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SEASON AL MOVIEMNMIENTS O0OF SHORIE-
BIRDS IUW RELATION T0 SPACINCG

BEHAVIOUR AND PRHEY AVAILABILITY

Data on counts of shorebirds and information from
ringing and colour-marking studies are examined‘and
integrated to provide detailed information on seasonal
changes in distribution, and movements of Xnot, Bar-

talled Godwit and Grey Plover in North- West Lurope,

particularly Britain.

Several factors which may lead to the movements
observed, particularly those Ffactors affecling energy
balance, are considered. Published information on
geasonal changes in weather conditions in Britain and

Hurope, and on prey abundance in different estuaries,

is reviewed and supplemented by studies from Morecambe
Bay and the Tees and Humber estuaries. It is suggested
that late autumn movements of Knot and Bar~ltailed Godwit
from the eastern North Sea to Britein permit birds to
avolid severe winter weather conditions. Movements of
many Knot northward from the Wash along the east coast
of Britain also occur in November, perhaps to reach
estuaries less influenced by cold @ir masses from Hurope.
The reasons for most other movements are unclears, Wo
evidence was found of major differences between estuaries
in the timing of breeding or growth rates of invertebrate
prey, which might have led to the differences in timing of

peak prey biomass for shorebirds to exploit.

Differences/
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Differences have been found in the seasonal patterns

of depth distribution of Macoma balthica between

Morecambe Bay, the Wash and Humber. However, the timing
of movements of Knot between these estuaries could not be
related to these differences in availability of prey.
Availability of Macoma on Morecambe Bay in spring is high
and may partly explain why high numbers of ¥not collect

there to put on pre-migratory fat reserves.
- E y

Movements of Xnot through the Tees estuary appear
to be unrelated to changes in prey abundance or
avallabi 1ity. Two alternative survival strategies
are suggested for this species: (1) itineracy, visiting
two or more British estusries after moult, and (2)
sedentary behaviour, visiting only one estuary after

moult, or staying on the moulting area.

Seagsonal use of the Tees estusry by, and movements
to and from there of, Grey Plover were studied in
relation to spacing behaviour and vrey availability.

Two strategies of useé of spaée by Grey Plover were found.
Territorislity was shown to be particularly advantageous
during periods of severe, particularly windy, weather.
Wlock feeding was adopted by some birds which could not,
and by some individuals which chose not to, obltain a
territory. Some movements of Grey Plover from the
estuary were probably,determined by social status. A4
few of those which were unablé to obtain a territory in
auvtumn left the estuary, No evidence of movement in

relation to prey avallability was obtained.

Mindings/



Mindings of the study are

proximate and ultimate factors

discussed in terms of

determining the timing

and survival value of shorebird movements.
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General Introduction

At the end of the breeding season in June and July
each year meany hundreds of thousands of shorebirds
migrate from their arctic, and north temperate breeding
gfounds to moult on the coasts of North West Hurope (e.g.
gee Rooth, 1966; Tvans, 1981). Others stop here only
briefly to renew their fat reserves before moving further
south to moult and winter in southern Hurope and South
and West Africa (Minton, 1975). At the end of autumn,
on completion of moult, many birds slso move further
south (Boere, 1976). However, many vremain to pass the
winter on the coasts of the North and Irish Seas. In
spring, birds which have wintered further south return
north, often stopping in North West furope to rest and
renew energy reserves before moving on to the breeding
grounds (Ilinton, 1975; Smith and Greenhalgh, 1977).

At this time Dbirds which have wintered in North West

Burope also move northwards.

This description of migration from and to the

breeding areas is similar to that of many other groups

ol pélaearctic migratory birds, e.g£. passerines (Moreau,
1972): many seabirds and wildfowl (Cramp and Simmons,
1977). However, within the past twenty years it has
become evident that even within North West Lurope,
particular aress are used at pasrticular stages of the
seasonal migration cycle of shorebirds. In autumn, not

only do birds/
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birds move south after moult, but within North West
Wurope they may move from one coastal area where they
have moulted to others where they winter. Similarly,

in spring some birds leave areas where they have wintered
and move to other areas where they moult into breeding

plumage and lay down fat before migration.

fiven more récently, as studies at Durham University
have examined shorebifd movements, it has become evident
that the movements which occur are congiderably more
complex than previously thought. Even in mid~winter,
outwith the conventional peak migration times, shorebirds
have been shown to move between estuaries. Thus
published information and more recent observations suggest
that many shorebirds use (and may possibly require) not
just one, but a network of estuaries each winter. Why
these movements occur and what mechanisms control them
are not understood at present. This thesis forms a

preliminary investigation of these two questions.

My investigation has taken the form of three related
studiese.

(1) Ahalysis off available information on sessonal
changes in shorebird use of, and movement between,
estuaries in North West Hurope, and particularly in the
British Isles.

(2) Examination of regional variation especially
within Britain, and seasonal changes, in those factors of

importance/
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importance in the energy balance of shorebirds which may
be potentially correlsted with shorebird movements.
These include climatic features, such as temperature and
wind speed, and prey abundance.

(8) Detailed investigation of one shorebird species,

the Grey Plover Pluvialis squatarola on the Tees estuary

in North Xast BEngland, in order to examine at first hand
seasonal movements and the factors to which these may be

related.

In studies (1) and (2) attention has been confined

to three shorebird species: Knot Calidris canutus, Bar-

tailed Godwit Limosa lapponica and Grey Plover. of

these shorebirds which regularly use British and European
estuaries in large numbers each year, these three species,

together with Dunlin Calidris alpina, obtain almost all

their food intake from intertidal estuarine mudflats.

Among other wader species, Curlew Numenius arquata and

Golden Plover Pluvialis apricaria many use neighbouring

pastures in large numbers (McLennon 1979; Townshend 1981g).

Redshank Tringa totanus also use areas of pasture and many

subsidiary freshwater feeding areas (Tubbs and Tubbs 1980).

Oystercatchers Haematopus ostralegus and Turnstone

Arenaria interpres also use fields occasionally but obtain

most of their daily food intake in many estuaries from

mussel beds and rocky shores. Sanderling Calidris alba

obtain most of their intake from santy marine beaches.
Thus, the use by these other shorebird species, of areas

other/



other than intertidal mud makes considerably more complex
and tenuous any analysis of movement which could be
performed. ¥For example, reduction in number of Curlew
using certain estuaries may not indicate movement to
another estuary but simply movement to adjacent pasture.
Also, although any proven movements of Curlew between
gestuaries could be due to depletion of intertidal food
resources, they may also be due to depletion of prey
stocks in the pastureland, or on nearby rocky shores.
Investigation of these problems is clearly possible but
in the present study it was decided to concentrate on
gpecies for which information on both movement of
individuals and prey abundance was available. Dunlin
were excluded from consideration in this study because
very little informatién is available from any estuary on
seasonal variation in abundance of the wide range of small
invertebrate prey species of major importance in their

diet (HWvans et.al., 1979).

Further justification for the intensive investigation

of Grey Plover on the Tees estuary is given in Chapter 3.



Chapter 1. Distribution and movement of shorebirds within

the British Isles in the non-breeding season.

INTRODUCTION

In the past ten years several authors have reviewed
gseasonal use of British estuaries by shorebirds,
described monthly change in numbers and suggested origins
and destinations of birds arriving and departing. Wilson
(1973) examined ringing and count data relevant to
Morecambe Bay and concluded that Enot which moult on the
Wash snd Dee move to Morecambe Bay in mid-winter, as do
Bar-~tailed Godwit from the Ribble. Smith and Greehhalgh
(1977) concurred with these views but added that Knot which
moult on the Ribble also may winter on Morecambe Bay.
Minton (1975) reviewed the results of shorebird ringihg
on the Wash and supported the idea that many ¥not which
moult on the Wash winter on the west coast of Britain,
especially on Morecambe Bay, the Dee and the Ribble, but
he also concluded that others moved south to France,

He suggested that XKnot which moulted in the Waddenzee
arrived on the Wash in November to winter. Prior to
these studies, Evans (1968) made raedar observations of
inter-estuarine movements of shorebirds; He described
south~easterly movements fromlthe Forth estuary in August,
but southerly and southwesterly movement in September.
Prom Teesmouth, southwesterly movements to the Ribble were

recorded.

As a result of these analyses of counts, ringing data,

and/



and radar observalions the direction and time of movements
between a few of the major estuaries are known. However,
to date, no sttempt has been made to amalgamate the
information presented in these studies with counts and
ringing data ffom other estuaries. Yet, such a synthesis
of available information forms an eésential framework
from which to consider the reasons for inter-estuarine
movement of shorebirds and the factors which may control

their timing. In this Chapter I present such a synthesis.

METHODS

To determine major seasonal change in the distribution
of shorebirds within Britain, count data from the Birds
of Bstuaries Enquiry of 1970-75 have been examined. This
énquiry organised Jjointly by the British Trust for
Ornithology, the Royal Society for the Protection of Birds,
and the Wildfowl Trust is the only attempt so far to
document comprehensively the use of British estuaries by
shorebirds. During the Enquiry counts were made each
month from August to April and supplemented, when possible,
with counts in July and May. Whenever possible counts
took place at highwater on spring tides when the birds were
assembled on roosts or flew to these sites. On all major
estuaries, counts involved a team of observers, each couniing
one particular section at the same time on each day, in the
hope that this would prevent the omission or duplication of
birds (Prater, 1971). However, the counts from the Birds
of Fstuaries hnquiry, although of great value, are subject

to/



to many sources of error, and little information is
available Tor periods between monthly counts. Thus,

a low count made on a day of poor visibility may be a

true indication of low numbers of birds but may also be
entirely a consequence of poor visibility and consequent
observer error. In more intensive studies although
gimilar poor observing conditions are encountered the
cocunt can be checked within a few days when visibility
improves. Similarly on at least some estuaries, such as
the Tees and Humber, birds may change roost site from

one side of the estuary to the other, from day to day.
Frequent visits to the estuary increase observer awareness
of these changes and early detection of any new roost sites
used. In contrast, the one-monthly Birds of Hstuaries
Enquiry counts do not allow such observer awareness to
develop and the possibility of oversight, during a count,
of an inaccessible or previously unused roost site arises.
Consequently, in some areas at some times of year,
fluctuations in total numbers of birds counted may reflect,
not change in population size, but change in visibility or
roosting habit. Thus although in most years of the Hnquiry
most of the major estuaries were censussed the accuracy of
the counts must be treated with caution. It is not possible
to claim that small changes in observed populstion size on
an estuary reflect true changes in numbers of birds

present on that estuary. Consequently in my analysis

of these count data I have considered only major seasonal

changes/



changes in shorebird distribution on British egtuaries.
The data do not permit definite conclusions as to which
movements occur between which estuaries. To investigate

this recoveries of ringed birds were analysed.

Ringing Recoveries.

Where possible I have considered only recoveries
on one estuary of birds ringed on another during the
same non-breeding season, as only these provide definite
proof of change of area within a winter. Other reccveries
concern birds recaptured some years later than that of
first capture. In these cases the presence of the same
individual on another estuary after the yesar of first
capture does not allow definite conclusions to be made.
While it is possible that the individual in question has

followed the same route as in the year of first capture,

- this need not necessarily be so, as will be shown for

some Grey Plover (Chapter 3). In view of the ambiguity
of these data they have been excluded from the analysis
(with the exception of those for Bar-tailed Godwit where
this ambiguity does not influence the conclusion from the

data).

Not only is the proportion of ringed birds which
have been recovered on another estuary within the same
non-breeding season very small, but also on only a few
occasions can the time of movement be determined to
within one or two months. Yet, the timing of each is

crucial/



crucial to an understanding of the advantage accruing

Trom movements.

Colour-marking.

