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SUMMARY

The aims of this project were to investigate the extent of
social organisation, and the adaptive significance of mixed-species
flocking, in two species of waders wintering on rocky shores. The
approach adopted was to study firstly the stability of the
populations, through monitoring of the movements of marked
individuals and the population as a whole. This was followed by more
detailed analyses of the associations between individual birds.
Several major costs and benefits of flocking were then investigated,
with emphasis on how these varied according to the composition and
dengity of the flock, the identity of the individual, the
environment and the time of year. The ohserved flocking dynamics of
the two species were then compared to those predicted on the basis
of the cost/benefit analyses of flocking, and the mechanisms of
these flocking tendencies investigated.

The results showed that turnstones Arenaria interpres and

purple sandpipers Calidris maritima formed very stable communities,

with very limited population turrnover during the course of a winter,
high survival rates and a high degree of gsite faithfulness by
individual birds between years. Analyses of turnstone movements
revealed that birds maintained small home ranges, and so came in
contact with only a limited number of other conspecifics. This
enabled the formation of a dominance hierarchy, presumably based on
individual recognition; dominant turnstones stole food from more
subordinate birds whenever possible, leading to high rates of
aggression in high density flocks and avoidance of dominants by
subordinates. Aggression and interfe;:ence in feeding constituted a
cost of flocking to at least the majority of birds of both species,
especially at high densities of conspecifics; major benefits of

flocking were concerned with vigilance and the avoidance of




predation. Birds gained Erom increased corporate vigilance at a
reduced time cost to the individual when feeding in Flocks; the
extent of this gain was, however, affected by the species
composition and density of the flock, the vigibility of the habitat,
and the bird's food intake requirement,

Thus the optimal flock composition and density was predicted
to vary according to the individual's gpecies and dominance status,
the risk of kleptoparasitism (which varied between habitats) and the
visibility of the habitat. Observed patterns of flocking generaily
corresponded well with these predictions: birds maintained
intermediate flock densities {which were modified by habitat
visibility), and reduced their rates of interference with
conspecifics by flocking preferentially with those other species
with which they shared vigilance., Removal of these other species led
to greater aggregation by conspecifics; these aggregations were
maintained by birds modifying their foraging search paths so as to
remain within flocks, especially when the selective pressures for
the maintainance of high congpecific densities were predicted to be
greatest. However, there was evidence for variation in flocking
behaviour between birds of different dominance status within this
general pattern.

These findings are discussed in relation to how such details
of Fflocking and social behaviour could affect other aspects of an
am:.mal‘s biology, with particular reference to their implications
for the movements and survival of individuals, and hence the

population dynamics of the species.
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CHAPTER ONE -~ INTRODUCIION AND GENERAL METHODS

For any animal, the distribution and abundance of its
contemporaries rank among the most important influences upon its
lifestyle, Conspcifics in particular may constitute a reference point
in the environment, by which the animal may be attracted, as in
social species, or repelled, as in solitary species. Since population
dynamics are in part a consequence of this kind of behaviour, it is
impossible to fully understand the dynamics of a population without
some knowledge of'the behaviour of the individuals of which it is
composed. Turthermore, for vertebrates in particular, the population
cannot be assumed to be made up of identical units, and individual
differences in behaviour must be taken into account. There are
exceedingly few higher animals which do not interact with conspcifics
over and above the behaviours necessary for breeding. Whether these
interactions are positive {leading to group formation} or negative
{leading to avoidance and spacing), they may act as constraints on
movenment thus affecting both dispersal and digpergion, and will often
influence breeding performance, foraging efficiency and predation
risk, and hence survival.

There are many situations where we do not have a clear picture
of the dynamics of an ecological community, or the adaptive
significance of behaviour, due to a failure to study the interactions
between the individual and the population, This thesis represents an
attempt to bring together studies of the social behaviour of
individual animals with the effects this behaviour has on their
distribution within a particular habitat, and on the ecology of the
population., This has been done through a detailed study of wader
groups composed of more than one species, and of individual

differences in the behaviour of the birds which comprised these




groups.

1.1 why Study Groups?

Animals may £form groups for various reasons; the potential
costs and benefits of living in groups will be discussed in detail in
the final chapter. However, an important point to be considered here
is that groups also vary in the stability of their composition. In
some cases the division appears to be clear. For example, gorillas

Gorilla gorilla live in the same small troop throughcut most, if not

all, of their adult life, with many of the female troop—members being
closely related to one another (Wilson 1975). In constrast, starlings

Sturnus vulgarus forage in groups ranging in size from 1-100 birds,

and spend the night in roosts of up to 2 million (Hamilton & Gilbert
1969). The assumption has usually been made that, in the latter case,
the foraging groups are aggregations of anonymous individuals drawn
at random from the population. However, this has largely remained
untested. There is a rather grey area in the putative range of
stability of groups, from those cases whexe groups are of constant
composition ('clesed' groups), to those where the individual
membership is constantly changing (‘*open' groups). It is possible,
for instance, for individuals to move between groups
opportunistically yvet have a restricted range of fellow group-
members, due to their always moving within a small home range. 'This,
in fact, is equivalent to a c¢losed group (composed of all the ahimals
£hat live in the one area) divided into a fluctuating pattern of
subgroups. The distinction between open and closed groups is
important, as the latter can lead to far subtler interactions between
individuals than can open groups, and the individual’s identity
assumes a far greater importance,

There has been a tendency to ignore individual identity and




variation in studies of these types of group. Whereas this variation
has almost been taken for granted in species which have territorial
or family-group dispersion, those that form fluctuating groups have
often been treated as if all members of a group are identical. This
is true even of some recent quantitative optimality approaches to the
costs and benefits of group living (examples being Krebs 1974, Caraco
& Wolf 1975, Davies 1976 and Stinson 1980}. Notable exceptions are
the theoretical developments of Gauthreaux (1978), Rubenstein (1978)
and Pulliam & Caraco (1984), and the combined thecretical and
empirical studies of Fretwell (1969), Caraco (1979a,b), Baker et al.
(1981), Rohwer & Ewald (1981) and Barnard & Sibly (1981). aAll of
these acknowledge that the costs and benefits of being in a group may
be altered by the quality of the individual. Thus dominant or
aggressive animals may either exploit the food-finding abilities of
other group members (Baker et al. 1981, Barnard & Sibly 1981, Rohwer
& Bwald 1981), or attempt to drive them out of the group {Caraco
1979a}, depending on the distribution and form of the food supply. As
a conséﬁuence, subordinates may be better off leaving the group as
the level of competition increases {Gauthreaux 1978, Rubenstein
1978} .

Therefore there is a need to regard grouping behaviour from the
point of view of each individual, even in those species that appear
to form random groups. This is because there is unlikely to be a
simple single solution to the questions of whether a species should
form groups or not, or of how large such groups should be: the answer
may be different for different individuals.

It is also important to consider the fluidity in fhe individual
composition of groups, and to determine the stability of their
membership. Tt may be the case that individual associations are far

more stable than might appear from cursory examination of flocking




dynamics. Conversely, it is dangerous to assume on the basis of
laboratory studies the existence of complex social structures such as
a stable dominace hierarchy in the wild, as it is possible that the
population fluidity is too great to allow this to develop.

why Study Mixed-Species Groups?

Groups are not always compoged of a single species, There are
many documented cases of fish, birds and mammals forming multi-
species groups (reviewed in Morse 1977, see algo Morse 1978, Gosling
1980, Sullivan 1984), and it can be presumed that they form for much
the same range of reasons as monospecific groups {(Morse 1977).
However, most of the research on multi-species associations has been
purely descriptive, concentrating on tropical bird flocks (Short
1961, Moynihan 1962, Morse 1970, Buskirk 1976, Greig-Smith 1978) and
primates (Gartlan & Struhsaker 1972, Gautier-Hion & Gautier 1974,
Waser 1980). The main investigative and quantitative studies have
tended to be on interspecific kleptoparasitic, rather than
nutualistic, associations (see Brockmann & Barnard 1979, also Kushlan
1978, Barnard et al. 1982, Sullivan in press). However, in many cases
it is evident that all species may potentially gain from the
association {although the trade-offs may not be the same); the
position is then analogous to the single-gpecies group except that
another factor, the individual's species, is added to the list of
parameters (such as age, sex, competitive ability and so on} which
may vary between different individuals in the group. Thus although
all species present may benefit from grouping per se, they may vary
in their optimal group sizes, dengities, compositions, and so on, in
the same way as may different individuals of the same species.

The multi-species association is thus more complicated than that

of the single-species group, although at the same time it provides a




more convenient situation in which to study the effect of grouping on
different classes of individual. This is because the multi-species
group can be sub-divided into species more easily than can the
single-species group be divided into categories of, for instance,
competitive ability. Therefore by studying the interactions and
associations that occur between species in mixed-species groups we
may get insights into the similar (but less tangible) processes that
affect monospecific groups, and which may have such important
consequences for the dispersion, dispersal and survival of individual
animals, and hence their population dynamics.

Why Waders?

Waders form a convenient group of animals in which to study this
form of social behaviour, since outside the breeding season they
adopt a wide range of dispersion patterns (even within the same
species), from territoriality to flocking {both in single- and multi-
species flocks}. They have been used as models in a number of other
studies of the adaptive significance of different dispersion patterns
{e.g. Recher 1966, Goss—Custard 1970, 1976, Myers & Myers 1879, Myers
et al. 1979%a,b, Blick 1980, Stinson 1980, Vines 1980, Barnard et al.
1982, Townshend et al. 1984), Since they do not have prolonged
parental care, generally have separate breeding and wintering ranges,
and show no evidence of remaining paired in the wintering areas,
there is unlikely to be the complication of non-breeding social
behaviour being affected by kin selection considerations; nor is
there the problem of winter dispersion being partly determined by the
need to obi:ain and retain breeding territeries (as is the case in
several Parid species (Hartzler 1970, Ekman 1979). Wintering waders
should therefore form a multi-species community of freely—-moving
individuals, which have been moulded by natural selection into

adopting dispersion patterns that maximise the probability of their




own survival until their next breeding attempt.

Ideally, all species present in the flock should be studied, but
given the limited duration of this project, logistic problems of
obtaining enough detailed information were too great to allow this
approach. Instead I chose to study two species, which live in the
same habitat but are of different sizes and feeding technigues, so
allowing simultaneous comparisons of two components of the same
community. The two species chosen were the turnstone Arenaria

interpres and the purple sandpiper Calidris maritima.

The environment is a further variable which can affect the
social behaviour of the individual, through its effect on food supply
{e.g. Davies 1976, Caraco 197%a,b) or food dispersion (Myers et al.
1979b, Monaghan & Metcalfe in press), or the risk of predation
(Willis 1972, Jarman 1974, Caraco et al. 1980a). The two study
species live outside the breeding season on predominantly rocky
shores, which are a far more varied habitat than the sandy beaches
and estuaries which hold the major European wader concentrations, and
so offer more scope for studies of the effect of environment on

social beshaviour.

1.2 General Biology of Turnstones and Purple Sandpipers

The breeding range of both of the study species lies almost
entirely above the latitude of 60° N, ranging from the limits of the
boreal range of southern Scandinavia to the exposed tundra of the
high arctic. Turnstones can be divided into several distinct
populations on the basis of their brecding distribution. Those birds
that breed in Scandinavia may pass through Britain in late summer,
but winter in north west Africa. The British wintering population
comes from the breeding areas of Axel Heiberg and Fllesmere Islands

in northwest Canada, and from Greenland (Branson et 21.1978, 1979,




Cramp & Simmons 1982). These birds arrive in Britain in late July and
August, and leave on spring migration usually in April and May; they
may therefore be present in the 'wintering' quarters for over nine
months of the year. Less is known about the origins of purple
sandpipers that winter in Britain. Those on the east coast of
Scotland are predominantly Norwegian breeders (Atkinson et al.1981},
but those in the north and west are likely to be mainly from Tceland,
Greenland and possibly north-east Canada (Anon. 1984, Morrison 1984,
Buxton et al. in press). The majority of the population wintering on
the west coast do not arrive until late October each year, and depart
in early May; they are thus on the coasts of Britain for around seven
months each year. These movements will be examined in mcre detail in
Chapter 2.

Outside of the breeding season both species frequent mainly
rocky shores, where their small size and dark or disruptive
colouration {the purple sandpiper being a dark speckled grey, while
the turnstone is a mixture of black, brown, grey and white) makes
them among the most inconspicuous of shorebirds. Both the turnstone
and purple sandpiper feed on the exposed, outer rocks of the
shoreline as well as in more sheltered sites such asg amongst rock
pools and musselbeds. Turnstones are rather less restricted in their
choice of habitats, feeding in sand and shingle areas especially if
these are littered with banks of dead wrack Fucus spp. (Feare 1966,
Harris 1979, Cramp & Simmons 1982, McKee 1982), The diet of bath
gpecies is predominantly one of littoral invertebrates, obtained
using a variety of feeding techniques., The following account of the
prey types taken on British coasts is mainly based on the review by
Cramp & Simmons (1982) and on personal observation. Both species

specialise on small molluscs such as periwinkles Littorina littorea,




whole if small, or removed from the shell if larger (Marshall 1981).

Small mussels Mytilus edulis may also be taken, and both species may

feed on the remains of larger mussels left by other birds such as

oystercatchers Haematopus ostralegus. The bill of the turnstone is

strong enough to hammer open barnacles Balanus spp. and even to prise

limpets Patella vulgata and Patina pellucida off the rock; both

species eat small crabs such as the shore crab Carcinus maenas and

amphipods (e.g. Gammarus spp.). Turnstones often feed over the high
water period on banks of dead wrack, turning over and burrowing into
the seaweed with strong pushing and flicking movements of the head to
reach the buried eggs and larvae of the kelp fly Coelopa spp.. This
same motion is used to overturn stones or fronds of living wrack,
exposing the more troglodytic prey species such as the gammarids.
Both turnstones and purple sandpipers will alsc make rapid pecks at
small floating pieces of detritus brought in by the tide, and will
probe into rock poeols, often to a depth that covers the eyes. The
purple sandpiper often appears to use its bill as a tactile sense
organ, feeling its way under water or into cracks in the rock,
whereas the turnstone relies more on sight to detect its prey (McKee
1982).

The two species are often found in close association with each
other outside the breeding season (Reeg 1969, Cramp & Simmons 1982).
Other bird species often found in the same habitats include three

larger waders; redshank Tringa totanus, oystercatcher and curlew

Numenius arquata, also an inshore seaduck the eider Somateria

mollissima, and gull species such as herring, great black-backed and

black—~headed gulls Larus argentatus, L. marinus and L. ridibundus,

Certain predominantly inland birds may also feed in the intertidal

zone; these include starlings Sturnus vulgarug, crows Corvus corone




and feral pigeons Columba livia, which feed on the dipteran larvae

and amphipods in the sand near the high tide zone,

While there are many other wader species which feed
intertidally, they tend to be restricted to the soft-bottomed
substrates of sand and mud beaches or estuaries; their contact with

turnstones and purple sandpipers is therefore limited.

1.3 The Study Area and Its Habitats

The study area was a six kilometre stretch of coastline in the
Firth of Clyde. west Scotland, running from the northern boundary of
the town of Ardrossan south to the headland of Stevenston (Fig.l.l).
The shoreline is a mosaic of rocky and boulder outcrops interspersed
with with musselbeds, stretches of sandy beach, and some man—-made
breakwaters. In addition to a number of rocky islets lying just off
shore, the area alsc contains one substantial island, Horse Island,
used by many of the birds as a high tide roost site. The populated
nature of the site results in it suffering from a relatively high
level of human disturbance, ranging from people walking dogs to
fishermen digging on the beach to collect bait. However, while the
coastline is essentially urban, the littoral zone supports a full and
diverse biological community, with the only region of low biomass
being in the vicinity of the deep water harbour at Ardrossan. The
study area was only one section of a coastline of similar habitat
that runs from Portencross (7km to the north} to south of Girvan
(50km to the south); it did not therefore have distinct natural
boundaries. However, as turnstones and purple sandpipers only tend to
feed on sandy beaches that are adjacent to their more normal habitat
of rocky outcrops, the long stretches of 3km of sand to the south of
Stevenston headland and 2Kkm to the north of Ardrossan acted as

barriers to the movement of both species, as was shown by a study of




Fig.l.l. Map of the study area. The sea is indicated by hatching, and
the mean spring high water mark by the thick black line on the right
hand side. The intertidal zone (between mean spring high and low
water marks) is separated into sand (white) and other habitats
{(black}. The positions of the towns of Ardrossan, Saltcoats and
Stevenston are marked, as are various regions of the study area
mentioned in the text, according to the following key: HI = Horse
Island, NB = North Beach, A = Ardrossan harbour, McC = McCrindles, NR

= North Rocks, SR = South Rocks, 8 = Saltcoats, C = Coalruffie.



SR

SALTCOATS
s
' C
\
\
\
\
\
\
\
\
\
\
\
T
STEVENSTC
\

\

N

\




movemants of marked birds, described in detail in Chapter 2.

In order to quantify the relative usage by the two species of
the various habitats within the study area, a habitat classification
was devised which categorised the intertidal zone into eleven
distinct types. These are:

1. Rock — all areas of exposed bedrock or large loose rock (c.lm+ in
diameter).

2. Boulder — areas of medium-sized rocks (¢.0.15-0.75m in diameter),
as occurred for instance in some man-made sea walls.

3. Loose Rock — areas of small pieces of rock (less than 0.15m in
diameter), lying loose on underlying rocks.

4, Musselbeds - areas where mussels covered at least one third of the
available ground space.

5. Pools -~ Calm patches of water between rocks or musselbeds.

6. Sand - stretches of sandy beach.

7. Sl';ingle - gtretches of shingle.

8. Live Wrack — areas where living wrack (predominantly Fucus spp.)
covered at least cne third of the available ground space.

9, Algae - patches of rock predominantly covered by a mat of the alga

Enteromorpha.

10, Dead Wrack - arcas of dead, detached wrack left by the tide
usually at the high water mark. This was an epilemera], habitat,
although it was reasonably predictable in occurrence in some
areas,

11, Tideline ~ this was defined as the thin band of shallow water
along the tide edge in which turnstones occasionally foraged
by wading: as such it did not have a fixed distribution, but was
never more than 0.25m wide.

The availability of these different habitat types was measured by

10




estimating the extent of each habitat (as a percentage of the total
area} in distinct, small sections of the study area. These sections
(Gelimited by natural topographical boundaries) were then marked on
large scale (1:2500) maps of regions cf the study area, and their
areas calculated using a Summagraphics graphic digitiser linked to a
Commedore Pet microcemputer, The extenl of the study area during the
exposure period (defined below) was taken as all intertidal iand
between the mean spring low water mark and the mean spring high water
mark. The area exposed during the high water period was defined as
that from 50m below to 25m above the mean spring high water mark,
excluding all grassland and man-made structures. The area covered by
the dead wrack habitat could not be measured directly, due to its
fluctuation in availability. However, it was estimated to cover
approximately 1% of the total area of sand exposed during the
exposure period, and 10% of it over the high water period. No

estimate was made of the extent of the tideline habitat.

1.4 General S5tudy Methods

(a) Methods of Catching and Marking Birds

Rirds were caught using cannon nets, which are large (30x15m)
nets, fired from a furled position over feeding or roosting birds
with the use of projectiles propelled by expiosive charges. In
principle they are capable of catching many birds at a time, but in
this situation the fact that the only major concentrations of birds
occurred at the inaccessible roosts on Borse Island limited the size
of catches, as attempts were restricted to smaller feeding flocks.
Due to the logistic problems of setting up the nets close to the
water line, it was easiest to attempt catches over the period of
slack water at high tide. However, this resulted in very few purple

sandpipers being caught, since they almost all roost over the high
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tide period. Attempts on the incoming tide were similarly more
successful in catching turnstones than purple sandpipers, as the
latter were less predictable in their movements (Chapter 2), and
would often remain on the outermost rocks, beyond the reach of the
nets.

In total 100 adult and 19 juvenile turnstones and 8 adult
purple sandpipers were caught during the first 18 months of the
study. Catching was discontinued thereafter, as this was considered
an adequate sample of turnstones (given their high site fidelity and
survival), and as the likely investment of time reguired to produce a
similar sample of marked purple sandpipers was considered
prohibitive. If recaptures are taken into consideration, the total
catch breakdown for turnstones was 123 adults : 22 juveniles,
indicating that juveniles comprised approximately 15%% of the
population.

Bach captured bird was given a unique combination of four
coloured plastic (‘darvic') leg rings, to allow it to be identified
as an individual in the field, in addition to a numbered metal
British Trust for Ornithology ring. Birds were aged as either
juveniles {( — less than one year old) or adults on the basis of
plumage characteristics (Prater et al.1977), weighed using Pesola
balances, and their winglength measured (maximum chord) to the
nearest millimetre, They were then released, and appeared to suffer
little reaction to any stress of capture, resuming feeding within
minutes. The rings appeared to have little if any effect on the
behaviour of the birds; only cne colour ring was lost from a bird
during the study, and the bird remained identifiable due to it being

the only one in the study area with three colour-rings.




{b) Observation Methods

Although being in such an urban setting was a drawback in terms
of the disturbance caused to the birds by people, a major advantage
was the excellent vehicular access afforded to many parts of the
gite. The presence of promenades, coast roads and harbour walls
allowed me to approach feeding birds closely in a vehicle, in effect
using it as a mobile hide from which observations could be made, As
in most of these areas the vehicle was on top of the sea wall, the
observation point was generally some 3-5m above the level of the
foraging birds., This helped greatly in the locating of birds amongst
rocks and in the estimation of distances. In general, observations
were made on birds 10-75m from the vehicle, although in conditiong of
good visibility birds could be seen clearly and their colour-rings
identified at distances of over 150m. Those areas which could neot be
reached by the observation vehicle (i.e. the North Beach of Ardrossan
at low water and the McCrindles area) were covered on foot; however,
no behavioural observations (such as on vigilance or aggression
rates) were made in this way, as it was possible that my presence
could have altered their behaviour, Therefore ohservations in these
areas were limited to the recording of colour-ring sightings and
flock parameters (see later).

Observations were made with 10x50 hinoculars and a 15-60x
telescope. In addition a JVC KRY-1800F colour video camera with 6.4x
zoom lens was used on occasion to make video films for subsequent
behavioural analysis, using slow-motion and freeze-frame analysing
facilities. Using video film enabled simultaneous monitoring of the
behaviour of several birds, which was essential in the measurement of
vigilance schedules (Chapter 5) and search paths {Chapter 6).

Flocks of turnstones were located opportunistically within the

study area. For both species a flock was defined as being a group of
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birds, none of which was more than an estimated 10m from the nearest
conspecific, This figure of 10m was chosen after preliminary
ohservations had indicated that the nearest neighbour distances of
birds that behaved as a cohesive flock were almost always under lOm.
The location of each flock was noted on large scale (50m=1lcm) maps of
sections of the study area, and the identity of all colour-ringed
birds within it recorded,

I tested my ability to judge distances by selecting two adjacent
natural features at a distance from my chservation point similar to
that of typical turnstone flocks, estimating their distance apart
(always between three and 12 metres}, then walking up to them and
measuring the distance accurately with a tape measure. Two more
objects were then selected from a new observation point, and so on.
Objects were selected that lay in line either approximately parallel
to my line of vision, or perpendicular to it. The results showed that
my estimation of distance was naturally subject to some error {the
mean error for two objects perpendicular to my line of wvision,
expressed as a percentage of the actual distance + S.E., being 16.4 +
2.4%, n=20; for parallel objects the mean error = 15.8 + 2.7%, n=20).
However, these errors were not biased consistently in any one
direction, as the net errors were not significantly different from
zero (perpendicular objects: mean net errvor = -0.6 + 4.5%; parallel
objects: mean net error = ~1.5 + 4.5%). Therefore it can be concluded
that my method of judging distances was unlikely to be seriously
biased towards either under—~ or over-estimation.

The method of recording the positions of birds resulted in the
distribution of turnstones and purple sandpipers being broken up into
a number of flocks of conspecifics, which were in fact often feeding

amongst: birds of other species (predominantly waders). The density of
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each species in a turnstone or purple sandpiper flock was measured,
as will be described in Chapter 6. The size of the total mixed-
species flock was not recorded, as it was difficult to measure, since
some of the other species do not form flocks per se, but adopt an
over—~dispersed distribution (an example being the oystercatcher
(Vines 1980)).

At least one hour was allowed to ela®e between separate
measurements of flock distribution, composition and density in the
same area, to ensure independence of data, In practice, the continual
changes in flocking induced by the tidal cycle and my own movements
between different sections of the study area prevented any bias
arising from repeated observations of the same flocks. The time of
each observation was noted as both the circadian time and the tidal
time, recorded as minutes gince the previous high water.

Distinctions had to be made between flocks feeding over the high
tide period and at other times {as the foraging conditions were so
different) and between feeding and roosting flocks. The high tide (or
high water) periocd was distinct from the actual point of high tide,
and was considered to be the periced of the tidal cycle when most of
the typically intertidal habitats were covered by water. It was
defined as follows. The mean elapsed time between each low and the
foliowing high tide was calculated over a lunar (28 day) cycle, using
the Admiralty tide tables for Greenock (20km te the north of
Ardrossan). The time between high and low tides was also calculated
over the same period. The high tide period was then taken as lasting
from the point on the rising tide which is 3/4 of the mean time
between low and high tide {(i.e. 635 minutes after the previoﬁs high
water), until the corresponding time on the next falling tide, one
quarter of the time between the high tide and the next low tide (i.e.

84 mins. after high water). The time outside this high water period,
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Fig.l.2. Diagram of how the tidal cycle was divided intc high tide
and exposure periods. Dashed lines indicate the times of high and low
water, while the numbers refer to the time (in minutes) since the

previous high water. See text for explanation.
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from the falling tide through low tide to the next rising tide, is
referred to as the exposure period, and was defined as lasting from
85 until 634 minutes after the previous high tide (see Fig.l.2). To
sinplify analyses, no distinction was made between neap and spring
tides.

Flocks were only classified as feeding if at least 75% of the
bhirds were actually feeding (i.e. less than 25% roosting). The great
majority of flocks encountered during the exposure period were
feeding, whereas many high water flocks were roosting. Earlier
studies have also found that both species tend to spend almost all
the daylight exposure period feeding, especially during midwinter
(Feare 1966, Baker 1981, Marshall 1981), Conversely, neither species
has been found to feed at night (Feare 1966, Brearcy 1982, Marshall
1981, pers. obs.), unlike many other wader species (e.9. redshank
{Goss—Custard 1969), oystercatcher (Hulscher 1976) and grey plover

Pluvialus sguaterola (Townshend et al.1984)).

Further details of observational meth‘:ds are given where

appropriate under the relevant methods sections of Chapters 2 to 6.

(¢) Habitat Use by Turnstones and Purple Sandpipers

Figure 1.3 gives the availability of each habitat type in the
study area (expressed as a percentage of the total intertidal area,
estimated as 1,508,000m2 during the exposure period and 230,0001112
over the high water period). Also shown are the observed habitat
preferences of the two species (i.e. the proportion of birds seen in
each habitat), given by the number of flocks recorded in each habitat
multiplied by the number of birds in the flocks. It is clear that
both species avoided certain habitats while prefering others. Purple

sandpipers were never seen on sand, and turnstones rarely so, despite

it covering almost 60% of the intertidal zone. During the exposure
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Fig.1,3, A comparison of the availability of each type of habitat
{white bars, expressed as a percentage of the total area), and their
use by foraging turnstones and purple sandpipers (black bars,
expressed as the total number of birds recorded on each habitat as a
percentage of the total number seen foraging). Key for habitat types:
§ = Sand, B = Boulder, R = Rock, M = Musselbed, Lr = Loose rock, P =
Pools, Lw = Live wrack, Sh = Shingle, Dw = Dead wrack, A = Algal rock
and T = Tideline (the area of which could not be measured).

(a) turnstones, exposure pericd.

(b) = purple sandpipers, exposure periocd.
(¢} = turnstones, high water period.
(d) = purple sandpipers, high water period.
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peried, turnstones were most frequently seen amongst boulders and on
rock, loose rock and musselbeds. They were also seen (although lesgs
frequently) on all seven habitats. Over the same period purple
sandpipers were most often found on rocks; musselbeds were also
frequently used, but many of the other habitats were only used
sporadically, if at all. At high water the available choice of
habitats was more restricted, Purple sandpipers were only found in
four habitats (and showed an even greater preference for rock), while
foraging turnstones were predominantly found on dead wrack and
shingle, two habitats rarely used at other times. This presumably
reflects the reduced availability of littoral invertebrates over the
high water period, and the consequent shift in turnstone diets to
food present in the debris brought in by the tide and left along the

strand line.

{d) Data Analysis

Statistical analyses were carried out {(following the procedures
and guidelines of Sokal & Rohlf (1981) and Siegel (1956}), using the
SPSS, BMDP and MINITAB statistical computer packages (Nie et al.
(1975), Dixon (1983) and Ryan et al.(1976) respectively). Data were
transformed as appropriate to meet the conditions of particular
statistical tests; details of these transformations, and of the
methods used to tackle more complex analyses (such as cluster
analysig), are described in the relevant sections of the text. All
statistical probabilities gquoted in the text refer to two-tailed

tests of significance.
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CHAPTER TWO — POPULATION STRUCTURE & TURNOVER

Any study of the behaviour of animals in groups must take
account of constraints which may be imposed by other aspects of a
species' socioecology. For instance, adaptations to group living
{such as ritualised, non~escalating aggressive encounters, or the
sharing of vigilance) would be unlikely to develop if individuals
normally moved independently of, or avoided, each other (Monaghan &
Metcalfe in press)., Even 1ln a gregarious species, the degree of
complexity of the social organisation depends partly on the stability
and size of its functional units of population. Thus, if individuals
are either short-lived or are continually moving between groups, the
rapid turnover of group composition will prevent the formation of any
subtle inter—-individual relationships {such as stable hierarchies
based on individual recognition)., A similar constraint may apply to

very large groups (such as feeding flocks of weaver finches Quelea

quelea or migrating wildebeest Connochaetes taurinus), uniess there
is non-random assortative association of individuals within the
group.

It thus becomes important in a study of social behaviour to
determine not only the extent of aggregation but also the size and
stability of the population, so that any constraints on sociality

imposed by demographic factors can be evaluated. For instance, the

herring gull Larus argentatus and the blue jay Cyanocitta cristats

are both gregarious species, but their degrees of population mixing
lie at either end of a spectrum that has a great influence on social
organisation, Blue jays have small home ranges, maintained from year
to year, within which they move in stable groups of around 15 birds.

Within each group there is a stable hierarchy, based on individual

recognition, so that dominant birds have undisputed prior access to




localised food patches, with subordinates making no attempt to
displace those higher in the pecking order (Racine & Thompscon 1983).
In contrast, individual herring gulls may undergo long migrations
(Coulson et al. 1984), travel considerable distances between roosts
and feeding sites (Shedden 1983), and often change feeding sites such
as rubbish tips from day to day (Monaghan 1980). As roosts may
comprise tens of thousands of birds, and as there may be several
thousand birds feeding at a tip at any one time, any form of
ritualised behaviour based on individual recognition is clearly
impossible. Instead, birds contest for foed by scramble competition,
with frequent aggressive interactions over food items. While females
and juveniles tend to lose out in competition with males and adults
respectively (Monaghan 1980}, these are only generalisations applying
to categories of bird, in contrast to the far subtler interactions
that occur between individual blue jays.

A second point that arises out of this last example is that
subordinate animals may be forced to utilize secondary habitats,
which often leads to their dispersing more widely than dominants
{Monaghan 1980). This may lead to their suffering higher mortality
rates (Fretwell 1969, Watson & Moss 1970, Dittus 1977). Thus social
béhaviour may in turn be the cause of population turnover, with
different components of the population affected in different ways.

Therefore this chapter attempts to determine the stability and
size of the populations under study. Stability is assessed by
analysis of the survival rates and site faithfulness of birds, and of
the timiﬁg of movements in and out of the study area. The first
stages in this are necessarily to determine what éroportion of those
birds that were marked were actually part of the resident population,
and how adequate were the methods used to census the population.

As much of these analyses utilize data on marked birds, the
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conclusions that can be reached for purple sandpipers are rather
limited, as so few birds were ringed. Most of the chapter is
therefore concerned solely with the turnstone population. and purple
sandpipers are treated separately in section 2.4.

2.1 The Classification of Birds According to their Degree of
Regidency in the Study Area

2.1.1 Methods

There was great variation in the regularity with which marked
birds were seen in the study area. Although the majority were found
to have a readily-defined home range within its limits (and were
therefore seen frequently), others werce only seen occasionaliy, some
disappeared soon after capture and some were never seen at all after
they had been released. Therefore birds were categorised according
to the freguency with which they were seen, as follows:

Residents: seen at least eight times in the six months following
capture {not counting the four months from mid-May to mid-Septenber,
when birds were on the breeding grounds), and at a similar rate
thereafter,

Visitants: seen less lhan eight times in six months, but seen on the
study site at least four months after capture, and at a similar rate

thereafter.

Transients: seen less than eight times, and never seen more than

three months after capture.

A Fourth category contained the few birds never seen at all

after ringing.

2.1.2 Results

Table 2.1 shows the sample of 100 adults and 19 juveniles ringed

in this study categorised by the above method,
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Table 2.1 The initial categorisation of all turnstones colour—ringed
in the study, according to their degree of residency

adules Juvaniles
Category Number Percentage Number Percentadge
Resident 73 73 9 47
Visitant 13 13 3 16
Transient 10 ) 4 )

) 14 } 37
Never seen 4 ) 3 )

Total 100 19

There were very few changes in the frequency with which
individual birds were seen which necessitated their being re-
classified after the initial six months. One bird was seen regularly
during the winter in which it was ringed, then on only five occasions
dur ing the next two years. It was, however, seen during this period
(by a member of the public) at Irvine harbour, 3,5km to the south of
the study area. A second bird, ringed and subsequently seen regularly
in the second winter of the project, was seen at Prestwick (16km to
the south) that April, and then only twice in the study area in the
following winter. Both birds thus appear to have shifted their home
range during the study, to regions outside the main study area. Two
birds were ringed and seen frequently during the first winter, then
not seen at all in the second, only to reappear in the third (one
regularly, in much the same locations as previously, but the other
only sporadically}. The first bird has therefore been treated as a
resident that was absent for a year, and the second as a resident
that became a visitant. The final case of a bird changing category is
one that just failed to classify as resident in its first six months
(being seen seven times), but subsequently reached the threshold in
the succeeding period. As there was no evidence of any shift in home

range (the bird always having been seen at Stevenston), the change in




status of this bird is probably an artefact of the arbitrary division
between the categories. Thus if this bird is ignored, there were only
three birds (out of 86 adults and 12 juveniles initially classified
as resident or visitant) that changed status during the study.

It is likely that many of the birds classified as visitants had
home ranges that were partially or wholely outside the study area
(and may thercfore have been outside their normal range when seen in
the study area). This is indicated by:

(a) the intermittent appearance of such birds within the study area,
often over long periods;

(b} analogous occasional 'aberrant' movements by resident birds, of
up to several kilometres outside their normal home range (chapter 3);
(c} the presence of sizeable populations of turnstones on the
contiguous stretches of coastline;

(d) the tendency for visitants to be seen on the periphery of the
study area {(the 16 visitants were seen a total of 105 times in the
first two years of the study (when North Beach was searched
extensively); 80.0% of these sightings were either on North Beach
{n=53) or at Stevenston {n=31)), and

{e) occasional sightings of visitants away from the study site.
Several searches were made (by myself or Dr.R.W. Furness) along the
6km stretch of coast to the north of the study area; the overall
proportion of birds colour—ringed in this area was only 2/233, and
both of these birds had been categorised as visitanks.

it is therefore probable that there was no difference between
resident and visitant birds except in the location of their home
range (althougb the visitant category may have included a few birds
with exceptionally large home ranges, of which the study area was

only a part). In contrast, birds that quickly disappeared or were
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never seen after capture must have either died or moved away from the
area soon after capture. Proof that some birds may move over long
distances outside the breeding season comes from one bird that had
been ringed in the study area in mid-February, and had then been seen
four times in the following three weeks before disappearing. It was
then found freshly dead over a thousand kilometres away in France the
next August.

If the two categories of disappearing birds are combined,
comparisons with the numbers classified as resident show that a
greater proportion of juveniles disappeared than did adults (X2 =
4,78, 1 4.£., P < 0.05). Therefore juveniles must either be more

vagile or suffer a higher mortality than adults.

2.2 Tests of the Adequacy of Censug Methods

No attempt was made to cover the entire study area evenly, and
S0 it was to be expected that (even amongst residents) some birds
would be seen more frequently than others. However, it was useful to
have some indication of the likelihood of seeing a particular bird on
any one day of observation, as calculations of home ranges, spring
departure dates and survival estimates all make the assumption that
the birds that are seen on any one day are an unbiased and reasonably
substantial proportion of the total present. Therefore two analyses
were carried cut to examine my ability to locate resident birds: the
first being the calculation of an index of the frequency with which
individuals were seen, while the second was a test of how long
resident birds could go undetected.

2.2.1 Methods

The sighting frequency index was defined as the number of days
on which a particular bird was seen, as a percentage of the total

number, of observation days. This total number was taken as the number
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of days of observation from the day of ringing to the final sighting
of the bird, discounting days after the last sighting each spring (as
the bird was assumed to have departed for the breeding grounds on
that date, and so was nc longer able to be seen on the study site).
This index was not calculated for birds that were classified as
trangients, as the short period over which the index would have been
determined would lead to large errors in any estimates produced.
Therefore the minimum time period was four months, and the average
was well over a year.

The second test of my ability to locate resident birds was to
plot the cumulative total number of individuals seen with increasing
number of days of observation since an initial starting date. This
would allow estimation of the number of days fieldwork required to
see 50%, 75%, 95% and so on of the resident population. The start of
the 1982/83 season provided a convenient sequence of observation days
for this analysis, as the population already contained a reasonable
mimber of marked birds known to be resident, and the first day of the
sequence could be. taken as the first day of the season's fieldwork.
(This analysis was only conceived after the season was over, so the
fieldwork was not unusually orientated towards obtaining a maximum
number of sightings.)

2.2.2 Results

Figure 2.la shows the frequency distribution of the percentage
of days on which adults and juveniles were seen, while Figure 2.1b
shows the distribution further divided into resident and visitant
birds (those that changed category having been omitted). While there
is great variation in the percentage of days that a bird was seen
when the sample is taken as a whele (the minimum being 3.2%, the
maximum 90.9%), resident birds were Seen on a minimum of 24% of

obhservation days, and the 'average' resident was seen every other day
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Fig.2.1. (a) Frequency distribution of the number of observation days
on which colour-ringed turnstones were seen, Juveniles indicated by
speckling. (b) Data as in (a), but split into birds classified as
visitants {upper histogram, n=15) and birds classified as residents

(lower histogram, n=79).
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of observation (mean = 51.9 + 1.8 %, n=79). There was no difference
between the reqularity of sightings of resident adults and juveniles
(Mann-Whitney U test, U=2930, NS).

The cumulative plct of residents seen against days of
observation is shown in Figure 2.2, A total of 54 of the birds ringed
and categorised as residents in the 1981/82 season were seen to have
returned in the 1982/83 season., Adults and juveniles have been
combined, as there was no age-related difference in the likelihood of
residents being seen. Given the asymptotic nature of the curve, and
tha fact that no new sightings were made in the 21 visits made in the
latter half of the season, it seems likely that all the resident
birds present in the study area that year were located. Of this
total, over 55% were seen on the first visit, and by the tenth visit
{at the end of October) only five percent had still to be seen for
the first time. This may have been because they were later than most
birds in returning to the study area, or because they were present
but had not been seen. The former may have been the case for some
birds, as Brearey (1982) found that a small proportion of Teesmouth
turnstones did not return in the autumn until October.

Ag discussed earlier, two resident birds did not reappear until
the next season; one was then only seen twice (and so can be
considered to have changed to visitant status, and can be ignored in
this analysis). The other, having been seen 12 times in the three
remaining months following ringing in the first vear, was again seen
regularly (13 times in four months) in the third year; it thus seems
improbable that this bird could have been resident (but remain
unscen) in the second year,

The conclusions to be reached are therefore that, while there

was variation between individuals in the freguency with which they




Fig.2.2. Cumulative graph of the number of colour-ringed turnstones,
classified as residents in the 1981/82 winter, that were subsequently
resighted. Thus thirty had been seen after the first observation day
(on 7th September) of the 1982/83 winter, and the last to be seen
that winter was on the 16th observation day (on 29/1/83). Two more

were seen in the autumn of 1983,
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were seen, on average each resident bird were seen on 50% of
observation days, and it was extremely unlikely that colour-ringed

residents could have gone undetected for long periods of time.

