plovers, 1ooser flocks are
required for efficient feeding but these become t1ghter as feeding rates
increase and food is obtained closer to the birds, or at night when

effective foraging range appears to be reduced.

Changes in foraglngAEattern with environmental and flock conditions

The relationships of diet and feedlng rates w1th env1ronmenta1
and flock conditions suggest that in cold and other adverse conditions
the feeding rate of plovers is governed by the activity of the prey
but as conditions become more favourable the birds become more selec~
tlve for larger items and prey types. Plovers may feed more closely
together in areas of high density of ava11ab1e prey. The feedlng areas
exploited and thus the prey types taken may be influenced by the
presence of competing predators which can forage at higher densities.
This general model (summarized in Flgure 23) receives some support from
a con51derat10n of how the birds modify their foraging behav1our accor-

ding to the feed1ng situation,
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Figure 23. Schematic model of the effects of environmental
conditions and the presence of competing species
on plover feeding rates, prey selection and bird
distributions.



On the Low Flats the mean dlstance moved between up pos1t10ns
by Rlnged Plovers did not change with envlronmental cond1t1ons whereas
at hlgh tidal 1evels the dlstance moved 1ncreased w1th changes in
factors assoclated w1th reductlon in prey activity and feedlng rate.
Possibly in such adverse conditions on the ngh Flats, the birds' move-
ments enabled the sampllng of a w1de area to detect concentrations of
mob11e prey where prey distribution varies in a fairly unpredictable

manner from tide to tide.

For Grey Plovers on the Low Flats the mean distance moved between
'ups' increased with those factors which led to’ increased feeding on
Arenicolaq (as opposed to other prey) and, indeed, with the rate of
taking Arenicola This probably results from the greater range from
which the birds may move to take Arenicola: consequently a larger area
will be scanned from one waiting position, leading to a greater dist-
ance to the next vantage point, On the High Flats where fewer
Arenicola were taken, the distance moved increased with decreasing
temperature, possibly for analogous reasons to those suggested for
Ringed Plover, i.e. sampling a wider area. A comparable increase in

distances run between pauses when prey were presumed to be less avail-

able was recorded at Teesmouth by D.J. Townshend (in Evans 1979).

For Ringed Plovers on the Low Flats the mean number of paces
moved to peck at prey generally decreased with those factors leading to
increased pecking rate and prey avarlablllty as might be expected if
the birds tend to take suitable prey nearest them. On the High Flats,
no trend with physical conditions was apparent. If there really is no
trend thls could be due to the short range at which the small prey in
thlS area could be detected or because, in the clumped areas in which

prey do occur, they do so in fairly high numbers.

For Grey Plovers on the Low Flats the dlstance moved to take prey
1ncreased with rate of taklng Arenicola and from winter to spring, both
relatlonshlps probably be1ng due to 1ncreased foraging on Arentcola to
which the birds may move greater dlstances than to other prey. J.N.M,
Sm1th (1975) noticed an 1ncrease in movement to take prey when more
conspicuous artificial-prey was prov1ded experlmentally for Blackbirds

Turdus merula and when grass was cut short, this also increasing
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conspicuousness of prey. Distances moved by Grey Plovers to take thin
worms increased with envirommental factors associated with increased
foraging on Arenicola and distances moved to take small prey increased
with rate of taking Arenicola. This could suggest that such préy are

taken incidentally during foraging primarily for Arenicola.

In several situations for both species, the distances moved to
a new position or the distance moved to take prey increased signifi-
cantly with increasing distance to the nearest other bird of the same
or other species or decreasing flock-size. If, as suggested above,
increased movement is associated with reduced prey availability, and
increased flock-size and nearest neighbour distances with reduced feed-

ing rates, these sorts of relationships would be expected.

The maximum numbers of paces normally moved to take most prey
appear to remain fairly constant in different conditions (Table 16);
about 3 for Ringed Plovers and about 4 for Grey Plovers (although more
when taking Arenicola). This may correspond to the maximum range of
detection or the maximum distance to which the bird can move and catch
the prey while it is still available. These distances also appear to
correspond fairly well (particularly after adding the 1 pace corres-
ponding to the distance reachable without moving farther) to the mean
distances moved to a new waiting position: 4.0 and 5.3 paces for Ringed
Plovers on Low and High Flats respectively, and 5.4 and 7.8 for Crey
Plovers. This suggests that the plovers move on just far enough to
scan a totally new catching area when the viewing position is changed
(see Fig. 19). But in some situations possibly of lower prey density
or availability and lower feeding rates, such as parts of the High
Flats, the birds may move further in their search for prey concentra-

tions.

Table 15 demonstrates that when prey are taken the bird moves less
far to the next waiting position and that the distance moved decreases
with increasing size of prey. This behaviour would be adaptive if prey
distributions were clumped, as indeed they tend to be. Such a reaction
to a high rate of food intake leading to a concentration of feeding
waders on areas of highest food availability was suggested for Redshanks

by Goss-Custard (1970b) but he had no data then to test this. Baker

-



(1974) found that success of a given predation attempt by Black-bellied
Plovers shortened the subsequent distance travelled compared to that
after %232£cessfulvattempts. "J.N.M. Smith (1975) found that Blackbirds
Turdus [and Song Thrushes T, philomelos altered their foraging path
~after capturing an earthworm or artificial prey (each of whose disper-
sions were aggregated) to concentrate their activity in the vicinity.
This also applied to randomly but not regularly spaced artificial prey.

Krebs (1973) gives further examples of "area-restricted" searching.

Generally the waiting time before taking prey increased with
decreasing size of prey.. This is at first sight surprising in that,
for example, in both Grey Plover feeding areas, cues for Arenicola
tended to be less frequent than those for thin worms, and the feeding
rate on Arenicola was less than for thin worms, Similarly, for Ringed
Plovers on the High Flats, cues for small prey were more frequent than
those for worms and, on the Low Flats, cues for small thin worms
(which are included in small pfey in this comparison) were more frequent
than those for larger thin worms. In both areas the feeding rate on
visible thin worms (those for which waiting time is allocated to worms)
was less than the feeding rate on small prey. This apparently anomalous
result could be éccounted for if, in a given waiting period, the plover
initially tends to ignore cues of small prey but becomes progressively
more ready to react to them. For example, a Grey Plover is initially
responsive mainly to Arenicola cues but becomes progressively more
responsive to thin worms (probably first large ones and later increas-
ingly smaller ones) and later increasingly to small prey. Finally the
bird becomes increasingly liable to give-up, the giving-up time being

slightly longer than the waiting time for small prey.

An alternative strategy of responding to the first cue seen would
result in small common prey forming the diet and larger prey rarely
contributing. By allowing time for large prey to appear but being pro-
gressively more ready to take smaller prey, some intake is likely,
larger intake if available is allowed for and the sampling of as many
areas as possible results, Because the small handling time of small
prey involves very little extra time over that simply to move site
(Table 8) taking a small prey does not involve much 'cost' in foraging

time.

166



167

The tendency for waiting and giving—-up times to.be correlated .
(Table 10) suggests a strategy rapidly flexible in relation to local
conditions, possibly analpgous to the rapid appearance of selection of
preferred prey size by Redshanks in an experimental situation (Goss-—
Custard 1970c).

In Ringed Plovers, both giving-up and waiting times tended to
decrease with increasing temperatures to about 4 - 6°C and then increase
again. This probably corresponded to the increased availability of
prey and the suggested increased selection of larger worms discussed
above, On the High Flats 'up' times of Grey Plovers also increase with
increasing temperature and increased rate of taking Arenicola, prob=-
ably the result of increased foraging on Arenicola. In some situations
for both species of predators, the waiting times increased with wind-
force, presumably the result of increased difficulty in foraging.

Little consistent pattern was apparent in the relationships with rain-

fall or cloud cover,

In Ringed Plovers, waiting times tended to increase later -after
high water, presumably as areas dried out and prey became less avail-
able. In Grey Plovers on the Low Flats the reverse tendency showed,
possibly as the birds transferred their attention from Arenicola to

thin worms as the former became less available.

Little consistent variation was indicated in relation to flock-

size or nearest-neighbour distance.

The rate of occurrence of 'downs' appeared to be associated with
conditions leading to the increased selection of large thin worms:
increased temperature, decreased wind force, increased flock size,
decreased nearest—-neighbour distance and, in Grey Plover, later in the
tide and decreased rate of taking Arenicola. The capture of an
Arenicola was less likely to be preceded by a 'down' than was the

taking of a thin worm.

The present results have some similarities to those discussed by
Krebs & Cowie (1976) in relation to the model of Charnov (1976) except

that, in the present case, rather than monitoring depletion the bird
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should be assessing the probability of activity in non-randomly dis-
persed prey in the search area., The earlier experiments by Krebs et
al. (1974) in which prey depletion was not incorporated are therefore
more similar to the present field situation. Like thé Black-capped

Chickadees Parus atricapillus in that study where the reciprocal of -

giving-up times were closely related to the capture rate, the giving-
up times and waiting times of the plovers at Lindisfarne were correl-

ated,

The situation where there is negligible depreciation during a
particular feeding period and wheré changes in préy availability are
largely independent of the predator's activity, as usually applies in
the present study, has also been studied in the field by Davies (1977)
working on Spotted Flycatchers, another predator foraging in a basically
sit-and-wait manner., Davies showed that the probability that a bird
will return to the same perch is negatively related to the waiting time
before the last capture. This has parallels with the patterns of
giving-up time and distance moved in relation to prey taken in the
present study in that plovers move fartﬁer aftér taking no prey or small
items than after capturing lafger ones, and waiting time is inversely

related to the size of préy taken,

Noctufnal foraging and senses used

It has frequently been supposed that, whén feeding at night,
plovers are at a considerable disadvantagé whén compared to other waders
which appear to rely mainly on tactile location of prey in darkness
(e.ge Goss-Custard 1970a, Hulscher 1976) ., Hulscher found that, although
foraging methods of OystercatChérs changed from daylight to darkness,
the rate of biomass intake did not - but the average emergy costs of
each foraging method are unknown, hénce the relative rates of net intake
in the two situations are unknown. Plovers have commonly been noted in
the feeding areas during darkness and observations at Lindisfarne using'
night-viewing apparatus showed that they were able to feed even on
overcast and moonless nights, either by utilising the very low light
intensities available or by detecting their prey by sound. It is also
possible that plovers detect prey tactilely using their feet but this
is unlikely as prey were rarely taken from the immediate vicinity of
the feet, where they were presumably hidden to the birds' sight by

their bodies.
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Perry (1945) con51dered that plovers at Llndlsfarne foraged by
hearlng but hlS 0p1n10n was based only on the b1rds stances. Several
authors have assumed acoustic ab111t1es by foraglng plovers (see
review by Lange 1968) and Fallet (1962) presented some evidence that
Golden Plovers in capt1v1ty could locate prey by hear1ng, She sugges-
ted that the two pauses ( = up, (run), down, (run), before peck) enable
this to be done. However, in many situations, as in the present study,
'downs' were infrequent. The fact that they were particularly so at
night (Tables 21, 22) when one would expect maximum use of acoustic
prey location suggests that these are not auditory aids. The latter
view is supported by Burton (1974) who saw 'down' positioning used by
the White~tailed Lapwing or Plover Vanellus leucurus in Iran. As the
bird was hunting prey submerged under water, it would hardly have used

auditory cues,

Lange (1968) and earlier authors suggest that because plovers
somettmes turn to take prey from behind them, this is evidence of
acoustic detection, as such prey positions are outside the range of
vision of plovers. However, the present study demonstrates that pecks
behind are rare (Fig. 18). In any case, the large eyes of plovers
placed at about the widest part of the head give almost all-round
vision, and the tapering of the front of the head towards the bill

allows additionally good binocular vision forwards.

However, Lange (1968), although conceding the importance of
visual foraging, presented experimental evidence of acoustic detection
‘of prey by a wide range of captive waders including several specles of
plovers. The evidence that plovers in cages could detect large, noisy
prey, earthworms Lumbricidae and mealworm Tenebrio larvae, by auditory
means does ‘not show that in field 31tuatlons they normally use or are
able to use such a technique on the smaller prey being taken thereo
Heppner (1965), worklng on the American RObln Turdus ngratortus

wh1ch forages in a manner 51m11ar to plovers, concluded that earthworms
were located only by Vlsual means . In varlous experlments he found
ev1dence for visual search1ng, but none support1ng auditory or olfactory
detectlono In partlcular the rate of capture of earthworms was not
affected by the presence of hlgh-lnten51ty wh1te noise and the back-

ground n013e in the normal situation masked the low 1nten31ty of sounds
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made by burrowing earthworms . 'Prospects for audible“detection of the
smaller worms and other prey on ‘open shorés with abackgroundof wind
and wave noise thus appear unpromlslng, p0531b1y except for very n01sy
prey, such as Tglitrus., on calm nights away from the t1de edge (see
also Evans 1976).

Whether or not audlble cues are used, it appeared that pecking
rate was depressed on dark nlghts but perhaps not on light ones, so
that nocturnal feeding appears less rewardlng. ‘When feeding at night,
the distance moved'to take prey tended to be shorter and the percentage
of prey items taken without taking paces increased, This was so even
when overall pecking rate was not depressed, and it suggests that the
range of prey detection was depressed and p0551b1y that the birds ‘were
less selective as to the types of prey taken. The rate of occurrence
of 'downs was also depressed at night suggesting fewer loung-distance
detections of suitable prey. Waiting time tended to increase, possibly
because fewer prey were detected per unit time, but in Grey Plover
giving-up time did not., Possibly this was related to the tighter flock
structure observed at night, the birds surveying the area as a flock
rather than as 1nd1v1duals. Presumably the shorter potential range of
prey detectlon in darkness allowed the closer flock formation, since
in daylight also shorter d1stances moved to prey were associated with

closer proximity of other birds.

vAlthough nocturnal foraging appears to present more difficulties
than daylight feeding, and plovers and other birds appear to avoid it
when it is possible to obtain their requirements by day, energetic
considerations (Paper 1) cleerly indicate that a great deal of feeding
by night must occur in winter, Possibly, other factors may compensate
for 11m1tat10ns in the range of prey detection, Among these may be

1ncreased prey -activity.

in terrestrlal 51tuat10ns, earthworms tend to be more active on
the surface at nlght than by day (e g. Buchsbaum 1951), and this may

be the reason for the h1gh degree of nocturna] foraging noted in Lap~-
wings Vanellus vaneZZus Golden PloversPZuvtaZts aprtcarta , and Snipe

Gallinago, gallmago(eog° Burton 1974) The defaecatlon rate of

Avenicola. at night has not been 1nvest1gated. Grey Plovers were not
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seen to take. Arenzeobzdurlng n1ght observatlons although any taken
Would probably have .been v131b1e° probably reasonably large detect1on
ranges are needed for effectlve feed1ng on Arentcola above the t1de

edge because ot the low den51ty of avallable pPreye (Indeed Smith

(1975) did not see Godwits taklngArentcobz at nlght although the
tak1ng of a Nereis was seene) The activity of Notomastus as indicated
by outflows from holes appeared to be similar by day and night but the
emergence of PhyZZodoce, a worm of approximately similar size, apparently
to feed for extended per1ods on surface organlsms was far more common
at nlght and in some 1nstances the prey taken apparently caused sec—
tions of these worms to become luminous, It seems likely that the
plovers may have added these worms to the1r diet at night, Vader (1964)
also found that Phyllodoce and some other intertidal errant polychaetes
appeared on the surface more at night than by day. Finally, it is well
established that many Crustacea of intertidal flats, e.g. Eurydtce
(Jones & Naylor 1970), Bathyporeia (e.g. Fincham 1970a,b, Preece 1971),
Talitrus (é,g, Ceppetti & Tongiorgi 1967, present study) are more
active by night than by day.

Presumably concentration of activity into the hours of darkness
by such shore invertebrates is an anti-predator adaptation (although
Eltringham (1971) considered avoidance of harmful ultra-violet and
infra-red radiation as the main cause). Although the tendency to noc-
turnal activity of invertebrates is usually attributed to an adaptation
against fish or marine invertebrate predatots,.behavioural studiesehave
shown that many 1ntert1dal invertebrates are able to distinguish between
when the tide is in and when it is out, so that some other adaptation
is likely in the latter situation. It is, therefore, likely that the
avoidance of emergence and activity in daylight around low water is an
adaptatlon to the 'terrestrlal' element among the
predators, and birds are the main component of this (see also Naylor
(1958) and Kitching & Ebling (1967)foractivity rhythms of and gull preda-

tion-on Carcinus, other crabs and starfish).

It is possible that plovers, rather than being at a particular
disadvantage at night as compared with sandpipers, are in some ways
pre—adapted to nocturnal feeding. The Charadriidae are mainly a low

latitude family, many of which forage in semi-desert conditions. In
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such habitats most potential prey are . active only at night, bécausé of
the héating énd déséicating efféct in dayligﬁt'as well as predation,
and many plovers feed by night as well as by day (e.g.

Thomson 1964). The large eyes of plovers are probably an adaptationm to

visual foraging, and possibly nocturnal foraging in particﬁlar,

Plover: and sandpiper strategies

In the non-breeding season, the behaviour of a bird should be
adapted to survival when times are hard. For intertidal waders their
behaviours should ensure that they can obtain adequate food supplies
when prey are hard to come by: at low activities, deep in the substrate
or at low densities. In 1977, I put forward a simple model contrasting
the way in which visual sit-and-wait predators, 'plovers', and tactile
searchers, 'sandpipers', tackle these problems (Pienkowski 1980)., With
the further information now available in this and Paper 1, it is pos-
sible to develop this model, although, because of the large number of

estimations and assumptions required, it remains highly speculative,

The estimated daily energy requirements for Dunlin, Ringed and
Grey Plovers and Bar-tailed Godwits are given in Tablé 23, The factor
x BMR for each species is the best currently available. All fall
between 3;5 and. 5. Changing the value for any species within this
range would affect the absolute values of requirements estimated below
but would not alter the general pattern., Ratios of night feeding rate
to daylight feeding rate are also given, based on the following infor-
mation., The ratio for plovers is based on Tables 21 & 22 and may be
'pessimistic' from a plover's point of view, It is assumed that tac-
tile foraging of sandpipers is unaffected by light levels, so that
feeding rates are similar by day and by night., This received some
support from Hulscher (1976) but is probably slightly optimistic.
Because of this difference in ratio of night : day feeding rate between
plovers and sandpipers, in mid-winter (when hours of darkness are long-
est and conditions therefore most difficult for feeding)? in a situa-
tion where feeding for all the time when flats are uncovered is required,
plovers should seek to obtain half of their daily food requirement in
daylight and half in darkness, whereas sandpipers feeding only by touch
(a condition never fully realized) could spread their daily intake

uniformly throughout the hours of daylight and darkness, thereby
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acquiring 2/3 of their total intake at night. The hours per day avail-
aﬁle for feeding in spring in spring and neap tidal situations différ
and are based on the data for plovers in Figure 8 of Paper 1. This
assessment of potential feeding time may be a slight over-estimate for
the sandpipers (see Smith 1975). Required calorific intakes per minute
can then be calculated (Table 23), Estimations of worm length indicated
that at low temperatures the mean sizes of worms taken by both plover
species were about } x bill-height. The average calorific values of
such worms were, respectively, 6.45 cal for Ringed Plovers (this figure
is used also for Dunlins) and 7.34 cal for Grey Plovers(used aiso for
Godwits) (Paper 1). Thus the energy requirements can be expressed in
terms of numbers of } bill-height worm-units per minute (Table 23).

For the two smaller waders, the numbers of small Crustacea equivalent
to the required calorific intakes are also given in Table 23, based on

2.2 cal/animal (Paper 1).

Several studies have indicated that waders can buffer short-
term shortages of resources by depositing fat and protein reserves
(Evans & Smith 1975, Dick & Pienkowski 1979, Pienkowski et al. 1979,
Davidson 1979), Thus, on the assumption that a small surplus food
intake during neap tides buffers asmélidéficitduringspringtides,nwan

spring/neap values of requirements are used below and in Figures 24 & 25.

Figure 24 shows the requirement levels in terms of } bill-height
worms for Grey Plovers and Godwits. Also shown are the estimated
numbers of outflows per minute within a Grey Plover's search area in
relation to demsity of worms for several different temperatures. These
estimates are obtained from the mean of Figures 3 (a) & (b). Also
shown are the estimated number of thin worms detectable per minute by
Godwits. This is based on a search area of 9 m? per minute (Smith
1975), 507 of worms within detectable depth (Smith 1975, present paper)
and 17 of such worms in this search area being detectable and catch-
able by godwits, This last value is a maximum justified by Pienkowski
(1980): in an examination of Smith's. (1975) results, the proportion
detected and catchable did not reach this figure even when the godwits
were clearly feeding on thin worms as fast as they could. Figure 26
summarizes the data on estimated minimum acceptable prey densities in

Figure 24.
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Model of minimum acceptable prey densities for various shore-
birds on Holy Island Sands in relation to temperature.
Based on Figures 24 & 25

Estimated minimum acceptable densities of thin worms (mainly
Notomastus) for Ringed Plover (RP), Dunlin (D) and Bar-tailed
Godwit (G)

-— ~— —Estimated minimum acceptable densities of small crustacea.
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Variation in energetic requirements with temperature not included.
Dunlin and Bar-tailed Godwit should show some temperature effects

because of variations of depth distribution and detectability
with temperature but these are far smaller than the variations
in surface activities relevant to plover foraging.
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It is clear from Figures 24 & 26 that at low temperatures,
because of low prey availability, Grey Plovers require to feed in areas
of high densities of prey. (Indeed, the situation of the birds is
probably even worse as Figure 24 ignores the higher energy requirements
of birds at lower temperatures.) At 4% (at which temperature very few
Arenicolq are taken) a minimum density of about 1200 thin worms /m? is
required. As can be seen from Figures 2 & 3 of Paper 1, such densities
are restricted to a few small areas at Lindisfarne and this may account
for the relatively large flocks on these (the main study areas) in
adverse conditions, Tactile foraging Godwits can utilize lower densi-
ties of worms at such temperatures but, because worm depth is less
sensitive to temperature than worm activity, a rise in temperature has
less effect on the feeding rates on thin worms by godwits than by plovers
even if all worms come within depth reach (as indicated in Figure 24),
At high temperatures, Grey Plovers can utilize much lower densities
than godwits but, of course, other prey may also be available then. The
presence of any food such as Arenicola which gives a high net energy
intake per unit time allows lower acceptable densities of alternative
prey (thin worms) for the rest of the available feeding time,

Arenicola differ f;oh thin worms in that when lylng in the
galleries of their burrows they are out of reach of godwits., If they
are within reach, they are also moving to or from the surface. In such
a situation any worm available to a tactile forager is usually available
(albeit for a shorter time) also to a visual forager which has the adv-
antage of longer detection fénge} Thus both Godwits and Grey Plovers
use visual searching while feeding on these. Although Godwits appear
to be able to feed at high density and to exclude Grey Plovers the tide
edge, it is possible that the plovers' higher speed of movement makes
them better able to exploit the lower frequency of activity of Arenicola

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 m?/min, and estimates
of detectability and catchability factors similar to those of Godwit
were based on examination of ciné-film of Dunlins feeding in the same
area as Ringed Plovers, At low temperatures, Ringed Plovers require

similarly high densities of worms as Grey Plovers, but Dunlins are able
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to utilize much lower densities. In increasingly waim conditions,
Ringed Plovers are able to exploit progressively lower densities of
prey. This is important on the High Flats 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
fact, on the High Flats, Dunlins normally fed by a largely visual
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 mooniight (pers. obs.). On two occasions a similar
unexpected stop-run-peck feeding method was observed, only at night,
in Redshank at Teesmouth in a site receiving some illumination from
road lamps (Pienkowski 1973). For Dunlin and Redshank, which usually
feed chiefly by touch, this change to apparently visual feeding at
night when the range of vision is presumably less than by day (see
above for evidence of this in plovers) seemed anomalous. Presumably,
the reason for the change was the increased surface aétivity at night
of various prey discussed above. With some light from the moon or
street lamps, the sandpipers were presumably able to exploit the

change of prey behaviour in a few situations,

The tactile foraging sandpipers thus appear to be better adap-
ted to colder climates than are plovers although the latter 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 is reflected in the distributions of the
two types of species in the non-breeding seasons (Pienkowski 1980).
Plovers tend to occur at lower latitudes, where in winter the longer

daylight period in every 24 hours will also be to their advantage,




SUMMARY .

The effects of envirommental 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,
Plovers forage by an apparently visual searching technique, scanning

an area while standing still before runmning to peck at prey.

The intertidal invertebrates Arenicola, Notomastus,Bathyporeia
and Eurydice increased their surface activity in relation to variations
in envirommental conditions, particularly warmer temperatures. The
plovers detected and caught prey by exploiting the brief periods of
surface activity. As prey became more available, the numbers of prey
taken per minute increased at first, but at higher temperatures, rates
of capture of smaller prey decreased as larger items were selected.
When activity of surface-living small Crustacea was low, Ringed Plovers
used foot-vibration to stimulate movement of these animals, making

them visible,

A simple model to describe the fofaging behaviour of plovers is
proposed. Plovers appeared to select large prey in suitable conditions
by being less responsive to cues of small prey at the start of each
waiting period but progressively became more ready to take smaller prey
before eventually giving-up and moving to a new waiting site. The birds
tended to concentrate their activity on clumps of high density of avail-

able prey by moving less far after taking large prey than small or no
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prey. When no prey was taken after a wait, the bird moved on sufficiently

‘far to scan a new area, or farther in areas of low density, highly

clumped prey.

The plovers tended to feed as close to each other as compatible
without interfering with each other's foraging and gathered together on
the areas of highest prey density when adverse environmental conditions
caused lowest prey availability. An attempt is made to predict the
minimum densities of prey required for energy balance in various condi-
tions and to compare the foraging strategies of visually-foraging
plovers and tactilely-foraging sandpipers. The presence of other

shore-birds foraging tactilely and thereby tolerant of high densities,
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caused plovers to move to other (less favourable) feeding areas.

In addition to feeding by day, plovers also forage at night, and
this is discussed in relation to visual foraging and the increased

activity of some intertidal invertebrates at night.
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Paper 3, Development of feeding and foraging behaviours in young

Ringéd Plovers Charadrius hiaticulq, and their relationship

to growth and survival to reproductive age

INTRODUCTION

Shorebirds have become popular subjécts for study in recent years,
partly because of the increasing threats to their wintering areas and
partly because of their convenience for observation while feeding on
relatively simple prey communities. Unfortunately for such studies, in
the breeding season most species become highly cryptic, particularly
near the nest and with young, Observations on the behaviour and feed-
ing (and even presence) of the latter are generally difficult to obtain
(e.g. Holmes 1966, Harris 1967, Lack 1968, Nettleship 1973, Prater
1974, Ratcliffe 1976, Soikelli 1970b)° Detailed studies are lacking,
except for the Oystercatcher Haematopus ostralegus which is atypical of
waders in that adults feed the young (Buxton 1939, Tinbergen & Norton-
Griffiths 1964, Lind 1965, Norton-Griffiths 1967, Heppleston 1972),

Ringed Plovers breed in 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 in the breeding‘season. This
paper reports studies on the behaviour, feeding, growth and survival
of young Ringed Plovers in the northern part of their range in NE
Greenland in 1974 and near the southern limits at Lindisfarne, North-
umberland in 1973 to 1976, The study at Lindisfarne also continues to

consider.post—fledging and later survival, dispersal, and recruitment,

The aim of this study was to investigate feeding and foraging
behaviour of chicks in relation to age, area, season and envirommental
conditions and to see how changes in these affected growth rates and
survival., It will be shown that in each main study area growth rates
were remarkably similar in a wide range of situations and that feeding
conditions did not normally affect growth or survival of Ringed Plover
chicks at high or low latitudes, It{is also concluded, however, that
feeding ability may become important.in late autumn on the wintering

grounds.
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STUDY AREAS

Scoresby Land

Observations wéré-madé néar Méstérsvig Govérnment Station,
Scoresby Land, NE Greenland (72°14' N, 23°55' W) during the Joint
Biological Expedition to North East Greenland 1974, We were present
in the area from 25 June to 16 August. The first young hatched on 24
July and the first fledged just before our departure. Some additional,
less detailed, observations obtained by other members of the Expedition
in other valleys in Scoresby Land (where times of the breeding season

differéd - Green, Greenwood & Lloyd 1977) are also incorporated.

The detailed study area around Mestersvig station (Figs. 1, 2)
was mainly 'river-bed' shingle and sparse tundra heath (i.e. 30-607
covéred by vascular plants; organic crust of lichen covering ground
between heath plants; some disturbance by frost heaving — see Green
et al. 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 less than 107 by late July. Generally a damp zone was
formed in tha latest areas from which snow had melted and also in small
pools and streams. The shore of the small inlet, Noret,‘was ice covered
until mid-July, after which melt run off and slight tidal movement gave
rise to another damp zone there. Some of the other areas visited in
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 (55040' N, 1%50" W)

and adjacent parts of the Northumberland coast (Figs. 1 & 3) took place
from 1973 to 1976. 1In 1973 only occasional visits were made to obtain
information on distribution and to colour-ring the young. More detailed
work was undertaken in early 1974 and throughout 1975 and 1976, After

mid-June 1974, in 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 intertidal area. In

other parts of the Reserve, some muddy areas were included, as well as
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Figure 3. The study area at Lindisfarne National
Nature Reserve.

high water mark of spring tides
«evonss low water mark of spring tides

Territories of Ringed Plovers in 1974 BUDLE
(1975 & 76 fairly similar, see Paper 4)

=== Brood feeding areas of some example cases
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exposed sandy beaches with pronounced strand lines but little inter-—

tidal feeding area.
METHODS

Birds were watched using a tripod-mounted 15-60x telescope, at
Lindisfarne usualiy from a hide on dunes adjacént to the shore or from
a car, but at Mestersvig, where the plover family parties tended to
range more widely, by an observer standing in the open and moving when
necessary, but keeping sufficiently distant so as not to cause distur-
bance, In'Greenland, family parties were ﬁsually watched for 24 h
periods, 2400 to 0600 and 1200 to 1800 normally being covered by myself
and 0600 to 1200 and 1800 to 2400 by another observer, usually D.I.
North, Time of day is given as GMT (which is used locally, although
solar midnight occurs at 0136). At this time of year the sun did not
drop below the horizon although it was 1oﬁer in the sky and in some
situations hidden by hills around midnight and "nights' tended to be
considerably cooler than 'days' (see below). At Lindisfarne, only one
observer was normally available and watches either coVeréd‘the'whdle
daylight period or.different parts of this were covered on adjacent
days. Although at this latitude in the summer the short nights are

not very dark, it was not usually possible to watch‘family.ﬁéfties
vduring fhe‘night, although some observations were made in 1976 using an
image intensifier,‘-Observatiéns later in the night and early morning
were patticularly difficult to obtain because of the problems of locat-
ing the brood in the dark and poor light, Mist was fairly common in
‘the early morning. (Sbmé extra oEservatiéns made by Miss S, Jones,
Miss S, Pankiﬁson, P. Snell, F.W. Purnell and Miss S. Dick conducting
undergraduate projects under my direction are also utilised.) Timeé
were recorded as British Summer (or Standard) Time, midnight occurring. 
at about 0108, so that times in the two areas are roughly comparable.
Observations were recorded either in a notebook or dictated into a

tape-recorder and transcribed later.

Prey was identified where possible from visual observations and
examination of potential prey types in the areas the birds were feed-
ing: usually the possible range was very limited. Pecking rates in

Greenland were measured using a stopwatch. The numbers of identifiable
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1tems also be1ng noted., In Northumberland, pecklng rates ‘were measured
both by thlS method and by u81ng a contlnuously running tape—recorder
to record addltlonally tlmes for each foraging behaviour- and dlstances
moved, as described in Paper 2. Checks of the re11ab111ty and va11d1ty
of these methods of describing prey and foraging behaviour of adults
and chicks were carried out using ciné-film as described in Papers 1 &
2 for adult birds, with similar resuits, On a .chick aged about 1 week
at least. 897 of pecks resulted in an item being taken but suitable

short—range ciné-film was not available for younger chicks,

During each observation period note was kept of weather condi-
tions, including air temperature at ground level, wind force and direc-
tion and rainfall and, in Greenland, these were supplemented by records

at the meterological station, which was within the. study area.:

At both study areas, as many chicks and adults as p0331b1e
(generally including all families studled in detail) were marked w1th
comblnatlons of colour rlngs, unique to each individual, Later rlnglng
and observatlons of rlnged birds at Lindisfarne by P.A. Snell, PsR..
Evans and L,R. Goodyer . are also 1ncorporated where appropriate. Chicks
were weighed at' capture and‘attempts were made to recapture them later
(not more frequently than about 1. week between captures) to estimate

rate>of weight gain,
RESULTS

Dates of hatching, growth rates and fledging'pefiodS3

The three broods studied in detail in NE Greenland hatched on
24=25, 27 and 28 July, this probabiy being fairly late for the afea in
general but not for the immediate Mestersvig area in 1974, a late
season (see Green et aZ 1977, and Fig. 4) Hatching dates at Lindis-
farne in 1975 and 1976, the two years of full coverage throughout the

season are given in Figure 5,

After hatching and drying Ringed Plovers are about 137 of adult
weight, Greenlandic young being slightly smaller than Northumbrian ones
in absolute terms but slightly larger relative.to adult weight (Table
1), Weights remain constant or normally fall slightly during the first
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TABLE .1.. 'MEAN NEIGHTS (9} OF RINGED PLOVERS IN NE ENGLAND AND NE

GREENLAND

Breeding males

Breeding females

Young at hatching

Mean weight of hatching
young as percentage

of weights of adult:
male

female

15

24

LINDISFARNE

%

67.9

8.5

12.6%
12.0%

15
12
27

SCORESBY LAND

X ‘S¢€e

59,1 0,68
611  1.33
8.0  0.09
13.6%
13.24



day (as documented for Dunlin Calidris alping by Soikelli 1967), and
then increese at a fairly steady rate of about 2. 5 g/day from 2-3 days
old throughout most of the pre—fledglng perlod (Flg. 6). At Lindis-
farne, from 3 days old onwards, welght is related to agevby the regres-

81on equatlon'

Weight (g) = 1.5 + 2.49 x days (n = 35, r = 0.95, r2 = 0,90).
If weights‘frOm day 0 are included, this becomes:
Weight (g) = 6.7 + 2.06 x days (n = 81, r = 0,95, r2 = 0.91)

The smaller sample of 13 weights of birds at Mestersvig gives a fairly
similar line: :
Weight (g) = 7.6 + 1,92 x days (r = 0.97, r2 = 0.95).

Growth rates at Lindisfarne can also be calculated from chicks
caught more than once, including birds of both known and unknown age.
(Fig,f7). A regression of-weight‘increase on timeﬁhetween captures
for birds not caught inbthe.first_day after hatching"giVes:QA.

Weight (g) = 2.0 + 1.77 x days (n = 22, t = 0.87, 2 = 0.76).
Inclusidn of birds caught_soon'after hatching changes this tos
Weight (g) = =0, 6 + 1,93 x days (n.=35, r = 0,89, r = 0,79),

the negatlve 1ntercept resultlng from the low, welght increases in the
flrst days after hatchlng. The general similarity of  these growth
rates calculated from retraps to those of blrds of known age supports
the 1nd1cat10n of fairly 11near growth rate throughout the pre-
fledglng perlod after the f1rst few days.‘ A few data on growth rates
obtained from retraps 1n Cumbrla by J. Sheldon (tn Zztt.) also approx—
1mate to thlS rate (Flg. 7), as do some from N. Norway (M1ss C.M,
Lessells pers. comm ) Ulst Outer Hebrldes (W11son 1978 & tn Zztt )

and mean welghts at known ages in Estonia (Keskpalk et al, .1970),

As illustrated in Flgure 8, there was no indication of a seasonal
trend in growth rates which were very similar for all individuals in
Greenland and in Britain in all years. Wilson (1978),working on the
machair of South Uist, suggests that chicks hatched on grass grow more
slowly than those on olough but, although the regression coefficients
were 1,37 and 1082'resoective1y, the difference was not statistically

significant,

Dates of first flights for broods are also indicated in Figure 6,
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These were 20 and 21 days at.Mestersvig and 19 (or less) and 23 days
at L1ndlsfarne with some further maximum values of 25, 26 and 26 days
at the latter site. These maximum flgures arise from cases in which
the chicks were suépected of be1ng capable of flight for some time
before this was observed.: It_seems that chicks may avoid flight
(which is energetically expensive, presumably especially so if feathers
are not fully grown and the bird inexperienced) even when capable of
short flights unless there is a need to escape from a potential pred-
ator, Flgure 6 suggests that fledging occurs at about 55-60 g. This
c01nc1des with the mean weight of juvenile Ringed. Plovers caught at
the Wash, E, England throughout the months July to September (McGregor
’& Jones ' 1979),

Detailed studies of the development of body organs were not -
made, alfhough a few dead chiek3~were examined., Thoee parts of the
body associated with eelf-feeding were large and,well'developed at
hatching, these including legs, eyes, bill, gizzard, intestine and
liver. Body plumage was already present and developed rapidly. Back
plumage was cryptic and also apparently adapted to absorb radiént
heat (Keskpaik et al. 1970), Flight feathers and pectoral muscles
developed late, W1ng feathers (a110w1ng flutterlng escape fllght)
preced1ng tail feathers. This 1s‘as would be expected from the life
style of the precocial self-feedlng young and mdy be compered with»the

detailed studies of altricial passerines (e.g. O'Connor 1977 ),

Feeding areas and range

The*feeding rahges of Ringed Plover broods at Mestersvig and
Lindisferne are shown in relatien to eerlier'season territories in
Figures 2 & 3. At Ehe Snook.énﬂ some other parts of the reserve at
Lindisfarne, there was a tendehcy for broods to remain within terri-
tories, adjacent territories usually remaining occupied as other paite
made replacement or occasionally second nesting attempts during the_
long breeding season. Territorial behaviour was maintained in such
situations. In some other parts of the reserve, notably the exposed
sea beaches without rich intertidal feeding areas, the families often

moved some way, especially after the young were a few days old.

At Mestersvig, territoriee broke down around hatching time and
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those birds whlch_had 1ost their nests did not attempt to renest:
(although some may have done 80 elsewhere in Scoresby Land where the
season was earller) Famlly partles ranged widely but av01ded other
family parties, The b1rds tended to move to damp areas, including
the shore, although for many Ringed Plovere in this area, the shore is

probably too far from the nesting area for this to be practicable,

Activity patterns

At both Mestersvig and Lindisfarne there was normally a spread
of several hours between the hatching of first‘and last:chicks. About
half a day seemed typical but shorter and longer_ inter\.rals were esti-
mated. The brooding adult flew away with the.larger egg shell frag-
ments. After drying, chicks often left the nest scrape. for short
periods while the parent was off the nest but were usually recalled by
the returning,adult.,-Chicks were led from the neet within a few hours
of hatching, one family party in Greenland moting 500 m in less than
24 h after hatching. lln all three families watched in Greenland, the
early hatching chicks left before the later ones so that the brood was
divided into two or.three groups for a time. Separation of‘chicks ‘
ranged from five to nearly 500 m. . This clearly caused problems, as
chicks only ‘a few hours old requlred ‘frequent brooding and could Walk
only a few metres between_broodlng periods. ‘Similar behaviour was
observed at Lindisfarne, except that the birds did not move very far,

normally remaining in the small territories and near the nest,

The chicks began pecking almost as soon as they left the nest but
at-a very low rate (see below). Feeding behaviour, which developed
rapidly, was mainly the run-stop-peck type of movement typical of
plovers (see Paper 2) but during rapid feeding on abundant small prey,

particularly in Greenland, the 'run' element was almost eliminated.

After the chicks left the nest scrape, the parents generally took
turns to brood or be in immediate attendance on the chicks, brooding
being shared fairly equally between mele and female (Table 2). The
possible lesser share of brooding by males at Lindisfarne may be due to
the maintenance of territorial behaviour throughout the season here, as
the male tended to perform more of this. The greater proportion of
incubation by the male at Mestersvig may not be typical as most of the

information comes from one family, which the female left shortly before



TABLE 2. SHARES OF BROODING BY THE TWO SEXES

Sité/territory

Mestersvig
98MG004
98MG004
98MG004
98MG003
98MG004

Lindisfarne

N Shore G 1974
N Shore G 1974
N Shore H 1975
Snook End 1976

The.figdres bn any particular day may be biased by the timing of the
observations in relation to the shifts of the birds and because the
sex of the brooding bird could not always be determined.

Age of chicks
(days)

N
10
17

10

Observéd minutes
of brooding by:

d

252
357
140
286

89

115
185
106
142

Q

377

95
70

78

149
338
169
137

% of brooding
by o

43
79
76
79
100

44
35
39
51

203
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the _young fledged ' The off-duty bird fed rested. or stood guard'
some’ distance away but w1th1n 81ght of the brood (usually 1ess than
100 m). - It was usually the flrst of the pait ‘to give alarm calls and
distraction displays when potentlal predators approached, The adults
fed mostly when ‘off-duty', rather than when attending the chicks. In
a few cases both in Greenlend and Northumberland one or other parent
(of either sex) left the brood a few days before fledging (but well
after the end of the period in which brooding occurs frequently - see
below).

At Mestersvig, each pair made only one nesting attempt, territories
breaking down early and failed birds leaving well before those with
young. Some failed birds'atvMestersvig remained in the area for adfew
days before leaving. Although they were seen to try to brood chicks of
other pairs they were usually driven off, except when all the birds
mobbed or distracted potential predators. Young were seen to be brooded
by an adult ptﬁer thah the parents on one occasion: the"adoption' was’

only temporary, lasting a few minutes.