In order to identify more precisely both the times
and routes of some movements a programme of colour-dyeing
of Knot was started on the Tees estuary in 1978-792 and
expanded to include the Wash in 1979-80. The most
important advantage of dyeing over conventional ringing
as a method oflstudying inter-estuarine movement of
shorebirds is that identification of the origin of an
individual dces not require recapture, but can be
determined by colour and/or position of the dyemarks.
Birds caught on the Tees in 1978-~79 were marked on the
underparts with a green, resin—based dye which pemisted
on the plumage for about eight weeks. In addition some

birds in December 1978 were marked with temporary coloured

g
¥

P.V.C. leg flags (Goodyer et.al. 1972) which also allowed
identification of origin of an individual without reguiring
recapture, In 197§~80 birds on the Tees were marked with
a yellow dye (Picric Acid). To distingulish between
catches those birds caught in November were marked on the
breast and those caught in January on the rump. Birds
caught on the Wash were marked with the green dye, on the
rump before lst January and on the breast after this date.
Sightings of marked birds were obtained from research
workers and bird watchers who had been notified of the
dyeing programme by letter and/or through ornithological
gsocleties and bulletins. Because of the limited time

available/
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available for the dyeing study no attempt was made to
achieve regular coverage of all major sites. Consequ-~
ently absence of records Ffrom an estuary doss not
necessarily indicate absence of movements to that site.
SGimilarly, it is likely that the absence of rcegular
coverage, varticularly on larger estuaries may resultl
in oversight of marked individuals For several weeks,
Consequently the accuracy of estimates of arrival dates
is unknown and may be low., Hoviever desplte this some
sightings in other estuaries were recorded within a few
weeks of marking. Consequently the accuracy of estimates

of time of movement of these birds is high.

Thus, the following accounts of seasonal movements
of Knot, Bar-tailed Godwit and Grey Plover are syntheses
of data available from counts, conventional ringing and

colour-marking schemes,

kKywormw

Introduction

Almost all Xnot which occur in Britain in the
non-~breeding season breed in Greenland and north east
Cenada (Hinton, 1975). Adult birds reach Britsin in
July and August and concentrate on the Wash, Ribble, Dee
and Morecambe Bay (Prater, 1974). Other adults arrive
at this time in the Danish, German and Dulch Waddengee
where birds which breed in the western Palearctic and
Holarctic mix with birds from the S iberian breeding
population (Dick et. al. 1976). Juveniles are First

seen/




seen in Britain in mid August and early September

(Minton, 1975; Smith and Greenhalgh, 1977).

Movements from and into the Wash.

Most ringing of Knot has been done on the Wash (ca.
30,000 between 1959-1978), Dee (ca. 3,000) and Morecambe
Bay (ca. 7,000 until 1973). Recoveries within the same
winter of adults ringed during moult, ie. from July until
the end of October (Minton, 1975), are shown in Fig. 1.
Recoveries within the same winter of adults ringed after
October are shown in Fig. 2. These data indicate that
most movements of adults from the Wash occur at the end
of moult and few later. Although ringing data are
subject to many biases it is likely that the predominance
of post-moult movement is a genuine result. Although
most Knot have been caught on the Wash during autumn many
thousands have been caught there at other times of year.
Clearly the likelihood of detection of movement depends
upon the length of winter left in which both to move and
to be caught at the destination. It also depehds on the
activities of ringers and case of capture in different
months at these sites. Thus it is not surprising that
most movements recorded are of autumn caught birds.
However, despite the considersble length of time that a
bird may remain on an estuary before being captured,
many of the movements have been detected within two months
of capture on the Wash. Thus 1if movements occured
throughout the winter, birds caught on the Wash in November,

December/
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December, and January should have been represented in
catches in the spring. This has occurred very rarely
and indicates that, most movements do occur in the

auntumn and early winter.

Movements of Juveniles follow a similar patltern to
that observed in adults (Fig. 3) but data are too few
to permit a detailed comparison between adults and
juveniles. However Minton (1975) concluded that most
Jjuveniles pass through the Wash by mid-October and

winter in France, Iberia and possibly West Africa.

In avtumn Jjuveniles form only a small proportion
bf the total population and by winter usually less than
5% of the Knot on the Wash. Consequently the overall
picture given by counts is likely to reflect adult

movements, irrespective of the juvenile pattern.

Counts on the Wash reinforce the conclusion from
the ringing data that an exodus occurs in late October,
at least in some years. In three of the five yesrs for
which data are available the number of Enot present on
the Wash rose steeply in July and August to a peak in
September and October but dropped again before numbers
rose for a second time in November and December to a
winter maximum (Fig. 4). In the other two years no peak
was evident in September. In 1971-72 numbers in September
were as high as in those years in which a Seplember peak

was/
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was recorded, but they continued to rise to November.

A drop in numbers was apparent in December but an
increase again in January (Fig. 4). These data suggest
that in 1971 the same number of birds arrived but that
no departure occumed until December. However, the
count dats do not allow examination of any turnover of
individuals on an estuary. It is possible that, although
numbers appeared to rise continuously from September to
November in 1971, many of the individuals present in
September may have departed before November. Indeed
the monthly intervals between counts mesn that rapid
fluctuations in numbers could be missed. Unfortunately,
no large captures of Knot were made on the Wash in
October or November of 1971 and consequently the extent

of any turnover cannot be investigated,

Movements along the east coast.

At the same time as numbers of Knot on the Wash
rise in November and December, following the October
decrease, numbers using the estuaries on the east coast
of Britain, north of the Wash, increasec greatly (¥Fig. 5),
often continuing to do so When the numbers on the Wash
(Fig. 4) level off e.g. in 1978-73; 1974~75. It is
likely thet birds which arrive in Britain ot this time have
moulted on the eastern North Sea coast. Numbers of
Knot on both the Germen and Dutch Waddenzee fall at
this time (Prater, 1974). However, six of the within-
year recoveries indicate that some of {the birds which

use/
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use the north-east coast estuaries during, or after,
October have spent the earlier part of the autumn
moulting on the Wash. VOf these movements two to the
Humber and one to North-Tast Scotland occuwed before
the time of the major influx on the east coast. The
other three were also ringed before this period of
influx but recovered after, Thus is it not possible to
conclude precisely when, in relation to the time of

the large influxes on the east coast, the movements
occurrads. Only for one dye-marked bird can the time of
movement, in relation to the time of the influx on the
Tees estuary be determined. This individual, dyed on
the Wash in October, was seen on the Tees in November,

a Tew days after the first influx of Knot on the Tees
occured. (Fig. 6). On the Tees estuary the small area
and regular observer coverage at this site mean that it
is very unlikely that a marked bird would have been
missed for more than a few days. FMurthermore, in
October and November each year there arc cnly very small
numbers of adult Knot (less than Ffifty individuals) on
the estuary (Fig. 6). Consequently it is very
unlikely thet the dyed bird was present, but was missed;
before the first influx at the beginning of Novembser.
The very low number of Knot present on the estuary prior
to November each year (see FPig. 7) also suggests that
the ringed bird caught on the Wash in August 1277 and
retrapped on the Tees in February 1978 also arrived on

the estuary after the beginning of November.

Thus/
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Thus it is likely that at least some of the birds
arriving on the Tees estuary in November originate from
the Wash. This may be true of those arriving in
November on other east coast esﬁuaries. It should be
noted that the two marked birds which moved from the
Wash to the Tees had been present on the Wash since
August and October, and had not arrived there with the
November influx. Thus at the time of the Noveﬁber
influx on the Wash, there was considerable turnover of
birds there. Whether the northward movements of birds
which have moulted on the Wash is voluntary or through

displacement is not known.

It is possible that some birds go directly from the
Waddenzee to the estuaries of the north-east coast of
Britain in November. Certainly, if all birds move
through the Wash turnover must be very rapid. For
example, if turnover had occured in 1972-73 the 25,000
birds which arrived om the north-~ecast estuaries between
Octcber and November must have left the Wash within a
maximum of one month of the arrival of 20,000 birds (vy
which amount total numbers on the Wash increased in thig
month) on the Wash during this period. Similarly, the
25,000 arriving on the north-east coast between November
and December must have left the Wash within one month of
the arrival of another 20,000 (i.e. assuming
25,000 birds did move from the Wash to the north-east
coast between November and December 20,000 birds is the

size of the influx which must have cccured on the Wash

to/
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to account for a decrease of only 5,000 birds there
between November and December) on the Wash between
November and December. However, such rapid onward
movement, although involving much smaller numbers of
birds, occured at this time on the Tees, as documented
below. Thus similar rapid onward movement might
possibly acéompany the turnover which occurs on the
Washe Consequently at the present time it is not known
how much, if any, movement to the north-east estusries
is direct from the Waddenzee. This may be solved by

dye-marking on the Waddenzes.

In 1979-80 dye-marking of Knot in November provided
evidence of turnover and rapid onward movement from the
Tees. Of 270 birds colour-dyed on the Tees on 14-171-79

three were seen along the Northumberland coast fifteen
days later and one seen on the Yorth estuary after one
month. Over this period numbers of Knolt on ﬁhe Tees
remained approximately constant (Fig. 6). However,

the percentage of colour-marked birds in the population
decreased, which indicates that a small exodus of Knot,
replaced by a small influx, had occwwed (Table 1.). If
all 270 birds dyéd on 14-11~79 had remained on the estuary
during November and December when the total number of
birds on the estuary was approximately 4,000, the actual
proportion of birds dyed would have been 6.8%h. However,
over this period the mean percentage of birds observed
which were colour-marked was 5.4%. Thus assuming random

mixing/



Table 1. Proportion of Knot on the Tees observed to

be colour~dyed in November and December, 1979. Figures
given are the mean number of colour-marked birds seen in
flocks checked on each date.

Date No. of fTlocks Mean flock % of birds colour-
checked size marked

3—{ ) OOE-
18411679 2 63 4,1 0.2
23.11.79 6 156 5.0 1.1
26.11.79 1 110 9.1 0.0
6.12.79 7 83 5.8 0.7
10.12.79 1 162 4,3 0.9
Nov. & Dec. 17 112 54 0.6
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using the Waddenzee decline. It is nct known how many,

if any, of the birds arriving on eaqh of the north-east
estuaries arrives directly from the eastern lforth Sea.
This would require northéwest movements which have not
been seen by radarvin autumn (P.R. Evans, Pers. Comm.).
Certainlyvsome of the bifds arriving on the Tees and
Humber at this time spent part of the early autumn on
the Wash., It isvpossible that rapid turnover and
nerthward movement from the %ash occur. There is
considerable evidence of much onvard movement out of
the Tees estuary chiefly‘to the north, but also soﬁth‘
and even éast across the North éea.’ These exoduses
were sccompanied by balancing influxes of Knot on the
Teegse It is not clear whethef»birds were Tcorced outvor

left voluntarily.

liovements to the west coast.

In the five W1nters for which data are avallable,
at the tlme of the autumn decrease in numbarscr inot_
on the Wash,_numbers lncreasea on Morecambe Bay (Fig. 9)
where MOst of the ringing reccverieS'within the same
non~-breeding season have been obtained. Howu,br much
of fhis increase in numbers on liorecamve 3ay might bev.
explained by movements fwon other west coast'estuaries.
alone. At the same time as bifés»leave tig Uash, the
dis rlhatiun of Inot changes merkedly on the west coast.
Numbers on the Zibble drop sherplﬁ (Fize. 10) as those
orasambe Bey and Lne Sclway (Fig. 11) gradually
increase. On the Dee,a‘similar'early autumn péak

occurs but in most years it is much smaller than
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to that on the Ribble (Fig. 12). Furthermore, there
are recoveries on Morecambe Bay in winter of birds ringed
both on the Dee and the Ribble a few months earlier.
During this period when numbers on individual west coast
estuaries are changing, the total population on the west
coast remains fTairly constant, rising gradually in some
years but decreasing slightly in others (Fig. 13).

Thus any post-moult movement from the Wash to the west
coast would need to be approximately balanced by |
emigration from the west coast at this timse. Consequ~
ently it is not possible, from count data alone, to obtain
even a minimum estimate of the numbers of birds moving
onto the west coast at this time. It is therefore not
possible at present to say with confidence how greatvor
regular is the movement from the east to west coasts in
November. Similarly it is not possible to calculate
precisely the relative size of the southward movements
from the west coast and the Wash at these times. However,
whereas there are many recordsin southern Hurope in
winter of birds ringed in autumn on the Wash, only two
are known from the west coast estuaries. But fewer‘Knot

have been ringed on the west coast in autumn.

Thus some birds which spend the early auturn moulting
on the Wash, move in some years to the west coast by
mid-winter. Other individuals move in some years to
southern Hurope after moulting on the Wash. It is not
clear whether a constant proportion of birds moulting on

the/
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the Wash use the two destinations in all years.
However, the predominsnce of recoveries from southern
Hurope in years vhen none were obtained from the west
coast (Table 2) suggests that they may be alternative

degstinations for meny individuals.