2.3 The Size of the Population, Survival Rates, and the Timing of
Migration

Baving established that the majority of birds that were colour-

ringed remained within the study area, and that resident birds were
unlikely to remain undetected by my censussing techniques, it was now
possible to estimate the size of the wintering population, the
survival rate and the approximate timing of spring migration. As an
assumption in the calculation of the first two parameters is that no
emigration was occuring at the time, a logical sequence of analysis
is to determine the timing of spring migration first, and then the
estimates of survival and population size.

2.3.1 Methods

The study site was visited regularly throughout the spring
period (on average approximately every four days in the first two
seasons, but only every eight days in the third); a simplifying
approximation can therefore be made that birds migrated away from the
study area on the day they were last seen. While this gives only a
rough indication of the actual time of migration, biased towards a
premature estimation of departure date, it is sufficient for
comparative purposes, providing there is still sufficient variation
in the estimates produced. A distinction has to be made between those
disappearances that were assumed to be due to (winter) mortality, and
those due to spring migration. The simplest method of separating the
two was to decide upon a threshold date in early spring; birds that
were last seen before this date were assumed to have died, while
those last seen after it were assumed to have migrated. Choice of

this date was not entirely arbitrary, as the dates of the last spring
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sighting of birds that returned the following autumn could be used to
estimate the earliest time of spring migration. After consideration
of these departure dates it was decided to adopt the lst of February
as the cut~off point.

The departure dates ¢f individuals could not be compared to
changes in total population size, as accurate censuses could not be
imade in all parts of the study area. Nontheless, the population at
Coalruffie could be counted at most tidal stages with little risk of
birds being overlooked. Changes in this subsection of the population
have therefore been taken as an indication of changes in the
population as a whole. As the group of turnstones that used
Coalruffie generally arrived and departed as one flock (Chapter 6),
the estimates of population size (if greater than zero) were
independent of tidal state.

Immigration into the study area by spring passage birds from
elsewhere could be studied by monitoring the proportion of turnstones
that were colour-ringed. Therefore the percentages of birds colour-
ringed (given bf the total number seen to be ringed out of all birds
in flocks checked for rings} were compared for different periods of
the winter and sovring, from the date of last ringing to the end of
the study.

As with the estimation of migration times, the occurence of
mortality (and hence calculation of survival rates) can only be
reliably determined in birds already classified as residents.
Therefore the period over which survival was assessed had to commence
after the initial classification period of each bird, yet had to
terminate before the onset of migration in the final year. Taking the
survival assessment period ag a complete year would then have

restricted the sample size to those birds caught in the first year;
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therefore the year was split up into two periocds {(broadly
representing summer and winter) over which survival was independently
calculated. Dividing the year into two in this way would also show
whether the major mortality occurred in or away from the wintering
quarters. The summer period was defined as from February lst (the
onset of spring migration) to October 1st, and winter as from October
1st to February 1st. Thus summer survival was taken as the proportion
of all birds, that were known to be alive and that had been
classified as resident by February lst, that were seen on or after
the following October lst. A similar procedure was used to estimate
winter (October ~ February) survival.

Data on the proportion of birds ringed, the proportion of
ringed birds that were resident, and the actual number of regident
birds present could be combined £o produce an estimate of the total
size of the population wintering in the study area. However, as the
various regions of the study area differed in the number of birds
they held, the proportion that were colour-ringed, and the extent to
which they had been censussed, separate estimates of population size
had to be constructed for each region. The study site was divided
into six relatively distinct areas: North Beach, McCrindles/North
Rocks, South Rocks, Saltcoats Harbour, Coalruffie, and Stevenston.
The period over which all parameters were measured was taken as from
1/10/83 to 28/2/84, as this was well after the time when the last
birds had been ringed, and so all transients had disappeared and the
proportion that were colour-ringed had stabilised. february is
included in this 'winter® period, despite February lst being taken as
the first date of spring migration, as the analysis of departure
dates (see later) showed that only 5% of the populaltion had departed
by the end of February,

Dividing the study site into these six areas necessitated
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estimating the proportion of time each resident had spent in each
area {so as to produce a figure for the average number of residents
per area}, This was done by calculating the proportion of sightings
of a bird in each area, compensating for the approximate extent of
observer effort in each area by dividing the number of sightings by
the number of visits made to the area over the period. Return visits
made to an area on the same day were counted separately, provided
that at least one hour had elapsed between them.
Thus for a bird seen in T different areas, the proportion of

time it was estimated to have spent in area C is given by:

sc

V¢

Pec = % Si - (1)
o Vi

where Si = number of sightings of that bird between 1/10/83 and
28/2/84 in area i, and
Vi = mumber of visits to area i over the same period

The estimated mean number of residents in area C at any one time is

then: n
Ne = Z‘_I Pic - (2)
J:;.
where n = total number of marked resident birds, and

Pjc = proportion of time F'th bird is estimated to have

spent in area C.

It follows that ‘Z.ri Ni =n , as it has been assumed that residents
spent all their timLe= in the six areas.

The total average number of residents present in area C
(including unringed birds) could then be estimated as Nc/Re, where Rc
is the proportion of birds that were colour-ringed in area C.

The total number of birds present at any one time (including
visitants) can then be obtained by using the ratio of residents :

visitants, This can be estimated from the overall proportions present
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in samples obtained through cannon-netting, These are not egquivalent
to the proportions of the total ringed, as in the later catches
residents were more likely to have already been marked than were
visitants. The overall ratio (taking account of these retraps) was
thus 104 : 17. Therefore it is estimated that there were, on average,
0.16 visitants in the study area for each regident. Their
distribution can be approximated as equivalent to the distribution of
sightings of marked wvisitants during the first two years of
fieldwork.

This method of population estimation makes ithe following
assumptions:
1. Colour~ringed birds are a representative sample of the whole
population. There is no reason to suspect that this is not the case,
given the relatively high percentage that were ringed and the fact
that the sample is composed of birds caught at a variety of locations
over a long pericd.
2. The proportion of birds that are resident is equal over the whole
study area. Again, the fact that this estimate is based on & sample
of birds caught at eight different locations makes it a reasonable
estimate for the population as a wheie.
3. The ratio of residents:visitants did not change with time. While
there may be periods of increased mobility of birds, especially in
early autumn and late spring (Chapter 3), the fact that very few
marked birds changed status even over a period of three years

indicates that the ratio remains fairly stable.

2.3.2 Results

Timing of Spring Migration

There was no significant difference in the dates of spring

departure of adult turnstones in 1982 and 1983, the years in which
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regqular visits were made to the study area (Mann-Whitney U test on
the dates of last sighting of all residents, taking lst Pebruary as
1, U= 2895, n; = 54, Ny = 60, NS); the median date of last sighting
being 30th April in 1982, and 28th April in 1983, Therefore bhoth
years have been combined in Figure 2.3, which shows the cumulative
percentage of birds that had departed through the spring period. It
is evident from the graph that there was a steady acceleration in the
rate of departure through the spring. Only 5% of the birds had
departed by the end of February, and a further 20% left the following
month. However, the rate of migration increased markedly through
April, so that 50% of the population departed in a 15 day period in
late April to early May. Only stragglers were left after May 10th;
they too had departed within a week. Thus 90% of the population left
in the two month period from early March to early May, with the
majority leaving at the end of that period.

The departure dates of thirty-nine birds is known for both 1982
and 1983, and Figure 2.4 shows that there is a good correlation
between the two; individuals left the gtudy area on much thz same
date in both years. This result could have been produced spuriously,
if my censusing had bheen biased so that certain areas were under—
searched towards the end of both seasons. The estimates of departure
dates for birds in such areas would then have been premature in both
years, so possibly leading to a correlation in departure dates
between years. However, that this is not the case is demonstrated by
similar correlations when only the birds in one area are considered
(e.g. taking only birds resident at Stevenston %nwll), correlation in
departure dates between years rg = 0.763, P < 0.01; similarly North

Beach residents r_ = 0.466, P < 0.05). Thus it would appear that

S

individual adult turnstone are ceonsistent in their timing of
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Fig.2.3. The timing of spring migration by adult turnstones,
expressed as the percentage of residents known to be still present in
the study area at successive five day intervals. Data combined for

1982 and 1983, n=116 birds.
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Fig.2.4. The date on which resident adult turnstones were last seen
in the spring of 1982 plotted against the date of their last sighting
in the spring of 1983. Larger dots and numbers indicate that several
points are superimposed. The dashed line shows the result that would
be obtained if birds were last seen on the same date in both years,

Rank correlation between years: rg = 0.744 (n=39), P<0.001.
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migration, with some birds regularly leaving their main wintering
quarters well before the main exodus, Further evidence on this last
point comes from the annual cycle of movements of the earliest bird
known to depart (as opposed to die) in all three seasons. The
'spring' departure dates of this bird in the three years of the study
were 27/1/82, 9/11/82 and 14/2/é4. 'this bird's movements were clearly
unusual, as can be seen from the fact that in 1982/83 it left the
study area approximately 121 days before the next colour-ringed
migrant!

Combining data for the first two years, seven out of the eight
resident juveniles that were still alive in February were seen on or
after May 4th in their first summer. Their dates of last sighting
were thus significantly later than those of adults for the same
combined years (Mann Whitney, U = 6769, nl=114, n2=8, P < 0.01},

Although fewer visits were made to the study site in 1984 than
in the previous two years, with the result that estimates of
departure dates were less accurate, it was evident that migration
occurred earlier than in the previous two years. Figure 2,5 shows the
departure dates in 1983 and 1984 for those individuals present in
both years. Dates are significantly earlier in 1984 than in 1983
(Wilcoxon paired signed-ranks test, Ty = 37, P < 0.001), with only
three out of 33 birds departing later in 1984 than 1983, and eight
departing at least a month earlier, There was a general trend for all
birds to leave earli.c,;r and in the same segquence, as shown by the
significant rank correlation between a bird's date of last sighting

in 1983 and 1984 (K5 _ 4460, n = 32, P < 0.01) and 1982 and 1984 (r,

= 0,559, n= 17, P < 0.02).
Changes in population size and the percentage of birds

colour~ringed at Coalruffie are shown in Figure 2.6, The wintering

population size was very stable (see also Figure 2.8), and did not
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Pig.2.5. The dates of last sighting of resident adult turnstones in
the springs of 1983 and 1984. For explanation of symbols see Fig.2.4.

Correlation between years: rg = 0.460 (n=32), P<0.01.
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Fig.2.6. The mean number (+ S.E., with sample sizes) of turnstones

present at Coalruffie over the exposure pericd during the three years

of the study, and the percentage colour—ringed from 1983 to 1984.

Each year is divided into five periods:

[S R S S
I n s n

September to February
March to 15th April
16th to 30th April
1st to 9th May

10th to 20th May

Comparisons between the number of turnstones present in winter

{period 1} and periods 2-5 in each year, by Mann-Whitney U test:

Year
1981/82
1982/83
1983 /84

Pericd 2 Period 3 Period 4 Period 5
U=77,NS U=70, P<0.05 U=52,N8 U=72,pP<0.02

U=299,NS U=18, P<0,05 U=256,P<0/01 U=207,7<0.05
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vary between years (there being no significant differences (using
Mann~Whitney U tests) between years in counts made between September
and April 15th). In the springs of 1982 and 1983 there was no
significant decrease from the size of the wintering population until
mid-May (although there were signs of fluctuation by late April}. The
lack of change in the proportion of birds colour—-ringed in spring
1983 demonstrates that there was negligible immigration occurring
during this period. This contrasts with the situation in the spring
of 1984, when there was evidence of a slight (but not significant)
decline in population size by early April. By late April the
population was only approximately a quarter of that present in
winter; furthermore, the reduction in the percentage colour-ringed
indicates that some of these were immigrant birds passing through the
area.

Therefore the counts at Coalruffie back up several of the
conclusions reached from the analysis of the estimated dates of
departure of individual birds: a negligible proportion of birds had
departed by the end of March, thereafter the rate of departure
increased markedly so that very few birds were left by mid May, and
lastly that migration occurred earlier in the spring of 1984,

Figure 2.7 compares the changes in the proportion of birds
colour-ringed at Coalruffie with changes over the same period in the
three other areas that initially held high proportions of marked
birds. No data are available for North Beach in spring 1984, as the
area was not studied at that time. The results for the other areas in
1983/84 all show that no spring immigration had occurred up until mid
April (even in this year of early migration). It can therefore be
assumed that the percentages for the March-mid April period in 1983

represent the hypothetical values for the stable winter population
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Fig.2.7. The percentages of birds colour-ringed (with sample sizes)
in four separate regions of the study area, from the spring following
the 1982/83 winter until the end of the study in spring 1984, Year
divided into five periods, as described in legend to Fig.2.6. No

percentages are given where the sample size was less than 12 birds.
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(the true values not being available, as birds were still being
colour-ringed up until 15/2/83). While no immigration was evident at
Coalruffie in 1983, this was not true of other areas. By mid May the
proportion of marked birds had decreased on North Beach and the North
Rocks/McCrindles areas, and all areas showed similar patterns in
1984, Therefore there was an overall trend for immigration to occur
in May in both years (Wilcoxon ranked pairs test comparing periods 2
and 4 in four areas one year, three the next, TS =0, n=7, P <
0.02), although its extent was not uniform over the study area.

Survival Rates

Table 2.2 illustrates that only eight out of 75 resident adult
turnstones (and none out of eight resident juveniles) disappeared in
the pericd from lst October to February lst. Combining this with the
over—-summer survival rate (Table 2.2) gives a minimum adult survival
rate of 85.8%. The correct figure may be even higher, as it has been
assumed that any bird that did not return to the study area had died,
and section 2.2 has shown that a small minority of birds may alter
their wintering areas, The sample size for juveniles was too small to
calculate a realistic survival estimate for birds in their first year
of 1ife, but the indication is that the survival rate of resident
juveniles cannot be greatly different to that of adults.

If survival rate is age independent, as is likely to be
approximately correct in birds with moderately long lifespans, a one
vear old turnstone has an average life—expectancy of a further 6.25
years, and a guarter of the population will live for a further nine
years. (The maximum recorded lifespan of a wild turnstone is 19 years

9 months (Cramp & Simmons 1982).)
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Table 2.2 The winter and summer survival rates of resident turnstones

Age Initial No. at end of period: %
Period Category No. Alive Disappeared Survival
Winter Adult 83 75 8 90.4%
(Oct—Feb) Juvenile 8 8 Q (100.0%)
Summar Adult 40 38 2 95.0%
(Feb~0ct) Juvenile 2 2 0 {100.0%)

Comparing between winter and sunmer mortality, it is evident
that the long double-migration to and from the breeding grounds is
not a major cause of mortality, as the entire 8-month summer period
(including both migrations} accounts for only one third of the annual
mortality.

Population Estimates

Estimates of the proportion of colour-ringed residents, the
total number of residents and the total number of birds in each area
are given in Table 2.3. Some indication of the reliability of the
estimates is given by the number of birds seen at Coalruffie and
South Rocks over the same period. These were the only areas that were
small enough and of the right topography to allow complete censusses
to be made with reasonable accuracy at most tidal levels, The average
number of birds present in counts made between October and February
was 21.0 + 1.5 (n=18) at Coalruffie, and 12,6 + 2.2 (n=9) at South
Rocks, means which are 84,0% and 94.7% respectively of the estimated
population sizes based on the number of marked residents utilizing
the area, The slight discrepancy may arise partly from average counts
having a tendency towards underestimation {through my failing to
locate all the birds all the time), and partly from the assumption
that all residents spent all their time within the study area being

not entirely correct (so leading to over—estimation of the number of
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resident birds normally present). A better figure for the total
population size may therefore be slightly less than that given in
column four of Table 2.3.

Table 2.3. Estimations of the number of residents, the proportions of

turnstones that were ringed, and the total number of turnstones
present in each part of the study area in the winter of 1983/84

Area (1) (2} (3) (4}

North Beach 21.1 30.0% 70.4 86.3
McCrindles/North Rocks 8,2 26.7% 30.7 33.6
South Rocks 2,5 18.6% 12.6 13.3
Saltcoats 3,0 10.2% 29.3 29.3
Coalruffie 9.4 42.3% 22,1 25.0
Stevenston 14.9 43.1% 34,5 44.3
Total 929 199.6 232.2

Notes: (1) The average number of ringed residents present in the
area
(2) The percentage of birds colour~ringed
(3} The estimated average number of residents (ringed +
unr inged)
(4) The estimated average number of residents + visitants

2.3.3 Discussion

The rates of resighting of turnstones after capture were very
high, with the majority of the birds seen regularly in the study area
in the vyear of capture and in subseguent years. There is good
evidence that such specific site~fidelity is generally maintained
throughout a bird's life. One hundred and sixteen birds were caught
and (metal) ringed while roosting at‘McCrindles in September i1979; 13
of these birds were subsequently recaught and ¢olour-ringed during
this study. Of the ten classified as residents, eight were still
present in the study area at the end of the project, when Lhey were
at least 5.5 years old. A further three birds from the 1979 catch
have been found dead, all in the vicinity of Ardrossan. A similar
extent of site~faithfulness was recorded by Brearey (1982) in a
marked population on the Tees estuary, N.E. England. Turnstones are

faithful to roosting sites as well as feeding areas. In a long~term
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ringing programme of the waders of the Wash, in eastern England,
Branson et al. (1978) found that over 92% of retrapped turnstones
were caught at the same roost at which they had been ringed.
However, both the present study and that of Brearey (1982)
found variability in the frequency with which individual birds were
seen; both have also recorded instances of birds apparently being
absent from their previous home ranges for a complete year (also

documented in the grey plover Pluvialis squaterola (Townshend 1982}).

The variability in resighting rates in this study is probably largely
caused by inevitable lack of complete overlap between the area
searched for colour—-ringed birds and the home ranges of all birds
marked during the study. Sizeable populations of turnsteones winter
within 10km of the northern and scuthern limits of the study area,
and movement between these populations was demonstrated by the four
sightings of colour-ringed birds outside the area. In common with
many waders, turnstones often fly several kilometres to a safe roost
site. The major roosting site in the area was Horse Island, which
lies just offshore from North Beach (Figure 1.1). This roost probably
contained turnstones that normally foraged outside the study area,
and so it is 1ikely that such birds would sometimes be caught (and
later seen) while moving to and from the roost.

While the evidence suggests that most (if not all) turnstones
categorised as visitants were birds with foraging home ranges lying
outside the study area, the possibility remains that some were more
nomadic, utilizing the study area as only part of a much larger home
range. This situation has been found to exist in the sanderling

Calidris alba; some individuals winter on one short stretch of sandy

beach, while others may range over 30km of coastline or more (Myers

1984, EBvans 1981l). This ranging behaviour enables them to take
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advantage of ephemeral super—abundant food resources. Myers (1984)
describes one occasion where high densities of amphipods became
available to the birds when a brackish lagoon in coastal California
suddenly opened tc the sea, Thirteen hundred sandeflings were feeding
at the site within four days, including 37 marked birds normally
rezident at Bodega Bay, 23km away. Several of these then proceeded to
move repeatedly between the two sites.

However, the real selective advantagc of such vagility in the
sanderling may only be apparent in bad weather, as sandy beaches are
liable to suffer scouring and erosion from excessive wave action.
Winter storms may therefore cause sudden reductions in invertebrate
populations (Brown 1982), leading to local and unpredictable crashes
in food supply (Evans 1981, Myers 1984)., Similar local catastrophes
may occasionally occur on estuarine mudflats (Yeo & Risk 1979,
Radcliffe et al. 198l). Birds with knowledge of food supplies over a
wide area may then have a selective advantage, as they will be able
to switch to alternative feeding locations more rapidly and
efficiently than those with only local experience., Thus there may be
long~term benefits in adopting a strategy that over a shorter period
is sub-optimal (due to the costs of sampling and movement).

This situation is unlikely to arise in turnstones, as rocky
shores are far less likely to suffer sudden erosion by inclement
weather. While wave action may remove some invertebrates such as
nussels, major damage to musselbeds is infrequent in all but the most
exposed localities (Paine & Levin 1981), and most prey species (e.g.
barnacles and littorinids), being firmly attached to the substrate,
are adapted to withstand such forces. The invertebrate communities
upon which rocky shore waders feed are therefore less fragile and
have greater temporal stability (and hence predictability) than do

those of mudflats or sandy shores.




A second effect of weather on the 'soft substrate' wader
species is that low temperatures may reduce prey availability, by
causing both prey to burrow deeper (and so out of the range of the
birds} and the substrate to freeze (Evans 1976, Goss—~Custard 19880,
Ratcliffe et al. 1981). Unusually cold winters may also cause heavy
prey mortality. Crisp (1964) reported that the winter of 1962/63

caused the death of entire populations of the molluscs Scrobicularia

plana and Cerastoderma edule, important constituents of the diet of

oystercatchers, curlews and knots Calidris canuta in many areas. Thus

cold temperatures not only increase the energy requirements of
waders, but may also reduce their foraging efficiency, especially if
coinciding with strong winds (Dugan et al. 1981). Therefore it comes
as no surprise to find that estuarine and sandy shore species such as

sanderling, knot, dunlin Calidris alpina, redshank and curlew have

been found to have far higher mortality rates in severe winters than
in average conditions (Pilcher et al. 1974, Evans 1981, Clark 1982,
Davidson 1982), In soft substrate waders overwintering on the Tees
estuary, over one~half the non~breeding mortality in a five year
period (excluding deaths through shooting and other unnatural
causes) occurred in just four months of severe weather (Davidson
1982).

In contrast, rocky shore waders such as turnstones and
purple sandpipers are less affected by severe weather, as many of

their prey types {(e.g. Balanus balanoides, Littorina spp., Mytilus

edulis) are sessile and also relatively unaffected by cold winters

(Crisp 1964), Evans (1981} found that turnstone survival rates at
Teesmouth were little reduced in the same cold winters that had so
much effect on other species. This may pactly explain their more

northerly non-breeding distribution than any other western Palearctic
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shorebirds (Cramp & Simmons 1982).

The estimates for adult turnstone survival rates obtained in
this study are similar to {(or higher than) those obtained elsewhere.
The most comparable figure is that obtained by Evans & Pienkowski (in
press) for return rates (autumn to autumn) of birds colour-ringed on
the Tees, The adult annual survival rate averaged over six years was
85%, remarkably similar to the value of B85.8% obtained in this study.
On the basis of two large catches of a discrete population in North
Wales made in March and the following November, Sutherland (1981)
estimated survival over this summer period to be 92.2%, a figure that
tallies well with the estimate of 95% survival for adults obtained in
the present study over approximately the same period. All estimates
of survival based on return rates will have a tendency towards
underestimation, as they assume that all birds still alive will
return to their previous home ranges. Therefore survival rates in
turnstones may be slightly higher than the estimates given here, as
both this study and that of Brearey (1982) have shown that a small
minority of birds change their wintering quarters between seasons.
However, there seems to be at least as great a fidelity to the
wintering area as to the breeding area, since Bergman (1246)
estimated annual survival to be 77.8% on the basis of return rates to
Finnish breeding sites. All these estimates from analyses of return
rates to study populations are higher than that of 66% adult annual
survival obtained by Boyd (1962) from ringing recoveries. This may be
partly because he used data for all birds ringed up until 1954; some
birds undoubtedly would still have been alive at the time of his
analysis, which would lead to underestimation of longevity. Boyd's
(1962} estimates for survival rates have also been found to be too
low for many other shorebirds (Hale 1980).

The very low oversummer mortality demonstrates that, contrary
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to expectations, a double migration of several thousand kilometres
together with the hazards of an arctic breeding attempt do not
consitute the major causes of turnstone mortality. The mortality rate
per month over this period of migration and breeding is less than
half that during the (sedentary) winter, even using the lower summer
survival rates obtained by Sutherland (1981). Evans & Pienkowski (in
press) also found that the majority of deaths occurred at Teesmouth
in the winter, rather than over the summer,

While it is apparent (from within-gpecies comparisons) that
different techniques of measuring mortality produce different
estimates, sufficient other studies have used the method of
monitoring return rates of marked birds to allow tentative
interspecific comparisons. The work of Evans and co-workers is
especially useful in this context, as survival rates have been
obtained for several species wintering in the same area. The averade
annual. mortality of adult turnstones on the Tees is lower than that
of sanderlings (17%), and curlews (23%), and similar to that of grey
plovers {14%) (Evans & Pienkowskli in press); the differences are
mainly caused by the much higher mortality of the other species in
cold winters. For instance, the percentage of grey plover annual
mortality that occurred in the winter varied between 0 and 64%,
leading to much greater year—to-year variation in survival than in
turnstonesg. Other studies have estimated the annual mortality of

adult ringed plovers Charadrius hiaticula, dunlins and redshanks to

be between 25 and 30%, and the oystercatcher is the only western
palearctic species of wader that has been found to have a
substantially greater longevity than the turnstone, with return rates
to the Exe estuary averaging 89% (Goss-Custard et al. 1982a). First

year oystercatchers had a higher mortality than adults, and were most
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likely to disappear in the autumn, whereas immatures did so later in
the winter, Most adults died either in the breeding areas or on
migration, with a maximum of only 3.2% dying per year on the Exe
(Goss~Custard & Durell 1984}, This low winter mortality may be partly
due to the Exe experiencing milder winters than most areas of
Britain.

A greater proportion of juvenile turnstones disappeared from
the Ardrossan area soon after ringing than did aduilts. This implies
that either they suffer increased mortality, or that they may pass
through a period of vagility before adopting the non—breeding range
that is then usually maintained for the rest of their life. A similar
tendency for juveniles to have a higher disappearance rate than
adults has been found on the Tees, where over a given period the
annual return rate was 90% for adults, but only 77% for juveniles
{though the juvenile sample size was small) (Evans & Pienkowski in
press), Tentative support for the hypothesis of increased juvenile
mobility comes from the studies of the population on the Wash.
Branson et al. (1978) found that the percentage of juveniles in
samples of the population obtained in cannon-net catches at high
water roosts drops in most years to near zero in midwinter, before
increasing in the spring. -

There are reasons for expecting differences between juveniles
and adults in both movement patterns and survival rates. Groves
(1978) found that juvenile turnstones at a staging post on their
first autumn migration had lower foraging rates than adults, and were
frequently involved in aggressive encounters with adults, in which
they were consistently the loserg. She attributed the differences
mostly to Jjuvenile inexperience, both in foraging and in the
interpretation of signals from conspecifics that would have reduced

the likelihood of their being attacked. Age—related differences in
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foraging behaviour have been documented in other species (e.g. Burger
1980, Goss—Custard & Durell 1983, Greig et al. 1983); in all cases
Jjuveniles on average appear to be less efficient and hence at a
possible selective disadvantage compared to adults,

This disadvantage will lead to their being more affected by an
increase in selection pressure. If, for instance, conditions
deteriorate so that birds find it increasingly difficult to meet
their daily enerqgy regquirements (due, perhaps, to a decrease in food
availablility or an increase in required intake), juveniles will tend
to be affected before adults. They will therefore be the first to
fall to the threshold below which birds will starve if they remain in
the same location; they may therefore move in the hope of finding
better conditions elsewhere. This may explain the movement of
juveniles away from the Wash in mid-winter (the time of greatest
energy demand and shortest daylight foraging period). There is some
evidence of between-estuary movements at the onset of hard weather in
other species (Clark 1982, Townshend 1982).

It is possible that the absence of juveniles from high tide
roosts at the Wash is due not to their having moved away, but to
their greater tendency to carry on foraging over the high watex
period. Brearey (1982) found that the proportion of juvenile
turnstones present at roosts on the Tees was lower than that in the
population as a whole, and studies on other waders have shown that
birds will extend their time spent foraging into the high tide period
in periods of increased stress (Heppleston 1871, Goss-Custard et al,
1977). Goss-Custard & Durell (1983) were able to link the greater
tendency for juvenile oystercatchers on the Exe estuary to feed over
high tide to their inability (through inexperience or competition} to

feed on the preferred diet of adults. That this high tide feeding may
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be crucial to the survival of the birds was demonstrated by
Heppleston (1971), studying oystercatchers on the Ythan estuary
(N.E.Scotland}. He found that a period of three weeks of snow cover,
which prevented birds from feeding in the fields at high water,
caused the death of at least 25% of the population, with juveniles
making a disproportionate contribution to the mortality.

However, in the turnstone these may only be general trends, and
it is evident that many juveniles become established in the stable
wintering population. Those Jjuveniles that were classified as
residents appeared to have similar sizes of home range {(Chapter 3)
and similar return rates as resident adults, and they were not
noticeably subordinate to adults in aggressive encounters (Chapter
4). 1t is possible that in many individuals the learning process is
rapid so that the inefficiencies recorded in early autumn by Groves
{1978) are no longer apparent by the time the juveniles are a few
months older. The process appears to be more prolonged in
oystercatchers; the period of specialisation of diet and foraging
behaviour may last four years (Goss~Custard & Durell 1983), which may
account for the greater delay in sexual maturity in this species
{birds first breeding after four years, as opposed to two in the
turnstone} .

As fieldwork did not commence each season until after the major
influx of return migrants (which occurs in late July and August
(Evans 1966, Marshall 1981)), no data were collected on the timing of
arrival of individual birds. However spring migration was studied in
detail; the results demonstrate that while the majority of birds
depart within a short period in late spring, some birds consistently
leave up to three months earlier. Ringing recoveries from birds
marked on the Wash in winter have shown that some birds move west and

northwards in Britain in the early spring (Branson et al. 1978).
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Similarly & bird colour-ringed on the Tees and present there until
March had moved to the west coast by early April. It seemg unlikely
that these early "migrants' actually depart from Britain until the
main exodus in late spring, as there is no evidence from captures
made in the spring in various parts of Britain that any birds put on
the fat reserves necessary for the 1000km £light to Iceland (the
first stage in the migration) until late April (Branson et al. 1979,
Clapham 1979, Ferns 1981). It would therefore appear that some birds
may include an extra stage in their annual cycle of movements, in
that they move in early spring to areas further north or west, in
which they put on the fat reserves required for the migration proper.

Brearey (1982) found that birds may be faithful to these
nigration stop—over points as well as their main wintering areas.
Turnstones caught and colour—-ringed on the Tees in early May while on
migration were subseguently seen there in both the early autumn and
late spring of the following season, indicating that their main
wintering area was further south, and thal the Tees was used on both
northward and southward migrations.

There appear to be regional differences in the extent to which
wintering areas are used by birds on passage. Turnstones take three
weeks to build up the fat reserves required for the northward
migration from Britain {Clapham 1979). The same period of weight gain
was also found for birds fattening up on the Pribilof islands before
migrating a similar distance (Thompson 1973). If birds that wintered
further south were to use an area as the major stopping-off point at
which to fatten up prior to the main migration one would expect them
to be present by late April. A study carried out by Moser & Carrier
(1983) on the population turnover on the Solway estuary (100km south

of Ardrossan) in the spring of 1983 showed that the turnstone




population increased markedly in numbers in mid-April, with the peak
count on May 2th being three times the wintering population size.
Dye—~marking showed that there had been no additional immigration
after April 30th, and virtually all the birds had departed eight days
later (the timing of final departure therefore being almost
simultaneous with the Ardrossan population).

In contrast, the monitoring of the proportion of birds colour—
ringed showed that very few immigrants were present in the Ardrossan
area until early May (by which time the total number of birds present
was declining). Similarly, from analyses of the proportions of birds
that were already ringed, Clapham (1979) found that samples of birds
caught at Morecambe Bay up until early May contained negligible
proportions of immigrants, whereas a catch on 26th May, at the end of
migration, was very largely composed of birds that had wintered
elsewhere. The Solway thus appeared to be an area used hy some
migrant turnstenes for the whole period of premigratory fattening,
whereas the role of Ardrossan (and possibly Morecambe Bay) was as a
temporary feeding site used by relatively small numbers of birds late
in their migration northwards (as indicated by the lack of a spring
peak in numbers and the very late and short-lived influx which
occurred as the last winter residents were themselves departing).

In May 1983 certain parts of the study area contained immigrant
birds while other areas did not. It is unlikely that this local
variation was caused by passage birds selecting areas on the basis of
their food supply, as the resident population (which would have far
greater experience of local food distribution) showed no sign of
selecting the same areas — the number of birds at Coalruffie (which,
when censused, contained no immigrants) was as high in early May
(when the total population size had decreased) as during the rest of

the winter. As turnstones migrate in flocks (Bent 1929, p.279), the
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situation may simply be that small flocks moving northwards up the
coast stop off to feed opportunistically for perhaps only a matter of
hours before continuing north; their dispersion at these sites is
thus very patchy.

The cause of the earlier spring migration in 1284 is unclear;
there is some evidence that this was not restricted to the Ardrossan
area, as the pasage of waders through the Solway was also earlier in
1984 than in 1983 (M.Moser, pers.comm,}. It is possible that the
exceptional period of warm weather in Britain in the spring of 1984

hastened their departure.

2.4 The Purple Sandpiper Population

Az only eight birds were colour—marked in this study,
comparative data for the purple sandpiper are rather limited.
However, those comparisons that can be made give interesting if
tentative results,

2.4.1 The Frequency of Resighting Marked Birds

The turnstone categorisations (see section 2.1.1) were applied,
except that the first observation day each autumn was taken as the
first day of fieldwork in November (or the day of first sighting if
earlier), as many purple sandpipers did not arrive until late autumn
each year {see later}. Five purple sandpipers were subsequently
classified as residents, and three as visitants, The residents were
seen on 25,0 - 55.6 % of observation days (mean 38.4 1+ 5.23), which
is significantly less than the resighting rate of resident turnstones

(Mann Whitney U = 3462 nl =79, ny = 5, P < 0,05), This lower rate
- [

of seeing marked purple sandpipers was probably due to a combination
of three factors. Firstly, two of the resident birds were not first

seen in the winter until early December, and so may well not have

been present throughout November. A second point is that purple
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sandpipers had a greater tendency to feed on the more exposed

offshore rocks, including some that could not be seen adeguately from

a mainland vantage position. Hence there was probably a greater .
likelihood of their escaping detection than turnstones. However it is
also possible that the resident purple sandpipers moved out of the
study area more frequently than did resident turnstones. Although
colour~ringed birds were most likely to be seen in the vicinity of
the place of capture within the study area {Table 2.4}, there were
qreater fluctuations in the number of purple sandpipers present (see
later), indicating that many birds were not in the study area

throughout the whole of the winter.

Table 2.4 The percentage of purple sandpipers in differenl sections
of the study area that were originally marked at North Rocks and
North Beach

Place of Marking North Beach North Rocks
Place of Sighting % Marked (n)* % Marked (n)*
North Beach 10.0 (90) 0.0 (35)
McCrindles 1.3 {80} 8.9 (45)
North Rocks 0.4 (957) 8.4 {632)
South Rocks 0.0 {97} 0.0 (46}
Saltcoats 0.2 (650) 2.7 (5657)
Coalruffie 0.1 (983} 0.8 {740)
Stevenston 0.0 {212) 0.0 (106)

*The sample sizes are not the same, as the two samples were caught at
different times.

2.4.2 Survival Rates

The sample size is too small to consider only resident birds;

consequently survival has been measured as the proportion of birds
known to be alive a year after the date of capture (and each year
subgequent to that). The rough estimate obtained in this way for

adult purple sandpiper annual survival is 80 % (n = 10 bird years).
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2.4.3 The Timing of Migration, and Population Changes

Although a few purple sandpipers were seen in September, the
main influx did not occur until later in the autumn. If the two North
Beach birds are discounted in the final year {(as coverage was
incomplete in that area during that period), three birds were first
seen in October, two in December, one in January and one in March.
The two birds first seen in December were the two seen most regularly
thereafter, and so were unlikely to have been present but not seen
much earlier in the autumn. Most of the marked birds remained in the
study area until late spring; for instance, five out of eight were
seen on or after 5th May in 1983.

Population counts showed very much greater fluctuations for
purple sandpipers than for turnstones. The frequency distributions
of the number of purple sandpipers and turnstones seen at Coalruffie
are given in Figure 2.8. While the turnstone counts vary according to
an approximately normal distribution, ranging from 7 to 32 birds
{discounting one occasion when no birds were present), the purple
sandpiper population was far more variable, with a peak count of 98
vet five or fewer birds present on approximately 50 % of occasions,
Similar variation was apparent in other parts of the study area.
Therefore it was not possible to estimate the total study population
from the averages of counts made in different parts of the study
area, as these were so variable. Bowever, a rough indication of the
gize of the population is given in Table 2.5, which shows the maximum
number of purple sandpipers seen in one day in the study area for
each month throughout the period of study. These totals will tend to
be underestimates, due to the practical problems mentioned earlier of
ensuring complete coverage of offshore rock outcrops in some areas,
However, it is evident that there was a general tendency for the

purple sandpiper population to increase towards the middle to late

49




Fig.2.8. Freguency distributions of the numbers of (a) turnstones
(n=54 counts) and (b} purple sandpipers (n=67 counts) present during
the exposure period at Coalruffie, Counts are excluded when neither
species was present; turnstone counts after lst April, and purple
sandpiper counts after 10th May, are excluded each year, due to the

lowered population sizes resulting from spring migration.
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winter, with peak counts cccurring after February in all three years.
Nonetheless there was still considerable day-to-day variation in
numbers even when this seasonal trend is taken into consideration.
For instance, between January and April 1983 there were six counts of
over 40 birds at Coalruffie, six of less than 5, and only two counts
between these extremes.

Table 2.5 Maximum daily counts of purple sandpipers in the study area
for each winter month of the study

Month 1981/82 1982/83 1983/84
September - 2 -
October 10 52 9
November 41 38 27
December 18 14 38
January 32 100 4]
February 33 69 43
March 67 118 35
April 78 58 65
May 92 56 36

2.4.4 Discussion

The timing of autumn arrival of purple sandpipers on the
coastlines of Burope appeatrs to depend on the location of the breeding
grounds. Atkinson et al (198l) showed that birds wintering in south-
eastern Scotland were largely of Norwegian origin, and the first birds
arrived back in the wintering quarters in July. In contrast, Boere et
al. (1984) found that, while some small bixds {(from Norway or
Greenland) were present in Holland in early autumn, the majority of
the population (thought to be of Canadian or Russian origin} did not
arrive until November. A November arrival was also noted for birds
wintering in ecastern England (Feare 1966) and in the Outer Hebrides

(Buxton et al. in press). The late timing of arrival therefore

suggests that the majority of birds wintering at Ardrossan were not

of Scandinavian origin. Further circumstantial evidence for this
*

-
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comes from the biometrics of the eight colour-ringed adults; bill-
lengths of these birds ranged from 28-36 mm, which indicates that
they were more likely to belong to the hreeding populations of
Iceland and Canada than to that of Norway (Atkinson et al. 1981,
Anon. 1984, Buxton et al. in press).

Although the estimate of annual survival/return rate produced
by this study can only be regarded as very tentative, it is apparent
that purple sandpipers may be quite long~lived for their size. There
have been no other published estimates of survival; the oldest bird
recorded from ringing recoveries was over 8 years old (Cramp &
Simmons 1982), though this is undoubtedly an underestimate of maximum
longevity, as so few have been ringed. Their high survival rate may
be partly due to their being (like turnstones) relatively unaffected
by cold weather. They are the most northerly wintering waders in the
world (Cramp & Simmons 1982), and Britain ig, in fact, towards the
southern limit of their wintering range.

However, while both this study and that of Atkinson et al.
(1981) have shown that many individuals return to the same general
stretch of coastline each winter, they are not as restricted in their
movements as turnstones. Atkinson et al. (198l) found that, although
the majority of sightings of marked birds were at the site of
marking, some birds moved over 20 km within a season. There 1is some
evidence that purple sandpipers may become more mobile late in the
winter; Feare (1966) found that his study pepulation did not always
frequent their early winter localities after mid-January, and birds
caught on Vlieland (in the Dutch Waddensea) in spring were less
likely to be subsequently retrapped there than those caught earlier
in the winter (Boere et al. 1984). Late-winter short distance

movements may explain why the time of peak population size over the
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winter varied between sites in eastern Scotland, the greatest numbers
being found in October at some localities but as late as March
elsewhere (Atkinson et al. 1981). The great day—-to-day variation in
the numbers of purple sandpipers present at Coalruffie demenstrates
that not only must the wajority of individual birds utilise several
feeding areas, but that they alsc move between them as a coordinated
group. Despite this variation, colour-marked birds showed great
fidelity to the area in which they were caught. The majority were
caught early in the winter, and it is possible that the earliest
birds ko arrive show greater site-fidelity than those which appear
from January onwards.