At Lindisfarne, after fledging young birds moved aroundjthe area
of the reserve and joined the early autumn flocks. The Mestersrig
broods were watched only until about fledging° However, numerous juv=
eniles from .other arees where breeding was earlier passed-through
Mestersvig in early Augdér, They fed on coastal tuhdra.andnthe sea
shore, probably mainly on small Diptera, and showed a strong teﬁdency
to flock.with Ringed Plovers and other Qaders. Juveniles often‘attemp-
ted to flock with unfledged'broods bdr Were‘chased'away‘by tﬁe.parentsa
The adults, which probably left before their offspring, did not often -

join the coastal flocks,

The;proportions of each 6 h period spent feeding by chicks at
Mestersvié and Lindisfarne are shown in Figures 9 and 10. At Mesters-
vig, the feeding of chicks in the first half of the pre-fledging period
tended to show a marked diurnal pattern with more feeding by 'day‘ than
by 'night'. This pattern broke down later in the pre-fledging period.
Heavy rain depressed feeding, as measured for the 7-day-old young. At
Lindisfarne, data on the six hour periods 2400-0600 are very limited

because of the difficulty in locating birds during the dark night and
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1001 15
5
10
- 17
17
) 21F
£ 21F
=}
3 F
5
@ 7 (rain)
QJSO”
E 9
‘s
X T 9
—0
11
1
i 107
7(rain) 0
1
0

700-0600 060049200 12001800 1800-2:00
Time of day (GMT)

Figure 9. Proportion of each 6 hour period spent feedlng by chicks
at Mestersvig in relation to age.

Age in days indicated against each line.

F indicates fledging young.
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% of time spent feeding

100
I 5
I @
! k26SF
N
- 7
165
22S
50t ‘ g,
/ c
5S
| 155
20S
0

2600-0060  0600-1200  1200-1800 1800121@00
Time of day (BST)

Figure 10. Proportion of each 6 hour period spent feeding by chicks
at Lindisfarne in relation to age.

Age in days indicated against each line; F indicates fledged young;
S indicates a brood at Snook End in 1976.
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in early morningss Although a diurnal pattern was apparent on some

days, this was less marked than at Mestersvig.

Feeding thné in each 6 h périod increased significantly with air
temperature at Mestersvig (Fig, 11, from which it can be seen that
this applied at all ages) but not.at Lindisfarne (Fig. 12) where the
températures‘were generally highér° Fééding appeared to be depressed
by rain at both'sites, and high winds at Lindisfarne (these did not

occur in the study period at Mestersvig)..

The 24 h watches at Mestersvig allow estimation of the total time
allocation of chicks throughout fhe'preffledging period (Fig. 13), the
‘proportion ofvthe day spent feeding increaéing from about 257 on the
first day after hatching to 70% b& the end of the period. At first,
almost all the nbn—feeding time was spent being brooded, except for the
brief periods of_moﬁement whiié not feeding and crouching during approach
of potential predators. The brooding component decreaséd slowly for the
first 10 days (less so during rain on the seventh day) and then markedly
by 15 days of age to almost zero. Consequently, thebtime spent on, e.ge
preening, non*brdoded resting and roosting increased rapidly after about

- 11 days. A very small element of brooding remained until shortly before

fledging.

Because of the lack of déta in the 2400 to 0600 period at Lindis-
farne, a similar diégram covering the whole»day cannot be constructed,
Instead, Figure 1l4b, based onrﬁhe.period 1200-1800 h, allows comparison
with Figure l4a, based on the same time of day at Mestersvig, Figﬁre
l4a gives a fairly similaf ﬁicture to Figure 13, allowing for the con-
centration of feeding during this, the warmest period of day at Mesters-—
vig. The pattern at Lindisfarne showed some similarities, notably the
increase in feeding during the first part of the pre-fledging peribd
and the .marked decrease in brooding from about 10-11 days onwards.
Differences between the two areas were the greater variability at Lindis~--
farne (which appeared to result from the lesser diurnal rhythm than at
Mestersvig) and the decrease in‘feeding at Lindisfarne around the time
of fledging (which seemed to result from a tendency to fulfil feeding

requirements early in the day where possible and rest in the aftermnoon).

-



100

]

15 1

(O
S

% of time spent feeding

L 10

0
] @ 15

i ] i 1 l@ I3 A i 1 1 L 1

208

Mean air temperature (°C)

Figure 11. Proportion of each 6 hour period spent feeding in

relation to mean air temperature during the period, at
Mestersvig. Numbers indicate age in days. Circled
figures indicate rainy day .

Regression line is y = 5.0x + 18.8 (r = 0.49, P < 0.01)
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100
i 1
> 15 ‘
9
g 15
- 7
]
: @ g » 16
£50 r © q%
5 1 5
20
S 3 ®
1 8
@
@ ©
@
B 22
15
@ 2
- @ N 1 A 1 1 A 1 1 1 ! 20___1_
OL_ t 1 1 1
G_';f‘ 10 15 20

Mean air femp‘erafure {(°C)

Figure 12. Proportion of each 6 hour period spent feeding in relation
to mean air temperature during the period,at Lindisfarne.

Numbers indicate age in days. Circled figures indicate adverse weather.

r = 0.20, not significant.
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The mean duratlon of non—brooded perlods remalned low at Mesters—

vig in the f1rst week (Flg. 15) and at nlght' 1n the second week but
increased markedly in the afternoon in the latter perlod Chicks were
brooded very 11tt1e in the thlrd week and then only at 'night',
During the period of transition from much to little brooding (but not
earlier or-later), the time interval between broodings was more vari-
able, possibly to some extent dependent on temperature° The pattern
at Lindisfarne was fairly similar, although there were fewer data

around the transition period (Fig. 16).

Prey composition

The outcome of pecks made by Ringed Plover chicks at Holy Island
Snook are detailed in relation to age of chick in Table 3, Data on
some fledged young of known age, identifiagble by colour rings and feed-
ing in the same area, are also included. Some of the variation displayed
in the Table is undoubtedly due to variations in v1ew1ng conditions
such that prey were less 1dent1flab1e on some days. However, the high
proportion of pecks with unknown outcome in very young chicks, particu-
larly on the day of hatching and that following, suggests that a high
proportion of pecks at this age were indeed unsuccessful, or that only
very small prey were taken., Sandhoppers Talitrus saltator and small
flies, mainly Coelopa, were the main prey identified from the fifth
day after hatching onwards and these probably formed most of the unident-—
ified prey taken even before this time. -Howevet; intertidal inverte—
brates were also taken, thin worms being noticed from 2 days after
hatching, Arenicola from 5 days and Hydrobia occasionally, Although all
Arenicola and many thin worms would have been identifiable, many smaller
items probably were not. Feeding locations and methods suggested that
other prey included small amphipods. The sizes of Arenicola taken are

given in Table 4.,

Comparison with prey taken by parent birds in the same area is
difficult, since, as suitable viewing conditions and opportunities were
limited, work was concentrated on the young and fewer prey of adults
were identified (Appendix‘l)° However, there was clearly great overlap
in range of prey types taken, although adults appeared to take a wider

range and possibly a slightly higher proportion of intertidal prey.

-
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>325

10/11 9j\10

2001

10

periods (min)

L)

100

Duration of non-brooded

2400-0600 (0BG04200 12009800 18002400
Time of day (GMT)

Figure 15. Mean durations of non~brooded periods of chicks at
: Mestersvig in relation to time of day. Figures
indicate age of chicks. No brooding occurred after
0600 on day 17 or throughout days.15 and 21,
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-brooded periods (min)

100 |

Duration of non

-------- 2 3 1 — '-.“

24000600 06001200 120041800 1800-2400
Time of day (BST)

Figure 16. Mean durations of non-brooded periods of chicks at
Lindisfarne in relation to time of day. Figures
indicate age of chicks. :

No brooding occurred on days 20, 22, 24 or 26 (the bird having

fledged by day 26 if not before). '
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TABLE 4. 'NUMBERS OF ARENICOLA.OF VARIOUS SIZES TAKEN BY RINGED PLOVER '
CHICKS AT HOLY ISLAND SNOOK

Agé (days)
5 10 15 22 26
Worm length

(in relation to height
of bill off the ground)!

Fragment of tail only 2
< 1 bill~height 3

p v 1
3 " 12 3
3 n "

1o 2 22 3
ot | 1
oo 1

1The height off the ground of the b111 of a feeding Ringed Plover
increases from about 5 cm to about 8 cm during the pre-fledging
period.

20ne bill- helght worm taken at 15 days was not swallowed. Five
worms were seen to be taken from the substratum tail-first and
one head first.
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Fewer data are available. from sites at Lindisfarne outside the
main-sﬁudy area at the Snook. These are summarizéd in Table 5. Birds
were rarély obsérvéd closély énough to allow identification of préy;
Items taken from thé thick algal Béds bétwéén clumps of Spartina at
Tealhole appeared to include 1argé inséct larvae and pupae. Many of
the items taken at Ross Back Sands and Old Law were thought to be
sandhoppers and small flies; this sééms likély 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, Its gizzard
contained fragments of at least 8 Hydrobia, 74 mandibles of Nereis,
several fragments of vegetable matter and several grains of sand and
small stones. Hydrobia and Nereis are both abundant in this area.
Droppings of chicks from Snook examined contained numerous fragments
of adult Diptera but no other identififiable remains. The problems of
usé of gut contents in the identificétion of prey are discussed in
Paper 1. Most of the fledged young included in Table 5 were feeding
on the flats either on Holy Island Sands or off Guile Point. The thin

red worms typical of prey in these areas (Paper 1) were well represented,

The outcome of pecks made by chicks and adults at Mestersvig are
detailed in Table 6. Again gréat variation is apparent in 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 identified. However, on some days it was clear that
‘most prey were very small adult Dipﬁera (mainly Nematocera = midges,
gnats, mosduitbs, etc,) which.were taken off the sand, soil or vegeta-
tion surface or occasionally in flight. Examination of feeding sites
also suggested that these very abundant items were the main prey at
other times also. Other fairly common prey identified were spiders
Aranea and large items, probably large insect larvae inclgding

Lepidoptera.

Prey of adults at this time appeared to be fairlysimilar;,Eaflier
in the season, fewer adult insects were probably taken (fewer had
emerged) and possibly more spiders. Examination of feeding sites indi-
cated that some of the small items taken in late June and July were
dipteran larvae (again mainly Nematocera). Examination of gizzard

contents of seven adult Ringed Plovers collected in the same area
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between 28 July.and 21 August 1972 by R.W. Sﬁmmers;and.GeH; Green
supported this general assessment of diet. The only identifiable
remains in a-number of droppings of chicks examined were numerous

fragments of small adult Diptera.

Feeding rates

At Mestersvig, the total pécking raté incréaséd significantly
with increasing age of chick and air temperature and decreasing rain-
fall (Table 7, Aﬁpendix 4)., These relationships were paralleled by
the variatibns in rates of taking identified insects, observed prey
and pecks of unknown outcome (Table 7). These parallels resulted from

the predominance in the diet of small flies throughout the period.

At Lindisfarne, both on the North:Shore and elsewhere, total
pecking rate did not vafy linearly with chick age (Table 8, 9, Appendix
4) but this numerical measure appears to Hide considerable variation
due to the more varied diet in terms of both species and size. Rates
of taking any prey (i.e. all pecks seen to be successful), Arenicola
and thin worms. all increased with increasing chick age and decréasing
- wind force, whereas rates of pecking with unknown outcome (in the main
small prey or failed pecks) varied in the opposite direction (Tables
8, 9, Appendix 4); Rain also appeared to depress feeding rate, but as
birds also tended to‘stop'feeding dﬁfing rain, the sample was too small
to give significant results with individual prey typeé. Air temperature
seemed to haveﬂiittie effect on feeding rate, though this possibly
increased with température at low temperatures but decreased at higher

" ones (Appendix 4,'?aper 2),

Diurnal temperature variation had a strong influence on pecking
rate at Mestersvig, but at Lindisfarne, the fluctuations in temperatures
occur around much higher levels and did not appear to influence pecking

rate (Appendix 4).

Because of the overwhelming predominance of one type of prey (the
very small flies) in the diet at Mestersvig, and the observations of
feeding throughout 24 h périods, it is possible to make an estimation
of the minimum energy intake of chicks at this site (Table 10). The

mean dry weight of these flies was determined as 0.16 mg and the
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calorlflc value as 5 kcal/g,glVlng a value for an 1nle1dua1 of 0.8 cal,
A11 pecks were assumed to result in a prey item belng taken and all
prey 1tems were assumed to be small flies, As other items were seen.

to be taken (Table 6) and the calorific contents of splders and crane=-
flies are, respectively, more than 30x and more than 100x that of small
flles (Greenwood 1974a, present study), the effect of the latter as sump=
tion considerably outweighs the former so that the energy intake figure
obtained is an underestimate. Using values of Basal Metabolic Rate for
chicks of various ages obtained experimentally by Keskpaik et al. (1970),
Table 10 estimates the minimal total energy intakes as multipliers of
BMR, This gives a value of 1.2 -~ 1.5 in the first week after hatching,
rising to 2.1 on day 9 and stabilizing at 2.3 - 2.5 from day 11. While
bearing-in mind that these figufes are prebably underestimates, it is
noteworthyvthat the values reach a relatively high level and stabilize

around the time that the young become largely thermally independent.

Foraging behaviour

Aspects of the foraging behaviour of chicks at Lindisfarne are
summarized in Table 11 in relations to age and weather conditions.

Behavioural categories are descrlbed more fully in Paper 2.

Both waiting and giving-up times increased with age of chick,
as did the frequency of ‘'successful' pauses (fup"followed by 'peck').
The frequency of '"unsuccessful' pauses ('up' followed by 'run' to
another 'up') fell with increasing age (Table 11 & Appendix 4), as
did the frequency of 'downs', Handling time did not vary with age,
although size of prey.taken did tend to increase with age (see above) ,
Number of paces (both to move position and to take prey) showed no
significant trends with age or weather conditions, possibly due in part
to small sample size. However,bthere was an increase in pace-length
from about 6 cm shortly after hatching to about 10 cm when fully grown

(measured from tracks of young of known age).

Increasing windforce was associated with decreasing waiting time
in the 'up"position but increasing rate of 'unsuccessful pauses',
Despite the small number of observatlons during rain, the rate of

'successful' pauses decreased with 1ncrea31ng rainfall, and the rate

of 'abortive pecks' increased. With increasing cloud cover both
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waiting and glVlng—up tlmes decreased and rates of unsuccessful pauses
and downs 1ncreased There were no SLgnlflcant relatlonshlps with

temperature but this was mainly above 12°C.

For the adults, with increasing temperature, increased waiting
and handllng times and a decreased rate of unsuccessful pauses occurred.
Wlndforce was 1nverse1y 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 fully

grown birds was considered more fully in Paper 2.

The occurrence of foot-vibration as a foraging technique in the
Breeding areas at Lindisfarne is summarized in Table 12, Although this
was recorded in a l0-~day old chick and in another around fledging time,
these were the only occurrences,iwhereas foot-vibration was frequent
in parent birds in the same areas over the same period. These differ-
ences were significant. Foot-vibration was not recorded in adults or

young at Mestersvig,

The feeding behaviours of fledged young and older birds at Lindis-
farne from late summer onwards are compared in Table 13, In August
and September, the only significant difference detected was a higher
incidence of 'downs' in young birds (ae tended to occur also in pulli -
see above). In October-November the rate of pecking (and rate of 'ups')
was significantly higher in adults than young; In December-February,
although pecking ratesdwere similar, there was some indication that
prey taken by jureniles tended to be smaller. (By thisytime, numbers
of identifiable young were small as many birds of the British bopulation
 assume plumage very similar to adults in autumn.) No significant differ-

ences were apparent in March-May.

Pre—fledging mortality and survival

The survival rate to fledging of cryptic nidifugous young is
notoriously difficult to measure and few estimates have been made for
waders, Only data from closely watched and ihdividually identifiable
broods are used here and only from those families observed from before

hatching until their fate was definitely known (Table 14),



228

LL

L2
gel

sqnpe
L@ LU0 LU4d]

a

Buno)
pabpa 4

(*6LASJD3S3){ 3 SUOLSEIO0 OU UO PIAL3SQO SBM UOL3RUQLA 3004)

- *(100°0 > d ‘361l u_wxv BunoA ueyy siinpe ut pcm:om;» aJouw Aljuestytubls sem uoiLjeuqin-3004

0 | ~ uol3RJQLA

9 UOL]BJUQLA OU  SBaue J3y3Q
T 0o - 0 ©0 L 0o 0 ©0 0 0 O UOL3RUqLA
O 6 - L 6L 8 € ¥l S v 0z oL | UOL3RUQLA OU  YOOUS

v¢ 22 0¢ 91 SL OL 6 L g € ¢ 0

sAep uL uaalb abe :syoLy)

SYIAOTd GIINIY A9 @3ISN LON GNY a3Sn SYM NOILVYEGIA-1004 HOIHM NI INYVYASIONIT LY S3SYI 40 SH3IGWN . "2l 378Vl



229

( Mww_v G9°0 ¥ 8 ¥l
8gl) 9€°0 * LL°E
Mwmv 9L°L F 9%°02

29) [8°0 ¥ 8£°91
(ge) LL°0 F €2°0
(£8) 80°0 ¥ 92°0

ol luaAnf-3sod

(°s°u)
(v10°0) L¥°2

(€£0°0) 91°2
(¢20°0) og°2

(6£0°0) oL°2
(Loo*o >) LL°S

(d) 3 s,3u8pn3s

(szLs 3ajdues) a04ud

(ov) sL°

(59) 6L°

M

¥8° €l
£€6°S

+ +H

€6°91
88°€l

4+l

+l

0F£9°0

oe°lL

+l

0

HmZ:m>.=w

pJepuels ¥ Ueaw Se UdALY;

mxuma [e10])
uayey Asud | |ews
AJaenugaq 03 43quadaq

» SN,
syoad (e3o0]
J49qURAON/43G0390

Sumog,
Jaqueidas

; Sumog,
3snbny
(

F-CWEV o1ey

1S90UDURSSLPp JuedLLubLS A} BI12SLIR]S PAMOYS m:omw;masou Buimollo4 sy1 ALup

_ . ~ *Aely 03 yodey *Adenugsad 03 43aquedd(Q
CUBQUSAON pue 43qo32Q °4aqueidss €3snbny  :suoseas SuLMO||Oj dYj 404 Spew d4dM SUOSLdedwod ay[

*uoLytsod ,umop, Buiwnsse jo °suoliisod Lazr Butunsse 40 ‘vroomusay Buiyey 40 ‘swuom utyl Buiyel jo

¢Kaud | [ews Bulyel 4o *syoad Buryew :s3jed BulMo| |04 3Yy3 SO dpew d49M sdnoub abe udsmiaq suosLedwo)

SQYIg Y3070 ONV YY3IA ISYI4 HIFHL NI SHYIAOTA QIONIY NIIML3G INIDYY0d4 40 NOSIWYAWOI °€L I7avL



230

At Mestersv1g, three broods, each 1n1t1a11y of 4 young, were
followed., These fledged 0, 3 and 3 young respectlvely. At least one
Chlck of the unsuccessful brood was seen to be 1nJured and 11mp1ng for
some time and it is suspected that thlS brood may have suffered from
human interference. There is also circumstantial evidence that the
loss on one chick from one of the other broods was due at least part-
ially to human interference. The actual agency of death is not known,
Potential predators in the area inCluded Arctic Fox Alopex lagopus,
Stoat Mustela erminea, Gyr Falcon Faleo rusticolus, Long-tailed Skuas
Stercorarius langicaudus, Glaucous Gull Larus hyperboreus and Raven
Corvus corax, although'none wefe seen to take chicks, The chicks’
cryptic pluﬁage when they crouched, combined with the adults' distrac-
tion displays towards ground predators and mobbing of aerial predators
appeared to provide effective protection, All non-surviving chicks
died within the first week after hatching. There is reason to believe
that the predation rate of wader eggs andlyoung were inflated over
that typical of this area of NE Greenland because of the presence of
high densities of predators around Mestersvig station where they were
sustained, particularly overwinter9 by food gathered by scavenging
(Ferns 1978b). Other studies, with small sample sizes, also suggest
faitly high survival of Ringed Plover young in northerly parts of

their range (see Boyd 1962).

At Lindisfarne, a larger sample of broods was studied. Average
survival in different areas and years‘varied between 407 and 607,
overall 45% (Table 14). In 1976 (the only year when sample size
throughout the season was adequate to test this),'surviﬁal of late
hatching young was significantly less than that of early hatching
young (Table 15). Most rates are somewhat lower than the 59,97 of
Laven (1940) and much 1ower than the maximum of 777 estimated by Prater
(1974) by an indirect method, which he conceded was likely to include

a systematic error leading to an overestimate of survival,

Cause of death is known for only 2 broods (8 young) in 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 watchlng. Several predation

attempts by gulls, usually Black-headed Larus ridibundus were observed,
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TABLE. 14. ' PERCENTAGE. OF YOUNG .WHICH SURVIVE FROM HATCHING TO FLEDGING

No. of No. young No. of Pércéntagé
broods hatching those
watched fledging
NE Greenland 1974 3 12 6 50%
: L1nd1sfarné 1975 ‘ |
Snook 8 20 8 40%
Ross Back. Sands & '
01d Law 5 20 .8 40%
A1l Lindisfarne 14 - 43 19 - 44%
Lindisfarne 1976. |
Ross Back Sands & :
01d Law 13 42 25 60%
A1l Lindisfarne 18 Y 26 - 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%

x% = 6.64 : P < 0,01

|..a
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of ten while chicks were.swimming.across stretchés of waterlbut'thé
parent Eirds-always détérred the attack by flying at thé’predators.
Presumably, attacksﬁby.sevéral gulls at once might'bé more successful
but this was not observéd.. ‘Carrion Crows Corvus corone were also poss-—
ible predators but no attacks were observed, Most losses of chicks
appeared to take place at night (despite the short period of darkness
at this season). Foxes Vulpes vulpes, Brown Rats Rattus norvegicus
and Short-eared Owls Asio flammeus are amongst the possible predators

known to be active in this area at night,

Because of the difficulties of observation, the actual dates of
death were often difficult to ascertain but of those where reasonable
 estimates were made, 19 (537) died within the first week after hatching,
15 (427) in the second week and only 2 (5%) in the third.

Post-fledging survival

Estimation of post—-fledging survival rates over the first year of
life of young waders are difficult to obtain from ringing returns
because ringing may take place at any time in the pre-fledging period,
when much of the mortality occurs. Many calculations (e.g. Laven 1940,
Rittinghaus 1956, Wilcox 1959, Lenington‘& Mace 1975) have been based
on returns of ringed pulli, However, survival of these birds until one
‘year old involves an unknown and variable component of the pre—fiedging
survival rate plus the post-fledging rate. This is illustrated in Table
16 where the apparent deéline in survival from 1973 to 1978 is attribu-
table largely to a switch towardSvriﬁging chicks at. a younger age in

later years,

This problem in estimating the survival from fledging to about one
year old may be overcome by considering the survival of only thoseVCOlour-
ringed chicks known to have fledged (i.e. those fledging from broods
which were the subject of detailed observations and others seen alive
within a few days of fledging - Table 17) . This Table treats all returns
as if they had occurred at one year old, although strictly a small cor-
rection should be applied for the one bird (47) sighted for the first
time at two years old. Allowance for this would increase survival rate
from 577 to 59%Z . This survival rate. includes oné bird settling else-

where in the Northumbrian coast. With the help of local observers,



TABLE 16,

Year of
hatching
& ringing
1973
1974

1975

1976

1978

Total

No. of

chicks

ringed
7

15

46

58
18

143

No. sighted-
in.a subsequent
yearl

3

5

17

13

4

42
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"MINIMUM SURVIVAL FROM RINGING TO FIRST RETURN TO LINDISFARNE
OR OTHER TERRITORIAL AREA OF BIRDS RINGED AS CHICKS

% apparent
survival

43
33
37
22
22

29

IMost first sightings were at one year old and most at Lindisfarne
(see Tables 18 & 22)

TABLE 17,

Year of
natching
& ringing
1973

1974

1975

1976

Total

No. colour-ringed
chicks known to
fledge

1

3

15
23

42

No. of these
sighted
following year
0

2

102

123

24

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

% survival
fledging to
one year

0

2includes one bird settling at Low Newton, Northumberland

3includes one b1rd first sighted in th1rd year (few observations made
in second year)

|



checks have heen made over much of the coast of NE.England and SE
Scotland, Of all chicks marked at Lindisfarné'during the main study
(i.e. not only those known to fledge) 3 were found on territory (when
onhe-year-old) elsewhere in Northumberland and one probably on terri-
tory in Fife (Table 18). Additionally, one chick marked in 1977 after
my main study had been completed was found in the breeding season in
1979 in East Lothian, and a cﬁick marked at Lindisfarne in 1976 was

present in that area during the 1980 breéding season (Fig. 17).

Of 21 colour-ringed one-year-old birds seen prospecting for or
holding territories, 12 (577) were seen again the following year (only
years for which there was detailed chécking two years after ringing
being considéfed) (Table 19). No such birds were seen-in following
bréeding seasons except in the genefal vicinity of the sites where
they were seen when one year old. Notably some young also visited
territories in 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 similar, as-
were return rates of birds seen only prospecting and those holding
territory. Of a small sample of 4 older birds, all returned in the
following seasbn-(Table 19), suggésting:higher survival in later years,
This is 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 ‘is not unexpected in view of the results
from birds ringed as chicks, and tends to support the view that ring
wear and loss was not a problem in this study. (In fact only one case
of partial loss of colour rings was noted during the main stﬁdf.) of
21 nesting males of unknown age; all returned the following,year'bht
only 15 (797) of nesting females of unknown age. None of the non-

returning birds were found elsewhere.

Recruitment to the breeding population and uptake of territory

Most birds attempted to gain a territory and breed when about one
year old, 70% acquiring a territory and nesting then, the rest at two
years old. Many of the latter had attempted to gain a territory the
previous year (Tables 19, 21). Birds spread throughout the stﬁdy area
and to a lesser extent outside, although theré is‘possibly a slight

tendency towards return to the natal site (Table 22). Birds,

234



TABLE.

TABLE 1

Year .of
hatchin
& ringi

1973
1974
1975
Total
Males

Females

235

18.. " AGES OF RINGED.PLOVERS SEEN FOR THE FIRST TIME IN POTENTIAL
NESTING AREAS
Year of" hatch1ng Years later when first sighted
. & r1ng1ng
1 2 3
1973 1
1974 51
1975 162 1
1976 123 ™
Totald 34 1 1
Lincludes 1. bird at Eden Estuary, F1fe |
_ 21nc1udes 2 b]PdS at Low Newton, Northumberland
31nc1udes 1 bird at Craster, Northumberland
“few sightings were made two years  after ringing and the bird
" may have returned then A
Sincludes 32 at Lindisfarne and 4 e1sewhere (i.e. 11% elsewhere). .
9,. SURVIVAL OF RINGED PLOVERS OF KNOWN AGE-AFTER THE FIRST
: SUMMER OF LIFE:
No. seen  No. of % No. (%) No. (%)
g at 1 year these . . survival surviving surviving
ng old seen at - 1.to 2 from 2 to from 3 to
2 years years - 3 years - 4 years
old - old - old - -old
-1 1 100 1(100) 1(100)
4 2 50 2(100) '
16 9 56 o
21 12 57
9 6 67
8 4 50
4 2 . 50

Sex not

determi

ned
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Figure 17. Sightings of Lindisfarne-marked Ringed Plovers elsewhere (see
also Table 26).

Figures indicate month of sighting; those in square boxes indicate where
the birds were thought to be establishing territory, or trying to.
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TABLE 20. 'SURVIVAL OF NESTING ADULTS!

N

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) o 1 2 A1l
No. recorded x years 21 17 2 40

after ringing -

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 b1rd-. -
years of known age? 25 - 16 (64%)

A11 nesting b1rd—years 65 - 52 (80%)

Survival in relation to year of birds ringéd és adu}ts
-7 75-76  76-77
L 2 2 20 17 1817
100% 85% 4V94%

Survival in relation to sex of birds ringed as adults

Males 21/21 (100%)
Females 15/19 ( 79%)

1This Table refers to birds ringed as adults, except as 1nd1-
cated by 2, .

2This line refers to birds ringed as chicks and later found as
nesting adults.




TABLE 21.. AGE OF FIRST RECORDED NESTING

Year of hatching

Agéﬂaf first recorded

& ringing - nesting

1 2
1973 L
1974 2 2°
1975 1 4P
Total 14 (70%) 6 (30%)
Males 6 (83%) 1 (17%)
Females 4 (80%) 1 (20%)
Birds of undetermined sex 1 (33%) 2 (67%)

%hoth seen-at Lindisfarne *prospecting® when one year old

b

“three seen at Lindisfarne 'prospecfing' when one year old
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TABLE 22, SITES OF.TERRITORY ESTABLISHMENT IN RELATION TO NATAL AREA
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particularly.Qnenyearﬂblds,‘may»move around to several sites within a

season before establishing a territory or failing to do so (Table 23).

Once a territory had been established birds tended to return to
that vicinity (and particularly in some parts of the Lindisfarne Reserve
to the same‘territory) in following years (Tables 24, 25). Three sight=
ings in later years of colour-ringed birds in the areas of marking give
evidence for a tendenéy to site-fidelity in Greenland (Green 1978Db),
although systematic checks of nearby areas to look for changes of site

could not be made,

Mate fidelity

There were several cases of‘éhange of mate between years but most
of these involved cases in which either one bird was not individually
identifiable or one of the pair was not seen in the later year. However,
the high degree of site fidélity, in some sites at least, by both sexes
suggests that mate fidelity may also ténd to occur., There were only
two cases in which both birds of a pair were marked and both returned
the following year, 1In one instance,; these remained as a pair. In
another case a female was paired to an unringed male (not necessarily
the same one) in three years and to two different marked males in the
next two years. The mate of the fourth year nested in the same térri4
tory in the fifth year, with a new femaleo‘ The old female frequently
changed territoryAin the five 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 yéérs, though she did not give details of the studies

on which this conclusion was based.

Wintering
Greenland-breeding Ringed Plovers migrate through Britain in
August - September and May and probably winter in W. Africa (Green 1978,

Pienkowski in press).

Most Lindisfarne breeding birds leave their territories in late
July or August and move on to the main intertidal flats. Many of the
adults start primary moult while breeding and continue it at this time

and many-yoﬁng birds undergo a partial moult to acquire plumage very
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TABLE 23. EXAMPLES OF BIRDS APPARENTLY PROSPECTING PRIOR TO TAKING UP TERRITORY AMD MOVES OF TERRITORY
RW/RN_(9) |
Ringed as chick 15 July 1973 at Sand Rig 4
Held territory and nested first 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 tater 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 territory.)

early September - late October seen in feeding flocks at Rig, N Shore, Holy Island Sands and Sandon Bay
1976:

Territory at Snook End

RBAM (d)

Ringed as chick 25 June 1974 on North Shore

Feeding on Holy Island Sands on numerous occasions from 2 September 1974 to 26 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 e T o i e

3 March onwards through May ho]dlng territory at Chare Ends

RN/WM (9)
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/ (8) | |
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 o )
September & October in flock on N Shore and Holy Island Sands

1976:
on territory on W. North Shore all season
GB/BM (g)
- 1
Ringed as chick 12 June 1975 on North Shore
1976: N .

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 ()
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

G810

Ringed as chick 7 August 1976 SW 01d Law
Throughout summer 1977 seen on numerous occasions on Snook and 01d Law

Throughout summer 1979 on territery on North Shore
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similar to that of adults, ‘Many individuals leave the area between
August and October, returning from February to April or even May but
some birds stay in the area over the winter(Table 26), These differ-
ences do not appear to be age—related° ‘Those birds which depart appear
to disperse mainly along the coast of NE England and SE Scotland and to
a lebser extent to the nealest parts of the W coast (Table 26, Fig. 17),
The birds of the NE England/SE Scotland coast are probably among the
more thoroughly watched in the country but there is other indirect
evidence that Lindisfarne Ringed Plovers do not spread much further,
This comes from sightings elsewhere in Britain of Ringed Plovers marked
in East Germany by similar methods over the same years in approximately
similar numbers (Dr A. Siefke, ¢n. litt.). Four sightings of these
birds have been made in S. England, S, Ireland, and Channel Islands but

none in those areas of birds marked in the present étudyo
DISCUSSION

Activity patterns, feeding and growth

One reason frequently given for the northern breeding distribu~-
tions of some birds is that continuous daylight allows uninterrupted
feeding and rapid growth of the young (é.g; Karplus 1952, Armstrong
1954, Welty 1962, Thomson 1964, Lack 1968, Dorst 1974). In tﬁe present
study, however, growth rates of Ringed Plovér chicks were remarkably
similar at Lindisfarne, in Greenland and in other areas, and the diurnal
pattern of feeding activity waé more marked in the'Afctic than in

temperate breeding grounds, where some feeding took place in darkness
7 (Paper 2), In the Arctic, such a diurnal pattern is typical both of
other waders, e.g. Semipalmated Sandpiper Calidris pusilla (Safriel
1975), and non-waders e.g. Snow Buntings Plectrophenaxr nivalis and
Wheatears Oenanthe oenanthe (Summers 1972, 1974, Asbirk & Franzmann
1978a,b), Further, Maher (1964) found little difference in growth rates
in arctic and temperate finches, and Ricklefs (1968) summarized similar

data for various species,

Sévéral features support the argument that food supply was not
limiting growth rate or chick survival (cf Rlcklefs 1968, 1969): the
constancy of growth rates (Figs. 6-8); the abundance of ava11ab1e prey

(Papers 1 and 4, Appendix 5, Greenwood 1978); the "unused’ potentlal
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'ATABLE 26, SUMMARY OF WINTER OBSERVATIONS AND OF SIGHTINGS AWAY FROM LINDISFARNE

Approximate dates of last and first sightings are given only when observations covered appropriate

areas around these times.

Tined.

Individual

RW/WM o

RO/CM
RY/GM o
WG/WM
RY/WM
RB/WM o
RH/M g
YH/ WM o
W/YM
" ORY/YM
RG/YM ¢
BM/HY @
GY/BM o
GH/BM o
GB/BM g
RY/BM
YR/WM o
YG/YM o
GR/YM g
GY/YM ¢
YW/YM o
GH/YM ¢
WR/YM g
WY/YM o
- WG/YM ¢
WB/YM @
RB/YM d*
YB/YM &*
Yo/BM '
Wo/BM o
0u/BM ¢
R8/BM
BY/BM ¢
BG/BM d"
BH/BH @
OR/YM o
RB/MB
RW/HB
RO/MB
YR/MB
YH/MB
YG/MB

Year of
hatching
(or

ringing)

1973

. (1974)

(1974)
1974
1974
1974
1974
1974

(1975)

(1974)
(1974)

1975
1975
1975
1975
1975

(1975)

(1975)

(1975)

(1975)

(1975)

(1975)

(1975)

(1975)

(1975)

(1975)

(197 5)

(1975) .

1975
1975
1975
1975
1975
1975
1975
1975
1975
1975

1975
1975
1975
1975

Month of last
sighting in
autumn

end Oct 74,
end Oct 75

Sept 75, Aug 76
mid Oct 75

Oct 75

Oct 74

Nov 75

Oct 76

Aug 75

Oct 75 -

Oct 75

Aug 75, Aug 76
Sept 75

July 75

July 75

July 75, Sept 76+
July 75, Aug 76
July 75, July 76
Oct 75 .

Aug 75, July 76
Aug 75

July 75, Aug 76
Sept 75

July 75, 02t 76 -
July 76

July 75, Aug 76
Aug 75, Aug 76
Sept 75

Sept 75

Aug 76

Aug 75, Sept 76+
Aug 75

Aug 75

Sept 75

Month of first
sighting in
spring

late Feb 75,
early Mar 76

May

76, Mar?7

early Mar 76

Mar

Mar

Mar
Mar
Mar
Feb
Feb
Apr

 Mar

Mar
Apr
Apr
Mar

Apr
Feb

Apr

May
Apr
Apr

Mar
Apr

" Mar

Mar

Mar
Feb

76
76

76
77
77
76
76
76, Mar 77
76, Mar 77
76, Mar 77
76
76, Mar 77
76, Mar77

76, Mar 77
76
76
76
76
76

76
76, Mar 77
76
76

76
76

Settling (and breeding season sightings) away from Lindisfarne are under-
Note that continuous coverage ended September 1976,

Observations away from Lindisfarne & Notes

Probably stayed 74-75 winter

Eden Estuary, Fife May-June 1975
Probably stayed 74-75 winter
Stayed 74-75 winter

Stayed 74-75, 75-76, 76-77 winters

Whitley Bay, Northumberland 25 Nov 79

Ve

Territory at Newton, Northumberland 76 & 77

Probably stayed 75-76 winter

White Sands,E, Lothian 21 Feb 79
Largo Bay, Fife 28 Oct 78

Whitley Bay, Northumberland 28 Oct 79

Territory at Newton, Northumberland 1976-1975

Table continued overleaf



Individual

YR/OM
YG/0M
WY/OM o
WR /OM
oY /0M
O /OM

WG/OM
RW /MY
RB/OM
'YB/OM
GB/OM
WB/OM
BR/OM
BO/0M
BY/OM
08 /0
BK/OM
HOM0

YH/MO
BY/MO
WB/10
08/M0
GB/MO
W/MO

- BW/MR

YR/RM"
RY /M
06G/RM
OR/MRO

- 1976

Year of
hatching

{or

ringing

1976
1976
1976
1576
1976
1976

1976
(1976)
1976
1976
1976
1976

1976
1976
1976
1976
1976

1976
1976
1976
1976
1976

1976(at
Beadnall,
Northumb-
land)

1977
1977
1978

-1977

j979

"TABLE 26. CONTINUED

Month of last
sighting in
autumn

Sept 76+
Aug 76
Sept 76+
Aug 76
July 76
July 76

Sept 76+
Sept 76+
Aug 76
Sept 76+
Sept 76+
Aug 76

‘ Sept ZG+

Sept 76+
Aug 76
Aug 76
Aug 76

Aug 76

Aug 76
Aug 76
Sept 76

Month of first
sighting in
spring

Mar 77
Feb 77

Mar 77

Mar 77

Mar 77
Mar 77

Observations away from Lindisfarne & Notes

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

Probably wintered 76-77: Teesmouth,
Cleveland 17 Mar 78

Craster, Northumberland 13 Nov 76
Tyninghame, East Lothian 23 Mar 80

Tyninghame, East Lothian 16 July 78

Probably wintered 77-78
Dungiass, East Lothian 28 Jan 79

.North Berwick, East Lothian 13 Jan 79

Tyninghame, East Lothian 3 July 79

"Hest Bank, Morecambe, Lancs 9 Mar 80

245
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feedlng time - at least.in the 1ater half of the preafledgrng perlod -
(Figs 9 10 13, 14); and the fact that those chlcks ‘that did not
survive were probably lost to predators and not by starvatlon . (Indeed
those chicks lost had generally shown similar growth rates to other
members of their broods, as found also for Dunlins, in which species
mortality of chicks is also due to weather or predation (e.g. Holmes
1966). (This contrasts with the greater variation in growth rates with-
in a brood in some other precocial spec1es, e.g. Coot Fulica atra
(Visser 1974), terns Sterna spp. (Dunn 1975, LeCroy & Collins 1972),
gamebirds (Ricklefs 1968), and the large variations of altricial young
(eegs Lack & Lack 1951, Lack 1954, Owen 1960, Ricklefs 1968) ). The

situation could, however, be different in very windy or wet summers.,

Apart from such weather—induced reductions in availability, food
appeared to be superabundant in both of the present study areas. The
young clearly did not require particular types of prey: whilst small
flies were‘undoubtedly the most typical component, small spiders,
sandhoppers, insect larvae, small intertidal worms and small intertidal
snails were important prey in some’situations, Although parent birds
appeared to take a wider range of prey than chicks at hoth'Mestersvig
and Lindisfarne, there was undoobtedly great overlap between the diets

of the two age—classes,

While the 'off-duty"aduit tended to feed a little distance
(rarely more.than 100 m and usually much less) from the rest of the
family, this was probably not to avoid prey depletion since adults and
young, and often prey animals also were mobile., It may, however,
have reduced immediate interference in feeding, and provided.a vantage
point away from the brood from which to detect potential predators and
give alarm calls (ef Lenington 1980) . Young tended to feed further
apert from each other and from the attendant parent as they grew older
but it is not known whether this was to avoid interference or simply
the result of greater mobility. At Mestersvig, migrant juveniles
tended per31stent1y 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 1nterference or to reduce the consplcuousness of a
gathering of birds to potent1a1 predators. However, both possibilities

seem unlikely, the former because of high prey availability and the
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latter .in v1ew of the. consplcuousness of the chaslng behaVlDur ltself.

Poss1bly, the chasing is a remnant of early territorial behav10ur.

The young appear to bé dependent on their parents for warmth
until they are about 10 days old‘and pfogressively less for up to a
week after this. In a deta11ed 1aboratory and field study on energe-
tics of chicks, the effects of broodlng and the development of insula-
tion by plumage of Ringed Plover, Keskpaik et gql. (1970) also found
that chicks became thermally independent at about 10 - 15 days. It is

around this age also that food intake probably reached a plateau level

when expressed as a multiplier of BMR (Table 10; cf Paper 1, Koskimies

1962). Before this age thermoregulatory ability fell with falling
ambient temperature and was almost non-existent before about 5 days
(Keskpaik et al. 1970), The duration of periods in which the chicks
were not brooded (mainly while they fed) were matched to the rate of
fall of body temperature of chicks and this to age, temperature, and
time of day., In my study I noticed that, in 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 earlier., Part of this difference
was due, however, to more frequent disturbance by potential predators

and humans at Lindisfarne., .

The onset of thermoregulation occurred much later than in several

"~ other taxa of precocial or semi-precocial birds, such as gulls and ducks,

but at about the same age as in the gamebirds (Dunn 1976 Koskimies &
Lahti 1964), presumably the result largely of the small size of young
waders and gamebirds, giving rise to high surface area:volume ratios
and to thin plumage (Koskimies & Lahti 1964, Lasiewski & Dawson 1967,
Kendeigh 1970). Thus, the precocity and self-feeding of young shotef'
birds, apart from removing the need for food-delivery journeys by'aduits
(and the risk of a long period spent in a fixed nest in open habitat),
also rem0ves the need for one adult to remain at the nest to brood,
this being possible in short spells on the feeding grounds. Chappell
(1980) reported that shorebird chicks are particularly tolerant of
chilling, and concluded‘that this was a further adaptation to allow
efficient self-feeding. It is also important in areas where there is

a high degree of disturbance and may account in part for the maintenance
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of fairly high chick survival rates even in sites frequentédAby'humans.