Movements in spring (March to May).

There is little deteiled information on movements
of birds in spring. In some years. €.g. 1L970-71;
1973=74 and 1974-75, numbers on Morecambe Bay rose
steeply (Fig. 9) when numbers on the east coast declined
(Figs.4,5). This decrease in numbers on the east coast
as numbers rose on Morecambe an may reflect movement
from the east to west coast at this time of year.
However, there are no recoveries, of ringed birds within
the same non-~breeding season, to confirm this. In
contrest, there are two recoveries (one of a bird ringed
on the Tees in January, and one ringed on the Ribble in
November) in Schleswig-Holstein in May, within the same
non~-breeding season. Indeed between February and April
numbers on the east coast have always declined (Fig. 14),
while those on the whole of the west coast have also
declined or remained constant (®ig. 13), and total
numbers in the whole of Britain heve declined sharply
(Pig. 15). Numbers of Knot increase on the Waddenzee in
spring (Prater 1974). Thus, although many birds, most
probably those wintering on the west coast, go to
Morecambe Bay for pre~migratory fattening (Prater snd
Wilson, 1972), many others, mostly from the Wash and

estuaries/



|
i

s

Table 2. Recoveries on Morecambe Bay and in southern Europe within the same non~breeding
season of Knot ringed on the Wash.

Adults

Wash to Morecambe Bay - Wash to'soﬁthern Europe
Year Month cf Month of No. of . Mcnth of Month of No. of
capture recovary birds cepture recovery birds
1964-65 . ~ Sept. Nov. ' 1
' ITove. Dec. 1
106859 Aug. Nov. i
Augu ) Dec. 10
Cct. . Dec. _ 6
XNov. Dec. -1
1969-70 Septs Feb. 1.
1970-71 - : . Nov. . ~'Dec. 1
1972-753 July Ker. 2 :
Seot. . llar. 1
Oct. - Decs 1, _
1875-74 : B ' sug. Oct. 1
197475 - ' __— ' July .. Feb. 1
1975-76 Sept. . Teb. 1
_ - Sept. - April 1
187677 - Aug. © Jan. 1
. Juveniles
1969-70 \ : Auge. Sept. 1
197374 . . Sept. - OC%t. 1

22




'igss 9-15. Monthly counts of Knot. Symbols as in
Pig. 4 plus & 69/70.
Mig., 9. Horecambe Bay.
Migs 1.0, Ribhle.
I"ige 11 Solway.
Mige. 12. Daa.

Mige. 13, All major estuaries on the West Coast,
combined.

Wige 14, A1l major estuaries on the &ast Coast,
combined.

Figs, 15, All major British estuaries, combined.

Notes: TMor the Solway, counts for 1969-70; 1970-71;
1971=72 and 1973=-74 are for the south side
of the estuary only. TFor 1972-73 and 1974~75
counts are of the whole estuary.
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estuaries on the north-east coast, return to the
Waddenzee between Webrusry and April. There is some
egvidence from the dye-marking study on the Tees that
this movement to the eastern North Sea coast may not Dbe
direct. In 1979 two birds merked on the Tees in
January were secen on the Humber in early March, after
numbers had decreased on the Tees (Wig. 8). Agein in
1980, one bird marked on the Tees in Jeanuary was seen
on the Wash in March, and another, marked at the same
time was seen on the Torth, also in March, after the
majority of the birds which used the Tees in mid-winter
had departed ( Tig. 6). Thus it is possible that some
birds may move to another east~coast estuary prior Lo
movenent acrosg the MNorth Sea. JSimilar observations
have been made of Dunlin from the Torth and Tees

(Pienkowski and Clark, 1979 ; I..R. Goodyer, Pers. Conms ) e
BAR-~TAILED ¢O0DWIT

Unlike Knot, Bar~tailed Godwit breed only in
northern Russia, (@.g. see Bvans, 1981). Afler breeding,
adults move west, the first arriving in Britain in July
where they seltile on their moulting areas. Although
gome birds are present, and presumably moult, on most
major estuaries at this time e.g. Lindisfarne and the
Worth (figs. 16,17) the main moulting areas are the
Wash and Ribble (Figs. 18,19) (see also Minton, 1975;
Smith and Greenhalgh, 1977). Juveniles begin to arrive
in late august, but most reach Britain in September (Minton
1975; Hvans end Smith, 1975) . However, very 1little is

knovin/



known of the extent to which the movements of Juveniles
differ from those of adults, Consequently most of the

following discussion refers to adults.

Tollowing the completion of moult in late October
and early November (HBvans and Smith, 1975), counts
indicate departures from the Wash and Ribble and arrival
on other estuaries (Figs. 20-23). However, only on
the east coast is there confirmation of direct movement
between estuaries used for moulting and those used later.
One ringing recovery and one sighting of a colour-marked
bird indicate movement from the Wash to the Humber and
from the Tees to Lindisfarne (Wig. 24). Thus it appears
that on the east coast there is some movement along the
coast similar to that documented for Knot. However, the
extent to which the increase in numbers on the estuaries
of the north-~east coast is due to movement Ffrom the Wash
is not known, Indeed, since numbers on other moulting
areas, particularly the Waddenzee, decline at this time
of year (Boere, 1976), many of the birds arriving on the
estuaries of the north-east coast of Britain might come

from there.

On the west coast of Britain the increases on the
Dee, Morecambe Bay and Solway in October and Ncvember (Figs.
21-253) are only rarely matched by a decrease of similar
magnitude on the Ribble (Fig. 19). Gonsequently, it seems
unlikely that many of the birds move after moulting on the
Ribble to winter on the west coast estuaries. MNore
probably these wintering birds come from other moulting

areas/



Pigs. 16~23. Monthly counts of Dar-talled Codwit.
Wige 16. Tindisfarne.
Wigs 1%7. Forth.

:E‘igs j.8 s '{Na Shn

"ige. 19. Ribble.

Pig. 20. North~liast Coaste
Pfig. 21. HMorecambe Bay.
ige 22. Dea.

s BOlWaye

[@N]

Wig., 2

Notes ¥or the Solway, counts for 1969-70; 1970-71;
1971=-72 and 1973~74 are for the south side
of the estuary only. Tor 1972~73 and
197475 counts are of the whole estuary.
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Tees
IX78- 111.79

Wash
VIII.76 -X1.76

Juvenile VIII.77 Cornwall — 1.78 France {Brittany)
2nd.year bird  VIIIL72 Wash ————> X72 Spain (Santander)

Fige 24, Rgcoveries, vyithin the same non~breeding season as
that gf ringing, of bar~tailed Godwit ringed in
Britain. Explanation as for Fig. 1, '
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areas, particularly the Waddenzee. However, it is not
known where birds, which do move after moulting on

the Ribble, winter. Some of the birds present in other
arcas of the British Isles in autumn have been found to
the south a few months later (Fig. 24), so birds from

the Ribble may also move south. However, ringing data
concern only one first year and one second year bird and
it is possible that only the younger birds move south for

winter.

There is no evidence of movement, within the winter
of ringing, of Godwit after moult from the cast to west
coast, or vice versa, as observed in Knot. Indeed, there
is not even a single record of a bird ringed on one coast
and recorded on the other coast in subsequent years (Table
3)e One bird ringed in Ireland in August was caught on the
Wash in October the following year. This may suggest
that some birds which are present on the Wash in October
spend part of early autuyn in Ireland. However,'it is
possible that this ringed individual may have followed a
different route each year. The absence cf recoveries
on the opposite coast from that of ringing may be partly
;a consequence of the small number of Godwit that have been

ringed in Britain.

In the spring of most years numbers of Godwit on most
estuaries (and consequently in Britain) drop sharply
between February and March (Figs. 16-23). Very few birds
remain in April or May to undergo pre-breeding moult or
pre-migratory fattening in Britain. Most of the Godwit

which/
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Table 3. DBetween winter recoveries of Bar-tailed Godwit
within Britain away from the estuary of first capture.

Date and place of ringing Date and place of recovery
13.3.71  Dee 24.1.753 Solway”
30.11.70 Dee 5.9.76 Morecambe Bay
14.8.69  Morecambe Bay 15.6.76 Ribble®

26,10.73 Roe estuary, o
N. Ireland 1848474 Wash”™

1. Remains found
2. Controlled
3. Found shot
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which leave British estuaries in February and March
probably go to the Waddenzee, where large numbers arrive
at this time (Boere, 1976). However, there is no direct

proof from ringing recoveries of this.

Immediately prior to the spring decline in numbers,
count data suggest that an influx of birds cccurs in
most years, at least on some estuaries, particularly
on the west coast e.g. Ribble (Fig. 19) (see also
Smith and Greenhalgh, 1977). As discussed for Grey
Plover in Chapter 3 these birds may come from wintering
grounds further south in southern Burope or West Africa.
However, once again, there is no ringing data to support

this.
GREY PLOVHER

All Grey Plover which spend the non-breeding
geason in western Europe and Africa breed in Siberia
(Branson and Minton, 1976). Adults first arrive in
Britain in late July and early August when numbers
increase on most estuaries but pérticularly on the Wash
(Pig. £5-27). Most birds which arrive at this time
stay to moult. However, some move rapidly on (Minton,
1975; see also Chapter 3). On the Wash numbers of birds
decrease rapidly by October (Fig. 25). At this time many
birds which have completed moult move south to wintering
grounds in ¥rance, Iberia and West Africa (Minton, 1975;
Branson and Minton, 1976). However, some of these

departing/



departing birds may not have completed, but instead
arrest, moult (Branson and Minton, 1976). Numbers
also drop on other estuaries after moull e.g. Jssex
("ig. 26) and on the Tees (see Chapler 3). However,
birds continue to depart in late October and November
from the Tees (Chapter 3) and Ribble (Smith and
Greenhalgh, 1977).

Juveniles begin to arrive in Britain in September
(Minton, 1975; see also Chapter 3) at which time many

are found on isolated open coastal sites e.g. on the

Northumberland coast (P.R. Lvans Pers. Comm; Pers. Obse ).

From the Wash, southward passage of juveniles continues
into November (Minton, 1975). Several weeks after the
departure of moulting adults from the Wash, count data
indicate an increase in numbers in the period from
December to January in three of the four years for which
data are available (Fig. 25). Similar peaks in numbers
in mid-winter occur on other estuaries e.g. the Hssex
estuaries, the South Coast Harbours, the Ribble (I'igs.
26-28) and the Tees (see Chapter 3). However, the
timing of the increases on different estuaries do not
always coincide, either with one another or with the
timing of general increases in total numbers in the
British Isles. For example, although numbers on the
Tssex estuaries (Fig. 26) peaked in January and February,
at the same time as total numbers present in Britain also
peaked (Fig. 29), only in one winter (1974~75) did this
coincide with the timing of the mid-winter peak on the
Wash (Pig. 25). Thus the time of highest numbers in

mid-winter/



Pigs. 2b=-29, Monthly counts of Grey Plover,
Pig. 25. ([ash.
Mig. 26. Hssex,
Mg. 27. South-Coast Harbours.,
Tig. 28, Ribble.

Hige 29. 411 major British estuaries, combined.
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mid-winter varies between estuaries. Prater (1971),

has argued thatl the peaks in January and Yebruary on

the uwssex estuaries represent spring nassage of Dbirds

which have wintered further south. ¥erns (1977) and

Smith and Greenhalgh (1977) have suggested the same

explanation for similar rises in numbers on the Severn

and Ribble. As described in detail in Chapter 3, on

the Tees estuary, two distinct peaks in numbers occur

during some winters, the second of which may contain

passage birds. However, the firvst peak, which I argue

in Chapter 3 is probably the result of movewent from

the Waddenzee where numbers fall at this time ( ¥ig. 30) s

has occurred at somewhst different times in successive

years, varying beltween November and I'ebruary. Congequ-
ently it is not possible to conclude that the pesks in
hgsex and the BSouth Coast Harbours, or on the Ribble,

are definitely, or even solely, of passage birds. |

Indeed it seems 1likely that becseuse the Birds of Hstuaries
counts are made only at monthly intervals these peaks

may be the result of several influxes within a few weeks

of birds Ffrom different origins. Indeed lhe data from

1972-73 indicate that numbers in iigsex and the South Coast

Harbours increased in both January and February. These

increases may have been the result of two influxes of
differing origin. Similarly, although the peak in numbers

of Grey Plover on the Wash in November probably represents

an influx from the Waddenzee, the influxes in January or

february could indicate either immigration from the eastern

North Sea, or passage From wintering areas further south.

on/
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On both the Wash and Ribble, numbers of Grey Plover
rise in late April or May. The use of the Ribble by
Grey Plover has been reviewed by Smith and Greenhalgh
(1977) who report that this second spring peak consists
almost entirely of adults in summer plumage and suggest
that these are birds from African winter quarters making
a brief refuelling stop en route to the high artic
breeding grounds. Minton (1975) has suggested a
similar explanation for the pesak at this time on the Wash.
Neither the Birds of Hstuaries counts nor other published
information provide evidence of late spring passage on
other estuaries. However, the observation of Buxton
(reported by Smith and Greenhalgh, 1977) of a flock of
500 Grey Plover on the Dee in May 1975 suggests that this

may occasionally occur on other estuaries.