It would appear that the spring migration is as synchronised
in purple sandpipers as in turnstones. While the maximum counts for
May showed little decline from peak winter levels, numbers had
dropped dramatically by the last day of fieldwork each year (e.g.
from 92 to 13 birds by 19/5/82; from 36 to 6 by 16/5/84), and both
Atkinson et al. {1981) and Boere et al. (1984) found that all birds

had departed from eastern Scotland and Holland respectively by June.

In summary, this chapter has shown that the turnstone
population was largely sedentary throughout the wintering period. The
majority of the birds were seen regularly in the study area; those
seen infrequently are thought to have had home ranges on the
stretches of coast bordering the main study area. Although some birds
left the area in early spring, the majority remained until the time
of migration in late spring, and there was little evidence of
population turnover until this time. The population structure was
therefore more or less stable (with approximately 230 birds present
in the study area) from October through to late April each year.

Juveniles had a higher tendency to disappear than adults, but those
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birds that became established as residents showed high site fidelity
in subsequent years. This, coupled with high adult survival rates,
meant that, on average, a bird surviving its first year would return
to the same stretch of coast for a further six years.

The purple sandpiper population, in contrast, was slightly
more fluid in composition, with evidence of birds moving into the
area in late winter. Birds werc also less predictable in their
movements within the study area, although the small number of birds
that were marked were more often seen at the site of capture than in
other areas. These birds were also site-faithful in subsequent years;
a rough estimate of 80 % of adult purple sandpipers present one year

returned the next.
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CHAPTER THREE ~ HOME RANGES & ASSOCIATIONS

It has been shown in the previous chapter that the population
of turnstones in the study area was very stable, in that negligiblé
immigration or emigration occurred between October and late April
each year, and population turnover from year to year was very low.
The population size was also estimated to be approximately 230 birds
within the study area. However, no indication was given of the degree
of mixing of the population. Did each bird use the whole of the study
area, mixing with all others, or were there limits to both individual
associations and uge of space? This point has clear implications for
the subtlety of the social interactions in turnstones: the occurence
of dominance through individual recognition, or of reciprocal
altruism, is far less 1ikely in a homegenous population of 230 than
if that population is divided into ten groups which seldom mix. While
hierarchies have been demonstrated in captive turnstones (Marshall
1981), laboratory studies of inter—individual relationships within
small confined groups may indicate levels of interaction which simply
do not exist in the wild due to the far greater fluidity of
associations (Myers 1983).

There are two forms of assortative association between
individuals in a population. The first is due to differential use of
space; i.e. the association between two individuals is related to the

extent of overlap of their home ranges. For example, Roell (1978)

found that the freguency with which breeding jackdaws Corvus nonedula
were seen feeding together depended on the proximity of their nests,
However, there may be a second, higher, level of association, as some
pairings may be observed significantly more or less often than would
be expected after correction for the amount of range overlap. In

other words, there may be affiliation or avoidance between certain




individuals that use the same area. Examples of affiliation are
persistent pair or family bonds, as found for instance in wintering

Canada geese Branta canadensis (Raveling 1969); conversely,

subordinate mallard ducks Anas platyrhynchus may avoid being in the

same group as dominants, as dominants can outcompete them for food
(Harper 1982).

Analysis of the first of these forms of non-random association
would answer the question: with how many individuals does a turnstone
regularly flock? However, the second is also worthy of investigation,
since it is possible that populations as stable as those of wintering
turnstones may move in flocks that are more than Jjust random
aggregations of the individuals present in one area.

The separate guestion then arises as to whether the f£locks
themselves are stable in composition. It is possible for individuals
to be restricted in the number of birds with which they flock, vet
for flocks to be continually changing in composition. The situation
is best explained with reference to the position of individual home
ranges, In gregarious speciegs, home ranges may overlap either
randomly or non-randomly with each other. In the latterx case, the
most commen situation is for a group of individuals to have extremely
similar home ranges; there is thus a 'group home range', which has
little if any overlap with the collective home ranges of adjacent
groups. All members of a group will therefore only flock with other
group members, and the composition of a flock within a group home
range is not site-dependent. In contrast, if ranges are positioned
randomly with respect to each other, each bird will have a unigue
subset of individuals from the population with which it will flock,
and the pool of individuals a bird can flock with at one end of its
range ig not the same as the eguivalent pool at the other end.

Therefore a flock will change in composition as it moves across




different individual home ranges.

This chapter therefore looks at the ranging behaviour of
individual turnstones, to¢ determine how gyreat an area the average
turnstone utilises and whether there is seasonal variation in its
range use, The associabtions between individual turnstones are also
examined, and their temporal stability, both in the short term {over
the tidal cycle) and the long term {over the winter) is assessd.
These two aspects are then combined, to determine the relationship
between the home range overlap of a pair of birds and their
association. This then allows analysis of the secondary form of
association (the differential associations that occur once use of
space has been taken into consideration} and the extent to which

turnstones form discrete groups while on their wintering grounds.

3.1 Methods

3.1.1 A Rationale for the Method of Home Range Determination

Most methods of home range determination have been developed
for use upon small mammals. As a consequence, the majority of
techniques (including all those based on trapping grids) were
inappropriate in this situation, as they mostly made assumptions that
were not satisfied. In particular, the method to be employved had to
take account of the facks that (1) the Ffunctiocnal home ranges of the
turnstones were likely to be discontinuous, as areas of suitable
habitat were separated by stretches of sea, promenade, dockland and
so on, and (2) individual birds were almost always Lound feeding
within an area only a few hundred metres in diameter, vet they might
fly up to 5 km to a roost each high tide; there was therefore a
possibility that they would occasionally be seen en route, well
outside their normal feeding home range, Thus, a method such as the

Maximum Polygon {Sanderson 1966), which uses the most extreme




sightings to determine the home range boundary, is clearly
inappropriate, since only a single aberrant sighting might produce
anything up to a ten-fold increase in home range size.

A more gsuitable choice would therefore be a probabilistic
technique, which would estimate the area within which a bird spent,
for instance, 90% of its time. However, such methods as the
probability circle and probability ellipse (reviewed in Sanderson
(1966) and Van Winkle (1975)), have the disadvantages that they are
still greatly affected by extreme locations in range and are over-
sengitive (such that any new sightings, even within the previously-
calculated home range, would cause changes in its boundaries). They
also do not allow for a discontinuous home range, and impose a pre-
determined geometrical shape on the distribution of sightings. While
this may be adequate for some comparative purposes, the shape may
have little biological Jjustification, and cannot reliably be used to
determine the home range overlap of two individuals.

However, there is one technique that overcomes many of these
obstacles. It is based on harmonig, rather than arithmetic, means,
and has been termed the Harmonic Mean Measure of home range {Dixon &
Chapman 1980}, Use of harmonic means makes it relatively insensitive
both to the location of extreme points and to further sightings
within the main home range. The technigue ailso allows the range to be
composed of several discontinuous patches, which can be of any shape.
Furthermore, the location calculated to have the highest probability
of containing the animal (the 'centre of activity' (Hayne 1949)) must
be positioned within a region of observed activity. (In contrast,
arithmetic mean methods may generate a 'centre' of activity that is
hetween two patches of activity).

The method uses a grid, superimposed over a map of all
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observations of an individual. For each intersection (j) of the grig,
the reciprocalimean distance deviation (Dj) (Neft 1966) to the

ohservations is calculated as:

1 (1)

1 ij
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Calculating Dj for each intersection of the grid produces an array of

values; the magnitude of Dj increases outwards from each cluster of

observations, and the minimum value of Dj

activity. Isopleths can then be constructed, spreading concentrically

distance from intersection j to peint x.

gives the centre of

outwards from the centre of activity and from other 'hotspots®;s these
lines are in etffect contours on a map of the spatial probability
distribution of the location of the individual., If the home range is
defined as the space within which the animal spends 90% of its time,
then the range area can be found by constructing successive isopleths
out from each hotspot until just 90% of the observations fall within
the enclosed area, The location of isopleths is more or less
independent of grid size, as their position can be approximated by
interpolation between adjacent intersections. Further explanation of

the technigque is given in Chapman & Dixon (1980},

3.1.2 The Specific Procedure for Home Rarge Determination

The basis for the loci of individual birds were the sightings
recorded on maps as described in Chapter 1. To ensure some
independence of the data points, a minimum period of one hour had to
elapse between successive sightings of a bird, and no more than three
sightings of the same bird were included per day. In practise, the

tidal cycle generally ensured that birds were continually on the move
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and so were rarely recorded in the same position in successive hours,
and my own movements between regions of the study area in the course
of a day resulted in very few birds being recorded more than twice
per day, usually with several hours between each sighting. In
addition, sightings from the high tide period (Chapter 1) and those
of roosting birds were treated separately, as few birds roocsted or
spent high water in the same areas in which they had foraged during
the period of exposure.

Turnstones tended to be more mobile (often being secn outside
their normal winter range) in the late spring. Therefore, to avoid
these anomalous late spring movements biasing the estimation of range
size, all sightings after 15th April each spring were omitted from
the calculations of the wintering rénge.

The map locations of sightings of each bird not ruled out by
the above constraints (i.e. all independent sightings of non-roosting
birds obtained during the exposure period and before April l6th each
season) were converted to Cartesian coordinates, by superimposing a
transparent grid composed of 100x100m squares over the maps of f£lock
locations. The entire study site could thus be mapped as a grid of 20
by 70 such squares, the longer axis (of 7km) running along the
coastline. Sightings were mapped to the nearest 10m; while this may
imply undue accuracy, the technique used to determine the range size
is, as previously explained, relatively insensitive to the precise
location of any one point, and so it is assumed that any slight
errors in the recording of locations of points will tend to cancel
each other out and have a negligible effect on range determination.
One constraint with the method is that no sighting must be too close
to a grid intersection {as the value of Dj tends towards zero for

increasingly small values of ij (Chapman & Dixon 1980)}); therefore

all sightings were recorded as being at least a tenth of a grid
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square (i.e. 10m) away from any intersection.

A computer program was used to calculate values for Dj for each
set of sightings coordinates., Home range areas were measured
electronically, using a cursor to trace around scale drawings of
range boundaries on a Summagraphics graphic digitiser linked to a
Commodore Pet micrecomputer,

Surveys of habitat usage showed that only 0.6% of all sightings
of turnstones were on sand during the exposure period, despite its
prevalence as the most extensive habitat (Chapter 1). Therefore any
areas of sand enclosed within the boundaries of an exposure period
home range were omitted from calculations of its area, as were areas
of sea below the mean spring low water mark and ground above the mean
gpring high water mark. Other habitats that were used infrequently
(such as rock pools) covered relatively insignificant fractions of
the total area (Chapter 1).

With most techniques of measuring home range size, the
estimated range initially increases in size with the number of
observations obtained, although it may reach a stable plateau once a
threshold number of observations is reached. To examine the effect of
the number of sightings on the harmonic mean estimation of home range
size, a test was therefore carried out using a sample of ten birds
seen over 30 times. For each of these birds, the home range (20%
isopleth) was successively calculated on the basis of the first 5, 9,
13, 17, 21 and 25 sightings, and the results compared to the
estimation produced by 30 sightings, The results showed that, while
on average the estimation given alter 2 sightings was very close to
that given by 30, there was a great deal of individual variation
about this mean (Fig.3.l). However, by 21 sightings the variance had

reduced, and the addition of a further nine loci changed the




Fig.3.1. The estimated home range area as a function of the number of
sightings used in its calculation, expressed as a percentage (mean of

10 birds + S.E.} of the area calculated using thirty sightings.
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estimation very little. In fact, for the most freguently seen bird, a
further 51 sightings resulted in a change in range size of only -0.4%
of the home range calculated after 21 sightings. In addition, the
centre of activity for the sample of ten birds shifted a maximum of
500m belween the 9th and 30th sighting, and in all but one case this
shift was less than 200m,

This test therefore showed that the estimate of home range size
changed little with increasing number of sightings above a minimum of
around 20, which proved that (a) above this minimum the method
produced estimates of range size that were not biased by sample size,
and () individual turnstones maintained the same ranges over long
time periods (the period of data collection being over two years in
some cases). Therefore exposure period home ranges were calculated
for all birds with at least 20 appropriate sightings.

Most birds spent the period of high water on (the inaccessible)
Horse Island. However, those birds that foraged on North Beach during
the exposure period were also often found there at high tide, feeding
on amphipods and dipterans in the sand and accumulations of dead
wrack, It was therefore possible to calculate the high water home
ranges of such birds. As fewer siéhtings were made at high water than
during the exposure period (due to its shorter duration), the
criterion for inclusion was relaxed to a minimum of 16 per bird, with
the additional constraint that each bird had to have been seen on at
least 60% of the visits I made to North Beach at high tide while it
was alive.

High water ranges were determined using the same procedure as
for the exposure period, except that areas of sand were included in
the range, as this habitat was used to a greater extent over high
water (Chapter 1). The upper and lower shore limits to ranges were

defined as 25 m above and 50 m below the mean spring high water mark
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respectively.

To allow comparison between the location of home ranges of two
birds (A and B) and the extent of association between them, an index
of the degree of overlap of their home ranges was developed. This was

defined as:
Ryp = ————- (2)

where a = area of A's home range that does not overlap with B

i

h = area of B's home range that does not overlap with A

il

¢ = area of overlap of ranges of A and B.

The index, an adaptation of Jaccard's Coefficient of Association
Janson & Vegelius 1981), is therefore the proportion of the overall
area covered by the two birds that overlaps; it thus varies between
zero (no overlap) and one (ranges identical and completely
overlapping). Although this indicates the extent to which birds used
the same area, it is not equivalent to an index of the randon
expectation of their being seen together, as it takes no account of
the size of the ranges in question; a pair of birds moving at random
within closely overlapping, but large, ranges would less often be in
close proximity to each other than if those ranges were much more
restricted. Therefore the coefficient of range overlap was corrected
for range size by dividing by the overall range area of the pair
(measured in hectares):

R

Corrected Ryy = —PB %10 (3)
(atbtc)

The ten—fold multiplication factor was used to make values of

the corrected index the same order of magnitude as those of the

association index (see later). Although in theory there is no upper

limit to the value of the index shown in equation (3), in practice K
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the smallest home ranges were of the order of 2 ha, so that a maximum
value in this situation (correspending to two very small and

completely overlapping home ranges) would be five,

3.1.3 The Measurement of Association Between Birds

The level of association adopted was whether or not a pair of
birds were together in the same £lock (as defined in Chapter 1). In
the majority of cases this was c¢lear—cut, as the identity of every
marked flock-member was recorded. However, there were many occasions
when this was not so, due to factors such as the flock taking flight
before I had completed the check of colour-rings. Such instances;,
when T conld not be sure that the two birds were not in the same
flock, were discounted, unless the birds in guestion were seen in two
different flocks within an hour, A minimum period of two hours had to
elapse between successive recordings of a pair's association, to
ensure some independence in the data. Jaccard's Coefficient was used
as the index of association, as this is one ¢of the best measures of
coexistence (Janson & Vegelius 1981), and makes this study compatible
with those of Fkman (1379) and Myers (1983). Jaccard's coefficient of

association of birds A and B (AAB} is defined as:

c
iy ®
where a = number of sightings of A alone
b = number of sightings of B alone
¢ = number of sightings of A and B together.

As with the analagous coefficient of range overlap Rnp {equation 2),
the value of AAB ranges from zero (pair never seen in the same flock)
to one ({(always seen in the same flock). The coefficient was
calculated for different period of the tide and different times of
year as appropriate (e.g. to compare between associations during the

exposure period and at high tide, or between winter and spring), The
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association between two birds was measured only up until the spring

departure of the earlier migrant of the pair each year, or until the

disappearance of one of them; this avoided measuring a 'lack of

association' when in fact only one member of the pair was present.
Fach analysis was carried out on a sample of birds (see below), and a

value of A, determined for all possible pairs of birds for each

AB
period in question; the result was a one—sided similarity matrix
(Morgan et al. 1976). The sum of {atb+c) was at least 10 (and often
over 30) for all coefficients in each matrix. The matrix was then

submitted to one or more of the following statistical procedures for

data simplification and representation:

(1) 8ingle Linkage Cluster Analysis (SILCA). Cluster analysis is a

technique which determines how readily the data fall into groups
(*clusters') of birds that were found together. Full details of the
procedure can be found elsewhere (e.g. Morgan et al. 1976; Roell
1978)., The relevant points to be noted here are that SLCA is
hierarchical (i.e. birds placed in the same cluster at one level of
association will be in the same one at a lower level), a bird cannot
be in two clusters at once, and that the ocutput of a SLCA analysis
can be represented as a dendrogram, SLCA has been used to test
whether the birds formed separate distinct sub—populations. Since
SLCA is less stringent in its cluster formation than many other
clustering techniques {in that it requires a lower average

assoclation between indiwviduals placed in the same cluster (de Ghett

1978)), a failure to produce tight clusters would indicate that the
turnstone population was not made up of such groups of fixed
composition.

{2) The Sibson-Jardine B(2} Clustering Method. This is a more

flexible clustering algorithm, as it allows a bird to be in more than
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one cluster at the same time, and is thus non-hierarchical (Morgan et
al. 1976). Therefore it was used (in conjunction with multi-
dimensional scaling - see below) as an alternative to SLCA when the
latter produced results which indicated that the sample of birds did
not fall into tight clusters. The results of a B(2) analysis cannot
be represented as a dendrogram because of the presence of overlapping
clusters.

Both c¢lustering methods were run using programs from the
CLUSTAN computer package (Wishart 1978).

{3) Multi-Dimensional Scaling. Multi-dimensional scaling (MDS) is a

method of data representation which places each data point (i.e.
bird) at a particular locus in an n-dimensional space, so that the
interpoint distances correspond to the dissimilarity of the points.
Thus two birds that were highly associated would be positioned close
together, whereas a pair that were seldom seen together would he
widely spaced. Theoretically, there is no limit to the number of
dimensions used to define the locations of the points. A solution in
two dimensions is obviously easiest to portray, but may be distorted
(in the way that maps of the 3~dimensional Earth are distorted when
drawn in two dimensions). However, the amount of distortion imposed
by a 2D representation can be assessed using Kruskal's Stress Formula
One (see Spence 1978). Whi:le MDS does not itself produce objective
groupings, it is the best method of visualizing the groups produced
by a Sibson-Jardine B(2) analysis, as it shows both the relative
assoclation of birds within a cluster, and the degree of separation
between clusters.

Various types of MDS procedure exist, including both metric and
non-metric algorithms. Jaccard's coefficient of association is a
composite index, based on the separate presence/absence scores for

each bird of the pair. Therefore a doubling of the proportion of
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times bird A was seen without bird B would not necessarily lead to an
exact halving of their association (as this also depends on the
proportion of times B was seen without A). Thus the coefficient is
not truly metric, and so non—-metric methods are more appropriate, as
they ailm to produce a configuration whose interpoint distances are
in an order that is as close as possible to the observed ordering
{rather than absolute magnitude) of the dissimilarities (Spence
1978). The scaling program used was the MINISSA algorithm from the

MDS (X} compute package (Lingoes & Roskam 1973},

3.2 Results

3.2.1 Turnstone Home Ranges Over The Exposure Period

An example of the distribution of sightings of one bird, and
the 90% probability space of the home range subsequently calculated,
is shown in Pigure 3.2, The outer boundary of the range is defined as
the isopleth which encloses 90% (i.e. 33 out of 36} of the sightings.
Points to note are (1) that the sightings that are not included in
this range are those furthest from the main body of sightings, (2)
that the range is patchy, and (3) that the 'buffer zone' (bstween
sightings and boundary) is widest for the patch containing the most
sightings, indicating that the technique attaches more importance to
the core patch than to the peripheral patches (which may be created
or disappear with just one additional sighting). All these would secem
to be bioclogically meaningful properties of the method of range
determination,

A total of 34 birds (32 adults and 2 juveniles) met the
criterion of being seen while foraging a minimum of twenty times
during the exposure period between September and April 15th. There
was no correlation between the estimated home range size of these

birds and the number of times they were seen {rg = 0.013, n = 34,
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Fig.3.2. The 36 exposure period foraging sightings of adult turnstone
number 121, and the 90% probability space home range (shaded)
calculated from these sightings by the harmonic mean method. The

bird's home range was centred on Coalruffie and Salcoats (see

Fig.l1l.1).
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Fig.3.3. Frequency distribution of the size of exposure period home

ranges (measured in hectares) for 34 resident turnstones.
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NS8), nor their departure date {rg = ~0.048, n = 34, NS). The
frequency distribution of home range sizes isg shown in Figure 3.3;
the range is from 2.7 to 14.6 ha but is positively skewed, with a
median of 5.4 ha ‘and with over 80% of birds having a range of less
than 8 ha,

The bird with the largest range (010) was exceptional in that
it was the only one to change its range markedly during the study,
For the first three months after capture, its range and centre of
activity were based on North Beach; subsequently, however, it was
almost always seen at Saltcoats, regulary over the next ten months
but only sporadically in the final winter. Its centre of activity
thus shifted 2.1 km during the study (and possibly further, if the
bird was using a third, undiscovered, range in the final year). As
its range was calculated using all the sightings (so effectively
combining two ranges), its large size is at least partly an artefact.
If this individual is ruled out, the largest home range of a resident
turnstone in the sample was 10.4 ha. The two juveniles had ranges of
5.5 and 6.4 ha, similar to the overall median value. They showed no
indication of altering their range size or location between their
first and second winters,

Examples of home ranges of birds in different parts of the
study area are shown in Figure 3.4 (@) - {i). These demonstrate the
variability between individual ranges in both location and
compactness. For instance, bird 057 (Fig.3.4 (b)) spent most of its
time just on North Rocks, whereas 004 (Fig 3.4 (a}) utilized this
same area but also a large section of North Beach. The possibility
that 057 was forced to use several areas because the gquality of
habitat on North Beach was too low to fully support a turnstone is

made unlikely by the finding that many birds (such as 701 (a




Fig.3.4. {a) to (i) Examples of turnstone home ranges over the
exposure period. (j) Examples of turnstone foraging home ranges over
the high tide period. Home ranges are indicated in black, while areas

of suitable, but unutilised, habitat are speckled.
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juvenile) and 007, Fig.3.4 (h) & {i)) were only ever found on North
Beach. Similarily bird 124 was almost always found at Coalruffie (e},
whereas 107 moved between Coalruffie, Saltcoats, South and North
Rocks (c). The proportion of birds that were seen at both ends of the
study area was very small; of the 494 exposure period sightings of
resident birds of North Beach, only 1.4 % were at Stevenston, while
only 0.2 % of 550 sightings of Stevenston residents were made at
North Beach. Therefore movements of as little as 6 km were rare, both
within and between winters. Some birds had remarkably similar ranges
~ for instance 121, 117 and 124 (Figs.3.2 and 3.4 (d) & ({e)
respectively). All three used Coalruffie at low water, and the
remaining part of Saltcoats that was still exposed when Coalruffie
was covered by water. At the higher tidal levels they would thexefore
come in contact with 126 (Fig.3.4 (f)), a bird which however remained
in the area of Saltcoats as the tide dropped.

There is some evidence that a link exists between the size of a
bird's home range and its dominance status; this will be examined in
Chapter 4 with the analyses of dominance.

There were seasonal changes in the regularity with which birds
were seen outside their normal home ranges., By definition, 10 % of
exposure period sightings between September and April 15th were
outside a bird's home range; this rose to 23.0 $ (40 out of 174} in
the late spring period, from April 15th until the birds had migrated
to the breeding grounds (Goodness of fit test, X2 = 32.4, 1 4f., P <
0.001). Several of the 'aberrant' spring sightings were from the
McCrindles region of the study area. By late spring, fewer birds were
to be observed in other areas, and so McCrindles tended to be
searched more frequently in that period than in winter (being visited
on average every 2.3 days in late spring, but only every 8.4 days of

fieldwork in winter)., Thus the apparently greater vagrancy in spring
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could have been due to my failing to search for birds at McCrindles
during the rest of the year. However, ne vagrant birds were scen on
the visits that were made tao McCrindles during the winter, and there
was still a significantly greater probability of seeing a bird
outside its home range in late spring even when sightings at
McCrindles were excluded (Goodness of Fit, x% = 6.82., 1 df., P <
0.01).

Figure 3.5 shows the proportion of sightings at different
veriods of the winter and spring that were at least 500 m from the
nearest part of a bird's home range; it is clear that many of these
aberrant movements took birds well outside their normal home ranges
(which were often less than 500 m in diameter). The proportion is
given for late spring both with and without the inclusion of
sightings made at McCrindles (no aberrant sightings were made at
McCrindles during the rest of the year). There are clear seasonal
trends in the extent of mobility of birds, with their being most
restricted in their movements in mid-winter, and more vagile in
autumn and especially late spring. In the latter period, the
proportion of sightings more than 500 m from the home range is
asignificantly greater {(even excluding McCrindies data) than during
mid-winter (November-mid April) ( X% = 4.34, 1 d&f., P < 0.05),
whereas the difference between autumn and mid-winter periods is not
significant ( %2 = 1,05, 1 df., NS). Tnere was no correlation between
the number of sightings moxe than 500 wm from a bird's home range and

the size of that range (correlation including McCrindles sightings:

il

r

s 0.062, n = 34, NS; correlation excluding McCrindles sightings:

3

r ~0.005, n = 34, NS). These movements could have been due to

S
birds moving into the preferred areas as the density of birds in the

study area decreased; however, there was no evidence for moving birds
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Fig.3.5. The percentage of observations of resident turnstones that
were more than 500m from their home range, during different periods
of the year. The total number of observations is given adjacent to
each point; the point for mid-April to May linked by the dashed line
includes sightings made at McCrindles, while that linked by the solid

line excludes them. See text for details.
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to concentrate in particular areas. For instance, five of the eleven
spring sightings of birds normally resident at Stevenston that were
greater than 500m from their home range were made at Coalruffie or
Saltcoats, while nine out of ten such spring sightings of Coalruffie

and Saltcoats residents were at Stevenston.

3.2.2 Turnstone Home Ranges over the High Tide Period

Only four birds satisfied the criteria set for determining a
bird's home range — other marked North Beach birds were not seen
frequently enough due to either having been marked late in the study
or presumably spending some high tides on Horse Island. The ranges
are shown in Figure 3.4 (3); their areas ranged from 2.4 to 5.1 ha,
with a median of 3.5 ha. Even with this smal)l sample it is again
apparent that some birds have very similar ranges; this is shown more
strongly in the analysis of the associations between a larger sample

of North Beach birds at high tide.

3.2.3 Associations Between Individual Turnstones

Single Linkage Cluster Analyses of the associations between
birds, uncorrected for the extent of range overlap, generally
produced rather diffuse clusters. The results of one such analysis
are illustrated in Figure 3,6 {(a); the dendrogram shows the
associationg between birds commonly seen on North Beach during the
exposure period, in the period from December 1981 (when ali the birds
were marked) to May 1983 {or until a bird died}. The sample has been
limited to birds found in only part of the study area so as to reduce
the propoction of pairs of birds that were never seen together.

The lines indicate the linkages between birds; the higher up
the diagram two birds are linked, the greater was the association
betweeh them. Thus the most closely linked birds were 022 and 701,

followed by 016 and 020, The latter pair were also quite often seen
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Fig.3.6. Dendrograms illustrating the SLCA of associations between 14
turnstones resident on North Beach. (a) Associations during the
exposure period. {b) Associations in foraging flocks over the high

water period. See text for details.
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with 001, 007 and 013, while less attachment to this group was shown
by 008, 012, 018 and so on.

Thus the general pattern is of a small core of closely
associated birds (e.g. 001, 016, 020, 007 and 013) to which other
birds are peripherally linked., & similar result was obtained for
another sample of 14 birds based on Saltcoats and Coalruffie. A
slight contrast was found in the pattern of associations the same
North Beach birds exhibited when foraging at high water {(Fig.3.6
(b)). The overall level of association wag higher than during the
exposure period, with the majority of birds placed in the same
cluster at an association level of (L65. However, birds (18, 010 and
012 were less often seen with this main group, while 022 and 701 (the
came palr as were closely associated in Figure 3.6 (b)) showed some
indication of forming a separate group. Despite this, the general
pattern is not one of very tight clusters.

As these preliminary SICA tests showed that turnstones did not
live in discrete groups of [ixed membership ('closed groups'), but in
groups of a rather more fluid nature, further analyses were conducted
using Sibson-~Jardine B{(2} c¢lusters coupled with multi-dimensional
scaling, as these allowed a more flexible representation of the data.

association Patterns in Relation to Season at Coalruffie

Figure 3.7 is the multi-dimensional scaling portrayal of the
inter~relationships of 14 birds that regularly used the Saltcoats and
Coalruffie areas. The data have been divided into two periods of the
vear: 'winter' (September to February) and 'spring' (March to May).
Two-dimensional solutions did not unduly distort the data (Kruskal's
Stress Formula 1 being equal to 0.09 for winter and 0.11 for spring,
values which indicate 'fair' and 'moderate' levels of stress

respectively {Lingoes & Roskam 1973)). The proximity of a pair of
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Fig.3.7. Multidimensional scaling diagrams of the associations
between 14 turnstones resident at Coalruffie and Saltcoats. Also
shown are the Sibson~Jardine B{(2) clusters existing at the level of
the median coefficient of association (s0lid line) and the median +
0.1 level (dashed line},

{a) Associations between September and February. (b} Associations

between March and May. See text for details.
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points indicates the frequency with which those birds were seen
together., Por example, in winter, bird 117 was seen far more
frequently with 121 than with 107, and bird 126 was rarely seen with
any of the other birds in the sample. A point to remember is that the
absolute position of a point is irrelevant; it is its position
relative to others that is important. Also shown on the diagram are
clusters identified by the B(2) method. The levels of association at
which the clusters were drawn were predetermined, so as to give
unbiased and objective assessments of the groupings formed by the
sample. The two levels chosen were that of the median Jaccard's
coefficient of association between birds in the sample; (i.e. 0,111
in winter, 0.200 in spring), and the median coefficient + 0.100 (i.e.
0.211 in winter, 0.300 in spring). Birds in separate clusters at the
higher level of association may be placed in the same cluster at the
more relaxed level {an example in Figure 3.7 (a) being birds 115 and
123).

The diagrams also illustrate the concept of overlapping
clusters, For instance, in (a) the presence of bird 025 in the large
cluster at the lower association level is evidently largely due to
its link with 117. This is a good example of the general point that
many ‘peripheral® birds were included in a cluster due to their
having often been seen with particular core members of the cluster,
rather than due to an association with the group as a whole. This
indicates that birds within a core group did not move as one unit,

There are various differences between winter and spring in the
patterns of association in the sample, Birds 107 and 123 were more
often seen with birds in the main cluster {(and with each other) in
spring than in winter. The composition of the main cluster changed
comparatively little; eight of the nine birds in the inner cluster in

winter were still within it in spring, and the ninth (030) was linked
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te it by a cluster averlap. These diagrams only indicate relative
levels of association, and the apparently greater isolation of 025 in
gpring is in fact caused not by a decrease in its association with
other birds, but by a failure to increase its associations in step
with the population as a whole. Figure 3.8 shows that there was a
significant overall increase in the coefficients of association in
spring. There was no increase in the proportion of birds that were
very highly associated; rather, the change was caused by a drop in
the proportion of birds that were never seen together. In winter, 2i
of the possible 91 pairings were never observed, whereas in spring
this dropped to only two out of the 91. Figure 3.8 also shows the
separate freguency distributions of the association ccoefficients for
within-cluster and between-cluster pairings. In neither winter nor
spring are the two categories digtinct. Had the sitwation been one of
closed groups, the distribution would have been clearly bimodal, with
birds showing either high or no association with each other.

Association Patterng in Relation to Tidal State on North Beach

The same data of exposure period and high water associations on
North Beach that were presented as a SLCA in Figure 3.6 are shown in
Figure 3.9, after MDS and B(2) cluster analyses. Much the same
pattern exists during the exposure period as in Figure 3.7. However,
at high water the clusters are very much more distinct (Fig.3.9(b)),
with very little indication of any link between the large and small
clusters of 12 and 2 birds respectively. The frequency distribution
of association coefficients (Fig.3.10) shows that while the average
association coefficient was much higher at high water, between-
cluster associations were still very Jlow. This results in a
distinctly bimodal distribution, which indicates that the individual

composition of groups was more fixed at high water. The distribution
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Fig.3.8. Frequency distributions of the coefficients of association
between all possible pairings (n=91) of the same 14 turnstones
resident at Coalruffie and Saltcoats which were portrayed in Fig.3.7.
The frequency distribution of associations for those pairs placed
within the same Sibson—Jardine B(2) cluster at the median level of

association is indicated by shading.
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Fig.3.9. Multi-dimensional scaling diagrams of the associations
between 14 turnstones resident at North Beach: birds linked within
the same Sibson-Jardine B{(2} clusters are indicated by shading as in
Fig.3.7.

(a) Associations during the exposure period. {b) Association among
foraging birds over the high water period; the relative distance
apart of the two main clusters is shown within the box, while the
clusters are enlarged beneath to illustrate the details within them,
Kruskal's Stress Formula 1 for (a) is 0.142, and for ({(b) 0.000
{(levels described by Lingoes and Roskam (1973) as "moderate" and
"excellent” respectively) indicating that 2-D representations do not

distort the data.
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Pig.3.10. Freguency distributions of the coefficients of association
between all possible pairings (n=91) of the same 14 turnstones

portrayed in Fig.3.9. For further details see text, and legend to

Fig.3.8.
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of high water sightings of the two groups {Fig.3.11) shows that the
separation is partly spatial; the two birds in the smaller cluster
(022 and 701) were only seen at the southern end of the beach, and
showed restricted overlap in range with the twelve other birds,
Sightings were concentrated at the points where dead wrack was most
frequently deposited,

3.2.4 The Affilations between Turnstones, Correcting for Houe Range

Overlap
Referring back to Figures 3.2, 3.4 and 3.7, it is clear that

the extent of association between birds was largely dependent on
whether they were utilising the same areas of the coast. For
instance, birds 117, 121 and 124 had very similar home ranges and
were consequently often see together. In contrast, all three were
infrequently seen with 126 due to only a small overlap in home
ranges, and while the range of 107 overlapped congsiderably with most
other birds in the sample, it was 80 large an area that the bird’s
degree of association with any other was actually quite low.
Therefore, before a more detailed analysis of the affiliations of
birds could be carried out, the comnection between range overlap and
level of agsociation had to be examined. As the size of a home range
might be affected by habitat type or quality, the sample of birds
used in this analysis was restricted to those resident in one
particular region of the study area. The largest such sample for
which both home range size and degree of association were known were
those at Coalruffie and Saltcoats. The sample is the same as that
shown in Figure 3.7, except for the omission of bird 115, due to it
not having been seen frequently enough for its range to be
determined.

Figure 3.12 shows the relationship between the corrected

coefficient of range overlap (Rpp =~ see equation 3) and the




Fig.3,11. Distribution of sightings on North Beach over the high
water period of the 14 turnstones portrayed in Fig.3.9. Sightings of
the 12 birds placed within the larger cluster are shown as open
circles, while those of the 2 birds placed within the smaller cluster

are shown as solid circles.






Fig.3.12. The relationship between the co~efficient of association of
a pair of birds and the coefficient of their home range overlap, for
the 78 possible pairings of 13 birds resident at Coalruffie and
Saltcoats. Both coefficients were calculated using observations made
over the same time period. The best fit to the data was an
exponential regression line:

y = ~0.399¢ 137X 1 0.419; r = 0,678, P<0.02
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coefficient of association (Aap — equation 4) for the 78 possible
pairings of the 13 birds examined; all data refer to exposure period
sightings over the period from September to April 15th. The
relationship is exponential rather than linear, and although the
positive correlation is highly significant, there is still scatter
about the line. This indicates that some pairs of birds were seen
together either more or less frequently than would (on average} be
expected on the basis of their home range overlap. The extent of this
departure from an expected degree of association can therefore be
used as a corrected index of affiliation {(or avoidance} bztween
birds, with positive and negative residuals indicating respectively
higher and lower associations than expected.

The coefficient of range overlap (Ryy) was most prone to error
in situations of only a small overlap in range, as only a slight
change in range boundaries could lead to disproportionately great
changes in the area of the overlap. In addition, the slope of the
overlap/association curve was steepest when the amount of overlap was
small (rig.3.12), so that a small error in Rap would lead to a much
areater difference in the expected Anp than for pairs with greater
overlap. Therefore this final analysis was restricted to the nine
marked birds with greatest overlap, which were the same nine birds as
placed in the main cluster in Figure 3.7(a). In this subgroup, the

minimum value for R,, was 0.45, and only 14% of the values were less

AB
than 0.75 (compared to 60% in the complete sample}.

The discrepancies beltween the expected and actual association
coefficients were entered as the measures of similarity in a final
multi~dimensional scaling analysis, the results of which are shown in

Figure 3.13. It is clear that bird 030, shown to he at the edge of

the main cluster in Figure 3.7, is still peripheral even after
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Fig.3,13. A multi~dimensional scaling diagram of the associations
between nine turnstones, after correction for home range overlap.
Kruskal's Stress Formula 1 = 0.098 {"fair" according te Lingoes and
Roskam {1973)), indicating that a 2-D representation is not

distorting the data.
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corrections for range overlap. Conversely, birds 039, 118, 119 and
125 are more centrally located, having the greatest affiliations of
any birds in the sample. The relationships between the affiliations
of birds and their dominance rank will be examined in the section on

dominance {section 4,2.2) in Chapter 4.

3.3 Discussion

The harmonic mean method of home range determination used in
this study clearly gives a more accurate description of a bird's
range than most (if not all) other probabilistic technigues; methods
such as the probability ellipse produce range shapes that often bear
little resemblance to the distributiuon of observations {e.g Baker &
Mewaldt 1979}. While the harmonic mean method can produce
discontinuous ranges which focus on patches of observations, it was
gtill necessary in this study to discount some areas of a calculated
range on the grounds that they constituted an unsuitable (and
therefore unused) habitat, The technicque had failed to exclude such
areas due to their contiguity with suitable habitats {e.d. sea and
rocks). However, use of a method that produced a discontinous range
was still justified, as it allowed the exclusion of areas of suitable
but unutilised habitat in the 'middle' of a bird's range.

The variation in home range size was not primarily due to
diff erences in habitat, as there were several examples of small
ranges being completely enclosed within much larger ones. The
differences were therefore at least partly due to individual
differences between birds. 1f the largest range is excluded (on the
grounds that its size was due to the bird changing range during the
study, as discussed earlier), the next largest range was
approximately four times the size of the smallest, There remains the

possibility that some ranges were larger, 1f they extended beyond the




limits of the study area; however, no resident birds were ever cseen
outside the study area (Chapter 2), and there was negligible movement
between the groups of birds found at either end of the study area.

There was a tendency for birds to move outside their home
ranges in autumn and {especially) spring. Similar findings have been
reported in the sanderling in autumn (Myers 1984). It is possible
that upon their arrival back in the non-breeding grounds in autumn,
birds 'sample' different areas adjacent to their normal home range,
to assess them for prey abundance. This is analogous to the situation
of a predator (which lacks perfect knowledge) being faced with a
choice of foraging patches which it must sample before being able to
choose the most profitable (Krebs et al. 1978). However, in both
sanderlings and turnstones it would appear that this vagrancy does
not usually result in any changes in range; rather, the vast majority
of birds readopt the same range they used the previous winter
(possibly because large-scale changes in prey distribution between
years are rare). Nonetheless the experience gained by such sampling
could be beneficial in timeg of stress, and the short-term costs of
exploratory behaviour are lowest at that time, as the combination of
high prey biomasses, low energy requirements and long daylength
ensure that birds can afford to risk these short periods of possibly
sub-optimal foraging.