In Greenland, most chicks are moved away from the nest véry soon
aftér hatching. 'Bécausé of asynchrony in hatching this often led to
splitting of‘thé brood (or eggs and brood) on the day of hatching
between two parents sévéral‘hundréd métres apart, one attending mobile
young and the other-éggs énd/or néwly hatched young in the nest scrape.
One of the family partiés watched at Méstersvig was separated in this
way for about one day before reuniting. Such asynchrony in hatching has
been reported for Ringed Plovers also by Krechmar (1966) and,apﬁearS'
to be fairly widespread in arctic waders (e.g. Dotterel Charadfius
morinellus — Pullianen 1970; Dunlin - Holmes 1966; Turnstone Arenaria
interpres - Nettleship 1973). Présumably the development of hatching
synchrony is achieved by delays to fhé older chick and spéeding of
devélopment of the younger. This would involve costs at least to the
older chicks in terms of a prolonged high risk period in ‘the ﬁest and
delayed start of feeding, as well as benefits to the youﬁger chicks,
and to the parent in terms of increased chick prbduction and reduced
parental work, Also the stratégy of Ringed Plovers to leave nests and
perform distraction displays wheh predators are in the vicinity,
rather than sitting tightiy and relying on camouflége, may lead to
increased asynchrbny in hdtching (seé Norton 1972, Pitelka, Holmes &

MacLean 1974, Hunter, Ross & Ball 1976).

At Lindisfarne most of the feeding by chicks, at least for the
first few days afﬁer hatching, occurs_dn territory and often close to
the nest so that splitting of broods is less marked, involving at most
only a few metres. The néed to move at Mestersvig appears to be due
to the rapidly changing microclimate as each area progressively dries
out after.emergiﬁg from the snow. - Thus, in earl& August, the damp
sparsely-vegetated areas near the shore at Noret held higher densities
of active small flies than many other nearby areas which were exposed
earlier and had dried and which also had more vegetation giving covet
to the flies, especially in wind (see Greenwood 1978). This variation
in state of ground and avaflability of prey is the probable reason for
the early desertion of térritoriés and movement of: the broods at
Mestersvig, In contrast, at Lindisfarne, little consistent change was

apparent in prey availability, even in a small area, over much of the
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summer (Appendix 5)..

Intervals Bétwéén'brooding wéré somewhat.témperature—dépendent
only during the first 10 days of chick growtﬁ, but the totalztime
spént'feeding in each 6 h period was rélatéd to temperaturé through-
out much of thé pre-fledging period in Gréenalnd. ' The feéding rate in
Greenland showed a relationship with temperature (Table 7 & Appendix 4)
which matched variation with temperature in the activity of the prey
animals - small flies and spiders (Greemwood 1974b, 1978). Thus feed-
ing appeared to be concentrated»ét the times when prey was most avail-
able., This also resulted in fhe strong diurnal pattern (Fig.: 9 &
Appendix 4). At Lindisfarne, temperatures, which were generally higher
than in Gréenland, did not influence feeding time or feedingvrate but
both the latter were depressed by rain (which also affected feeding
rate and activity at Mestersvig) and strong winds, again indicatiné a
concentration of feeding activity when this was most pfofitable. Flies
were a main prey at'Lindisfarne4and their activity appeared,to.be
depressed by rain and wind. Wet weather also depressed théfactivity of
prey animals at Mestersvig (Greenwood 1974b). Such conditions may also
depress the detectability of prey and the efficiency'of foraging move-
ments (Tablelll-& Paper 2). Although, at Lindisfarne, insect activity
appeared to be depressed at might, the activity of sandhoppers, the
other main prey of the birds, was maximal at that time, The acfiVity
of some intertidal invertebrates which may also be included in the diet
is also ehhanced at night (Paper 2). This may account for the lack of

a diurnal rhythm in foraging activity at Lindisfarne.

Development of foraging behaviour and its influence upon survival

In the first hours after leaving the nest, chicks made brief
'feeding' excursions and appeared to peck at various items, both suitable
and unsuitable as prey; but suitable prey appeared to dominate within
the first day.. Foraging success and rate of taking prey increased -
progressively, in subsequent days. An increase in waiting and giving-
up times with age was apparent and each pause became more likely to
result in a peck. This may be related to an improving ability to
recognise suitable cues and/or to greatér seléctivity° The constancy
of handling time, despité incréasing pféy size, indicates progressive

improvement in handling ability with age. Similarly, the number of
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paces moved to take prey dld not change desplte an . 1ncrease in pace
1ength, s0 that the range at whlch prey were taken-must have lncreased
The frequency of 'down' waltlng p051t10ns decreased with age, this
decrease possibly continuing for some time after fledging. This may
reflect an increasing ab111ty to react and orient to cues rapidly from

a dlstance without the need for a 'second look'.

Food intake  appeared to be less than energy expenditure in the
first day or two after hatching, as weight fell in this time and yolk
reserves were used up, :but weights recovered from about the third day,
as found also by Keskpaik et al. (1970), ’The changes with age of the
estlmated daily intakes agree with this (Table 10). Presumably adverse
weather could be particularly critical in the flrst few days after
hatching, As discussed earller,-however, losses due to inadequate food

supply throughout the rest of the pre-fledging period seem unlikely,

For much of the time one adult was close to or brooding the young
and each adult did most of its feeding while "off-~duty' some distance
away (but we11 within sight and alarm-call range). As in Spotted
Flycatchers Muscicapa striata (Davies 1976) and Sandwich Terns Sterna
sandvicensis (Dunn 1972), the improvement inrforaging performance
appeared to be the result of growth and experience rather than of copy-
ing from adults, unlike in 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 this remained true '
throughout the early autumn (Table 13), although young birds tended to
feed for longer, presumably as growth continued then (Paperl). In late
autumn and wintery however, there were indications that the rate of
food intake of young'was less than that of adults (Table 13), when prey

became less available in the adverse conditions (Paper 2).

Groves (1978) found that juvenile Turnstones on migration in
Massachussetts in mid-July to October pecked and took prey significantly
less frequently than did adults, although the proportions of pecks
which were successful were similar. ‘Juveniles also tended to be sub-

ordinate to adults in aggressive interactions on the feeding grounds,
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Lower feed;ng success’ by Juvenlles than adults at trmes of food scarc1ty
were reported for Cattle Egrets Ardeola ibis in South Africa (Slegfrled
1971, 1972). Brown Pelrcans PeZeaanus occzdentalzs, 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 fish
per unit time than first winter birds, by diving from greater heights,
but on occasions of superabundance of small fish near the tideline,
rates became similar for the two age groups., Recher & Recher (1969)
reported lower feeding success and foed ihtake in younger Little Blue
Herons Florida caerulea (up to about one year old) than in older birds
and argued that this resulted in higher mortality ;in winter and early
spring., They also cited unpubllshed work by D, W1111ard 1nd1cat1ng
that two-year-old Caspian Terns HydPOprogne ecaspiq miss prey more often
and forage longer each day than adults. Norton-Griffiths (1967,1969)
found that some young Oystercatchers may rely in part on parental feed-
ing for over 30 weeks after hatching, if feeding on Carciwmus or
Mytilus. Indeed, they may take three years to become as efficient as
adults at feeding on Mussels Mytilus edulis. 1In flocks of Woodpigeons
Columba palumbus, subordinate birds, including many young, feed at the
front edge of flocks and are less succegsful, This appears to be due
to inexperience in selecting the food which can be eaten most effici-
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 cited above feed their young,
~in some cases even aftér fledging. In contrast, most shorebirds never
receive food from their parents, and thus must be able to feed effect-
ively by the ‘time that the yolk reserve is used up (within the first
few days). This may be possible only in areas of superabundance of
obvious moblle prey, in most cases adult Diptera., In arctic areas,
such superabundance may occur only in rapidly varying localities, such
as the wet areas which accompany the receding snow melt in NE Greenland,
This reinforces Holmes' (1966) suggestion that precociality may be
particularly advantageous in the Arctic in that the young are able to
move, sometimes long distances, to locally favourable feeding sites.
This movement may be even more marked in Ringed Plovers than in some
other species, as they nest on the barren gravels which are the first

flat lands to emerge from snow cover but also the first to dry out,
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Thls adaptatlon to early movement away from the nestlng S1te allows

the wide breedLng dlstrlbutlon 1n NE Greenland where Rlnged Plover is
the commonest wader° On the w1nter1ng grounds, as adverse weather con-
ditions develop in autumn and w1nter, food demands 1ncrease, prey
becomes less avallable and lS often detectable only by brief subtle
cues (Papers 1&2)., At these times, adult/Juvenlle differences in

feedlng ability are revealed again.

There is evidence that juvenfle waders of some species occur on
their first autumn migration mainly in different habitats to adults;
or that they may roost on the fringes of main flocks or in smaller
roosts (Pienkowski 1975, P1enkowsk1 & Dick 1976, W.J.A. Dick unpublished),
but it is not known if this is due to competltlve exc1u51on° This
situation contrasts with that in geese where families remain together
over the winter, and where adults appear to rémain more alert for

predators while their young feed faster than when -aloné(e.g. Owen 1972).

The period in late autumn and winter when dlfferences in forag-
ing between age categorles of b1rds could be detected (implying diffi-
culty in feeding for at least some Juvenlles) coincided with the period
when most of those birds which 1eft L1nd15farne for part of the year
were absent. Why some individuals stay and others leave ie, however,
unknown; nor is it 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 blrds newly arrlved in early aitumn
in NW Africa were frequently seen trying to feed in unsuitable
situations (Plenkowskl 1975, D1ck 1976, Dick & Pienkowski 1979)

' Re31dent Ringed Plovers may even learn the cues given by potential
winter foods before fledglng, as at L1ndlsfarne.

2, Apart from habitat differences, the birds do not have to learn
the characteristics of partlcular new 31tes.

3. Individuals (espec1a11y young ones soon after fledglng) are not
subJect to the risks of mlgratlon and the need to feed suff1c1ent1y
to deposit fat reserves for this. This may allow a late end to
the breeding season and thus an increased potential production

of young,
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4, The‘birds-do not haveAtO'fit their moult . into a migration schedule
(cf P1enkowsk1 et aZ 1976)
5. Res1dent erds are. present to take up terrltorles as soon as
conditions are sultable-
The main dlsadvantage appears to be that re31dent birds are subJect to
a harsher cllmate, on average, and consequent reduced prey avallablllty
in some months or years than those whlch move south., Perhaps the rlsks
and beneflts of the two strategies are fairly similar at L1ndlsfarne
so that both co-exist, but data to test this are very difficult to obtain.
Feeding observations are available in October (the last month when
many potential migrants were present) from three colour-ringed indivi-
duals known to have stayed at Lindisfarne (22 observation sessions
totalling 44 min) and 13 thought to have departed later that autumn
(20 totalling 34 min)., Some differences in feeding rates and behaviour
were found, these tending only to border on the 57 significance level,
partly because of small sample sizes (Table 27). Individuals which
were to stay pecked more frequently than those which departed and took
more worms (but neither differehce was statistically significant).
More of the departers pecks were of small prey (P = 0.016) whereas
the stayers took more un1dent1f1ed prey (P = 0,04) - these tending
to be larger than 'small 1tems - and made more pecks of unknown out-
come. (P = 0.004). Both the mean wa1t1ng time and mean 'giving-up'
time of stayers were shorter than.of departers but only significantly
so when considered together. The stayers had more successful waits
(but not significantly so). If real, these differences could mean
either that stayers were detecting more prey or were being less seiec-
tive., The suggested differences in rates of prey taken suggest the

former to be more likely,

Thus, these data are compatlble W1th the idea that those birds
which stay at L1nd1sfarne are the better feeders- but the data are
inadequate to test this critically. They are_also insufficient to
ascertain whether birds from one broed tend to behave similarly.» From
one brood of three ringed in 1974, tﬁo stayed for the winter and one
was not seen between mid October and early Marchs One bird of this
brood was recorded as wintering‘at Lindisfarne in its first, second

and third winters,
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welghts of juvenlle Rxnged Plovers tend to he. lower than those
of adults ‘during the w1nter (Eades & Oklll 1976 McGregor & Jones 1979),
suggestlng that they may . be less able to malntaln condition (e.g. v
Evans & Smith 1975, Plenkowskl, Lloyd & Minton 1979, Dick & Pienkowski
1979, Davidson 1979, P1enk0w<k1 1980) . Apparént (minimum) survival of
young from fledging to one year old was less than that of adults (Tables
17, 19, 20)., The survival, from hatchlng to one year old, of Rlnged
Plovers at Lindisfarne (457 x 59Z‘= 27%) is notably similar to the
approximate estimate obtained by indirect means for Dunlin in Finland
of 27.5%2 (from Soikelli 1970b), . Presumably lack of experience in fora-
ging techniqges or the ability to discover by sampling areas of best

feeding may be involved in this difference between adults and young.

More surprisingly, the apparent survival from one to two years
old (577) was similar to that from fledging to one year (597) and much
less than that of older birds (80+7%)., Although it is possible that
the lower apparent survival of young birds results from lower site
fidelity, this is unlikely to represent more than a small fraction 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 else~
where were mainly at the nearest cod&ntrations of Ringed Plovers both
to the north and the south. In the related and ecologically similar
Piping Plover C. melodus, Wilcox (1959), in a large séale ringing study
in New York State, found very few movements away from the nesting area
in later years., The tendency for birds to settle mainly near'their
site of hatching, but for a few to disperse widely, seems similar to
that found for Dunlin by Soikelli (1970a) and for many - but not all -~

wader species reviewed in that work.

The return of birds to the breeding grounds at one year old is
common in small waders, although the return tends to be delayed. one
or more years in larger spécies (e.g. Harris 1967, Johnson 1973, Dare
& Mercer 1974, Minton 1975, Pienkowski & Knight 1975, Glutz et al.
1975, 1977, Pienkowski et al. 1976, Pienkowski & Knight 1977, various
sources reviewed by Pienkowski in press). This may imply some risk
in breeding at one year, which 1s less in small birds (which may also

have behaviour adapted to shorter 11ves)
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Lower survival rates of blIdS in thelr first year are common
(see, e.go Lack 1943 and, for waders, Boyd 1962), Ev1dence for lower
survival in the second and thlrd years than in later years is 1ess
frequent, partly because the data are rarely avallable, although
evrdence for gradual 1mprovement in breeding performance with age is
more common (e.g. Coulson & Whlte 1958) Soikelli (1970b) found a
slight but not s1gn1f1cant decrease in apparent survival rate of .
Dunlins in Finland between one»and two years after ringing beforeban
increase in rate in later years, and remarked on the apparent tendency
for surv1val rate to 1ncrease slightly with age. GrOsskopf (1959),
studylng Redshanks Tringa totanus rlnged at adults at a German breeding
colony, found that the'apparent surv1va1,rate-1ncreased in successive
years and argued that the adult death-rate decreased with age from
30%, ‘through 237 to 18% in the‘three years. Boyd (1962) pointed out,
however, that the apparent 1ncrease in -survival could also be due to
an increasing tendency to return to the same breeding place w1th
experience in breeding, Kortlandt (1942) found progressivly increasing
annual survival in first-year, seeond—year,.third-year and adult
Cormorants Phqlacrocorax carbb in the Netherlands. Boyd (1962) fuund
indieations that the survival of Avocets Recurvirostra avosetta was
lower. in the fourth and fifth years (48—567) than in the second and
third (67%) and suggested that this may result from an 1ncrease in

mortality at first breeding at three years old, However, the apparent

difference in this case may also have arisen from rlng 1oss, which was

a serious problem with the aluminium rings used in these earlier studies
and remains so, for some species at least, even with the newer, harder
metal‘suhstitutes‘(e 2o Harris 1980, Clapham'1978) This is presumably
at least a contrlbutory reason for the low apparent surv1va1 rates
calculated by Boyd (1962) and similar studies based on rlnglng returns

compared with detailed studies of returns to a study site (see

Grosskopf 1964, Soikelli 1970b, Harris 1980). For Ringed Plovers,

Boyd calculated an adult survival of only 58% using ringing results
conpared with 80~907 in the present study. Laven (1940)’15 a study at
one site in No Germany also calculatedia low annual survival rate of
592, but Grosskopf (1964) estimated 70-75%. Similarly studies of
return to breeding site of Dunlins have glven annual surv1va1 rates of,
75% and 71% compared with 61% and 627 from ringing recoverles (501ke111
1970b, also citing Martin-Lof 1955, Boyd 1962, ‘Holmes 1965).
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Oystercatchers, lntenslve studles of returns of birds have glven
annual’ surv1vals of 937 (Grosskopf 1964) and 89%.(Harrls 1967) wh11e
_Boyd's (1962) estimate using rlnglng recoverles was only 717 Sur-

vival rates and populations dynamics of Rlnged Plovers are cons1dered

further in Paper 4.
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SUMMARY .

The food foragrng behavrour, growth and survxval of Rlnged Plover
chicks were studied in 1974 at Mestersv1g, NE Greenland and from 1973
to 1976 at Llndlsfarne, NE England Post—fledgrng survival, dispersal

and recruitment were also 1nvest1gated for the Lindisfarne population,

Growth rates were similar in both study areas and comparable to
those reported from other sites. A diurnal rhythm in feeding activity
was more evident in the Arctlc than at ‘temperate latitudes despite
continuous daylight in the former area. This ‘was correlated with low
nocturnal temperatures and prey avallabllity, Brooding decreased
progressiveiy 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 in the tundra study area in
Greenland and on the sea-shore at Lindisfarne,'where sandhoppers and -
some intertidal anertebrates also were taken. Food intake rate
increased with age. Estlmates of mlnlmum calorlflc intake in relation
to age are presented for. b1rds at Mestersvrg. Detalled changes in for-
aging behaviour w1th age and env1ronmenta1 conditions at Lindisfarne

are described.

Survival from hatching to fledging varied between 40% and 60% in
different areas and years, and at least 59% of birds survived from
fledging to about one year old. M1n1mum survival from one to two years
old was only 577 but year to year survival of older birds was hlgher,
that of breedlng adults belng at least 80%. Most birds returned to the
breeding area and attempted to breed when one year old, The extent of
dispersal from Lindisfarne, and the w1nter1ng -areas of the Lindisfarne~

breeding birds are investigated,

It is concluded that food supply did not limit growth or chick
survival in either study area, The approprlateness of adaptatlons of
Rlnged Plover feedlng and brooding behaviour for arctic and temperate
nestlng are discussed. Food ava11ab111ty and foraglng ability may influ-
ence surv1va1 of young in later autumn and w1nter° 'The alternative
strategles of reSLdency and mlgratlon are dlscussed in relatlon to Llndls-

farne Rlnged Plovers, as are the aoe—related variations in survival rates,
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Paper;4o ‘Aspects of:thelbreeding-biology and population dynamics

of two populations of Ringed Plovers Charadrius: hiaticula

.in . Britain and Greenland

INTRODUCTION

The Ringed Plover is a small shoreBird'breeding over a wide range
of latitudes (Fig. 1) from north Greenlaﬁd (where it is the commomnest
wader in ﬁany areas, e.g. Salomonsen 1950, Larson 1960‘ Meltofte'1975
Green 1978 ~ to the shores of Britain and adJacent parts of the western
European mainland (e.go Voous 1960)° The range spreads from across the
whole of the norrhern USSR to W, Greenland and the-Canedian;arctie”
archipelago, where,the species is replaced by the Semipaimeted Plover
C. semipalmatus, sometimes considered tpjbe*conspeéific'(see;Smirh-
1969), end which is also thefeommonest breeding wader in some areas
(Sutton & Parmelee 1955). o |

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
‘river gravels, At lower latitudes such habitats are generally restric-
ted to the coast ‘and in Britain‘the'speciee is mainly a coastal nester,
Concern has been expressed in recent years that a decrease méy have
oceurred since the 1940's in the numbers and range of Ringed Plovers
breeding in Britain, apparentiy due to increased hman disturbance of

the coasts (see ParsloW.19675 Prarer 1976) .

Ecology, behaviour and diétributibn of Ringed quyerSVOutsiderthe.
breeding season have been considered by ‘Pienkowski (1980) and. in5Pepers
18& 2, Many aspects of the breedlng behaviour and nesting of Rlnged
Plovers and the other small European plovers have been descrlbed prev-
1ously,notab1y by Laven (1940), Edwards, Hosklng & Smith (1947) Mason
(1947), Simmons (1953, 1955, 1956), Sluiters (1954), thtlnghaus (1956),
Walters (1957) and Glutz et aZ (1975) However, studies on the arctic
breedLng grounds, whlch.form most of their range are: 1ack1ng and, in
BrLtaLn, no LntenSLve study has been publrshed since concern was expres-

sed about thelr possible decline.
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The present paper summarlzes 1nformatlon on-the. nestlng of. Rlnged
Plovers at the L1ndLsfarne Natlonal Nature ReserVe, Northumberland, in -
the " southern part of the breedlng range, and compares thlS w1th the
situation in Scoresby Land NE Greenland well to the north, Together
with information on the 1ater stages of the breedlng season and sub-
sequent survival of young (already presented in Paper 3), the timing

of breeding, population dynamics and breeding distribution are dlscussed.
STUDY AREAS

Scoresby Land

Observations were made near MestersvigAGovernment Station,
Scoresby Land, NEtGreenland (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 territory and.laying, to 16 August,
shortly after the first young had.fledged.d The 1974 season was excep-
tionally late and some additional less detailed information from other
valleys in 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 (Figs. 1, 2)
was mainly 'river-bed' shirgle and sparse tundra heath (i.e. 30—60%
cover by vascular plants; organic crust of lichen cevering ground bet—
ween heath plants' some disturbance by frost. heaving - see Green et aZ
1978, Green 1978)., During the study perlod, snow cover progre531ve1y
- decreased from greater than 907 on 25 June to about 607 on 6 July and
to less than 10% by late July. Generally a damp zone existed in the
latest areas from which snow had melted and alsq'in‘small pools and
streams. The shore of -the small inlet, Neret, was ice covered until
mid-July, after.which melt run-off and slight tidal movement gave rise.
to a damp zone there also., Certain other areaslvisited in NE.Greenland
had more vegetation cover but Ringed Plovers tended'to occupy the more

barren areas (see Green 1978, Ferns 1978).,

Northumberland

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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in 1974 (until mid-June), 1975.and 1976,

At Lrndrsfarne the Rlnged Plovers nest on the shore and in sand
dunes, gravel flats or occasronally on flelds lmmedlately adJacent to
the shore. Most nests are close to intertidal areas, where much of the
feedlng takes place, although_some b1rds nesting on sea beaches (eog.

Ross Back Sands) may move to the sheltered sand and mud-flats to feed°
METHODS

Bird distribution, territories 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 in the‘territories 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 in unsuccessful cases. It is
possible that-tracks and act1v1t1es of observers and other persons in
the area increased the predatlon rate on nests at Mestersvig (cf Willis
1973, Picozzi 1975). At Lindisfarne, it is unlikely that this had an
effect, as observer activity formed only a small proportion of human
activity in the area, To check on this, 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 differ

from that on nests inspected closely.

Because of the. d1ff1cu1t1es in detect1ng nests ‘on the date of
laying of the first egg and the consequent over-estlmatlon of surv1val
rates, nest1ng success was calculated by Mayfield's (1961, 1975)

"exposure'! method, This uses the fleld data to estimate the probab-
ility of a clutch being lost, by dividing the number of unsuccessful
nests by the number of nest—days of observatlon. The est1mated survi—
val rate of a nest, from the laying of the f1rst egg to hatching, is
the da11y chance of surv1val raised to the power d, where d is the
number of days in this perlodo The method assumes ‘that the chance of
loss does not vary systematically through the laying and incubation
perlod‘ checks on my data 1nd1cate thlS to be approx1mate1y true,

apart from seasonal effects con51dered later° 'The only situations in
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which. observations Wﬂreﬂdetailed,enough:to allownapproximate estimates
of nest survival from 1st egg to hatching by the conventlonal' |
méthod were at the North.Shore in 1975 and 19763 24% and 37 respect—
Lvely (based on samples of nests of 29 and 30 respectlvely)e. These
compare with 137 and 17 calculated by Mayfleld's methodo As expected
the 'conventional' estlmates are hlgher because, even in the detailed
study areas, some nests were not found until after- the clutches -had
been lost (and others were probably not found at all). In other areas,
because of less complete coverage and consequent biases in the conven—
tional method, Mayfleld's fethod is- the only practicable one and this
is used throughout this paper for data gathered in the present study

and, where possible, from other sources. -

The British Trust for Ornithology's Nest Record Cards for Ringed
Plovers were also examined in an attempt to investigate egg proeduction’
and nestlng success in other sites, Unfortunately, serious difficulties
in their use gradually became.apparent. First, a large number of single-
visit cards had to be ignored because they could not be used in estima-
ting hatching success nor even clutch size. SeCond” many cards covered
periods at unknown stages of incubation and their use, even for calcu-
lating mean clutch s1ze, was dubious because of the uncertalnty of prev-
ious losses of one or more eggs, Thlrd coverage through the breeding
season is very uneven, often becoming non—ex1stent at many s1tes later
in the season, This is apparent from»notes and dates of checks on.some
of the cards themselves and is reflected in the early end to the season
1nd1cated by these data (see Fig. 4). Fourth, and most serious; in a
very large number of cases, the outcome of the nest was unknown, mak1ng-
estimates of survival rate by any method 1mposs1ble.,,Dlsregard of such
cases - which were typically a majority of cards for any region'orﬂyear -
could have introduced large and unknown biases, It is not clear‘hou
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 investi-
gated the possibility of restrlctlng ana1y31s to cards from certaln
31tes, such,as bird observatorles and nature reserves, but it soon be~
came’ clear that some blases applled here also° Thus, although nest
record cards, as gathered by the current system, may be valuable for
examining the breedlng biology of, e.g. summer-visiting songblrds with

a restricted breeding season and nidicolous young, their use for species
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with a protracted season and, particularly, nidifugous chicks seems
to be very limited. Instead of using the Nest Record Cards, therefore,
some comparativé information from other areas was obtained by corres-

pondence with particular field workers who are acknowledged in the text.

Incubation schedules were monitored by watches at the nest from
a hide placed nearby. In 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 is given as GMT (which is used
locally, although solar midnight occurs at 0136). At this time of year
the sun did not drop below the horizon, although it was lower in the
sky (and in some situations was hidden by hills) around midnight so
that 'nights' tended to be considerably cooler than 'days' (Paper 3).
At Lindisfarne, only one observer was normally available and watches’
covéred either the whole or most of the‘daylight beriod. Although at
this latitude in summer the short nights are not very dark, it 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 utilised. Times were recorded as British
Summer (or Standard) Time, solar midnight occurring at about 0108, so

that times in 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 in Papers 1 to 3. Seasonal fluctuations in "terrestrial’
(i.e. not inter—-tidal) prey abundance were monitored by pitfall traps
(Appéndix 5 and Greenwood 1978).

During each observation period, note was kept of weather conditions,
including air temperature at ground level, wind force and direction, and
rainfall, 1In Greenland, these were supplemented by records at the
meteorological station, which was within the study area. In both study
areas, as many birds as %ossible were marked with combinations of colour

rings unique to each individual,
RESULTS

Territorial establishment and egg-laying

Numerous Ringed Plovers were making stiff-winged ("butterfly")
song flights over the areas clear of snow when the expedition arrived

at Mestersvig on 25 June and these areas were the only ones where

territories were established (Fig. 2). In other localities, notably
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the Mestersv1g area .were. estlmated to be between 22 June and ‘1 July,
erh both earller and sllghtly later dates belng recorded ln other
areas in Scoresby Land Ln the same year (Flg 4) . Eggs were 1a1d at
approxrmately 1 day intervals, the clutch size at Mestersvig being 4
(11 cases) or 3 eggs (2) and in all areas in Scoresby Land 4(19) or
3(3), mean 3.86 (Green, Greenwood & Lloyd 1977, 1978; present study).

At Lindisfarne, territory establishnent was a much more gradual
process, ' Some birds stayed at Lindisfarne throughout the year, Whereas
others dispersed or mlgrated relatlvely short distances and returned
from February onwards (Paper 3). Such birds typically joined the winter
feeding flock on the intertidal flats and gradually spent increasing
proportions of the day (both feeding and roosting) on territories from
February onwards, most taking up permanent residence in March or Aprii
(Fig. 5).

Because birds nesting on the North Shore fed mainly on territory
orto a lesser extent at nearby accessible communal feeding areas, it
was possible to assess the amount of time spent feeding. For example,
values for females on the North Shore on two days in late April before
commencing nesting were 49% and 61% of the daylight hours spent feed-
ing with probably virtually no feeding at night. Many casual obser—
vations also indicated that much of the available feeding time was not
ueed and that the above values were fairly typical, Later in the sea-
son, during incubation, the maximum possible feeding time averaged, of
course, 507 but non—incubating birds were seen to spend much of their

time resting, preening, bathing, etc.

Territories were established around much of the shore of the ,
Reserve (Fige 3), the main exceptions being steep rocky shores or sites
where mudflats and Spartina marshes reached the high Water mark, leav-
1ng no gravel or sand area above the 1ntert1da1 Some areas, notably
the North,Shore of Holy Island Snook, Tealhole and the Guile Point
area, seemed to hold terrltorles of approx1mate1y constant size and
position in each,year. In these areas returning birds often took up
the same territory as in previous years (Paper 3). In other areas,
viz.parts of Goswick, the Sand Rig, 0ld Law and Ross Back Sands, the

locations of territories varied more between years, possibly because
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these beaches were more. subgect to changes in conflguratlon by w1nter

storms and by w1nd-blowu sand at all tlmes of year.: These were .also
the areas where less feedlng was generally done on terrltory (see
below). ‘Birds’ returnlng in success1ve years tended to return to the
same general area, rather than to a particular terrltory (Paper 3).

In extreme cases, €.,g. part of the E1w1ck shore, over—winter changes
in surface substrate appeared to make areas suitable for nesting in
some years with high shores and some gravel expanses but unsuitable in

others when shore level was lowered or gravel covered.

In all years at Lindisfarne, one.or two ‘pairs began to establish
‘territories 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 this shore (which is close to a car park and access

point) by humans at this time of year.

Territory sizes at Lindisfarne varied greatly but were generally
far smaller than in Greenland. On the North Shore, territories as small
as about 0.3 ha were well defined (sometimes even by footprints left by
opposing males walking parallel up and down the shore); whereas, at
Ross and Goswick, more diffuse territories of over 10 ha were common.

In the terneries at Black Law, in the Lindisfarne Reserve, end at
Aberlady Bay, East Lothian, they were.probably even smaller than on the
North Shore, - At Lindisfarne, territorial activity was maintained
throughout the breeding season, presumably a result of the small, tightly
packed territories and the frequently repeated nesting attempts (see
below). Territory sizes previously reported for Ringed Plovers also
range widely in different areas from about 0.06 ha in a closelyroacked
group nesting in a tern colony in Co. Dublin (Mason 1947) to other

large territories in Greenland (e.g. Meltofte 1979).

Laying dates of first eggs spread over several months (Fig. 4),
The suggested bi- or tri- modallty at L1ndlsfarne is known not to be
due to renesthg after a successful brood as there was only one case
of this in each.year. It arlses instead from a certain degree of
synchrony in the dates of predatlon of clutches, leadlng to some
synchrony in laying of replacement clutches (see also below) Prater

(1974) used the bimodality in the distribution of flrst-egg dates of-
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BTO Nest Record Cards as. eVLdence for douhle broodlnga Reana1y31s of
the . Nest Record Cards (Flg. 4) 1nd1cates that the wide spread -of flrst
egg dates occurs throughgut the Brltlﬂh Isles (early dates are probably
fairly re11ab1e but the end of season data probably not -~ see Methods),
As found by Prater (1974), there are some lndlcatlons that the earliest
start to the season occurs in Ireland generally followed by Irlsh Sea
coasts and much of England, with the latest in northern Scotland (but
this may be due to lack of observer coverage before the tourist season
there). At more northerly sites laying commences progresaively later,
as found by Vaisanen (1977) whose results are also summarized in Figure 4,
First laying dates in Iceland and S. Scand1nav1a were somewhat later
than the British Isles and con31derab1y ear11er than N. Scandinavia and
"Greenland. (The data for the end of the season in Iceland is incomplete
because of a change in work-pattern of the observers there.,) Laying
dates on the Taimyr Peninsula (Krechmar 1966) appear to be fairly

similar to those in NE Greenland.

'Some_information on laying intervals was obtained on the North
Shore of Holy Island but this was limited because the frequency of nest
visits was deliberately restrieted to minimize the chance of attracting
predators. Seventeen estimated intervals between egg-laying ranged
from 1 to 3 days and averaged about 1} days. Prater (1974) estimated
slightly longer mean intervals of 1.74, 1.66 and 1,99 for tne 3 inter-

egg intervals respectively.

The mean clutch size (3,84, Table 1) was similar to the 3,86 found
both'in.Greenland and in north Finland (Vaisainen 1969) and marginaily
higher than the 3,79 from British NestrRecord Cards (Prater 1974) which
maybbe 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-
sible were not observed. ‘The clutch was incubated for at least 40 days

without hatching (the mean incubation period is 23.5 days - see below).

Incubation -
Bothtsexes 1ncubate, generally sharing the t1me falrly equally

(Table 2), although there is some variation. Some of this may be an.
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artifact of -observations usually.limited to 24hﬂbr.1ess.. Various
authors (e.g. Walters 1957 for Kentlsh_Plover Charadrtus alexqndrinus)
have suggested that in.some spec1es there may . be a. regular d1urnal
pattern in the schedule of incubation of the two sexes° Although thls
appeared to be so for the Rlnged Plover on some days, tbere seemed to
be no consistent pattern within or between pairs and the'suggested
regularity at times may have resulted 31mply from the long 1ncubat1on
sessions in some sites (see below). There was no evidence that the
female alone incubated at night, although the sex of the Lindisfarne
birds could not be determined in darkness.

)

Incubation stints (i.e. the period between reliefs for which an
individual was in attendence at the nest, including brief interruptionms)
were very variable in duration and no difference between the sexes was
apparent, Variations with stage of incubation were difficult to assess,
particularly at Lindisfarne, because of the high probability that any
given nest under observation would not survive long, but little system-—

atic change was apparent, possibly except adecrease in duration of each

stint as activity increased around hatching time., Incubation stints

tended to be longer in Greenland than at most of the Lindisfarne nests
watched, except at the sea-beach at 0ld Law., On the basis of more

casual observations, incidental to other activities such as catching,

-the longer stints are thought to be typical of this area and of Ross

Back Sands. In common with the situation at Mestersvig, Ringed Plovers
nesting on the sea-beaches of 0ld Law and Ross Back Sands generally move
some distance to feed rather than doing so on territory and longer feed-
ing periods are probably>more efficient as distance to feeding grounds

increases (cf Brown 1975, Brooke 1978).

During incubation at Mestersvig, apart from brief 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 their territory. This may have been a result of
the rapid local variations in prey density and availability (see
Greenwood 1974, 1978). Observed prey included various invertebrates,
with splders and adult Dlptera most 1m.portant° 'Adult and larval Lepl-
doptera were also observed as prey (Paper 3). As 1nd1cated above, at

Lindisfarne the extent of feedlng within the terrltory varled somewhat,
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On the North Shore,. most . feedlng took place on.territory. wtth,some
addlttonal feeding, at times in flocks, on flats away from defended
territories (Flgo k) PO Blrds from Ross Back ‘Sands-and the seaward beach
“of 0l1d Law‘appeared to obtaln most of thelr food on the 1ntert1da1

flats on Budle Bay or west of 0Old Law away from the territory. Later

in the season, however, family partles obtalned most of the1r food in
the area of the territory, at least 1n1t1a11y, although some of the
sea beach nesting birds later took their broods to the flats of Budle
Bay or through Wideopens (Paper 3). Prey identified during observations

on feeding 1is summarized in Appendix 1,

Generally the clutch was incubated for more than 90% of each day,
but possibly less in the first days of incubation and at times just

before hatchlngo

One incubation wes abnormal in that the male took almost no part
in it. This was the fifth nesting ettempt by pair E on the North Shore
in 1975, the first four.having been unsuccessful (see Fig., 5). Up to
and including the fourth nest, which was lost topredation at around
the expected date of hatching at the end of June, both birds shared
incubation normally, The male had started wing—ﬁoult by early July,
(The starting of wing-moult by incubating birds in July is fairly common.)
The birds displayed and made preliminary scrapes normally in the first
few days of July, and the first egg of the fifth clutch was found on 9
July., By 13 July there were 3 eggs and incubation started, probably
on that day. Observations during incubation are summarized in Table 3,
The incubation petiod was abnormally long: 35 days to the hatching of
the first'young and the hatching was prolonged and asynchronous. The
female was unable to both incubate eggs and brood young which had left
the nest scrape. Detaiied observations had to be stopped shortly after
hatching and the young did not survive until the next check about a

week later,

The percentage of time the eggs were incubated bythisfemale
alone (probably about 80%) is rather similar to that of some arctic
wader species in whlch.normally only one adult anubates, 1n contrast
to the > 907 typical of 2—parent 1ncubat10n, as are the frequeht

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 % time % time no Duration (min) Notes
period incubation incubation of incubation
by female* sessions:

mean s.d,.(n)

13 July 1005 - 1556 74% 26% 22.3 16,3(12) Male continues territorial behaviour
and occasionally runs towards nest as
if to incubate but stops short, Male
has dropped first 2-3 inner primaries
and replacements are well grown,

20 July 1040 - 2150 54% 41% 51.6 61.4( 7) Male behaves as above, additionally
incubating once for 26 min. at most,
Female off nest for one long period in
afternoon as well as several shorter
ones,

27 July 1049 - 2151 77% 23% 20.3 34.7(25) Male still defends territory but does
: : - , not show any signs of incubation or
approaches to nest. Female leaves

nest frequently to feed, chase intruders

: . _ O or to avoid people.
3 August 1012 - 1902 7% 29%. 15.1. 12.9(25) Female has dropped first 1-2 1nner
. - a ‘ feathers, Male still defending
territory.

4 August to 17 August only female seen incubating during frequent checks
12 August first egg ‘stars’ )

13 August all eggs starred

" 14 - 17 August slow progress towards hatching by chicks

17 August 1243 - 1813 78% . 22% 18.4 15,1(14) Male still present but shawing little
territorial 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 still present but shows no interest in brooding chick even when this attemﬁts brood
with him, Female broods young but only occasionally spends brief times on nest, Second
young hatches later that day; third not at all despite being well advanced in hatching.

*These estimates are probably too low for the total proportion of the day speni 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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S;ngle-adult incubation prohahly anreases the’ conaplcuousness of the
nest to predators by v1rtue of the 1ncreased movements to and’ from the
nest (see PLenkowskL_& Green 19763 contra Pltelka Holmes & MacLean
1974) Clearly, in the Rlnged Plover nelther the parents nor the

eggs are adapted to 31ngle-adult 1ncubat10n, whlch in this case resulted
from the male's desertlon presumably because of a change in hormonal
condltlon towards the end of the breed1ng seasomn, The female did not
appear the following year and had presumably d1ed in the interval, The

male occupied the same territory in 1976,

One incubation period.in Greenland was measured as 25-26 days.
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 24.8), The mean incubation period is similar
to the 22-25 days reported by Bent (1929), 24 of Witherby et al.(1940)
and 24.0 of Prater (1974). After allowing for the laying period and
for the asynchrony of hatching, this gives a total period in the nest-

of about 29 days, and this figure is used below.

The birds left the nest to perform distraction displays if people
and probably other ground predators approached., The reaction to poten—
‘tial aerial predators (notably Long-tailed Skuas Stercorarius Zongzcaudus,
Raven Corvug corax and Glaucous Gulls Larus hyperboreus at Mestersvig;
Carrion Crows Corvus corone, Kestrels Falco tinnuriculus and various
gulls at Lindisfarne) varied. Usually the birds sat still, relying
on camouflage, although occasionally the predators were mobbed, espec—
ially in higher-density nesting.areas. Generally the reaction to pred-
ators, and the intensity and development of distraction displays, _
increased markedly just before the eggs hatched to a 1evel=typica1vof_
that of birds with young. The frequencies of disturbance from the‘nest
by humans (which tended to be the most frequent cause observed) varied
greatly between sites, At Mestersv1g, the 6 hourly changes of observer
and occa31ona1 movements by the observer were often the only human
dlsturbances occurring. This was also true on some occa31ons at 0ld
Law, Elw1ck and Tealhole, but on the Snook d1sturbance was much more
intense espec1a11y at weekends and holldays when ten dlsturbances per

hour during daylight were not uncommon.
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Birds at bothiMesterSVLg and . Llndlsfarne also: occasionally 1eft
the nest to chase lntruders, usually of the same- speciess Both sexes
were involved in agonistlc and antl-predator behaviour. There were
some Lndlcations that males were more involved in agonistic exchanges
when both.birds were avallable to do th1s but this was more obvious

both earlier, during territory establishment, and later, when with young,

Nesting success and failure and relayings

The nesting successes: of Ringed Plovers in the present study and
in other detailed studies are summarized in Table 4, which shows marked
differences between sites and at the same site in different years,
These differences are, in the main, statistically significant (eoge
Table 5), Further analyses (Tablea 6~8) also demonstrate a seasonal
difference in nesting success at Lindisfarne with early nests generally
more likely to fail, Similar effects were also shown at some other
sites, | |

Predators were the suspected cause of all nest losses at Mesters—
vig, Arctic Fox Alopex lagopus definitely being the agent in one case.
Other potential predators were Stoat Mustela erminea, Long=tailed Skua,
Glaucous Gull and Raven, One case of a Musk Ox Ovibus moschatus kicking
an egg from a scrape and causing it to crack was suspected in one
Greenland study area, and Musk Oxen did appear to be a potential danger
to eggs at Mestersvig early in. the season, as both spec1es made use of
the few areas clear of snow., Arctic Hares Lepus arcticus are susPected
of damaging a clutch at Dammarkshavn (Meltofte 1979), As discussed in
Paper 3, rates of predation on wader eggs and young at Mestersvig were
pfobably higher than is typical fcr'NE Greenland because of the higher
density of predators around the station where they were sustained by
scavenging from tips, etc. The values from'Danmarkshavn and Baffinland
(Table 4) may be-more realistic, and Jehl (1971) also found higher
hatching success (176 eggs hatched/219 eggs found - 80%) in Semipalmated
Plovers at Churchill, Manitoba in 1964-67,

Causes of 1oss of whole clutches at Llndisfarne and St. Cyrus are
'summarlzed in Table 9. A few cases of flooding by sPrlng tldes (prob-
ably all those occurring being detected) were recorded in all situations;
covering by blown sand may have been sllghtly more frequent than the

1dent1f1ed cases indicate, A fairly wide range of predators were
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.T.ABL‘E_ZS.o  COMPARISON OF_NESI LOSSES BEINEEN AREAS OF LINDISFARNE NNR

1976.
‘Days Loss Total Losses/
without days day
loss _
Ross & 01d Law = 503.5 20 - 523.5 0,04
Snook 155 35 250.5  0.14
All 719 - 55 774 0,07
x% = 16.62 P < 0,001

TABLE 6, ESTIMATED PERCENTAGES OF NESTS SURVIVING TO HATCHING IN
RELATION TO AREA AND SEASON AT LINDISFARNE NNR

Up to Mid-May,to Mid-June Total No.cf No.of

mid=May mid-June onward "ﬁﬁ;ﬂ“ :3?