Thus, to summarise, numbers of Grey Plover in Britain
are highest in autumn when large numbers moult on the
Wash, after which, many birds move further south. However,
autumn peaks in numbers are alsc evident on many other
estuaries, including the Tees, even though total numbers
are relatively low at this time. Also in August, on
both the Wash and the Tees, there is rapid through passage
of birds which may move further south before moulting. ‘
In winter, a number of influxes of Grey Plover occur on
both the east and west coasts. Some are thought to be
from the Waddenzee but those in February probably
represent northward migration. However, the variable
timing of the former and the low frequency of counts does

not/



not allow discrimims tion between these influxes to be
made. There is no definite evidence for within-winter
movement between British estuaries and data from the
Tees suggest that, outwith the periods of major influx
and departure, little movement of Plovers occurs (see
Chapter 3). However, more detailed study is required
to quantify the extent of those movements which do occur.
In late spring influxes occur regularly on the Wash and
Ribble, but irregularly and for only short periods on
other estuaries. It is thought that these consist of
birds which have wintered further scuth and which stop
briefly to replace fat reserves before moving to their

high arctic breeding grounds.
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Chapter 2. Tactors affecting energy balance in

shorebirds: regional and seasonal variation.

INTRODUCTION

In order to survive from one breeding season to
the next every individual shorebird must achieve
gsufficient food intake Lo meet its energy demands and
to obtain essential nutrients over this period, while
at the seme time avoiding predation. Shorebirds may
occur at higher densities (during breeding) in the
Arctic than further south becaguse predation in the
Arctic is less (Pienkowski, 1280); @vans, 1981).
However, although there is very little information on
the risk of predation to shorebirds in North-West
Burope it is difficult to conceive that, within the
non~-breeding season, shorebird populations move to
avoid predation as predators will presumably follow
their food supply. In view of this and the more obvious
importance of energetic and nutrient demands as factors
leading 1to changes in shorebird distribution, the role
of predation, except where this influences energy

expenditure, is not discussed further.

Little is known of any changes in gpecific nutrient
demends of shorebirds through the non-breeding season,
although in both sexes during moult and in Ffemales prior
to departure to the breéding grounds, protein demands
must be especially high. The shortage of information

concerning/



concerning nutrient demands of the birds and seasonal
change in body composition of their prey does not
permit detalled consideration of the potential role
of these factors in determining shorebird movements.

However, where relevant they are discussed.

Bvans (1.976) has reviewed the main purposes for
which shorebirds require energy in the non~breeding
season. These are:~ (1) to maintain body temperature
and normal metabolic processes including digestion,
(2) to fly, to and from its feeding grounds, and
possibly to escape predators, and (3) to cover the

costs of Ffood gathering.

(1) The amount of energy required to maintain
body tempersture rises as ambient tem perature decreases.
Within the thermoneutral Zone no additional energy is
required as body temperature is maintained through
changes in the insulative capacity of the plumage,
acccoemplished by small muscular adjustmenis of feather
posture. However, once ambient temperature falls
below the lower critical tempersture chemical thermo-
genesis is required to maintain body temperature.
Several attempts are in progress to measure the rate
of increase of metabolic rate with falling temperature
and 1ts effects on the energy budgets of wintering
Shbrebirds, but at present data for only two species, the

Little Ringed Plover Charadrius dubius and Woodcock

Scolopax rusticola have been examined (Gavrilowv and

Dol'nik cited in Kendeigh et. al., 1977). In the
1éit't]e/
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Little Ringed Plover metabolic rate increases by about
56%, of Basal HMetabolic Rate (B..R.) and in Woodcock by
46% oFf Be.ll.Rs for every 1.0%C drop in temperature below
the lower critical lemperature of the respective species.
Toower critical temperatures of few shorebird species are
Known.. Gavrilov and Dol'nik obbtained values of 22°C
for Tittle Ringed Plover and 1800 Tor Woodcock. It seems
likely that these values of both lower critical
temperature and rate of increage in metabolic rate with
falling temperature below this point are good
approximations to these values in other species of
ghorebirds. As suggested by ivans (1976) it is likely
that most shorebirds wintering north of the lMeditery-
anean will experience temperatures below this. Indeed

it is probable that in most »narts of Britein temperatures
experienced will be consistently ten or more degreoes

below the lower critical temperature.

The increase in heat loss and consequently in
metabolic rate with decreasing temperature under calm
conditions is accentuated in conditions of Fforced
convection resulting from an increase in wind speed.
Again little information is available on the magnitude
off this increase at difTerent wind speeds. However
Gessaman (1973) reports that metabolic rates of Snowy

Owls Nyctea scandia almost doubled when wind speed rosge

from calm to 9 metres/sec at temperstures of ~20°C and

~30°C,

(2) Although large day to day changes in energy

needed/



needed for flight'seem unlikely it is possible that during
the course of a wimtef shorebirds ﬁay require to fly further
from the roost to feed as a result of prey depletion nearby.
Hamilton, et.al. (1967) suggest that the energy expended in
Tlying to those feeding grounds may be offset by reduced
intraépecific oompetition and/or higher prey availability
encountered there. However, in only one study (Zwarts, 1974)
has evidence been produced to show thét shorebirds did
indeed fly further from the roost later in the winter;
Conséquently it is not possible in the present study fo_
consider in any detail the importanée of 'seasonal increase
in distance of feeding grounds from avséfe'roost asite és a
factor leading to mdvemenﬁs of shoregirds between estuaries
in winter. Similarly predation pressure aﬁd energy
~expended "in anti~predator behaviour in different areas is
not known. However as discussed previotsiy it is Very
unlikely that predators influence the distribution of

shorebirds in winter, dbut rather that the converse is true.

(3) Energ§vcosts of food gatheriné, i.e. those
incurred in locating, catching and handling the prey, can
vary greétiy throughéut the non-breeding season. Ag the
density of available prey decreases (either because of
reduction in its accessiﬁility or detectability) the time
and therefore the energy, required to detect and capture

individual prey items increases.

.Reduction in absolute density may occur through
predation or otvher forms of mortality or because of:

nmigration/

35
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migration of at least part of the prey populstion out
of the intertidal zone. Similarly, in a number of prey

species, including Macoma balthica (I.) and Nereis

diversicolor O.F. Muller, seasonal reduction in the

percentage aveilable, occurs as a result of vertical
migrationvwithin the substrate (Reading and McGrorty,
1978; Muus, 1967)} Murther to these changes in
density of accessible prey, day to day changes in
environmental conditions can greatly influence the
avallable density by affecting the detectability of
the prey (Smith, 1975; Goss~Custard et. al. 1977a;

Pienkowski, 1980).

In this chapter I review data relating to seasonal
changes within Britain and other coastal regions of
North-ilest Hurope, in the digtribution and severity
of Factcrs affecting energy balance in shorebirds.

I discuss first climatic Ffactors affeclting body
temperature. I then consider, for each estuary for
which information is aevallable, prey density and prey
quality. Pinally I examine both short and long term

changes in availability.

TACTORS AFFECTING BODY

TEMPERATURE AND METABOLIC RATH

Temperature

In North-West Hurope the seasonal temperature
regime of low lying areas is the product of both

latitude/
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latitude and distance from the Atlantic Ocean. In
winter the ocean is considerably warmer than the land
and isotherms lie in a north-westerly direction (I'ig.
1). Conditions become progressively colder along a
line from the west of Britain across the North Sea to
Denmark and the Baltic where the proximity to the

~ continental airstream has a marked cooling effect on
the climate. In spring and avtumn when the contin-~
ental land mass is warming and cooling respectively

the temperature of land and sea at the same latitude

is about eqgual. Although the 5°C isotherms do not
permit precige comparison of Britain and the eastern
North Sea coast at this time it is apparent that
temperatures are very similar. In March and October
when the winter temperature pattern is respectively
receding and developing, the pattern of isotherms lies
mid way between that in summer and winter. In summer
the land is warmer than the sea. Consequently at this
time coastal regions in the eastern North Sea experience
higher temperatures then similar areas at the same
latitude in Britain (which experience'the cocdling influence

of the Atlantic).

Within the British Isles lowest air temperatures
are experienced in January and February and highest in
July and August. However, as discussed above, the
precise pattern and scale of seasonal temperature
changes experienced in each area depend greatly upon

the longitude of that area and the relative strengths

of/



Pig. la. onthly mean surface air tenperstures (OC)
January Lo June (1951*60) . Wigures from Let.
Cfrice 1975, : :



wig, 1W. Monthly meen surface air temperstures (°c),
July to December (1951-60). Wigures from Met.
office 1975,




of maritime and continental climstic influences. of
the coastal areas under consideration in the present
study, those in the south~east, particularly the lssex
estuaries and the Wash, are most subject to the
influence of continental airstreams (Tout, 1976) and
those in southern Ireland and South~West Kngland least
subject. This is reflected in the January mean
temperatures and more particularly in the mean daily
minima, experienced by these areas. In this month,
the Wash and the lisgsex estuaries are on average
subject to lower temperatures than all octher estuaries
on the esst coast south of the Forth. On the west
coast, only the Solway is colder (Fig. 2). It is
perhaps surprising that temperatures at more northerly
latitudes are higher. However, a cold easterly
airstream falling on the north-east coast of lingland
will have crossed a considerably longer stretch of
relatively warm sea than the same airstream falling

on the coast of lissex, which is much closer to the

continental land mass.

However, it may not be the aversge pattern (over
20 to 30 years) of winter tempersture distribution

within Britain that is likely to be most important in

38

affecting the evolution of shorebird movements. Rather

it may be the pattern of temperature distribution in
those few winters when conditions are most severe that
is the most important selective factor. If we
consider two estuaries (4) and (B), if (A) experiences

low/



. Fig .

2. January, April and Ocltober air ltemperatures
1941-70 in “C, reduced to sea lvel.

a) mean January; (b) mean daily minimum January;

¢) mean Aprils; d) mean daily minimum April;

¢) mean October; (£) mean daily maximum Oclober.
Figures from Tout, 1976,
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low January temperatures e.g. a monthly mean ca.
2.0% every year it will have a lower average January
temge rature than (B) experiencing mean Jénuary
temperature in most years of ca. 4.0°¢, However,
if in severe winters (B) experiences colder conditions
6.g. -53.0°C instead of 0.0°C st (A) it is likely that
greater mortality will occur st (B). Consequently I
would expect selection for a pattern of movement away
from area (B) to area (A) before the coldest months.
This would not be predicted from average temperature
values alone. In the most recent severe winters,
1978~79, 1962-63 and 1946-47, the pattern of
distribution of mid-winter temperstures (Fig. 3) was
very similar to the average pattern for 1941-70 (Fig. 2).
More dmportently in all three years the areas of the
Wash, ast Anglia and fssex were the coldest of the
ma jor shorebird wintering areas in Britain. One
difference, however is apparent between these cold
winters and the average for 1941-70. The east coast
of Scotland, where the mean tempersture for 1941~70 was
as cold as -the Wash,was warmer than the Wash in all
three severe winters. The relatively mild conditions
in these areas in severe winters might have been an ’
important factor in the evolution of the northward
movement of birds from the Wash to these areas, if

temperature is the most important selective agent.