Turnstones are mwost restricted in their ranging in mid-winter.
This is possibly because they can best overcome the constraints
imposed by the short daylight foraging hours by remaining in the
areas where they have the greatest knowledge of feod distribution.
The spring peak in mobility may have been caused by birds being
forced to extend their ranges due to prey depletion by the end of the
winter. There are very few data on the extent to which invertebrate

prey supplies are depleted on rocky shores during winter, Marshall
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(1981) found that turnstone prey biomasses were reduced by
approximately one~third between September and March at his study site
in eastern fcotland; however this loss bad been replaced by increased
reproduction and growth by May. Thus the time of the lowest food
abundances may not coincide with the peak in turnstone mobility.
Other posgible causes of spring vagililty could be the changes in
flocking behaviour that occur at that time, or the shift of birds
into the more preferred habitats as the density of birds declines;
discussion of these points will be left to the appropriate section of
Chapter 7.

Whatever the cause, the increased mobility in spring leads to
some changes in the association patterns-between birds, notably an
increase in the local mixing of the population. This leads to an
overall increase in the association levels between birds, A similar
increase in association from autumn to late winter was found by Myers
(1983) in a wintering population of sanderlings in California. In
this latter case the trénd was due to beach erosion reducing the
number of potential feeding sites, so producing increases in flock
sizes.

The size of the pool of birds with which any one individual
associates has implications for the complexity of its interactions;
as discussed in Chapter 2. Myers (1983) found negligible departures
from a model of random association amongst the population of 500-700
ganderlings on a 4 km stretch of beach, and suggested that each
sanderling might well associate with all others in the population
during the course of a winter, due to the continual forming and
dividing of flocks. The same processes of dynamic f£locking occur in
turnstones, due to the changes in flock size in synchrony with tidal

rhythms (Chapter 6); in addition, all the birds of one area may roost
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together, due to a limited number of potential roost sites (Furness
1973) and anti-predator advantages of roosting c¢ommunally (Lack
1868, Ydenberg & Prins 1984).

However, this study has found that the patterns of association
in foraging turnstones are far from random. Although territorigl

behaviour has never been recorded in turnstones (Myers et al. 1979a,

Marshall 1981, Brearey 1982, Cramp & Simmons 1982, Fleischer 1983,
this study), individuals consistently restrict their movements to
relatively small home ranges. As there is a good correlation between
the extent of home range overlap between two birds and the frequency
with which they feed in the same flock, the mumber of potential flock
mates a bird has while foraging is quite limited. For instance,
marked birds resident at Coalruffie were seen with only eight other
marked birds regularly over the course of two winters; if unmarked
birds are added the total is only approximately 25 (Chapter 2, Table
2.3). The Coalruffie sub-population also mixed to a small extent with
that found at Saltcoats; including this increases the pool of birds

with which an individual interacted to around 50, The same pattern is

true for other parts of the study area: birds resident at Stevenston
rarely foraged in any other areas, and as a conseguence they were
regularly associated with as few as 35 other individuals. (Table
2.3). The maintenance of the same range in successive yearg and the
low rate of population turnover ensure that this restricted rate of

population mixing will be maintained from year to year. Thus

individual turnstones in the study area may have foraged regularly

with as few as one~tenth of the birds with which they roosted.

This limited mixing of the population might also extend to the

roost itself. BAlthough it was not possible to study the behaviour of
individual birds at a roost in this study, Furness & Galbraith (1980)

showed that non-random agsociations may persist even in a large wader
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roost of 5000 birds.

Thus while species such as the sanderling may move in flocks
that are random and fluid subsets of a much larger population, it
would appear that turnstones are more restricbted in theirc
associations, primarily because of their great fidelity to a small
home range. This is not to imply that their social system approaches
that of closed groups, where all group members have exactly the same
range. Instead, turnstone exposure period home ranges vary both in
size and location, so that although one individual may only flock
regulacly with a particular section of the population, another member
of that section will have a slightly different subset as its own
group of regular flockmates, and so on, As a result, the cluster
analyses of associations do not reveal tight clusters but straggling
groupings; no doubt such 'chaining' would have been even more obvious
had an analysis been carried out that included birds from more than
one small sectiocn of the study area.

One of the reasons why turnstones do not form closed groups is
presumably that the small flocks in which they feed are periodically
being forced to aggregate by the incoming tide. There are examples of
animals which both roost or sleep communally yet forage in smaller

groups of constant composition; hamadryas baboons Papio hammadryas

sleep at night in large aggregations, yet break up into the game
male-dominated groups during the day (Kummer 1968). However, the
benefits in keeping the same groups are cbviously greater for male
baboons, guarding their harem, than for wintering turnstones. Indeed,
the costs for turnstones of attempting to reform exactly the same
group as before when the tide recedes are likely to ocutweigh any
advantages, and instead birds may move away from a high tide roost or

feeding flock in any flock that is moving in the direction of their
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exposure period home range. This process might explain some of the
movements of birds ocutside their home range, as it is possible that
they might get 'carried' by a flock moving to a different location,
and the risk of leaving a flock might be greater than the drawbacks
of spending one exposure pericd with unfamiliar birds in a different
section of the beach,

In many of the species that form closed non-breeding groups

{e.g. oregon and slate-colored juncos Junco oreganus and J. hyemalis

(Sabine 1956, Fretwell 1969, Ketterson 1979) and blue jays (Racine &
Thompson 1983)} neigbouring groups rarely meet. Therefore there may
be few opportunities for birds to change flocks without first
breaking away as solitary individuals; the risks involved may help
maintain group stability. It is interesting that turnstones which
foraged over the high water period did so in flocks which were (if
anything) of greater stability (in terms of individual composition)
than those of the exposure period., Thus although high water flocks
were much larger, they were by no means random coalescences of flocks
present during the exposure period. These assortative associations
were again partly spatially induced; on North Beach there were often
just two high water feeding flocks, one always at the southern end of
the beach and the other usually around the promontary 500 m further
north. The distribution of sightings and cluster analysis showed that
marked birds associated with just one of the flocks, and interchange
between the two was very rare. This was especially apparent when
trying to move flocks in cannon-netting attempts (see Chapter 1).
Even large amounts of human disturbance at one end of the beach
rarely succeeded in causing birds from one flock to join the other;
instead the disturbed flock would attempt to feed within its normal
'flock range'. Constraints on mixing may be especially adaptive in

high tide flocks, as the higher densities at which birds must feed
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lead to increased rates of aggression {Chapter 4)}; the mutual
advantages of a dominance hierarchy based on individual recognition
(which is only possible with stable groups) would thus be greater at
high water than during the exposure period. Rirds may therefore
restrict their high tide foraging to as few sites as possible, as

there will be large numbers of birds present at each site.
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CHAPTER FOUR — AGGRESSION AND DOMINANCE

It is evident from the previous chapters that wintering
turnstones and purple sandpipers have stable resident populations
with (in turnstones at least) differential associations between
individual birds that persist over the course of several winters.
The basis upon which these associations are built isg the flocking
behaviour of the birds, which will be described in more detail in
Chapter 6, In Chapter 5 one of the principal benefits of such
flocking, that of a reduced predation risk and an associated
decreased investment in anti-predatory behaviour, is investigated,
This chapter, however, concentrates on one of the costs of grouping:
aggression between individuals.

Aggression is costly for both contestants involved in a fight,
in terms of time lost, energy expended, and the risk of injury. In
addition the loser must pay a cost in terms of lost resources,
status, or both. Increases in the density or size of a feeding group
will tend to lead to increased pressure on the resources the group is
attempting to exploit. In effect, there is likely to be greater local
competition for those resources, with consequent increases in the
likelihood of aggressive interactions between individuals. Therefore,
unless cooperation is required between birds to catch prey or unless
the presence of other birds otherwise assists in the finding of prey
items, it is likely that increases in group size will lead to
decreases in average food availability per bird, with possible
resultant increases in aggressive behaviour.

If there are consistent differences between individuals in
status (with some winning more encounters than others), the pay-affs
of group living will clearly vary according to dominance status
(Fretwell 1969, Pulliam & Caraco 1884}, Failure of individuals to

compete successfully will lead to their losing prey items to more

83




dominant birds, and may result in their avoidance of, or exclusion
from, occupied prey patches. This may lead to different distributions
of subordinates on a large as well as a small scale, as subordinates
disperse in an attempt to aveid the competitive effects of dominants
(Fretwell 1969, 1972, Dittus 1977, Gauthreaux 1978, Ketterson 19792).
There may also be life-history implications, as subordinate
individuals may be excluded from breeding (Watson & Moss 1870) and
have reduced chances of survival (Fretwell 1969, Murton et al. 1971,
Dittus 1977, Gauithreaux 1978),

Therefore the nature and extent of aggression and dominance are
important facets in studying the ecology of social behavicur, They
are potentially very important factors influencing group structure,
and the gpacing and movement of individuals both within and between
groups. The aims of this chapter are firstly to describe the nature
of the aggression which was observed in wintering flocks of
turnstones and purple sandpipers, the contexts in which it was
observed, and the factors that affected its rate of occurrence. The
second approach of the chapter is an investigation of the variation
in dominance status between individuals, and an attempt to elucidate
the effects such status variation might have on the social structure

of the populatiomn.

4.1 Methods

In order to investigate the rates and natures of aggressive
interactions, minute-long observations (timed with an electronic
audio timer) were made on single foraging turnstones or purple
sandpipers, selected cpportunistically. The following details of any
aggressive encounter in which the bird was involved during the
observation period were noted:

{a) whether the bird was the initiator of the interaction;
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(b) the species of the other bird, and if possible its identity if

individually colour-ringed;

{c) the intengity of the encounter, measured on a four point scale of

increasing intensity:
(1) THREAT: the outcome was decided by the use of threat
postures only {usually the hunched body with tail depressed
posture described by Groves (1978) and Marshall (1981)), with no
overt aggression shown by either bird,
(2) RUN: either one or both birds ran at the other, sometimes
making contact but with no physical follow-up to this impact.
(3) FLY: as above, except that movement was achieved by a short
flight towards the other bird.
{4) ATTACK: This involved one bird physically attacking the
other, by pecking or wing-beating.

(d) the distance apart of the two birds at the time of the perceived

initiation of the encounter. The distance, initially measured as
bird-lengths, was then assigned to the closest of the following
categories: 0.5, 1, 2 or 3+ metres;

(e) whether a food item (or feeding location) was involved in the

dispute. Feood-related encounters were defined as those where the
initiating bird attempted to take over an item of food, or, after
supplanting a bird from a feeding location, immediately began to feed
at precisely the same site;

{f) the outcome of the encounter.

At the end of the minute of observation, the separate densities
of all wader species were recorded, measured as the number of
individuals within an estimated 10 m of the focal bird. However, the
nature of the habltat often prevented neighbouring birds from being

able to see one another, due to the presence of intervening




structures such as rocks and boulders, Therefore, apart from this
'overall' density, a second type, the visible density, was noted,
measured as the number of birds of each species within 10 m that the
focal bird was judged to be able to see. Visible densities were
therefore the same as overall densities when there were no
obstructions to vision, but sometimes considerably lower when, for
example, birds were feeding amongst boulders. Visible density was
measured, as it was possibly a more realistic measure of density as
far as the focal bird was concerned (as was also found to be the case
for the effect of density on individual vigilance (Chapter 5}). As
well as these densities, a note was also made of the habitat in which
the focal bird had mainly been feeding. Any observations during which
either wader densities changed markedly or the focal bird changed
habitat were discarded,

To compare observed rates of food-related aggression in
different habitats with those that would be predicted on the basis of
opportunities to steal food, data were collected on prey manipulation
timeg and rates in different habitats. The term "manipulation time'
is defined as the time taken to expose and handle a prey item. Tt is
used in preference to purely the handling time, as birds foraging in
some habitats (e.g. dead or live wrack) would spend considerable
amounts of time digging into and turning over the substrate to expose
buried food items. It was therefore often profitable for dominants to
supplant subordinates that had thus manipulated the substrate, hut
before they had handled any prey. Therefore the important parameter
that determined the availability of chances to kleptoparasitise was
not just the time taken to handle the prey, but also the time spent
prior to this in exposing it. Manipulation times in different
habitats were measured by spot observations on birds picked at

random, timing the duration of their next manipulation using &
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digital stopwatch. The manipulation time was measured as the period
from the bird first coming into contact with the substrate to it
moving away from that feeding site, deducting time spent vigilant
during that period (since vigilance rate varied according to flock
density and habitat visibility (Chapter 5)). Manipulation rates were
recorded as the number of such manipulations that occurred during a
minute of observation of a focal bird, Overall and visible densities
of wader species were recorded as earlier at the end of these
observations, to allow determination of whether manipulation rates
altered with bird density.

The minute-long observations on aggression rates enabled some
data to be collected on interactions involving individually coloux-—
marked birds; these were supplemented by incidental recording of the
outcome of encounters between marked birds observed at other times.
These results were examined for evidence of individual differences in

dominance and the presence of a dominance hierarchy.

4.2 Results

4.2.1 The Nature of Aggression in Mixed-Species Flocks, and itg

Relationship to Flock Density

{(a) Intraspecific Aggression

In both species the majority of aggressive encountters involved
food items or feeding sites, although the proportion of interactions
involving food was significantly lower in purple sandpipers (79/136'
or 58.1%) than in turnstones (219/274, or 79.9%) (x:2 = 22.70, 1 df,
P<0.001). Those encounters that did not involve food were usually
defences of 'individual distance' (Conder 1949). In both species, the
initiator of an encounter was almost invariably the wvictor,

irrespective of whether the contest was over food or not (Table 4.1).
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Table 4.1 The percentage of interactions between conspecifics won by
the initiator

Turnstone Purple sandpiper

% won n 2 won n
Interactions over food 95.9 219 97.5 79
Interactions not, over food 9G.4 55 98.2 57
All interactions 95.8 286 98.0 148

*rhis category contains small numbers of cases where the presence of
food could not be ascertained, and thus has sample sizes slightly
larger than the sum of the other two.

There were very few occasions when the birds invelved in an
interaction were initially more than a metre or so apart (Table 4.2).
No interactions occurred between purple sandpipers initially more
than two metres apart, and the proportion that took place between
birds only 0.5 m apart was greater than in turnstones (X2 = 19,79, 1
df., P<0.001), which is probably a reflection of their smaller size
and consequent smaller individual distance. In both species there was
a tendency for a greater proportion of interactions to involve food
as the initial distance separating the birds increased; bhowever this
wags not significant in either case, possibly due to small sample
sizes in the greater distance categories (comparing the proportion
involving food in the 0.5 m category with that in the lumped 1-3 m

2 - 0.98,

grouping: turnstone %% = 1.94, 1 df., NS; purple sandpiper X
1 df., NS). Table 4.2 also shows the intensity of interactions,
classified according to the four categories Threat, Run, Fly and
Attack in order of increasing cost. In both species the most common
forms of agyressive intensity were threats, followed closely in
frequency by encounters involving one bird running at ancther. Both
flying assaults and actual physical attacks were rare, although
attacks made up a higher proportion of the total in purple sandpipers
than turnstones (comparing the number of attacks observed to the

number of less aggressive interactions, X2 = 6,01, 1 4f., P<0.02). in

hoth species, encounters over food were more likely to be of higher
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intensity (i.e. runmning, flying or attacking) than were those not
over focd {turnstone: Xz = 6,53, 1 df., p<0.02; purple sandpiper: X2
= 5,65, 1 df., P<0.02). Virtually all encounters were over within a
couple of seconds.

In summary, aggressive encounters , which were short-lived and
almost always won by the initiator, frequently involved food items or
feeding locations, especially in turnstones. They invariably occurred
between birds initially close together, and were often regolved just
by use of threatening postures, However, those interactions over food
were more likely to involve more costly aggressive behaviours (both

in terms of energy and risk of injury), although actual physical

fights were rare.

{b) Interspecific Aggression

Relatively small numbers of interactions were observed hetween
species (Table 4.3}, Overall, the proportion of interactions
involving food was lower for interspecific than intraspecific
encounters {turnstone: X2 = 28.15, 1 df., P<0.001; purple sandpiper:
x? = 12,19, 1 4f., P<0.001), with the majority being concerned with
individual distance. However, in those cases when a turnstone was
aggressive to a purple sandpiper, the proportion invelving food was
not significantly different to when the victim was another turnstone
(X2 = 1,55, 1 df., NS). Both gpecies lost almost all interspecific
encounters (which were won by the initiator on every occasion),
except. when interacting together (when turnstones usually dominated

purple sandpipers).,
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Table 4.2 The frequency of aggressive encounters between conspecific
turnstones or purple sandpipers, classified according to their
intensity, whether food was involved, and the initial separating
distance of the two birds

Initial Separating Distance (m)
Intensity 3.5 1 2 3 Total No.

{a) TURNSTONE

Food 71 6 2 79

THREAT Nonﬂfgod 26 4 30
Total 102 10 2 il4

Food 23 33 22 5 83

RUN Non~food 3 5 2 10
Total 30 4] 24 5 100

Food 1 1

FLY Non~food 1 1
Total 1 1 2

Food 1 1 2

ATTACK Non—-food 1 1
’ Total 2 1 3
Food 96 40 24 5 le5

TOTALS Non—food 30 10 2 0 42
Total 135 53 26 5 219

(b) PURPLE SANDPIPER

Food 31 31

THREAT Nonwfg:)od 34 1 35
Total 70 1 71

Food 27 13 3 43

RUN Non—food 13 5 1 19
Total 43 19 4 66

Food 0

FLY Non—food 0
Total 1 1

Food 5 5

ATTACK Non—food 3 3
Total 10 10

Food 63 13 3 0 79

TOTALS Non-food 50 6 1 4] 57
Total 124 20 4 0 148

*See foctnote to Table 4.1. This table bmits 67 encounter between
turnstones where the intensity and separating distance were not noted
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Three~guarters (21/28) of turnstone and 28/34 purple sandpiper
interspecific encounters occurred when the interactants were
initially 0.5 m apart, similar ratios to those for encounters between
conspecifics (turnstone: X2 = 1.37, 1 af., NS; purple sandpiper: %% =
0.003, 1 4f., NS). In turnstones there was no difference between
inter—- and intraspecific encounters in the proportion resolved by
threat displays (X2 = (0,50, 1 df., NS). This was not true for purple
sandpipers, where the proportion involving running, flying or
attacking was lower in intersgpecific interactions (X2 = 5,67, 1 at.,
P<0,02),

Table 4.3 The frequency of aggressive encounters (a) between
turnstones and other species,and (b) between purple sandpipers and
other species, classified according to initiating species, intensity

and the proportion that involved food, The initiating bird always won
the encounter

{a) TURNSTONE Intensity Proportion
Initiator Victim n 'Threat Run,fly,attack involving food
Guil” Turnstone 8 4 4 3/6
Oystercatcher Turnstone 12 10 2 1/12
Redshank Turnstone 5 2 3 1/2
Purple sand. Turnstone 1 0 1 0/1
Total 26 16 10 5/21
Turnstone Purple sand. 2 1 1 1/1

{b) PURPLE SANDPIPER

gu11® Purp.sand. 5 5 0 0/5
Oystercatcher Purp.sand. 11 10 1 0/11
Redshank Purp.sand. 3 2 1 0/2
Turnstone Purp.sand. 13 7 6 1/12
Ringed plover Purp.sand. 1 0 1 0/1
Total 33 24 9 7/31
Purple sand. Turnstone 1 4] 1 0/1

* 1Gulls’ were predominantly herring gulls Larus argentatus

To summarise this section, encounters in which turnstones or
purple sandpipers were involved with other species took much the same
form as conspecific interactions, except that they were less likely

to invelve food (unless between the two specieg), and (in the case of
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purple sandpipers) were less intense. Both species almost invariably

lost in interspecific encounters, although turnstones dominated

purple sandpipers.

(c) The Effect of Density

To test whether aggression rate {(interactions per bhird per
minute) was more related to overall or to visible flock densities,
two linear correlations were calculated; that between intraspecific
aggression rate and overall conspecific density, and that between
intraspecific aggression rate and visible conspecific density. The
correlations were measured over the densiiy range 0-15 birds within
10 m of the focal bird (either visible or overall, as appropriate).

Data from higher densities were omitted, as they were obtained from a

limited number of situations and habitats, and so might produce

habitat-biases in the density~aggression relationship (which was also
not linear above densities of approximately 15 birds within 10 m of
the focal individual - see later).

Although aggression rate was significantly correlated with both
types of density measurement, Pearson correlation coefficients were
greater for visible than overall densities, indicating that

aggression was more affected by the apparent density of conspecifics

than by the actual density (Table 4.4). Therefore visible density has
been used as the measure of density in subseguent analyses.
Table 4.4 Pearson Correlation Coefficients of the Relationships

between Intraspecific Aggression Rates and either Overall or Visible
Conspecific Densities

Measure of density and sample size

Species Overall n Visible n
Turnstone 0.177 818 0.268 829
Purple sandpiper 0.279 434 0,311 446
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As mentioned earlier, in neither svecies did aggression rate
continue to increase linearly once the density reached a certain
level; the best fits to the complete data set were obtained using
exponential regression, a finding which indicates that the rate
reached a plateau as density increased (Figs. 4.1 and 4,2). Similar
results were obtained when the rate of aggression between the focal
turnstone or purple sandpiper and all other waders (i.e. including
intersgpecific encounters) was plotted against the sum of vigible
densities for all wader species (Figs. 4.3 and 4.4). As the highest
densities were only observed in a few habitats, and as the type of
habitat affects the aggression rate (see later), the position of the
plateau (which is largely determined by these high density
observations) cannot be used to compare between the curves reliably.
However, comparisons can be made over the linear portions of the
graphs (i.,e. the density range of 0-15 vigible birds within 10 m of
the focal individual) using covariance analysis, The results showed
that for aggression not involving food, there was no difference {in
either species) between the two aggression rate/density relationships
(i.e. conspecific aggression against conspecific density, and all
aggression against total wader density) (Fig.4.5).

However, where food was involved, the regression line of
conspecific aggression rate against conspecific density was steeper
than the comparable multi-species regression line (relating the rate
of combined intra- and interspecific aggression to wader density) in
both species (Fig.4.5). This means the rate of aggression over food
was greater at a given density of birds in £locks composed only of
conspecifics than if the flocks contained other species. In effect,
turnstones and purple sandpipers were more likely to be involved in
aggression over food with birds of their own species than with other

waders.
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Fig.4.1. The relationship between turnstone visible density and the
rate of intraspecific aggression. Data represented as means + S.E.,
with sample sizes shown. Exponential equation:

y = =0.569¢"9-+49% | 0 562; r = 0.284, n = 909, P<0.01
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Fig.4.2, The relationship between purple sandpiper visible density
and the rate of intraspecific aggression. Data represented as in
Fig.4.1. Exponential eguation:

y = -0.902¢70-062X | g 913: r = 0,405, n = 529, P<6.001
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Fig.4.3, The relationship between wader visible density and the rate
of interactions involving turnstones. Data represented as in Fig.4.l.
Exponential equation:

y = ~1.06e=0-030X | 3 0gg, r = 0,298, n = 909, P<0.0L
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Fig.4.4. The relationship between wader visible density and the rate
of interactions involving purple sandpipers. Data represented as in
Fig.4.l. Exponential equation:

y = -1.23e70-035% 1 193, r = 0.395, n = 529, P<0.001
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Fig.4.5. Comparisons between the regressions of conspecific
aggression rate against. conspecifi__c density (solid lines) and those
of wader aggression rate against wader density {dashed lines) for
food related and non—-food related aggression. See text for details.
(a) Turnstone: covariance analysis comparing regression line slopes
for food related aggression F1595’2 = 3.40, P<0.05; for non- food
related aggression F1595,2 = (.38, NS; comparing elevations F1598,1 =
0.11, NS.

{b) Purple sandpiper: Covariance analysis comparing slopes of food
related aggression Fgas,2 = 4.47, P<0,05. For non—-food related
aggression, comparing slopes F845;2; = 1,49, NS; comparing elevations

F848,1 = laG?, NS.
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As spring pre-migratory fattening was found to affect the
allocation of time to vigilance (Chapter 5), analyses were carried
out to determine whether changes in aggression rate occurred at the
same time. The pre-migratory fattening period was taken to be the
same three weeks prior to migration as in the vigilance analysis
(i.e. from 28th April to the time of the last birds' departure in mid
May), and intraspecific rates of aggression were compared in this
period to those during the rest of the wintering period, controlling
for conspecific density. The results showed that in neither species
did aggression rates appreciably alter during the pre—migration
period (covariance analyses, comparing slopes: turnstone F823,2 =
0.24, NS; purple sandpipear F440’2 = (0,002, NS; comparing elevations:
turnstone F826,1 = 1.30, NS; purple sandpiper F443'1 = §,09, NS).

4.2,2 Dominance Hierarchies, and Relationships between Dominarnce, Use
of Space and Associations in Turnstones

The small group of marked birds that reqularly foraged in the
Saltcoats and Coalruffie area during the exposure period (Chapter 3)
were seen frequently enough for their individual performances in
aggressive encounters to be compared. There were marked differences
in the proportion of interactions won, both in encounters with other
marked birds and with those of unknown identity. Following the
procedure of Ens & Goss-Custard (1984), the percentage of encounters
won has been used as an indication of dominance; the range was from
only 4.2% for the most subordinate bird in the sample to 93.3% for
the most dominant (Table 4.5). There was no evidence that the
extremes in the percentage of encounters won were artefacts due to

smaller sample sizes, as there was no correlation between the number

of encounters observed and the dominance status assigned (rsp =

0.266, 10 df., NS).
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Table 4.5 shows that, for contests between two marked birds,
only five outcomes out of thirty went against the hierarchy based on
overall percentage of wins. This implies thal the hierarchy was both
stable and approximately linear and transitive, all five 'reversal'
outcomes involved similarly-~ranked pairs, which may indicate that
they were incorrectly placed, although in three of the five cases the
losing bird was the winner on at least one other occasion of that
pair interacting. There was no correlation between a bird's size

(measured as its wing-length) and its dominance rank (r__. = 0.004, 10

Sp
df., NS).

Table 4.5 Dominance Hierarchy for Resident Saltcoats/Coalruffie Birds

LOSER Total Total %
WINNER 030 010 124 121 117 120 119 025 125 118 126 039 won no. won
030 XXX 1 Z 14 15 93.3
010 XXX 8 9 88.9
124 X8 1 1 1 3 8 11 72,7
121 2 XXX 1 1 1 3 16 14 71.4
117 1 XXX 2 7 12 58B.3
120 XXX 2 4 7 57.1
119 XXX 3 1 12 22 54.5
025 XXX 1 4 25,0
125 1 1 X 2 4 17 23.5
1i8 XXX 2 12 le.7
126 X¥X 1 12 8.3
039 XXX 1 24 4.2

Note: the totals columns include interactions with unmarked birds

The home range was determined for all twelve birds in Table 4,5,
although the size of the range for bird 010 was probably seriously
overestimated, as it changed range halfway through the period of
observations (as discussed in section 3.2.1). Omitting this bird,
there is a significant negative correlation between dominance rank
and home range size (Fig.4.6). The sample size is necessarily small,
as few marked birds were observed in encounters frequently enough for
their dominance status to be assessed. However, a further gross

comparison can be made using all birds for which home ranges were
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Fig.4.6. The relationship between dominance rank {measured as the

percentage of enounters won) and home range size (in hectares); kg =

-0.645, n = 11, pP< 0,05.
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determined. If the sample is ranked in order of increasing home range
size, and the overall proportion of encounters won by the top third
(- the third predicted to be the most dominant section of the
population) is compared to the proportion won by the bottom two-
thirds, the third with the smallest home ranges won a far greater
proportion of their encounters (42/58’ or 72 % {(n=11 birds), as
against 40/ ., (32 %, 23 birds); X? = 24.14, 1 df., P<0.001).

Table 4.6 Matrix of Corrected Coefficients of Association between
Coalruffie Turnstones, Ranked in Order of Decreasing Dominance

Decreasing dominance -—
124 121 117 120 119 125 118 039 Median

030 -0,11 -0.12 -0.23 ~0,10 -D,02 -0,19 -0.09 -0.03 -0,10S5
124 ~0.12 -3.09 -0.,03 -0.06 0,07 0.12 0.15 0.04 0.005

121 -0.10 0.02 -0.05 0.22 0,06 0.24 0.08 0,040
117 ~0.04 ~-0.08 0,11 0,07 0,12 0.12 0.045
120 +03.09 0.61 -0.05 0.01 -~0.02 -0.050
119 +0.07 0.18 0.20 0.27 0.145
125 +0.12 0.24 0.05 0.065
118 +0,24 .17 0.160
039 +0.17 0.065

Values given are the deviations from expected associations; negative
valueg indicate less than expected association. Values in bold are
the medians of the indicated diagonals

There was also a relationship between the dominance rank of a
bird and its level of association with other birds. Chapter 3
examined associations between the group of marked birds resident at
Coalruffie, correcting for home range overlap. PFigure 3,13,
illustrating these relationships, is reproduced as Figure 4.7,

showing the dominance rankings within the sample. It is apparent that

dominant birds (especially bird 030, the most dominant) had weaker
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Fig.4.7. Multi-dimensional scaling diagram of the associations
between nine birds, corrected for home range overlap. The nine birds
are numbered according to their dominance rank, 1 being the most

dominant.
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associations with other birds than did subordinates. The coefficients
of association between birds in the sample, correcting for range
overlap, are given in Table 4.6, There is a significant negative
correlation between a bird's dominance rank and its average (given as

the median) level of association with the other birds (r_.. = 0.804, 7

sp
df., P<0.01l)., There is also a clear trend towards greater
associations moving diagonally down across the table, such that two
subordinates were seen in the same flock more freguently than were
subordinate~-dominant pairs, which in turn were seen together more
frequently than pairs of dominants.

Table 4.7 Mean Sizeg of Exposure Period Flocks in which Coalruffie
Turnstone were found . Birds Ranked in Decreasing Qrder of Dominance

Bird Mean Flock Sige S.E. n
030 10.64 1.55 22
124 11.41 1.48 37
121 12.76 1.59 33
117 12,79 1.88 28
120 13.50 1.79 26
119 13,81 1.66 42
125 13,10 1.26 39
118 14.11 1.96 35
039 14,12 2.03 33

* observations made after April 15th each spring exciuded

Thus there was a tendency for increasing dominance status to be
correlated with a decreasing tendency to be seen in the same flocks
as other marked birds, especially if they were also of high dominance
status. This can readily be seen in Figure 4.7; the five most
dominant birds are almost equally spaced arcund the periphery of the
cluster of subordinates, indicating that they had a tendency for
greater affiliation with the subordinate cluster than with each
other. Since birds were recorded as being associated if they were
present in the same flock, the implication is that dominants tended

to be seen in smaller flocks that therefore contained fewer of the
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other marked birds. Table 4.7 shows that this was indeed the case;
there was a significant negative correlation between the mean flock
size a bird was seen in and the proportion of encounters it won (and

thus its dominance rank {rsp==—0.950, 7 df., P<0,01}.

4.2.3 The Effect of Habitat on the Aggression of Shorebirds

Sample sizes of greater than 20 observations were obtained fer
turnstones feeding in eight, and purple sandpipers feeding in four,
of the eleven habitat types in the study area (categorised in Chapter
1}, The aggaression rate/Gensity relationships were compared between
these habitats, using covariance analyses over the density range of
0-15 visible conspecifics within 10 m of the focal bird, as
previously. Intraspecific aggression was divided into Food-orientated
and non~food interactions, the two types being analysed separately;
to further determine whether the habitat type affected both forms of
aggression.

In neither species did rates of non—food aggression vary between
habitats, controlling for density (testing homogeneity of slopes of
aggression rate/density relationship: turnstone F760,8 = 0.62, NS;
purple sandpiper F400’4 = 1.39, NS; testing homogeneity of
elevations: turnstone F.??—.,’? = 0.58, NS; purple sandpiper F405’3 =
1.03, NS).

However, while habitat type also had no effect on food~related
aggression in purple sandpipers (comparing slopes, F400'4 = 2.37, Ns;
comparing elevations F405r3 = 1,32, NS), the rates at which
turnstones fought over food differed significantly between habitats
{comparing slopes, F760,8 = 5,59, P<0.01l; the relationships for each
habitat are shown later in Table 4.11). These differences might be
predicted if there were consistent differences between habitats in

the times taken by turnstones to manipulate prey and/or the rates at
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which they found prey items. These would produce differences between
habitats in both the opportunities available for kleptoparasitism,
and the profitability of such behaviour.

Table 4,8 shows that there were indeed significant differences
in the times taken by turnstones to manipulate prey items in
different habitats, whereas there were no differences between
habitats for purple sandpipers. Similarly, there were differences
between habitats in the number of manipulations made per minute by
turnstones, but not in the number made by purple sandpipers (Table
4.9). (Mean manipulation rates were used, irrespective of conspecific
density, as density had no effect on manipulation rate in eleven out
of the twelve categories (Table 4.9}).

Table 4.8 Mean Manipulation Times (in seconds) for Turnstones and
Purple Sandpipers in Their Main Habitats

'TURNSTONE PURPLE SANDPIPER
Habitat Manip. time + SE (n) Manip. time + SE (n)
Rock 2.69 + 0.61 (91) 1.27 + 0,14 {59)
Roulder 3.62 + (.42 (138)
Musselbed 2.16 + 0.32  (121) 1.79 + 0.25 (60)
Pools 1.75 + 0,37 (87) 1.22 + 0.14 (33)
Loose rock 2,21 + 0.40 (100}
Dead wrack 3.65 + 0.58 (108)
Live wrack 5.04 + 1.11 {66)
Algae 1.44 + 0.22 {75)

One-way Bnalyses of Variance comparing between habitats:

Turnstone F?'?S,? = 4,57, P<0.001; Purple sandpiper F149,2 = 2,53, NS

Data given for all habitats used in analyses of effect of habitat on
aggression rates, except that no manipulation times were obtained for
purple sandpipers on locose rock

The hypothesis that food-orientated aggression might be
dependent on the availability of opportunity was therefore examined
by modelling aggression rate as a consequence of parameters such as

manipulation time and search time, and then comparing observed

aggression rates in each habitat with those predicted by the medel.
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Table 4,9 Mean Manipulation Rates (manipulations/min), and
Correlations between Manipulation Rate and Conspecific Density, for
Turnstones and Purple Sandpipers in their Main Habitats

TURNSTONE PURPLE SANDPIPER

Habitat Manip. rate + SE (n) Corr. Manip. rate + SE (n} Corr.
Rock 14.1 + 0.9 (46) -0,192 19.8 + 1.6 (12) 0.098
Boulder 9.2 + 0.6 (75) 0.106

Musseclbed 14.5 + 0.8 (51) 0.048 17.0 + 1.1 (32) ~0.077
Pools 21.5 + 1.6 (15) -0,495* 21.0 + 1.4 (22) 0.086
Loose rock 13.2 + 0.9 (41) ~0.232 20.2 + 3.1 (10) 0,472
Dead wrack 14.7 + 1.2 (58) ~0.212

Live wrack 9.8 + 1.4 (17) =-0.118

Algae 22.8 + 1.6 {15) 0.221 * = p<0,05

One~way Analyses of Variance comparing between habitatss:

Turnstone F310 . 7 = 13.89 ’ P<0. 00.}.; Purple Sandpipe): F72 , ) = 1. 63, NS

A Model of Aggression Rate in Different Habitats

The purpose of this model is to assess whether the variation in
turnstone aggression rates in different habitats were caused by
variation in the opportunities of kleptoparasitism; it aims to do
this by producing predictions of the relative rates of aggression to
be expected on the basis of prey manipulation times.

Due to the great variety of prey types taken by both species; it
was generally not possible to identify prey items by observation
of feeding birds, nor hence to assess their profitability. Therefore
the simplifying assumption is made that a kleptoparasite should be
interested in any prey item judged worthy of consumption by a
conspecific, since the costs of attempting to kleptoparasitise were
apparently very low (the interactions always occurring between
closely-adjacent birds, being very short-lived, and virtually never
producing retaliation). Thus the model assumes that a bird will
attempt to steal food (or a foraging position in those situations
where food can only be gained by manipulating the substrate) from any
neighbouring subordinate if given the opportunity. The probability of

a focal bird displacing a conspecific is therefore the probability
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that it is not engaged in handling prey itself, multiplied by the
probability that it is within striking range of a subordinate bird
that is manipulating prey or substrate at that moment. For comparing
between habitats, it is assumed that the probability of the focal
bird being dominant to its nelghbours is constant. Therefore, for a
given density and relative dominance rank of the focal bird, the
probability of an attack is given by:

A=k {1- Probability of focal 1 - Prob. that nc neighbour
bird handling prey is vulnerable to an attack

where k is a constant, and 'vulnerable to attack' is defiined as ?
manipulating prey for a period as least as long as the minimum
required by a neighbour to attempt a kleptoparasitic attack. The N

expected number of encounters per bird per unit time period is

therefore:
A=k (1 -ND){1 - (1~ (1)
where
N = number of manipulations per unit time

D = mean duration of a manipulation (~ the manipulation time)
T = proportion of time a bird is vulnerable to attack
n = number of subordinate neighbours within striking distance

The value of T is given by:

T = N

, @

p = L) (2)
where

L = minimum time period required by kleptoparasite to detect an
opportunuity and start an attack
mean duration of manipulations that take longer than period L

D
L number of manipulations per unit time that take longer than L

N

Thus if a bird can manipulate and consume a prey item in under L

U |

seconds, it cannot be attacked by neighbouring kleptoparasites, and :
if all manipulations take less than L seconds, T will be zero, and it
is predicted that no aggression will occur, If, however, the majority

of manipulations are lengthy, T will tend towards one (i.e. there

will always be vulnerable neighbours). The other major term in the

equation concerns the proportion of time birds spend moving between
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prey items; the larger it is, the more often they will be able to
take advantage of any kleptoparasitic opportunities. If, however,
food is superabundant such that search time is minimal, little would
be gained through kleptoparasitism, and observed aggression rates
will be low.

One complication with the model is that {as described in section
4,1) in some habitats the greater part of the manipulation time is
taken up with substrate manipulation rather than prey handling; an
example being the turning-over of wrack to locate hidden amphipods
and dipteran larvae. In this situation dominant birds may take
advantage of subordinates by supplanting them from a feeding site
once the groundwork of wrack excavation has been done; they thus
obtain most of the food without having to spend time exposing it.
This results in dominant birds having shorter manipulation times than
the average for the population as a whole. Therefore two values of D
{(the average manipulation duration) may be required: one for the
kleptoparasite (to determine the proportion of time it spends moving
between prey items), and one for its neighbours {to determine the
amount of time they are vulnerable to attack). This distinction is
only important in those habitats where substrate manipulation times

are considerable, namely dead and live wrack.

Aggression Rates Predicted by the Model

The rates of aggression predicted by the model were only
calculated for turnstones in different habitats, as purple sandpipers
showed no habitat differences in manipulation times or rates, Table
4,10 gives the various parameters required by equation 1, except for
values of D and N, which have already been given in Tables 4.8 and
4,9 respectively. For the purposes of comparison between habitats,

predicted relative rates of aggression have been calculated assuming
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that in each habitat the flock density equals eight visible
turnstones within 10 m of the focal bird, of which four are
subordinate to it and within striking distance (i.e. n=4}, and that
L, the time required to detect a kleptoparasitic opportunity and
carry out an attack, is three seconds. Turnstones spend 8.3% of their
time vigilant at the given density (Fiq.5.7); manipulation times
(which are given with the time spent vigilant subtracted in Table
4.8) have therefore been increased by this propeortion. Mean
manipulation times and rates for dominant birds were obtained for the
dead wrack habitat by filming feeding flocks, and then measuring
these parameters for those individuals seen to supplant others (but
not be supplanted themselves); a maximum of 10 manipulation times and
a single manipulation rate were recorded per individual. The mean
values for D and N obtained for these dominants (2,82 secs (n=65) and
12.2/min (n=9) respectively) were then used to determine the
proportion of time dominant birds spent moving between food items on
dead wrack, while the proportion of time neighbours were vulnerable
to attack was calculated using the values of D and N for the
population as a whole (from Tables 4.8 and 4.9). Unfortunately this
correction could not be made for the live wrack habitat, as no video
film was obtained of birds feeding in this situation, and so the
manipulation times and rates of dominants could not be measured.
Table 4,10 shows that while there is relatively little variation
between habitats in the proporticon of time the dominant
kleptoparasites spent moving between food items, there was much
greater variation in the proportion of time at least one neighbouring
bird was vulnerable to attack; the values in the given situation
range from 39% (algae) to 97% {live wrack). This results in moderate

variation in the relative rates of aggression predicted by the model.
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Table 4.10 The Calculation of Expected Relative Rates of Aggression
amongst Turnstones in Different Habitats — see text for explanation

Expected relative

fabitat Dy, Ny, {A) (B) aggression rate (BxB)
Rock 10,51 2,64 0,316 0.830 0.262
Boulder 8.03 3.22 0,298 0.749 0.233
Musselbed 7.87 2.52 0.435 0.634 0.276
Pools 8.83 2.71 0.321 0.739 0,237
Loose rock 8.01 2.64 0.474 0,665 0.315
Dead wrack 10,46 3.95 0.379 0.952 0.360
Live wrack 12.40 3.490 —ram K 0.968 eam
Algae 6.04 2.12 0.408 0.389 0.159

Notes: ; Np —~ see equation 1,

() Proportion of time potential kleptoparasite spends wmoving

between prey items {(i.e. (I — ND} in egu.l)

(B) Proportion of time at least one neighbour is vulnerable to

attack (i.e. [L ~ (L - T)" ] in equ.l).