1975

Snook 3.49 - 40% 6.4% 139 30 34

Total 3.8% 4% 6.4% 15% 393 35
1976

Ross Back Sands 3.6% 31% 31% 21% 212 5

01d Law 33% 20% 70% 435 3§ M

Snook 0.2% 2.4% 1.9% 1.49 2505 36

Others - 0.2% 3.3% 1.0% 14 ¢

Total 2.8% 8.7% 22% 1% 788 76



TABLE -7, COMPARISON OF NEST LOSSES AT THE.SNOOK, LINDISFARNE
' NNR, IN RELATION TO SEASON IN 1975

Days . Loss Total Losses/day
without days
loss
Up to-mid-May 47,5 6 53,5 0,11
Mid-May to mid June  179.5 5 184,5  0.03
Mid=-June onwards 141 14 155 0.09
A1l 368 25 393 0,06

i 18. 51 P < 0.001

TABLE 8. COMPARISON OF NEST LOSSES AT LINDISFARNE NNR IN
RELATION TO SEASON IN 1976

Days . Loss Total Losses/day

without days

losses
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

Al 731 57 788 0.07

xi =77 P =<0.05

288
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responslble for most losses and there are srgns that the causes of
losses varled from place to place and year to yeary. note, for example,
the dlfference between years at the Snook in the extent of predatlon :
by corvrds. Observatlons of behav1our of Crows, of Fox Vulpes vuZpes
tracks, etc, suggest that relat1ve1y few 1nd1v1duals of both spec1es

may have been anolved and that changes in thelr behaviour could have
had marked effects on nest surv1va1. ‘During the perlod of most detailed
coverage 1976 at the Snook, nests were lost at the overall mean rate

of 0.36 per day., However, non-loss days were significantly 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 apricaria (Ratcliffe
1976), predstion may be of major importance to the numbers or breeding

success of the prey but form only a small part of the predator's diet,

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 R1nged Plovers leave the nest to lure
potential mammalian predators away while the latter are still 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-
ic tability of its behaviour (Meltofte 1976, 1977, 1979, Green 1978,
present study) and sitting tight on the nest, more typical of some
other wader species relying on camouflage, msy’be one extreme of this.
This variable strategy may also be true of Golden Plovers (see Ratcliffe
1976) . | |

At Mestersvig there were no partial losses of clutches and no
cases of eggs failing to hatch. At Lindisfarne 6 of 121 (5%) eggs
of successfully 1ncubated clutches were lost before hatching. Prster
(1974) obtained the same proport1on from Nest Record Cards., In all
cases at Llndlsfarne, the eggs were thought to have been removed by
humans onesucthredatlon was witnessed and others probably deterred
by the presence of observer or hlde. Of the 115.eggs of successful
clutches, 9 (87) failed to hatch 'These eggs included losses at

various stages including some fully developed young where the fa1lure




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 IF LOSSES WERE INDEPENDENT

Losses pér day 0 1 2 3 4 5 6
Observed freguency 82 15 5 11 0 1
Expected frequency 73.4 26-5 . 5./

Mean = 0.3619; x> = 7.45; P < 0,05

N

TABLE 11, NUMBERS OF NESTING ATTEMPTS ON THE NORTH SHORE PER PAIR

PER SEASON

No. of attempts 19751 1976 Both years
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

1Different sample sizes in the two years reflect d1fferenL
extents of detailed coverage

The means for the two years do not differ significantly.

291
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appeared to be due-to an insufficient degree ofvSynchrony between
hatchlng times of eggs in the clutch. ‘prater (1974) estxmated 6% from
Brltlsh_Nest Record Cards and Meltofte (1979) found the same value ‘at
Danmrkshavn, Greenland. Some values for other species are 5Z for
Dotterel Charadrius morinellus (Pu111a1nen 1970), 4% for Golden Plover
(Ratcliffe 1976), and 6% for Upland Sandpiper Bariramia longicauda
(Higgins & Kirsch 1975).

At Mestersvig no unsuccessful nests were replaced probably bec-
ause insufficient time for incubation and rearing remained. It is
possible that there was sufficient'tiﬁe for replacement clutches in
some other areas, such as ¢rsted Dal and Karupelv (see Green, Greenwood .
& Lloyd 1977). -At Danmarkshavn in 1975 several pairs probably renested
after desertion during a late snow storm in mid-June around the time
of laying (Meltofte 1979).

At Lindisfarne, the long season and high predation rate of
chicks led to numerous renestings, the birds being able to relay, in
a new scrape, within a few days of the loss (e.g. Fig. 5). Only two
cases of "genuine" repeat (rather than "renlacement") clutches wete
recorded, these being on the North Shore in 1975 and Old Law in 1976,
The North Shore pair hatched their first brood (from a first clutch)
on 1 June and relaid around the time these fledged and were still in
the area of the territory in late June. This clutch was, however,
lost in early July and replaced by a third in mid July.: The young
from this hatched on 8 August but did not survive Untii fledging, The
0ld Law pair hatched their first clutch on 28 May. The newly fledged
young were still in the territory when the second full clutch was found
on 27 June after the start of incubation., This hatched about 15 July

and the young fledged in early Augustm

The numbers of nesting attenpts in each year by each pair in the
detailed study area are shown in Table 11, The higher mean number in
1976 reflects the hlgher loss rate in that year. No nest was found in
one terrltory in both 1975 and 1976 (the same in both years) desplte
1ntenslve searchlng and watching of the birds, Numerous 'dlsplay and
"trial' scrapes were made and it seems posslble that the birds were

1ncapab1e of producing eggs, The blrds concerned were not colour-



-293

ringed, so it is not known.if they were the same indiyiduals. in both
years, although this seems likely. -

DISCUSSION

Timing of breeding

Numerous studles have shown that in some 5pec1es of birds the
breeding season is tlmed e1ther so that the young are being raised when
food is most plentiful or so that eggs are laid as soon as sufflclent
food is available to the female to allow their production (e.g. Lack
1954, 1966, 1968, Perrins 1970, Kdllander 1974, Slagsvold 1975, Dunn
1976), HBgstedt (1974) has presented evidence that this applies te'at
least one wader, the Lapw1ng Vanellus vaneZZus .in southern Sweden,
where the birds spend longer on territory before egg-laying 1f the

dens1ty of available earthworms, their main prey, is low,.

Many breeding waders, including Ringed Plovers, utilize the very
high summer productivity of prey species, notably Diptera, in both
arctic and temperate breeding grounds, to allow production and gfowth
of their young (e.g. Holmes 1966a,b, Holmes & Pitelka 1968, Nettleship
1973, 1974, Paper 3)., However, while an abundant available foodpsource
is cIearly.a pferequisite, changes in abundance do not necessarily
determine the time of breeding, In the present study, in 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 ofdnesting in other valleys with diffetent timings of -snow melt
and the .lack of a marked seasonal peak in‘prey availability, These
results are discussed more fully by Green, Greemnwood and Lloyd>(1927)
who also consider the differences.between NE Greenland and sgme other

high arctic areas.

At Lindisfarne, there is no such obv1ous determlnant of the timing
of breedlng and the long delay between territory establlshment and the
commencement of 1ay1ng is at first 31ght anomalous. Settled snow is
fairly rare there even in m1d—w1nter and nest sites are avallable through-
out the season. It is unllkely that food for the laying female is
critical, because both before and durlng 1ncubat10n much potentlal feed-

ing time is not utlllsed- avallable prey appears to be abundant throughout
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the season (Paper.l &«Appendix 5);.and the-birds-appeared to have'no
dlffrculty rn obtaxnrng most or all of thelr food from thelr small
terrltorres Whereas Greenlandxc b1rds foraged OutSlde therr 1arger
'terrltorles° “Also, throughout the season, egg productlon -appeared not
to be difficult, as relaying- after the loss of a clutch commonly began
within as little as 4 days (or, in- the case on one nest lost to preda—
tion during 1ay1ng, 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 in a season (Table 11), Although there was a
slight tendency for an increase in frequencyVOf 3-egg clutches later -
in the season, the frequency remained low and there is no reason to
supoose that a proximate factor (food shortage) was responsible. The -
reduced time taken to lay smaller clutches ﬁay have beuefits later in
the season when an earlier hatching of young by 1-2 days may be an
appreciable benefit and the shortened nest exposure time reduces the
risk of predatlon, (Many passerines lay smaller clutches later in the
season, the ptincipal reason for this put forward by Lack (1966) being
the reduction in suitable food available for feed1ng the young later
in the season, Such a cause is unllkely, however, for the case of

Ringed Plovers, for reasons discussed in Paper 3.)

An alternative to the food-for-egg-formation argument is that
by delaying laying, the birds are "insuring" against the risk of food
shortage during incubation and a consequent need to desert (Brooke
1978)., This seems unlikely to apply to~RingedfPlovers because, apart
from the reasons outlined above, desertion for any reason is rare
(Table 9) and probably due to human interference when it does occur,
Furthermore, nests of Ringed Plovers stand a high probability of less
for other reasons (Tables 3, 9). Also, incubation stints ‘do not
become shorter later in 1ncubat10n (Table 3) as would be expected by
Brooke (1978) if food was initially difficult (or time consuming or

involved long journeys) to obtain but later became easier to collect.

Timing of production of young to coincide with prey ~abundance
also seems a difficult hypothe51s to apply to Rlnged Plovers° Although
there are indications. of an increase in avallablllty ot flles in April
and early Maw (Appendlx 5), sandhoppers were already very numerous by

then and intertidal prey were also avallable (Papers 1 & 2),' Also,




295

the 1ncrease in fly- abundance occurred we11 before the hatchlng of the
flrst young, and if productlon of young Ls delayed to matchtlnoreased
fly avallabllrty, an earlier start would be expected because of the
decreased probablllty of surVLval of young later in the season (Paper
3). Moreover, throughout the season the CthkS appeared to6 have sur-
plus feeding time, their rates of welght galn showed no sign of depen-

dence on food availability and losses were due to other causes (Paper 3).

It also seems unlikely that the risk of severe weather early in
the season delays nesting, as the conditions in the northern parts of
the breeding range in June and July are considerably less clement than
at Lindisfarne in April. The only conditions which caused prolonged
brooding and cessation of feeding by the young was heavy rain on one
day, fairly frequent low overnight temperatures in Greenland in'August,
and a single occasion of a freak snowfall on 1 June 1975 at Lindisfarne°
Aithough severe weather has led to some desertions in Greenland
(Meitofte 1974), the moderately cold, wet or windy weather in summer at
Lindisfarne did not appear to depress hatching success., Indeed, one
could argue that it had a beneficial effect, since tourists were deter=

red by it (see below).

The only feature that appears to account for the delay in commence-
ment of nesting at Lindisfarne is the high risk of nest predation early
in the season., This factor alone is probably sufficient to account for
the late start to the breeding season as the probability-of a clutch
surviving to hatching before mid-May at Lindisfarne was only about 37
(Table 6), |

The reason for the seasonal variation in incidence of predation
is less clear and, as indicated above, generalizations on this aspect
are particularly difficult 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 in the behav—
iour of these individuals may have marked effects on plover nesting
success, Thus, the increase in alternatlve foods such as other birds'
eggs and young Rabblts OPyctoZagus cuntculus ‘may decrease the predatlon
pressure on Ringed Plover nests., Also, as the predators themselves

breed, the spread of the1r activities may become more restrlcted. It
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lS also poss;ble that . Rlnged Plovers may: gaLn protectlon later in the
season. from other b1rd spec1es nestxng in the vxc1n1ty (notably terns

which do not arrive till. later),.and this is explored later,

A breeding situation with some similarities to that of Ringed
Plovers in both Greenland and Britain occurs in Golden Plover PZuviaZis
apricaria in S, Norway where, by observat1ons and field experlments,
‘ Byrkjedal (1979; ‘in press) found decreasxng egg predat1on later in the
season and attributed this to the high vulnerability of nests situated

on small, snow-free, patches of ground.

Annual variability in hatching success may be common amongst
waders, Purdue (1976b) reporting 297 to 1007 in Snowy (= Kentiah) Plover
in the Great Salt Plains of Oklahoma, Harris (1967) 447 to SZZ'for
Oystercatchers Haematopus ostralegus at Skokholm and Soikelli (1969,
1970) 30% to 97% for Dunlin Calidris alpina in Finland (note that some

studies used different methods for calculating nestingvsuccess)°

The end of the nestlng season of Rlnged Plovers may be determined
by the need for adult birds to divert energy to other act1v1t1es, such
as moult at Lindisfarne or preparation for migration in Greenland, as
evidenced by the incidence of a few desertions by one or other of the
pair late in‘the,season (and possibly by the failure to return next
summer of a female left late in the season to incubate alone discussed
earlier)° The decreasing pre-fledging survival of chicks hatched
late in the summer (Paper 3)"may be a consequence of lack of adult
actentivenese then, but may also have other causes which would lead

the .adults to reduce their investment in chick-rearing then,

Population dynamics

If a breeding population of animals is to be maintained without
continual net immigration, the productlon of young surviving until
reproductive age must not be exceeded by the mortallty of the breeding
adults.

The annual mortality of nestlng adults (regardless of age) at
Llndlsfarne was 207 (Paper 3). (The same value is obtalned by using

we1ghted values of age—dependent mortallty calculated in Paper 3.)
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Thus each.pair need to produee,ﬂgn.average, O.4feurvividg»young per
yeér; " The figures,relevanr rO“producrion'of young:and rheir survival
are summarised in Table 12 'The’ observatlons suggest that at 1east
some young blrds are- capable of breedxng at one~year—old but only some
do because of terrltorlallty (Paper 3' Table 21), so the product -of -
Ltems 1 to 7 in Table 12 gives the mean number of potentlal recrults
per pair per year: 2. 248 at L1nd1sfarne. (Because of the number of
components and their methods of calculation no confldence 11m1ts can
be attached to this value.) For this value to_exqeed 0.4, s > 0.4/
2.24, i.e. 0,179, It is clear from Table 4 that production of Ringed
Plovers is marginally sufficient to replace losses in several study
-areas and totally inadequate in some years’in‘some situations,.notably
Holy Island Snook in 1976 (and several years since then - Table 13

and unpublished data) and St. Cyrus in 1975, -

Figures at Mestersvig are inadequate for the equivalent-celcula—
tion to be made. However, using the,Lindisfarne survival rates;df
adults and juveniles and the probable'underestimetes for chick survival,
clutch survival of 0,36 is required for<popu1ation stability. The
acknowledged under-estlmate of ‘0.38 exceeds thls, and other, probably -

more typical, arctic estimates greatly so- (Table 4)

Possible reasons for differences in breeding success between areas and

years and their relevance to the gebgraphicalrbreeding distribution of

the Ringed Plover

Apart from the erratlc dlfferences due to the behav1our of
indiv1dua1 predators referred to above, several p0331b1e factors may
give rise to the differencee in Table 4. - These include distribution
of predators, conspicuousness and gccessibility of nests to predation;
intra~ or interQSpecific interference and protection, human interference

and conservation measures,

. The blrds at the northern end of 0ld Law appeared to galn some
warnlng of the approach of predatorb (or observers) from the adjacent
ternery and the terns also appeared, 1nc1denta11y to the defence of
their own nests, to afford effective protection agalnst aerlalipreda—
tors, which were mobbed. ”The observer ar Sr, Cyrus (N.K, Atkinson
in litt.) came independently to the same concluslon 1n accountlng for

the marked difference in nesting success in the two years there:
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TABLE 13. SUMMARY OF RINGED PLOVER NESTING SUCCESS AT .
' LINDISFARNE NNR IN 1977

Place

North Shore

Rest of Holy Island
Ross Baék Sands

01d Law

A11 other areas of NNR

Totals

No. of.
clutches
attempted
19

16

15

31

8

89

Source; P.A. Snell (in 1itt.) .

No. of
clutches
hatched

% success

2%
31%

. '33%
" 58y

12.5% ?

34%
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"the main dlfﬁerence betueen 1974, and 1975 was the latter 8. late
sprlng v whlch.anluded gale-force NE winds ln late Maya ‘snow- showers
on June lst [see above] , -and. generally cold temperatures t111 mld—
June, "Apart from this, and possibly due to it, the Arctlc Terns

[ Sterna paradtsaea] (c. 5—70 palrs in 1974) did not really get g01ng,
and these definitely- help the Ringed Plovers by keeplng Crows out.,
Normally, the heaviest predatlon occurs from mid-April to late May,t
before the terns have started nesting, and 1ater in July if theyhdo :

not have a successful year,"

The effect of tern protection from aerial predators is probably
also relevant on the offshore Farne IslandsA(Northumberland) nhere'the
Ringed Plovers probably benefit also from the absence of - ground pred-
ators and the control -of human visitors by wardens. A similar effect
occurs at Aberlady Bay, East Lothlan, where nests in the ternery are -
more successful than those out31de, although the 51tuat10n is comp11-
cated by the exclusion of humans from the ternery-(pers° obso)p There
are several other anecdotal reports'of.RingedAPlovers;benefitting from -
nesting in colonies of terns or Black-headed Gulls barus5ridibundus;-
on Scolt Head, Norfolk, nesting in a ternery'affordedwprotection from-
Carrion Crows and Rooks Corvus frugilegus (Turner 1928). iAt_this_site
also, some birds increased their chaneeS'of avoiding predation'hy nest-
ing under branches.of:_Suaeda° Simiiar'hehavioor ﬁas noted at,Lindis#
farne, where some birds on the North Shore occasionaliy nested'under
tree branches washed up onthe shore, andsomeatRossBack Sands commonly
nested among marram grass, Walters (1957) reported that Kentlsh Plovers
in the Netherlands often nest and find protection in colonles of Common
Terns Sterna hirundo and Avocets Recurvzrostra avosetta. Fuchs.(l977)
described a situation in Scotland where ‘Sandwich Terns Sterna
sandvtcenszs gained protection by breeding in colonies of other terns
and Black-headed Gulls and apparently adjusted thelr time of breeding
according to that of the 'protecting' species. There have been
numerous other reports of various species gaining'protection by mnesting
ln such colonles (e.g. Bergman 1946, 1957, Ahlen & Andersson 1970
Bengtson 1972) .

The effect of human d1sturbance may be the reason for the dlffer-

ences in nest surv1va1 in the three main areas at L1nd1sfarne (Table 4),
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This difference was maintained.in 1977 (Table '13)-and probably in
other.years since (less systematic oheerVationS);i'The'North:Shore

lies near the road to the tourist centre of Holy Island vxllage and
there are numerous access points to the beach.and dunes° Access‘was
unrestrlcted and generally unsuperv1sed° ‘Well over a hundred tourlsts
were commonly recorded at the eastern end of the North Shore (east .of
the territories maintained through the summer, shown in Figure 3,but
coinciding with the area where territories were abandoned early in

the season)., Many of these tourists walked around the Snook. At Ross
“Back Sands, where a walk of about 1,2 km is required from car park to
ﬁearest beach, rarely more than 40-50 people visited the area in a

day; most stayed near the footpath access and only about a tenth walked
around Old Law. Some direct deleterious effects of people were noted:
5 clutches of eggs were stepped on in 1977 (P,Ao-Snell, pers. comme);
single, or occasionally two, eggs were probably taken from clutehes in
each year (Table 9; and P.A, Snell, pers. comm.); dogs took several
clutches (Table 9); and direct disturbance probably caused desertion
of the eastern North Shore territories (see abovey cf H81z1nger 1975)0'
However, indirect effects of people and their dogs were probably more
serious. Incubating birds%normally left their nests when people or
dogs approached, though‘a few birds developed consideragble tolerance

of people as the summer progressed, The more often the birds left the
nests, the greater the opportunity for Carrion Crows to detect. their
movements to and from the nest, Some Crows appeared to use vahtage
points to watch for movements of disturbed birds. (Ringed Plovers often
remain crouched on the nest and rely on camouflage in response to

the presence of aerial predators, in contrast to their early departure
at the approach of ground predators, At Lindisfarne most aerial pred-
ators are active in daylight and ground predators nocturnal but the
presence of human potential 'ground predators' and the reaction to
them potentially gives a considerable advantage to aerial predators.)
In addition, increased bird movements to and from the nest led to more
obvious trails of footprints in sandy areas and increased scent trails
(possibly of the blrds themselves but also well—meanlng blrd—watchers,
and dogs) may haVe ass1sted foxes, weasels, etc. to 1ocate clutches at
night, A comparable interaction between human dlsturbance of incuba-
ting Black Oystercatchers Haematopus moquint in S. Africa and egg pred-

ation by gulls has been suggested by Summers & Cooper (1977), and




reported for Dunlins and.gulls in Scotland (Hobson .1972)..

The effect of mutual . interference on nesting is difficult to
assesse. Various studles haVe argued that 1ncreasxng density leads on
the one hand to an anrease in predation (Tinbergen 1952, Hinde 1956,
Lack 1966, Tinbergen, Impekoven & Franck 1967) but on the other to
increases in mutual alertness and protectlon w1th1n and between species
(e.g. Hagen 1947, Kruuk 1964, Lack 1968, Kvaerne 1973, Goranssan et al.
1975, Slagvold 1980). Both such effects may apply to Ringed Plovers;
predators appeared to use the proximity of neéts on the North Shore
to 'do the rounds' periodically but, conversely, adjacent paire ail

performed distraction displays towards, or mobbed, potential predators
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(as also reported by Mason (1947) and Simmons 1956), undoubtedly causing

confusion to them. No obvious pattern of predation rates in relation
to density were apparent at Lindisfarne° Retes Were highest at the
North Shore and lowest at Old Law but both occurred in areas of high
bird density and small territories, Intermediate predation rates were

found at theé larger, lower density Ross Back Sands territories,

The reason for the large variation in size of territories is
unclear, partly because of the doubts which surround the function of
territory in this species, Food supply for adults seems unlikely to
be implicated because of the variation in the extent to which the:
territory is used for food gathering, at 1east before the young hatch,
Safeguarding of food supply or a feeding area for family parties seems
a more feasible function of a terrltory, but again this argument is
weakened in that the territory may be deserted by the famlly, although
this seems more frequent in lerger and less productive territories:
for example, it is more common at Ross Back Sands than North Shore and
is typical in Greenland., Also compatible with the observed variation
in nesting density is the suggestion that territories serve to space
out nests according to the conspicuousness of nests in relation to
nesting habitat. Thus, the highest den31t1es occur at The Snook and
0ld LaW\where the substrate is gravel on which nests are best camouf-
1aged and lower denSLties are found on the sandy beaches of Goswick
and Ross Back Sands where the nests are more obvious and are difflcult
to find mainly because of the expanse of sand or the marram cover.

The lowest den51t1es occur in Greenland where, at the trme of 1ay1ng

and during the early part of incubation, the p0531b1e nest sites are
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restricted to small.clear areas, aiding searcheS‘hy“predators1(Cf
Byrkjedal 1979 & in press) ‘The present Lnformatlon ‘cannot: decxde
between these possibilitiés.. Slmmons (1956)" argued that the main
function of‘territory in the three small plovers 1s 1n spac1ng out of
pairs and nests, but it is difficult to exclude totally the element of
feedlng of small young. Harris (1970) argued that terrltorles were
required for feeding young Oystercatchers at Skokholm but this wader
species is exceptional in that the adults feed the young, . Holmes

(1970) argued that territory sizes of Dunlin in Alaska adjusted to allow
enough food for adults early in the season but his paper.does not adequ-
ately consider the effects of predation, For the same species in Finland,
Soikkeli (1967) argued that the function of territory is to aid pair
formation, but if this is the case, it is not clear why territory size

should vary so markedly,-

Variations in nest surV1va1 rate on a wide: geographlcal scale may
also be related to predation 1nten31ty and to the extent of avallable
habitat in which to hide a nest, Generally, den51t1es and number of
species of potent1a1 predators, and the eff1c1ency of predatlon due to
1ncreas1ng overall prey density, increase at lower latitudes (eege
Larson 1960, Voous 1960, Comnell 1971, Fretwell 1972 Dorst 1974
Malorana 1976) « The study of" spec1es d1vers1ty of waders in relatlon
to latitude by J8rvinen & lesanen (1978) stressed the 1mportance of
. increased habitat diversity in increasing species dlverslty, but commen-
ted that predation did not appear to be implicated in the increasing
species diversity northwards. However, they appeared to eonsider inc-
reasing predation only as a factor which ﬁlght reducevcompetition and
thereby enhance species d1vers1ty, and not the reverse effect that
increasing predatlon might limit the range of individual species and
hence the number of species representedg Huffaker (1971) & Krebs (1972)
cite numerous cases of predators affecting the distributions of prey

species.

The extent of bare ground also decreases at lower latltudes, being
restrlcted in W, Europe almost to the shorellne° The 1ncreas1ng preda—
tion and decrease,1n extent of bare ground would tend to increase the
probability of nest predat1on and limit the southern extent of the breed—

ing distribution. However, two closely related species breed further



south. in Europe and North Africa than Ringed,Plover. Ihe.Little Ringed
Ployer Charadrius. dubius is an. 1n1and breeding species, typlcally found
breedrng on-salt flats (Flg.'7) . Its recent spread across Europe and
its dependence on man—made, often trans1ent barren habltats ‘such as’
gravel pits and newly reclalmed land, has been well documented (eogo
Parrinder 1964, Parslow 1967) The Kentlsh or Snowy Plover is 1arge1y
a coastal species, like the Rlnged Plover, It differs in belng adapted
to sand and clay, rather than gravel and stony, substrates by V1rtue

of its body colouring, egg markings, egg covering behaviour
(Meinertzhagen 1954, Simmons 1956, Hall 1960, Dybbro 1970, MacLean
1974) and nest concealment (Bent 1929, Rittinghaus 1961). It may also

have particular adaptations to warmer conditions, such as egg cooling

(Purdue 1976b Purdue & Haines 1977, cf MacLean 1976) and p0551b1y
dlfferent temperature tolerances for-b1ochem1ca1 activity (see
Chappell 1980), L

There appears to be a latitudinal gradient in the distribution
of gravel and sand on coasts (Fig. 6) and this seems to be matched
closely by the breeding distrihutions of the two coastal species (Figs.
1, 7). Dybbro (1970) noted that,’in Denmark near their northern limit,
Kentish Plovers nested only in markedly sandy biotopes and.that the
breeding population had declined due to increased huﬁan activity in:
thesefareasq In the Netherlands where the three'small plover species
msy breed alongside each other, they hold mutuaily exclusive territor=
ies and there may be some dominance relatlonshlp between spec1es which
could affect distribution (Sluiters 1954)° ‘The species- may compete by“
the possible increase in nest predation with increasing den51ty as,
although all species will be affected, the probability of a nest being
lost will be influenced by the match between egg camouflage and habitat
(cf Fretwell 1972), |

Southern limits of distribution and some implications for conservation
At the limits of a distribution, it is likely that breeding
production will approximate to or be less than mortality. In the case
of the Kinged Plover, there are indications that, in much.of-Britain,

the species is only self supportlng at sites where 1t receives some

form of natural or artificial protection (Table 4) s namely, off-shore
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" (Purdue 1976a, cf Begg & MacLean 1976), water - shortage and high sa11n1ty
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Figure 6. Predominant substrate types at top of depositing shores.
——= boulder, gravel sand and gravel

HH sand, clay, 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. Distributions of (a) Kentish and (b) Little Ringed Plovers,
according to Voous (1960). For Ringed Plover, see Figure 1.
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islands protected from ground predators;.tefn colonies.whichfprovide
defence agalnst aerlal predators' or nature reserves whlch,can provlde
protection against some predators and/or people.i These.requlrements
may also apply to other specxes nestlng in fa1r1y open,s1tuat10ns and
may be relevant to the southern 11m1t of " Turnstones Arenar%a znterpres
on islands in the Baltlc (Voous 1960 Larson 1960) and Long—talled Duck
Clangula hyemglis in the Arctic (Larson 1960) . Colonial birds demon-
strate this dependence on protected s1tes throughout much of their
range, e+g. cliff- and island-nesting seabirds, but even in the Arctic,
terns may have to wait until 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 fulccarzus,
appear to depend on island nesting sites for protection from predators
in parts of their range (Larson l960), The same author also argued that
.the breeding range of many arctic shorebirds and other species is limited
by the intensity of predation by Arctic Fox, against which protective
adaptations vary between species, so that the limits of prey distribu-

tions vary also,

For the Ringed Plover in W. Europe, usage of beaches by people
and their dogs creates an additional adverse factor and this may be
enough to change a positive net production to a negative one. If
conservation of breeding populations of the species 'is required it may
prove necessary to eliminate public access to certain 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 situation appears to exist in breeding

Black Oystercatchers in S, Africa (Summers & Cooper 1977).

An added complication is the interaction of possible effects on
breeding success (Fig.. 8) so that the situation if public access were
to be restrlcted cannot be predlcted This may apply to the detailed
study area at the North Shore, Pub11c access to the area has lncreased
markedly in recent years, both because of 1ncreased 1elsure, wealth
and car-ownershlp of the populatlon (e,go Spelght 1973; pers. commo
from local re31dents) and the progre531ve bu11d1ng of a road to the

island, completed in the 1960's. These have probably had direct effects
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on the.anged Plovers but also vra the terns as- the former North
shore ternery has dlsappeared (pers. comm. from: Holy Islanders).A
(It has dlsappeared,probablyndoe to human drsturbance (Bolam 1912),
and reappeared at'least Once?in the'pasta)"Also‘ management policy
has changed: in former years the local fox-hunt was allowed to visit
the island but this stopped some time after the establlshment of the
Nature Reserve in 1964 and changes have also occurred in keeperlng
on local estates., There have also. been what appear to be natural
topograph1ca1 changes, for example in the route of the channel along
the North Shore, giving rise to a much narrower beach here than that
shown by Perry (1945).

Against such a background, it is difficult to know how much the
behaviour of Ringed Plovers and thelr apparent preference for the
North Shore is fitted to the present situation and how much is an
historical effect, espec1a11y when the fairly high adult surv1va1 (and
consequent delay before adecllneln productlon night become apparent)
are taken into account., Indeed, the situation may not be stable at
all: will the low production and poor success in this area éventually
lead to its abandonment desplte it having had the hlghest den51ty of
breeding Ringed Plovers recorded during the study? Slnce the birds
show some flex1b111ty in behav1our, such as nesting under cover and-in
flelds, pairs might move to other habitats. The tendency to nest
farther from the shore might increase as has apparently happeneduin
Oystercatchers (Heppleston 1972;,see also Prater_1976); On the other
hand, high densities on the shore have allong‘hiStOrv'and high nest
predation rates have long been sufferedrat'LindiSfarne. 'Bolam (1912)
noted that, at Ross Links and Holy Island, " on the shore, just above
high water mark, and in stony depressions amongst the sandhllls.. o .
1 have sometimes seen three or four nests, all containing eggs;fwithin

ten or twenty *yards of one another."

Unfortunately the extent of -

nest predation was not quantified but was sufficient for Bolam to. remark
on the brrds patlently laylng agaln as often as 1ts eggs were taken

(as they used to be on a wholesale manner until a few-years ago) , and
perslstlng in doing so untll happy chance enabled it to bring off a
brood, or the adVanced geason had satlated the Islanders proc11v1t1es
for birds' —nestlng. ' The protectxng effect of other brrds was also

noted: "On the Farne Islands, the Rlnged Plover also breeds on the
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outskirts of the clamorous‘colonies of, Terns,'appreciating, perhaﬁs

the protectlon which the 1atter afford Ln keepxng of £ maraudlng Gulls,"
A few~terns, malnly Arctic, nested at several sLtes on the seaward

Slde of the reserve, including the Snook at thlS time, although subJect
to egg collectlng (see Bolam 1912) Hence, it is difficult to decide
if low nestlng success of Ringed Plovers in parts of the Lindisfarne
Reserve is a new situation or of long standlng. The various pos31b1e
causes of low success could be investigated further only by field
experiments, such as the restriction of access to humans or various

predators.
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' SUMMARY -

The nest;ng of Rlnged Plovers was anestlgated 1n 1974 at
Mestersv1g, NE Greenland and 1n 1974—76 at Llndlsfarne NE England°
Difficulties in the use of Nest Record Cards for this specxes are

discussed,

Territory establlshment d1str1but10n and s1zes, the timing of
egg laying and clutch sizes in d1fferent areas are compared. Incuba-
tion (mean period about 25 days) was shared fairly equally by the two

sexes and variations in the incubation schedule appeared to be related

_to local geography. Nestlng success var1ed greatly in different areas

and years and in relation to t1m1ng within a season. Most egg 1osses
were. probably due to predation., Up to flve nestings per pair per year

were made at Lindisfarne where nest losses were very high,

The timing of breeding is‘discussed,and it is concluded that the
date of start of egg~laying in NE Greenland is determined by the timing
of snow clearance while that at Lindisfarne is related to the decreas-
ing probability of egg—predatlon later in the season., BecauSe of the
high nest losses, the production of young at many temperate sites,
including parts of Lindisfarne, was probably inadequate for the.
population to be self-supporting, and the reasons for the large seasoﬁal,
annual and geographical differences are discussed, It is concluded |
that increasing predation probably &etermines the southern nesting-#
limits of Ringed Plovers but that this limit may be modified by varylng
degrees of different types of natural and artificial protectlon.
Increased human usage of nesting beaches probably has an adverse effect
on nesting success but, because of the complex1ty of the number of
1nter-re1ated factors affectlng the latter, without field experiments
it is difficult to predict how this could best be offset by protection

measures,




312

REFERENCES

Ahlen, I. & Andersson, . k. 1970. Breedlng ecology of an elder popula-
‘tion on Spltzbergen. Ornig Seand., 1:-83=106 '

Anonymous, 1947.-'Admira1ty surveys of west and north weSt African
coasts '

Begg, G.W. & Macléan, G.L. 1976, 'Belly soaking in the Whitecrowned
Plover. Ostrich 46: 65

Bengtson, S.-A. 1972, Réproduction and fluctuations in the sizé of
duck populations at Lake Myvatn, Iceland., O%kos 23: 35-58

Bent, A.C. 1929, Life historiés of North American shorebirds. Part II.
U.'S, Nat.Mus.Bull.. 146 '

Bergmann, G. 1946, Der Steinwdlzer, Avenariq . i. tnterpres. (L.), in
seiner Beziehung zur Umwelt. Acta Zool.Fenn. 47: 1-151

Bergmann, G. 1957. Zum Problem der gemischten Kolonien: Die Reiherente
ythya. fuligula) und die Lariden. Vogélwarte 19: 15-25

Bertram, G.C,L., Lack, D. & Roberts, B.B. 1934, Notes on East Greenland
birds, with a discussion of the periodic non-breeding among
arctic birds, Ibis (13)14: 8l6-831

‘Bird, C.G. & Bird, E.G. 1940. Some remarks on non-breeding in the
Arctic, especially in north-east Greenland. Ibis (14)4: 671-
678

Bolam, G. 1912. The Birds of Northumberland and the Eastern Borders°
Henry Hunter Blair, Alnw1ck )

Brooke, M, de L, 1978, Some factors affecting the laying date, incuba-
tion and breeding success of the manx shearwater, Puffinus
puffimus. J.Anim.Ecol, 47: 477-495

Brown, W.Y. 1975, Incubation shifts of Sooty Terns Sterna fuscata on
Manana Island, Hawaii. "IbZs 117: 527-529

Byrkjedal, I. 1979, Nest predation in relation to snow-cover as a
factor influencing the start of breeding in shorebirds
(abstract) . Wader Study Group Bull. 26: 23

Byrkjedal, I. in press, Nest predation in relation to snow-cover as a
‘factor influencing the start of breeding in shorebirds.Ornis Scand.