In spring, latitude is of more importance in
determining average temperatures than longitude (Fig. 2)

and/



Figs 3. Mean air temperature, Tebruayy, 1947 ( O}_&‘);'-
January, 1963 and January 1979 (005 reduced to
gea level. Bea temperatures are shown in circles,
Wigures from Met. OfFfice, 1047, 1963, 1979,
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and highest mean daily minima occur mainly on the
gouth and west coasts. In addition, if persistent
onshore winds occur at this time of year the North
Jea can have a marked cooling effect upon temperatures
on the east coast. Tor example, Tout (1976) cites
the example of 4th April, 1974 when there was a
temperature gradient of 16°C¢ from a maximum of 5°C

at Tynemouth (where the cooling effect of the North

Sea was evident) to one of 21°C at Blackpool.

In October also, the sea has a great influence on
the temperatures encountered ih different areas. On
the east coast the cooling influence of the North 3ea

is particularly marked and the isotherms of mean
daily maximum temperature dip steeply southwards (I'ig.

2).

Lo P Pt et i

Wind speed, much more than temperature, is
affected by local topography. Most coastal weather
stations are on promontories and measure wind speed
at a height of 30 feet above ground level. Consequ~
ently the Tigures available from these stations do not
usually refer to the wind speed that shorebirds
experience while foraging and roosting. In view of
this limitation in the data, it is possible to make
only very brcad comparisons of wind speed on British
coasts. However the west coast is much windier than

" the east oo ast. Throughout the year, winds of force

54/
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5+, and gales (force 8+) are both much more frequent
in the West (end North) than-in the Bast (and South) -

of Bfitain, (3hellard, 19%3:; HelMeSa00y 1975} Pige 4)e

However in the severe winters of 1962-6% and 1978-T9 (Fig.5)

no such clear pattern is apparent. On both east and

‘west coasts highest average wind speed usually occurs
foid [«] !

in one of the months MNovember tc karch, most commonly
in March. However gales are much more frequent in

January (Shellard, 1976).

Wind chill
Moving north from the Wash along the east coast of
England:and west to Morecambe Bay, mean and average

daily minimum temperatures in mid-winter, increase.

However wind speeds also increase. Thus from these

figures alone it is not possible to déterminevprecisely
the relative energy requirementis for maintenance of
body temperétures of shorebirds in each area. To
determine this, comparison of the degrees of wind chill
is required. However, calculation of this parameter
suffers from the same limitation as do the wind speéd
‘data i.e. they refer to wind chill at 30 feet‘abové
ground level at the site of the weather stetion.

Consequently care is needed in interpretsticn of

‘published wind chill data.

Howe (1962) computed mean wind chill using the
formula developed by Siple and Passel (1945),

namely H = (/100 ¥ + 10.45 - v) (83 - t)

where/



Mig. 4. VYercentage frequency of wind speed of Beaufort
force 8 or more ( > 34 k%) in (a) Jenuary, (Db)
April, (c) July, (4) CGctober. Wigures from MNet.
Office 1976, o
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Figes O Mean hoyrly wind speed and number of days
with gales (figures in parentheses) in ‘January :
1963 and 1979. Data from Met. Office, 1963, 1979."



where I represents heat loss (wind chill) in kilogram
calories per square metre of exposed surface per hour,
V the wind speed in metres per second end ¢ the alr
temperature in degrees Oegtigrade. This formula was
derived from observations of the freezing rate of watler,
sealed in a small plastic cylinder, at various
tempe ratures and wind speeds. Consequently the values
given are of linmited relevance to birds which possess
insulation in the form of a layer of Ffeathers (although
these may bhe Tlattened by strong winds). However, the
formula derived by Siple and Passel is very similar to
that used by Dugsan et. al. (In press),

- namely W = TV%
where T is the tempersture deficit (of the mean daily
temperature below 1000) and V is the mesn daily windspeed
(Knots). This formula isbased on the finding of
Gessaman (1973) that oxygen consumption of a Snowy Owl

Nyctea scandia increased wilth the square root of wind

gspeed at constant temperature. Thus the findings of
3iple andé Passel for water in plastic cylinders are

not greatly dissimilar from those for living birds.
Marthermore, 1t is the relative severity of wind chill
in different areas, rather than the absolute values,
which is of most importance to the present study. The
data given by Howe (1962) allow such comparisons of

wind chill in different estuaries to be made.

The iso-cooling lines drawn by Howe (1ig. 6)
indicate that among the arcas under consideration that

where/



Fige be inean wi,hdchill, January 1950~61, Iso~cooling
lines In Ku cals/M% Hr, (From Howe, 1962),



where average rates of heat loss in mid-winter are
greatest is the north-east of REngland. Cooling rates
for the Humber, Wash, Fssex and the west coast of
ngland all fall within 800-850 XKG cals/N°Hr.  Thus
although on average it is warmer on the Tees and
Lindisfarne in mid-winter than on the Wash, wind chill
is usually greater. Consequently, even when the errors
involved in deducing wind gpeeds relevant to shorebirds
are considered, the possibility exists that northward
movements from the Wash in November do not take birds

to areas where energy requirements are less in mid-winter.
However, the data for 1962~63 suggest that in at least
one severe winter the average pattern may not be
observed. In January 1963 wind chill was less on the
north-east coast of Hngland than in Hast Anglia and
Bssex ( Wig. 7a). This however was a conseguence of
the very low temperatures in the south of IEngland in
this month ( Pig. 3) rather than because of higher wind
speeds there ( Fig. 5). In January 1979 the
distribution of wind chill within Britain (Pig. 7b)

was more similar to the average calculated by Howe
(1962) then it was in 1963,  However, wind chill
experienced in the area around the Wash was slightly
higher than in areas further north on the east coast.
Thus, these data suggest that wind chill experienced by
shorebirds in severe winters may be more intense in the
area surrounding the Wash than further north cn the east
coast. However, much more precise data on wind speed

from/
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Wige 7. Wind chill (in ¥G cals/M°Hr) for Januery
(a) 1963 (b) 1979. Values were calculated using
the formula of Siple snd Passel (1945). Data
from Met, Office 1963, 1979, '
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from the feeding areas used by the birds, rather than
from weather stations, are required to confirm the
relative severity of wind chill experienced by shore-

birds in different estuaries.

PREY ABUNDANCGCGS®

Introduction

In order to examine profitably the data available
on invertebrate prey speciles as part of the present
investigation of factors affecting shorebird movements,
it is necessary to recognise two distinct groups of

gquestions:~

(1) What determines the number of shorebirds
using different estuaries? g.8. fhy do more birds

use the Wash than the Severn each year?

(2) Why is there a seasonal pattern in use of
particular estuaries by shorebirds? Why does the
pattern differ between estuaries? Why do birds move

from one estusry to another?

Prater (In press) has used data from the Birds of
hstuaries Hnquiry to show s positive correlation between
numbers of birds and estuary size, among estuaries on
the east coast of England. Perhaps this is not
surprising. However, this finding does nct hold for
the large estuaries of the west coast of Ingland, where
peak numbers of Knot, Grey Plover and'Bar—tailed Godwit
are not related to estuary size (Table 1) Gosg~

Custard/
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Table 1. WHsluary size and numbers of shorebirds on
the viest coast of Hngland.

1 Average annual peak count
Hstuary Total area’ ¥not Bt Godwit CGrey Plover
(hectares)

Morecambe

Bay 28,967 80892 84.32 230
Ribble 75,358 75279 7. 1569
i6459 ﬁ858 1262

Dee 9,555 36416 5972 571,
t2669 i542 ilOB

Severn 19,700 6668 194 520
: i8025 iSl i155

Note: 1 Area on spring tides.
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Custard et. al. (1977b) have used data from the Hssex
estuaries to show that densities of Curlew, Redshank,
Oystercatcher and Dunlin are positively correlated

with prey density in these sites,. However, they were
unable to correlate densities of Knot with that of any
of its main prey species in these estuaries. Also
they did not attempt to investigate the relationship
between Grey Plover and Bar~tailed Godwit and their
prey because of the range of prey species taken by

both birds. Thus, although some relationships are
suggested by these analyses, they hold true only for
some areas and for some species, Much further study
is required of the mechanisms underlying the correlations
obtained and the reasons for the absence of any clear
relationship for some species and some areas. However,
at present, sufficiently detailed invertebrate information
does not exist for most British estuaries for such
analysis to be carried out. Furthermore, detailed
understanding of the relationships between numbers of
each shorebird species and density and availability of
differcnt prey species is reqguired before a clear
understanding of the behavioural mechanisms underlying
the correlations observed can . be achieved, Detailed
discussion of factcrs determining peak numbers of

shorebirds on estuaries must awalt such information.

In the present study I have been concerned primarily
with the second set of guestions l.e. why do movements

oceur/



occur at the times and in the directions they do?%

The seasonal pattern of use of estuaries and movements
between fhese by the shorebirds described in Chapter 1
could résult from seasonal changes in prey abundance
and differences between estuaries in the timing of these.
If invertebrate prey species differcbetween estuaries
in the timing of their reproduction, settlement and/or
growth, differences in time of peak prey abundance
between these estuaries could be produced. Since it
appear: possible thet the most abundant cstuarine
invertebrates may be reproductively isolated from one
estuary to another (Hvans, 1979), differences in life

cycles might be expected.

Timing of settlement - peak density

In any analysis of seasonal variation in prey
abundance it is not the abundance of all size classes
i.e. total abundance, but that of the size classes
composing the preferred prey of each shorebird species
that must be considered. Yurthermore, each shorebird
species does not take the same invertebrate prey species
on every estuary. On many estuaries e.g. the Wash,

Ribble and Humber, Knot feed mainly on Macoma halthica

but in others, large quantities of Mytilus edulis T. are

1972), or instead of Macoma e.g. Tees (Peors. Obs.).
However because lMytilus is generally found only on the
rocky periphery of estuaries it is not normally
included in most estuarine sampling programmes.

Consequently/
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Consequently it is rarely possible, from the results of
estuarine surveys, bto establish accurately the prey

resources of Knot on each aestuary.

The main prey of Bar-tailed Godwit also varies
between estuaries. - On the Ribble it is }acoma

(Greenhalgh, 1975), on the Tees Nereis diversicolor

marina (L.) (Smith, 1978). For Grey Plover the main
prey species on the Tees is Nereis (see Chapter 3) but

on Lindisfarne Arenicola and Scoloplos armiger and

and Notomastus Jatericeus are taken (Pienkowski, 198().

Dif ferent prey specieg differ in their profitability
i.e. the net amount of energy obtained per item ag a
proportion of the total amount of energy obtained.
This varies not only between prey speclies but also
between size classes. Some specles of'prey may be
numerous and easily found but be of low energy content
€.g. pcoloplos. Other may occur at lower densities
but provide a larger energy intake per item c.g.
Arenicola and Nereis. However, if the appropriste
density data Tor the size classes taken by each shore-
bird were avallable it would be possible to equate the
profitability of different densities of different prey

SDEeclLes.
Thus to compare seasonal change in the value to

shorebirds of the prey populations of different

estuaries/
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estuaries, data on seasonal change in abundance of different
size classes of each prey species taken by the
shorebirds are required. (In addition, data on
prey availability are required. These are

considered in a later section.) However, few
data of this type are available. One of the original
.aims of the present study was to examine the results
of recent exensive and intensive surveys of the inter-
tidal invertebrate macrofauna in many British estuaries.
By analysing material from these it was hoped to be
able to investigate the role of prey abundance and the
timing of growth and reproduction as factors determining

the timing and direction of shorebird movements.
However, during the course of this review, it became
apparent that, because of the varied aims and methods
of each survey, the form of the data obltained varied
considerably. Because of a lack of detall or
standardisation in the data, very little meaningful
analysis was possible, and consequently the following

review is of a very superficial nature.

Several of the studies, those of Morecambe Bay,
(Anderson, 1972); the Essex estuaries (Kay and Knights,
1975); the Dee (Gillham, 1978); Medway (Wharfe, 1977)
and Severn (Boyden and Little, 1973 and Little and
Boyden, 1976) have been concerned primarily with
distribution of the macroinvertebrates in relation
to biological, chemical and physical parameters of the
sediments. These surveys have involved extensive

sampling/
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sampling to allow the production of faunal distribution
maps for each area. However, in all thege studies,
not only was each area sampled on only a few occasions
(and the sampling of different sites often carried out
in different months), but in the analyses of the
material, little or no attention was paid to the
density of different size classes. Thus few data
on seasonal change in density are available from any
large estuaries and in most cases these data refer to

density of all size classes combined.