* no measurements were made of manipulation rates or times of

kleptoparasites

When these predictions are compared to the observed aggression
rates (Table 4.11), there is a significant correlation between the
predicted and observed values (rsp = 0,929, 5df., P<0.01). Further
indirect support for this correlation comes from two habitats which
would have been placed at either ends of the spectrum of aggression
rates had enough data been collected to include them, As explained
earlier, it was not possible to generate an expected rate of
aggression for birds feeding on live wrack; however, it is calculated
that birds spent a greater proportion of their time vulnerable to
kleptoparasitic attack in this habitat than any other (Table 4.10),
angd indeed the rate of aggression in live wrack was observed to be
the highest for any habitat. In contrast, measurements of
manipulation rates and times of birds feeding on the tideline
indicated that birds were taking very small prey items, at a fast
rate, from the water surface. As a result, neighbours of dominant
birds were calculated to be vulnerable to attack only 5.1% of the

time (c£.97% of the time in live wrack), and the expected relative

rate of aggression was 0.038, the lowest of any habitat., While only
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18 observations were made of birds foradging in this habitat, too few
to calculate an aggression rate/density regression, not a single
instance of aggression over food was recorded, lending support to the
prediction of an extremely low aggression rate. "Thus the general
conclusion is that relative rates of food-related aggression couid be
predicted purely on the basis of the availability of kleptoparasitic
opportunity.

Table 4.11 Observed Relationships between Food~related Aggression
Rates and Conspecific Density in Turnstones Feeding in Different

Habitats, Given in Order of Magnitude, with Rankings of Predicted
Rates (from Table 4.10).

. Rate at density = 8
Habitat Correlation (n} Regression equation Obs, Rank of Pred,

Live wrack  0.649%%% (36) y = 0.171x - 0.303 1.07 o
Dead wrack  0.231%% (109) vy = 0.045x + 0.165 0.53 1
Musselbed (.275%%* (213) y = 0.039x - 0.001 (.31 3
Ioose rock  0,222%% (158) vy = 0.036x + 0.014 0.30 2
Rock 0.234*%* (120} vy = 0.031x + 0.012 0.26 4
Pools -0.002 (21) 0.1%9 5
Algae 0.046 (25) 6.08 7
Boulder -0.060 (96) 0.01 6

**pL0.01 **¥p<0,001

The observed aggression rate at density = 8 is given as the mean for
all observations where the correlation with density is not
significant

4.3 Discussion

The majority of interactions involiving turnstones or purple
sandpipers involved either specific food items or feeding sites, and
both species were more likely to fight over food with conspecifics
than with other species. In fact, there were very few interspecific
aggressive interactions over food, the majority of encounters between
species being situations where the smaller bird was forced te move
cut of the path of the larger. Since turnstones and (especially)
purple sandpipers are smaller than redshanks or oystercatchers, the

most abundant of the other species in the study area, they invariably
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lost such enceunters. Similar size-related interspecific dominance in
mixed-species wader assemblages has been found by Burger et al.
(1979) and Stawarczyk (1984).

Thus while interspecific interactions were chiefly over
individual distance, agdgression between conspecifics was mainly
concerned with food, and increased in rate with increasing
congspecific density, up to at least intermediate densities (as also
found in many other studies of waders, for instance Recher & Recher
(1969), Goss—~Custard (1977a), Burger ct al.(1979), Fleischer (1983)
and Stawarczyk (1984). Two of these studies (Recher & Recher 1969 and
Stawarczyk 1984) have suggested that aggression rates in some
situations may actually decrease again, through some form of
aggression suppression, as density reaches high levels, though the
evidence for this is not unequivocal. In the present study too few
observations were made at the highest densities for the trend to be
clear, though it was apparent that the aggression rate/density
relationship was not linear over the entire density range.

The increase in kleptoparasitism with increasing conspecific
dengity indicates a probable cost of flocking with conspecifics. The
greater loss of food items and feeding places at higher densities
might have a serious effect on the food intake rates of birds,
especially subordinates. Food intake was not measured in this study,
due to the breadth of both diet and feeding technigues making it
difficult to guantify food intake rates and diet by observation.
However, much previous work on waders has shown that intake rates are
reduced at high densities (reviewed in Goss-Custard 1980, also Zwarts
& Drent 1981, Sutherland & Koene 1982, Fleischer 1983, Ens & Goss-
Custard 1984). while in some cases this may be due to food depletion,

it is often apparent that the reduction in intake is reversible, ard
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that it is the presence of the birds themselves (rather than any
reduction in prey biomass) that is causing the drop in feeding rate.
This phenomenon of interference may have several causes, such as
increased aggression rate and kleptoparasitism, reduced efficiency of
searching, and depression of prey availability (Goss—Custard 1980).
One of the more complete studies of interference, that by Ens & Goss—
Custard (1984) on oystercatchers feeding on musselbeds, showed that
all but the most dominant birds in the population suffered
interference, with decreasing intake rates as density increased. It
had been shown previously that leosing feod items te kleptoparasites
reduced a bird's intake fate, and that individuals differed in the
rate at which they attacked other birds (Goss-Custard et al. 1982b).
Bns & Goss~Custard {(1984) concluded that the interference experienced
by most of the population was a result of both losing food items to
more dominant birds, and spending time avoiding them; this aveidance
may also have forced subordinates into using alternative, secondary
feeding areas when densities were highest.

Studies on captive birds of other species have also shown
differential foraging benefits of flocking for individuals of
different rank. For instance, dominant great tits Parus major and

dark~eyed junces Junco hyemalis may exploit the food-finding

abilities of other members of a flock, moncopolising any caches of
food that are discovered (Baker 1978, Krebs 1980a, Baker et al.l98l).
In this situation dominants experience an increasing food
avallability as flock density increases, whereas the opposite is true
for the rest of the flock.

Such differential benefits of Flocking will only arise if there
are consistent differences between individuals in their abiities to
kleptoparasitise. This study has shown that the outcome of

interactions between turnstones or purple sandpipers is often decided
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on the basis of simple threat displays, and are almost invariably won
by the initiating bird; the implication is that outcomes of
encounters are highly predictable to the interactants on the basis of
assessment cues obtained prior to the contest (Barnard & Buck 1979),
In addition, it was apparent f;om a sample of interactions between
marked birds that some form of hierarchy existed in turnstones. Thus
the predictability of outcomes of encounters was unlikely to be due
merely to some form of arbitrary decision rule (Maynard Smith &
Parker 1976) such as 'initiator wins'. Detailed work by Marshall
(1981) on captive turnstones demonstrated that a group of 14 birds
formed an approximately linear hierarchy within two days, which was
consistent in both feeding and non-feeding contexts, It lasted for
over six months, and had as low a Lrequency of initiators losing
interactians as in the present study. Furthermore, the more dominant
bird of a pair would usurp the subordinate from feeding sites and
food items in the same manner as observed in the wild, and
subordinates would often escape confrontation by actively avoiding
dominants (Marshall 1981). While in some cases hierarchies produced
in small, confined captive populations may bear little resemblance to
social structures in the wild (Myers 1983), the similarities in
behaviour between captive and wild turnstones, and the fact that wild
turnstones may flock regularly with as few as 50 other individuals
over the course of a winter (Chapter 3), make it highly probable that
wild turnstones have very stable dominance hierarchies basged on
assessment cues.

There is some evidence that aggression is greater (both in terms
of rate and intensity) in the wild in autumn than during the rest of
the winter (Marshall 1981), which may be the result of a dominance

assessment period during which the hierarchy is reformed. The long-
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term stability of the population may result in many adults retaining
much the rank as they held the previous winter. However, juveniles in
their first autumn must learn their status, and hence may be involved
in a disproportionate number of encounters with adults (to which they
are at least initially subordinate), possibly through their failing
to recognise when other birds should be avoided (Groves 1978).

The cues used by animals to assess dominance status of
conspecifics may take several forms. They may be unfakeable
indicators of competitive ability (such as size), badge signals of
status (an example being the blackness of the throat in Barris'

sparrow Zonotrichia querula {(Rohwer 187%)), or the gystem may be

based on individual recognition and the remembrance of previous
relative status. No correlation was evident between dominance status
and body size, and although there is variability in turnstone plumage
(Ferns 1978}, it does not seem to be related to dominance status (P.
whitfield, pers, comm.). However, experiments with birds on their
breeding grounds have shown that turnstones recognise their
neighbouring térritory—holders on the basis of plumage (P. Whitfield,
pers., comm.), and there seems to be no reason why such discriminatory
ability should not also apply to the wintering population.

Iess can be said about the social structure of wintering purple
sandpipers, as comparable data on individual variability in dominance
are lacking., Tt has been shown that individual purple sandpipers were
less predictable in their movements than turnstones (Chapter 2),
which may have led to greater mixing of the population, and possibly
made individual-recognition dominance hierarchies less likely. This
may explain why interactions between purple sandpipers were, on the
whole, of greater intensity than those between turnstones, although
they too were short~lived and almost always won by the initiating

bird., Links between the extent of sccial stability or structure and
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intensity of aggression have been shown in other species of wader.
Burger et al. (1979) found that under 10% of interactions between
sanderlings (which form random flocks and show little signs of
dominance structuring (Myers 1983})} were displacements (i.e.
threats), with the majority being aggressive chases. Similar ratios

were found in knots Calidris canutus, which form huge flocks (Cramp &

Simmons 1982) and therefore probably also behave as anonymous
individuals. In contrast, about 40% of turnstone intraspecific
interactions observed by Burger et al.(1979) in the same situation
were digplacements, and the figure was even higher for black—belilied
(= grey) plovers; both these species have very stable social systems
with non-random associations between individuals (this study,
Townshend et al. 1984).

The evidence suggests that a proportion of the turnstone
population might suffer appreciable costs, from being victims of
kleptoparasitic attacks, if they were in close proximity to birds of
greater dominance status. Unless there are compensatory benefits for
subordinates in being close to dominants, it would be expected that
they should avoid them, and conversely, dominants should seek out
those more subordinate (Baker 1978). It has been suggested (Rohwer &
Ewald 1981) that, while subordinates pay a cost in providing food for
dominants, they may gain an advantage in avoiding aggression, as
dominants may contest with each other for the position of
kleptoparasite. The dominants and subordinates in this situation may
be envisaged as adopting two behavioural strategies of equal fitness.
However, this explanation would appear unlikely in the present
context, as there was no evidence that subordinaltes were involved in
less aggression than dominants (in fact the most subordinate bird in

the sample was observed in more interactions than any other).
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The cost to subordinates in being near dominants may explain why
dominants tend to be in smaller flocks, as there will be a tendency
for birds that break away from £locks to attract fewer followers if
they are dominants than if they are subordinates, Since even the most
dominant birds are only obtaining a relatively small fraction of
their intake through kleptoparasitism at normal flock densities, they
by nco means rely on the presence of subordinates to locate food.
Therefore searching out subordinates is probably not the prime
congideration when deciding where to forage. (The question of how
birds are affected in their searching behaviour by the movements of
other birds will be explored in more detail in Chapter 6.} The
situation is therefore not akin to the scenario envisaged by Sibly
{1984), where the population is divided into two types, “producers"
and "scroungers" (i.e. those that locate and 'produce' the food, and
those (the kleptoparasites) that steal it); such a rigid
categorisation is perhaps more applicable to cases of interspecific
kleptoparasitism. In turnstones, it would appear that all bul the
most subordinate birds in the population will attempt to steal
profitable food from a lower-ranked neighbour if the opportunity
arises, but will otherwise search for food themselves. Only in the
densest aggregations will pure kleptoparasitism be a viable option;
this was only approached in flocks feeding on banks of dead wrack at
high water. &t these times subordinates could not escape from such
exploitation, as feeding patches were so reduced in number that
all potential sites tended to be occupied.

The finding that the most dominant individuals are, on average,
found in smaller groups would also be predicted by the group
size/time-budgeting theories of Pulliam and Caraco (Pulliam 1976,
Caraco 1979a, Pulliam & Caraco 1984). However, they make the

assumption that dominants gain no food-finding advantage from
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subordinates. Thus although small numbers of flockmates will confer
anti-predatory advantages, there will come a point where the focd
intake rate of a dofainant will start to drop as more subordinates
join the group, causing depletion and interference. Therefore Pulliam
and Caracco suggest that the increased aggression rate seen at higher
flock densities is due to dominants attempting to drive off
subordinates, so reducing both group size and the competition for
resources.

Where these two functions of aggression (kleptoparasitism versus
competition~reduction) differ is in the contexts of aggressive
encounters, the factors which affect the rate at which they occur,
and the predicted optimal group size/density for dominants.
Kleptoparasitic aggression (by definition) only occurs over food,
whereas aggression aimed at reducing competition may occur at any
time. The latter should also occur at as high a rate as is compatible
with other activities (i.e. a bird should spend all its '"free time!

chasing off others) (Caraco 1979%a}, Thus Caraco {1979b) found that

the rate of (competition-reductiorlx) aggression increased when there
was a reduction in the time required for foraging; no such change
occurred in this study. In contrast, the rate of kleptoparasitism is
primarily affected by the profitability of potential prey (Brockman &
Barnard 1979) and the opportunities available to steal prey items
{this study). Tt is interesting to note that gulls made virtually no
kleptoparasitic attacks on either turnstones or purple sandpipers,
whereas in situations where waders are handling larger prey (which
are both more profitable and take longer to handle) individual gulls
may adopt a purely kleptoparasitic feeding method (Barnard et al.
1982). The difference hetween the two types of aggression in the

predicted optimal group sizes for dominants is due to the presence of
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many subordinates being a cost in one situation and a benefit in the
other, However, although kleptoparasitic dominants will gain from
large groups {or high densities), their presence will tend to drive
subordinates away, resulting in their experiencing sub-optimal group
sizes. Barnard et al. (1982) obtained direct evidence of this
process, when they found that the arrival of kleptoparasitic black-

headed gulls Larus ridibundus led to reductions in the size of flocks

of lapwings Vanellus vanellus, the parasitised species, Similarly,

Harper (1982) found that subordinate mallards avoided flocks
containing the most dominant individuals, and as a result a flock's
size was negatively correlated with the number of dominants it
contained.

It is not clear why subecrdinate turnstones should have a
tendency to have larger home ranges than more dominant birds. It is
possible that a tendency to avoid dominants and a potentially lower
feeding rate might both cause birds to roam more widely in the search
for alternative feeding areas (Murton et al, 1971, Monaghan 198G, Ens
& Goss—Custard 1984). However, this c¢an only remain a hypothesis in
the absence of more detailed behavioural studies of foraging

behaviour.
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CHAPTER FIVE - VIGILANCE

Many animals face the continual risk of being cauaht by a
predator. One of the ways in which this threat can be reduced is by
the potential victim detecting the approaching predator; this allows
it to implement defensive strategies such as adopting a defensive
posture, taking £light, Jjoining a group and so on (Edmunds 1974), It
is often the case, however, that animals which rely on visual
detection of predators will be less able to scan for predators when
engaged in activites such as feeding, as a head-down feeding posture
may reduce the visual field, and the visual and neural processing
required in handling food items may detract from the animal's ability
to detect a distant but approaching predator (Lendrem 1984a).

As a consequence, many species have evolved forms of vigilant
behaviour, where the animal periodically breaks off from a continuing
activity in order to scan its environment (Dimond & Lazarus 1974,
Lendrem 1982)., This form of scanning is obvicusly incompatible with
other behaviours, and so makes them less efficient in terms of the
overall time reqguired for their performance, Since time-efficiency is
an important consideration for many animals, there is selection
pressure for the optimal allocation of time between anti-predatory
vigilance and other activities such as feeding.

In this chapter several aspects of vigilance in turnstones and
purple sandpipers are examined, with special reference to how their
habitat and flocking behaviour influence the level of vigilance they
adopt. The chapter is divided into four sections; the first deals
with the effeclt of habitat type, while the second looks at flock
density and compositicon and how those affect vigilance. In the third
section the trade~off the individual must make between time spent

vigilant and time spent foraging is investigated by studying the
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response to an increased food demand prior to migration, while in the
final section the pattern of scanning within a flock and the subject

of corporate vigilance are examined,

5.1 7The Effect of Habitat on tbe Vigilance of Shorebirds:

Is Visibility Important?

Many animals live in habitats which do not permit a clear view
of their surroundings., There will therefore be a rcduction in the
distances alt which predators and prey can detect one another
visually, This can be investigated indirectly by measuring the
vigilance of the prey (which reflects its assessment of its own
vulnerability) in relation to the visibility of the habitat. Previous
studies of the effects of group size, composition or positien in a
group on vigilance have been made in open habitats such as grass
fields (e.g Lazarus 1978, Bertram 1980, Jennings & Evans 1980).
* However Underwood (1982) showed that antelopes increased theirx
vigilance when in habitats he categorised as closed (i.e. with
reduced visibility). In contrast Barnard {1980a) and Caraco et al.
(1980h) found that birds may increase their vigilance with increasing
distance from cover, .

The effect of habitat complexity on vigilance was the first
aspect of vigilance in turnstones and purple sandpipers to be
investigated. The coastlines of the study area are composed of
outcrops of rock and boulder (among which visibility may be very
restricted), which are interspersed with sand or mudflats (where
there are no obstructions to vision). Thus among rocks they cannot
see approaching predators as easily as when on sand or mud, so may be
expected to increase vigilance.,

The method by which vigilance was altered was algo investigated,

Birds can scan more often or increase the duration of each scan; the
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two processes are not mutually exclusive (McVean & Haddlesey 1980).

5.1.1 Methods

Data were collected from 3rd February to 14th April 1982 and
from 7th September 1982 to the end of April 1983. This analysis omits
data collected after 27th April in each spring, as the need for an
increased food intake prior to spring migration affected levels of
vigilance {section 5.3}.

The encounter rate with potential predators was relatively high

in this area. A female merlin Falco columbarius was present in the

study area on numerous occasions in both winters, and peregrines F.

peregrinus, kestrels F. tinnunculus, sparrowhawks Accipiter nisus and

a short—eared owl Asio flammeus were also recorded. Species such as

these may have considerable impacts on the survival rates of
wintering waders (Page & Whitacre 1975, Rus et al. 1984, Whitfield in
prep). In addition, numerous dogs were walked along the beaches and
frequently chased the birds,

Observations were made with a 15-60X telescope on birds 20 to
80m from a vehicle {used as a hide) parked on the beach or promenade.
My presence had no apparent effect on the birds' behaviour; they were
accustomed to high levels of human activity. The efficiency of data
collection was improved towards the end of the study by using a
colour video camera. Close flocks were filmed (with a running
commentary) in the field, and the films later played back on
analysing equipment. This allowed the measuring of the same vigilance
parameters as taken directly in the field. Twenty-six turnstone and
112 purple sandpiper observations were made from video filin, out of
the total sample sizes of 673 and 460 respectively.

A focal bird was selected and watched for exactly one minute;

periods were measured with the aid of an electronic audio timer. The
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number of scans during that period was recorded (using a tally
counter), as was the total time spent scanning (to the nearvest half-~
second, cumulatively recorded with a stopwatch). A scan was defined
as a raising of the head, from the head-down foraging position to at
least a horizontal position.

At the end of the one nminute observation period the visibility
experlenced by the focal bhird was assessed as follows. The total
angle of obstructed vision (out of 360° maximum) contributed by
objects (e.g. boulders, wrack banks) within one metre of the focal
bird was assigned to one of four categories, scoring one to four in
order of increasing visibility. Thus in Fig. 5.1 the rock on the left
obstructs a sector of A% of the birds all-round vision, and that on
the right obstructs B° Summing A + B produces a total of between 90
and 180%, so giving a score of 3. This scoring was carried cut at
thfee heights above the ground (Fig. 5.2). Thus a bird that scored
one at 5¢cm and four at 10 and 15cm could see very little while in a
foraging position, but experienced unrestricted vision upon raising
its head (as would occur for a bird feeding in a rock pool with its
head under water), whereas birds scoring two or less at all three
heights had poor visibility regardless of posture {as would be the
case in a habitat of large boulders). The threc scores (one at each
height) were then summed to give an overall Visibility Score, ranging
from a theoretical minimum of three {pocr visibility) to twelve {good
visibility). This technique was tested for accuracy by comparing the
actual Visibility Score of a location with the score estimated from
the observation vehicle, This was done for a variety of habitats and
distances from the vehicle., The differences between estimated and
actual scores were negligible (mean difference = 0,08 + 0.04 S.E.,
n=44Q) .

The density of surrounding birds affects the vigilance of both
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Fig.5.1. The method used to record the visibility score of the focal
bird. The two rocks obstruct a summed angle (A + B} of between 80 and

180°, thus the visibility score is 3.
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Fig.5.2. The three heights above ground level at which the visibility
score of the focal bird was recorded, in relation to the approximate
size of a turnstone or purple sandpiper. The rock on the left

contributes to the scores at 5 and 10cm, while that on the right is

only included in the 5cm score.
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turnstone and purple sandpiper, as individuals in effect ‘share!’
vigilance with other near neighbours they can see (section 5,2.2).
Both species share vigilance with individuals of certain other wader
species as well as conspecifics; for turnstone these other
*significant species' are purple sandpipers, redshanks and
oystercatchers, while purple sandpipers share vigilance with
turnstone as well as conspecifics (section 5.2.2). As this density
effect is most marked at low densities, it could be controlied for by
only using in this analysis observations in which density exceeded
five birds within 10m and in sight of the focal bird, as variation in
density above this level had a negligible effect on individual
vigilance (Fig. 5.7).

The measurement of visibility and density required that these
factors did not change appreciably during the course of the minute of
observation. Therefore only relatively static birds were chosen, and
records were aborted if the focal bird experienced a noticeable
change of density or visibility during that minute; records were also
discounted if the bird's behaviour was affected by a recognisable
disturbance.

In the analyses, relationé.‘nips that satisfied the conditions for
the use of parametric statistics were analysed accordingly; otherwise
non~parametric tests were used., Four vigilance parameters were
selected for analysis:

(1) vigilance Time, defined as the total time (in seconds) spent
vigilant per minute,

(2) Scanning Rate, expressed as the number of scans per minute.

(3) Scan Duration, given by vigilance TJ“'“e/Scémning rater It is
therefore the mean scan duration for that period of observation.

(4) Interscan Interval, defined as the mean time interval between the
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end of one scan and the beginning of the next, and given by

(60 — Vigilance Rate} /Scanning Rate

5.1.2 Results

The relationship between Vigilance Time and visibility is very
similar in the two species, with an approximately linear increase in
Vigilance Time with decreasing Visibility Score (Fig. 5.3}, (Small
sample sizes at low Visibility Scores are partly due to the
infrequency with which birds were found in low visibility situations,
and partly due to the difficulties in observing such birds once
located). The variation in Scamning Rate with changing visibility is
shown in Fig. 5.4. There is clearly an increase in the rate at which
purple sandpipers scan ag their vision becomes more obstructed, but
this trend is not found in turnstones. Rather, there is an increase
in Scan Duration (Fig, 5.5), far more marked than that in purple
sandpipers. Therefore, turnstones increase their vigilance by making
each scan longer, while purple sandpipers achieve the same level of
vigilance mainly by scanning more often. In consequence, the
Interscan Interval decreases markedly with decreasing visibility in
purple sandpipers (Fig. 5.6), but not significantly so in turnstones,
although there is a tendency for reduced intervals at the lowest

recorded visibilities,

5.1.3 Discusgion

Animals may adjust their vigilance according to how conspicuous
they appear to predators. The brightly-coloured male mallard is more
vigilant than the camouflaged female, except when in eclipse plumage,
when the two sexeg are the same dull colour and are equally vigilant
(Lendrem 1983). The camouflaged appearance of the two waders (the
turnstone being a mixture of brown, white, grey and black, while the

purple sandpiper is a dark grey) makes them far more conspicuous in
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Fig.5.3. The relationship between vigilance time and visibility
score, Data represented as means *+ 2 S.E. with sample sizes shown,

Turnstone (stars and breoken line): r = -0.458 (n=317), P<0.001l; y =

21,1 - 1.42%,

Purple sandpiper {solid circles and solid line): r = -0.506 (n=220),

P<0.001; y = 17.9 — 1,20x.
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Fig.5.4, The relationship between scanning rate and visibility score.
Data presented as in Fig.5.3. Turnstone (stars): re = 0.111 (n=317),
NS. Purple sandpiper (solid circles and regression line): r = 0,391

(n=220), P<0,001; y = 29,1 — 1.49x.
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Fig.5.5. The relationship between scan duration and visibility score.
Data presented as means + S.,E. Turnstone (stars): r, = -0.278

(n=317), P<0.001. Purple sandpiper (solid circles): r

5 -0.312

(n=220) , P<0,001,
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Fig.5.6. The relationship between interscan interval and visibility
score. Data presented as in Fig.5.3. Turnstone (stars): rg = 0.101
(n=317), P = 0.072. Purple sandpiper (solid circles and regression

line): r = 0.319 (n=220), P<0.001; y = 0.76x - 3.03.
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open habitats such as sandy beaches than amongst rockpools or
boulders. However, this study has shown that individuals of both
species clearly increase their level of anti-predator vigilance as
the structural complexity of their surroundings increases, even
though their conspicuousness decreases. The extent of the increase in
vigilance is considerable; in good visibility areas birds spend less
than one tenth of their total time vigilant, while in areas of poor
vigibility the proportion may be over a quarter. In the latter case
much potential foraging time is therefore lost, If the time spent
vigilant reflects the bird's assessment of how vulnerable it is
(assuming that the time required for actual foraging is constant},
then birds 'feel more at risk' as habitat complexity increases,

The presence of obliects such as rocks, boulders or banks of
seaweed adjacent to a foraging bird will cause complete sectors of
its panoramic vision to be blocked. This will prevent it from seeing
either neighbouring birds or predators behind those objects.
Turnstones and purple sandpipers do not share vigilance with
neighbours they cannot see (section 5.2,2), and so a decrease in
visibility may produce an increase in individual vigilance due to a
decrease in the number of neighbours any one bird can see. However,
the effect described here is independent of neighbour density, as
this was controlled for by only including in the analysis
obzservations where the density of neighbours visible to the focal
bird exceeded the level above which density has a negligible effect
on vigilance.

Therefore it is the reduced ability to detect the predator that
causes this increase in vigilance, The major potential predators of
the birds approach prey by fast dashes either at or close to ground

leval (dogs and falcons respectively) (Rudebeck 1951, Page & Whitacre
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1975, Blick 1980, pers.obs.), relying largely on catching the birds
by surprise. Therefore even a low-lying object obstructing a shallow
angle above ground level would seriously reduce the efficiency of a
scan.

The objects that obstruct vision may help to hide the birds from
predators, but do not hamper an attack once the prey has been
spotted. This may explain a difference between this study and those

of Barnard (1980) on house sparrows Passer domesticus and Caraco et

al. (1980) on yellow-eyed juncos Junco phaconotus, where both

increased their vigilance with increasing distance from hedgerows or
bushes (i.e. as visibility increased). In these cases the vegetation
formed a refuge into which the passerines retreated if alarmed, and
80 vulnerability increased with increasing distance from this cover.
In contrast, waders have ne refuge, and so take flight and form
highly manceuvrable flocks when attacked. 1t therefore becomes more
important to detect predators early, and so have an unresgtricted
view. The same is true of antelopes, as these also avoid predation by
outpacing or cutmanoceuvring their attackers., Underwood (1982) showed
that they too increased their vigilance when in poor visibility
habitats. Curlews have been observed to form flocks when feeding in
fields suxrounded by hedges, while maintaining a dispersed
distribution on open mudflats {(Abramson 1979}; this, too, is probably
a response to an increased predation risk, since the hedges would
conceal the approach of most predators.

Turnstones and purple sandpipers face the same problem of having
to increase their vigilance in areas where theix vision is
obstructed, but solve it in different ways. Turnstones scan at the
same rate but increase the length of each scan, while purple
sandpipers increase vigilance mainly by scanning more often. Of the

two solutions, increasing the Scanning Rate has most effect on
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decreasing the Interécan Interval, which is the period when the bird
is most at risk as the probability of predator detection is lowest.
Shortening this period reduces the probability that the predator will
be able to move from a hidden to an attacking position undetected, as
this movement is more likely to be interrupted by the bird raising
its head to scan (Pulliam 1973, Lendrem 1982, 1984b). In contrast, a
small increase in the length of each scan has little effect in
reducing the time between scans, as Scan Duration is still short
compared to Interscan Interval (c.f. Pigs. 5 and 6). Therefore, for a
given increase in the time invested in vigilance, the strategy of
increasing Scanning Rate is more effective in reducing the risk of
being caught unawares by a predator. However, this assumeg that
brief scans are as effective in assimilating information in poor
visibility as in good visibility; perhaps this may be the case for
purple sandpipers but not for turnstones.

Alternatively, the difference between the species may reflect
differences in feeding behaviour. Short intervals between scans
produce freguent interuptions to foraging, which could be costly in
terms of efficiency when food items require long handling times and
subtle manipulations. Therefore differences in diet or method of
tackling prey items could explain the different strategies for the
allocation of time to vigilance and foraging., Turnstones have
stronger bills and are able to break open the shells of barnacles,
crabs and mussels (Groves 1978, Harris 1979), processes which require
coordination and timing. Frequent scanning may therefore reduce the
foraging efficiency of turnstones more than that of purple
sandpipers, which tend to gpecialize an prey (such as periwinkles)
for which manipulation times are shorter (Chapter 4, Table 4.8).

Turnstones did indeed have significantly shorter handling times than
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purple sandpipers in rock and boulder habitats, which tend to be
those in which visibility is reduced (rock: t=2.27, P<0.05; boulder:
t=6.23, P<0.001; data from Table 4.8, with the addition of the mean
manipulation time for purple sandpipers in boulders (0.90+0.12 secs.,
n=52 observations)}. In open habitats of unrestricted visibility
turnstones behave similarly to purple sandpipers in reducing the
interval between scans as a response to decreasing neighbour density
(section 5.2.2). However, food types such as barnacles, crabs and
mussels that require longer handling times tend to be found only in
areas {e.qg rock pools) where visibility 1s reduced, so this does not
conflict with the suggestion that prey handling time influences the

method used to alter vigilance rates.

5.2 The Effects of Mixed-Species Flocking on_the Vigilance of Shore-

birds: Who Do They Trust?

Individuals incur a cost when scanning for approaching
predators, since this is usnally mutually exclusive with other
important activities such as foraging., Various studies have shown
that investment of time in vigilance may be reduced by associating
with conspecifics (e.g. Powell 1974, Lazarus 1978, Abramson 1979,
Hoogland 1979, Caraco 1979b). The theoretical explanations of such a
reduction are two-~£fold, Individuals may benefit from the predator—
detecting capabilities of fellow group-members, and so in effect
'share' vigilance (Pulliam 1973, Dimond & Lazarus 1974, Treisman
1975a,b); they may also lower their own probability of being predated
simply by associating with other equally-attractive prey items (the
v"selfish herd" hypothesis of Hamilton 1971, Vine 1971},

Many animals feed in mixed-species groups, and there is no
theoretical reason why vigilance benefits should be restricted to

agssociations with conspecifics. However benefits from shared
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vigilance require information transfer between participants {(even if
unintentional). This may be limited in taxonomically unrelated
species dyads, unless there has been coevolution in signalling, as
might occur in sympatric species or those facing similar selection
pressures (Marler 1957, Moynihan 1981, Barnard 1982, Halliday 1983}.
Also vigilance should only be shared with neighbours that are
vigilant for the same predators, while the benefit of dilution of the
predator's impact by grouping requires that all members of the group
are potential prey of that predator, Thus there may be constraints on
the extent to which vigilance is shared between species, according to
how closely related they are, and how closely matched in
distribution, size and vulnerability.

A further complication is that in habitats of high structural
complexity close neighbours may not be able to see each other. These
birds might be predicted not to share vigilance with each other as
(a) they cannot detect neighbours who ‘cheat' by not scanning
(Pulliam et al 1982), and (b} they may be unable to tell how many
*hidden neighbours' are present.

Interspecific sharing of vigilance and the effect of hidden
neighbours have not been examined in detail by earlier workers., I
therefore studied these aspects in the turnstone and purple
sandpiper, which outside the breeding season often flock with each
other and with other waders, while looser associations are formed
'~ with birds such as gulls, corvids, starlings and feral pigeons
(Chapter 1}). Thus a range of birds may be found in the vicinity of
individuals of both study species, ranging from conspecifics to
species of unrelated orders. The method by which birds altered
vigilance in response to changes in density was investigated. Overall

levels of vigilance can be increased in two ways, which are not
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nutually exclusive: increasing the number of vigilant scans per unit
time, or increasing the duration of each scan {McVean & Haddlesey
1980} .

This section is therefore concerned with three questions:
{1) With which species do individual turnstones and purple sandpipers
share vigilance (i.e. which species can be trusted)?
{2) Ts vigilance shared with birds out of sight?

(3) what methods do birds use to alter vigilance levels?

5.2.1 Methods

The same data set was used as in section 5,1; the methods of
data collection have thus already been described, and only additional
details on the measurement of density are given here,

At the end of the one minute observation the local bird density
experienced by the focal bird was recorded. Density around the focal
bird, rather than flock size (as used for example by Powell (1974),
Lazarus (1978} and Caraco (1979a)), was considered more likely to
influence levels of vigilance for two reasons. Firstly birds often
did not form discrete flocks, but were (unevenly) spread over a large
area, thus producing difficulties in defining flock size. This was
partly due to the presence of species (such as oystercatcher) that
maintain a over—~dispersed foraging distribution ({Vines 1980},
Secondly, when Elock density is uneven, individuvals are perhaps more
likely to adjust their vigilance according only to the number of
immediate neighbours they have (following from both Hamilton's domain
of danger hypothesis and the difficulties i.ndividu:als may have in
monitoring the numbers and behaviour of more distant birds). This
could explain the "edge effect” (Jennings & ¥vans 1980, Blick 1980,
Inglis & Lazarus 1981, Robinscon 1981), where peripheral individuals

of a group may be more vigilant than those at the centre,
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Bird densities were measured in two ways — the numbers of each
species of bird within ten metres of the focal bhird (=overall
density), and the numbers of each species within ten metres which
were judged to be visible to the focal bird (taking into account
rocks and other objects that prevented neighbours from seeing one
another) (=visible density). Therefore the two densities were equal
in habitats with no ohstructions to vision, but as the habitat
structural complexity increased visible density became lower than
overall density. Both density measures excluded the focal bird, so as
to allow direct camparisons between the densities of conspecifics and
of other species, in their effect on vigilance., Bird-lengths were
used as a measuring unit, and the relatively close proximity of the
observation vehicle to the birds and its height advantage aided the
judgement of distances.

Four vigilance parameters were selected for analysis, as defined
in section 5.1.1:

(1) Vigilance Time, (2) Scanning Rate, (3) Scan Duration and (4f

Interscan Interval

5.2.2 Results

{a) Is Vigilance Shared With Birds Out of Sight?

A comparison was made between effects of Overall Density and
vigible density on vigilance, by running two parallel step-wise
nultiple regressions of Vigilance Time on the densities of different
species, using Overall Densities in one redgression and Visible
Densities in the other. The relationships between Vigilance Times and
density could be made linear by taking the natural logarithms of all
variables {(adding one to all densities go as to avoid taking the
logarithm of zero). The samples for both species consisted of all

observations obtained between 8th April 1982 and 26th April 1983
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where visible density differed Lrom overall density. The effect of
visibility was controlled for by entering the visibility score as a
variable on the first step of the regression procedure. All species
which occurred in more than one percenit of observations and were
recorded at at least three different densities were entared as
separate variables (except that all species of gull were combined to
produce a single density for gulls; these were predominantly herring
gulls). The results of the parallel regressions were compared for the
amount of variance in Vigilance Times explained by the two measures
of density. Table I shows that for both species it is evident that
the variance explained by Visible Densities is greater than that by
Overall Densitieg, indicating that individuals adjust their rate of
vigilance more according to the number of neighbours they can see
than the number that are actually present. Further analyses in this
chapter therefore use Visible rather than Overall as a measure of
hird density.

Table 5.1. Comparison of the Importance of Overall Neighbour Density
and Visible Neighbour Density in Determining Vigilance Time in

Turnstone and Purple Sandpiper, After Removal of the Effects of
Visibility.

Sample Amount of Variance in Vigilance Explained* by

Species size Overall Density Visible Density
Turnstone 240 13.74% : 15.31%
Purple Sandpiper 319 10.97% 14.52%

2

*Given by sum of R“ values for all species whose densities
significantly affected vigilance (F-test, P<0.05)

(b} Which Species Can Be Trusted?

Having determined that wvisible density was more important than
Overall Density, further stepwise multiple regressions were carried

out on the full sample of observations, to determine which species
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did affect the vigilance of turnstones and purple sandpipers, and the

relative importance of each variable, The same selection criteria for

species variables and data transformations were used as before. This

time, however, the order of entry of variables into the regression \

was not predetermined. The results are given in Table 5.2; variables
found to have nonsignificant F-values (P > 0,05) are listed below the

table,

Table 5.2. Variables Found to be Significantly Related to the
Vigilance Time of Turnstone and Purple Sandpiper

Amount of S.BE. of
var iable$ FValue Var iance Regression

Explained Coefficient
{a@) TURNSTONE
Turnstone density 146,4 **% 14.83% 0.026
Visibility score 82,79 #**% 9.63% 0.138
Purple sandpiper density 55.23 %%k 5.84% 0,044
Redshank density 24,90 **&% 2.34% 0.037
Qystercatcher density 10.16 ** 1.01% 0,040

D

Total: 33.64%

Sample size = 673, overall F-value = 67.63, P<0,001.
Bird densities found not to significantly afifect vigilance: Ringed
plover, dunlin, pigeon, gull, starling.

(B} PURPLE SANDPIPER

Purple sandpiper density 154,7 #*%* 34.56% 0.028
Visiblity score 49,50 *k% 6.17% 0.185
Turnstone density 6.80 * 0.58% Q.052
Gull density 6.39 * 0.813% 0.028

Total: 42,11%

Sample size = 460, overall F-value = 82.76, P<0.00l.
Bird densities found not to affect vigilance: Redshank, ringed
plover, aystercatcher.

§ ALl variables (including the dependent) were transformed to natural
logarithms for the regression. Significance levels: *** P<0,001, **
P<0.01, * P<O.0S.

While the density of conspecifics is the most important variable
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affecting Vigilance Time in both speciesg, it is also adjusted
according to the density of several other species and the visibility
score. The overall regression equations are as follows:

Turnstone:

il

5.32 = 0.314 In{T) - 0.329 In{P) ~ 0.183 In(R) —
0,126 1n{Q) - 1,254 In(Visibility Score)

1n(Vigilance Time)

Purple Sandpiper:

ln(Vigilance Time)} = 5.37 — 0.348 1In(P} - 0,136 1n(T) + 0.072 In(G) ~
1.305 In(Visibility Score)

where T, P, R, O and G are Visible Densities of turnstones, purple
sandpipers, redshanks, oystercatchers and gulls respectively.