Chappéll, M.A. 1980. Thermal énérgetics of chicks of arctic-breeding
shorebirds. Comp.Biochem.Physiol. 65A: 311-~317

Connell, J.H., 1971, .On the role of natural enemies in preventing
competitive exclusion in some marine animals and in rain.
forest trees., pp 298-312 in P.J. den Boer & G.R. Gradwell
(eds.) Dynamics of Populations: Proceedings of the Advanced
Study Institue on 'Dynamics of Numbers in Populations', -
Oosterbeeck, the Netherlands, 7-18 September 1970, Centre for
Agrlcultural Publishing and Documentation, Wagenlngen




313

Dorst, J. 1974 The Life of Birds.. 2 vols. Weidenfeld & Nicolson,
London . -

Dunn, E.K, 1976, Laying dates of four specxes of tltS in Wytham Wood,
Oxfordshire. Brit.:Birds 69 45-50

Dybbro, T, 1970, The Kentish Plover (Charadrius alexandrtnus) as a
breeding bird in Demmark. Dagnsk orn.Foren.Tidsskr. 64. 205-
222 (in Danlsh.w1th English summary)

Edwards, G., Hosking, E. & Smith, S, 1947. Aggressive display of the.
Ringed Plover, Brit, Birds 40: 12-19

Ferns, P_N; 1978. Ecological d1str1but10n of wading blrds° pp 79-84
in Green & Greenwood (1978) -

Forster, J,A. 1975, Electric fence to protect sandwich terns against
foxes., Biol, Conserv. 7: 85

Fretwell, S.D. 1972, Populations in a Seasonal Envtronment Princeton
Univ. Press, Princeton

Fuchs, E. 1977, Predation and antl—predator behaviour in a mixed
colony of terns Sterna sp. and Black-headed Gulls Larus
ridibundus with special reference to the Sandw1ch Tern Sterna
sandvicensis, Ornis Scand. 8: 17-31 °

Glutz von Blotzheim, U.N., Bauer, K.M. & Bezzel, E..1975. Handbuch der
Vogel Mitteleuropas. Band 6. 'Akademische Verlagsgesellschaft,
Wiesbaden o ‘ S :

Gbransson, G., Karlssom, J., Nllsson, S.G. & Ulfstrand S. 1975, ,
Predation on b1rds nests in relation to- antl—predator aggres-

sion and nest den81ty. an’ experimental study. Oikos 26: 117-
120

Green, G.H. 1978, The census of waders. pp 84-109 in Green & Greenwood
(1978)

Green, G,H. & Greenwood, J,J.D. (Eds.) 1978. Joint Biological Expedition
to North East Greenland 1974: the report of the joint expedi-
tion comprising Wader Study Group NE Greenland Expedition
1974 and Dundee University NE Greenland Expedition 1974, Dundee
University NE Greenland Expedition, Dundee

Green, G.H.,, Greenwood, J,J.D.,& Lloyd, C.S. 1977, The influence of snow
conditions on the date of breeding of wading birds in north-
east Greenland. J.Zool.,Lond. 183: 311-328

Green, G.H., Greenwood, J,J.D. & Lloyd, C,S. 1978, The effect of snow
conditions .on the date of breeding in waders. pp 75-78 in
Green & Greenwood (1978)

Green, G.H., Pienkowski, MOW,,'Brown,_S;C;,'Férns, P.N. & Mudge; G.P,
1978, Methods used for wader studies. pp 38-51 in Green &
Greenwood (1978)




314

Greenwood JoJeDs 1974.. The dlstrrbutlon and . acthLty of - tundra
‘ arthropods° PR 48-55 in 0'Brien & Gréemwood (Eds.) Report
of the Unzverszty of ‘Dundeé N.E,  Greenland. Expedht%on 1972,
Dundee Univerxsity NoE Greenland Expedrtlon, Dundee '

: Greenwood J.J.D. 1978, . Act1v1ty patterns ‘and habltat dlstrlbutlon of
tundra invertebrites, pp 168&182 in Green & Greenwood (1978)

Hagen, Y. 1947, Splller dvergfalken i enkelte tllfeller en rolle som
beskytter av grétrostkolonler i fJellet 7 Vér Fagelvirld
6: 137-141 ]

Hall, K.R.Ls 1960, Egg—coverlng by the Whlte-fronted Sandplover. Ibis
102: -545=553 - : ,

Harris, M.P, 1967. The biology of Oystercatchers Haematopus ostralegus
on Skokholm Island, S. Wales. JIbis 109 180 193 -

Harris, M.P, 1970. Terrltory 11m1t1ng the size of. the breeding popula-
‘ tion of the Oystercatcher (Haematopus ostralegus) - a
removal experiment, J.Anim,Ecols 39: 707 -713

Heppleston, P.B. 1972; The comparative breeding ecology of oyster-
.catchers - (Haematopus. ostralegus L.) on inland and coastal
habitats, J.Anim.Ecol, 41: 23-51

Higgins, K.F. & Kirsch, L.M., 1975, Some aspects of the breeding
biology of the Upland Sandpiper in North Dakota., Wilson
Bullo 87::96-102 ‘

Hinde, R.A. 1956, The biological significance of the territories of
birds, Ibis 98: 340-389 4

Hobson,. W, 1972, Breeding‘biology of thevKnot° Proc. Western Founddtion
of Vert, Zool. 2: 5-25 ' '

H8gstedt, G. 1974, Length of the pre-laying period ‘in the Lapwing
Vanellus vanéllus L. in relation to its food resources.
Ornis Scand. 51 1=4- ,

Holmes, R.T., 1966a, Breeding ecology and annual cycle adaptations of the
Red-backed Sandpiper (Calidris alpina) in northern Alaska,
Condor 68: 3-46

Holmes, R.T, 1966b. Feeding ecology of the Red-backed Sandpiper
(Calidris alpina) in arctic Alaska. FEcology 473 32-45

Holmes, R.T, 1970. Differences in population density, territoriality,
and food supply of Dunlin on arctic and subarctic tundra.
pp 303-319 in A, Watson (ed.) Animal Populations in Relation
to their Food Resources. Blackwell, Oxford & Edlnburgh

Holmes, R.T, & Pitelka, F.A, 1968, Food overlap among coexisting
sandpipers on northern Alaska tundra. Syst, 2007, 17: 305-
318



315

H8lzinger, J. 1975. Untersuchungen zum Verhalten des Flussregenpfeifers
Charadrius dubius bei gestortem und ungestortem Brutablauf,
Ans.orn.Ges.Bayern 14: 166-173

Huffaker, C.B. 1971, The phenomenon of predation and its roles in -
nature. pp 327-343 in P.J. den Boer & G.R. Gradwell (eds.)
Dynamics of Populations. Proceedings of the Advanced Study
Institute on 'Dynamics of Numbers of Populations',
.Oosterbeck, the Netherlands, 7-18 September 1970. Centre for
Agricultural Publishing and Documentation, Wageningen

INQUA, 1967-75. Intéernational Quatermary Map of Europe. Sheets 1-8,

11, 12. Bundesanstalt fdr Bodenfaorschung, Hanover and:
UNESCO, Paris

~ J4¥vinen, O. & Vdis¥nen, R.A. 1978. Ecological zoogeography of North
European waders, or Why do so many waders breed in the North?
Oikos 30: 495-507

Jehl, J.R. 1971, Patterns of hatching success in subarctlc blrds.
Ecology 52: 169-175

Kdllander, R, 1974. Advancement of laying of Great Tits by the provi-
sion of food. Ibis 116: 365-367

Krebs, C.J. 1972. Ecology. The expenimental analysis of distribution
and abundance. Harper & Row, New York

Krechmar, A.V. 1966, The birds of the western parts of the Taiﬁyr ,
Peninsula. Trudy zool.Inst.Leningrad 30: 185-312 (in Russian)

Kruuk H. 1964. Predators and anti-predator behavipuf of the Black--
headed Gull (Larus ridibundus L.). Behaviour Suppl. 11: 1-120

Kvaerne, M. 1973, Kan vipa vaere vaktfugl for andre fuglearter ?
Sterna 12: 85-90

Lack, D. 1933, Nesting.conditions as a factor controlling breeding
' - time in birds. Proe. Zool.Soc.Lond. 1933: 305-318

Lack, D. 1954, - The Natural Regulation of Animal Numbers: Clarendon
Press, Oxford

Lack, D, 1966. Population Studies of Birds. Clarendon Press, Oxford

Lack, D. 1968. Ecological Adaptations for Breeding in Birds. Methuen,
London

Larson, S. 1960. On the influence of the Arctic Fox Alopex lagopus
on the distribution of arctic birds. OZkos 11: 276~ 305

Laven, H. 1940. Beitrige zur Bidlogie des Sandregenpfeifers (Charadrius
hiaticula L.) J.Orn. 88: 183-281

Maclean, G.L. 1974. Egg-covering in the Charadrii. Ostrich 45: 167-174

Maclean, G.L. 1976. A field study of the Australian Pratincole. Emu
76: 171-182




316

Maiorana, V.C..1976, .- Predatlon, submergent behavloura and tropical
diversity. Evols.Theory 1y 157-177 "

Mason, A.G},1947..ﬂIerritory:in the'Ringed EIOVéraitBrit. Birds 40: 66~70

Mayfiéld, H.F. 1961, Nestlng success calculated from exposure,
Wilson Bull,.. 733 255-261

Mayfiéld, H.F, 1975, 'Suggestions for calculafing nest success.
Wilson Bull., 87: 456-466

Meinértzhagen, R, 1954, Birds of Arabia. Oliver & Boyd, Edinburgh

Meltofte, H. 1975, Ognlthologlcal observations in northeast Greenland
between 76 00' and 78°00'N Lat. 1969-71. ' Medd. om Grgnland
191(9): 1-72 ‘

Meltofte, H. 1976, Ornithological observations in southern Peary Land,
north Greenland, 1973. Medd. om Grgnland 205(1): 1-57

.Meltofte, H. 1977, 'Fly-away trick' of some arctic waders° Brit, Birds
70: 333 ~336 '

Meltofte, H. 1979, The population of waders Charadriidae at
Danmarks Havn, Northeast Greenland, 1975. Dansk orn.Foren,
Tidsskr. 73: 69-94

Nettleship, D.N, 1973, Breeding ecology of Turnstones Arenaria interpres
at Hazen Camp, Ellesmere Island, N.W.T. Ibzis 115: 202-217

Nettleship, D.N, 1974, - The breeding of the Knot Calidris canutus at
. Hazen Camp, Ellesmere Island, N.W.T, Polarforchung 44: 8-26

Norton, D.W. 1972. Incubation schedules of four species of calidridine
sandpipers at Barrow, Alaska., Condor 743 164-176

Parrinder; E,R, 1964, Little Ringéd,Plovers in Britain during 1960-62.
Brit, Birds 57: 191~198

‘Parslow, J.LQF}'1967,' Chéngés in status ampﬁg breéding birds in Britain
and Ireland, Brit. Birds 60: 97-123 :

Perry, R. 1945. A Naturalist on Lindisfarne. Lindsay Drummond, London

Perrins, CoMo 1970, The timing of birds' breéding seasons, JIbis 112:
242-255 v

Picozzi, N. 1975, Crow predation on markéd‘nésts. JWildlife Management
39: 151<155 '

Pienkowski, M.W. 1980, leferences in habitat reqquements and distri-~
bution patterns of plovers and sandpipers as.investigated by
studies of feeding behaviour. Proc. IWRB' Feedlng Ecology
Symp., Gwatt, Switzerland, September 1977, Verh,Orn,Ges.
Bayern 23: (in press)




317

PlenkQWSkL,M.H (Ed. )1975$tud$es on coastal birds.and. metlandb in Morocco
L1978, Joimt . report.- -of, UnLversxty of East Anglia Expedltlon
to Tarfaya Province, Motocco 1972 and- Cambrldge Sidi Moussa’
Expedltlon 1972.* Norwich
Plenkowskl, MoWo & Green, G.H, 1976. Breedlng blology of Sanderllngs
in north-east Greenland. ‘Brit., Birds 69: 165~177

Pitelka, F'A;,'Holmes,'R;T} & MacLean,‘S F. 1974, " Ecology and
evolution of social organization in arctic sanap1pers.
Amer,Zool. 14; 185-204

Prater, A.J. 1974, Breeding biology of the Ringed Plover Charadrius
' hiaticula. Proc, IWRB Wader Symp. Warsaw 1973: 15-22

Prater, A.J. 1976, Breeding population of the Ringed Plover in Britains
Bird Study 23: 155-161

Pulliainen, E, “1970. On the breeding biology of the Dotterel Charadrius
, morinellus., Ornis“Fenn. 47 69—73

Purdue, J.R, 1976a, Thermal environment of the nest and related parental
behaviour in Snowy: Plovers Charadrius alexandrinus, Condor
78 180—185 : -

Purdue, J.R, 1976b Adaptations of the Snowy Plover on the Great Salt
Plalns, Oklahoma. Southwestern Naturalist 21: 347-357

Purdue, J.R, & Haines, H.,1977° Salt water tolerance and water-turn—
over in the Snowy Plover.  Auk 94: 248-255

Ratcliffe, D.A, 1976. Observations on the breed1ng of the Golden Plover
in Great Britain, Bzrd Study 23: 63-116

Rittinghaus, H. 1956. Untersuchungen am Seeregenpfelfer (Charadrzus
alexandrinus L,) auf der Insel Oldeocog. J.0rm., 97: 117-155

Rittinghaus, H. 1961. Der Seeregenpfeifer. A. Ziemsen Verlag,
Wittenberg, Lutherstadt S

Salomonsen, F. 1950, The Birds of Greenland. MnnkSgeard, Copenhagen .

Simmons, K.E.L. 1953. Some aspects of the aggressive'behaviour of three
closely related plovers (Charadrius). Ibis 95: 115-127

Simmons, K,E.L. 1955, The nature of the predator-reactions of waders
towards humans; with special reference.to the role of the
aggressive—~, escape- and brooding drives. Behaviour 8: 130-
173

Simmons, K.E. L. 1956. Territory in the Little Ringed Plover Charadrius
~dubtus. Ibis 98: 390-397

Slagsvold, T. 1975, ‘Breeding time of birds in relation to latitude.
NOW.Jo ZOOZo 23: ‘213—‘218



318

Slagsyold T..1980. Egg: Predatlon in.woodland.in. relatlon to the'
presence and .density:of : breedLng FleldfareS.Zurdus ptilaris,
Ornis Seand. 11y 92-98.

Sluiters, J.E. 1954, Observations on the Kentish; Little Ringed and
Ringed Flover, breeding near Amsterdam. Limosa 27%: 71-86
(in Dutch with English summary)

Smith, N.G. 1969. Polymorphism in Ringed Plovers. Ibis 111; 175-188

Soikkéli, M, 1967. 'Brééding cyclé and population dynamics in fﬁé
dunlin (Calidris alpina). Ann.Zool.Fenn. 43 158-198

Soikkeli, M. 1970, Mortality and réprodﬁctivé rates in a Finnish pop~
ulation of Dunlin Calidris alpina. Ornis Ferm. 47i 149-158

Speight, M.C;D} 1973, . Outdoor récreatlon and its ecologlcal effects,
University College London Discussion Popers in Conservatzon
No. 4, 35 pp . o

Summers, R.W. & Cooper, J.. 1977, The population,'eéology and conserv-
ation of the Black Oystercatcher Haematopus moqutnz.
Ostrzch 48: 28-40

Sutton, G.M. & Parmelee, D.F. 1955. Breedlng of the Semlpalmated Plover
on Baffin Island Bird-Banding 26: 137-147 ’

Tinbergen, N. 1952, On the significance of territory in the Herring
Gull. Ibis 94: 158-159

Tinbergen, N., Impekoven, M. & Franck, D. 1967. An experiment on spacing-
out as a defence against predation. Behaviour 28: 307-321

Turner, E.L. 1928, Bird Watching on Scolt Head. Country Life, London

V4is¥nen, R.A. 1969. Evolution of the Ringed Plover (Charadrius
hiaticula L.) during the last hundred years in Europe., A
new computer method based on egg dimensions. Awn.Acad.Set.
Ferm. AIV, 149: 1-90. :

Vaisanén, R.A:. 1977. Geographic variation in timing of breeding and
egg size in eight European species of waders. Ann.Zool.
Fenn. 143 1-25

Voous, K.H, 1960, Atlas of European Birds. Nélson, London

Walters, J. 1957, Behav10ur during the egg—layxng perlod in the Kentlsh
Plover (Charadrius alexandrinmus L.), and the division of
labour’ during the nesting cycle. Ardeg 45% 24-62 (in Dutch
with English summary) :

Willis, E.0. 1973.. Survival rates for visited and unvisited nests of
Bicolored Antbirds. Auk 90: 263267

Wilson, J.R. 1978. Agricultural influences on waders nesting on the
South Uist machair., Bird Study 253 198-206

Wltherby, H.F., Jourdain, F.C.R., Tlcehurst N.F, & Tucker, B.W. 1940,
The Handbook of British Birds, Vol 4, Witherby, London




319

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 préy idéntifiéd are listed for each

month and separated according to species and area.
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Appendix 2. 'Sizes of thin red worms seen to be taken durlng

observatlons of feedlng rates of Rlnged and

Grey Plovers at L1nd1sfarne

In the following tables, the number ‘of th1n red worms (prlncxpally
Notomastus) of each,length category are llsted for each month and

separated according to species and locality,

Length is stretched length as the worm is pulled from the substratum,
and is recorded in relatlon to the helght of b111 above the ground

(about 80 mm for. Rlnged Plover and 120 mm for Grey Plover).
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19
17
19
70

3

93
30
49
14
8 206

79

19
21
12

125
22

(b) HIGH FLATS

51

46
14
22
12
106
16

23
16
49
27

34
22
19
10
25

" (a) LOW FLATS
101

12
23
13

LENGTHS OF THIN RED WORMS SEEN TQ BE TAKEN BY
68

GREY*PLOYERS -
J

13

APPENDIX TABLE 2.1
13

Length
(xb111=
height)
Total
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APPENDIX TABLE 2.2 LENGTHS OF THIN RED WORMS SEEN TO BE TAKEN BY
RINGED PLOVERS "AT LINDISFARNE -

'(a) LOW FLATS

Length J A S 0 N D J F M A M J
(xbi11-
height)
<3 - 18 3% 5 35 40 155 18 138 - - 0
3 - 6 14 10 1M 2 2 1 6 - - 0
3 - 10 8 27 10 4 37 4 33 - - 0
3 - 5 2 8 2 3 2 2 5 - - 0
1 - 7 10 29 5 5 5 2 44 -, - 0
13 - 6 5 2 1 0 1M o0 4 - - 0
11 - 9 3 19 0 1 1 3 6 - - 0
2 - 1 0 2 0 0 1 0 0 - =- 0
2 - 2 8 1 0 6 0 2 - - 0.
>2 = 1 3 o o 0 0 0 - - 0
Total - 65 8 160 65 55 324 30 238 - - O

(b) HIGH FLATS

<} - 0 2 14 18 1 7 4 1 18 - -
3 - 0o o0 1 1 0 2 o0 0 5 - -

1 - 0 0 7 3 0 1 ©0 0 5 - =

3 - 0 0 v 0 O O O o0 2 - -

1 -0 1 2 1 o 1 3 0 2 - -
13 - 0 0 o0 o0 O O O 0 o0 - -
13 - 0 0 O O 0O O O 0 0 - =
13 - 0 o0 o0 o0 O O O O0 O0 - -
2 - 0 0 0 0 O0 ©O0o O O0 0 - -
>2 = 0 o0 o0 o0 O O O 0 o0 - -
Total - 0 3 25 23 1. 11 7 1 32 - -
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NORTH SHORE
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APPENDIX ‘TABLE 2.2’ CONTINUED
. (c)

26
13

J
25

Length
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height)
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13
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Appendii}ﬁ,'Computer“handling of observations on

plover foraging behayiour.

Ihls Appendlx ILStS the two computer programs: written to sort the

.observatlons on plover foraglng behav1our (see Papers 2 &1) and glves
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examples of the material ‘input and output by’ these programs, The follow-

ing material is presented:

1. list of data formats and codes;

2, listing of 'PLOVPROG';

3. listing of 'PLOVP2';

4, example of input offobserrations on'duration of each activity;

5. example of input of observat1ons on dlstances moved'

6. example of 1nput of observations of frequenc1es of pecks and prey
taken; . .

7. example of printed output from PLOVPROG for section-4-type input;

8., example of printed output from PLOVPZ for sectlon-é-type 1nput'

9. example of ~output to computer f11e (for subsequent analy31s, €.g. by
SPSS) from PLOVPROG (output from PLOVP2 uses the same format).

SECTION 1. DATA INPUT AND OUTPUT FORMATS

Each observation of each foraglﬁg bird (usually about 2 minutes
duration but not restricted to this)rls referred to here as a 'cése',
PLOVPROG and PLOVP2 read data as cards (or card images)e For any form
of data, the first 70 columns of the first card of each case follows
the same format. This is defined below and examples can be seen in

sections 4, 5 and 6.

First card

columns entries (all numerical data~are right—justified within
each field) |
1~4 Case ser1a1 number,
5~6 Card serial number (always 01 for 'first card?).
7~8 Number of contlnuatlon cards for thlS case.
9 Medlum' 1= tlmed data; 2 = dLstance moved data; 5 =

data on frequency only° '

10 Specxes. 1= Rlnged Plover, 2 = Grey Plover‘ 3 = Dunlin;

4 = Sanderllng, 5 = Golden.Plover; 6 = Lapw1ng, 1= Curlew°




11
12

13

15

16

19
22

25

26

14

18

21
24

27

332

Sexi.Q 5. unknown, l 5 male' 2= feﬁlale°

AgeR (follows Eurlng code)* 1 5 pullus (L,e° not . yet
ﬁledged), fully grown but” age totally unknown;

3= hatched durlng current calender year; 4 = hatched
before current calender year, exact year unknown,

5 = hatched durlng prevlous calender year' 6 = hatched '
before last calender year‘ 7 = hatched 2 calender years
ago; 8 = hatched 3 or more calender years agoe

Age of chick in days. For older birds or chicks of
unknown age; =-1l. _

Foot-vibration: 0 = not recorded; 1 = none; 2 = foot-
vibration throughout observation case; 3 = foot-vibration
for part of time. |

Distance to nearest bird of same species in metres;

-1 = unrecorded; 100 = distanto |

Distance to nearest other bird, coded as above,

Number of conspec1f1cs in flock: 1 = bird alone; O =
unrecorded,

Position in flock: O = unrecorded; 1 = centre; 2 =

intermediate; 3 = edge.

Locality

01 N Shore -~ Tip 18 Flats above P.W.,hollows
02 N Shore - Barrier 19 Flats above P.W.,ridges
03 N Shore - East 20 Ringed Plover Gully

04 N Shore - West ‘ 21 Grey Plover Flats

05 Snook Point ‘ 22 Godwit Creek ]

06 Rig off Snook Point 23 West of Godwit Creek

07 Rig off N Shore | 24 Sandon Bay

08 Goswick Flats 25 Harbour

09 Goswick Rig 26 Tealhole

10 Goswick Sea Shore 27 FénhameleéMoor

11 By Causeway, W of Channel 28 Féﬁham Mill ,
12 By Causeway, E of Channel 29 Elwick

13 Snook House Bay 30 Wideopens
14 High flats below Tip 31 01d Law, inmer
15 By Road, Tip 32 01d Law, Guile Point

16 By Road, Small Saltmarsh  33..0ld Law, outer

17 Flats.above Pilgrims' Way, 34 Ross Links, North
. High Gully



28
29
33

39

40

41

43

44

47

50

54

57
61

64

68

70

- 32
- 38

- 56

35 Ross anks, South, 53 . North End Runway

36 Budle Bay 54. § W of Radio Hut
55 .Noret Shore

51 TunneleIV' 56’IE of mld Runway

52 SoutheRunway 57 fo Nyhavn Road

'Status. 1l=on terrltory, otherw1se 0]

Tlme 24 h clock

Date* numerlcal, in sequence day, month, year, 2 digits
for each, :

Rainfall during case:’Q =_nbne; 1 = light drizzle;

2 = drizzle; 3 = light rain; 4 = rain; 5 = heavy raing
6 = downpour' 7 = hail; 8 = sleet' 9 = snow.,

Cloud cover: in elghths of the sky covered, plus 9 =

'ground level mist with full cover (although observatlons

in such conditions were rare.)

Windforce (Beaufort Scale)

Wind direction: O = unrecorded or none;j 1 = N; 2 = NE;
3=E; 4=SE 5=5;56=5W 7=W; 8=N,

Air temperature entered 1n tenths of degrees Centigrade,

Sand temperature, as above°

Predicted time of high water preceding observation:

(24 h clock).

Predicted height at Leith of preceding high watér'(tenths

of metres),

Predicted time of high water following observation,
Predicted height at Leith of following high water.
Individual, if known, _Colour-ringed individuals were
entered using the last four d1g1ts of the1r metal ring
numbers, Other codes were used for other, temporarlly
identifiable birds, such as the male of a particular
territory or unringed chicks of a particular family.
Species of nearest other bird: 0 = unrecorded or none;
1= Rlnged Plover' 2= Grey Plover, 3 = Dun11n, 4 =
Oystercatcher' 5 Bar-talled Godwrt- 6 = Redshank;

7 = Golden Rlover; 8 = Turnstone; 9 = Lapwing; 10 =
Curlew; 11 = Knot; 12 = Sanderling.

Substrate Wetness and dayllght condltlons. 0 = daylight;
1
5
8

i

dry, dayllght- 2 = wet,’ dayllght; 4 = dry, twilight;

1

wet, twilight; 6 = dry, darkness; 7 = wet, darkness;

i

twilight; 9 = darkness.
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Ihe format of contxnuatlon cards dlffers accordxng to column
9 (Medxum) of the flrst card The three types are. descrlbed below°
For a11 sorts of data, the end of the batcht(wﬁlch_usually con31sted
of about 50 cases) is lndlcated by a card with '=109' in the first

four spaces.

Continuation cards for timed data

For all cards, columns 1 - 4 contaln the case number and columns

5 = 6 the serial number of the card w1th1n the case. 'Columns 9 to 80.

334

are divided into 9 fields of 8. Within each f1e1d the first four spaces

were allocated to a code indicatlng activity and prey type and size if
taken (left-justified), and the second four to the duration of ‘this
activity in tenths of a second (r1ght—3ust1f1ed) An example of
 geveral cases is given in section 4. As many continuation cards as
‘required are used, 'STOP' is entered in the first part of the field

after the last activity in the case.. The activity codes are listed
below, ’

U = wait in up position
D = wait in down position
R = run ]
TN= turn (without running - this was infrequently recorded and the
program recodes this as R) '
DR= produce faecal dropping
PE= produce regurgitated pellet
DRI=drink
= peck
PSU=peck, successful (prey seen to be taken, not identified)
PSM=peck small prey taken
PA =peck, Arenicola taken
PW =peck, thin worm of unknown 1ength taken
PRO=peck, thin worm, shorter than } i b111-he1ght taken
PRl - 9 = 51m11ar to above for th1n worms 4,3,%,1,14,13,13,2,>2 times
blll helght respect1Ve1y.
PWEnpeck at weed (algae)
PAB=aborted peck
SP = stop feedlng to preen
SB =stop feeding to bathe
SR =stop feeding to roost
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§8 mstop feeding o stand -
8D =stop feedrng to dlsplay
SI =stop. feedrng to. anubate or brood (or be brooded for chlck)

Contlnuatron cards for data on d1stances moved

These data are recorded in the same way as for tlmed data, with ‘

the follow1ng exceptlons-

(i). two fields of 4 digits each are added in columns 71 - 74 and 75 -
78 of the first card, These 1nc1uded the total time duration for
the case and the amount of time actually foraglng (in tenths of a
second) o (These two times d1ffer if any of’ the activities coded
with an 1n1tla1 s occur, ) o

(ii) On the. contlnuatlon cards, the numbers of paces moved instead of
the tlme taken to make the run, are coded for each 'run', For all
other activities, the activity code is entered but the numerical
component is recorded as zero.

Examples are given in Section 5.

Continuation cards for data on frequenc1es of prey, etce only

For such data the first. card is coded as for data on dlstances

moved (except column N

Only- one contlnuatlon card is used for each case, This records
the case numbers in. columns 1 - 4 and '02' in columns 5= 6. Columns
7 to 75 are “divided 1nto 23 f1e1ds of 3, These are, used to record )
(each rlght—Justlfled) ‘the frequenc1es in the case, of the f0110w1ng

“activities, respectlvely. DR PE DRI,U,D R P,PSU, PSM PA PW PRO PR1,PR2,
PR3,PR4,PR5,PR6,PR7, PR8 +PR9, PWE PABo

Examples are given in Sectlon 6

Printed output

Apart from carrying out various checks on the data coding,
sorting the data and storing it for further analysis, PLOVPROG and
PLOVE2 print some basic statlstlcs for manual checking and for some
Smele analyses° Examples are shown in Sectlons 7 and 8, PLOVPZ output
differs from. that of PLOVPROG by 1lst1ng the recoded data used in the
sorting. (For detalls of the recodlng, see Paper-Z )
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Qutput- for storage and . ﬁurther analysrs :

Both.programs store. the sorted data for each_caSe on drsk—flles
(and also lrst these on a prlnter for manual checklng) . These disk-
flles were 1ater grouped 1nto a smaller number of - files and stored on

magnetic tape. An example of the format 1S given in Sectlon 9.

For: each,case, the first 11ne con31sts of an lmage of the flrst
card (as for timed data lnput) The second 11ne, labelled w1th case
number and card' number 71, llsts total trme duratlon of case (sec);.
time spent foraglng (sec); no, of dropplngs produced' no, of pellets
produced; no, of drinks taken, total number of thln worms taken, and
total number of pecks of ‘any- outcome made° There follow~15 further
11nes, 1abe11ed with case number and card' numbers 72 to 86’ ‘respect-
Lvelyo' Each line carrles the follow1ng three parameters for four
varlables' frequency within the case, sum of duratlons (or of paces
for distance data), and sum of squares of duratlons (or of . paces). The
60 - varlables represent act1v1t1es or 31mp1e sequences of act1V1t1es,
these belng (listed in order of occurrence in the file):

U-D; U-R; U~P; U-PSU; U-PSM; U-PA; U-PW; U~PR;

U-PWE; U-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; ER1; 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-R; PSM-R;  PA-R; PW-R; PRAR; -

PRB-R; PRC-R; PWE-R; PAB-R.

In ‘the case of sequences, durations are summed for the element under—
‘lined in the above- 1lst1ng (e govPA-U refers to frequencres of thlS
sequence, the sum of duratlon of those U's preceded by PA and the sums
of squares of these durations). Apart from codes deflned above, PR. =
peck, taking thin worm of any size, and PRA, PRB and PRC =_neck taking
thin worms of the regrouped categories PRO & PR1, PR2 to PR4, and-

PR5 to PR9,.respective1y° |




SECTION 2. LISTING OF 'PLOVPROG'
43
1 TCOMPILE TIME=JO
< [
%] 3 [ PLOVPROG
4 C IIRET=ZERY
s c .
[ C AUTHOR: M o PIENKOWSKI PROGRAN WRITYEN APRIL 1975
[%) 7 C THES LISTING INCURPURATES MODIFICAVIONS UP TO SEPTEMHER 1979
8 C :
9 [ A PROGRAN TO SORT SEQUENTIAL PLOVER FORAGING BEHAVIOQUR DBASED ON
10 c TIME DR DISTANCE MUVED, TO PRINT HASIC STATISTICS FOR EACH CASEs
[ %) 11 [ AND VO FILE SOPTED DATA FOR EACH CASE: ALSO TO ADAPT SIMPLER DATA
12 C ON NUMBERS OF EACH ACTIVITY PER TIME TO YHE SAME FORMAT FOR FILE
13 C STORAGE
14 [
C s [ THE PROGRAM IS wR{VTEN [N FORTRAN IV LANGUAGE AS ACCEPTED B8Y TH:I
16 C COMPILEH &WATFIV; SLIGHT MODIFICATION wOULD BE NECESSARY FOR USE
17 C WiTH DTHER FORTHAN COMPILEWS, CARDS (O CARD IMAGES) ARE READ ON
18 C LOGICAL UNIT S; BASIC CASE STATISTICS ARE MHINITED ON LOGICAL UNIT
G 19 g 6% AND SORTED DATA ARE OUTPUY ON LOGICAL UNIT 7,
20
21 c
. 22 DIMENSION NACT{999),7(999),TUD(99), TUR(99) ,TUP(99),TUPSU{99) ., TUPSH
(@) 23 1{99), TURACGD )+ TUPW(99) s TUPR(99) , TOU(99) + TDR(I9) 4 TOPSU(99 ), TDPSM(99 *
i 24 21 TOPA(99)2 TOPW(F9) e TDPR(GO)} s TRU(99 I TRD(YI) 4 TRP(GI) s TRPSU(99) ,TRP
: 2s 3SM{99) s TRPA(YI) » TRPWIO99) 4 TRPR(Q9 ), TPSU(99), TPSM(99) s TPA(99)
. 26 A.IPM(QQI.TDQO(QQ).TpRl(99).YPRZ(QQ).TPR3(99).IPR4(99).1Dn5(99).rpn
() 27 S56(92) . TPRT(99), TORBLG9) s TPRGID9) . PD(99), TPSUU(99)
g 28 6+ TESUD(QY] « TRSUR(ID) s TOSMULGI) . TP SMD(QQ)-TPSMR(QQ).TPAU(QQ).YPAD(Q
* 29 T9) s TRAR{G9) ,TAWULQD) s TPWD{99}), TPWR (99 ), TPRAU(99), TPRAD(99) s TPRAR(9Q
' 30 891, TPRBU(IS )+ TARBD(99) + TPRUR LI ), TPRCUT99) o TPRCD (99 ) » TPRCR (99)
[ 31 DIMENSION TP(200),TPU(200),TPR(200)
32 DIMENSION TURPWEL99) 4 TUPAB(99) ,TDPHE(99),TOPAR(99), TRPWE(99),TRPAB(
33 199), TRPAB(99) s THAHU(99) s TPABD(9U) + TPABR(99) + TPUE(99) + TPWEUL99) « TPWE
{ 34 20(99) , TPRER(99) )
v 3s DIMENSION TOP(99)
36 DIMENSION TU(999|.TD(9991s7R(999) ,
! 37 COMMUN FEEDT . ;
33 REAL MTL,MT2 v R
o) 39 INTEGER HW] yHW2 : L i N
* 40 INTEGER ALL
. al INTEGER PRA,PRD,PRC
, 42 INTEGER UsDyRsDRISPISBeSRISSePPSUIPSHIPA,PWPROPR1PR2:PRIIPRAP
] a3 IRS,PR6EWPR74PRBIPRY
, a4 INTEGER PAy.pwc.pE.rN.SI.so.onl
45 INTEGER PR - .
: a6 INTEGER STOP
a7 " DATA STOP/4HSYOR/
[3:) DATA UsDsRIDReSP4S5Hy SReSSePPSUPSMiPALPY,PR,PRA, PRBIPRCIPAL 1PR24P
. a9 1R31PRA 4PRS +PROIPRT s PRB,PRG/ZINU 1HD+ 1 HR 4 2HDR , 2HSP 4 2H58 2HSR i 2HSS s LH
i 50 2P JHPSU, JHPSM, 2HPA . 2HP W, 2HPR , 3HPHA . JHPRB s IHPRC » 3HPR1 4 3HPR2 s 3HPR3 3
[ S1 3HPRA ¢ IHPRS ¢ IHPRG + 3HPRT 4 3HPRB , IHPR A/
: 52 DATA PWE sPABPE+ST+SDeURI/IHPYE ¢ SHPAB ¢ 2HPE ¢ 2HS [+ 2HSD+ IHDRI/
! ‘53 DATA PRO/3IHBRO/
H 54 OATA TN/2HIN/ -
[ ) 55 DATA ALL/3IHALL/
X 56 DATA MCDsMCT,  MTDoMTT o MoMF o MN, MNE s ME s MSE s M5 o MSW s MW, MNW/3HC/D1 s 4HC/T
! 57 1108HT/DI yAHT/TI ol Mo LHF ¢ LHNy 2HNE s IHE s 2H5E 4 1 HS s 2HS Wy 1MW ¢ 2HNW/
: 58 DATA MTIN/AHT/NO/
] 59 4
H 60 C
i - R .
o
1] A
. 61 C INPUT DATA
62 [
PO 63 c
j 64 t QEAD(S.IO!)NCAQE.NSER.NC-MEDIUM.MSD.NSEX‘NAGE.NDAYS.NFOOT'NDISroND
' 65 1IST2 4 NFLOCK yNPOS,LOCyNSTAT y,NTIMJNOATE + NRAINSNCLOUD ¢ NWINDMDIRJAIRT
; 66 2, AMUDT sHW1 «HTL JHW2 o HT 2, INDIV I NEARSP o NWET o ZTT W ZF T
(53] 67 IF(NCASE.EQ.-109)5TQP
B 68 IF(MEDIUMLEQ.5)GQATO 3010 . . ‘
I 69 0O 10 I=1,NC '
' 70 NL=9¢1-8
N 71 NH=9%1
H 72 10 READ(S+100) (NACTIJ) TS} sI=NL4NH)
: 73 101 FURMAT(IA.IZ'i2.4!l.l2.ll-3[3-ll'12-11-14-16-ll.l!-lZ.llvF!.O'F3-0 .
i . 748 : 14184F340418,F3.0,14,12+11142F8,0)
e 75 00 FORMAT(8X.9(A4:F440)) . R '
: 76 . IF(MECIUMJNE.2)GOTO 9010
?7 1YOP=NC*9 . .
78 DO 9011 I=t,1YOP ~
O &3 T(L)=T{1)*10
80 9011 CONTINUE
a1 9010 IF(MEDIUMEQel IMMEO=MTT
) a2 . TF(MEDIUMJEQ 2 IKMED=MTD . : :
K2 a3 - IF(MEDTUMEQ . 3)MMED=MCT : .
84 IF(MEDTUM,EQ.4 }MMED=MCD
as TF(MEOIUM.EQeS IMMED=MTN
. .86 MC=NC#+}
%) 87 NCARD =NCASE
i 1) WRITE{6+,3000)NCASE . MC s MMED .
} 89 3000 FURMAT(IH1+9HCASE NOe ¢1303H » +12,23H INITIAL DATA CARDS, eAB)
i 90 (F{MSP,ENL1)GOTN 3001
i O 91 IF{MSP+ER«2)GNTO
P 92
i
93
94 (F(usp.so.s)rnTo 3016
%) 95 IF(MSP.EQ.,6)GOTO 3017
96 WRITE(643020)MSP
i 97 3020 FGRUAT(12HOSPECIES NOesia)
- 98 3001 WRITE(6,3003)
S g9 3003 FORMAT{14HORINGED PLOVER)
H GOTO 3004
i 3002 WRITE(6H,3005)
3005 FORMAT(I2HOGREY PLOVER)
O GOTO 3004
; 3011 WRITE(6,30)2
! 3012 FORMAT{7HODUNLIN)
§ GNTO 3004
¢ 3016 WRITE(643013)
3018 FUORMAT(14HOGOLDEN PLOVER)
GOTO 3004
3017 WRITE(6,3019

)
3019 FORMAT(BHOLAPWING)
GOTO 3004
3013 WRITE(643014)
3014 FURMAT(11HOSANDERLING)
3004 CONTINUE
. WRITE(6,4000)INDTV
4000 FDRMAT(ISH INDIVIDUAL NO.sl4)
RAIRT=ALERT/10
RAMUDT=AMUOT/Z10
MTLISHTLZ10
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[2X2YaXa1sXs1z1al

MT2=2HT2/10

IFINSF X.EQ.0)MSEX=0
IFINGEX . F Ot PSS
IFINSEXsFQe2 }MSE
MRITE(6, 3006 M LK-NAGE.NDAVS.N'YAY LOCNTIM,NDATE

30056 FORMAT (4H SEX A8 12H, AGE COUDE + 11,121 (CHICK AGE +12416H DAYS),

1F(
IF{NDIR,
1F (ND
LE{ND
IF(ND
1F (N
1F (ND
1F {ND
WREITE(G 3 NRA\N.NCLOUD.NulND.MDlR.HAer.RAuunr.HVI.utl.ulz-ntz
3007 FURMAT(I2HOPAIN CODE: +11s9Hs CLOUDI +11416H/8, WIND FORCE: +12,6H
1 _FROM ,A4 » AIR TEMP: ,Fa.1,18H4, SUBSTRATE TEMP: +F4.1,8Hs HW A
2T o 16,3H Gel47H ) AND ,16,3H ( JFasl.2H .
WRITE( 643003 INFUOOTNOIST NDIST2,NFLUCK »NPQS
3008 FORMAT(IM +1 IHFODTSHAKE: 411,33He DISTANCE FROM NEAREST SAME SP:
113,181t My QTHER SPI ,13.16H My FLOCK SIZES +13+21Hs POSITION IN FL -
20CK: o 11) .
lF(lNOlV—E0.0)GDYO 3010
WRITE(6+3009)INDIV
3009 FDRMAT(Z!NOINDIVIDUAL CODE NOe +14)
3010 CONTINUE -

1STATUS @ 171e LOCATION CODE: +12+8Hy TIME: +1448Hs DATE: 416}
{FINDIR, : .

SET ZEROS

NDROP=0

NUPWE=NUPAB=NDPWE =NDPARB=NRPWE=NRP AB=NPE=NSI=NSD= NPAB-NPABU ]
NPAHDSNPABRSNPWE NP JEU=NPWED=SNPYER=2NDORI=NPU=NPD=NPR=NPSUU=0
NPSUD=NPSUR=NPSMU=NPSMD=NP SMR=NPAU=NPAD=NP AR=NP YU NP WD= NDNRSOV
NPRAU=NPRAD=NPRAR=SNPREBU=NPRUND=NPRAR=NPRCU=NPRCD=NPRCR=
NUSND=NR=NDR=NSP=NSH=NSR=NSS=NP=NPSU=NPSM=NPA=NPW=NPRO =NPR]1 =0
NPR2=NPRI=NPHI=NPRS=NPRE=NPRT=NPREB=NPRI=NDPRT=0

TOYT=FEEDT=0.

NUD=NUKR=NUP = NUPSU—NUDSM—NUPA—NUPU-NUPR-NDU-NDR-NDPSU:NDPSN=0
NDP=0

NDPA=NDPW=NDPR=MNRU=NRD=NRP=NRPSU=NRPSM=NRPA=NRPW= NRPR=O
IF(MEDIUMEQ.5)GOTO 6000

SDRTY FIRST ACTIVITIES

i=1

GOTO 76
74 FEEDTSFEEDT+T(I)
78 TOTT=TOTYT+T(1)
77 1=1#1
76 IF(NACT{I)+EQ.STAP)IGOTO 75

201

( GO 7O CALCULATE AND PRINT OUT )
IFINACT({I).EN«V)IGOTO 50

«£Q4D)GOTO 51

«EQ.TNINACT(L)3R

<EQ.R}IGOTO 5

«EQ.DR)IGOTO

«EQ.PEIGOTO B1

«EQ.5P)GOTN 54

0. SH)1GOTO 55

EQ.SR1IGOTO 56

€£Q.551G0TQ S?

ENeS1)GOTD 79

EQ.SD)GOTO 80

EQ.P)GOTO 58

£Q.PSU)GOTO 59

€Q.P5M)GOTO 60 L. . ! . . .
EQ.PAIGOTO 61 . - o
£0.Pw1GOTO 62

€0.,PROIGATO 63 B
EQ.PR1)GOTA 64 ~ :

FQ.PR2)GOTO 65

EQ.PR3)GOTO 66

EQ.PR4IGOTO 67

EN.PRS)IGOTO 68

G.PAGIGOTD 69

0«PR7)IGOTO 70

Q.PRBIGOTO 71

i et T S g Bt St Bt P Bt v ot et Ot et St T S e et O B g

EQ.PR9)GOTO 72

EQ.PAB)GOTO A2

EQ.PWE)GQTO A3

€Q.DR1)GATO 8B4
WRIT )t
FORM UNRECOGNISED CODE AT ACTIVITY .[3)
GOTO 1

{ GO TO NEXT CASE )

FIRSY ACTIVITY = U

50 NU=MU#+1

501

K=0Q
IF{NACT{I+41).NE.DR)IGOTO S01

K=1

TCII=STCU)4T(LI+1)

L=]+]+#K

TU(NUY=T(T)

IFINACT(L) EQ.D)IGOTO S02

IF{MACTIL) «EQ.R.NNR.NACTILY+EQaTNIGATO 503

IF{NACY(L).EQ.PIGUTD S04

IF(NACTI(L)«EQ.PSUIGDTO 505

IF{NACT(L)+EQ.PSMIGDTN 506

IF{NACTIL}.EQ.PAIGOTD S07

IF(NACTIL) +EQ.PW)GOTO 508

TFINACT(L) e EQai D « 3R e NACT (LI ¢ EQuPRTI IR« NACT (L) sEOPR2.ORNACT(L)LE
10ePRIJGRINACT L) o EQ. pQA.ON-NACT(L)-EO.PR&.DR-NACT(L) £Q MR6.0RINAC

T2TUL I eEGQePNToORMNACTILI AEQPRY.ORNACTIL) LEQ.PRIIGOTO 509

IF(NACTIL)EQ.PHE)IGOTO 500

IF(NACT(LI«EQ.PANIGOTO S000

a0ra 74

338


http://EQ.PR5.OR.NACt

O © O

G 0 Q0 G

O

o]

© 0 ©

0

2 O

®

43

>

A aTalaTels)
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S5ca
5CS
506
507
508
509
500

5000

51

51t

512

513

514
515
sie
517
‘s18
519
510

5100

52

521

822
523
524

525

NUD=NUD+) .
TUD{NUD)=T(T)
GOTO

NUR=HUR®
TUR(NURYZT(L)
GII¥) 74

NUP ZNUP41
TUPR(NUP)=T(1)
GOTO 74
NUPSU=NUPSUS |
TUPSU(NUPSU)=TL L)
GOYN 74
NUPSM=NUPSM¢1
TUPSMINUPSM)I=T(L)
GAYQ 74 .
NUPA=NUPA+1
TUPAINUPA)=T(T)
GOVOD 74
NUPW=NUPW+1
TUPWINUPW) =T{ 1)
GOTO 74
NUPR=NUPR+1
TUPRINUPR)=T(IL)
GOTO 74

NUPWE =NUPWE ¢1
TUPWE (NUPYE)=TLI)
GOYD 74
NUPAB=NUPAB+1
TUPAB(NUPAB)=TLT)

Gata 74

FIRSY ACTIVITY = O (00wWN)

ND=NDe¢1 - . : e .

K=0

lF(NACT(l&l).NE.OR)GOTO 511

K=1

TLi)= T(ll'f(lbll .