Many more intensive studies have been carried out,
in which density of a number of invertebrate species
has been monitored regularly in a very few gpecific
sites on an estuary for twelve months or more.

However, in some of these studies, as in the extensive
surveys little attention has been paid by workers to
the different size classes of prey e.g. Martin (1972)
in Langstoﬁe Harbour. Consequently any changes in
density of the larger size classes of the macrofauna -
those of most importance to the shorebird species under
consideration in this thesis ~ are obscured by annual
spatfall and mortality. In others, the subdivisions
of size and age classes that have been effected are
not sufficiently detailed for the purposes of the
present study e.g. Chambers and Milne (1975b); Elliott
(1979); HBvans et. al. (1979). In only a few studies
are detailed size data presented e.g. those of Chambers
and Milne (1975a); Ratecliffe (1979). Using these,
and the data from material on Macoma and Nereigs T

collected/
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collected during the present study, it has been
possible to obtain an indication of the extent of
year-to-year, and 1nter~estuar1ne varlatlon in the
date of peak densitieé of prey, both cof total numbersifﬁpi

and of large size classes onlye. Methods of sampling and

detailed invertebrate data from the Tees are glven in
Chapter 3 and Appendlx 8.

Within each spe01es, although there are marﬁed
differences 1n maximum total densities of Nereis,

Macoma and Hydrobia ulvae (Pennant) between estuaries,

seasonal changes in. density follow a very similar
pattern in different areas. Peak densities of all
three species ocecur in late summer‘br autumn, normally
July or August for ﬁggg;g and lMacomag, and August or
September for Hydrobia (Figs. gmid)e Following the
preak, numbers decrease steeply through winter until
spring when lowest densities occur. . Inspection of
data for Nereis from fhe Severn (Hettsm3_1979)'and”

Tees (present study) (Fl « 11) and for'Mecoma from the

Humbver (Ratcliffe, 1979 and present study) and Horecambe

Bay (oresent study) (Fig. 12) indicates that the magor
fluctuations in den31ty are due to spatfall and
subsequent mortality. Percentage changes in density-‘
of large Nereis are‘as grest as among small animals,
but absolute densities are consistentiy lower. on
the Tees, numbefs declined frem Jine to March, the
greater part of this decline occurring after Novenber
(Fig. 8). On the Severn numbers of large Nereis aiso
decreased after July, but after fluctuatingvin midwwinﬁer‘

(possibly/



Mig. 8. B8Seasonal change in density of Nereis diversicolor
on selected British estuaries. Density is expressed
as percentage of maximum recorded during the year for
which data are given. Where two values of 1004 are
given the larger, depicted by closed symbols Joined
by solid lines, refers to total density and the
smaller, depie&ted by open symbols Joined by dotted
lines, refers to density of animals 4 cm body
lengthe.

Ythen; Chambers and Nilne, 1975a. 100%=950/m"
1004=216/1n"°

Tees; Herdson Pers., Conm. 1OO%=924/m2
Tees (sub-areas 22 & 23); Present 100%}:14-60/m2
studye 100%= 556/m
Humber (Skeffling); Ratcliffe, 5
1979, 100%=28920/m"
Chalkwell, Kssex; Dales, 1951, 100%=280,/m°

Medway (Colemouth creek); Wharfe, ) o
1977, 100%=10,000/m

Langstone Harbour (Portsesa A):3 o
Martin, 1978. 1005=200/m

Severn (Caldicot); Mettam, 1979,  100%=2090/y°
100%=505,/m

Dee ( Gayton 29): Gillham, 1978. 5
1978 100%=540/m

1975-76 100/,=880,/m"
1976=77 100%=520,/m°
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Mig. 9. Beasonal change in density of Macoma balthica
on selected British estuaries, Density is expressed
as percentage of maximum recorded during the year
for which data are given. Where two values of
100% are given the larger, depicted by closed symbols
joined by solid lines, refers to total density and
the smaller, depicted by open symbols joined by
dotted lines, refers to density of animals in the
9-1% mm shell length size class.

Ythen; Chambers and Milne, 1975b.  1007=6028/m"
Torth (site B.3)p Blliott, 1979. 1.0074:4:1.00/m°

Humber (Skeffling); Ratcliffe, 1979.

197475 100/=25679 /15"
100A=1403/m

197576 1oq%=1578§/@2
100/,=1491/m

[}
Present study 1978~79 100%:5999/@“
100%=650/m"

Dee (Gayton, 22); Gillham, 1978.
1973 1007=8700/m"
197576 100%=9200/m"
1976-77 100%=12600/m"
Morecambe Bay (Hest Bank);

Present study 100%:5509/@2
100%=271/m"
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Fige. 10. Seasonal change in density of Hydrobia ulvae
on selected British estuaries. Density is expressed
as percentage of maximum recorded during the year
for which data are given.

Forth (mesn of all sites); Wlliott,

1979, 100%=37 , 300/m”

Tees; Herdson Pers. Comi. 10Q%=5545O/h2
Tees (sub-area 8); Present study. 100%:9745/m2

(]

Medway (Hoo); Wharfe, 1977. 100%=92166/m*
Langstone Harbour (Portsea A); o
Martin, 1972, 10072=3700,/m"
Dee (Gayton 22); Gillham, 1975 100/=1505/n’
1978, 1975~76  1007%=3956/m

1976-77  1007,=5590/m°
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Fig. 12. Seasonal change in density of Macoma balthica on

the Humber estuary, Skeffling (Ratcliffe, 1979 and
present study), Morecembe Bay, Hest Bank (present
study) and the Wash (Goss-Custard et. al., 1977a).

® Total density (No./mg).

o] Density of 9§15 mm shell length size
class (No./m").

] Density of 6515 mm shell length size
class (No./m"y,

[ ] Density of 6-15 mm sgell length sigze
class (biomass (g)/m").
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(possibly through immigration and emigration) rose
again after March as a result of growth of smaller

animals (Mettam, 1979).

Percentage changes in density of large Macoma
(Fig. 9) are much less marked than in Nereis. This
is a consequence of the long (6~7 year) life cycle
of Macoma compared to the short (2-3 year) life cycle
of Nereis. The short term fluctuations observed by
Ratcliffe (1979) of animals in the 9-13 mm shell
length category are almost certainly due to sampling

error.

Where data are available'for one estuary in
more than one year these indicate 1little variation
between years in timing of settlement of first year
animal s e.g. Nereis (Dee) (Fig. 8); Macoma (Humber
and Dee) (Fig. 9 ). However in 1975-76 on the Dee
the time of peak density was noticeably later in all

three species, Nereis, Macoma and Hydrobia (Pigs. 8-10).

This suggests that spawning was delayed in all three
species in this year as a result of unfavourable
conditions, perhaps low temperature early in the season.
On the Tees estuary, the time of peak density recorded
during the present study was much earlier than that
recorded by Herdson (Pers. Comm. ) Howevef Herdson
determined density by sieving substrate cores (see
Bvans et. al. 1979) and it is likely that meny of the
smaller size classes ca 2 cm were broken up, forced

through/



through the sieve and lost. It seems possible that
the later peak in density observed by Herdson is a
consequence of some overwinter growth of these smaller
individuals, resulting in their retention in the sieve

several months after settlement.

Thus the data available do not suggest major
variation between years in the timings of settlement
and peak density. Rather, the time of peak density
is reasonably predictable from year to year. In
contrast however, the size of peak density is not
predictable in the same way. In some years spatfall
can be very poor, €.g8. in 1972 settlement of both
Nereig and Macoma on the Dee was very low (Figs. 13,14).
However, the effect of this poor settlement on the size
of the population of size classes taken by shorebirds
is likely to be complex. For the shorebird species
under consideration in the present study the small
first year animals which settle are unimportant in the
diete. Only after growth has occurred do they enter
the size classes preferred by the shorebirds.

Cons equently only when growth to the size taken by
shorebirds has occurred will a bad settlement be
reflected in the density of size classes taken by Knot,
Bar-tailed Godwit and Grey Plover. Thus the effect of
poor settlement will become apparent in the population
of large Nereis only in the second winter after settle-
ment. In Macoma the same effect will not be spparent
until the third or fourth winter after settlement.

Unfortunately/
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Unfortunately Gillham, on the Dee estuary, did not
sample the macrofauna in 1974 and it is therefore
not possible to compare densities of Nereis in that
year with those in 1972, before the poor settlement.
However, assuming that the lowest densities immediately
prior to spatfall are the best indication of the size
of the population of large Macoma (i.e. because the
proportion of spat in the population is least at this
time) the data for Macoma for 1975-76 do not indicate
any marked change in the density of large animals.
Although no count data are available for 1975-76, the
data for autumn 1974 indicate that the average number
of Knot present on the Dee in August and September was
the lowest recorded there in these months during the
Birds of HEstuaries Bnquiry. This may possibly be a
consequence of the poor spatfall of Macoma in 19782.
In 1969-70 the number of Knot moulting on the Ribble
was lower (Chapter 1, Fig.l10), and the number on the
Dee higher (Chapter 1, FPig.182), than in other years.
These data suggest a switch of moulting area of many
individuals in one year from the Ribble to the Dee.
This change of moulting area may be a response to
lower prey density, possibly a consequence of poor

gsettlement two or three years previously.

Growth rate

Nereis
Density data suggest that most invertebrate species
settle at approximately the same time of year in

different/



different estuaries. Thus, if differences exist in
timing of peak abundance of the size classes taken by
shorebirds, these must be as a result of differences
in growth rate. Mettam (1979) has reviewed available
information on growth rate of Nereis in different estuaries,
concluding that the rates on the Ythan and Severn are very
similar but much lower than that observed by Dales (1951)
on the Thames. Ratcliffe (1979) reports the growth rate
of Nereis on the Humber to be very similar to that
observed on the Ythan, and in Denmark by Muus (1967).
It is not possible at present to explain the exceptionally
fast growth rate reported by Dales. However the very
large size (20 cm) attained by Dales' animals at Chalkwell,
compared to those reported on the Humber (6 cm), Ythan
and Severn (7 cm) and Tees (12 cm), and the one~year life
cycle reported by Dales, rather than a 2~3 year life cycle
as reported by Mettam (1979), lHvans et. al. (1979),
Chambers and Milne (1975) and Ratclifre (1979), suggest
that the Thamespopulation was exceptional in a number of
ways. The data concerning seasonal changes in density of
large animals on the Tees, Severn and Ythan also indicate
that no major differences in growth rate exist between
these areas. The times of peak and lowest abundance are
very similar, i.e. early summer and winter respectively,
in all three areas. Thus, at present it is possible to
conclude that in most areas studied, growth rates of

Nereis are very similar. .

Macoma/
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Macoma is much longer lived than Nereis.
Individuals of six years of age are common in mos?
areas in North-West Hurope (Lammens, 1967; Chambers
and Milne, 1975b; Warwick and Price, 1975; Wolff
and de Wolf, 1977 and Ratcliffe, 1979). Consequently
the size range of Macoma taken by shorebirds spans
several year classes. As a result, the density df
Macoma of the size taken by the larger shorebirds is
likely to fluctuate much less than the density of
Nereis taken by these shorebirds which come mainly from
a single year class (2+). (Many smaller Nereis are
taken by Dunlin and Redshank. However these shorebirds
are not considered here.) Similarly differences in
growth rate between estusries will be of less importance
in determining the density of the size class preferred

by shorebirds in these areas.

Growth rates of Macoma have been reviewed by a
number of authors, e.g. Gilbert (1973), Ratcliffe (1979)
and BElliott (1979). Data from these authors relevant
to North-West Hurope, and from the published work of
Lammens (1967), Boyden and Little (1973), Chambers and
Milne (1975b) and Warwick and Price (1975) are presented
in Pig. 15. Ratcliffe (1979) considers it likely that
Lammens, Boyden and Little, and Warwick and Price failed
to collect animals during their first winter of life,
or to recognise first winter rings and consequently

that/
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that their growth curves appear shifted one year to the
left. EBven if this is true, it is clear that within
Britain growth curves are very similar, What
differences are apparent seem to be related to the
temperatures experienced in the areas studied. The
growth rates recorded by Warwick and Price, and by
Boyden and Little, who worked in South-West England,
were the highest. Those observed by Chambers and lMilne,
and Blliott who worked on the east coast of Scotland,
were thellowest. The growth rate recorded by Lammens
for the Waddenzee is clearly higher than that observed
in Britain. Thus differences in growth rate are very
similar within Britain but lower than in the Netherlands.
However care must be exercised in interpreting these
data, as both Green {1973) and Elliott (1979) have
described differences in growth rate between different
areas of the intertidal zone within one estuary.
Uneqguivocal interpretation of growth data from different
estuaries requires very precise standardisation of the
environmental conditions e.g. the substrate type and

tidal height of the study site.