The regression constant and coefficients for conspecific density
and Visibility Score are very similar for the two species, However
turnstones share vigilance with more species, while the vigilance of
purple sandpipers actually increases as gull density increases. In
turnstones the coefficient in the regression equation for conspecific
density is significantly greater in magnitude than that for redshanks
or oystercatchers (d=2,91, P<0, 0l and d=3.97, PKO.001 respectively),
but not significantly different from that for purple sandpiper
density (d=0.29, NS). Therefore a turnstone's vigilance is reduced
more in the presence of turnstones and purple sandpipers than it is
by redshanks or oystercatchers. With purple sémdpipers, however, the
coefficient for congpecific density is greater in magnitude than that
for turnstone density {d=3.60, P<0.001), indicating that turnstones
have less of an effect in reducing a purple sandpiper's vigilance
than do other purple sandpipers. The regression coefficient for
Visibility Scores shows that vigilance increases appreciably with
decreasing visibility in both species; the effect of visibility has
already been investigated in more detail in section 5.1,

(¢) How is the Level of Vigilance Altered?

To simplify analyses and representation of the data, densities
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of the species that significantly reduced vigilance (i.e. turnstone,
purple sandpiper, redshank and oystercatcher for turnstone; purple
sandpiper and turnstene for purple sandpiper) were summed to produce
one total density. Ag all species do not have egual effects on
reducing an individual's vigilance, densities of species that had
less effect than its own species were first converted to
‘conspecific-equivalent' densities. This was done using the ratios of
the respective species coefficients from the multiple regression
equations given above (i.e. for a turnstone, a neighbouring redshank
is equivalent to 0.183/0.314 conspecifics)., The effect of visibility
was removed by only considering observations where visibility was
unimpaired (il.e. scored 12}). Figure 5.7 shows that, for both species,
Vigilance Time drops rapidly as density increases from zero (i.e. no
other birds of siagnificant species within 10m of the focal bird) to
around =ix, but then levels off to an asymptote denoting a minimum
level of vigilance. This change in vigilance rate is due to changes
in both Scanning Rate (Fig. 5.8) and Scan Duration (Fig. 5.9). Scan
Duration remains constant at densities greater than five, but
increases sharply as density drops below this level. In contrast the
Scanning Rate initially increases in both species as density drops,
but this increase is not maintained as density reaches the lowest
levels.

If the increase in level of vigilance with decreasing density
was to be produced solely by increasing scanning rate, it can be
ghown that birds at a density of =zero would have to scan 46.8

(turnstone) or 54.6 (purple sandpilper) times per minute (calculated

as Vigilance Time at zero density/ . .
mean Scan Duration for density >

5l- This rate of head movement would clearly reduce feeding

efficiency drastically, and so there is an increase in Scan Duration
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Fig.5.7. The relationship between vigilance time and surrounding
visible density of birds (expressed as conspecific-equivalents, see
text for details). Data are presented as grouped means = S.E.

(a) Turnstone: rg = -0.395 (n=195), P<0.001.

(b) Purple sandpiper: rg = -0.527 (n=173), P<0.001.
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Fig.,5.8. The relationship between scanning rate and visible density

{expressed as conspecific-eguivalents, see text for details). Data

are prsented as in Fig.5.7.
{a) Turnstones: ry = -0.339 {n=195), P<0.001.

(b) Purple sandpiper: r_ = -0.389 (n=173), P<0.001.
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Fig.5.9. The relationship between scan duration and visible density
{expressed as conspecific-equivalents, see text for details). Data

are presented as in Fig.5.7.

{a) Turnstone: rg = ~0.208 {n=195), P<0.0l.

(b) Purple sandpiper: ro = -0.452 (n=173), p<0,001,
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Fig.5.10. The relationship between interscan interval and visible
density (expressed as conspecific-egquivalents, see text for details).
Data are presented as in Fig.5.7.

{(a) Turnstone: rg = 0.402 {n=195), P< 0.001.

(b) Purple sandpiper: rg = 0,469 (n=173), P<0.001,
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at the lowest densities, while scan rate remains relatively constant.

The Interscan Intervals increase with density in both species as
a consequence of a lower scanning rate and increased time spent not
vigilant (Fig. 5.10). However in turnstone the Interscan Interval
then drops again for densgities greater than 21 (t = 2,69, P<0,01
compared with density = 16-20). There is a tendency (although not
gsignificant) for Scanning Rate to increase over this range {t = 1.81,
N.S. for the same comparison)}. No such effect is apparent in purple

sandpipers.

5.2.3 Discussion

Both turnstones and purple sandpipers do not 'trust® neighbours
that they cannot see, to be vigilant on their behalf, There are two
reasons why thie might be so, as mentioned earlier. Firstly birds
cannot detect cheats. Pulliam et al. (1982) showed that yellow-eyed
juncos scan at a rate that would be open to exploitation by cheats
who do not scan themselves but rely solely on their neighbours. They
hypothesised that individuals should therefore be monitoring the
vigilance of their neighbours, and clearly this is impossible when
neighbours are not visible. Secondly, birds may be unable to assess
the Overall Density, as they are unable to tell how many hidden
neighbours are present. In addition birds must be able to see the
alarm-flight of their neighbours, if this is the method of signalling
the approach of a predator (Davis 1975, Thompson & Barnard 1983},
Therefore the decision rule on vigilance levels in the individual
should be based on the number of neighbours it sees upon raising its
head to scan. This would explain the greater importance of Visible
Density (rather than Overall) in influencing vigilance levels.

Different species do not have equal effects in reducing

vigilance levels of individuals in mixed—-species aggregations. In
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both turnstones and purple sandpipers conspecifics have the greatest
effect in reducing vigilance, while the presence of other species may
either reduce or increase vigilance, or have no effect. These
differences may be expected te depend partly on the relative size of
the other species. Much largyer species may have fewer predators and
so not show alarm at all possible predators of small waders. Indeed
larger species may even in themselves constitute a threat to the
small waders, so making sharing of vigilance unlikely. In addition,
the evclution of information transfer between species probably
depends on some degree of sympatry in habitat type, and so the
communication of alarm may be limited between species that are very
rarely found in the same areas. Thus the only other species found to
reduce purple sandpiper vigilance is the turnstone; the other species
included in the species analysis (Table 5,2) were either much larger
{Table 5.3) or were rarely encountered by purple sandpipers {ringed
plovers being mainly restricted to sandy habitats (Pienkowski 198l)).
The turnstone 1is larger than the purple sandpiper,; and shares
vigilance with correspondingly larger wader species. The relative
importance of purple sandpipers, redshanks and oystercatchers in
reducing turnstone vigilance (Table 5.2) corresponds to their size
compared to that of turnstones (Table 5.3}, such that the similarly-
sized purple sandpiper has more effect than the much larger
oystercatcher. Dunlins, ringed plovers, pigeons, starlings and gulls
had no significant effect on turnstone vigilance; the first two
associate with turnstones less freguently than do the wader species
found to have a significant effect, while pigeons and starlings are
taxonomically only distantly related to waders, and have little
overlap in habitat type.

The presence of gulls actually increases purple sandpiper

vigilance, but has no significant effect on turnstones. The increased
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vigilance is probably due to two factors: small waders must avoid
being 'trodden on' by the very much larger gulls, and adjacent gullg
themselves constitute obstructions to visibility ~ the situation can
be imagined as akin to "moving boulders' that must be avoided as well
as looked over. Both of these effects are only important when the
gull and wader are in close proximity. A similar result was noticed
on the rare occasions when turnstones were found feeding in high
density gull Flocks.

Table 5.3. The Sizes (Expressed as Weights) of Bird Species
Associating with Turnstones and Purple Sandpipers

Species Mean Weight (g)
Waders: Duniin 53.6
Purple sandpiper 63.5
Ringed plover 60.7
Turnstone 112
Redshank 176
Oystercatcher 611
Non—-waders: Starling 79.5
Domestic pigeon 249
Herring gull 895

* Weights of waders and herring gull from Cramp & Simmons (1982),
and of starling and pigeon from CGreenewalt (1962)
This relationship is rather different from that involving black-

headed gulls Larus ridibundus and the two waders lapwing Vanellus

vanellus and golden plover Pluvialis apricaria, where the gulls

appeared to provide the waders with early warning of alarm (Thompson
& Barnard 1983) but were kleptoparasitic in turn and so imposed a
high cost to wader Foraging efficiency., This led to an increase in
wader vigilance with increasing numbers of gulls (Barnard et al.
1982). Herring gulls in the present study rarely kleptoparasitised
aither turnstones or purple sandpipers, possibly because food items

were small and therefore relatively quickly consumed and
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energetically unattractive to the gulls (Brockmann & Barnard 1979).

The greatest changes in vigilance with changing density occur
over the density range of zero to five birds within 10m of the focal
individual, with little or no further reduction in vigilance as
density increases beyond this point. However, the benefit of the
dilution effect will continue to increase. In turnstones the
increase in Scanning Rate (and resulting decrease in Interscan
Interval) at high densities may be due to the increase in inter— and
intra—-specific aggression with increasing density (Chapter 4 and
references therein). Mﬁch of the intra-specific aggression is
concerned with food, with birds kleptoparasitising or displacing one
another from sources of food. Therefore at high densities birds may
become vigilant against each other (in addition to being vigilant
against predators), either to spot opportunities for stealing food or
conversely to avoid being the victim of a surprise attack. The
difference between turnstones and purple sandpipers in this respect
may he a result of the differences in rates of kleptoparasitic
aggression, as turnstones have a higher rate of interaction over
items of food (Chapter 4). There is also the possibility that
intraspecific vigilance is for the purpose of feeding enhancement,
whereby individuals improve their foraging performance by copying
their neighbours {Krebs et al. 1972).

The two parameters Scan Duration and Scanning Rate alter with
density but over different density ranges, with a switch from
increased Scanning Rate to increased.Scan Duration as density
decreases below a certain level, Below this level Scan Duration is
constant (approximately 0.37 seconds in both species):; this is
presumably the minimum time needed to take in the information
required from a scan. The method of adjustment of vigilance levels by

altering these two parameters is very similar in the two species.
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This contrasts with the situation where visibility varies, where the
species alter their vigilance in quite different ways (section
5,1.2). McVean & Haddlesey (1980) found both variables altered
according to the overall vigilance rate in house sparrows , but did
not directly investigate the efifect of flock density or size. The
fact that Scan Duration varieg hag implications for studies that have
agsumed that vigilance levels are contrelled purely by scanning rate
(e.g. Fleigcher 1983). For this to be true, the highest vigilance
levels observed in this study would require impossibly high Scanning
Rates, as shown earlier., Therefore the costs of vigilance must be
measured {at least in these species} in terms of time spent vigilant

as well as the number of scans per unit time,

5.3 Changing Pricrities: The Effect of Pre-Migratory Fattening on the

Trade off Between Foraging and Vigilance

Many studies of foraaing behaviour have concentrated on how
animals might maximise their net rate of resource acquisition, the
resource measured usually being energy (reviewed in Krebs 1978).
However, - recent work has shown that selection pressures other than
the need to acquire resources might influence foraging behaviour
(Krebs & McCleery 1984}. For instance, an increase in the risk of
predation might cause a shift from a strategy which maximised
foraging efficiency to one less efficient but safer (Schoener 1971,
Covich 1976). Therefore, while an animal's optimal strategy may not
be optimal with respect to any one selection pressure, it may
nonetheless represent the best compromise between conflicting
selection pressures (i.e. it maximises overall survival and
reproductive fitness). Spatial and temporal variations in the
importance of the different parameters can lead to different

solutions to such conflicts, so that optimal behaviour nust be
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considered as a dynamic concept, with a ¢ontinual shifting of the
relative costs and benefits of the different behavicral options
{(Pulliam 1976, McCleery 1978).

Of the various conflicts which can occur, that between the need
to feed and the need to avoid predation has been studied in most
detail. An increased predation risk may cause a shift in feeding
location away from the area of highest net energy intake to one where
risk of predation is reduced (Milinski & Heller 1978, Sih 1980,
1982a). Alternatively, there may be an increased investment in time
spent vigilant for predators (Caraco et al. 1980z), which also tends
to reduce food intake rate as foraging and vigilance are usually
incompatible (Pulliam 1973, Powell 1974, Barnard 1980a, Goldman
1980). Although starved animals may initially optimise foraging (Sih
1982b) at the expense of predator avoidance (Heller & Milinski 1979},
the risk of starvation diminishes the longer the animal feeds, so
that anti-predatory strategies increase in importance as satiation is
approached (McCleery 1978, Krebs 1980b).

The relative importance of foraging is not only affected by an
animal's immediate needs; there are times when animals need to lay
down energy reserves for anticipated future costs. An example of this
is the pre~migratory period, as the migration itself may be over long
distances and so impose high energetic costs due to prolonged
locomotion, The individual must therefore accumulate energy stores
excess to its normal reqguirements prior to departure, especially as
feeding may not be possible en route (Page & Middleton 1972).
Foraging efficiency may thus be particularly important during this
peried,

This section examines whether the increased importance of

foraging prior to migration causes an alteration in the balance
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between foraging and avoidance of predation, by measurement of the
time invested in anti-predatory vigilance in non-migratory and
migratory sub~populations of turnstones, both before and during the
period of pre-migratory fattening.

The north-west Palearctic population of turnstones hreeds in the
arctic tundra of north-east Canada and Greenland, and winters on
rocky shorelines in western Europe {Branson et al. 1978). The
energetic requirements of spring migration in the turnstone are
considerable; for birds wintering in Britain the f£flight distances
involved may be over 3500 km, including at least 1000 km of sea
between Scotland and Iceland which musi be flown non-stop, and there
may be little replenishing of fat reserves once Iceland is reached
(Wilson 1981). In addition, birds that arrive in the arctic having
completely used up their reserves may subsequently starve to death if
weather conditions deteriorate (Morrison 1975). Consequently birds do
not leave Britain until they have greatly increased their fat and
protein stores, as indicated by an increase in weight of over 40%
{(from the average winter weight of around 110g) in the three weeks
preceding migration {Clapham 1979), However, there are reasons to
believe that any delay in departure could seriously affect breeding
success. Comparison of departure dates (Clapham 1979, Chapter 2) with
dates of arrival in the arctic (Parmelee & MacDonald 1960) indicate
that the migration is rapid and synchronised. 211 breeding birds
normally arrive in the arctic within several days of each other, and
pairs are established on breeding territories within a week (Parmelee
& MacDonald 1960), Late arriving individuals could be at a severe
disadvantage in the competition for mates and territories, and it is
therefore important not only to build up enough migratory reserves
prior to departure, but to do this at the correct time and rate.

Juveniles (birds in their first year of 1ife) migrate south in
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autumn to the same wintering grounds as adults; however they rarely
return to the arctic to breed the following spring but instead remain
in the wintering areas (Cramp & Simmons 1982, also Chapter 2). They
waintain the winter weight through to the summer (Branson et al,
1979) and therefore provide a control against which the pre~migratory
behaviour of the adults can be mcasured. As turnstones keep to small
home ranges in the winter (Chapter 3), the behaviour of the same
marked individuals can be followed until the moment of spring

departure.

5.3.1 Methods

The data used in this analysis were Vigilance Times from the one
minute focal bird observations; cases were selected where the focal
bird was colour-ringed and hence of known age category. The methods
of collecting the data have already heen described in section 5.L1.
To simplify the analysis, only observations where the Visibility
Score was recorded as 12 {(i.e. the bird had unrestricteé visibility)
were included. All data were collected between 3rd February 1982 and
17th May 1983,

Migratory departure occurred during early- to mid-May, with only
three colour-ringed adults remaining on their normal home ranges by
17th May 1983, Therefore the three-week period of weight increase in
adults was taken to be from 28th April to 18th May, and the data were

divided accordingly into winter and pre-~migratory fattening periods.

5.3.2 Results

In adults there was a negative linear relationship between the
logarithm of vigilance and the logarithm of bird density in bhoth the
winter and pre-migratory pericds (Fig. 5.11), such that birds reduced

the proportion of time spent scanning as surrounding shorebird
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density increased {as found for the complete winter data set
(including data from non-colour-ringed birds) in section 5,2.2), The
relative effect of density was the same in the two periods
(covariance analysis, comparing slopes of the two regression lines:
F128,2=0‘81' N.S.). However, the overall level of vigilance was
significantly lower in the period prior to migration compared to the
rest of the winter (covariance analysis, comparing elevations:
F128,1=25'74' $<0.001).

The short duration of observations (necessary as bird density
fluctuated with time} produced large variances in observed vigilance
rates. This resulted in the sample sizes obtained for juveniles being
too small to produce significant regressions between vigilance and
density, especially as those observations from the pre~migration
period were from a rather restricted range of densities., However
there is no reason to suppose that density does not have a similar
effect on the vigilance of juveniles as on that of adults (as their
behaviour does not differ markedly in other respects)., Comparing the
juvenile data with those for adults shows the former to fit the adult
winter relationship (rather than that for adults in the pre-migration
period) in both periods of data collection (Fig. 5.12). Testing
statistically (using the null hypothesis that there should be equal
numbers of juvenile data points either side of the adult regression
lines), juveniles were not significantly different f£rom adults in
their vigilance levels in winter (binomial P=0.49), but were more
vigilant than adults in the pre-migration period (binomial P=0.0l).
Juvenile vigilance in the adult pre-migration period was therefore
maintained at the winter level (comparing with winter adults,

bincmial P=0,16).




Fig.5.11. The relationship between vigilance time of adult turnstones
and visible density (expressed as conspecific—equivalents, see text
for details). Data are presented as in Fig.5.7.

Winter period (circles and solid regression line): r = 0,519,
P<0.001; y = -0.383x + 2,29,

Pre-migratory period (squares and dotted regression lines): r = —

0.459, P<0.001; y = —0.4%5x + 1,93,
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Fig.5.12. The relationship between vigilance time of juvenile
turnsteones and visible density (expressed as conspecific-equivalents,
see text for details). Observed values for winter (circles) and adult
pre-migratory periods {diamonds) are shown, together with the adult

regression lines from Fig.5.11 for comparison.
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5.3.3 Discussion

The available evidence suggests that turnstones are not usually
stressed during British winters; survival rates are high even in
severe conditions {(Chapter 2 and references therein), and, in
contrast to most wintering shorebirds, there is no marked deposition
of fat reserves during this periocd (Cramp & Simmons 1982). 'therefore
the relative importance of maximising energy gain can be expected ta
be greater in the period immediately prior to migration than during
the rest of the time spent in the wintering gquarters. This increased
importance results in an increase in the proportion of time invested
in foraging, at the expense of time gpent vigilant, so producing an
increased risk of predation. The period of pre-migratory fattening
can thus be congidered similar to one of starvation, during which
resource accumulation acquires a higher priority, at the expanse of
other behaviours (Heller & Milinski 1979, Krebs 1980b). The lack of a
reducticn of vigilance in juveniles confirms that it is the factor of
migration that causes this change in adults.

Since individual vigilance decreases with increasing flock
density, adult turnstones might be expected to compensate for their
need to reduce vigilance in the pre-migratory fattening period by
forming denser flocks. Caraco et al.(1980a) found that yellow-eyed
juncos formed larger flocks when the risk of predation was increased
by there being a predator in the area. However, the situation in the
ruddy turnstone is more complicated, as the numbers of all species of
wader present in the study area declines during this periocd (as birds
migrate), so reducing the potential for formation of larger flocks
(Chapter 6). The costs of being in larger or denser flocks, such as
higher levels of aggression or feeding interference (Chapter 4), and
the possible requirement of an alteration in home ranges to encompass

such flocks, may inhibit their formation. Adults reduced their
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vigilance by as much in high dengity flocks as in low, so that
increased risk-taking was not restricted to situations where
investment in vigilance would normally be at a high level,

A second strategy for adults might be to preferentially seek out
juveniles (as these are more vigilant). However, as juveniles form
only approximately 15% of the population, and as (by the sanme
reasoning) they should perhaps avoid adults, the effect is unlikely

to be great, and indeed was not noticeable in this study.

5.4 Corporate Vigilance and the Pattern of Scamning Within a Plock

By sharing vigilance with neighbours, birds are in effect
praducing a group "corporate vigilance" (Tendrem 1984b), which can be
defined as the proportion of time that one or more members of the
group are vigilant., It has already been shown (section 5.2.2) that
individuals reduce their investment of time in vigilance as flock
density increases; this does not, however, preclude the possibility
that there is a simultanecus increase in corporate vigilance (Pulliam
1973}, Thus, joining dense flocks may produce two benefits associated
with anti-predatory behaviour: firstly a reduction in time lost teo
foraging through being vigilant, and secondly an increase in the
likelihood of detecting an approaching predator.

Corporate vigilance would be most effective if within the flock
therc was a temporal spacing of scans, so that neighbours scanned
alternately rather than simultaneously. In this situation, corporate
vigilance would be the sum of the vigilance of the group members, ho
scanning time being "lost" through the simultaneous vigilance of
several birds. However, this would require high levels of co-
ordination and hence communication between neighbours, and a more
likely pattern would be for birds to scan independently of 9ne

another. In this case there would be a degree of overlap in the
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scanning periods of individuals, and corporate vigilance would be a
function of the probability that one or more birds were vigilant.

Distinction can be made between these two situations by
examining the proportions of time that 0,1,2,3... individuals in a
flock are vigilant. If birds make scans independently of each other,
these proportions will tend towards-the binomial distribution
(Elcavage & Caraco 1983). If, however, they ate able to alternate
periods of vigilance with each other, there will be fewer occasions
when more than one bird is vigilant than would be predicted from the
binomigl distribution,

Therefore the inter-relationship of corporate vigilance and
flock density was examined by (1) determining the pattern of
scanning, and then (2} using the result to calculate estimated
corporate vigilance for different flock densities.

5.4.1 Do Birds Coordinate Scanning with their Neighbours?

Methods

It was reasoned that birds would be best able to ceordinate
scanning when in tight monospecific £locks, and 80 a conservative
approach was adopted wherby the test of the ability to coordinate was
made on birds in this situation. Video £ilm was made of relatively
static and dense flocks {21 turnstones feeding on dead wrack, 35
purple sandpipers feeding on rock). The temporal distribution of
scans by menmbers of the flock was found by determining the proportion
of birds vigilant at half-second intervals, using slow-motion and
freeze—frame analysing equipment. The cbservations could be
considered independent of each other, as the interval between them
was significantly greater than the mean duration of scans made by an
individual in either flock {mean scan duration of turnstones = 0.353

+ 0.027 sec {n=50), purple sandpipers = 0,377 + 0,035 s {n=50)). As
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the entire flocks could not be kept in the field of view at the
magnification required o monitor individual bhehaviour, the counts
were made of a subset of the flocks — the ten birds at the "left-hand
end” of both flocks. The number of birds out of the ten was recorded
for each observation. The frequency distribution of scores was then
compared to the expected binomial distribution for independent random
scanning.
Results

The mean proportions of birds scanning per frame, and hence the
probabilities of an individual being vigilant, are shown in Table
5.4. These values were then used to generate expected probabilities
that £rom zero to seven birds out of ten (the observed range) would
be simultaneously vigilant,
Table 5.4. The mean proportions of time turnstones and purple

sandpipers, in monospecific flocks of 21 and 35 respectively, spent
vigilant (ag determined by video frame analysis).

No.frames Mean no. birds out Proportion of time
Species examined of 10 vigilant individual is vigilant
Turnstone 240 0.979 0.0979
Purple 120 1.425 0.1425

Sandpiper

The distributions of obsgserved and expected scores are shown in
Fig.5.13. In neither species is there any departure from the expected

2 = 3.40, 4df., NS; purple sandpiper: x% =

distributions (turnstone: X
8.60, 44f., NS). Therefore even in ideal situations neither species
showed a tendency for neighbouring birds to coordinate their scamning
so that individual scanning bouts did not overlap. Indeed, the trend
was in the other direction, towards a temporal clumping of scans

rather than regular spacing. Thig tendency could be due to either (1)

occasional environmental stimuli {such as moving objects) that prompt
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Fig.5.13. Frequency distributions of the number of birds, out of a
group of ten, which were vigilant at any one time., Thin lines =
observed; thick lines = expected from binomial distribution.

(a} Turnstone (240 observations). (b) Purple sandpiper (120

observations).
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vigilant behaviour, or (2) social facilitation (Crawford 1939), in
which scanning by one bird (possibly for a greater-than-average
duration) prompts similar behaviour in neighbours.

However, as these trends towards a temporal clumping of scans
were not statistically significant, it can be assumed that although
birds adjust the amount of time they spend vigilant according to the
density of birds around them {secticn 5.2.2}, their decision on when
to scan is made independently of the vigilance behaviour of

neighbours.

5.4.2 Does Corporate Vigilance Increase with Flock Density?

Methods

Given that birds in a group initiate scans independently of each
other, corporate vigilance {(the proportion of time that one or more
birds is vigilant) can be estimated as:

v, = 1 — (Probability that no bird is vigilant)

=1~ (1 -v)" b
where V; is the proportion of time an individual in that group isg
vigilant, and n is the group size (modified from Rubenstein 1978).
However, in the situation studied flock size was often indeterminate
(as explained earlier). As birds were found to adjust their vigilance
according to the number of birds they could see (i.e. their visible
density), it was felt that thisz same unit of measurement could be
used to substitute for group size. Visible density (being either
equal to or less than overall density) was therefore a minimum
estimate of group size. There will therefore be a tendency towards
underestimating corporate vigilance ag density increases. This will
lead to Type 11 errors (failure to reject the null hypothesis of

flock size/density having no effect on corporate vigilance), rather




than production of spuriocus relationships where none exist (Sokal &
Rohlf 1981).

BEstimates of corporate vigilance were obtained by substituting
values for V; and n from the one minute focal bird observationg into
equation (1) (V; being equal to Vigilance Time/60, and n taken as
vigsible density). An assumption of the estimation is that all birds
in the group are eqgually vigilant; this is less likely to be true in
a mixed-species flock, and so the analyses were restricted to cases
where the only visible birds within 10m were conspecifics, Habitat
vigibility was ruled out as a confounding variable by only including
cases where the focal bird had an unrestricted view of its

surroundings.

Results

In both species the overall trend is for an increase in
corporate vigilance with visible density (Fig. 5.14). Single birds
spend less than 30% of their time vigilant, whereas when surrounded
by over thirty conspecifics there is at least one of the group
vigilant for over 75% of the time., This trend is evident even over
the range of from zero Lo ten birds within 10m. It is therefore
unlikely to be due to the presumed increase in intraspecific
vigilance which may possibly occur at higher densities (section
5.2.3).

The statistical significance of the trends cannot be tested, as
the two axes are not truly independent (the value for visible density
being used in the eguation to generate the estimate of corporate
vigilance). However, the trends observed are not due purely to this
interdependence of x and y; if individual vigilance (the other
variable used in the estimation of corporate vigilance) was held

constant, corporate vigilance would increase far more swiftly as
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Fig.5.14. The calculated corporate vigilance (i.e. the percentage of
time at least one bird was vigilant) of (a} turnstones and (b) purple
sandpipers in conspecific flocks (represented as means + 5.E. with
sample sizes), Also shown are the relationships expected if
individual vigilance remained constant at the level of a solitary
bird (curves), and if corporate wvigilance remained constant ({dashed

lines).
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visible density increased (Fig. 5.14). Thus the observed
relationships between visible density and vigilance are intermediate
between the extremes of (1) individual vigilance held constant
regardless of flock density {the curves in Fig. 5.14), and (2)
individual vigilance reduced with increasing density to the extent
that corporate (flock) vigilance remains constant (Fig. 5.14, dashed

lines).

Discussion

As flock density increases, turnstones and purple sandpipers
adjust their vigilance so as to gain two advantages: an increase in
the proportion of time available for feeding (section 5.2.,2), and an
increase in the combined vigilance of the flock. Increased corporate
vigilance will lead to an increased probability of an approaching
predator being detected by a member of the flock, an idea first
theoretically stated by Pulliam (1973) and later developed by Pulliam
et al. (1982) and Lendrem (1982,1984b). Although there are
differences between the models of Pulliam et al. and Lendrem (the
former making the rather restricting assumption that scan duration is
unaffected by group size), both show that the increased probability
of detection arises from the increased likelihood that a flock member
will commence scanning before the predator has time to make an
undetected approach. Studies both in laboratory (Powell 1974, Lazarus
1979) and semi—natural (Kenward 1978) conditions have shown that
large flocks detect predators earlier (or at greater distances) than
do small flocks or solitary birds; the latter study also showed that
it was largely the element of surprise that determined whether a

goshawk's (Accipiter gentilis) attack on a woodpigeon (Colunmba

palumbus) flock was successful. The resulting inverse relationship

between attacked flock size and gsuccess rate was similar to that
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found by Page & Whitacre (1975), who found that a female merlin was
more successful in attacks on solitary birds than on flocks of up to
fifty. Although the possibility cannot be ruled out that solitary
birds were more likely to be those that were sick {and hence more
vulnerable), the hunting method employed by the predator makes it
likely that the detection distance was crucial in deciding the
outcome of an attack. As discussed earlier (section  5,1.3), merlins
use a fast low glide to approach targets on the ground, aiming to
reach prey before they have time to react. The observations of Page &
Whitacre (1975) suggest éhat once shorebirds have taken to the air,
their chances of gurviving a merlin attack are great (the raptor
failing in all 82 attacks on sandpipers in flight, compared to
success rates of between 6.9 and 25.6% {depending on flock gize) when
initiating attacks at birds of the same species on the ground). It
therefore becomes imperative for ground-feeding shorebirds to detect

an approaching predator as scon as possible,

147




CHAPTER SIX - FLOCKING AND ITS REGULATION

The previous two chapters have demonstrated that the magnitude
of both the costs and benefits of flocking in turnstones and purple
sandpipers changes with flock density. By increasing their density,
both species gain time from a reduced commitment to vigilance
{Chapter 5); however, this benefit to each individual may be offset
by the cost of aggression, which increases with flock dehsity
{(Chapter 4). Therefore the optimal density is likely to be a
compromise between these conflicting trends. Birds at very low
densities incur the cost of excessively high rates of vigilance;
however, by only increasing their density a little, this allocation
of time to vigilance is much reduced. Further increases in density
cause little further change in vigilance, whereas the costs of
aggression continue to rise.

Caraco & Pulliam (1980) have suggested that flock size should
increase as long as the time gained from reduced vigilance is greater
than the time lost through aggression. In other words, the only cost
of being in a large flock, or at high densities {the two being
closely related), is the time spent in actual aggression. While this
approach produces quantifiable predictions about optimal group sizes,
it makes the somewhat unrealistic assumption that the rate of intake
per unit time spent in actual feeding is constant, regardless of
flock size or density. Thus no allowance is made for the phenomenon
of interference, where high flock densities can reduce the feeding
efficiency of an individual even if no actual aggression takes place.
As interference has been found to be an important factor in
influencing the feeding rates of many wader species (see references
in Chapter 4), it can be assumed that, while the time spent in

aggression is an indicator of the extent to which the presence of
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neighbouring birds may influence foraging efficiency, the true cost
is likely to be higher, and so high densities will lead to
substantial reductions in foraging efficiency.

For instance, the average bird in a good visibility habitat
should seek to remain at densities of not less than four visible
conspecifics within a 10 m radius (8o as to minimise its vigilance
rate}, while at the same time it should be attempting to remain in
areas of wminimal density (to reduce the costs of aggression and
interference). This would suggest that the optimal flock density in
this situation should lie in the region of four visible conspecifics
within 10 m. This may not be the case, however, in poor visibility
habitats, as individual vigilance must be greater (Chapter 5}, and a
greater proportion of neighbouring flockmates will not be visible, =o
necessitating a higher overall density for a given visible density.

It should therefore be the case that turnstones and purple
sandpipers attempt to regulate their flocking behaviour so as to
approach the predicted optimum. A factor which could prevent
densities from stabilising at an optimum is the tidal cycle, which
enforces an increase in flock densities over the high tide period. A
second complication is that a significant proportion of the total
wader density around purple sandpipers and turnstones is typically
composed of other species, which may have an optimum dispersion
different to that of the study species, This could also therefore
affect the likelihood of birds of any species attaining an optimal
density. However, since interspecific aggression (and hence provably
competition) was lower than intraspecific (Chapter 4), it might be
expected that both species should seek out those heterospecifics with
which they share vigilance {(Chapter 5) in preference to conspecifics,
as they would thus gain the anti-predator advantages of flocking with

reduced foraging costs (Powell 1974, Morse 1977).
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Such polyspecific associations may of course arise by chance,
through the mutual selection by different species for the same
habitat or food patch {Waser 19B2)}. Hence, although Stinson (1980)
showed that many species of wader (including turnstones) tended to be
found in polyspecific groups, this alone proved nothing about the
functional basis for such aggregations., However, more direct evidence
For positive associations would he obtained if it could be shown that
one species modified its dispersion in response to changes in the
dispersion of another. Thus the situation here may be one of flux,
with the prediction that both turnstones and purple sandpipers should
be continually altering their dispersion in an adaptive manner, to
compensate for changes in the density of other species {(or for
changes in the extent of available foraging area}. This is therefore
analogous to the Equilibrium Flock Size (EFS) of Krebs (1974), which
is postulated to be the size at which a flock may be maintainead by
dynamic equilibrium; the equilibrium results from the decisions of
individual members on whether to join or leave the flock, made on the
bagis of their foraging success. Although flocks have indeed been
found to stabilise at an equilibrium size in species as diverse as

great blue herons Ardea herodias (Krebs 1974), house sparrows

{Barnard 1980b) and lapwings (Barnard et al. 1982), there are
theoretical reasans to suggest that the EFS may be larger than the
size which maximises individual net benefit (i.e. the optimum), since
incoming individuals will tend to gain more from Jjoining a flock
already at (or slightly above) the optimum size than from feeding
alone; thus the flock will always tend to increase away from its
optimal size (Sibly 1983, see also Pulliam & Caraco 1984}, However,
the maintaining by purple sandpipers and turnstones of an optimal

density is more plausible, as each individual has a greater ability
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to alter its surrounding density than it has to alter its group size.

This chapter will therefore examine the extent of flocking in
turnstones and purple sandpipers, in order to test whether there was
any evidence that the birds attempted te regulate the density and
composition of flocks. As suggested above, in open habitats [lock
density should tend towards the predicted optimal density of four
vigsible conspecifics within 10 m, A further aspect to be studied is
the mechanism of how flock density is maintained. Most turnstone and
purple sandpiper flocks are mobile, and so for birds to maintain a
given flock density requires that their patterns of movement are
influenced by the position and movement of their neighbours. While in
many situations animals adopt a movement strategy that maximises the
efficiency of searching for food (e.g. Smith 1974a,h, Metcalfe 1985),
and while the same approach can be applied to the movement of a bird
flock as a whole (Cody 1971), the searching strategies of birds
within that flock must in addition be sensitive to the behaviour of
other flock memhers. Previous work on the search paths of birds
within flocks (e.g9. Goss~Custard 1970, Smith 1977) has concentrated
on the turning rate of individuals, with a fendency to ignore the
influence of the position of neighbouring birds on the direction in
which turns are made. Thus birds that stray towards the the edges of
a flock must show a tendency to turn‘ back if they are to remain
within it, and the strength of this tendency will govern the
cohesiveness of the flock, It can therefore be predicted that the
position of neighbouring birds should have a greater influence on
individual search paths in areas of low visiblity, where the benefits
of flock cohesion are greatest.

One final aspect to be considered in this chapter is the effect
of social rank on the search paths of individuoals. Other studies of

group-living species have found that an individual's spatial location
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within a group may in part be determined by dominance rank, The most
commonly found situation is that subordinates tend to be located on
the periphery (as found, for instance, in wood pigeons Columba
palumbus (Murton et al. 1971), feral pigeons {Murton et al. 1972),

wedge~capped Capuchin monkeys Cebus nigrivittatus (Robinson 1981) and

togue monkeys Macaca s. sinica (Dittus 1977). An animal's spatial

position within a group may have important fitness consequences, as
peripheral individuals may be forced to be more vigilant (Lazarus
1978, Jennings & Evans 1980), possibly suffering a higher predation
risk through an increased domain of danger (Hamilton 1971). They may
also be denied access to a localised food source, or suffer a reduced
foraging efficiency through being forced to keep out of the way of
dominants (Murton et al, 1971). The position of individuals within a
group was difficult to measure in turnstones and purple sandpipers,
due to the frequent lack of a distinct group boundary (as discussed
in Chapter 1). However, it was possible to measure the movement
patterns within flocks of birds of different rank, which would shed
light on whether the dominance hierarchy had any effect on the

general spatial structucre of fiocks.

6.1 Methods

Feeding flocks were located opportunistically, as described in
Chapter 1. Measurements were made of flock density and of the
vigibility of the habitat in which each flock was feeding, with at
least one hour between successive measurements in the same area, The
density (both overall and visible, as defined in Section 4.1) of each
species was recorded as one of the following categories: 0, 1, 2, 3-
5, 6-10, 11-15, 16-20, 21~-30, 31~-40, 41+ birds estimated to be within
10 m of a single turnstone or purple sandpiper selected at random

from each flock., The visibility experienced by this representative
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for the flock was also noted, using the same scoring method as
described in 5.1.1. The state of the tide was recorded as the time
(in minutes) since the previous high water. The cyclical nature of
the tide produced changes in flocking behaviour that were virtually
symmetrical either side of high and low water. Therefore for certain
analyses data collected on the falling and the rising tide were
combined, by converting tide time to a new variable, time from (i.e.
hefore or since) low water.

One section of the study area was selected for more detailed
analyses of the dynamics of turnstone flocking. The musselbeds and
pools of Coalruffie (see Chapter 1, Fig.l.l) are a relatively small
and discrete area of habitat with good observer access and no regions
of poor visibility, so allowing complete c¢ensusing. Coalruffie
supported a stable population of turnstones, although the number of
purple sandpipers fluctuated greatly from day to day (Chapter 2,
Fig.2.8). The effect of tidal state on the populations of turnstones
and other waderé at Coalruffie was assessed by making complete counts
of the area during the exposure period. These counts were made on
numerous days during the winter, with never more than four counts
(separated by at least 30 mins) made per day.

In the spring, redshanks and oystercatchers (the most abundant
of the other wader species) migrated to their breeding grounds before
the turnstones or purple sandpipers. This resulted in a period of
about a month when the turnstones and purple sandpipers were still
present but the redshank and oystercatcher densities were much
reduced., Therefore, when analysing flock densities, the field season
was divided into winter~ and spring-density periods, with the
dividing date being selected arbitrarily: observations and counts

made on or after April 16th each spring were included in the spring-—
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density period, when redshank and oystercatcher densities were on
average much lower. A similar situation did not arise in the autumn
observations, as field work did not commence until after the great
majority of birds were established in their wintering quarters, and
there is also no period when turnstones are present but not redshanks
or oystercachers.

The earlier spring departure of redshanks and oystercatchers
provided a natural cexperiment to test the effect of reducing
heterospecific densities on the flocking behaviour of turnstones. A
second experiment, with a more manipulative approach, was designed to
test whether turnstones would respond over the short term to sudden
alterations in the densities of these other species. Both
oystercatchers and redshanks are more wary than turnstones, and so
tend to take flight more readily when approached by a person on foot.
The birds at Coalruffie were quite often disturbed by people digging
for bait or examining rock pools, and would quickly resume feeding
once the disturbance had passed. Walking over the musselbeds of
Coalruffie would cause birds to fly, at first usually to another part
of the musselbed; if approached again, they would often leave the
area completely. By carefully controlling the distances to which I
approached mixed-species feeding flocks, it was thus possible to
either (a}) disturb all birds, causing them to fly but not leave
Coalruffie, or (b) disturb them, causing a proportion of the
redshanks and oystercatchers to leave Coalruffie. The first
alternative thereby constituted a cﬁntrol for the second, removal,
experiment, t¢ check the possibility that any alterations in
turnstone flocking behaviour were caused by the disturbance per se
rather than by the resulting alterations in species densities.

The removal and control disturbance experiments were carried out

as follows. Firstly, pre—disturbance counts were made of all
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turnstones, purple sandpipers, redshanks and oystercatchers at
Coalruffie. (The only other waders present were occasional single
curlews.) Then both overall and visible densities were measured, as
above, for each turnstone., Ten minutes later, I walked from the
obgervation vehicle down onto the musselbed, and disturbed birds (by
walking towards them) until they had all been caused to fly, and, in
the case of removal experiments, at least half of the oystercatchers
and redshanks had completely left Coalruffie, This would take
approximately ten minutes. I would then return to the vehicle, count
the number of birds remaining, and again measure densities around
each turnstone 10, 20, 30 and 40 minutes after the end of the
disturbance. A second complete count of the four species was made
approximately 35 minutes after the disturbance, to check that the
populations were remaining stable, All experiments were carried out
on the £a3lling tide, commencing between 215 and 310 minutes after the
previous high water. Several experiments failed, either because my
disturbance succeeded in removing turnstones as well as other
species, or because the birds were disturbed for a second time by
some other cause vartway through the experiment. A total of seven
trials were completed successfully; four removals (on 6th March, 2%th
October, lst and 15th December 1983) and three controls (on lst, 16th
and 17th November 1983).