L=l+1¢ i

to(uoi-r 1)

IF{NACT(L).EQ.U)GOTD 512

IF(NACT(L)+EQsR«ORNACT(L) . EQ.YN)GOYD 513 "
IF(NACT(L).£Q.P1GOTO 514 - -
IF(NACT(L).£EQ.PSUIGOTD 515

IF(NACT(L}.EQ.PSM)GOTO 516

IF(NACT(L)+EQ.PAIGUTO 517

IF(NACT(L)+EQ.PWIGUTO S18

IF(NACT(LU ) EQ.PROOR NACT(L).EQ,PRL+ORNACTIL] .EQPR2.ORJNACTIL)HE
1o.pn3.0R.NAcr(L).Eo.PRa.on.NACY(L).En.pns.uu.NAcT(L) EQ.PR6,DR, NAC
2T(L)sEQ.PRT.ODR.NACT(L) sEQ,PRB.OR+NACT (L) EQ.PRIIGOTD 519
IF(NACT{L)+EQ.PWEIGOTO 510

lF(NACT(L)aLQ PAB)GOTO 5100
GOTQ 7A

NDU=NDU+1

TOUINDUI=T(T)

G070 74

NDR=NDR+1

TOR(NOR)3T(()

GaTo 74

NDP=NDP+1

TOP{NDP)=T(1)

GOTQ 74

NDPSU=NDPSU+L

TOPSU(NDOPSUY=T( ()

GUYD 74 -
NDPSM=NDPSM+1
TOPSM{NDPSM)=T{(1}
GOTO 74
NOPA=NDPA+1L
TOPA(NDPA)=T(L)
GOTO 74 . .
NDPW=NOPW+T - g . B .
TOPW{NDPW)=T{L) i !
GOTU 74

NDPR=NDPR#1} T
TDOPR(NDPR)=T(1)

GOTO

HOPWE=NDPWE+1
YDDNC(NDDHE) Tt

GOTO 74 . >
NDPAB= NDPAQ+I
TOPAB{NDPAH)=T(I)

GOTg 74

FIRST ACTIVITY = R ( OR T ) (RUN = OR TURN)

NR NR*I
lF(NACT(l*Il-NE.DR)GDTD 521

=1
T(I) TCL)+XCI+1)
L=T#+1+K
(NR)=T(I)
JUIGOTO 522
«0)1GOT0 S23
«P1IG0TO 524
PSU)rOTO 525

EQ.EW)IGNTO 528

- O . e Pt e
Meme TMTAMTNANT U

(NACT(L)
IFCNACT(L}.
GDOYTO 74
NRUSNRU+ L
TRUINRU)=T(1}

6aaro 74

NRD=NRD+ ¢
TRD(NRD)I=T(1)

GOYOD 74 .
NRP=NRP #1

TRP(NRP) =TI

G0Y0 74
NRPSUaNRPSU+L

«PACIGOTO S20
«PAB)IGOTO 5200

).EQ.PN?.OR.NACYIL).FO-PRB-OR-NACT(L) EQ. PR?)GOTD 529
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TRPSUCHNRPSUIZT(T)
Gcava 74

526 NRPGMINROSMe]
THPJN(NRﬂHH)-Y(l)
GOTD 74

S27 NRPASNRPA#1
TRPAINRPAY=T(I)

. GOTD 74

528 NRPW#=NRPW¢]
TRPWINRPR)=T(1)
GOTOD T4

529 NRVAI=NRPR+1
TRPRINRPR)=T{1)
Gova 74

520 NROWE=NRPWE+]
TRPWE (NRPWE)=T(I)
GOTD 74

5200 NRPAB=NRPANH]
TRPABINRPAB)=T(1)
GOvV0 74

FIRSY ACTIVITY = NR ( DROPPING )

53 NOROP=NDROP+}
GOovYa 717

FIRST ACTIVITY = PE ( PELLET )

81 NPE=NPE+]) /
GOT0 77

FIRST ACTIVITY =.5P ( STYOP PREEN )~
54 NSP=NSP+]
REALT=TOTT/10.
REALY2=(TOTT+T(1)
WRITE(64202)REALT
202 FORMATY(13H PREENIL
GOYD0 78

/104
REALT2
G

»>O0

)
*
N

FIRST ACTIVITY = S8 ( STOP BATHE )

55 NS5B8aNSB+1
REALT=TOTT/10
REALT2=(TOTT+
WRITE(6,203)R

203 FORMAT(12H BAT
GO0va 78 -

T
E AEALT2

{(n
ALT
HEN

FIRST ACTIVITY = SR ( STOP ROOSTING )

56 NSR=NSR+1
REALT=TOTT/10.
REALT2={TOTT+T(I)1/10.
WRITE(G6,208)REALYREALT2

204 FODRMAT(13H RODSYIN
GOTOo 78

FIRSY ACTIVITY = S5 {( STOP STANOING )

57 NSS=NSS+1 . t
. REALT=TOTT/10. ‘
REALT2= (TOTTOT(ID)/lO.
WRITE(6+20S)REALYREALT

T +FS5el914H SECONDS TILL +F5.148H SECONDS)

V/
.
G AT +FSel,14H SECONDS TILL +FS.1+8H SECONDS)

G AT +FSals1AH SECDNDS TILL oF5.15B8H SECONDS)

205 FORMAT(13H STANDING AT ¢F5¢l|l4H SECONDS TILL +FSels8iH SECBNDS)

GaTa 78

FIRST ACTIVITY = St { sToP

79 NS1I=NSI+1
REALY=TOTT/10.
REALT2=(TOTT+T(1}) /10,
WRITE(64206)REALTREALT2

206 FORMATY(27H INCUBATING OR BROODING AT +F5.1,14H SECONOS TILL

18H SECONDS)
GaTa 78

FIRSYT ACTIVITY = SD { STOP DISPLAY )

B0 NSD=NSD+#1
REALT=YOYT/}

0.
REALT2=(TOTT+T([)}/10.
CWRITE(6,207)REALYARCALT2
207 FORMAY (15H DISPLAYING AT ,FS5S.1,14H SECONDS TILL
GOTO 78
FIRST ACTIVITYY = # ( PECK }
58 NP=NP+1
TPINP)=T (1)
IF(NACT(I+1).,£0Q,U)GOT0 580
TFINACT(I+1}.EQ.D)GOTO 581
IF(NACT{I+1).EQ.R+OR‘NACT{1+1).EQ.TN)GOTO S82
GarTo 74

580 NPU=NPU#+1
TPU(NPU)=T
[F(NACT(I+

. GOTO 74

581 NPO3NPDet

TPDINPDI=T{1+1)

INCUBATE .OR BROOD )

+FSel1s8H SECONDS)

1)
PO-ON.OR.NACT(l*?)-EO.PE)YPU(NPU)HTPU(NPU)FT(102)

IFINACT(142)4EGe0ReORaNACT{142)EQ.PEITPDINPOYnTPOINPDI+T(I+2)

6DTD 74.

»FSele
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59

390

591

592

60

600

601

602

61

611

612

62

620

621

622

63

64

KNPR2NPRFL

TPAINPRI =T+ l

IFINACTLI®2), .DR-OR-NACT(lVE).EQ.PE)YPR(NDR’=IPR‘NPN)GY(102)
GDTO 7a

FIRST ACTIVITY = PSU -0 PECK SUCCESS )

NP SU=NPSU#+1

TPSU(NPSUY=T( 1)

IFI(NACT{I¢+1).EQ.U)GNTO 590
IF(NACT{1+i).EN.D)GDTO 5931
IF(NACT(iI+1)eEQ.R,ORNACT(TI+1).EQ.,TNIGOTO 592
GDTID 7a

NP SUU= NDSU 1
TPSUU(NPSUY) =T
IFINACT(1+2).E
11+42)

GOTO 74

NP SUD=NPSUD+Y
TPSUD(NPSUDI=T (141}

IF(NACT(I*2) ¢EQeDRsORNACT(I+2)EQ.PEITPSUDINPSUD I=TPSUD(NPSUD) ¢T¢
Li+2)

GOTO 74 ,

NP SUR=NPSUR+}

TPSUR(NPSUR)I=T(T4#1)}
IFINACT(I1+2)sEQeDRe¢OR«NACT{I+2),EQ.PE)ITPSURINPSUR)=YPSUR(NPSUR}+T(
114+2)

GOTOo 74

T(1+1)
EQesDReDReNACT(]¢2)EQ.PE)TPSUUINPSUU)=TRSUUINPSUU)I T {

FIRST ACTIVITY = PSM { PECK SMALL LYEN )

NPSM=NPSN+¢1 : o ; Lo L
TPSM(NPSM)=T{ ) .
IF(NACT(I+1).EQ,U)GOTO 600 .

IFINACY(1+1).EQ.D)GOTO 601

IFI(NACT(I*1), EQ.R.OR.NACY(lol).EO.tNicDTo 602

GOTO 74

NP SMU=NPSMU+1
TOSMU(NPSNU )=
IF(NACT (142},
1142)

GOYO Ta
NPSMD=NPSHD+1
TPSMD(NPSMO)}=T(1+1)

IF(NACT(I%2) ¢EQeORcORNACT (I +2)EQPE)TPSMD(NPSMD )} =TPSHD (NPSMO) +T(

1+2)

NP SMR=NPSMR+1

TPSMR(NPSMRI=T(I+1)
lF(NACF(l&?l.EO.DR-OR.NACY(l#Z)oEO.PE)YPSMR(NPSMR) TPSMRINPSMR) +T{
11+2)

GAOTO 74

Tite1)
EQG. OH.OR.NAC'(l*?).EQ.PE)YPSMU(NPSMU)=TPSHU(NPSMUlif(

FIRST ACTIVITY = PA { PECK ARENICOLA )

NPA=NPA&]
TPA(NPA) =
TFINACTCI
IF{MNACT(]
IFINACT (]
GOTO 74
NPAUSNPAUHL
TPAU(NPAUY=T(
LFINACT T #2),
GOTa 74
NPAD=NPAD#+1
TPADINPAD)=T( )
[F(NACT(IOZ)-EQ-DR.OR.NACT(102).EQ.PE)TPAD(NDAD)=TPAD(NPADD§T(IOZ)
GOTO 74

NPAR=NPAR®1 <t

TPAR(NPAR)=T(1)

IF(NACI(102)-co.ok.oR.NAcr(lvz).Eo.PE)tPAR(NPAR) TPARINPAR) +T(142)
GOTQ 74

EQG.0)GOTO 611

T

blz-EQ.U)GOTO 610

+1)a
+1)+EQ.R.DRNACT{1+1),EQ.TN)GOTO 612

1) ‘
EQ ORORMACT(I+2)EQ.PEITPAUINPAU) =TPAU(NPAU) #+TLI+2)

FIRST ACTIVITY = pw { PECK WORN - UNIDENTIFIED )

NPW=NPW+1

TPW(NPW)=T(1)

IF(NACT(1+1).EQ.U)GATO 620
IF{NACT(I+1).EQ.D)GOTO 621
TF{NACT{I41)+EQ.RIORNACT(1+1).EQ«TNIGOTO 622
GOTO 74 .

NP WU=NP WU+ 1

TP INPWU)I=T(1+1)
IF(NACT{1+2)sEQsDReORaNACT {1 +2)+EQ.PEITPWUINPWUI=TPHUINPYU) +T{1+2)
GOTO 74
NPWO=NPWD 1
TPWD(NPWD)I=TLI
IF(NAcrglfal.
GOTO 74
NPYWR=NPWR+1
TRAWR(NPWRI=T(T+1)
[F(NACT(1+2) eEQeORJORNACT(I ¢2) 4EQ.PE)TPYR{NPUR)sTPUR(NPRR)I+((1+2)
GOTD 74

RsOReNACT(I+2)+EQPE)TPUD{NPWO )= TPWD(NPWD) +TLI+2)

FIRST ACTIVITY = PRO~-Q { PECK ‘RED WORM )

PRO { SMALL RED WORM )

NPRO=NPRO
TPRO(NPRO)=TL L)
GOTO 630

CPRY ( 174 RED WORMS )
NPR1 2NPRL+1

TPRIINPAL)I=T(T) *
GAaTQ 630

SMALL RED WORMS ( PRO & PRL }
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630 IFINACT(1+1).£Q.GNTO 631
IFINACTI1¢1).£Q.0G0Y0 4632
IF(NACT(1¢1) e 0eReOHNACT(I®*1V1.ENTNIGOTO 633
GOVD 74

631 NPHRAUSNPRAU¢]
TPRAUINPRAUISTILI+Y)
IF{NACT(I+2).EQ. nn.on.ukcr(l02).F0.ﬂ&)YPQAU(NFRAU)-TPRAU(NPRAU)&T(
L+

GUTO 74

632 NPRAD=NPRADHI
TPRAD (NPRAD)I=T(LI41L}
IFINACT{142) 4EQ.DRIORINACT(1+2)«FA.PEITPRADINPRAD )= YPRAD(NPRAD)oT(
1142)
GDTD Ta

633 NPRAR=NFPRAR+]
TPRAKR (NPRARI=T([+1)
IFINACT(142)«EQ«DR:ORNACT(I+21.EQ.PEITPRARINPRAR)= Y@RAR(NNRAG)»T(
11+2})
GOTD 74

PR2 { 172 RED WORNS )

65 NPR2=NPR2+1}
TPR2{NPR2}=T(1)
GOTO 650

PR3 { 374 RED WORMS )

66 NPR3I=NPR3+]
TPRI(NPRII=T(1)
GOTO 650

7’
PR4 ( 1 RED WORMS )}

67 NPR4=NPR4+L : .,
TPRA(NPRAI=T(}) : : Lo Lt
GOTO 650 )

MEDIUM RED WORMS  { PR2, PR3 & PR32 )

650 IFINACTY(I+1).EQ.UIGOTO 651 -
IF(NACT(T1+1).EQ.D}GOTO 652
IF(NACT(I4+1}+EQeR.OR(NACT{I#+1)«EQ.TNIGOTO 6S3
GuYQ 74

651 NPRBU=NPRAU#L
TPRBU(NPRBU)I=TI(LI+1)
IF(NACI(IOZ)oEO.DR.DR.NACY(l&2).EotPE)TPRBU(NPRBU)=TPRBU(NPRBUI+T(

11+2)
GOTO 74

652 NPROD=NPRHO+1
TPRUD (NPRBD)I=T(I+1)

IF(NACT(I+2) +EQ.ORL,ORNACT(] +2).EQ.PE)TPRBOI{NPRBD }=TPRBD{NPRBD ) +T(
1142)
GNYO 74

653 NPRBR=NPRBR+1
TPROR(NPREBR)I=T(I+1)
TF(NACT(1+42)«EQ.ORORNACT (I +2).EQ.PEITPRARINPRAR) =TPRAR (NPRAR) #T{

11¢2)
GOTO 74

R -

PRS { 1L 174 RED WORNS )

68 NPRS=NPRS#1
TPR5(NPRS)=T(T)
GOTO 680

PRG6 ] 1 1/2 RED WORMS )

69 NPR6=NPRG6¢+]
TPRG6(NPRG)I=T( L)
GOTO 680

. PR? 1 374 RED WORMS ) L .

70 HNPRT=NPR7+1 - .
TPRT(NPRT7)}=Y(L)
GOTD 680 T

PRB ( 2 RED WORNS )

71 NPRE=NPRO+1 .
TPRB(NPRB)=T(I) . .. Lt . . L. '
GOTO 680

PR9 { >2 RED WORMS )

72 NPRI=NPRO+1
TPRY(NPRI)=T(1)
© GOTO 680

LARGE RED WORMS t PRS, PR6s PR7, PRS8 s PR9 )

680 I[F(NACT(I+1).EQ.U)GOTO 681
1F(NACT(I+1)+EQ.0)GOTO 682
(FINACT(L+1)eEQeR.OR«NACT(141),EQ,TNIGOTO 683
GOTO 74 .
681 NPRCU=NPRCU#H1
TPRCU(NPRCUI=T(I+1)
TF({NACT(I+2) «EQeDHORsNACT(142).EQ.PE) TPRCUINPRCU) =TPRCULINPRCU) ¢T(
11+42)
GNTO 74
682 NPRCD=NPRCD+1
TPRCD (NPRCD)I=T(t+1)
IF{NACT{I142).EQ:DROR«NACT(I+2).EQJPE) TPRCOINPRCD)=TPRCO(NPRCDI+T
11+2)
GOTO 74
683 NPRCR=NPRCR#+1
TPRCR(NPRCR)=T(I+1}
IF(NACT(l’“).EO.DH.OR.NACY(I02,.EQ.PE)YPRCR(NPRCR)zYPRCR(NPRCR)OT(
11+42)
GOTO 74

FIRSYT ACTIVIYY = PAB { PECK = ABORTED )

B2 NPAB=NPAB+H]
TPABINPAR)I=T(L)
IF{NACT(I+1).EQ.UIGDTO B20
IF(NACT(l’l)-FO-D)GDTO 82!
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IF(NACT(l#li.LO.q.ﬂﬂ.NACT(lOl).LO.TN)GDTO 822
GOTO 74 -

820 HPAGUSNPABUL
TRABUINLAEUWI=T{I¢1)
{FINACTLI®2) atEQeDHeORGNACT(I142)EQPEITRPABUINPABU)aTPARUINPARU) #T{
1re2)
cOT1Y 7o

821 NPAUDTNPABD#1
TPABDINPAHD)I=T(T41)
IFINACT({1+2)eEQsDReORNACT(1¢2)EQ.PE)TPABDINPABDI=TPABD(NPABD)+T .
1142)
GOTO 74

822 NPAHR=NPARA &L
TPABRINPABHI=T (1 1)
IF(NACT{1#2).EG.DRORaNACT(1+2).EQ.PEITPABRI{NPABR)=TPABR(NPABR} »T ¢
11+42)
cOYO 74

FIRST ACTIVITY .= PWE { PECK = WEED )}

83 NPWE=NPWE¢1
TPWE(NPWE)=TL1)
IF{NACT(141).EQ.UVGOTO B30
1F(NACT(1+1).EQ.D)GOTO B3}
IF(NACT(1#1)eEQO.ROR+NACT({1+1)+EQ.TN)IGOTO 832
GO0YT0 74
830 NPWEUSNPWEU+!
TPWEUCNPWEU)I=T{(¢1)
IFINACiI102).EO.DR.DR.NACT(IOZ).EQ-PE)TPiEU(NPIEU)=TP'EU(NPIEU)OT(

831 NPWED=NPWED+!

TPWED (NPWED)=T(I+1)

IF(NACT(IOZ).EO.DR OR.NACY(IOZI.EQ PE)TPHED(NPUED) TPvED(NPVEDI&T( N o

11+2)

GaTg 74 . .
B32 NPWERSNPWER#+) s Co .

© TPWER(NPWER)I=T(1+1)
IF(NACT(142)«EGeDRORNACT(I+2).EQ.PE)TPWERINPWER)=TPWER (NPWER) +T(

11+2)
GOY0 74
FIRST ACTIVITY = ORI { ORINK )

84 NDRI=NDRI+#+}
GOTO 7

INITIAL TOTALLING CALCULATIONS

75 IF(MEDIUM.EQ.2)FEEDT=2FT&10,
IF(MEDIUM.EQ.2ITOYT=2ZYT*10,
IF(FEEOYT.EQ.0)GOTO 9000
RATU=FLOAT(NU)/(FEEDT/6004)
RATD=FLOAT(ND)}/(FEEDT/600.)

RATR=FLOAT(NR)/(FEEDT/500.)
RATDR1 =FLOAT{NOROP)/IFEENDT/600¢)
RATDH2=FLOAT(NDRQOP)}/(TOTT/600,)
RATPE | =FLAOAT(NPEV/(FEEDT/6004)
RATPE2=FLOAT(NPE )} Z(TQYT/600,)
RATP=FLOAT(NP)/{FEEDT/600.}
RATOSU=FLOATINPSU)/(FEEDT/6004)
RATPSM=FLDATINDSM)/(FEEDT/600,)
RATPA=FLOAT(NPA)/(FEEDT/600.)
RATOW=FLOAT(NPW) /(FEEDT/600.}
RATPA=FLOAT(NPA)/(FEEDT/600.)
RATPRO=FLOAT(NPRO)I/(FEEDT/600.)
RATPRI=FLNOAT(NPR1)/(FEEDT/6004) ! L ’
RATPR2=FLOATINPRZ)/(FEEDT/600.} . . - ' o
RATPRI=FLOATINPR3)/(FECDY/600.) * . '
RATPRA=FLDATINPRA)/(FEEDT/600,.) <
RATPRS=FLOAT{NPRS)/(FEEDT/600,) . M T
RATPRO6=FLUAT(NPRG)}/(FEEDT/600,} ’
RATPR7=FLOAT(NPR7}/(FEEOY/6004}
RATPRE=FLOAT(NPRA)/(FEEDT/600,)
RATPRO=FLOATINPRO) /(FEEDT/600.)
NPRT=NPRO +NPKR 1 tNPRZ+NPRI+NPRA+NPRSHENPREFNPR7ZENPREO+NPRY
RATPRT=FLOATINPRT)/(FEEDT/600,.)
RATPWE=FLDAT{HPWE)/(FEEDT/600,)
RATPAB=FLOAT(NPAB)}/(FEEDT/ 6004 )
NHETOT=NP+NPSU+NPSMENPA+NOWHNPRT $NPYE
RATPTO=FLOATINPYOT)/(FEEDY/6004)
RATDRI=FLOAT{NDRE)I/(FEEDT/600,)
GATY 9001
9000 RATU=RATOD=RATR=RATORt=RATPE1=RATP=0
RATPSU=RATPSM=RATPA=RATPW=0 .
RATPRO=RATPR1=RATPR2=RATPR3I=RATPR4=0
RATPR5=RATPR6=RATPRT=RATPR8=RATPRI=0
RATPRT=RATPHE =RATPAB=RATPTO=RATDRI =0
9001 REALTT=TOTT/10.
REALFT=FEENT/10.
WRITE(6.1000)REALTT.REALFT
1000 FORMAT(16H TIME ELAPSED = +sFSel020M TIME FEEDING = +FSel)
"WRITE(6,1001)
1001 FORMAT(1HO 19Xy aXs THUL 8Xs IHD 04X s 1HR » 2X s IHDRT 42X ¢ 3HDRF 0 2X s 3HPET+2X+ 3
INDEF.ax.|HP.2K.3HPSU.2x.3HPSM.3x.2HpA.3x.2Hpv)
WRITE({6,1002)INUsNDsNRyNDRNP . NDROP 4 NPE s NPE s NP, NPSU s NPSM,NPA s NPY
1002 FORMAY{10H O3S, FREQ.14,1115)
WRITE(6,1003)RATY,RATDRATR,RATDR] +RATDR2.RATPE]L RATPE2.RATP+RATPS
{UIRATPSMRATPA RATPYW
1003 FOHMAT(10 H FREQ/MIN «+12FS5. 1)
12)
1QAX s I e IHPRO 42X ¢ IHPRL 42X+ JHPR2 42X« JHPR3 4 2X 9 IHPRA, 2X o 3HPR
2X, JHPIRTy 2X ¢ IHPR B, 2X s IHPRD ¢ 24+ BHPRY 4 2X 3 IHPWE o 1 X+ AHPTAT,
.
3

22X ¢ IHPA
WRITE(G,
LT+ NPWE N

3HDRIT )
INPRO 4 NiTR1 s NPR2+NOR3I» NPRA ¢ NPRS s NITR 6 « NPRT7 o NPRB ¢ NPRY s NPR
T e NFPAL . NDRT

O"X'

1013 FORMAT(IOH OUS. FREQ«[841815)
RITE(H1014IRATPRO, TATPHE 4RATPR2,RATPR I, RATPRARATPRS,RATERE JRATP
lR? RATPRO»RATPHRY, RATPRY s RATPUE «RATPTD,RATPAB,RATDR1
1014 FORMAT(10H FREQ/MIN +15FS,.1)

STATISTICS OUTPUT
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1004 FOnMA
tMIHS

1005

1006

1007

1008

1009

1010

1011

6000
6003

wRITE
FORMA
CALL

WRITE
FURKA

CALL
WRITE
FORMA
<

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CcaLL
WRETE
FORMA
CALL
CALL

CALL
CALL
WRITE
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T(3I7H €S FOR UR SOATED AY NEXY ACTIVITY/)

PSTATSIGTUD JNUD¢RTUD » AVUD)

PSTATSIR, TUR WNURLRTUR, AVUR)

POSTATS(P, TUR NUD RTUP L AVUP)

P‘TAY-("SU.YUPSUvNUH 511 RTUBSU o AVUPSU)
STATS{PSMe TURSMNUPSM.RTUPSM s AVUPSM)

DSTAY.(PA.rqu.NUDA RTUPA,AVUPA)

PETATSIPH,. TUPW, NUSW, RTUPW s AVUPH b

PSTATS(PR, TUPR,NUPR,RTUPHR , AVUPR)

BSTATG(PRE , TUPWE  NUPWE s RTUPWE s AVUPWE )

PSTATS(PAD. TUPAB ' NUPADB'RTUPAB4AVUPAB)

PSTATSIALL s TUSNULRTU, AVY)

(641006)

T(3I9HOTIMES FOR 00WN SORTED BY NEXT ACTIVITY/)

PSTATS(ULTDUNDU,RTDU, AVOU)

PSTATS(Rs TDR ¢NDR,RYDR, AVDR)

PSTATS(P, TOP JNDP RTOP ,AVDP)

PSTATS{PSU, TDPSU.NDPSU.RTDPSU.AVDPSY)

PSTATS(PSM, TOPSM,NDPSM:RTOPSM, AVDPSHY

PSTATS{P A, TDPAJNDPASRTDPA,AVDPA)

PSTATS{PW, TDPW,NDPY,RTDP W, AVOP W)

PSTATS(PR, TDPR, NOPR ,RTDPR, AVDPR)

PSTATS(PWE « TDPWE yNOPWE « RTDPWE » AVDPWE )

PSYATS(PAU.TDPAU.NDPAU.RYDPAB.AVDPAB)

PSTATS{ALL +TOWND+RTD s AVD)

t6+1007)

T(3BHOTIMES FOR RUN SORTED BY NEXT ACTIVITY/)

ASTATS(ULTRUWNRU,RTRU, AVRY)

PSTATS{D, TRDsNRDsRTRD» AVRD)

PSTATS(P, YRI? yNRP ,RTRP , AVAP)

PSTATS(PSU, IRPSUNRPSURTRPSU,AVRPSU)

PSTATS(ASHM, TRPSMyNRPSM,RTRPSM, AVRPSM)

PSTATSIPA,TRPANRPA; RTHPA,AVRPA)

PSTATS(PW, TROW,NRPW,RTRPW ,AVRPY)

PSTATS(PR, TRPR,NRPR ¢RTRPR ,AVARPR)

PSTATS{PWE « TRPWE « NRPWE s RTRPWE  AVRPHWE)

PSYATSIPAB, TRPABNRPABIRTRPAB+AVRPAB)

PSTATSUALL « TR¢NR,,RTR, AVR)

(641008)

T2 7THOPECKING AND HANOLING .TIMES/)

PSTATSIP, TP NPsRTP,AVP)
SYATS(PSU,TPSU,NPSU,RTPSU,AVPSY)

PSTATSIPSHMTPSMyNPSM,RTPSM, AVPSM)

PSTATS(PATPA(NPARTPA,AVPA)

PSTATS(PW, TPWNPWIRTPWAVPW)

PSTAYS(PRO,TPRO,NDPRO,RTPRO,AVPRO)

PSTATS(PR1 . TPR1 ,NPRL1,RTPR1,AVPR])

PSTATS(PR2,TPR2 ,NPR2,RTPR2, AVPR2)

PSTATS(PRILTPRILNAPRILRTNRILAVPRI)

PSTATS{PRA, 1114 ,NPRS ,RTPRA,AVPRA )

PSTATS(PRS, TPRS,NPR5,RTPRS 4AVPRS )

PSTATSIPRG, TPREWNPRO6,RTPII6,AVPRE)

PSTATSIPR7 . TPRT 4NPR7 RTPRT7,AVPRT)

PSTATSIPRE, TPRH,NPRE RIPRH,AVPRE)

PSTATSIPRY, TPRI¢NPRI,RTPRY,AVPRG)

04
Ve
09
[

PSTAYS{PWE . TPWE (NPYWE ,ATPWE,AVPWE )}
PSTATS(PAR.TPAB.NPAB+RTPAB,AVPAB)
(6,1009)

FORMATY (aAHOTIMES OF UP SORTED BY OUTCOME QF PRECEDING PECK/)

CALL
CALL
CALL
CALL
CALL

CALL
WRITE
FORMA
CALL
CALL
CALL
caLL
CALL

CALL
WRITE

PSTATS(P s TPUNPULRTPU, AVPU)
PSTATS{PSU, TPSUUYNPSUURTPSUU,,AVPSUU)
PSTATS(PSM, TOSMU.NPSMURTPSMU,, AVPSNU)
PSTATSIPA, TPAUSNPAULRTPAU,AVPAU)
PSTATSI(PY. TPWUsNPAURTPWU,AVPWY) .
PSTATS(PRA, TPRAU,NPRAURTORAU, AVPRAU)
PSTATS(PRA, TPRBU,NPRUBURTPRAU,, AVPRAUY
PSTATS(PRC, TPRCUSNPRCULRTPRCUAVPHRCU)
PSTATS({PYE s TPYEUSNPRWEULRTIPWE U, AVPREU)
PSTATS(PAR,. TPAIULNPABURTPABU,AVPABUL .
{6+41010)

’

T(SOHOTIMES OF DOWN SORTED BY QUTCUME OF PRECEDING PECK/)

PSTATSIP.TPDWNPDRTPD, AVPD)
PSTATS(PSU, TPSUD,HPSUD R TPSUD4AVPASUD)
PSTATS(PSM, TPSMD,NPSMDRTPSMO, AVPSHD)
PSTATS(PA,TPAD,NPAD,RTPAD, AVPAD)
PSTATSIPW. TPWOsNP WD RTPWDAVPHD)
PSTATS(PRA, TPRADNPRAD'RTPRAD I AVPRADY .

STATS(PRI, TPRBD ,NPRBORTPRND , AVPRBD)
PSTATS{PRC+ TPRCD ¢yNPRCD +RTPRCD»AVPRCO)
PSTAFS{PWE , TPWED MPWED ,RTPWED, AVPWED)
PSTATSIPAB, TPABD «NPABD I RTPABD yAVPABD)
(6,1011)

FORMAT(AGHOTIMES OF RUM SORTED BY ODUTCOME QF PRECEDING PECK/)

- CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

ouTRe

1F (ME

PSTATS(Ps TPR(NPH,ATPR, AVPR)
PSYATS(DSUvYPSUR'NPSUHoRTPSURoAVPSUR,
PSTATSIPSM, TPSMR,NPSMR 4RTPSMR, AVPSMR)
PSTATS(PA, TPARJNPAR,RTPAR, AVPAR)
PSTATS{FAW,. TPWR, NPYR . RTPWR , AVPWR)
PSTATSIPRA,TPRAR,NPRAR RTPRAR, AVPRAR)
PSTATS{PRB,TPRBR,NPRBR,RTPRAR, AVPRBR)
PSTATSI{PRC,TPRCR4NPRCR«RTPRCR, AVPRLR)
PSTATS(PWE s TPWER NPWER «RTPWER s AVPWER)
PSTATS{PAD,TPABR,NPADR.RTPABR, AVPABR)

UT FOR FILE STORAGE

DIUMGNE+5)1GO0TDO 60

)

ACTYIVITY SEQUENCE Ny I Xe7HSIGMA X I X AHSIGMA X2 49X SHN/
10X s2MHSS ¢ 10X s VAR, 9% 2HSDe 9%, ANVARM, 9 Xy 2HSE)
) : A
[
G

o1
ﬂEAD(S-bOO!)NDRDD.NquNDRI.NUoND'NR.NP'NPSUoNPSM.NPA.NPW;NPRO.NPR!

yMPR2
FORMA

«NPR3 ¢ NPRA yNPRS  NRE 4 NPR7T JNPRAZNPRINPWE «NPAB
T(AXe2313)

NORT=NPROENPRT NPR2ENPRI +NPRA+NPRS ¢NPRENPR7 SNPRB+NPRO

NRPTOT =

REALT
REALF

NCARD=

RTU=A
RTH=A

RTPSU=

RYPRO

RTPAA =
RIPa=

RTUD=
RIUPS

NP+NPSU+NPSMENPA+NPY SNPRT +NPWE

Y=ZIT

T=2FT

NCASE

VU=RTD=AVD=0

VR=RTP=AVI =0
AVPSU=RTPSM=AVRSM=RTPATAVRA=QTIPW=AVPY=20
TAVOR TPR1=SAVPRE=RTPR2-AVPR2zRYPR3I=AVPR 30
AVPRA TPRGSSAVPRSERTPRO SAVPROSATPR72AVPRTY =0
AVPRPRB=RTPRI=AVPRI=RTPUE=AVPHIE 2RTPAB=AVPAB=D
AVUD=HRTURSAVURERTUP=AVUA =R TUPSU=AVURSU=0

M3IAVUPSNZRTUPAZAYUPA=RIUPWSAVUP#aRTUPR=AVUPR20
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anon

an

6001

19

2001

" 2000

anon

[algTa}

f2Yalsl

nan

21
20

RIUPYE=AVUPWE=RTUPARIAVUPAR=0
ATRUSAVHUTHTROSAVRDINTRPSAVARAP=RTROSU= AVRPSU=0
SAVREGM=UTRPAZAVHIPASHTRPHZAVRPY=RTRPRaIAVRPR=0

; AVHOWE = TRPANSAVHPANRZD

RTPYL ‘AVL’U=QYPSUU-‘-AV“‘SUU HTPSMU=AVI?S MU"WTPAU‘AVPAU=\’
AVHaUSHIPRAUTAVERAUSRTPRNYSAVPRBIUSRTONRCY= AVPRCU=0
SAVPREU=HTPAHY SAVPABU=RTPATAVPR=RTPSUR=AVPSUR=0’
SAVPSMR=NRTPAR-AVPAR=RTIPWH=AVPUNR=RTPRAR=AVPRANZD
RTPRAR=AVPHRHR=RTPRCRA= AVPRCR= HYPHER'AVPUEN*N'PABR AVPABR=Q

CHANGE REAL. VALUES TO APPARENY EINTEGER FOR FILE OUTPUT

JAIR=IFIXLAIRT)
JMUDT=1F IX(AHUDT)
JIESEFIX(HTLY
JT25FF [X{HT2)

NSER=1

WRITE(P419INCASE sNSERyNCy MEDTUMyMSP yNSEXyNAGE s NDAYS s NFODT s NDIST s ND
llSTZ-HFLDCK-NDOSoLOC.NSTAT.NIIM.NDAIE.NRA!N.NCLDUD'NIIND'NDIR.JAIR
22 JMUDT s HWE o JT 1 HW2, U722 INDIVeNEARSP yNWET
FOHMAY(IQ-!E.l2tAlly|2ylloJlB T1012¢13 414416008 e11,12411413,13414,
113¢1a,13,14412,11

NSER=71 .
WRITE(742001 INCARDJNSER,REALTTREALFT sNDROP4NPE+NDRT ¢ NPRT(NPTOT
FORMAT((14412:2F6414312,213)

NSER=72

WRITE{7+2000)NCARDsNSERINUDsRTUD,» AVUD +NUR, RYUR'AVUR.NUP.RTUP AVUP,

INUPSU,,RTUPSU, AVURPSY
NSER=73

URIT“(7-2000lNCARD-NSER.NUPSM.QYUPSH-AVUPSN'NUPA.RYUPA.AVUPA.NUP'-

IRTUP W AVUP YW, NUPR s RTUPR s AVUPR
NSER=74

lRlTE(7.2000)NCARD.NSER.NUPIE.RTUP!C.AVUF'E.NUPAU;FTUPAD-AVUPAB.NU

IvﬂTU-AVU'ND'RTD.AVD
SER=75

WRITE(7.2000)NCARD-NSER.NRU.RYRU-AVRU.N“D.RTRD-AVRO-NRP.RTRP:AVRPt

INRPSURTRPSU,AVRPSU
NSER=T76H

WRITE(?7,2000INCARDINSERsNRPSMRTRPSMs AVRPSMsNRPARTRPAJAVRPA (NRPY,

L1RTRPW, AVRPW,NRPR HTRPR, AVRPR
NSER=77

VﬂlYE(7;2000)NCARD.NSER.NRPIE'RYRPHE.AVRPHE-NRQAB'RTRPAB.AVRPAB'NR‘

1, RTRGAVR NP RTP,AVP
NSER=78

MRITE(742000 )NCARD«NSERINPSUIRTPSUIAVPSUINPSMIRTPSM, AVPSMNPA,RTPA

1:AVPA NPH,RTPW,AVPY
NSER=79

WRITVE(7.2000 INCARDWNSER,NPRO 4RTPRO » AVORO NPR1,RTPRI,AVPR1+NPR2RTP

1IR24AVPR2.NPR3RTPR3, AVPR]3
NSER=80

WRITE(T+2000)INCARDSNSER, NPRA.RYPRO.AVPRQ.NPﬁS.RTPRS.AVPR5-NPR6'R79

1RE6« AVPROHJNPR7 yRTPRT7 4 AVPRT
NSER=81

WRITEL 742000 )NCARDNSERINPRB,RTPRB«AVPRANPRIJRTPRI s AVPRI 4 NPWE sRTP

IWE s AVPPWE « NPAB s RTPAB,AVPAB
NSER=82

WRITEL 742000)NCARDINSERINPUIRTPUYAVPU+NPSUURTPSUU, AVPSUU s NASMURT

1PSMU, AVASHMUNPAUJRTPAUAVPAU
NSER=83

WRITE(7 2000 )NCARDJNSER,NPWU,RTPYU, AVPYHU s NPRAU» RTPRAU,s AVPRAU, NPRBU

1eRTPRUUV, AVPRHU,NPRCUSRTPRCUSAVPRCUYU
NSER=84

WRITE(742000)NCARDINSERNPWEUIRTPWEU+AVPHEU.NPABURTPABU,AVPABU NP

IRWRTPRAVPR MPSUR RTPSUR AYPSUR
NSER=85

WRITE(7 42000 )INCANDGNSER(NPSMR ,RTPSMR ¢ AVPSMR sNPARRTPARJAVPARNPYR .

lRTDwR'AVPNR.NPRARoRYPRAW-AVPRAR
SER=A6

NRITE(7.2000)NCAPDoNSEN.NPRBR.WTDRBR'AVPRBR.NPRCR.RYPQCR.AVPRCR.NP

1HER JRTPWER LAVPWER «NPABR,RTPAHBR, AVPABI
FORMAT(I4,431248¢13+F6424:F9430)

GOTO

END

SUNROUTINE PSTATS(ITEM;AsN2SSUMA, SSUMA2)

COMMON FEEDT

DIMENSION A(20) t - ’ o
REAL*8 SuMA.SUMA2|SSA

T=FEEDT/600,

SET ZEROS

. SUMA=0

SUMA2=0
SSUMA=0
SSUMAZ2=0

LOOP FOR SUM AND SUM OF SQUARES

IF(N...T«13GOTO 15

00 19 [=1.N
SUMA=SUMA+A(L1)/10
SUMAZ2=SUMA2+A(L)}*A(L) /100
CONT INUE

CALCULATE

SSUMA=SUMA

SSUMA2=SUMA2

AVA=SUMA/FLDAT(N)
SSATSUMA2=~SUMASSUMA/FLOAT(N)
IFINJEQJLIGOTD 21 :
VARA=S5A/{FLOAT(N)=1) )
IF{VARA.LE.D}VARAROD

GOTC 20

VARA=0.

GOTY 20

SOA=SQHT(VARA)

VARMA=VARAZFLOAT(N)

1F {VANMALLE 20 ) VARMARD
SEA=SORT(VARMA)

IF{FEEDY-EQ.0)}50T0 16
RATN=FLOAT(N}I/T

PRINT RESULT

er re e e e et e e e e s At T ot i e e e = e o em e ee = < -




1] @Q e 0 © & ® ¢ & 0 © 0 06 o O © o @

P

|
|
|

@

s

("\

1081 C
1082 17 WRITE(G, 0 FITEMINLSSU MA‘SSUHA?.RATN-AVA-SSA-VAN\.SDAoVARMA-SEA
1083 100 FURMAT(1 A8 410X I 3.FbaleBF12,3)
1084 RE TUIN
1085 15 WRITE(6,101)ITEM
1086 101 FORMAT (1 +A448Xs4HZERG)
1087 HE TURN
1088 16 RATN=~0
1089 GOTO 17
1090 END
1091 SDATA
1092 $STYOP
END UOF FILE .
s
/
1 )
SECTION 3. LISTING OF 'PLOVP2
S$COMPILE
PLOVP2
-~ == =32
AUTHOR: M W PIENKOWSKE PROGRAM MODIFIED FROM "PLOVPRAGY APRIL 1979

N=QOURNCRPFUN~OODNPNIWN~

NS 0 e e o e e e e

[aYaYaYalaYatalaYalalaNatoTalaRaloTalatalaYaYa)

THIS LISTING INCORPORATES MODIFICATIONS UP TO SEPTEMBER 1979
A MODIFICATION OF *"PLOVPROG® FOR TIME-BASED DATA QHNLY. TIMES SPENT

T RUNNMING ARE ABSORHED INTO PRECEOING UOR FOLLCWING PECK-TYPE ACTIVITIES

IF SUCH ACTIVITY 1S ADJACENT. FOLLOWING PECKS TAKE PRECEDENCE DOVER

PRECEDINGs IF NO SUCH PECK-TYPE ACTIVITY 1S ADJACENY, RUN 1S REVTAINED.

REARIANGED DAYA ARE THEN PRINTED (ON LOGICAL UNIY 6 ) AND USED AS THE
INPUT TO "PLOVPROG™ TYPE ANALYSISe RESULTING IN PRINT-0UT OF BASIC
STATISTICS FOR EACH CASE ANDQ WRITING TO FILE OF SORTED DATA ‘FOR

EACH CASE.