Although differences in growth rate between estuaries
are apparent, Macoma has, in most areas studied, a very
short growing season (Table 2). By August growth in
most areas has stopped. This suggests that, irrespect-
ive of differences in growth rates in different areas,
the time of maximum weight of individual animals of a

given/
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Table 2. Growing season of Macoma balthica in different

geographical areas.

listuary Authority
Ythan Chambers and

Milne, 1975Db

Forth Hlliott, 1979
Humber Rateliffe, 1979
Jaddenzae Tienamens, 1967

de Wilde, 1975
Beukema, 1974

Grevelingen Wolff and de Wolrf,
1077

Growing season

O+ until October
14 March-late October
2+ March-~August.

1+ April-June or
August
14+ March/April -

August/Sentember
o+ March/April -
July/ August

mainly spring - slowd
in summer - stops in
winter
Webruary/larch-
June/July
mid March~June/July

O+ little growth from
settlement until March/
April of following year

1+ max. weight in
autumn

> 1+ max. weight June/July
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given size will be the same in each area. Available
data tend to support this. Tor example, peak weight
of animals of 15.5 mm shell length occurred on the
Forth in May to July, on the Ythan in June, the Wash
in August and the Humber in October (Fig. 20. The
one major exception is Morecambe Bay where peak weight
was recorded in December (Fig. 20). (This may be

due to warmer sea temperatures on the west coast

allowing a longer growing seasoh.)

Thus, slight differences in growth rate are
apparent between estuaries. Furthermore, although
the data suggest that the growing season may extend
to December on Morecambe Bay, in other estuaries the
length of the season appears to be very similar, ending
in late summer. The absence of marked variation between
areas in these features of growth and the similarity
in timing of settlement of first year animals in
different areas, suggest that data for peak density of
the size classes taken by shorebirds give a true
indication of the food resources and that this
relationship is not likely to vary markedly between
estuaries. Indeed the data for Morecambe Bay indicate
that the time of peak density is much more important
than time of maximum body welght of Macoma in governing
the period of peak biomass. Thus, the pesk biomass
per square metre occurred in June at the time of peak
density, rather than in December when maximum weight

per/
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per individual was recorded (Fig. 12). In contrast,

on the Wash, highest weights of individual animals were
observed in June, yel peak biomass did not occur until
November (Goss-~Custard et. al., 1977a). This suggests
that between June and November movement of Macoma into
the study site may have occurred, to produce the increase

in biomass observed over that period.(Fig. 124)

S HASONAL CHANGE IN WUMDIERS OF
KWNOT AND ABUNDANCHE OV ITS MAIDN

PR ®Y Mytilus edulis ON T HHE T HEES IS T UARY

Introduction.

In few of the invertebrate studies reviewed in the
preceding section were the populations of shorebirds
feeding on a particular prey species monitored.
Consequently it has not been possible to relate directly
the changes in numbers of birds to changes in invertebrate
abundance. However, on the Tees estuary, the main prey

of Knot is Mytilus edulis which occurs on rocky outcrops

at the mouth of the estuary. On spring tides almost all
birds present on the estuary feed there. In 1978-79 I
monitored seasonal changes in abundance of Mytilus to
discover whether fluctuations in numbers of Knot on the

gstuary were related to these.

Methods
Mytilus were sampled on Coatham rocks, the main

mussel/
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mussel scar in September and December 1978 and in
February 1979. On each occasion the area covered by
Mytilus, density within this area and size-frequency
distribution was determined. Using a 1xl m wire
quedrat, sub-divided into 100 units of 100 cm®, the
percentage coverage of the rocks by Mytilus was
esfimated at 20 metre intervals along three transects
(Fig. 16). This was done by recording the number of
10 cm squares which were covered by Mytilus. At each
20 m interval four estimates of percentage coverage
were obtained by randomly throwing the quadrat on the
rock surface. Areas where the Mytilus were spread
evenly and those where animals occurred in heaps, as

a consequence of wave action were recorded separately.
At sites on transects 1 and 2 (Fig. 16) sample cores
were taken to measure density (core area = 11.00 cm?).
At each site, two cores were taken for clumped and two
for evenly distributed Mytilus. In the laboratory,
the Mytilus from each sample were counted and measured

to the nearest mm.

Results and discussion

Although the area covered by Mytilus decreased
from September to December on two transects it
increased on the other (Fig. 17). Between December
and February there was no significant decrease in
coverage on any of the transects (Fig. 17). Similarly
although the density of 1-5 mm and of 5~10 mm shell
length Mytilus increased through the year on both

transects/
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transects 1 and 2, particularly between December
and February, density of 10-15 mm and 15-20 mm
Mytilus remained relatively constant (Fig. 18 a,b).
Prater (1972) cohcluded that Knot took mainly small
Mytilus (<5 mm) and casual observations made of
birds feeding on Coatham rocks agree with this.
However I have alsoc seen larger size classes

(5~15 mm) being tsken. Clearly a Few items of
this size can contribute the equivalent biomass

of many smaller individuals. Consequently the
precise importence of large and small Mytilus to
the energy intake of XKnot is not clear. However
the data do not indicate rapid changes in density
of either large or small Mytilus on Coatham Rocks
of the magnitude necessary to correlate with the
fluctuation in numbers of XKnot observed in 1978-79.
Clearly sampling was infrequent and some changes in
the prey population may have occurred without being
recorded. However the major changes in abundance
and availability are likely to be due to dislodging
of Mytilus by wave action during storms. The absence
of any change in coverage between December and
February suggest that this did not occur to. any

great extent on Coatham Rocks in 1978~79.

PREY QUALITY
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PREY QUALITY

Introduction

The data presented so far suggest that neither
major differences in timing of pesk density or
biomass, nor in growth rate, exist between the
estuaries under consideration in this study. However,
it is possible that shorebirds might gain an advantage
in moving if the relative quality of the prey changes
in different estuaries at different times. During the
course of a year the body weights of most individual
prey items are known to change as development of
reproductive tissue and body reserves, followed by
their emaciation, takes place. Differences between
estuaries in the precise timing and extent of these
changes might thus explain the movements of shorebirds
feeding upon these species. Ansell and Trevallion
(1967) have outlined a seasonal cycle of body condition

for boreal bivalves.

(1) A winter period of inactivity during which
gametogenesis proceeds slowly and body reserves are
used to supply reduced metabolic needs.

(2) A short period following the renewal of
feeding éctivity in spring when the body reserves are
renewed, growth recommences and rapid gonad prolifer-
ation and gametogenesis occurs.

(3) A reproductive period durihg the summer when
the temperature rises above a certain threshold level
and body growth, gonad growth and spawning proceed

together.

To/
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To these should be added a fourth period during
which growth may stop if temperatures rise too high

in summer.

There is now considerable evidence confirming the
reality of this cycle in a number of bivalve species

(Carduim edule L., Hancock and Franklin, 1972; Dongx

vittatus (da Costa), Ansell, 1972; Macoma balthica,

Chambers and Milne, 1975b; Scrobicularia plana (Da

Costa), Hughes 1970), and in polychaetes (Chambers and
Milne, 1975a).

It is with parts (1) and (2) of this cycle in
which no increase in body size (e.g. shell length in
Macoma) occurs, that I am concerned here. (Part (3)
and the later stages of (2) are accompanied by growth
in shell size. It is this growth period which leads
to the annual peak in density of the size classes
preferred by shorebirds. Thus the relevant data has

already been discussed in the preceding section.)

Magoma

Data on seasonal change in body condition of
Macoma are available for a number of estuaries.
However, as with data on density, not all the data on
body condition are comparable. I collected data from
the Humber estuary and Morecambe Bay from animals left
in clear sea water for 24 hours, to permit them to

empty/
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empty their gut contents, and then dried under vacuum
at 60°C. Values given are ash-included dry weightse.
Of the other studies for which data have been
obtained, only that of Goss-Custard et. al. (1977a)
followed the same procedure. HWlliott (1979) left
the animals in sea water for only six hours. Consequ-
ently not all guts may have been empty. Animals were
dried at GOOC, but not under vacuum, and so some water
may have been retained. Chambers and Milne (1975b)
kept animals in sea water for 24 hours but obtained
dry flesh weights after freeze drying. It has bean
shown that this method is only 95% as efficient as
vacuum drying (Giese, 1967). Consequently figures
from the Ythan and Forth are not directly comparsble
with those from other estuaries, although they indicate
timings of chenge in body condition of Macoma within

gach estuary.

The data available indicate little seasonal change
in body weight of smaller animals (thoseof importance
to Knot); see for example the 10.5 mm size class (Fig.
19). Secasonal changes in larger size classes (of
importance to Bar-tsiled Godwit) are more marked.
Among these, peak weight for a given size e.g. 15.5 mm
(Fig. 19) was recorded in May on the Forth, in June -
on the Ythan, in August on the Wash, in October on the
Humber and in December on Morecambe Bay. Minimum
values were recorded in Hebruary on Morecambe Bay,
April on the Humber and Ythan but in May on the Wash.

In/



Wig. 19. Sessonal variation in dry flesh weight of
Macoma valthica. Upper symbols refer to animals

of 15.5 mm shell length and lower symbols to
those of 10.5 mm shell length,

L Ythan, Chambers and Milne 19750,
O  Forth, Blliott, 1979,

o) Wash, CGoss-Custard et. ol. 197 7a.
o lorecambe Bay, Present study,

[

Humber, Present study.
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In the Waddenzee, Beukema and de Bruin (1977)
reported maximum weights in June/July and minima
in March., These data gsuggest that the growing season

begins earlier and lasts longer on Morecambe an,

and begins earlier on the Forth, than in the Waddenzee,
Ythan, Humber, or Wash. Despite this, inter-estuarine
variation in dry weight is not great, although more
evident in the larger size classes. Highest values
in summer for a given size class are recorded on the
Wash and thereafter on Morecambe Bay. However, as
data fram the Wash are expressed as ash-free dry
weights, it is clear that differences in body condition
between these two areas are not great. Lowest values

were always found on the Humber.

Nereis

from the Tees, Severn and Ythan. However, these
data are, as for Macoma, not directly comparable
because animals from the Severn and Ythan were freeze
dried (Mettam, 1979; Chambers and Milne, 1975a).
However, the patterﬁ of seasonal change in weight is
gsimilar in all three areas, with minimum weight in
December or January (Fig. 20). On the Ythan and
Severn low weights were recorded also in autumn.

The differences in timing of peak weights are probably
due to regional differences in timing of gonad

development /



Fige. 89, Seasonal change in dry flesh weight of Nereis
diversicolor.

[ Ythan, Chambers asnd Milne, 1975a,
Tees, Present Study.

n Severn (Caldicot), Mettam, 1979,
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development, to which the rapid rise in weight, seen
on the Severn between Webruary and April and on the
Ythan between May and June, is attributed (Mettam,

1977; Chambers and Milne, 1975a).

Although animals from the Severn were freeze
dried and so retained some water they are consistently
lower weight than those from the Tees and Ythan.

The reasons for this are unclear. The rich nutrient
source on the Tees estuary (Gray 1976) may contribute
to high weight there. However, the studies in the
three estuaries occurred in different years. Hence
the possibility of annual, as well as regional,
differences in body condition cannot be discounted.
Thus although for Nereis the available data suggest
that differences in bedy condition occur between areas
the same pattern of seasonal change in body condition

is apparent in each estuary.

PREY AVAILABILITY

Tidal exoosure

The environmental factor which has the greatest
influence on the daily pattern of activi ty of estuarine
feeding shorebirds is the ebb and flood of the tide.

In most species feeding takes place only when the
mudflats are exposed. At high water most of the birds'
time is spent roosting, and preening. However the times
of exposure of the feeding grounds do not remain constant

from/
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from day to day. Over a period of a week the times of
high and low waler become progressively later, changing
by a total of ea. 6 hoursal Furthermore, the amplitude
of the tides and consequently the area of shore exposed
in gently shelving estuaries also varies on a fortnightly
gsemi~lunayr rhythm. On some days low water occurs in
the middle of the day, which allows maximum feeding time
during daylight hours, while a week later high water
ocecurs at this time of day, which allows little time for

“diurnal forsgging, especially in mid-winter.