The cohesiveness of turnstone flocks was investigated by
studying the search paths of individual birds on the £flock periphery.
The bird's position was monitored at 3—second intervals (timed with
an electronic audio timer), and its path simplified by assuming it
had moved directly between these 3—second loci (Fig.6.la). Thus the
path was visualised as a sequence of straight lines, along which the

turnstone moved, taking three seconds to caver each section. Changes
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in direction could thus be related to the general direction of
movement three seconds earlier. The 360° around the bird was divided
into six 60° sectors, so that at the end of each 3-second period the
bird was recorded as having moved either Forward, Left, Right, Back-
Ileft, Back-Right or Backward with respact to its previous direction
of movement {Fig.6.lb}. In summary, a bird's movement was recorded as
a series of direction headings (e.g. F-L-R-BIL-F-, where F stands for
Forward etc.), each with respect to the bird's direction of movement
during the previous three séconds.

This was then related to the sectors which contained other
birds. A note was made every three seconds of the sectors within
which was found another turnstone less than 10 m from the focal bird.
Thus the complete record would be: F(L3)-L(F3)-R(L4)~-BL(R3)~F{R4)~
etc., where the sector and distance (in metres) of neighbouring
turnstones are indicated in parentheses. Thus, in the example given
above, the focal turnstone moves forward, with its only neighbour 3 m
to its left; the focal bird then moves left, resuiting in the
neighbour now being 3 m in front of it, and so on. To simplify both
data collection and analysis, focal birds were selected that were on
the periphery of fiocks, so that only one sector was occupied by
neighbours at any one time.

Three situations were compared:

(1) Turnstones feeding in monospecific flocks in habitats with
reduced visibility;

(2} TTurnstones feeding in monospecific flocks in habitats with good
vigibility;

(3) Turnstones feeding in mizxed-species flocks in habitats with good
visibility, with at least one other sector occupied by another
species (i.e. purple sandpiper, redshank or oystercatcher} in

addition to the sector occupied by a neighbouring turnstone,
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Fig.6.1. The method used to record search paths.

(a) The path of the bird {dotted line) is simplified to its position
at three second intervals (dots) linked by straight lines.

(b) The movement between the three—second markers is ascribed to one
of six possible directions (Forward, Left, Right, Back—left, Back-
right or Back), with respect to the previous direction of movement
(indicated by the arrows). In this example, the bird moved Forward,

then Left, then Forward.







The aim was to determine whether the tendency to move towards
other turnstones {and so maintain flock cohesion) was correlated with
the vigilance benefits that would be gained from greater cohesion.
Thus it was predicted that turnstones in poor visibility areas should
have a greater tendency to move back towards other birds than those
in good visibility areas, and in the latter situation should show
even less of a tendency to move towards other turnstones if
surrounded by potential flockmates of other species.

Data were collected by dictation into a tape recorder, either in
the field or during playback of video film of foraging birds. Periods
when the focal bird did not move further than its own body length
during the 3-second intervals were discarded from subsequent
analyses.

A second series of observations was designed to test whether
dominance status affected the search path of a bird when in
situations where the opportunities of potential kleptoparasitism were
great., Video films were made of dense turnstone flocks with high
agagression rates, and the search paths of individual birds recorded
upon playback of the filn. Colour-rings could not be read from the
film, and so it was not possible to ascribe an independent ranking of
dominance status through knowledge of a bird's identity. Instead,
birds were picked at random from the £ilm, and their behaviour
monitored for as long as they remained within the field of view.
Those birds seen to supplant others were classified as dominants,
those seen to be supplanted were termed subordinates, while those
that were not involved in any interactions during the period of
observation were classified as birds of unknown status. Any birds
seen both to supplant and also be supplanted were omitted from the

analyses. These classifications, although rather crude, would tend to
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select the most and least dominant birds in the flocks, as there were
consistent and major differences between individuals in the
proportions of encounters won (Chapter 4). The sequence of turns made
by the focal birds was recorded as above; the only difference being
the recording of the positions of neighbouring birds. In the dense
flocks filmed for this analysis, there was almost always more than
one scector occupied by other turnstones. However, the only sector
that was noted was the one containing the nearest turnstone seen to
peck at a food item or the substrate (i.e. the 'nearest feeding
neighbour')during each three second interval, The recording of such
detailed information was made possible by the use of slow-motion and

freegze-frame video analysing equipment.

6.2 Results

6.2.1 Species Composition of Flocks

The overall species—compositions of all exposure-period feeding
flocks are shown in Figure 6.2, The data were obtained from the
density measurements, taking the mid-point of each density category.
They have been weighted according to the number of turnstones (or
purple sandpipers, as appropriate} in the flock. Thus an observation
of the species—density experienced by a flock of ten turnstones was
given ten times the weighting of an observation of the species-—
density experienced by a single turnstone. Figure 6.2a thus
represents the species composition of feeding flocks experienced by
the average turnstone, rather than the average species composition of
flocks in which turnstones were found.

Although the range of species with which turnstones and purple
sandpipers were seen to occur was quite broad (13 species for
turnstones, 11 for purple sandpipers), few species were recorded

regularly. On average, approximately one half of the birds with which
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Fig.6.2. The overall species composition {expressed as a percentage
of the total) of (a) turnstone and (b) purple sandpiper exposure-—
period feeding flocks, weighted according to the number of turnstones
or purple sandpipers present in each f£lock.

Key to species:

T = turnstone; P = purple sandpiper; O = oystercatcher; R = redshank;
Rp = ringed plover; Gp = golden plover; D = dunlin; C = curlew; B =
bar-tailed godwit; G = gqulls; S = starling; E = eider; Cr = crow.
The distributions are based on 415 turnstone and 205 purple sandpiper

flocks respectively.
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both turnstones and purple sandpipers Flocked while feeding were
conspecifics. The proportion of neighbouring birds being of a species
which they 'trusted' to be vigilant on their behalf (see Chapter 5)

was therefore high: 83% for turnstones and 70% for purple sandpipers.

6.2.2 The Effect of Visibility on Tidal Changes in Flock Density

The relationship between tidal state and the density of exposure
period feeding flocks was found to be affected by the visibility of
the habitat in which they were feeding. In areas of good visibility,
the increased foraging area produced by the falling tide resulted in
decreases in flock density. In turnstones, the decrease was
principally caused by changes in conspecific density (Fig.6.3a). In
contrast, in purple sandpipers the trend of lower conspecific
densities towards low water was not significant (Fig.6.3d), and
ingtead it was mainly reductions in the densities of other species
that caused the drop in general wader densities. However, these
changes in flock densities with tidal state did not occur in poor
visibility habitats; here the overall densities remained at a high
level irrespective of the state of the tide.

As would be expected, the visible wader densities in good
vigibility areas were, on average, only slightly lower than the
overall densities. Howewver, in poor visibility areas (i.e. where the
visibility score was less than 10) they were much lower, averaging
70% of the overall densities for purple sandpipers (Fig.6.3 e & £)
and only 44% for turnstones (Fig.6.3 b & c). Thus, had overall flock
densities in low visibility areas dropped with the tide as in other
areas, the corresponding visible densities at low tide would have
been extremely low. Instead, by maintaining high overall wader
densities throughout the tidal cycle, flocks in low visibility

habitats experienced visible densities similar to the lowest ones




Fig.6.3. Regression lines of the relationships between time from low
water and the exposure period winter flock densities, in poor
visibility (dashed lines) and good visibility (solid lines) habitats,
Observations either side of low water have been combined to calculate
each regression; regression lines have, however, been mirrored to
ease interpretation (see text for details). The mean value is plotted
where the regression line is not statistically significant.

{a) - (c) Densities around focal turnstones (poor visibility n=84
observations, good visibility n=331 observations).

(a) Overall density of turnstones.
Good visibility:r=0,290, P<0,001.
Poor visibility: r=-0,048,NS.

(b) Overall wader density (exressed as turnstone equivalents -
see text for details).

Good visibility: r=0.192, P<0.001.

Poor visibility: r=-0.033, NS.

(c) Visible wader density (expressed as turnstone equivalents -
see text for details).
Good visibility: r=0.221, P<0.001.
Poor visibility: r=-0.034, NS.
Dots indicate corrected levels after weighting for flock sizes
— see text for details. Mean ratio of weighted : unweighted densities
is 1.36:1 for good visibility and 1.52:1 for poor visibility

(@) - (f) Densities around focal purple sandpipers {(poor visibility
n=33 observations, good visibility n=172 observations).

(d) Overall density of purple sandpipers.
Good visibility: r=0.111, NS.
Poorvisibility: r=-0.214, NS.

(e} Overall wader density (expressed as purple sandpiper
equivalents -~ see text for details).

Good visibility: r=0.127, P<0.05.

Poor visibility: r=-0.125, NS.

(f) Visible wader density (expressed as purple sandpiper
equivalents - see text for details).
Good visibility: r=0.126, P<0.05.
Poor visibility: r=-0.134, NS,
Dots indicate corrected levels after weighting for flock sizes — see
text., Mean ratio of weighted : unweighted visible wader densities is
1.62:1 for good visibility and 1.52:1 for poor visibility.
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experienced by flocks in good visibility areas.

The regressions shown in Figure 6.3 are based on observations
which were not weighted for flock size {i.e. each flock was given an
equal weighting, regardless of the number of turnstones or purple
sarkipipers it contained). Regressions could not be calculated using
weighted data, as data points would not then be independent. However,
a crude correction factor can be applied by calculating the ratios of
weilghted mean density : unweighted mean density. In neither species
did these ratios change with tide time (taken as minutes from low
water} in either visibility category; this was true for conspecific
densities, overall wader densities and visible wader densities
(Spearman’s rank correlation; in all cases P>0.1), Therefore the mean
values of these ratios have been used in Figure 6.3 ¢ and e to
indicate the approximate minimum wader density experienced by the
average turnstone or purple sandpiper (as opposed ta that experienced
by the average flock in which one of those species was found). These
corrections show that, regardless of habitat visibility or tidal
state, the average turnstone or purple sandpiper never experienced
flock densities lower than approximately four visible conspecifics

{or their equivalent) within ten metres.

6.2.3 Tidal Changes in the Number and Density of Birds at Coalruffie

Figure 6.4 shows the number of oystercatchers and redshanks at
Coalruffie over the tidal cycle during the winter. The area was
completely under water for approximately 2.5 ~ 3 hours over the high
tide period, and so the first birds did not arrive until at least 100
minutes after high tide., Numbers of both species then increased
rapidly as the musselbeds and rock pools became exposed by the
falling water level. Both species would begin to leave the area once

the tide had turned, although some redshanks would often remain and
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begin to roost on the rocks until these were covered by the incoming
tide.

In contrast, the turnstonesg that foraged at Coalruffie tended to
arrive and depact as one flock. Consequently the number of turnstones
present did not vary with tidal state from the time that the flock
arrived until it left (Fig.6.5; Rank correlation between the minutes
from low water and the number of turnstones present, rsp=0.22,
n=59, N5). After arrival, the flock of 15-25 birds would gradually
break up, as the birds began to spread out and move amongst the other
species that were present. Thus the density of conspecifics around
each turnstone dropped towards low water (Fig.6.6b), whereas the
densities of redshanks and oystercatchers remained the same, due to
the continuing arrival of these species counteracting the increasing
area available for foraging (Fig.6.6a). Therefore the redshanks and
oystercatchers became an increasingly important component of the
wader density around each turnstone towards low water. As mentioned
earlier, the number of purple sandpipers present at Coalruffie
fluctuated greatly from day to day, and conseguently showed no tidal
trend.

6.2,4 The Effect of the Removal of Redshanks and Oystercatchers on
the Flocking Behaviour of Turnstones

{a) Long~Term (Seascnal) Removal

The apparent shift by turnstones to a stronger association with
other species as they increased in numbers at Coalruffie could have
been a spurious coincidence rather than a beneficial adaptation to a
changing environment. However, evidence for the latter interpretation
came in the spring, when the numbers of oystercatchers and redshanks
were much reduced (Fig.6.4). This led to a significant drop in the
densities of redshanks and oystercatchers around turnstones

(Fig.6.6a). The turnstones responded to this reduction in the
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Fig.6.4. The mean numbers (+ S.E.) of (a) oystercatchers and (b)
redshanks present at Coalruffie in relation to the state of the tide.
Winter counts (September to 15th April) represented as circles and
solid lines, 8pring counts (16 April to end of May) represented as
squares and dashed lines.

Sample sizes: oystercatcher ~ 68 winter and 16 spring counts
redshank - 65 winter and 16 spring counts
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Fig.6.5. The mean number (+ S5.E.) of turnstones present at Coalruffie
in winter (September - 15 April) in relation to the state of the tide
{(n=59 counts; zero counts excluded). Also shown (squares) are counts

made in spring (16th April to end of May, n=24).
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availlability of alternative flockmates by aggregating more closely,
s0 increasing their own density (Fig.6.6b). This resulted in their
maintaining the visible wader density at the same level in spring as
in winter (Fig.6.6c).

This can be contrasted with the flocking behaviour of purple
sandpipers. As stated earlier, this species did not utilise
Coalruffie as regularly as did the turnstones, and so the comparison
must be made usiﬁg data from the entire study ares, rather than just
Coalruffie. However, the same reductions in redshank and
oystercatcher numbers were undoubtedly occurring throughout the study
area. Purple sandpipers did not share vigilance with either redshanks
or oystercatchers, but cnly with turnstones. Therefore the spring
reduction in numbers of the former two species would not be expected
to have had the same effect on their flocking behaviour as it had on
turnstones. Figure 6.7 demonstrates that this prediction was upheld;
there were no differences between winter and spring in the densities
around purple sandpipers of either turnstones or conspecifics, and
consequently no difference in visible wader densities,

Thus the spring drop in the numbers of redshanks and
oystercatchers coincided with changes in the flocking behaviour of
turnstones {which had previously derived vigilance benefits from
associating with them); in contrast, purple sandpipers (which did not
share vigilance with either redshanks or oystercatchers) showed no
change in flocking behaviour when these two species departed.

(b) Short—term (Disturbance) Removal

The results of the short~term removal experiments at Coalruffie
corroborated the findings of the winter-spring comparison. On
average, my disturbance succeeded in removing 42% of the

oystercatchers and 57% of the redshanks present at Coalruffie,
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Fig.6.6. Regression lines of the relationships between the state of
the tide and flock deﬁé&ties around focal turnstones in winter (sclid
lines, n=136 observations} and in spring (broken lines, n=29
observations). Regression lines are drawn mirrored either side of low

watar, as described for Fig.6.3.

(@) Overall density of redshanks + oystercatchers {(expressed as
turnstone equivalents - see text for details).

Covariance analysis comparing regression line slopes of winter and
spring data: F159,2 = 0.03, NS. Comparing elevations: F162,l = 25,12,

P<0.001.

(b) Overall density of turnstones,
Covariance analysis comparing regression line slopes: F159'2 = 0.15,

NS, Comparing elevations: F162,l = 4,98, p<0.05.

{c) Visible wader density (expressed as turnstone equivalents - see

text for details).

Covariance analysis comapring slopes: F159'2 = 0,02, NS, Comparing

elevations: F162,1 = (.001, NS.
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Pig.6,7. Regression lines of relationships between time since low
water and flock densities around focal purple sandpipers in winter
(solid lines, n=151 observations} and spring (dashed lines, n=49
observations). Regression lines are drawn mirrored either side of low

water, as described for Fig.6.3.

(a) Overall density of turnstones.
Covariance analysis comparing regression line slopes: Fi94.2 = 0.09,
7

NS, Comparing elevations: Fig7 1 = 1.50, Ns.
14

(b} Overall density of purple sandpipers.
Covar iance analysis comparing slopes: E‘194’2 = 0,03, NS. Comparing

elevations: F197,1 = 0,01, NS.

{c) Visible wader density (expressed as purple sandpiper equivalents
- see text for details).
Covariance analysis comparing slopes: F194'2 = (.63, NS.

Comparing elevations: F197,1 = (.07, NS.
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without appreciably altering turnstone numbers (Fig.6.8). Purple
sandpipers were only present in small numbers in all trials, and so
were a minor component in turnstone f£lock densities.

The removal of many of the oystercatchers and redshanks caused a
significant reduction in their density around each turnstone. This
was counteracted, however, by an increase in the clumping of
turnstones, so that their visible wader density did not drop despite
the reduction in wader numbers. The birds resumed feeding within
several minutes of my leaving the musselbeds, and moved into the same
areas of musselbed they had been feeding in prior to my appearance.
Nonetheless, the local densities of turnstones were maintained at a
high level for at least 40 minutes after the disturbance, over a
period of the tidal cycle where they would normally be dropping (see
Figure 6.6bh).

That my disturbance did not in itself cause the birds to change
their dispersion is also demonstrated by the results of the three
control experiments (Fig.6.%). The post—disturbance counts in these
control trials showed that virtually no birds were caused to leave
the area, and in fact the number of oystercatchers slightly increased
{as would normally be expected at this period of the tide). The
density measurements show that there were no changes in density after
the disturbance, indicating that those changes that occurred in the
removal trials resulted froem the changes in the number of birds
present, rather than from my appearance on the musselbeds.

Thus both these experiments and the seasonal comparisons
indicate that turnstones disperse so as to reduce their own density
if other species (with which they share vigilance) are present. If,
however, these other species are removed, then the turnstones are

. forced to choose between either aggregating more, or feeding in lower

density flocks (with the cost of either spernding more time vigilant
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Fig.6.8. The flock densities (expressed as means + S.E.) around focal

turnstones at Ceoalruffie before and after periods of disturbance

(marked by the black bars). Also shown are the significance levels of

t-tests comparing post-disturbance densities with those 10mins prior

to the disturbance (* P<0,05, ** P<0,001). Sample sizes for means

vary between 42 and 61 observations from 4 disturbance trials. The

variation results from failures in locating all birds within each

10min, period,

(a) Overall density of oystercatchers.

(b) Overall density of turnsones,

(¢) Visible wader density (expressed as turnstone equivalents — see
text for details).

The changes in the numbers of birds present in response to the

disturbance are given below.

Mean no. before Mean no. after* $ change
Turnstone 19.3 19.8 + 2,6
Purple sandpiper 3.3 2.3 -30.8
Redshank 12.8 5.5 -56.9
Qystercatcher 49.5 28.5 -42.4

* Mean of one count made immediately after disturbance and another
30mins later in each trial.
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Fig.6.9. Flock densities around turnstoneg at Coalruffie in control

disturbance trials; data represented as in Fiq.6.8; 3 trials were

carried out, and sample sizes range from 29 to 40 for each point.

{(a) Overall density of oystercatchérs.

{b) Overall density of turnstones.

(c} Visible wader density (expressed as turnstone equivalents - see
text for details).

The changes in the number of birds in respbnse to the control

disturbance are given below:

Mean no. before Mean no. after” % change
Turnstone 17.7 17.7 0
Purple sandpipet 10.7 10.7 0
Redshank 6.0 5.2 -13.9
Oystercatcher 48.7 54.0 +10.9

* Mean of one count made immediately after disturbance and another
30mins later in each trial.
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or running a high risk of predation). The evidence shows that they

opt to feed at higher conspecific densities.

6.2.5 The Mechanisms of Flock Cohesion: Turnstone Search Paths

{a) The Effects of Visibility and the Presence of Other Birds

Turnstones do not move randomly while foraging; instead there is
a strong directional component to their movement. Therefore in all
situations there was a high probability that a bird would continue to
move in the same general direction in which it had been recorded
moving three seconds earlier. In other words, Forward was the most
commonly recorded of the six directions of movement in the analyses
of search paths. However, the probabilities of moving in any one
direction were found to be affected by the presence of other birds,
and this factor in turn was affected by habitat visibility.

Figure 6,10a illustrates that for turnstones in low visibility
habitats (i.e. mean visibility score not greater than 10}, there was
a strong tendency to turn in the direction of the only neighbouring
congpecific in addition to the high probability of continuing the
pravious direction of movement. A bird was always more likely to turn
towards a sector when it was occupied by another turnstone than when
it was not, and this was especially marked when the nearest
conspecific was more than two metres distant (Fig.6,1la). For
instance, a turnstone was four times more likely to make a complete
180° turn and move Backwards if the Back sector was occupied than if
it was not. These findings are unlikely to have been the result of
birds moving back towards food patches, as in all cases the flocks as
a whole showed a directional trend, moving steadily across the
boulder habitat,

This tendency to move towards other turnstones was not so marked

when birds were feeding in monospecific filocks in good visibility




Fig 6.10. The percentages of turns made in each of six directions by
foraging turnstones, in relation to the location of the only other
turnstone within 10m (indicated by a star). The top sector in each
circle indicates the percentage of moves made into the Forward
sector; the bottom sector indicates the percentage made into the

backward sector etc.

{(a) Birds in monospecific flocks in poor visibility habitats (n=525

moves, made by 37 birds).

(b) Birds in monospecific flocks in good visibility habitats (n=440

moves, made by 19 birds).

(c) Birds in mixed species flocks (i.e. with other species within

10m) in good visibility habitats (=525 moves, made by 15 birds).
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Fig.6.1l. The percentages of turns made in each of six directions by
foraging turnstones as in Fig.6.10, except that observations
are restricted to situations in which the nearest turnstone was more
than 2m from the focal bird. Sample sizes (a) n=64 moves, {b) n=66

moves, {c) n=129 moves.
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areas {Fig.6.10b). A turnstone was less likely to move in the
direction of other turnstones (regardless of which direction that
was) when in good visibility habitats than when the visibility was

reduced (Wilcoxon's paired signed-ranks test; T, =0, n= 6, P <

5
0.05).

Turnstones in good visibility habitats were even less likely to
turn towards other conspecifics if other species were present.
(Fig.6.10c). When purple sandpipers, redshanks or oyster_catchers were
within ten metres of the focal bird, it had a significantly reduced
tendency to move towards the nearest conspecific, especially if this
was more than two metres away (Fig.6.10b & c; Wilcoxon's paired

signed-ranks test, T, = 0, n = 6, P < 0.05). In fact, when other

s
gpecies were present, the location of conspecifics appeared to have

no effect on the direction in which a turnstone moved.

(b) The Effect of Dominance Rank in High-Density Flocks

Data were gathered f£rom flocks of between 12 and 44 turnstones;
feeding on shingle, loose rock and dead wrack; in all cases the
visible density was at least ten birds within 10m of a focal bird.
Individuals were followed on the video £film for between 20 and 380
seconds, and were seen to interact up o nine times within that
period. A total of 13 birds were only seen winning encounters (these
were defined as the more dominant birds), 26 were defined as
subordinate, having been seen only to lose encounters, and 33 were
not seen to interact at all, Seven birds were seen to both win and
lose interactions during the period that they were observed; these

birds are omitted from the analysis.
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Table 6.1 The proportion of moves different categories of turnstones
made towards their nearest feeding neighbour, Samples are broken down
according to the position of the neighbour. Data were obtained from
dense flocks, and in all cases the neighbour was less thamn 3m from
the focal bird

Direction of (a) (B) (C)
Neighbour % Moves (n) & Moves (n) % Moves (n)
Forwards 62.1 (29) 57.9 (57 52,0 (25}
Left 45.0 (20) 30.3  (33) 13,3 (30)
Right 50.0 (22) 24.1 (54) 24.0 (25)
Backleft 50.0 (10} 17.1  (41) 8.0 (25)
Backright 33.3 {&) 13.¢  (23) 14.3 (21)
Backwards 15.4  (13) 13.3  (15) 6.3 (16)
A = more dominant bhirds
B = birds of unknown rank
C = more subordinate birds

Comparing the search paths of the more dominant and more
subordinate birds, it is evident that the more dominant birds were
more likely to turn towards their neareslt feeding neighbour than were
the more subordinate individuals (Table 6.1; Wilcoxon's paired signed
ranks T, = 0, n=6, P < 0.,05). Thus, if all sectors are combined,
the dominant birds moved towards their nearest feeding neighbour on
47% of occasions, whereas the proportion was 20% for more subordinate
individuals, The sample of birds not seen to interact would be
expected to exhibit behaviour which, on average, was intermediate
between the other two groups, as it undoubtedly contained birds of a
broader spactrum of dominance ranks than either extreme. This was
confirmed, as the proportion of turns made towards the nearest
feeding neighbour was significantly lower than that of the more

dominant birds (Wilcoxon's paired signed ranks, €. =0, n= 6, P <

s
0.05), but was generally higher (although not significantly so) than

the more subordinate birds (Wilcoxon's T, = 2, n = 6, NS).

6.3 Discussion

In common with many other studies (e.g. Recher 1966, Burger et

al. 1977, Brearey 1982, Fleischer 1983), this chapter has shown that
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the oscillations of the tide induce cyclical changes in the densities
of shorebird flocks. Over the high water period, feeding flocks are
necessarily at high densities due to the limited area available for
foraging. Densities then decrease as the dropping tide exposes a far
greater potential foraging avea; however, in neither turnstones nor
purple sandpipers does the tendency to flock break down. As a
consequence, at low water neither species is evenly dispersed over
the intertidal zone, but is distributed in the form of fluctuating
aggregations that move amongst the birds of other species. Thus, even
though there are, for instance, only approximately 230 turnstones
feeding in an area of some 1,500,000m2 of suitable hebitat (Chapter
1), each will have on average a minimum of 1.3 conspecifics within 10
m of it, and considerably more in regions of low visibility,
Individual turnstones and purple sandpipers will therefore tend
to be close to other members of the same species; these conspecifics
will nonetheless be only one component in a multi-species flock
assemblage. When visible densities of the other species are converted
to conspecific-equivalents (the currency which measures the vigilance
benefits of flocking), it is evident that both turnstones and purple
sandpipers derive considerable benefits from the natural densities of
thege other birds. As a result, on average both turnstones and purple
sandpipers tend towards optimal flock densities, by avoiding those
extremes of densities which result in their incurring high costs of
either vigilance or aggression and interference, This is true even in
low visibility areas, where overall densities must be maintained at
high levels in order to produce the optimal intermediate visible
densities. The two sets of removal experiments provide good evidence
that this was not coincidental, as birds were shown to make adaptive

responses to compensate for changes in flock density., It should not
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be thought surprising that such fine-level compensatory changes in
dispersion may occur, as other studies have also found adaptive
shifts in flocking behaviour in response to changing conditions. For
instance, a situation analogous to an increase in aggression and
interference was obsgerved by Barnard et al. {1982) in their study of
plover and gull foraging flocks. The movement of hlack~headed gulls
(which kleptoparasitise plovers) into a lapwing flock resulted in a
reduction in the flock size through a proportion of the lapwings
immediately leaving; the same effect was noted upon the arrival of
large numbers of golden plovers (which tend to cause interference to
foraging lapwings, so reducing their feeding efficiency). In
contrast, an increased predation risk may have the opposite effect.
Caraco et al. {1980a) found that yellow-eyed juncos fed in larger
flocks when a predator was present in the study area; removal of the
bushes used by the birds as protective cover apparently produced a
similar response (Caraco et al. 1980b) (although the latter analysis
suffers from the inclusion of 'flocks' of zero birds in the
calculation of the mean flock size).

These two studies have dealt with flock size, rather than
density. The two parameters are closely linked where flocks are
small; however flock size will tend o become less relevant to the
behaviour of individuals as it increases, as local variations in the
density of birds on one side of the flock will tend to exert a
greater influence on their behaviour than any fluctuations in the
number of birds at the other side. Thus Myers' {1980) observation of

buff~breasted sandpipers Tryngites subruficollis leaving their

feeding territories to form flocks on the appearance of a predator
can also be viewed as the response of birds in what is, in fact, an
over—~dispersed and low density flock, to increase their local density

within the flock by greater aggregation. It is valid to consider the
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sandpipers' dispersion as being equivalent to a flock, since there
was a cohesive response by the group as soon as any one bird detected
a predator.

Such low density flocking is only possible in habitats with
unrestricted visibility. A reduction in visibility will reduce the
visual contact between members of the flock unless nearest neighbour
distances are small. Thus one consequence of feeding in reduced
visibility areas may be the necessity of increased flock densities,
as found for turnstones and purple sandpipers on rocky shores in this

study and for willets Catoptrophorus semipalmatus feeding in a salt

marsh by Blick (1980).

One of the mechanisms of maintaining such densities is likely to
be the tendency for moving birds to turn towards their neighbours. In
turnstones this appears to be most pronounced when the individual has
strayed some distance from the rest of the flock. In contrast, a
turnstone within a mixed-species flock appears to be uninfluenced in
its chosen direction of movement by the positions of conspecifics, as
it can move in other directions yet still remain within the flock.
Having lost the flock-cohesion constraints ¢f moving, the bird should
therefore adopt a movement strategy that maximises the efficiency of
searching. Cody (1971) calculated, through computer simulations, that
an animal would maximise the searching coverage of a limited area if
it apportioned its time spent moving in the four directions Forward,
Left, Right and Backward according to the following approximate
ratios: 0,65F : 0.15L = 0.15R : 0.058, Tf the equivalent proportions
are calculated for the complete sample of moves made by turnstones
feeding in mixed gpecies flocks (i.e. Fig.6. ¢), converting the six
60° sectors to four 90° sectors by interpolation, the result is

0.653F ¢« 0.152L 3 0,148R : 0.047B. This is remarkably close to the
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simulated optimum, which indicates that turnstones are able to
achieve an extremely high efficiency of searching coverage over the
limited extent of the intertidal area when unconstrained by the
limitation to remain close to other conspecifics,

Vines (1980) found that, on average, oystercatchers tended to
turn away from their nearest neighbour if they approached too
closely. This tended to maintain an overdispersed distribution,
rather than c¢reate flocks; a possgible benefit of this hehaviour
was that individuals stood a reduced risk of being caught by surprise
in a kleptoparasitic attack by another bird. Turnstones appear to
behave in a similar manner when feeding in high density flocks in
good visibility areas; however, the movement pattern adopted seems to
depend on dominance status. The tendency for more dominant birds to
move towards feeding neighbours not only cenables them to
kleptoparasitise more easily, 1t will also increase the likelihood
that they move towards the centre of flocks. Conversely, the trend
for subordinates not to move towards their neighbours may result in
their gradually moving towards the flock periphery. While being on
the flock periphery may reduce the risk of losing food to more
dominant birdg, it may also increase the risk of predation; the
tendency of subordinates to avoid other birds may therefore not be g0
pronounced in habitats with a low risk of kleptoparasitism. This will

be discussed further in the chapter that follows.
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CHAPTER SEVEN — DISCUSSION

A key component of the dynamics of animal populations is the
density at which the animals live. While in part controlled by
population size, the spacing behaviour of the animals concerned is an
important determinant of population density. Outside of the breeding
season, foraging turnstones and purple sandpipers are clearly
gregarious, and it has been shown that turnstones are attracted to
other conspecifics, orientating their search paths such that they
move with them, rather than turn away. This tendency to Lorm groups
affects other aspects of their behaviour such as the amount of time
devoted to anti-predator vigilance, aggression, ard kleptoparasitism,
and their foraging efficiency. These effects in turn have
consaquences for the adaptive significance of the spacing behaviour,
and thus influence its nature.

It is a generally accepted consequence of the theory of
evolution by natural selection that those animals which live in
groups do 80 because the benefits to the individual of this form of
sociality outweigh the costs. The aim of this study has been to
determine the costs and benefits of flocking, and the factors which
infiuence these, in turnstones and purple sandpipers, in an attempt
to investigate the extent to which flocking is an integral part of
the social organisation and population ecclogy of these species.

NMumerous costs and benefits which animals might acrue from
feeding in groups outside of the breeding season have been suggested.
These are briefly described below; more complete reviews of this
topic can be found in Morse (1977), Bertram (1978), Blick (1980) and
Pulliam and Millikan (1982), Possible benefits to the individual from
such group living are:

{1) Improved probability of finding food through local enhancement,
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copying, or an increase in the availability of prey items due to the

prey being made more conspicuous by the disturbance effect of the

group.
(2) An increased probability of capturing food items through the co-
operative hunting efforts of the group.
(3) The capacity to capture and handle larger prey.
(4) More efficient utilisation of food resources, due to greater
control over the spatial pattern of resource depletion and hence
improved ability of the individual to estimate current resource
distribution.
(5) Improved opportunities for more dominant and aggressive animals
to kleptoparasitise other individuals.
(6) A decrease in the proportion of time that must be invested in
anti-predator vigilance (and consequent increase in time available
for other activities such as foraging), due to the sharing of
vigilance with other members of the group.
(7) & reduction in the risk of being caught by a predator due to
a) the presence of "many eyes" increasing the likelihood of the
approaching predator being detected;
b) a potential reduction in the predator's efficiency due to
its being confused by the movement of the group;
¢} the predator being deterred by the group's united defence;
d) a reduced probability of being the victim, due to the
"dilution" effect.
Potential costs of living in goups outside of the breeding season are:
(1} 2 reduced probability of finding food items due to
a) local depletion;
b) the presence of the group causing a temporary reduction in
food availabiliy due to a withdrawal response by the prey;

¢) the close proximity of other members of the group interfering
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with the searching efficiency of the individual.

(2) A greater loss of food items Lo other individuals through
kleptoparasitism,

(3) A higher rate of aggression, which is costly in terms of lost
time and energy, and the risk of injury.

(4) An increased conspicuousness to predators.

(5) A greater risk of disease and parasite transmission.

As most of these costs and benefits vary according to the size,
and often density, of groups, questions concerned with the adaptive
significance of groups relate not only to whether or not an animal
should live in groups, but also to how large and of what form these
groups should be.

A number of factors affect the cost benefit ratio of group
living; some of these variables, listed below, remain constant for
each speciles, while others vary beth between individual members of a
species and between different habitats. Thus the animal's optimal
social environment may show temporal and spatial variation, ranging
from living alone to living in a large group. Such variableg are:

(1) The status of the individual. Subordinates and dominants may
differ in their competitive abilities.

(2) Food abundance. There will be a greater tendency for groups to
form at food patches when food is limited, as the intruder pressure
will be higher and it will be more costly for one individual to
defend the patch.

(3) Food distribution. Increased patchiness of food supplies may lead
to the adoption of territorial defence rather than grouping.

(4) Prey type or behaviour. The possible costs of prey withdrawal as
a response to the predators will only apply to certain prey types,

while the incidence of kleptoparasitism will depend on the
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opportunities and profitability of so doing.

{5) Conspicuousness of the group. This will partly depend on the
appearance of the species concerned, and partly on the habitat.
Cryptic species may stand a far greater chance of avoiding detection
if solitary than if in a group.

(6) The abundance of predators.

(7) The nature of the habitat.

(8) The priorities of the individual, The food intake reguirement of
an individual is not constant throughout its life, and variation may
cause shifts between risk-prone and risk-averse foraging strategies.
Thus animals nearing starvation, preparing for migration or breeding
may behave in a manner that potentially increases their food intake,
but also exposes them to a higher predation risk.

(9) The long term requirementé of the individual. Animals may
optimize their behaviour in the long rather than the short term.

(10) The composition of the group. The attractiveness of the group to
incoming individuals will depend upon the individuals and species of
which the group is composed.

Both turnstones and purple sandpipers clearly benefit from
foraging in groups in terms of an increased overall anti-predator
vigilance at a reduced time cost to the individual., Thus predators
will be more readily detected by groups, and the flight response of a
highly mancuverable flock may confuse the predator and reduce its
success rate as has been found in other studies (Neill & Cullen 1974,
Page & Whitacre 1875, Kus gquoted in Myers 1984). The individuals
presumably also benefit in that, when in a group, their chances of
being the victim are reduced due to dilution of the predator's
effects (Hamilton 1971). Unfortunately, it was not possible to study
foraging benefits directly, due to the difficulties in quantifying

feeding rates and prey types, as discussed in Chapter 4. However,
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when foraging in a group, dominant turnstones appear to have
benefited from an increased opportunity to kleptoparasitise
subordinates, Thig clearly represents a cost to subordinates of group
foraging. Moreover, the level of aggression (predominantly food
related} increased substantially with flock density in both species.
This suggests that local competition, a potential cost of flocking,
was also increasing at higher densities, Other studies of foraging
shorebirds have shown that loss of food and time in aggression are
only two components of the reduction in efficiency which occurs at
high flock densities; time devoted to avoiding encounters with other
birds may also increase, and there may be a reduction in searching
efficiency (e.9. Eng & Goss=Custard 1984),

These costs and benefits of foraging in groups were found to
vary in relation to both social and environmental factors. Time
devoted to vigilance did not only vary in relation to group sige, but
also in relaticn to habitat type. Both species were more vigilant in
low visibility habitats, depite the fact that they werc probably less
conspicuous to predators. This may explain why they tended to occur
at higher f£lock densities in these low visibility habitats, since
this would to some extent offset the increased vigilance level
required in these habitats. In turnstones, an alternative explanatiocn
for the higher flock densities in low visibility habitats is that,
since rates of kleptoparsitism tended to be lower in these
predominantly rock and boulder areas, this cost of high density was
reduced, However, in purple sandpipers there were no habitat
differences in kleptoparasitism rates, vet flock density was stilil
higher in low visibility habitats. This suggests that the higher
densities in these habitats were probably necessitated by vigilance

requirementg in both species.
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A further variable that influences flock density is the state
of the tide. Flock densities increased towards high tide. While this
may in part be due to compression of the available foraging habitat,
it is possible that increased predation risk in the upper shore area
is a contributory factor. The structural complexity of the upper
shore area facilitates ambush predation by raptors and mammals, and
the threat from human disturbance is greater in this area. Other
studies have also suggested that flock dynamics are influenced by
predation risk. For example Willis (1972) suggested that the absence
of flocking behaviour in the birds of Hawaii might be related to the
lack of avian predators, while Caraco et al. (1980a) found that dark-
eyed juncos formed larger flocks when a predator was present in the
area. Hitherto territorial wintering sanderlings were found to
abandan their territories and join flocks in years in which a merlin
frequented their foraging areas; moreover, foraging flocks increased
in both size and density with this higher risk of predation (Myers
19843 .

Since the wader groups studied were clearly not made up of
identically behaving units, these costs and benefits of flocking
applied differentially to individuals in relation to their status,
age and species, and poséibly also sex {although the latter was not
examined due to the difficulties of sexing birds in the field). It
has been demonstrated ({Chapter 3) that individual turnstones tended
to asscociate with only a limited subset of the turnstone population
in the study area. This permitted the development of dominance
hierarchies, presumably based on individual recognition. Subordinate
individuals suffered higher rates of kleptobarasitism, and
convergely, dominant individuals were able to obtain both food items
and feeding positions from other birds. The aggression-related costs

and benefits of group foraging were therefore different for different
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individuals. The costs of increasing flock density were greater for
subordinates, leading to differences in the optimum flock density for
individuals of different status. Search paths differed in relation to
status when turnstones were feeding in dense flocks. Subordinates
were less likely to move towards near neighbours than were dominants,
presumably because of the risk of being kleptoparasitised. However,
since the regulation of flock density is not wholly within the
control of each individual, it is likely that some individuals had to
forage urder sub-optimal conditions.

One consequence of the movement patterns of subordinates as
compared with dominants is that subordinates may tend to end up on
the periphery of flocks, where they are presumably more vulnerable to
predation {(Vine 1971, Kus quoted in Myers 1984), There is evidence to
suggest that juvenile turnstones tend on the whole to be subordinate
to adults (Groves 1978, P. Whitfield pers. comm.). There was an
insufficient number of marked juveniles in this study to examine
their status in detail. However, overall, juveniles were found to
disappear from the study area at a higher rate than adults,
presumably due to a combination of higher mortality and higher
vagility, as has been shown in other studies (Kus et al. 1984, Myers
1984, P.Whitfield pers. comm.). In general, survival of dominants is
likely to be greater than that of subordinates (due to greater access
to available food resources and a reduced risk of predation), which
has clear implications for the dynamics of the population.