THE PROGRAM (S WRITTEN [N FOARTRAN [V LANGUAGE AS ACCEPTED BY THE
COMPILER ¢wATFIV] SLIGHT MODIFICATION wOULD BE NECESSARY FOR USE
WiTit OTHER FORTRAN COMPILERS, CARDS (OR CARD IMAGES) ARE READ ON
LOGICAL UNIT 55 BASIC CASE STATISTICS ARE PRINTED ON LOGICAL UNIT
&; AND SORTED DATA ARE OUTPUT GN LOGICAL UNIT 7.

DIMENSION NACT (5000, T(500),TUD(99)+,TUR(99), TUPSU{99) +» TUPSM
11991 TUPAL99) s TUPW(99) s TUPR(99) « TNU(99 ), TOR(99) , TDPSU(Y9 ), TOPSN( 99
ZJ.YDPA(QQ)cTU"H(QQ)-fOnR(QO)‘YQU(99)nYND(QO).TRp(99).T”FSU(OQ);YRP
3SMI99) s TRPALQ9) , TRPW{99) 4 TRPR(99) U(99),» TPSHM(99), TPA({ 99)
a.rpﬂ(99).rnno(qqn.Tpnl(qo).rpnz(oo;.1pR3(90).rnna(qq).rpﬂstqq).rpn
S6(99)1 s TPR7{99) , TPRBI9II TPRI(99), TPD(99), TPSUU(99)
6+ TPSUDI99) s TPSUR(9Q) , TPSMU(Q9),¥PSMDI99)  TPSMR{99), TPAU(99), TPAD(9
791 TPAR(IF) ,TPWU(99) , TPWD( 99) « TPWR(99) + TPRAU(99) , TPRAD(99) , TPRAR(9
891« TPRAUCIY) 4 TPRAD (991, TRRAR(99), TORCU(IA) , TPRCOL 99} s TPRCR( 99)

DIMENSION TH{200), TPUL200) ,TPR(200),TUP(300)

DIMENS [N TUPut(99I;TUDAB(QQI.TD“WF(OQ)'TDPAH(QQ).TRPNE(99)oTR?AB(
199) s TPAB(93) « TPABUL99) 2 TPABD (99) + TRPABR{99) . TPHE(D9) s TPWEU( 99) . TPWE
2D(99) y TPWER{99)

DIMENS [ON TDP(99)

DIMENSION TUI(500)+TD{500)+,TR{S00)

DIMENSION NAC2(500).72(500)

INTEGER ALL

INTEGER PRA.PRB,PRC

INMTEGER UsDiRsOR ISP 5B 1SR1S5:P1PSULPSMePASPUWIPROPRL,PR2,PRILPRY 4P
LIRS PR6 s PIRT7 +PRB PRI

INTEGER PABPWEPELTHN.SI L SDIDRI

INTEGER PR

lNTEGER 5T0P

DATA STOP/4HSTOP/

DATA U D.R.DR.SP.QG-SQ-SS-P.PSU.PSM.DA-PHQPR'PRA.PRﬂ-pRC|PNIvPRZ.P
1n3.0n4.nuc,nub.nn7.unu PRI/ IHU L IHOD , LHR » 2HDR s ZHS5P 3 2HSH s 2HSN s 2HS S+ 1 H

L 2Py IHPSUL IHPSM e 2HPA 3 2147 4 2HPR s 3HP Ay 3HPRB+ 3HPRC » IHPR] 4 3HPR2 4 IHPR3 3

3HPRA s BHPHS » 3HPIG JHPAT y BHPRA,, 3HMPRQY/

OATA PWE 2PABPEs 519500 0RI/IHPWE ¢« IHPADR 4 2HPE 4 2HSE » 2HSO IHORL /
OATA PROZIHOROS

UATA TN/Z2HIN/

DATA ALL/3IMALLZ

DATA MCOIMCT o MTD, MYTvH'NF|NN:HNE:NF.&SE.Ha.HSH-ﬂd.MNH/QHC/”Io%HCIY
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annnn

10
101

1,
100

3000

3020
3001
3003

3002
3005

3011
301

2
3016
3018

3017
3019
3013
3014
3004

4000

3006

anonn

annnn

7002

7001

SNDNACLT ¢
)

LIeOHT/OI oaHT/T Lo IHMoLHF » IHN o 2HHE s 1HE 2 2HSE s 1HS s 2HSW s 1 HW ) 2HNW/
DATA MTIN/ZAHT/NUI/

INPUT DATA

Sc101INCASE sNSERWNCy MEDIUMeMSP i NSEX s NAGE s NDAYS ¢ HFOOTY . NDIST . ND
NFLUOCKsNPOS s LOCINSTAT I NTIMeNDATE s NRAIN,NCLOUD «NWIND+NOIRJAIRT
Tobt]l yHTL o HW2 4 HT2 o INDIVMEARSP W NWET o ZTT2FT

CASEFEQe=109)STOR

IF(“tDIU“.FQ.S)GOTO 3010

DD 10 J=1,N

NL=Y¢1-8

né-

READUS, )
FOURMAT ( e E1s 1200114416011 10402011,F3.0,F3.0
[8.F 3, «0)
T

FORMA

IFIMEDIUMLEQ .3 IMMED

IF(MEDTUMCEQe4d PMNEO=MCO

IF{MED[UM.EQeS IMMEO=NTN

MC=NC +1

NCARD=NCASE

MRITE(G+3000)NCASE s MC s MMED :

FORMAT (1H1 +9HCASE NOe +14+3H 4 o12,23H INITIAL DATA CARDSs tABy 1

10X, *RUNS INCLUDED IN PECK=TIME®)

MSP.EQ+1)GUTO 3001
SP.EQ.2)GOTO 3002
SP.EQ.3)1GATO 3011

MSP,EQ.4)GUTO 3013

MSP.EQ.5)1GLTO 3016

MSP.EQ.6)GUTD 3017 '

TE(6,+3020)M5P ‘

FORMAT(IZHOSPECIES ‘NO. o 14)

HRITEL6.3003)

FORMAT (1 4AHORINGED PLOVER)

GOTD 3004 - -

WRITE(6,3005)

FonuAt(lznosREv PLOVER)

6OTO

wnlrE(ﬁ.JOIZ)

FORMAT ( THODUNL INY

GOTU 3004

WRITE(64+3018)

FORMAT(14HOGOLOEN PLOVER)

GOTQO 3004 -

WRITE(643019)

FORMAT (BHOLAPWING)

GOTO 3004

HRITE(6.3013)

FORMAT(11HOSANDERLING)

CONTINUE

WRITE(6.4000)INDIV

FORMATC(I5H INDIVIDUAL NUes 14)

RAINI=AIRT/ZI0

RAMYDT=AMUOT/ 10

MT1=HT1/10

rTMTITMOTT

1F{
1F (M
IF(M
IF(
L1
IF(
wWR1

MT2=HT2/10
IF(NSEX.EQ.0INSEX=0

IF(NSEX+EQs 1 IMSEX=M

IF{NSEXEQes2 IMSEX=MF
WRITE(Gs3006)HSEX +NAGE +NDAYS NSTAT,LOCINTIM
FORMAT (4H SEX,Ad4+12H, AGE CODE 11,124 {CH
STATUS? +11+17Hs LOCATION CODE: o12:.8Hs TIM
IF(NDIRLEQ.0Q}MDIR=0

NDATE )
CK AGE +12+416H DAYS

)
+14.8Hy DATE: ,416)

[
E

-

ReEQ.5)IMDT

R.EQe6IMDI

«EQ.7INCIR=MY

EQ.B1M01R=MNW

3C07 THRATNGNCLOUO  Nu IND MO TR RATRT  RAMUOT JHW 1, MT1 HW2 ,MT2

2HORAIN CODES +01s9Hs CLOUD: o11,16H/B, WIND FORCES: 41246H

4s12H, ATR TEMO: ,Fa,1,18H, SUBSTRATE TEMP: +sFasl.8Hs HW A
[ +Fas1s7H ) AND »14+3H ( +Fas1,2H

J0O0B)INFDUT 4 NDISTINDIST24 NFLDCK s NPOS

H «11HFOOTSHAKE: »11+33H, DISTANCE FROM NEAREST SAME SP:
OTHER SPI 4 13,16H Ms FLOCK SIZE: +13,21Hs POSITION IN FL

moTIMTATMNT

OINODIVIDUAL CODE NOe 04}

NDROP=0

NUPWEZNUPAB=NDPWE = QDHAB NROWE=NRPAR=NPE=NS]=NSD=NPAB=NPABU=0
NPABD=NPABR=NPRE XKPWEUSNPWED=NPWER=NOR I =NRPU=NPO=NPRNP SUU=0
NP SUD=NPSUR=NDSMI=NPSMD=NP SMR=NPAUSNPAD=NPAR=NPWU=NPHD=NPWR=0
L NPRAJ=NPRAD=NPRARSNPRBU=NPRBO=NPROR=NPRCU=NPRCD=NPRCR=0
NUS=ND=NR=NDR=NSP=NSB=NSRENSS=NP=NPSU=NPSM=NPAZNPY=NPRO=NPR 1 =0
NPRZ=NPR3=NPRA=NPRS=NPRE=NPR7=NPRA=NPRI=NPRT=0

TOYT=FEEDT
NUD=NUR=NUP= NUPSU NUPSM=NUPASNUPW=NUPR=NDU=NDR=NOPSU=NOPSM=0
NOP =0
NOPA=NDPW=NDAR=NARU=NRD=NRP=NRPSUsNRPSM=NRPA=NRPHY=NAPR=0
IF(MEDIUM.EQ+5)GDTO 6000

RECODING TO COMBINE RUNS WITH PECKS

+EQ.STAPIGOTO 7008

NE .R)GOTO 7000

VeNEsUsANDSNACZ{T#1) ,NE+sDsANDINAC2{T +1 )+ NE.DRJANDJNAC2(
AMDoNAC2( 141 ) eNEoSP e ANDGNAC2( T1#1 ) oNE«SHeANDJNAC2{I+1).N
C20T+1) aNEoB5SaANDIMACZ{T1#1) sNEoSToANDaNAC2{1+1) oNEoSDsA
JeNE+STOPLANDeNACZ2( 141 ) «NELR)GOTD 7004

(7rQ 7000 :

Z e mte e
s «MMTMTNuY

-

<

.

1

z

o

.

z
o—p.—.

H'(I-LQ-I
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210

OCONOUNPWN =

221

TFUNAC2( =1 ) o NEsULANDeNACZ{I~1 )« NEcDsANDINACZ2{1=1) NELDR 4ANDJNAC2(
11=1) o NEWPEGANDSNACZ2{I= 11 aNFE oGP ANDJNAC2LI-1) o NLoSBoANDJNAC2( I~} oN
2C e SR e ANDGNACZ (I =1 ) eNE ¢35 ¢ ANDNAC2(I~1) oNEW Sl-AND-NAcz(l-ll.NL.SD.A

3ND«NACZ2I1=~1) s NEL.RIGDTO 7003
GOTa 7000
TO0A T2(1+1)=T2(14+1)eT2LLY
1=1+1
GOTO 7002
7003 T{JU-LV=T(J-10+T2¢ 1} .
131+1
GOv0 7002
TO00 NACT(J)=NAC2(1)
T(ar=v2(1)
[=1+¢}
J=J+l
GOTD 7002
7005 NACT{J)=NAC2(I)
T{(J)=0
WRITEL6,7006)

WRITE(647007) (NACT(I)oT(I)sl=1,4d)
7006 FOHMAT (' ORECODED DATA:*)
7007 FORMAT(® "4, 9(A%+F5.044X))
[4
c
[ SORT FIRST ACTVIVITIES
C
[
=1
GOVYO

74 FEEDT=FEEDT+T{1)

78 YOTF=TOTT+T(I) ,

77 I=[+1 .

76 IF{NACT(I1).EQ.U)GOTD S0
IF(NACT(I).EQ.D)GOTO 51 .
lF(NAcr(l).Eo.rN)NACT(l):R .
LE(NACT(1).EQ.RIGATN .52
IF(NACT(1).EQ.DR)GOTD 53
IF(NACT(1) EQ.PE)GOTQ Bl
IF(NACT(1).EQ.SP)GATA 54
IF(NACT{1).£Q.SHIGOY0 55 -
IF{NACT(1).EQsSR)GOTO $6
1IF(NACT(I).EQ.SS)G0TA S?
IFANACT(I).E
IF(NACT(1)46
IF(NACT(I).E
IF(NACT(I).

IF(NACT(I).
IF{NACT(1).
IF(NACT(1).EQ.PW)GOT] 62
IF{NACT(1).EQ.PROIGOTO 63
IF(NACT(I).EQ.PR]1}GOTO 64
IF(NACT(1).EQ.PR2)GOTO 65
IF(NACT(I).EQ.PR3)GOTO 66
IF(NACT(I)«EG«PRA)IGOTY 67
[F(NACT(1).EQ.PRS)GOTO 68
1F{NACTII).EQ.PRHIGDTO 69
IFINACT({1)4EQ.PR7)IGNTO TO
IF(NACT(I).£Q.PRBIGOTO 71
IF(NACT(I)+EQ.PR9IGOTO 72
IF(NACT(I).EQ.PAB)IGOTO B2
IF{NACT(I).EQ.PWE)GOTO B3
IF(NACT(I).EQ.DRIIGOTO BA
IFINACT(I)EQ«SFOUP)GOTT 75

[

c { GO TO CALCULATE AND PRINT OUT )

[

WRITE(H.201)10
201 FORMAT{31HOUNRECOGNISED CODE AT ACTIVITY .14)
GOTO 1

FIRST ACTIVITY = U

[aY2XalaTsY2Y2Xa]

S0 NU=NU+\
=0
!F(NACY(!OI)-NEoDP)GDTO 501

T(l) T(l)*T(lol) : T -
501 L={+1+K

YU(NU)—T(I)

IF{NACT(L).EN,D)GDTO 502
(NMACT(L)+EQeRsOR,NACT(L) +EQ.TNIGOTO 503

}.EQ.PSM)GOTOD- 506
+EQ.PAIGOTO SO7
+E£G.,PWIGOTO 508

[ ad "
o O ot s o0 gt e

Meme TAMTTI M

T~
ZwzzZzZzZZ

)¢EQ.PWE)IGOTO 500
IF(NACT(L).EQ.PAB)GOTO 5000
GOTO 74

502 NUD=NUD#1
TUD(NUD)=T(L)
GOTY 74

503 NUR=NUR#H1
TUR(NUR) =T L)
GOTO 74

S04 NUP=NUP+1
TUP(NUP)aT(1)
GOTD 74

S05 NUPSUSNUPSU+1
TUPSU(NUPSU)=T (L)
GOTO 74

506 NUPSH=NUPSM$]
TURPSMINUPSN)I=TLT)
GUYD 74

507 NUPAaNUPA#1
TUPA{NUPAL=T(I)}
Gova 74

508 NUPWSNUPW4+]
TUPYINUPWI=T(T)

. GOTOD 74

800 NUPR=NUPR&1

TU"R(NUPHl Tt

( GO TO NEXT CASE )} ST

)

1)

}oEQ ePROCOReNACT(L}oEQaPR1eOR«NACT(L) eEQPR2,0RNACT(L)E
NACT (L)« EQePRA«OR «NACTIL } sEQPR5sOR«NACT(L ) sEQ+PRE,0R . NAC
R7.ORNACT(L) «EQsPRB+ORINACT(L ) +EQ.PRIIGOTO 509
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a
409

onann

anonn

500

s000

51

511

512

513

514

s1s

516

517

518

519

510

5100

52

521

S22

523

S24

525

526

S27

528

529

520

5200

F

GOTn 74
NUPWE=NUDYE ¢ 1
TUPWE (NUPWE}=T (L)
GaYo 74

NUPAS =HUP AR
TUPAH(NUPAB)aT (1)
GOTO

FIRST ACTIVITY = D (DOWN)

ND NDQl
ACTLI#1)NEJORIGOTO S1 1
TCLI+T(I+1) .

1)

»EQ.UIGOTO S1

.Eo.R.OR.NAcY(L).Eo.fN)GOTO 513

+EQ.P)GQTO 514

+EQ.PSUIGOTO 515

+EQ.PSM)GATO 516

«EQ.PAIGOTO S17

+EQ.PW)IGOTO S18
.Ea.uuo.on.NAcv(L).Eo.nnl.nR.NAcr(L).Eo.pnz.OR.NAcf(Ll E
ACT(L)¢EQ,PRG,ORGNACTIL) ¢EQePR5URNACT (L) eEQePRE.ORNAC
«EQ PQ7.0R.NACT(L)cFQ.DRR.OR.NACY(L).EQ.PRQ)GOTO 519
NACT(L) . E0.0wENIGOTO S10

IF(NACT(L).EQePABIGOATD 5100

GOTO 74

NDU=NDU#+1

TOU(NDUI=TLT) . T

GOTO 74 . . . . : . L oo
NDR=NDR+1 C :
TDR(NDR)Y=T(L)

GOTO 74

NDP=NDP ¢1

TORP(NDP)=T(L)

GOT0 74 .

NDPSU=NOPSU¢1

TOPSUINDPSUI=T(]) ) - . . . L
GOTO 7a -
NDPSM=NDPSM+ ]

TDOPSMI{NDPSM)I=TLL)

GOT0 74

NDPA=NDPA+]

TOPA(NDPAY=T(L)

GOT( 74

NOPW=NDPW+1

TOPW(NDPW)aT(l)

GOYO 74

NDPR=NDPR+]

TOPH(NDPR)=T(1)

GOYD 78

NOPWE =NDPWE ¢1

YDPWE (NOPWE ) =T ()

GOTD 74

NDPAB=NDPAB+L

14K
D}=
ACT )
ACT(L)
ACT )
ACTI(L)
ACT(L)
ACT )
ACT(L)
ACT(L)
3.0RN

N latalalatalate

)
*
N T
N (
N {
N {
N (
N {
N 4
N {
N (
R R
) -

P =

—#O—————“——ﬂrqx—x
T~ ‘ﬂ"f'l'ﬂ'ﬂ'ﬂ'ﬂ'ﬂﬂo"“ll'ﬂ

(
1
1
i
(
(
(
(
t
{
{
{
{
P
L
(

TOPAB(NOPAB)=T(L)
GOTO 74

FIRST ACYIVITY = R { OR T ) (RUN = DR. TURN)

NR=NR+1

K=0

lF(NACf(I'l)-NE-DR)GOTD S21

T(l!ff(l*l) L !

0.PSM)GOTO 526
Q.PAIGOTO 527
Q.PW)GOTO 528
EQ.PRO 0%« NACT(L)+EQePR1¢ORsNACTIL) s EQ+PR2,ORNACTIL) LE
3.0RSNACTIL)EQ, PRSI +OR sNACT (L ) 2EQ PR5.0RNACTIL)+EQPROORLNAC
L)a FO-PR?-DR.NACT(L).EO.PRB‘ORoNACY(L).&O.PRQDQDYO 529
(NACT(L}.EQ.PYE)GOTO 520
IF{NACT(L)«EQ.PABIGATO 5200
GaTO 74

NRUS=NRU+1

TRUINRUI=T(()

GOTO 74

NRD=NRD#+1

TROINROI=T(T)

GOTO 74

NRP=NRP+1'

TRP(NRP)=TLI)

GOTO 7a

NRPSU=NRPSU+L
TRPSUINRPSU)=T(I)

GOTO 74

NRPSM=NRPSM#1
TRPSM{NRPSM)=T( 1)

GoTO T4

NRPA=NRPA$]

TRPA(NRPAI=T(L)

GOTO 74

NRPOW=NRPW+]

TRPW(NRPW)I=T(1)

GOT0

NRPR=NRPR+ 1

TRPRINKRPA)=T(L)

GOTO 74

NRPWE =NRPWE 4 1

TRPWE (NRPWE)aT (L)

GUYY 74

NRPAB=NRPAR+]
TRPAB(NRPAB)RT(1)

GOTO0 74

E
€
€
EOIPJU)GOTO 525
€
£
[

M ANMRANMND N~ it
ARANANNA-+
ot o o o =t X
pagmpngupmngn A
CrFrrrrrr~
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-

tRGT ACTIVITY = OR ( DQOPP!NG ]
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53

3%

54

202

55

203

56

204

57

205

79

206

80"

207

58

580

582

59

590

591

- IF(NACT

NDHROP=NOROP+ L
GOTO 77

FIRSY ACTIVITY 3 PE { PELLEY )

HPE=NPE ¢}
GDYO 77

FIRSY ACTIVITY = SP ( STOP PREEN )

NSP=NGP+1

REALT=TOTT/10. .
REALT2=(TOTT+T{(1))/10,

HRITE(6202)REALTREALT2

FORMAT(13H PREENING AT +FSe1s18H SECONDS TILL +F5.1,8H SECONDS}

GOTO 78
FIRST ACTIVIYY = SB ( SYOP BATHE )

NSB=N5B®}

REALT=TDTT/10.
REALT2={(TOTT+T(1))/10,
WRITE(6,203)REALTREALT2

FORMAT(12H BATHING AT +F5.1+14H SECDNDS TILL +F5.1,8H SECONDS)

6oTa 78
FIRST ACTIVIFY @ SR _'( STOP .- ROOSTING } . - - L

NSR=NSR+1
REALT=TDTT/10.,

REALY2=(TYOTY +7 /10,

(1)}
WRITE{6,208 IREALTREALT2
FORMAT (131 RODSTING AT »F5.1e14H SECONDS TILL +FSel.8H4 SECONDS)
GOTO 78 . ) ) ] I
FIRST ACTIVITY = SS ( STOP STANDING )
NSS=NSS+1

REALT=YOTT/10
REALT2=(TOTT+

.
T(I)I/10.

MRITE(Gs205)REALT,
AND1

REALT2
FORMAT (13H ST NG AT ¢FSels14H SECUNDS TILL +FS.1.8H SECONDS)
GOTO 78 . -
FIRSY ACTIVITY = SI { svop INCUBATE OR BROOD )
NSI=NSI+1

REALT=TAIT/10.
REALYZ2=(TOTT+T(I)
WRITC(6+.206)IREALT
FORMAY (27H TNCUBA
1814 SECONOS)

GOTD

[*5]
N

R BROODING AT ,FSele14H SECONDS TILL

FIAST ACYIVITY = SD { STOP DISPLAY )

NSO=NSD+1 - o L -
REALT=TOYT/10 : - °
REALT2={TOTT+

WRITE(64207)R

FORMAT(15H DI

covo 78

/10,
REALT2
ING

T
EALT,
SPLAY

FIRST ACTIVIYY = P ( ?gCK )

NP=NP#+1
TP(NP)=TLT)
IF(NACT(141).EQ.UIGATO 580
(141).EQ.D)GOTO 581
(I+1).EQ.R.ORJNACT{I+1).EQ.TN)GOTO 582

IF (NACY

Garo 74
NPU=NPU#H1L
TPUINPY)=T 1

+FSele

AT FSel,14H SECONDS TILL +F5+148H SECONDS)

{1+1)
TF (NACT( 142} .EQeDRORNACT(I+2)EQ,PEITPUINPUI=TPUINPUI+TI1+2)

GOYTO 74
NPD=NPD+1
TPO(NPO)=T{L+

1)
TF(HACT(1+2)4EQeDRORNACTIT+2).EQ, PE)YPO(NPD)=TPD(NPD)¢T(102)

GOTO 74
NPR=NPR+1
TPRI{NPR)=T( 141
IFINACT(1#2).E
GOTO 74

FIRSY ACTIVITY & PSU t PECK SUCCESS )

NP SU=NPSU+L

TPSU(NPSU)=T(L)

(NACT(I+1)}.EQ.UIGOTO 590
(NACT{I+1).EQ.D)GCOTO S91
(NACT{I+1)EQeR+ORNACT{I+L).EQ.TNIGOTD 592
™o 7

0 7a
SUU=NPSUUHY
TPJUU(NPQUU)=Y(I+

1F
tF
IF
G

) ’ ] .
QsDRsOR«NACT(142) +EQPE)TPRINPRI=TPRINPRI*T(I+2)

)
lF(NACY(lOZ)oEO-DPpOR.NACT(l02)-EO-PE)YPSUU(NPSUU)ETPSUU(NPSUUI'T(

1142)

6010 74

NP SUD=NPSUD+1
tPRUO(Npsunl-r(l0l)

IF(NACT(l&Zlan-DR.OR-NACT(I’Z)-EO.PE)VPSUD(NPSUD)BTPSUD(NPSUDlOT(
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592

60

600

601

1
602

61

610

611

612

62

620

621

63

64

5
630

631

632

633

65

11+2)

GQrDo 74

NP SURaNPSUR# L

TPSURINPSUR)I=T(L141)

TFUNACT(E#2) 2sEQDR.ORNACT (I +2)EQPEITPSUR(NPSUR ) uIPSURINPSUR)+T(
11+2]

GOTO 74

FIRST ACTIVITY = PS5SMN { PEcCK SMALL TTEWN )

NP SM=NPSM+1

TPSMINPSMIST(T)

IF(NACT({1+1).EQ.U}GOTO 600

IF(NACT(1+1).EQ.D)}GOTO 601
lF(NACT(!’))—EQ-R.UR.NACT(lblioEQ.YN)GOTD 602

GOTO 74

NP SMUSNPSMU+ L

TPSMU (NPSMU)I=T(T L)

IFINACT(I42) sEQeDR4ORNACT(142) ¢EQ.PE)ITPSMUINPSKU)=TPSHUINPSMU) #T(
11+2)

GOTO 74

NP SHO=NPSMD 41

TPSMD(NPSMDI=T{I+1)
IF(NACT(1+2)¢EQeDRORNACT(I+2),EQ.PEITPSMDINPSMD)=TPSMO{NPSMD) +T{

1423

NPSMR=NPSMR +1

TPSMR{NPSMAR)=T(1+1}

IF(NACT(1+2}+EQ.OR.OR, NACT(IOZ).EO PE)TPSMRINPSNR}=TPSMR (NPSMR)+T {
11+2)

GOTO 74

FIRST ACTIVITY = PA _ ( RECK. "ARENICOLA ) ) - ST

NPA=NPA+L

TPACNPAY=T(1) _
TIF(NACT{1+1).EQ.U)GOTO 610
TFINACT(I+1).EQ.DIGOTO 611
IFANACT(I*1 ) EQeR DR NACTI1+1),EQ.TNIGOTO 612
GOTa 74

NPAU=NP AU+

TPAULNPAUI=TLL)

1FINACTUI+2) eEQeDRORINACT{I+2)EQ.PE)TPAUINPAU)=TPAUINPAUI+T(I+2)
GaTO 74

NPAD=NPAD+1L

YPAD{NPADI=T(1)
IF(NACY(102)-EQ.DR.DR.NACT(102).EO.PE)TPAD(NPAD)=YPAD(NPAD)OT(102)
GOTO 74

NPAR=NPAR+]

TPARINPAR) =T(1)

IFINACT( 142} sEQsDRJDORNACTILI+2)EQG,PE)TPARI(NPARI=TPARINPARI4T(I+2)
GOotTo 74

FIRST ACTEIVITY = PH { PECK WORM - UNIDENTIFIEODO )

NPW=NPW]

TPW{NPW)=T(T)

IF(NACT(1+1).€Q.U)GOTD ezo

IFA(NACT(1+1).EQeD)GOTO 62

IF(NACT{1¢1)eEQsR.OR, NAcT(loll EQ.TN)GOTO 622

GOTD 74

NPHU=NPWU 1

TPUUINPWU)3T(L4+1)

IF(NACT(I+2) cEQ«DReUR+NACT(142).EQ, PE)rpwu(NDuU)nrnnu(Nﬂwu)+T(l*zl

GQTd 74

NPWO=NPWO +1 -

TRUDINPWO IST{ ¢t o . .
lF(MACT(l&Z).EO.DW.O“ NACT(1+2).EQ, PE)TPHD(NPUD) TPWD{NPHD ) +TCT+2) . -
GDTN 74

NP WRI=NPWR 1

TPWR(NPWR)=TCE+1)

IF (NACT{E+2) dEQaDRORNACT({I+2)+EQ.PE) TPWRI{NPWR)=TPURI(NPUR)+T(L+2)

GOVOD 74

- FIRSY ACYIVITY. = PRO-9 -§ PECK RED WORM ) . X . L : ‘

PRO ( SMALL RED WARM )

NPRO=2NPRO +1
TPROINPRO) =T(T)
GOTO 630

PR1 ( 174 RED wWORMS )

NPR1=NPR14+]}
TPRI(NPRL)}=T(L)
GaTO 630

MALL RED WORMS ( PRO & PR1 )-

IF(NACT(I+1)2EQ.U}GATO 63!

IF{NACT(1+1).£0Q.DIGOTO 63

lF(NACT(lbl)‘FQ.R-ORoNACT(lfll.EO-TN)GDTO 633

GUTD 74

NPRAU=NPRAU+1

TPRAU(NPRAUI=T(1

IF(NACT(l02l.EO.DR.OR-NACT(l02).EO.PE)TPRAU(NPRAU)uTPRAU(NPRAUl&T(
11+42)

GATH 74

NPRAD=NPRAD®1 ¢
TPRAD(NPRADI=T(1+1

IF{NACT{1+2).EQ.DR. OR.NACT(IOZ).EQ PElTPRAD(NPRAD)=TPRAD(NPHAD)%T(

t1+2)

GDTO 7a .

NPRAR=NPRARSL : b
TERAR(NPRAR)=T(1+1

lF(NALl(l02)-E0.0Q.OR-NACY(lOZI.EO.PE)YoﬂAR(NPRAR)=TPR«R(NPRAR)0T( .
11+2)

GOTO 74

PR2 ( 1/2 RED HORMS )
MPR2eNPR2+1L




o 0O & & o0 O e ¢ 8

Q

o

e o

e

& O B

~

NNNNNNNNNYN
1 = e it e s o o e e
CODPNONPLN=O

ann [alslal

ann

noaon non ann

[ala¥s]

[aXaXs)

noan

aAnnon

annan

UTRUUANUE R U OGP S5 SR VRV SO D S

66

67

651

652

653

68

69

70

7t

72

680

681

682

683

82

B20

a2t

822

s U

TPR2(NPR2}=TL )
GOTO 650

PR3 £ 3/8 RED wORMS ?

NPR3=NPR3+1
TPRAI(NPRII®T(I)
GOTD 550

PR4 { 1 RED WORMS )

NPRA=NPRA4+1
TPRA(NPRA)=T(T)
GOTO 650

MEDIUM RED WORMS { PR2, PR3 & PRS )

TF(NACT(1+1).EQ.UIGCATO 651
IFINACT(141).EQ.D1G0TO 652
(E+1)eEQeR.ORNACT{1+1),EQ.TNIGATO 653

NPRDBU=NPRBU+1
TPRAYINPRBUI=T(I+1)
IFINACT(1$2)¢EQDRNRNACT(142).EQ.PE)TPRBUINPRBUI=TPRBUINPARBU)I T
L1+2)

Garag 74 :

NPROD=NPRDD +1

TPRIDINPRBDI=T(I+1)

IFINACT(1+42)EQ. DR-OR.NACY(I+2)-EQ.PE)TPRBD(NPRBD) TPRABOINPRBD I+ T
11+2)

GDTD 74 g

NPRBR=NPRBR+1

TPRUR(NPRBRI=TI{I+1)
lF(NACY(l#Z)-EQ-DR.QR.NACT(l*ZloEQ.PE)TPRAR(NPRAR) TDRAR(NFHAR)QY(
11+2) - :
GOTO 7a

PRS§ ¢ 1 174 RED WORNS )

NPRS=NPRS5+1
TPRS(NPRS)=T{ L)
GUTa 680

PR6 ( I /2 RED WORMS )

NPRO6=NPR6+1
TPRG6(NPRS)I=TIL}
GOTO 680

PRT ( 1 3/4 RED WORMS )

NPRT=NPR7+1
TPR?(MARTI=T()
GOTD 680

PRS8 { 2 RED YWORMS )

NPRO=NPRB+]
TPRA(NPRB)=T(1}
GOTO 6580

PRY { >2 RED WORMS )

NPRO=NPRO+1
vnaq(uvnq):f(l)
GOT0 680

LARGE RED WORMS t PRS, PR6, PR7, PR & PRI )

IF(NACT(I+1).EQUIGOTO 58!
IF(NACT(I+11.EQ.0)1GOTO 68 )
IFINACT(I+1 ). EO.Q-UN.NACT(l*l)oEO-YN)GOTO 683
GDTD 7a

NPRCU=NPRCU+1 )

TPRCU(NPRCU}I=T(1+1)

TFA(NACT(I42).EQ.DR. OR.NACT(W*Z)aEQ.pE)TPRCU(NPRCUl=TPRCU(NPRCU)QT(
11+2)

GOYTQ 74

NPRCD=NPRCD#+1

TPRCD (NPRCD)=T(I¢1}

IF{NACT{142).EQ.DR, 0R.NACT(I+2).EQ PE)TPRCD(NPRCD)—YPRCD(NPRCD)QY(
11+2)

GUTD 74

NPRCR=NPRCR+1

TPRCR(NPRCR)=T(I+1)

IF(NACT(I+2) ¢EQeDR+ORNACT (I +2) ¢EQ.PEITPRCRINPRCR)I=TPRCAR(NPRCR) ¢T(

FIRST ACTIVITY = PA8 { PECK « ABQRTED }

NPAB=NPAB
TPAB(NPAD

+1
)
TFINACT {1+
+
+

)

+£0,U)GOTO 820
IF(NACT( I .
IF(NACT(I .
GoT0 74
NPADU=NPABU+1
TPABU(NPABU)=
IFINACTUI+2) W€
11+2)
GOT 74
NPABD=NPARD+H1
TPAHD(NPABD)=T(1+1)
IF(NACT([4+2)EQDR.ORJNACT({+2),EQ,PEITPABD(NPABD )3TPAAD(NPABD ) #T(
1142)
GaTOo 74
NPARR=NPABR 4+
TPABR(NPADAI=Y([+1)
IF(?ACT(102}-EO.DR.OR;NACT(l02).EO.PE)TPABR(NPABR)nTPABR(NPABR)QT(
t1+2

T
1)
1).EQ.DIGOTO 821

11 EQ.R.ORNACT(I+1).EQ.TNIGOTO 822
+
)
)

T(L1+1)
0.0R-0R.NACT(I+2)-EO.ﬂE)TPABU(NPABU)=TPABU(NPABU)QT(

_GoTD 74

a3

FIRST ACTIVITY = PYWE ( PECKX =~ WEED )

NPWE=NPWE+]

352
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COTOODEHE
pog=rpepepeper—a]
DN PUNS

819

830

831

. 832

nonnn

DaANnn

nanNnan

84

75

1000

1002 FDRMAT(10H OUHS. FREGs1441115)
HRITE(&.IOOJ)QﬂYU.RATD.HATR.RAYDRl.RAYORQ.RATPEIoRATPEZ'RATP'RATPS
LUYyRATRSM HATPALRATPR .

1003 FURMAT(10H FREQ/MIN nl2F5-l)
WRITE(641012)

1012 FORMAT{L1HO +9X 32X s BHPRO 32X » 3HPR 142X, 3HPR2,2X, JHPR3 42X+ IHPRA» 2X,» 3HPR
1592X s 3HPRO6 12X s 3HPRT 42X+ IHPRB 2X ¢ IHPRG ¢ 2X s INPRT 42X e JHPWE s I1X 0 4HPTAT 4

1013

1014

1004

1005

1006

TPWEINPWE)}T( 1)

IFINACT(I+]1).EQ.U)GOTD 830
IF{NACTLL %1 ) .EQ.0IGOTO A
lF(NACY(I*Il-lQ-RoOR.NALY(lFl)-EO.YN) OTO 832
GOTG 74

NP WEUSNPWE U
TPWEEUINPWED)
IFINACT(1+2)
11+2)

GOTO 7a
NPWED NP WED S
TPWEDINPWEDI=T(1+1)

1
= 1+1)
.

IFINACT(I#2)sE5QsDReORNACT(142)eEQ.PEITPWEDINPWED )=TPWED(NPYED )+ T(

NP-WER=NPWERS ]
TPYER(NPWENR)=T(I+

1)
IFINACT(1#2)+EQ.DR.ORNACT(1+2).EQ,PEITPWER(NPWER)I=TPWER(NPHWER)+T(

11+2)
GOTO 74

FIRST ACTIVITY = DRI { ORINK )

NORI= NDRIOI
GDTD 74

INITIAL TOTALLING CALCULAT]IONS

IF(MEDIUMIEQ.2)FEEDT=2FT*1 0
IF{MEDIUMJEQ+2)TOTT=ZYT#10.
RATU=FLOAT{NU) /(FEEDT/600.)
RATD=FLOAT(ND)/(FEEDT/6004)
RATR=FLUAT(NR)/(FEEDT/600.)
RATDRI=FLOAT(NDROP)/(FEEDT /600, )
RATUR2=FLOAT(NOROPIZ(TOTT/600.) -

RATPEL =FLOAY(NPE)/IFEENDT/Z600,)
RATRPE2=FLOAT(NPE}/(TNTT/600.}
RATP=FLOAT(HNP} /(FEEDT/6004)
RATPSU=FLDAT(NPSU)Y/(FEEDT/600.)
RATPSM=FLOAT{NPSM)/{(FEEDT/6004)
RAYPA=FLOAT(NPA)ZIFEEDT/600.)
RATPW=FLOAT(NPW)/(FEEDT/600,)
RATPA=FLOAT(NPA)/(FEEDT/6004)
RATORO=FLOAY{NPROI/Z(FEEDT/600,)

RATPRL =FLOAT{NPR] )/ (FEEDT /600, )
RATPR2=FLOAT(NPR2) /(FEEDT/5600,)
RATPRI=FLOAT{NPR3IVI/(FEEDT/600,)
RATPRA=FLOAT{NPRA)V/{FEEDT/600,)
RATPAS=FLOATINPRS ) /(FEEDT/6004)
RAYOR6=FLOAT(NPRS)I/(FELCDT/600,)
RATPR7=FLOAT(NPR7}/(FEEDT/600,.)
RATPRB=FLOAT(NPRAI/(FEEDT/600,.) ‘
RATPRO=FLOATINPRO )/ (FEEDT/ 6004 )

2
2
)
)

NPRT=NPRO+NPIL] ¢NPR2ENPRICNPRA FHPRS +NPREENPR7+NPRE +NPR9

RATPRT =FLOATINPRT)/(FEEDT/600.)
RATPWE =FLOAT{NPWE) /(FEEDT/600,)

RATPAB=FLOATINPAB)/(FEEDT/600.)
NPTOT=NP+NPSU+NPSMENPA+NPW+NPRTHNPWE
RATPTO=FLOAT{NPTQT}/{FEEDT/600,)
RATORI=FLOAT{NORI)I/C(FEEDT/600¢)
REALTI=TOTT/10,

REALFT=FEEDY/10.
HRITE(6,1000)REALTTREALFT
FORMAT(16H TIME ELAPSED = sF5414+20H
WRITE(6,1001)

TINME FEEDING

1001 FORMAT(1MHMO¢9IXsaXe1HUs4Xy LHD X o 1HR 32X ¢ SHORT 42X« IHORF 42X JHPET 244 3
THPEF s 4 Xy IHP 42X IHPSU s 2X s INPSM . 3X s 2HPA 3 3%« 2HPY)

T
EQeDRORGNACT(142)+EQ.PEITPYWEUINPWEU)=TPWEUINPUE I 7T (

FSel)

HRITE(6-1002)NU.ND.NR.NDRUPcNDROP;NPE'NPEnNPoNPSU.NPSM.VPA.NDW '

22X+ 3HPADB,2X s IHDRI }

WRITE(6,1013INPRO,NPAL,NPR2,NPRI,NPRA(NPRS, NPR O NPRT «NPRB + NPRO 4 NPHR

1ToNOPRE s NPTOTNPA3,NDRI
FORMAT(10H OBSe. FREQ.14,1415)

RlT‘(6-10\4)RATPRO.RATPNX.RATPRZ.RATPRB.RAT#RA,RATPRS'RAYPRG'RATP
1R7+HATPRB,RATPRY,RATPRT RATPWE +RATPTO.RATPAB«RATDRI

FORMATU{tOH FREQ/MIN +1S5F5.11}

STATISTICS QUTPUT

RITE(641004)

w
FORMAT(21H-ACTIVITY SEQUENCE NslX,7HSIGHMA Xs 1 X,BHSIGMA X2,9X,SHN/

IMINISXs2HAV 10X 4 2HSS 010X s IHVARIOIX ¢2H504 9X 9 4HVARM.9X§2HSED

WRITE{(6.,1005)

FORMAT(J?HOT!MES FOR UP SORTED BY NEXT ACTIVITY/Z)

CALL PSYATS({D,TUDINUDRTUDAVUD)

CALL PSTATS{R,TURINUR,RTURsAVUR)

CALL PSTATS(P,TUP JNUP,RTUP 4 AVUP)

CALL PSTATS{PSU, TUPSUNUPSU,RTUPSU,AVUPSU)
CALL PSTATS(PSM, TUPSM,NUPSM,PTUPSM, AVUPSM)
CALL PSTATS(PA,TUPAWNUPALARTUPAAVIPA)

CALL PSYATSIPW.TUPW.NUPW.RTUPW, AVUPW)

CALL PSTATSGIPR, TUPR,NUPR «RTUPH ,; AVUPR)

CALL PSTATS(PWE, TUPWE  NUPWE ,RTUPWE s AVUPWE )
CALL PSTATS(PAB.TUPAD,NUPABRRTUPAB, AVUPAB)
CALL PSTATS{ALL «TUNURTU,AVU}
WRITE(&6.,1006)

FORMAT{3IQHOTIMES FOR DOWN SORTED BY NEXT ACTIVITYZ)

CALL PSTATSIUs TDUSNDU,ARTDUAVDU)

CALL PSTATS{R,TDRNDR,RTOR,AVDR)

CALL PSTATS(#, IDMNDPRTOP, AVOP)

CALL PSTATSIP3U, TDRPSUSNDPSULRTDO S, AVDOPSY )Y
CALL PSTATS(PSHM,TDPSMINDPGMRTNPSM, AVDPSM)
CALL PSTATSIPASTOPALNDPAIRTOPA,AVOPA)

CALL PSTATS(PW,TDPW«NOPW . HIDPW,AVDPW)

CALL PSTATS(PR, TOPRNOPRRTDPR,AVDPRY)