Although both turnstones and purple sandpipers were found in
the same nmulti-species £locks, the relative costs and benefits of
flocking differed between the two. It was established that, in
comparison with turnstonesg, purple sandpipers do not appear to

benefit as much, in terms of reduced time spent vigilant, from the
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presence of other species in the flock. In contrast to turnstones,
the number of purple sandpipers in particular localities varied
greatly from day to day. This may have been a conseguence of the
greater need for individual purple sandpipers to remain associated
with a conspecific flock in order to obtain the vigilance benefits of
flocking. Thus the use of a particular feeding site is more likely to
be dependent upon the presence of conspecifics in purple sandpipers
than in turnstones. In turnstones, one benefit of "trusting"
heterospecifics is that congpecific density can be reduced, so
reducing local competition and interference, while maintaining the
vigilance benefits of higher flock densities. That this is not the
case for purple sandpipers means that, to obtain a given vigilance
level, they must tolerate higher conspecific densities than do
turnstones. Presumably, they are able to do this because, being
tactile rather than visual feeders, they actually suffer less
interference from conspecifics when searching for food. Similar
tolerances of high conspecific densities have been reported for
tactile foraging waders in other studies (Goss—Custard 1976, 1980).
In turnstones and purple sandpipers the anti-predator benefits
of mixed species flocking appear to apply mainly to predator
detection. The characteristic response of such flocks in the study
area to the approach of a raptor was that the flight flocks were
composed of species of similar sizes. Thus turnstones and small
sandpipers departed together, becoming separated from the larger
waders such as redshank, oystercatchers and curlews, with which they
had previously been foraging. This tendency to take flight with birds
of a éimilar size may, in part, be due to the difficulties of
maintaining the flock cohesion necessary to confuse a predator when
the flock is composed of individuals of very disparate size and

flying performance., A further possible disadvantage of mixed gpecies
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flight flocks is that it may be easier for the pursuing predator to
select a victim, due to the increased conspicucusness of individnals
of species which comprise the minority of the flock (i.e. the so-
called "oddity" effect (Curio 1976)).

Not only were the groups not composed of identically behaving
units, but the behaviocur of the individuals themgelves was not
constant, varying in space and time. Some of the ways in which
environmental heterogeneity affected spacing behaviour have been
discussed above. Temporal variation in vagility, flock dynamics and
individual time budgets were also found to occur in this study, In
spring, turnstones were found to increase the size of their home
ranges. This occurred at the same time ag (@) an overall reduction in
the numbers of both turnstones and (especially) other species in the
study area, due to the departure of some birds for their breeding
grounds, and (b) an increased aggregation of the remaining
turnstones, leading to higher turnstone £lock densities. There are a
number of possible explanations of thelse changes. As suggested in the
previous chapter, the increase in conspecific density in the
turnstone may have been to compensate for reduced heterospecific
density. The disturbance experiments at other times of year
demonstrated that, in the absence of heterogpecifics, turnstones
increased their local flock density. This hypothesis is further
supported by the fact that purple sandpipers (which do not benefit
from the presence of these other species) did not alter their
conspecific flock density between winter and spring. Thus the
increase in home range size observed in the turnstone probably
reflects the increased movement necessary for the formation of flocks
due to the overall decrease in the number of birds in the area.

Alternatively, the increased range size may have been due to
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prey depletion necessitating an expansion of foraging range, or
reflect a movement of subordinates into preferred areas on the
departure of dominants. These explanations are lesg likely for the
following reasons. Prey abundance may in fact be increasing rather
than decreasing by the time turnstones and purple sandpipers migrate;
furthermore, if prey depletion had occurred, it would be expected
that flock densities would decrease rather than increase, in order to
reduce local competition. The remaining turnstones were not
congistently found in particular localities, but rather wandered over
the entire study area, which implies that they were not occupying
preferred areas. Moreover, since there was no correlation between the
size of a bird's winter home range and the extent of its spring
vagrancy, and since home range size was correlated with dominance
status, the implication is that dominants wandered as much as
subordinates, which would also run counter to the hypothesis that
movements were caused by subordinates invading those areas previously
occupied by more dominant birds.

The situation is further complicated by the fac¢t that, in
spring, the priorities of the adult turnstone have altered due to the
need to build up fat reserves prior to the migration to their
breeding grounds. The time budgets of adults, but not juveniles, were
found to alter in spring such that they devoted more time to
foraging. The overall level of adult vigilance decreased at this time
independent of flock density. This undoubtedly leads to an increased
risk of predation, especially at the lowered flock densities which
would have occurred after the departure of the other birds, had the
remaining turnstones not aggregated.

This study has therefore shown that the gpacing behaviour of
individual shorebirds in the non-breeding season represents a trade

off between the costs and benefits of living in groups, and that the
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relative levelg of these costs and benefits vary with season, habitat
and individual status. Such differences affect the flocking

behaviour, dispersion and ultimately the survival of individuals, and

hence their population dynamics.

181




REFERENCES

Abramson,M.(1979), Vigilance as a factor influencing flock formation
among curlews (Numenius arquata). Ibis 121: 213-216,

Anon.{1984). The Shorebirds of the Orkney Islands Tay and Orkney
ringing groups, Perth. (Cyclostyled).

Atkinson,N.K., Summers,RW., Nichol,M., & Greenwood,J.J.N.{(1981)
Population, movements & biometrics of the purple sandpiper.
Ornis Scand. 12: 18-27.

Baker ,J.M.{1981), Winter feeding rates of redshank Tringa totanus &
turnstone Arenaria interpres on a rocky shore. Ibis 123:85-87,

Baker,M.C. (1978). Flocking and feeding in the great tit Parus major
- an important consideration. Am, Nat. 122: 779-781.

Baker,M.C., & Mewaldt,L.R.{1979). The use of space by white crowned
Sparrows: juvenl]e and adult ranging patterns and home range
versus body size comparisons in an avian gram.vore community,
Behav. Ecol, Socicbiol, 6: 45-52,

Baker,M.C., Belcher,C.5., Deutsch,L.C., Sherman,G.L. & Thonpson,
D.B.{1981). Foraging success in junco £locks and the effects
of social hierarchy. Anim. Behav. 29: 137-142,

Barnard,C.J.(1980a). Flock feeding and time budgets in the house
sparrow Passer domesticus L.. Anim. Behav. 28: 295-309.

Barnard, C.J. (1980b). Equilibrium flock size and factors affecting
arrival and departure in feeding house sparrows Passer
domesticus L.. Anim. Behav. 28: 503-511.

Barnard,C.J.(1982). Social mimicry and interspecific exploitation.
ATI'L. Nato 120: 411-4150

Barpard, C.J. & Burk, T. (1979).Dominance hierarchies and the
evolution of “"individual recognition”. J. theor. Biol. 81: 65~
74.

Barnard,C.J. & Sibly,R.M. {1981). Producers and scroungers: a general
model and its applications to captive £flocks of house
sparrows. Anim. Behav. 29; 543-550.

Barnard, C.J., Thompson, D.B.A. & Stephens, H.(1982). Time budgets,
feeding efficiency and flock dynamics in mixed species flocks
of lapwings, golden plovers and gulls. Bebaviour 80:44~69,

Bent,A.C.{1929). Life histories of North American shorebirds: Order
Limicolae (Part 2). Bull. U.S. natn. Mus.146.

Bergman,G. (1946) . Der Steinwalzer, Arenaria i. interpres L., im
seiner Beziehung zur Umwelt. Acta Zool. Fenn. 47:1-144,

Bertram, B.C.R. (1978). Living in groups: predators and prey.
Behavioural Ecology: an Evolutionary Approach. (lst.edn.) (Ed.
by J.R.Krebs & N.B.Davies), pp. 64-96. Blackwell Scientific

182




Publications, Oxford.

Bertram, B.C.R.(1980). Vigilance and qroup size in ostriches. Anim.
Behav, 28: 278-286.

Blick,D.J. (1980) Advantages of flocking in some wintering shorebirds
Unpub. Ph.D. thesis, University of Michigan.

Boere,G. Roselaar,K. & Engelmoer M. (1984}, The breeding origins of
purple sandpipers Calidris maritima present in the
Netherlands. Ardea 72: 101-109.

Boyd,B,{1962). Mortality and fertility of European Charadrii. Ibis
104: 368-387.

Branson, N.J.B.A., Ponting, E.D. & Minton, C.B,T. (1978). Turnstone
migrations in Britain and Europe, Bird Study 25: 181-187.

Branson, N.J.B.A., Ponting, E.D. & Minton, C,D.T. {1979}, Turnstone
populations on the Wash. Bird Study 26: 47-54.

Brearey, D.M.(1982), The feeding ecology and foraging behaviour of
sanderling Calidris alba and turnstone Arenaria interpres at
Teesmouth, N.E. England. Unpub. Ph.D. thegis, University of
Durham.,

Brockmann,H.J. & Barnard,C.J.{1979}. Kleptoparasitism in birds. Anim
Behav. 28: 295-309.

Brown,B.(1982)., Spatial and temporal distribution of a deposit-~
feeding polychaete on a heterogencous tidal flatJ. Exp. Mar.
Biol. Ecol. 65: 213-227,

Burger,J.{1980). 2Age differences in foraging black necked stilts in
Texas. Auk 97: 633-636.

Burger,J., Howe,M.A., Hahn,D.C. & Chase,J.(1977). Effects of tidal
cycles on habitat selection and habitat partitioning by
migrating shorebirds. Auk 94: 743-758.

Burger,J., Hahn,D.C., & Chase,J.{19792). Aggresive interactions in
mixed-species flocks of migrating shorebirds. Anim. Behav. 27:
459-469,

Buskirk,W.H.{1976), Social systems in a tropical avifauna. Am. Nat.
110: 293-310.

Buxton,N.E., Summers,R.W.,& Nicol,M. (in press). The population and
bilometrics of purple sandpipers in the Outer Hebrides. Ringing

& Migration.

Caraco,T.{1979a). Time budgeting and group size: a theory. Ecology
60: 611-617.

Caraco,T.(1979b). Time budgeting and group size: a test of theory.
Ecology 60: 618-627.

Caraco,T., & Pulliam,H.R.(1980).Time budgets and £locking dynamics.
Proc., XVII Int. Orn. Cong. (1978): 807-812.

183




Caraco,T. & Wolf,L.L.{1975).BEcological determinants of group sizes
of foraging lions. Am Nat. 109: 343-352,

Caraco,T., Martindale,S. & Pulliam,H.R.(1980a). Avian flocking in
the presence of a predator. Nature 285: 400-401,

Caraco,T., Martindale,S. & Pulliam,H.E.{1980b). Avian time budgets
and distance to cover. Auk 97: 872-875.

Clapham, C. (1979). The turnstone populations of Morcambe Bay.
Ringing & Migration 2: 144-150.

Clark,N.A.(1982). The effects of severe weather in December 1981/
January 1982 on waders in Britain, Wader Study Group Bull.
34: 5-7.

Cody, M.L. (1971). Finch flocks in the Mchave desert. Theor Pop.
Biol, 2: 142-158,

Conder,P.J. (1943). Individual distance. Ibis 91:649-55.
Coulson,J.C., Monaghan,P., Butterfield,J.E.L., Duncan,N,, Ensox,K.,

Shedden,C.B. & Thomas,C,(1984). Scandinavian Herring Gulls
wintering in Britain. Ornis Scand. 15: 79-88.

Covich, A.P. {(1976). Analyzing shapes of foraging areas:some
ecological and economic theories, Ann.Rev. Ecol, Syst, 7:235-
~258

Cramp,S. &Simmons,K.E.L. (eds) (1982). TheBirds oftheWestern
Palearctic, vol. 3. Oxford University Press, Oxford.

Crawford,M.P.(1939). The social psychology of the vertebrates.
Psychol. Bull. 36: 407-466.

Crisp,D.J.(1964). The effects of the severe winter of 1962-3 on
British marine life. J. Anim, Ecol., 33: 165-210.

Curio,E.{(1976). The Ethology of Predation., Springer-Verlag, Berlin.

Davidson,N.C.(1982). Increases in wader mortality at Teesmouth
detected from ringing recoveries. Wader Study Group Bull, 36: 9

Davies,N.B.{1978). Food, flocking, and territorial behaviour of the
pied wagtail Motacilla alba yarrellii Gould in winter. J.
Anim. Ecol. 45: 235-253,

Davis,J.M.(1975). Socially induced flight reactions in pigeons. Auim

Dimond,S.& Lazarus,J.(1974). The problem of vigilance in animal
life. Brain, Behav. Evol. 3: 60-79,

Dittus,W.P.J.{1977). The social regulation of population density and
age-sex distribution in the toque monkey. Behaviour 63: 281~
322,

Dixon,K.R. & Chapman,J.A.(1980), Harmonic mean measure of animal

184




activity areas. Ecology 61: 1040-1094.

Dixon,W.J.(1983). BMDP Statistical Software. University of Calif-
ornia Press.

bugan,P.J., Evans,P.R., Goodyer,L.R. & Davidson,N.C,(1981). Winter
fat reserves in shorebirds: disturbance of regulated levels by
severe weather conditions. Ibis 123; 359-363.

Edmunds, M. (1974) . Defence in Animals. Longman Group, Harlow, Essex.

Eicavage,P. & Caraco,T.{1983). Vigilance behaviour in house sparrow
flocks. Anim, Behav, 31:3032-4.

Ekman,J. (1979)}. Ccoherence, composition and territories of winter
social groups of the willow tit Parus montanus and the crested
tit P. cristatus. Ornis Scand. 10: 56-68.

Ens, B.J. & Goss—-Custard, J.D. (1984). Interference among oyster-
catchers Haematopus ostralequs feeding on mussels, Mytilus
edulis on the Bxe estuary. J. Anim. Ecol. 53: 217-231.

BEvans,P.R.(1966). Wader migration in North East England. Trans. Nat.
Hist, Soc. North, 16: 126-151,

Evans,P.R.(1976). Energy balance and optimal foraging strategies in
shorebirds: some implications for their distribution and
movements in the non-breeding season. Ardea 64: 117-139.

Evans, P.R. (1981). Migration and dispersal of shorebhirds as a
survival strategy. Feeding and survival strategies of
estuarine organisms (BEd. by Jones,N.V. & Wolff W.J.}, ppl75-
290, Plenum Press, New York.

Evans,P.R. & Pienkowski,M.W.(in press). Population dynamics.
Behaviour of Marine Animals vol 5, Shorebirds: Breeding,
Behaviour and Populations (Ed. by Burger,J. & Olla,B.L.),
Plenum Press, New York.

Feare, CJ.(1966). The winter feeding of the purple sandpiper. Brit.
Birds 59: 165-179.

Ferns,P.N.(1978). Individual differences in head and neck plumage
of ruddy turnstones during breeding. Auk 95: 753755,

Ferns,P.N.{1981). The spring passage of turnstones through Britain
in 1979, Wader Study Group Bull., 31: 36-40,

Fleischer,R.C.(1983). Relationships between tidal oscillations and
ruddy turnstone flocking, foraging and vigilant behaviour,
Condor 85: 22-29,

Fretwell,S.(1969). bominance behaviour and winter habitat
distribution in juncos Junco hyemalis. Bird Banding 40: 1-25,

Fretwell,S.D. (1972) Populations in a Seasonal Enviromment. Princeton
University Press, Princeton, New Jersey.

Purness,R.W.(1973). Roost selection by waders. Scott. Birds 7: 281~

185




287.

Furness, R.W, & Galbraith, H. (1980). Non-random distribution in
roosting flocks of waders marked in a cannon catch net, Wader
Study Group Bull., 29: 22-23,

Gartlan,J.S. & Struhsaker,T.T. (1972).Polyspecific associations and
niche separation of rain forest anthropoids in Camerocn, West
Africa. d. Zool. Lond.168: 221~2686,

Gauthreaux, S.A. Jnr. (1978). The ecological significance of
behavioural dominance. Persp. Ethol, 3: 17-54.

Gautier-Hion,A, & Gautier,J,P.(1974), Les associations poly-
specifiques de cercopithiques du Plateau de M'passa (Gabon}.
Polia Primatol. 22: 134-177.

de Ghett,v.J.{1978). Hierarchial Cluster Analysis. Quantitative
Ethology (Ed. by Colgan,P.W.) ppll5-144, John Wiley & Sons,
New York.

Goldman,P. {(1980). Flocking as a possible predator defence in dark-
eyed juncos. Wilson Bull, 92: 88-95.

Gesling,L.M.(1980). Defence guilds of Savannah ungulates as a
context for scent communication. Symp., Zool. Soc. Lond, 45:
195-212.

Goss—~Custard, J.D. (1968). The winter feeding ecology of the
redshank Trirga totanus. Ibis 1ll: 338-356,

Goss~Custard,J.D.(1970). Feeding dispersion in some overwintering
wading birds. Social Behaviour in Birds and Mammals (Ed. by
J.H.Crook), pp.3—35. Academic Press, London.

Goss—Custard,J.D.{1976). Variation in the dispersion of Redshank,
Tringa totanus, on their winter feeding grounds. Ibis 118:
257263,

Gosg~Custard,J.D.(1977). The ecology of the Wash III. Density
related behaviour and the possible effects of a loss of
feeding grounds on wading birds. J. Appl. Ecol. 1l4: 721-739,

Goss~Custard,J.D.{1980). Competition for food and interference among
waders. Ardea 68: 31-52.

Goss~Custard, J.D.,, Jenyon, R.A., Jones, R.E., Newberry, P.E. &
Williams,R.G.B.{1977). The ecology of the Wash II: seasonal
variation in the feeding conditions of wading birds. J. Appl.
Ecol. 14: 701-719.

Goss~Cugtard, J.D., Durrell, S.E.A. le V. dit, Sitters, H.P. &
Swinfen,R. (1982a). Bge structure and survival of a wintering
population of oystercatchers. Bird Study 27: 83-98,

Gosg—Custard, J.D., Durrell, S.E.D. leV. dit, & Ens, B.J. (1982b).
Individual differences in aggressiveness and food stealing
among wintering ovstercatchers Haematopus ostralegus L, Anim,
Behav, 30: 917-928,

186




Goss~Custard,J.D. & Durrell,5.B.A.le V, dit (1983). Individual and
age differences in the feeding ecology of oystercatchers
Haematopus ostralegus wintering on the Exe estuary, Devon.
Tbis 125: 155-171.

Gass—-Custard, J.D. & Durrell, S.E.A. le V. dit (1984). wWinter
mortality of adult oystercatchers on the Exe estuary. Wader
Study Group Bull., 40: 37-38.

Greenewalt, C. H. (1962). Dimensional relationships for £lying

Greiq,5.A., Coulson,J.C. & Monaghan,P.(1983). Age-related differ-
ences in foraging success in the herring gqull Larus
argentatus, Anim. Behav. 31: 1237-1243.

Greig-Smith,P.W.(1%78). The formation, structure & function of
mixed-gpecies ingectivorous bird flocks in West African
savanna woodland. Ibis 120: 284-297,

Groves,S,(1978). Age-related differences in ruddy turnstone foraging
and aggressive behaviour. Auk 95: 95-103.

Hale,W. (1980} waders. <Colling, London.
Halliday,T.R.(1983). Information and Communication. Animal Behaviour

Vol,2: Communication (Ed., by T.R.Halliday & P.J.R.Slater),
pp.43-81. Blackwell,OxEord.

Hamilton,W.D. {(1971). Geometry for the selfish herd. J.Theor.Biol.31:
295-311.

Hamilton,W.J,IIT, & Gilbert,W.N.{(1269). Starling dispersal from a
winter roost. Ecology 50: 886-898.

Harper,D.G.C.(1982). Competitive foraging in mallards: 'ideal free'
ducks. Anim.Behav.30: 575-584.,

Harris,P.R. (1979). The winter feeding of the turnstone in North
Wales. Bird Study 26: 259-266.

HBartzler,J.E,{1970), Winter dominance relationships in black-—capped
chickadees, Wilson Bull.82: 427-434.

Hayne,D.W.(1949). Calculation of size of home range. J.Mammalogy 30:
1-18.

Heller,R. & Milinski,M.{1979). Optimal foraging of sticklebacks on
swarming prey. Anim.Bechav.27: 1127~1141,

Hepplestone, P.B. {(1971). The feeding ecolegy of oystercatchers
(Haematopus ostralegus L.) in winter in northern Scotland.
J.Anim,Ecol.40: 651-672.

Hoogland, J.L. (1979). The effect of colony gize on individual
alertness of prairie dogs (Sciuridae: Cynomys spp.). Anim.
Behav.27:394~407,

187




Hulscher ,J.B.(1976). Localisation of Cockles (Cardium edule I.) by
the oysteratcher (Haematopus ostralequs L.) in darkness and
daylight. Ardea 64: 292-310.

inglis,I.R. & Lazarus,J. (1981). Vigilance & Fflock size in brent
geese: the edge effect., Z.Tierpsychol.57: 193-200.

Janson 8. & Vegelijus J.(1981). Measures of ecological association.
Oecologia 49: 371-376.

Jarman,P.J.(1974). The social organisation of antelope in relation
to their ecology. Behaviour 48: 215-266.

Jennings,T. & Bvans,S.M.(1980}. 1iInfluence of position in the flock
and flock size on vigilance in the starling, Sturnus vulgaris.
Anim,.Behav.28: 634~635.

Kenward,R.E.(1978). Hawkes and doves: factors affecting success and
selection in goshawk attacks on woodpigeons. J. Anim. Ecol.
47: 449-460,

Retterson,B.D.{1979). Aggressive behaviour in migrating dark-eyed
juncos: determinants of dominance and their possible relation
to geographic variation in sex ratio. Wilson Bull. 91:371-383,

Krebs,J,R,(1974). Colonial nesting and social feeding as strategies
for exploiting food reserves in the great blue heron Ardea
herodias. Behaviour 51:99~134,

Krebs,J.R.(1978). Optimal foraging: decision rules for predatoxs.
Behavioural Ecology: an Evolutionary Approach {lst edn.) (Ed.
by J.R.Krebs & N.B.Davies}, pp.23-63. Blackwell Scientific
Publications, Oxford,

Krebs,J.R.{1980a). Flocking and feeding in the great tit: a reply
to Baker. Am. Nat. 115:147-149,

Krebs,J.R.{1980b}. Optimal foraging: predator risk and territory
defence. Ardea 68: 83-90.

Krebs, J.R., MacRoberts, M.H. & Cullen, J.M. (1972)., [Flocking and
feeding in the great tit Parus major — an experimental study.
This 114: 507-530.

Krebs,J.R., Kacelnik,A. & Taylor,P.{1978). Test of optimal sampling
by foraging great tits, Nature, Lond. 275: 27-31.

Krebs,J.R. & McCleery,R.H.(1984), Optimisation in behavioural
ecology. Behavioural Ecology, an Evolutionary Approach {(2nd
edn.) (Fd. by J.R.Krebs & N.B.Davies), pp.91-121, Blackwell
Scientific Publications, Oxford,

Rummer ,H.(1968). Social organisation of Hamadryas Baboons: a field
study. Univ, of Chicago Press, Chicago.

Kus,B.E., Ashman,P., Page,G.W. & Stengel,L.E. (1984)., Age-related
mortality in a wintering population of Dunlin, Auk 101: 69-73.

Kushlan, J.A.(1978). Nonrigorous foraging by robbing egrets. Ecalogy

188




59: 649-653,

Lack,D.{1968). Ecological adaptations for breeding in birds.
Methuen, Tondon.

Lazarus,J.{1978). Vigilance, flock size and domain of danger size in
the white~fronted goose. Wildfowl 29: 135-145,

Lazarus,J.{1979). The early warning function of flocking in birds: an
exper imental study with captive quelea. Anim. Behav. 27:855-865.

Lendrem,DLW.(1982). Vigilance in birds. Unpub. D.Phil. thesis,
University of Oxford.

Lendrem,D.W.(1983). BSleeping and vigilance in birds I. PField
observations of the mallard. Anim. Behav. 31: 532-538.

Lendrem,D.W.{1984a). Flocking, feeding and predation risk: absolute
and instantaneous feeding rates. Anim. Behav. 32: 298-299,

Lendrem,D.W.(1984b). Sleeping and vigilance in birds II. An
experimental study of the Barbary dove (Streptopelia risoria).
Anim. Behav. 32: 243-248.

Lingoes,J. & Roskam,E.E.(1973). A mathematical and empirical study of
two multidimensional scaling algorithms. Psychometric monogr,

19.

Marler,P.{1957). Specific distinctiveness in the communication
signals of birds. Behaviour 11: 13-39,

Marshall,w.{1981). The feeding behaviour and ecology of the
turnstone, Arenaria interpres on a rocky shore and in captivity.
Unpub, Ph.D. thesis, Edinburgh,

Maynard-Smith,J. & Parker,G.A.(1976). The 1logic of assymetric
contests. Anim. Behav, 24: 159-175,

McCleery,R.B. (1978). Optimal behaviour sequences and decision
making. Behavioural Ecology, an Evolutioary Approach (ist edn.)
(Ed. by J.R.Krebs & N.B.Davies), pp.377-410. Blackwell
Scientific Publications, Oxford.

McKee,J.(1983). The winter feeding of turnstones and purpie
sandpipers in Strathclyde. Bird Study 29: 217-220.

McVean,A. & Haddlesey,P.{1980). Vigilance schedules among house
sparrows, Passer domesticus. Ibis 122: 533-536.

Metcalfe,N.B.{1985). Prey detection by intertidally feeding lapwings.
Z. Tierpsychol. &7: 45-57.

Milinshi,M. & Heller,R.(1978). Influence of a predator on the optimal
foraging behaviour of sticklebacks, Gasterosteus aculateus L..
Nature 275: 642-644.

Monaghan,P.{1980). Dominance and dispersal between feeding sites in
the herring gull, Larus argentatus. Anim. Behav. 28: 521-527.




Monaghan,P. & Metcalfe,N.B. In press. Group foraging in wild brown
hares: effects of resource distribution and social status. Anim.
Behav.

Morgan,B.J.7., Simpson,M.J.A., Hanby,J.P. & Hall-Craggs,J.{1976).
Visualizing interaction and sequential data in animal behaviour:
theory and application of cluster—analysis methods. Behaviour
56: 1-43

Morrison,R.1,G.(1975). Migration and morphometrics of European knot
and turnstone on Ellesmere Island, Canada. Bird Banding 46: 250~
301.

Morrison,R.1.G.(1984)., Migratory systems of some New World
shoreblrds. Behaviour of Marine Animals, Vol. 6, Shorebirds:
migration and foraging behaviour (Ed. by J Burger & B.L.,Olla}
PR.125-202. Plenum Press, New York.

Morse,D.H.(1970). Ecological aspects of some mixed species foraging
flocks. Ecol. Monogr. 40: 119-168.

Morse,D.H.(1977). Feeding behaviour and predator avoidance in
heterospecific groups. Bioscience 27: 332-339,

Morse,D.H.{1978). Structure and foraging patterns of flocks of tits
and associated species in an English woodland during the winter.
Ibig 120: 298-312.

Moser,M. & Carrier,M.(1983). Patterns of population turnover in
ringed plovers and turnstones during their spring passage
through the Solway Firth in 1983. Wader Study Group Bull. 39:
37-41

Moynihan,M. (1962). The organisation and probable evolution of some
mixed species flocks of neotropical birds. Smithson Misc. Colln.

143: 1-140.

Moynihan,M.(1981). The coincidence of mimicries and other misleading
coincidences. Am. Nat. 117: 372-378.

Murton,R.K,, Isaacson,A.J. & Westwood,N.J.(1971). The significance of
gregarious feeding behaviour and adrenal stress in a population
of woodpigeons Columba palumbus. J. 2Zocl. {Lond.) 165; 53-84.

Murton, R.K., Coombes, C.F.B. & Thearle, R.J.P. (1972). Ecological
studies on the feral pigeon, Columba livea var. IL: Flock
behaviour and social organisation. J.Appl.Ecol. 9: 875-889.

Myers,J.P. (1980). ‘Territorality and flocking by buff-breasted
sandpipers: variations in non-breeding dispersions. Condor B82:

Myers, J.P. (1983)., Space, time, and the pattern of individual
associations in a group-living species: sanderlings have no
friends. Behav. Ecol. Sociobiol. 12: 129-134.

Myers,J.P.(1984). Spacing behaviour of non—breeding shorebirds.
Behaviour of Marine Animals, Vol. 6: Shorebirds: migration and
foraging behaviour (Ed. by J.Burger & B.L.0lla), pp.271-322.

190




Plenum Press, New York.

Myers, J.P., Connors, P.G. & Pitelka, F.A.{(1979a). Territoriality in
non-breeding shorebirds. Studies in Avian Biol. 2: 231-246,

Myers,J.P., Connors,P.G. & Fitelka,F.A.(1979b). Territory size in
wintering sanderlings: the effects of prey abundance and
intruder density. Auk 96: 551-561.

Myers,J.P. & Myers,[.P.(1979). Shorebirds of Buenog Aires province,
Argentina. Ibis 121: 186-200,

Neill,S.R.S8t.J. & Cullen,J.M.(1974). Experiments on whether
schooling by their prey affects the hunting behaviour of
cephalopods and fish predators. J. Zool. Lond. 172: 549~569.

Neft,D.S5.(1966). Statistical analysis for areal distributions.
Monograph series number 2. Regional Science Research Institute,
Philadelphia, Pennsylvania, U.S.A.

Nie,N.H., Hull,C.H., Jenkins,J.G., Steinbrenner,k. & Bent,D.H.{1975).
8PS5S; Statistical package for the social sciences, 2nd. ed,
McGraw-Hill, New York. !

Page, G.& Middleton, A.L.A. (1972).Fat deposits during autumn
migration in the semi-palmated sandpiper. Bird Banding 43: 85~
96

Page, G.& Whitacre, D.F. (1975).Raptor predation on wintering
shorebirds. Condor 77: 73-83.

Paine,R.T. & Levin,5.A.{1981}. 1Intertidal landscapes: disturbance
and the dynamics of pattern. Ecolog, Monog. 51: 145-178.

Parmelee,D.F. & Macbhonald,S.D.{1960). The birds of west—central
Ellesmere Island and adjacent areas. National Mus., Canada Bull.
169

Pienkowski,M.W.(1981), Differences in habitat regquirements and
distribution patterns of plovers and sandpipers as investigated
by studies of feeding behaviour. Verh, Ornithol. Ges. Bayern.
25: 105-124.

Pilcher,R.E.M., Beer,J.V. & Cook,A.W.{1974), Ten years of intensive
latewinter surveys for waterfowl corpses on the north-west
shore of the Wash, England. Wildfowl 25: 149-154,

Powell ,G.V.N.(1974). Experimental analysis of the social value of
flocking by starlings, Sturnus vulgaris in relation to
predation and foraging. Anim. Behav. 22: 501~505,

Prater,A.J., Marchant,J.H. & Vuorinen,J.(1%977). Guide to the
identification and aging of Holarctic waders. British Trust
for Ornithology, ‘I'ring.

Pulliam,H.R.(1973). On the advantages of flocking. J. theor. Bicl.
38: 419-22,

Pulliam,H.R,(1976). The principle of optimdum behaviour and the

101




theory of communities. Persp. Bthol. 2: 311-332,

Pulliam,H.R. & Caraco,T.{1984)}, Living in groups: is there an
optimal group size? Behavioural Ecology: an Evolutionary
Approach (2nd edn.) (Ed. by J.R.Krebs & N.B.Davies), pp.l22-
147. Blackwell Scientific Publications, Oxford.

Pulliam,Hd.R. & Millikan,G.C.(1982), Social organisation in the non~-
reproductive season. Avian Biology Vol 6 (Ed. by D.S.Farner,
J.R.King & KC.Parkes), pp.l69-197. Academic Press, New York.

Pulliam,H.R., Pyke,G.H. & Caraco,T.(1982), The scanning behaviour of
juncog: a game-theoretical approach. J. Theor. Biol, 95: 89—
103.

Racine,R.N. & Thompson,N.5.{1983). Social organisation in winter
blue jays. Behaviour B7: 237-255,

Ratcliffe,P.d., Jones,N.V. & Walters,N.J,(1981). The survival of
Macoma balthica (L.} in mobile sediments. Feeding and Survival
Strategies of Marine Organisms (Ed. by N.V.Jones & W.J.Wolff),
pp. 91-108. Plenum Press, New York.

Raveling,D.G.(1969). Social classes of Canada geese in winter. J.
Wildlife Mgmt. 33.: 304~318.

Recher ,H.F.({1966). Some aspects of the ecology ¢of migrant
shorebirds. Ecology 47: 393-407,

Recher,H.F. & Recher,J.A.{19692). Some aspects of the ecology of
migrant shorebirds TI: Aggresssion. Wilson Bull, 81: 140-154.

Rees,E.T.S.(1969). Feeding association between purple sandpipers and
turnstones. Brit. Birds 63: 155.

Robinson,J.G.(1981). 8patial structure in foraging groups of wedge-
capped capuchin monkeys, Cebus nigrivittatus. Anim. Behav, 29:
1036—-1056.

Roell,A.(1978). Social behaviour of the jackdaw, Corvus monedula, in
relation to its niche. Behaviour 64: 1-124

Rohwer,5.(1975). The social significance of avian winter plumage
variability. Evolution 23: 539-610

Rohwer,S. & Ewald,P.W.(1981). The cost of dominance and advantage of
subordination in a badge signalling system. Evolution 35: 441-
454

Rubenstein,D.I.{1978). ©On predation, competition and the advantages
of group living. Persp. Ethol. 3: 205-231,

Rudebeck,G.{1951). The choice of prey and modes of hunting of
predatory birds with special reference to their selective
effect. Oikos 3: 200~231.

Ryan,T.A., Joiner ,B.L. & Ryan,B.F.{1976). MINITAB Student Handbook.
Duxbury Press, Boston, Mass. ‘

192




Sabine,W.S,(1956). 1Integrating mechanisms of the junco winter flock.
Condor 58: 338-341,

Sanderson,G.C. (1966}, The study of mammal movements ~ a review. J.
wildlife Mgmtd. 30:215-235.

Schoener,T.W.{1971). Theory of feeding strategies. Ann. Rev. Ecol.
Syst. 2: 369-404.

Shedden, C.B. (1983). Feeding and Roosting Behaviour of Gulls:
Inplications for Water Storage. Unpub. Ph.D. thesis, University
of Glasgow.

short,L.L.Jnr.{1961), Interspecies flocking of birds of Montane
Forest in Oaxaca, Mexico. Wilson Bull, 73: 341-347,

S5ilby,R.M.{1983). Optimal group size is unstable. Anim.Behav. 31:
947-948,

Sibly,R.(1984). Models of producer/scrounger relationships between
and within species. Producers and Scroungers: Strategies of
Exploitation and Parasitism {(Ed. by C.J.Barnard), pp. 267~287.
Croom—Helmn, Iondon,

Siegel,5.{1956). Nonparametric Statistics for the Behavioural
Sciences. McGraw-Hill, New York.

Sih,a.{1980). Optimal behavior: can foragers balance two
conflicting demands? Science 210:1041-3.

Sih,A.{1982a). Foraging strategies and the avoidance of predation by
an aquatic insect, Notonecta hoffmanni. Ecology 63: 786-796.

Sih,A,.(1982b). Optimal patch use: variation in selective presgsure
for efficient foraging. Am. Nat. 120: 666-685.

Ssmith,J.N.M.(1974a). The food searching behaviour of two European
thrushes I: description and analysis of search paths., Behaviour
48: 276~302,

Smith,J.N.M.{1974b). The food searching behaviour of two European
thrushes I1: The adaptiveness of the search patterns. Behaviour
49; 1-61

Smith,J.N.M.(1977). Feeding rates, search patterns and surveillance
for predators in great-tailed grackle flocks. Can. J. Zool. 55:
891898

Sokal,R.R. & Rohlf,F.J.(1981l). Biometry {(2nd edn.). W.H. Freeman &
Co., San Fransisco.

Spence,1.(1978). Multi-dimentional scaling. Quantitative Ethology
(Bd. by P.W.Colgan), pp. 175-217. John Wiley & Sons, New York.

Stawarczyk,T.(1984). Aggression and its suppression in mixed-species
wader flocks. Ornis Scand. 15: 23-37.

Stinson,C.B.(1980}. Flocking and predator avoidance: models of
flocking and observations on the spatial dispersion of foraging

193




winter shorebirds (Charadrii). Oikos 34: 35-43.

Sullivan,K.A.(1984), The advantages of social foraging in downy
woodpeckers, Anim. Behav., 32: 16-22.

Sullivan,K.A. In press. Information exploitation by downy
woodpeckers in mixed-species flocks., Behaviour

Sutherland,W.J.(1981). Turnover in a turnstone population. Scan
Ringing Group Report for 1977-1980, pp. 34-3S.

Sutherland,W.J., & Koene,P,(1982), Field estimates of the strength of
interference between oystercatchers Haematopus ostralegus.
Oecologia 55: 108-109.

Thompson,D.B.A., & Barnard,C.J.(1983). Anit-predator responses in
mixed~-species associations of lapwings, golden plovers and
black-headed gulls. Anim. Behav. 31: 585-593.

Thompson,M.C.(1973). Migratory patterns of ruddy turnstones in the
central Pacific region. Living Bird 12: 5-23.

Townshend,D.J.(1982). The Lazarus syndrome in grey plovers. Wader
Study Group Bull, 34: 11-12,

Townshend,D.J., Dugan,P.J. & Pienkowski,M.W.(1984). The unsociable
plover — use of intertidal areas by grey plovers. Coastal
Waderg and Wildfowl in Winter (E4. by P.R.Evans, J.D.Gogs~
Custard & W.GHale), pp. 140-159. Cambridge University Press.

Treisman,M,{(1975a). Predation and the evolution of gregariousness 1:
models for concealment and evasion. Anim. Behav. 23: 779-800,

Treisman,M.(1975b). Predation and the evolution of gregariousness II:
An economic model for predator-prey interaction. Anim, Behav.
23: 801-825.

Underwood,R.{1982). Vigilance behaviour in grazing African
antelopes. Behaviour 79: 81-107.

Van Winkle,W.(1975). Comparison of several probabilistic home range
models. J. Wildlife Mgmt. 39: 118-123.

Vine,W.{1971). Risk of visual detection and pursuit by a predator
and the selective advantage of flocking behaviour. J. theor.
Biol 30: 405-422,

Vines,G.(1980). Spatial conseguences of aggressive behaviour in
flocks of oystercatchers, Haematopus ostralegus (L). Anim.
Behav. 28: 1175-1183.

Waser,P.M.{(1980). Polyspecific associations of Cercocebus albigena:
geographic variation and ecological correlates. Folia primatol.
33: 57-76.

Waser,P.M.(1982). Primate polyspecific associations: do they occur
by chance? Anim. Behav. 30: 1-8.

Watson,A & Moss,R.{(1970). Dominance, spacing behaviour and

194

e Al RN




aggression in relation to population limitation in vertebrates.
Animal Populations in Relation to Their Food Resoures (Ed. by
AWatson), pp.l67-218. Blackwell Scientific Publications,
Oxford.

Willis,BE.0.{1972). Do birds flock in Hawali, a land without
predators? Cal. Birds 3: 1-8.

Wilson,B.0.(1975). Sociobiology, the New Synthesis. Harvard
University Press, Cambridge, Mass.

Wilson,J.R.(1981). The migration of High Arctic shorebirds through
Iceland. Bird Study 28: 2i~3Z.

Wishart,D.{1978). Clustan User Manual (3rd Edn.}. Inter-University/
Research Councils Series Report No. 47. Program Library Unit,
Edinburgh University.

Ydenberg,R.C. & Prins, H.AH.Th.{1984). Why do birds roost communally?
Coastal Waders and Waterfowl In Winter (Ed. by P.R.Evans,
J.D.Gosgs-Custard and W.G.Hale), pp.123-139. Cambridge
University Press, Cambridge,

Yeo,R.K. & Risk,M.J.{1979). Intertidal catastrophes: Effects of
storms and hurricanes on intertidal benthosgs of the Minas
Basin, Bay of Fundy. J.Fish.Res.Bd.Canada 36: 667-669.

Zwarts,l. & Drent,R.E.(1981). Prey depletion and the regulation of
predator density: oystercatchers (Haematopus ostralegus)
feeding on mussels (Mytilus edulig). Feeding and Survival
Strategies of Marine Organigmg (Ed. by N.V.Jones & W.J.Wolff),
pp.193-216. Plenum Press, New York.