CALL ASTATS(PWE « TOPWE s NDIPWE s HTOP WE , AVDPRE)
CALL PSTATS{PABTDPAR,NUPARRTDPAR, AVYOPAB)
CALL PSTATSTIALL,TDNDRTD.AVD)
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WRITE(H41007)

FORMATY(ISHOTIMES FOH AUN SCARTED B8Y NEXT ACYIVIYY/)
CALL PSTATS(U, TR N RTRUAVRUY

CALL D2STATS(DITRD,HRD,RTAD, AVRD)

CALL PSYATS{N, TR NUD,ATRP, AVPP)

CALL PLYATSIPSU, TRPS1,NRPSULRTRPSUY,AVRPSU) \
CALL PSTATS{PASM, TRESMoNRPSM R TRPSMAVRPSM)

CALL PSTATS(PA, THIPA,NHPA,RTARPA,AVRPA)

CALL PSTATS(PW, TR (NP W, RTRPW,AVROY)

CALL PSTATS(PH, TRPH,NRPR,RTRPH,AVRPR)

CALL PSTATS{PWE « TRORE ¢ NRPWE s RTRPYE « AVRPWE )

CALL PSTATS(PAR, TRPARNHPAB,RTRPAD, AVRPAB)

CALL PSTATS(ALL«TR.NR«RTRsAVR)

WRITE(6,1008) .
FORMAT(27HOPECKING AND HANDLING TIMES/) .
CALL PSTATSIP,TP,NP,RTP,AVP)

CALL PSTATS(PSU,YPSUSNPSURTPSU,AVPS5U)

CALL PETATS(PSM, TPSMNPSMy RTPSHM, AVPSM)

CALL PSTATSIPA,TPANPAARTPASAVPA)

CALL PSTATS(PWTNW,NW,RTPW, AVPW)

CALL PSYATS(PROTPHOJNPRO RTPRO.AVPRO)

CALL PSTATS(PR] TPRI.NPR],RIPRL,AVPR])

CALL PSTATSIPR2,YPAZ ,NPR2,RTPR2, AVPRZ)}

CALL PSTATS(PR3,TPRI,NPHI,RIPRI, AVYPRI)

CALL PSIATS(PHA ,TPRA (NPHA  HTPRA, AVPRY )

CALL PSTATS(PRS, TPRS 4NPRS5, HRTPRS, AVARS )

CALL PSTATS(PUA,TPRO JNPROWRTPRGLAVERS)

CALL PSTATS(PRT,TPRZ,NPR7,RTPRT7,AVPRY7Y

CALL PSTATS(PRH,TPRY,NPRB,RTPRA,AVPRB)

CALL PSYATS(PHY, TPRI «NPRI,RTPRI,AVPRY)

CALL PSTATS(PUE ,TPWE ¢ NOWE sRTPWE , AVPWE )

CALL Pstt%(PAu.YPAB.NDAB.RTPAG.AVPAS) ..
HRITEL6,1009) -
FORMAY (4 BHOTIMES OF UP SORTED ' Bv OUTCOME OF PRECEDING PECK/) N
CALL PSYATS(P.TRUNPURTPU,AVPY)

CALL PSTATS{PSU, TRPSUUNPSUULRTPSUU AVPSUU)

CALL PSTATS{PSM,TPSMUSNPSHULRTPSMUAVPSNUY}

CALL PSTATS(PA, TEAUSNPAU,RTPAU,AVPAU)

CALL PSTATS{PW.TPWULNPAU,RTPWU, AVPWUY)

CALL PSTATS(PRALTPRAUSNPRAUSRTPRAU S AVERAU)

CALL PSTATS{PRE3, TPRAU, NPREBU,RTPRUU.AVPRAU)

CALL PSTATSIPRC,TPRCUNPRCU,RTIRCU , AVPRCU)

CALL PSTATS(PWE s TRWEUNPWEUHTPWEU, AVPWEU)

CALL PSTATS(PAU. TRABUWNPABURTPANU, AVPABU)
WRITE(6,1010)

FORMAT{S0HCT IMES OF DOWN SORTED BY QUTCONE OF PRECEDING PECK/)
CALL PSTATS(P TP sNPDRTPD,AVPDY

CALL PSTATS{PSU.TPSUNINP3UDRTPSUYD tAVPSUD)

CALL PSTATS(PSU, TPSMOHPSMD RTPSMD, AVPSHD )

CALL PSTATS(PA, TPAD,MPAD,RTPAD,AVPAD)

CALL PSTATS{PW,TPHD,NPWO,RTPWD, AVPWD)

CALL PSTATS(PRA,TPRAD,NPRAD,RTPRADAVPRAD)

CALL PSTATS(PRH, TPHRADJNPRHEDRTPRBD, AVPRBD)

CALL PSTATS{PAC,TPRCHNPRCDRTPRCND,AVPRCO)

CALL PSTATS(PWE, TPWED+NPWED«RTPHED , AVPWED)

CALL PSTATS{PAH,TPADD,NPABD«RTPAHD,AVPADD)
WRITE(6,1011)

FORMAT(a9HOTIMES OF RUN SORTED BY OUTCOME OF PRECEDING PECK/)
CALL PSTATS(P, TPR ,NPR,RTPR ,AVPR)

CALL PSTATS(PSU. TPSUR.NPSUR(RTPSUYR, AVPSUR)

CALL PSTATSI(PSM, TPSHR,NPSMR,RTPSMR,AVPSNR) )
CALL PSTATSIPA,TPAR NPAR.RTPAR,AVPAR) '

CALL PSTATS(PU,TPUR,NPIR,RTPWR,, AVPUR]

CALL PSYATS(ORA,TPRARNPRARRTPRAAR,AVPRARY)

CALL PSTATSUPRU, TPRBR ,NPRBR.RTPIRIBR, AVPRBR)

CALL PSTATS{PRC.TPRCRNPRCRWRTPRCI?, AVPRCR)

CALL PSTATS(PWE.TPNER,NPWERRTPWER,AVPYER)

CALL PSTATS(PAB«TPAHRINPABR.RTPABRAVPABR)

OUTPUT FOR FILE STORAGE L

IFIMEDIUMLNE «S)IGAOTO 6001
READ(S 6003 INDROP «NPEJNDRT s NUSNDJNR NP o NPSUSNPSHMINPASNPH s NPRO » NPR1
LaNPR2yNPR3 s NPRA y NPRS s NPRS6 ¢« NPRT « NPRB » NPRD ¢ NPYE, NPAB

FORMAT{AX,2313)

NPRT= NDNO#HPRIONDR?0NPR30N9R°0NPR5+NDR60NPR70NPR80NPR9

NPTOT=ND? NP SU+HNPSMINPA+NPWHNPRT+NPWE

REALTT=ZTT

REALFT=ZIFT

RTUD=AVUD=RTUR=AVUR=RTYP= AVUP RTUPSU=AVUPSU=0
RTUPSM=AVUPSM=RTUPA=AVUPASRTUPW=AVUPW=RTUPR=AVUPR=D
RTUPWE=AVUPRE=RTUPAR=AVUPAB=0
RTRY=AVRU=NRTRO=AVRD=RTRP=AVRP=RTRPSU=AVRPSU=0Q
RTRPSU=AVAPSMINTRPA=AVAPA=RT RPW=AVRPW=RTHPR=AVRPR=0

AVRPAESHTHPAR=AVRPAB=0
VPU=RTPSUU=AVPSUU=RTPSMU=AVPSMY=RTPAU=AVPAU=0

RTPHU=AVPWUSATERAUSAVPRAU=RT PRON=AVPRAU=RTPRCU=AVPRCU=0
RYPWEUSAVPWEURRTPADBU=AVPAOUZRTPR=AVPR=RTPSUR=AVPSUR=0
RTPSMRSAVPSMISRTPARTZAVPAR=RTPWR= AVAWH=RTPRAR= AVPRAR=0
R1PRBR=AVPRBR=RTPRCR=AVPRCR=NIPHER=AVPIER=RTFABR=AVEABR=°

CHANGE REAL YALUES TO APPARENT INYEGER FOR FILE QUTPUT
JAIR=IFIXL{ALRT)

JMUDT=IFIX{AMUDT)

JIL=IFIX{HTL)

JT2=1FIR(HT2)
NSER=1

WRITEC(7 11 9INCASE«NSERsNC e MED UM MSP NSEX NAGE 4 NDAY S, NFOOT+NOIST+ND
11ST2 sNFLOCK sNPOS LOCINSTAT ¢ NT{ MeNDATE; NRAINJNCLOUDNY IND«NDIR,» JALR
23 IJMUDT  HWI o JTYI JHW2,4JIT2,INDIV . NEARSP , NYET

FORMAT(IQ 120 1240001201103 130 0140120010 044016,10,11,02411413,13.14,
113414413,14,12,11) . .
NSER=71

RITE( 742001 INCARDSNSERIREALTT JREALKFT +MDROP 4 NPE ¢ NDRL « NPRT(NPTOT
FORMAT(T4¢12:2F6412312,213)

NSER=72

leYE(7-/000)NCARD'NSERQNJD.RTUO-AVUD-NUR.RTU".AVUR-NUP-RYUP AVUPR,
lNU"SUvG‘UPaU-AVU“SU

HRITt(7-2000)NLAﬂDoNhFR.NUPSMuRTUPSM-AVUPJN:NUPA:RYUPA.AVUPA.NUPHg
lRlUpNoAVUPWoNUPR RTUPH , AVUPR

SEH=TA
HQITF(7~?000)NCA"O.NSER.NUPEE;RYUPﬁEaAVUPHE.HU”A"'RYUPAB.AVUPAH-NU
anTJcAVU'HDnHYO-AVD

eem e m b e mara s s o Temn o m s mAee—ate 4 s mime e

-




— s ——— o - : R b et 2o e et e e b e v o 4 s

10214 NSER=7S

1022 WRITE(7,2000)INCARDNSERINRUIRTRU, AVRU+NRDIRTRD s AVRD ¢ NRP,RTRP ,AVRE ¢
1023 INRPSU, RTAPSULAVRP SU
1024 NSIER= 76
1628 uthL(? POOOINCARD NSER)NAPSHM,RTRAPSN, AVRPSM NRP A, RTRPAAVRPANRPY,
1026 TRTRDE, AVRPW NRPR, RTRPR, AVRPR
1027 NGER=T7
1028 WRITEU7 12000 ) NCARD I NSERINRPRE JRTRPWE 4 AVRPWE +NRIPAB,RTRPAR (AVRPAG (NR
1029 1iRTRIAVR NP JRTP(AVP
1030 NSERQ=7H
1031 WRIVE(7,2000)NCARDINSER» NPSUIRTPSUAVPSUINPSHMsRTPSMe AVPSMINPALRTPA
2 1sAVPALNOCH,RTPW,AVPY
1033 NSER=T7G
1034 WRIVE(7,2 ooo)NcARD.NsER.NPRo.nTPRo.Avao.anl.nrpn:.Avpnl.anz.ﬂTp
1035 1IR2(AVPR2 4NPR3ILRTPRI,AVPR]
1036 MSER=80
1037 WRITE(7,2000)NCARD «NSERsNPRS+RTER4 o AVPRS s NPRS s RTPRS s AVPRS » NPRG » RTP
1038 164+ AVPRE4NPRT s RTPR7 4 AVPRYT
1039 NSER=8]
1040 WRITE(7,2000)NCARD,NSER‘NPR8RTPREB,; AVARE , NPRY, RTPRI, AVPRI 4 NPWE ,RTP
1041 IWE s AVPWE s NPAB,RYPAR . AVPAB
1042 NSEN=82
1043 WRITE(7,2000)NCARDINSER +NPUyRTPUAVPU s NPSUUSRTPSUU AVPSUU s NPSMULRT
10448 1PSMUAVPSMU JNPAUGRTP AU, AVPAU
1045 NSER=83
1046 wR1fc(7.?000)NCARO.NsEn.NPvu.Rrpwu.Avpnu.anAu.RTPRAU.AVPRAU.NPRBU
1037 14RTPRYBI, AVPRBU,NPRCUsRTPRCU+AVPRCU
1048 NSER=84
1049 WRITE(7,2000)NCARD+NSER+NPWEURTPWEU+AVPWEUNPABURTPABU s AVPARU NP
1050 1a.Rrpn.AVDR.NPsun.ntPSUR.AVPsun
1051 SER=85
1052 warE(T. 000 )NCARDNSERNPSHR, RTPSNR.AVPSNR.NPAR.RTPAR.AVPAR.NP'R.
1053 IRIPVR.AVP'R.NPQARJRTPRAQ.AVPRA .
054 | NSER=36
055 . WRITE(7,2000)INCARD+NSER«NPRBR RTDRBR.AVPRBR.NPHCR.RTPRCR.AVPRCR.NP-
1056 IWER ,RTPWER, AVPWER 4NPABRRTPABR, AVPABDR
1057 2000 FOFMAY(IA.I2.4(|3-F6.2.F9.3)) . -
1058 GOTO 1
1059 END .
1060 C
1061 C
1062 < .
1063 SUBROQUTINE PSTATS(ITEMyAsNsSSUMA,SSUNAZ)
1064 COMMON FEEDT
1065 OIMENSTION A(20)
1066 . REAL®B SUMA ¢ SUMA2,SSA
1067 T=FEEDT/06004 -
1068 [
1069 C SET ZEROS
1070 c
a7y SUMA=0
72 SUMA2=0
73 55UMA=0
73 SSUHA2=0
75 [ :
3 g LAOP FOR SUM AND SUM OF SQUARES
orv
1078 IF(N.LT.LDGOTO 1S
1079 DO 10 [2),N
1080 SUMA=SUMA+A(L) /10
1081 SUMA2=SUMA2t+A(T)I*ALTL) /100 . . . R
1082 ' 10 CONTINUE
1983 C :
1084 C CALCULATE
1085 (4
1086 SSUMA=ZSUMA :
1087 SSUMA2=5UMA2 .
1088 AVA=SUMA/FLOATIN)
1689 S5A=SUMA2=SUMA®SUMA/FLOAT(N) : .
1090 (F(N.EQ.1)6ATO 21
1091 VARA=SSAZIFLOATIN)=1}) . .
1092 1F {VARALLE.Q0)VARA=OD ., : : L
1093 - T GOTJ 20 ) :
1094 21 VARA=0.
1095 Gava 20
1096 20 SDA=SORTI{VARA)
1097 VARMA=VARAZ/FLOATIN)
1098 IF{VARMALLE «0) VARMA=0
1099 SEA=SORT(VARMA)
0 c RATN=FLOAT(NI/T
H ? N
% C PRINT RESULT
Cc
4 URITE(é-IOO)ITEM.N‘S"UMA-SSUMAZ.RATN;AVA'SSAoVARA-SDA.VARMA.SER
S LO0 FORMAT(IH eA%010XaI3,F6e1+8F1243)
6 RETURN
7 15 WRITE(G,10t)}ITEM
a8 101 FORMAT(LH »A4,8X,aHZERD)
9 RE TURN
] END
1 SDATA
s sSTOP

FILE




EXAMPLE OF INPUT OF OBSERVATIONS ON DURATIONS OF EACH ACTIVITY

SECTION 4.
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EXAMPLE OF INPUT OF OBSERVATIONS ON DISTANCES MOVED

SECTION 5.
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.. SECTION 7.

CASE NQ. 436 » 10 INITIAL DATA CARDS, (VAR
RINGED PLOVER
INDIVIDUJAL NO.5934
SEX + AGE CODZ 1 (CHICK AGE 2 DAYS)., STATUS: 1
RAIN CODE: O, CLOUD: S/8, WIND FORCFE: S FROM NW
FOOTSHAKE: 1, DISTANCE FROM NEAREST SAME SP: =1 M,
INDIVIDUAL CODE NO. 6934 )
TIME ELAPSED = &54.3 TIME FEEDING = 34.3
7] ORT DRF PET PEF P
03S. FREQ 2¢& 23 ) 0 0 0 19
FREQ/MIN 17,1 43 19.9 0.0 0.0 0.0 0.0 13.5
- PRO PR3} PR2 PR3 PR4 PRS PR6 PR7
08S. FREQ 0 0 0 ¢ 0 o . 0
FREQ/MIN 0.0 O 0eG 040 0.0 0.0 040 0.0
ACTIVIYTY SEQUENCE N SIGMA X SIGM X2 T\ZHZ
TIMES FOR UP SORTED 8Y NEXT ACTIVITY
) 1 0.8 0.640 0.712
R 21 36.7 74.370 14947
p 1 C.8 0.640 0.712
PSU ZERG
PSM ZERD
PA ZCRE
Pw ZERD
PR ZERD
PWE ZERD
PAS ZERD
ALL 24 40.4 B80.060 17.082
TIMES FOR DOWN SORTED BY NEXT ACTIVITY
U ZERQO _
R ZERD "
P 6 4.7 5.390 44270
PSY ZERD :
PSM ZERQ .
PA ZERC
[=3V) ZERD
PR ZEROD
PWE ZERD
PAB ZERD .
ALL I3 447 5.390 4.270
TIMES FOR RUN SDRTED BY NEXT ACTIVITY -
U 19 18.8 24.220 13.523
D 5 3.2 - 2.800 ! 3.559
P 4 2.5 1.750 | 2.847
PsSU ZER0 ]
PSM ZERO
PA ZERD ,
PwW ZERD .
- .o

+ LOCATIGN CODE: 4, TIME: 1705, DATE:
AIR TEMP: 8.6, SUBSTRATE TEMP: 0.0,
OTHER $P: -1 m, FLOCK SIZE: 3,
PS PSM PA Pw
e 0 o 0
D0e0 0.0 0,0 0.0
FR8  PR9 PRTY PWE PTOT PAB . DRI
o o 0 0 19 0 0
0.0 0.0 040 0.0 13.5 0.0 0.0
Av S5 VAR
0,500 0.000 0.000
1.748 10.232 0.512
0.800 0.000 0.000
1.683 12.053 0.526 -
0.783 1.708 0.342
0.783 1,708 0.342 .
0.986 5.618 0.312
0.640 0.752 0.188 -
0.187 0.062

G625

...... et et oty s o it e wams e = i

B

EXAMPLE OF WWHZHMU OUTPUT FROM PLOVPROG

FOR SECTION-4-TYPE INPUT

30675

Hw AT

SD

0.585

0.559
O0e434

0.250

900

(

1l1.1

POSITION IN FLOCK: O

VARM

"0.C0C0

N.024
Q.000

0,022

Ce057

o220
TN
00O
(-
o R0 o)

)

AND 2145 (

0.000
Oe155
C.000

0.148

QOO
s e
.
N OV
nee

11.1

)

O
Q

o

o o 2

O

~

™y

(\

[
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~~

-

PR ZERN

PWE ZERD .
PAG ZERQ

ALL 28 24.5 28.770 19.929 0.875 7.333 0.272 0.521
PECKING AND HANDLING TIMES

p 19 14.7 14.750 13.523 0.774 34377 0.188 0.433
PSSy ZERO

PSM 7ZERD

PA ZERD

PW . ZERO

PRO ZERO

PR1 ZERO

PR2 ZEROD

PR3 ZERD

PR4 ZERQ

pPRS ZERD :

PR6 ZERG .

PR? - ZERO . . .

PRA ZERQ ’

PRQ ZERQ

PWE ZERQ ' B

PAR. ZERD

TIMES OF UP SORTED 8Y OUTCOME COF PRECEDING PECK

P .4 644 12.200 . 2.847 . 1.600 1.960 0.553 " 0.803
PSU ZERD : : ) : :

pPSM ZERD .

PA . ZEPO

=3 ZERO

PRA ZERD

PRB ZEwOD v

PRC TZERG .
PWE ZERQ . :

DAB : ZEROD :

TIHES OF DOWM SORTED BY DUTCOME NIF PRECEDING PECK

P ZERQ .
PSU 2ERO L :

PSM ZERQ '

PA ZERQ -

PwW ZERD

PRA ZERD : . :

PRB ZERD : "

PRC : ZERD : ;

PWE ZERD . ;

PAB ZERD ' .
TIMES OF RUN SDRTED BY QUTCOME OF PRECEDING PECK

P 7 3.8 2.580 . 44982 0.543 0.517 0,086 0.294
PSU ZERO : .

PSM ZERQ

PA ZERD . . |

Pw ZERD |- .

PRA ZERO : :

PREB ZERD

PRC ZERD - N,
PWE 2€R0 : .

PAB ZERQ .

0.010

0.010

0163

0.012

0.098

0.099

0.404

0e111,

09¢

O

O o 0 ©

™




CASE NO. 437 , 10 INITIAL DATA CARDS,  T/TI
RINGED PLOVER . :
INDIVIDUAL NO.6934

SEX .

RAIN CODE: 0. CLOUD: 2/8, WIND FORCE: -3 FROM NW

FOOTSHAKE: 1» DISTANCE FROM NEAREST SAME SP:I. =1 M,
INDIVIDUAL CODE NO. 6934 , .
TIME ELAPSED = 56.4 TIME FEEDING = 56.4
v 0 R DRT ORF PET PEF.
0BS. FREQ 20 24 ) 0 0 0o o0

2 .
FREQ/MIN  21.3 2.1 25.5 0.0 0.0 0.0 0.0 0.0
PRO PR1 PR2 PR3 PR4 PRS5 PR6 PR7

08S. FREQ 0 [o] o} 0 o} 0 o . 0

FREQ/MIN 0s0 0De0 0.0 0.0 0.0 0.0 0.0 0.0

ACTIVITY SEQUENCE N SIGMA X SIGMA %2

TIMES FOR UP SORTED BY NEXT ACTIVITY

D ZERQ E )

R 19 29%.0 48.320 20,213
|24 ZERD .

PsSuU 2ERQA .

PSM ZERQ

PA ZERD

Pw . ZERO

PR ZERD

PWE ) ZERD

PAB ZERD

ALL 20 31.0 52.320. 21.277
TIMES FQR DOWN SORTED BY NEXT ACTIVITY

u ZERQ . .

R ZERQ :

P ZEROD

PSU ZERD

PSM 2 1.3 1.250 24128
PA 2ERD .
Pw ‘ ZERD ‘
PR ZERQ

PWE ZERO

PAB ZERQ - : .
ALL 2 13 1.250 - 2.128
TIMES FOR RUN SORTED BY NEXT ACTIVITY

U 16 11.2 9260 : . 17.021
D ' 2 0.9 0.450 ; 2.128"°
P ZERO AR R
PSSy ZERD o

PSM & 2.2 0.940 . 6.383
PA ZERQ . .

PW ZERQ i .

AGE CODE 1 (CHICK AGE 2 DAYS), STATUS:

" N/MIN

e et i 2 o e oo e slasn i 2 e

ey

CONnE $ 4, TIME: 1830, DATE: 30875

LOCATION
AIR TEMP: .6, SUBSTRATE TEMP: 0.0, HW AT 1141
OTHER SP: -1 M, FLOCK SIZE: 3, POSITION IN FLOGK: 0

P3M  PA  PW

12 ‘0 o

12.8 0.0 0.0

PRS PRT PWE PTOT PAB DRI

0 0 0 12 o 0

CGeD 0.0 0.0 12.8 040 0.0

AV ss VAR sD VARM
1.526 4,057 0.225 . D.475 0.012
1.550 4.270 0.225 0.47a 0.011
0.650 0.405 0.405 " T 0.635 0.202
0.650 0.+405 04405 0.636 0.202
0.700 1.420 0.095. 0.308 0.006
0450 0.045 04045 0.212 0.023
0.367 0.133 0.027 0e163 0.004

) AND 2145 ( 11.1 )

SE

0.109

2.106

0.077
0.150

0.067

)

™




-

PR ZERD

PWE ZERD
PAB ZERD '
ALL 24 14,3 10.650 25.532 0.596 2.130 0.093 0.304 0.004
PECKING AND HANDLING TIMES
P ZEROQ
pPsy ZERD o
PSM 12 9.8 13.900 12,766 0+817 5.897 0536 0.732 0.088
PA : ZER0 : -
Pw LERQ
PRO : ZERO
PR1 ZERD
PR?2 ZERD
PR3 ZERO
PR4 ZERO
PRS ZERQ
PR6 ZERQ
PR7 ZERQ
PRS ZERD :
PRO ZERQ . .
. PWE ZERO .
‘pag ZERN ) -
TIMES OF UP SORTED BY OUTCOME OF PRECEDING PECK
-] 2ERQ
PSU ZERD L . ) -
PSM 4 8.1 16.490 4,255 T 24025 0.088 0.029 0e171 04007
PA ) ZERG ' .
Pw ZERQD .
PRA ZERN
PRB ZERD ,
PRC . ZERO '
PWE ZERD . .
PAG . 2ERQ :
TIMES OF DOWN SORTED BY QUTCOME OF PRECEDING PECK
P ZERND -
PsSuU ZERD . : N
pSu ZERD e '
PA ZERQQD '
Pw ZERD
PRA ZERND . ) : 1
PRB ZERD . .
PRC ZERD : .
PWE ’ ZERD ‘. x i
PAB ZERQ . : B
TIMES OF RUN SORTED 8Y QUTICOME OF PRECEDING FECK
P ZEROD ) .
PSU ZERQ .
PSM 3 2.8 1.860 | 5,319 = 04560 0.292 0.073 0270 0,015
PA ZERD ) | - . .
=39 ZERQ : ,
PRA ZERD S . .
PR . ZERD
PRC ZERD ; T
PWE ZERD ) '
PAB ZERD .

0.062

0.085

0.121
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SECTION 8. EXAMPLE OF PRINTED QUTPUT FROM PLOVP2 FOR SECTION-4-TYPE INPUT

e — Lt et = ot o < 4 eoe —

CASE NO. 435 4 10 INITIAL DATA CARDS, T/TL - QUNS T
RINGED PLOVER )

INDIVIDUAL ND.&934 ) :

SEX « AGE CODE 1 (CHICK AGE 2 DAYS), STATUS: 1, LOCATION

5 FROM NW 4 AIR TEMP:

RAIN CODE: 0, CLOUD! S5/8, WIND FORCED
: -1 .M, OTHER SP3

FOJTSHAKE: 14+ DISTANIZI FROM NIAREST SAME SP3
INDIVIDUAL CODE NO. 6934
RECODEN DATA:

J 8. D 3. o 4. 3] 9. R e
U 13. 2 Te 9} 13, » 13, 1 7e
P 10. V) 9. P 7 1Y] 23. 2 8
D 2 P e ) 16, & 4. n 7
8] 14 o 12, o B P 17 P I
0 Se P 15, P Be o 21. U 15,
R 10. 8] 17 R 10. o] 1C. P 19.
8] 23. R 20, O] Zle 'STOP " 0.
TIME ELAPSED = 84.3 TIME FFEDING = 84.3

U D R DRT ORF PET PEF P PSU PSM
0BS., FREQ 24 ] 17 o 0 0 o} 19 0 (o}
FREQ/MIN 17,1 443 1261 Qe 0.0 OCel 040 13.5 N0 0.0

vnonnHummununn»nmmnuhvmqtzmnno
03S. FREQ o} 0 0 o ¢ o} o ¢ 0 0
FREQ/MIN Ce@ 0ol Ne0 0.0 0ed 40 00 Co0 040 0.0

NCLUDED "IN PECK~TIME

cNbDz e 4y, TIME: 1705,

&y SUB3TRATE TEMPL

8.
-1 M, FLOCK SIZ=z.:

U 2c., R
2 12 ]
U 23 . R
] 10, =]
I 9. [=4
B 12, U
u 22. Q

PA pw

o} 0

Ce0 0.0

PRT PwE PTOT PAB DRI

[¢] o] 19 ¢} o]

0.0 0.0 13,5 0.0 C.0

ACTIVITY SEQUENCE N SIGMA ¥ SIGMA X2 N/7MIN AV SS VAR
TIMES FOR UP SORTED 8Y NEXT ACTIVITY

D 1 0.8 Cen4C . fe712 0. 800 0.00C 0.000
ad 17 32.0 68,320 12.1CC 1.882 &+085 04595
P S S5e5 64690 . 3.559 1.100 Ge640 Cal60
PSU zERQ . ,

PSM ZZRD

PA ZERD

) ZE20

PR ZZRD ’ .

PwE ZZRD . ' .

PAB ZERD ' : .

ALL 24 40,4 80,060 17.082 1.683 12.053 C.624
TIMES FOR DOWN SORTED BY NEXT ACTIVITY . | -

U ZERD

R ZER0 . :

P ) be7 543290 44270 0.7832 1.708 Qe3n2
2S5y ZZRQ . . . :

PSM ZERD . o

P A ZERD

PwW ZZW0

PR 2ERQ .

PWE ZERQ K .
PAS Zz320 o oo
ALL 5] 4.7 Se390 46270 - 0«783 1.708 Ce342
. - ST s < - A A T

Qes HW AT

e e )
DD WD

* e s » o »

-

DATE?! 30675

PRSITION IN FLNCK:?

N g
FAHDNO R
® & o 0 8 @

COVCTC0

16.

sn VARM

0.585

Ao { 1l.1

vCWITVCU

0.057

21645 ¢

13

0.CCO
D172
Q.179

A

[N

G

o

[ "

(]

€9¢



ot

TIMES FOR RUN SNRTFD BY NEXT

5]

D

P
PSSy
DSM
PA
Pw
PR
PWE
PAB
ALl

=]
PSU
PSM
PA
Pw
PR
PR1
P2
p23
R4
PRS
ORS
pPR7
EEE]
PRY
PWE
PAB

TIM

=]

PSU
PSM
PA

Pw
PR A
PR3
PRC
PWE
2AB

TIMES OF DOWN SORTED RBY OQUTCOME OF PRECEDING PECK

=]
PsSy
PSM
)
Pw
PRA
24
PRC
PWE
2A8

=]

PSU
PSM
PA

P

PRA
PRA
PRC
PWE
pPAB

PECKING AND

ES OF UP

12 15.C
S 3.2
ZERND
200
ZZRD
ZERQ
ZERD
ZERDO
ZERD
ZERO
17 18.2

HANDLING TIMFS

19 21.0
ZERND
ZERD
20
ZERQO
ZZR3
ZZR0
ZERQO
Z=90
ZERD
ZERN
ZERD
ZZRD
ZZRO
ZZIR3J
ZERO
ZER

T s e At i Thaa ket & sdA——— Rt

ACTIVITY

21.640 ) 8,541
2.A0¢C 34559

24.640 12.100

27.220 13.523

SORTED BY OQUTCOME OF PRECEDING PECK

11 17.0
ZERN
ZERO
ZERD
ZERD
ZZ RO
ZEROD
ZERN
ZERQD
25PN

ZERD
ZERD
ZERD
Z2ER0D
ZERD
ZERD
ZFERO
ZIRD
ZEROD
ZZR0O..

2C.6C00 7.829

1,250
Ceh40

1.071

1.105

1,545

2860
0.752

44955

44327

0.2A3 L 0.5132 8.022

0.188 0.43a D.C38

0.310 0e557 0.018

0.223 . 0.472 0.012

0.433 .0.658 0.039
. N

ZERD
ZTR0
ZERD
ZZRQ
ZERD
ZERQ
ZZRO
ZERD
ZERO
ZZIRD

"TIMES 0OF RUN SOJORTED BY OUTCOME OF ﬁnmﬁmvmzm PECK

[
|

DO
o

——
D>
&0

Qo108

0.199

79¢

o

O

[Fz]
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CASE NOe 437 . 8 INITTAL DATA CARDS, T/7T1 -
RINGED PLOVER
INDIVIDUAL NN.6334

SEX ’ AGE CDODE 1

7

(CHICK AGE

RAIN CONE: 0, CLOUD: 2/8, WIND FORCE:
1 =

'
s DISTANC

TIMES FOR RUN SORTED BY NEXT ACTIVITY

2 DAYS), STATUS:
3 FROM Nw,

RUNS INCLUDED IN PECK-TIME
1, LOCATION CODE:

. AIR TEMP: 8.6, SUASTRATE TEMD:

FOOTSHAKE: FROM NEAREST SAME 8P3 =-1'M, OTHER SP: =1 M, FLNCK SIZE: 3
INDIVIDUAL CODE ND. 6934
RECODED DATA:
P5M 18, PSM 11, 1 13, R 4, u Q. 25M Se U
R 3. U 18. ] 8. 1 19. R 1. u 11, R
U 21. Q 13, u 11. - R 6. U 64 dgMm S. 9]
] W U 174 PSM 11, U 18, R 19, U 11. R
U 14. PSM 13, U 21. R a, U 10, = 3. )
PSM 14, PSM 9. U 20, sToP 0.
TIME SLAPSED = 56.4 TIME FEEDING = 56.4
U D R DRT DRF OET PEF PSU  PSM  PA  Pw

ORS. FREQ 20 2 14 0 0 e 0 o 2 12 0 0
FREQ/MIN 21e3 241 1649 0.0 CeC 040 040 Col 040 12.8 0.0 0.0

PRO PR1 PR2 PP3 PR4 PRS PR PR7Y PR3 PRY PRT  PWE PTQT PAB DRI
p3S. FREQ 0 0 ¢ 0 0 0 o o 0 G 0 c 12 0 o
FREO/MIN  Gue0 Go.0 0eO 040 CoeO 0ol 0ual 040 Ce0 040 0.0 CoC 12,8 0.0 0.0
ACTIVITY SEQUENZE N SIGMA X SIGMA X2 N/MIN AV sS VAR
"TIMES FOR UP SJRTED BY NEXT ACTIVITY
D ZZRO
R 14 23,1 46,610 14,894 146590 2.495 C.192
p 72R0
osU ZERO .
PSM S 5.9 7.710 5,310 1.180 Ce748 0.187
PA ZZ RN
Py ZERN
PR FELTS
PWE ZERN v
PAB ZERD - _
ALL 20  31.0 52,320 21.277 17550 4e270 0.225
TIMES FOR DOWN SORTED BY NEXT ACTIVITY ;
U 2zR0
R ZERA
o 7ERQ : ‘
25y ZZR0 : .
PSM 2 1.3 1.256 . 2,128 0.650 C.408 0.405
PA ZERD X
Pw ZERO
PR Zz30
PWE . ZERQ : .
PAB 2zRD : v
ALL 2 1.3 1.250 0.650 C.405 0.405

CeQy

4. TIME: 1830, DATE?:

ot S et o Pt A o o oo i S S e e e pn e

30675

HW AT

900 ( 1.1

» PO0SITION IN FLOCK: O

1R,
22,

11,

SM

S0

04433

0.432

u
PSM

OoSM
PSM

[ RE RO VIS
LI A
<

0.011

0.202

0.202

AND

17

21
1Q.
10.

(RN

2145

0.117

0.193

0450

Cel50

111

)

i

¥

™y

M

C

-~
~

——y =
(o))
(%]




o

U
D

=1
PSU
o SM
PA
Pw
PR
PWE
PAB
aLL

PECKING AND

=4
PSL
PSM
PA
Py

. PRY

PR1
po2
PR3
PR4
PRS
PR6
PRY
PRS
PR9
PWE
PAB

TIMES OF yp

f=
2sU
LY
PA

PW

PRA
PRB8
pPRC
PWE
PAB

12

2
ZzZ3N
ZERQ
ZZRO
720
ZERQ
ZEROD
ZZRO

L ZERD

14

HANDLING

ZERO
Z7R0

ZZRND
ZERkN
ZERD
ZZRN
ZZRA0
7ZRO
ZZRD
ZZIRD
ZERD
ZZR0
ZERN
ZERD
ZERD
ZERD

12

3,0
0.9

3.8

T IMES

14.3

SARTED BY QUTCOYME OF PRFCEDING ‘PECK

ZERQ
ZERQO
8
ZERD
ZZIRDO
ZERD
ZZRO
ZERD
ZERQO
ZERDO

18,7

TIMES OF DOWN SORTED RBY OUTCOME -OF PRECEDING PECK

=]
P3SU
PSM
PA
Pw
PRA
PRB
PRC
PWE
PAB

P
PSUL
PSM
PA

By

PRA
pRB
PRC
PWE
PAB

ZERD
ZERO
ZERO

ZERD
ZFERD
ZERDO
ZZRD
ZERD
ZERD

IR0
ZFRD
ZEROD
Z=R0O

\ TIMES OF RUN SJRTED BY QUTCOME OF PRECEDING PECK

Ce742

0.069

0.309

7.~50 12.755 1e049 0.008 0.C29
CelsSC 2.128 04450 0,045 GCeNGS - 0212 Cel23 Nel159 N
’ . N
8,100 14 .8%94 G.700 1.240 C.09% 0309 0007 0.083 ﬁu
21a.57C 12,766 1,192 4527 Oets12 0642 0.034% NDe1R5 )
o
g
; -
27.790 8.511 1.837 Ce779 Oe111 Ce334 J.014 0.118
' i w
=
.. )] i
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EXAMPLE OF- OUTPUT TO COMPUTER FILE FROM PLOVPROG

.
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368

Appendix 4, Scattergrams relating feeding rates and foraging

behaviour of Ringed Plover chicks to age

and environmental conditions

(see Paper 3).

On these plots, single points are represented by asterisks, from 2 to 8
coincident points by the numbers of such points, and 9 or more coincident

points by '9'. On some figures the mean (x 1 s.%.) value for adults (&)

in the same area 1s also indicated.
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1.30x + 8.00 (r = 0.49; P < 0.00001).

Fitted regression line is y
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[~ mecnm 2. Rate of pecking by chicks at Mestersvig in

0 - b Zﬂv_*m,s_um_.n_.c_.m (°C)

relation to air temperature. 2
Fitted regression line is y = 1.95x + 8,12 *
(r = 0.36; P < 0,00001) :
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Figure 3. Rate of pecking by chicks at Mestersvig in relation to rainfall (subjective scale).

Fitted regression line is y = 23,32 - 1.38x (r = -0.08; P = 0.029)
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Figure 4. Rate of pecking by chicks and newly fledged
young of known age on the North Shore,
Lindisfarne, in relation to age.

(r = 0.084; P = 0,097 (n.s. ))
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wun

Worms taken/ min

Figure 5. Rate of capture of visible thin worms by chicks and newly-
fledged young of known age on the North Shore, Lindisfarne,

in relation to age.

Fitted regression line is y = 0.024x + 0.034 (r = 0.22; P = 0,00037)
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Figure 6.

Rate of capture of Arenicola by chicks
and newly-fledged young of known age on
the North Shore, Lindisfarne, in relation
to age.

Fitted regression line is:
y = 0.0l4x - 0,038; (r = 0.36; P < 0.00001)
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2 Figure 7. Rate of capture of observed prey by chicks and
newly-fledged young of known age on the North
Shore, Lindisfarne, in relation to age.

Fitted regression line is y = 0.425x + 0.236; (r = 0.46;
P < 0.00001)
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Observed
S

Figure 8. Rate of capture of observed prey by
chicks on the North Shore, Lindisfarne, in
relation to air temperature.

Fitted regression line is:

y = 0.36x -~ 1,15 (r = 0.16; P = 0.016)
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Figure 9.

Rate of capture of observed prey by chicks on the
North Shore, Lindisfarne, in relation to windforce.

Fitted regression line is:

y = 10.53 - 1.60x; (r = -0.39; P < 0,00001)
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Appendix 5., Prey abundance and availability in the

breeding season of Ringed Plovers

Information on the intertidal invertebrates at Lindisfarne are
.detalled in Papers 1 & 2 and Appendlces 18& 2. Seasonal fluctuations in
'terrestrial' (i.e. not 1nter-t1da1) prey abundance in the breedlng
season at both Mestersv1g and Lindisfarne (see Papers 3 and 4) were mon=-
itored by pitfall traps. Each trap consisted of a white plastic carton
6.5 cm in diameter set in a hole with its opening flush with the ground.
In Greenland each trap contained to a depth of a few centimetres a
saturated solution of phenyl mercuric acetate, with a little liquid soap
to reduce surface tension. At Lindisfarne, only water and 11qu1d soap
were used because of the public nature of the s1te. Traps were set in
groups of 10 spaced at 1 m intervals along two lines of five, 1 m between
lines. The traps were emptied weekly by pouring the contents through a
sieve (mesh size approximately 0.4 x 0.8 mm) and transferringwith light
forceps the contents to a storage vial for later sortlng and countingo.
In Greenland, the contents of all ten traps at each site were collected
together. At Lindisfarne, the contents from each trap were kept sep-
arate as traps there tended to suffer erratically from blowing send and
human interference, the latter resulting in the loss of all samples on
a few occasions in July and August. Because of this the results are
expressed as mean numbers per pitfall., In Greenland all the sampling
was conducted in collaboration with the Dundee University team who were
responsible for sorting and counting (see Greenwood 1978, who also

discussed methodology and problems in more detail).

The results of invertebrate sampling at Mestersvig‘are detailed
by Green, Greenwood & Lloyd (1977) and Greenwood (1978)., To sample
potential "terrestrial prey on the North,Shore at Llndlsfarne, two
sets of pltfall traps were used, one Just above the hlgh water mark of

spring tides where most of the nes;s were found and one on a ralseq”_"_
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gravel platform about 10 m behlnd Although.the erds (especlally the
young) de not feed much.on the platforms (and prey. were clearly 1ess
avallable‘there - Flg.Al) thlS set on the more- stable substrate are of
use as the pltfalls were less prone to sand f1111ng than those on the
shoreE ‘The accuracy of the results from the latter suffer from this,
the hlgh.numbers of prey caught and the hlgh_evaporatlon which combined
to cause their efficiency of capture to vary considerably, This,
together with weather effects on prey activity, is the probable reason
for the tendency for some parallel variations in numbers of different
animals trapped (Fig. 1) and the high variances (not shown). Indeed,
it is probably unreasonable to cohsider the variations in numbers as
matching any realistic pattern_rathet than.indicatingﬂthe presence of
very 1arge numbers of prey on the shore and fairly large on the gravel
platform. Other points indicated are possibly increased tendencies for
Sandhoppers to occur on the platform eerly and late in the season; this
may have been because high winds at these times moved sand onto this
area, Also, the numbers of flies increased markedly in April.and early

May.,
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Figure 1.
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(b) Shore

(a) Gravel platformbehind shore;
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(Gap in data in July - August due to human interference)
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