In some estuaries, e.g. the Tees low wabter in the
middle of the day occurs during spring tides. Such
cdnditions provide the longest feeding periods during
daylight on the largest feeding areas. The lowest
tidal levels may contain high densities bf unexploited
prey because they are exposed infrequently. Although
it has been suggested that for many Grey Plovers on
the Tees estuary food intake during darkness is greater
than during daylight (Dugan, 1981) it remains a basic
assumption that for most species in most areas the main
feeding period is during daylight low water (Goss-Custard,
1969; Pienkowski, 1980; Smith, 1975). Thus, on
estuaries such as the Tees where low water on spring
tides oceurs in the middle of the day these tides
provide very good feeding conditions. However,
because of the weekly cycle of neap and spring
tides, in these same areas, a week later the

period/
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period of neap tides coincides with high water in
the middle of the day. In these conditions very
little feeding time will be available during daylight
in mid-winter and on a much more restricted area.
Thus on the Tees estuary tidal conditions very
cyclically from providing very good daytime feeding
conditions on spring tides to very poor feeding
conditions on neap tides. In other estuaries e.g.
those in Hissex and Morecambe Bay, low water on spring
tides occurs in the early morning and late evening.
Conversely low water on neap tides occurs in the middle
of the day. Thus in theée areas, it is on spring
tides that 1little time is available for daylight
feeding, but the area exposed is still large. On
neap tides a longer period is available for foraging
during daylight, but the area exposed is smaller.
Thus on the Kssex estuaries and Morecambe Bay, although
feeding conditions vary with the spring-neap cycle,
the variation is not as marked as on the Tees and Forth.
In these latter areas, unless birds operated a spring-
‘neap cycle of deposgsition and utilisation of fat
reserves, the favourable feeding conditions during
spring tides would be of 1ittle value to them during
neap tides. Consequently if severe weather on the Tees
coincided with periods of neap tides, it is likely

that severe feeding stresses would occur.

Assuming that all other factors are equal, birds

should winter in areas where the risk of feeding stress

is/
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is as low as possible. It is likely therefore that
estuaries where feeding conditions vary least during
the spring-neap tidal cycle would be favcured over
those €.g. the Tees estuary, where feeding conditions
vary greatly during such a cycle. On this bésis, I
wquld predict that birds should favour areas in mid-
winter where the time of low water on spring tides is
at dawn and dusk i.e. where the variation in TFeeding
conditions between spring and neap tides is least.

In Britain these conditions occur on the Wash, in Hssex,
on the south and north-~west coasts of HEngland and on
the north and west coasts of Scotland (Fig. 21).
Conversely, variations in feeding conditions between
spring and neap tides are greatest on the estuaries of
the east and north-east coasts i.e. the Humber, Tees,

TLindisfarne and the Forth.

These arguments indicate that the northward
movements observed along the east coast of Britain in
autumn and winter are not a response to more favourable
tidal conditions on the estuaries of the North-Last,.
Murthermore, on the west coast of Ingland tidal
conditions are very similar on all the major egstuaries,
yet movements occur between them. Therefore it seems-
unlikely that tidal conditions are of major importance
in controlling the timing and direction of movements

on this coast also.

Thus, although there is much variation in tidal
regime between estuaries, and this is potentially of

great/
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great importance for maintenance of energy intake
by shorebirds, there is no evidence that these factors

do in fact lead to shorebird movementss.

Prey behaviour

Seasonal patterns of behaviour which can result
in seasonal changes in availability of intertidal
invertebrates are of three main types, (1) migration
between different tidal levels, (2) vertical migration

within the substrate and (3) activity.

(1) Naylor (1962) reported downshore migration of

Carcinus maenas in autumn and the reverse in spring.

Also evidence of this temperature related movement has
been observed in other areas. On the Tees estuary

Curlew and Whimbrel Numellius phaeopus Feed in autumn

on Qggg;ggg along rocky parts of the intertidal area
where many small individuals stranded at low water

hide under stones and algae. In winter very few
Carcinus are present in these areas énd few birds feed
there. 9Similarly Goss-Custard and Jones (1976) reported
Carcinus in pellets of Curlew collected from the Wash

in summer and autumn but not from those collected in

winter.

In the Dutch Waddenzee the chief food in summer

s

which moves offshore in winter (Swennen, 1971). By
this time most of the Greenshank present in summer and
autumn have migrated further south although it is not

known/
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known whether the decrease in availability of Crangon

is an important causal factor in this.

Smaller downshore movements in winter have been

reported in Nerine cirratulug Della Chiaje the most

important prey of Sanderling Calidris alba in North-

Bast England (Brearey, 1981). However as Lvans (1979)
has discussed this does not lead to absence of Nerine
from the diet but may merely aggravate foraging
difficulties in winter by restricing, on neap tides

the amount of time that it is possible to feed on
Nerine. Similar difficulties may also be éncountered
in some areas by species feeding on Arenicola which has
been shown on the Porth to migrate downshore on neap

tides and upshore on spring tides (Darby, 1975)

and generally downshore in winter.

(2) Many intertidal invertebrates are known to
occur deeper in the substrate in winter than in summer.
Smith (1975) demonstrated that at a substrate temperature

of -1OG the proportion of Scoloplos armiger in the top

5 cm. Tell from about 50 to 30% and that this reduction
in accesgsibility led to a reduction in their capture
rate by Bar-tsiled Godwit feeding upon them. Several

authors report that Nereis diversicolor is found at

greater depths in winter than in summer. In Denmark
Muus (1967) found worms at 55 cm depth in February but
in June the maximum burrowing depth for -all size classes

was/



was 25 cme. These observotions agree well with that
of Linke (1939) who found individuals at 40 cm. depth
during peviods of froste. T"hey have also been cited
by Townshend (1981a) to explain the movement in
December of Curlew, which capture Nereis by probing
into the burrow, from the mudflats of the Teces estuary
to feed on earthworms in nearby pastures. Birds
which behave in this fashion are short-billed
individuals {chiefly males) which, Townshend argues,
in December cannot meet their requirements because of
the downward migration and consequent reduced
accessibility of Nereis. Although 1little information
that as they effect capture by the same method they
experience a similar reduction in prey availability.
In contrast, the rate of prey capture by short-billed
Plovers 1s not affected by this change in depth
distribution. They rely on capture of Nereis while

at the surface either defaecating, or irrigating their
burrows, activity which does not appear to be affected

by winter increase in burrow depth (see Chapter 8).

Seasonal changes in depth distribution of Macoma
balthica have been described by a number of authors.
On the Ribble Greenhalgh (1975) reported 14% of the
total population below 3 cm in June/July but 20% in
September/October and 404 in January/IFebruary. This
pattern of change was also found on the Wash where

monthly/
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monthly sampling was carried out. Maximum depth was
obgserved in December when, of the size classes preferred
by Knot (9-13 mm length), only 4% of the biomass lay
within probing range of a Knots bill (33 mm)(Reading
and McGrorty, 1978). However, on the Ythan estuary
in North-liast Scotland, Chambers and Milne (1975b)
observed little variation in depth distribution between
December and May, but in June a greater proportion of

large animals were found at deeper levels.

Thus although in each a rea studied the depth of
the population varied seasonally the precise pattern
observed, although similar on the Wash and Ribble
differed on the Ythan. In order to investigate more
fully such inter-estuarine variation in pattern of
depth distribution I monitored the depth of Mggggg_on
Morecambe Bay and the Humber estuary, once every itwo
months between June 1978 and April 1979. A stainless
steel corer 10 cm square and 10 cm deep with a slit at
33 cm (the length of a Xnots bill) in two opposing walls
was usede. To reduce the possibility of movement of
animsals within the sample during remeoval from the mud
isolation of the two parts of the samplé was effectled
by inserting a stainless steel plate in the slit at 37 cm
while the cover was still in situ. After removal,
upper and lower sections were sieved and Hreserved
separately. Samples from the Humber were collected at
Skeffling, the main study site of Ratcliffe (1979).

Those/



Those from Morecambe Bay were collected from Hest Bank.. 9
Both sites are major feeding areas of Knot on these

estuaries. Ten samples were collected on each occasion.

The results of thils study df Iiacoma indicnte
that Lhe pattern of seasoqal change in ueoth
distribution of both pogulation density and biomass
oh Morecambe Bay and the Humber is very similar to
that on the Wash (Figs. 22-85). In all fhfee areas
the pogulatioh'is nearest the surface in summer and
deepest in mid-winter. However, differences in
tlmlng of increase in depth are agoarent betwieen
gstuaries. on the Wash and morecambe Bay the

the biomsss of animals in the size

4

preoportion o
range 9 1% mm availeble 4o ¥not, falls between'August
and Cctcober from ca 60% to 1Q%. In contrast, on

the Humber the decrease ot this time is only from

94h to 827. Hnre thu corﬂesnondlng 1ncrcase 1n aep th
does nct cccur unt11 vetween Ock hoer and December after
which there is a rapid rise from Deéember'to February.
On Morecambe Bay no, and onvthebiaSh little,,upwérd
movement is apparent untll after Pebruary after which

this is rapiﬁ.

Reading and MeGrorty (1972) considered the
envircnmentélAfactors to. which éeesonal change in
deoth of Maccms might bve “‘lutoo.i ¢t thesefféctcrs,
that to which the pettern of depth
most closely rélated’was daylength althou

unshle to sugzeest a meason’

Zvans/
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Bige

ige

82s Density of Macoma balthica in the size range
9~13 mm accessible to Knot Calldris canutus with
a mean bill length of 33 cm,

(0) Morecambe Bay, ( ® ) Hamber.

23. Percentage of the population of Macom

a
balthica in the size range 9-13 mn accesgihle

I
to Knot with a mean bill length of 33 mm. 3ymbols
as in IMig. 22,

4. Biomass of Macoma balthica in the size range
9-13 mm accessible to Knot With & mean bill length
of 33 mm. Symbols as in 'ige. 22,

26, Poercentage of the biomass of lMacoma balthica

in the size range 9~13 mm accessible to Knot with
a mean bill length of 33 mm.

(0) Morecarbe Bay, ( ® ) Humber, ( ® ) Wash, from
Reading and McGrorty (1978).
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Bvans (1979) has suggested that deeper burrowing of
Macoma is an anti-predator response, the bivalves

occurring close to the surface when the ¥Ynot are

absent in summer. However this is clearly not true
for Morecambe Bay from February to April, where
availability of Macoms increases at the same time as

do numbers of Knot.

Series of mean monthly temperatures are not
available for Morecambe Bay and the Humber for 1978~70.
However, mud temperatures on my sampling dates indicate
that, at both sites, maximum depth was reccrded on days
when temperatufé was lowest and minimum depth when
temperature was highest. However these data are too
few to speculate as to whether this is a csusal
relationship. Indeed if this were the case the
higher biomass available in December on the Humber than

on lMorecambe Bay (where the tempersture was 6°C higher)
is diffiéult to explain. Perhaps the »precise extent
of the burrowing response is limited by the higher

density of Macoma on the Humber,

Pttt nstf-oiintsintea)

One environmental factor which Reading and McGrorty
did not consider specifically is the depth of the
deoxygenated layer in the substrate. It is possible
that Macoma might move upward in summer to avoid more
de-~oxygenated conditions in the substrate. The
difference in depth distributions between the Humber

and/
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and Morecambe Bay is consistent with this hypothesis.
The substrate on Hest Bank is clean sand whereas

at Skeffling on the Humber is silty mud with a clear
de~oxygenated layer nesr the surface. Perhaps Macoma
on the Humber burrow both deeper and later énd to a
lesser depth than on Morecambe Bay because of the
de-~-oxygenated conditions in the deeper mud, only doing
so as the de-oxygenated layer becomes deeper as
conditions become colder. However this suggestion
does not explain the observation of Chambers and Milne
(1975b) that on the Ythan Macoms burrow deeper in
summer. Clearly the factors controlling the burrowing

behaviour of Macoma merit further study.

Thus, at present it is not known whether the
seasonal changes in depth of lMacoma are controlled
directly by environmental changes or are under internal
control, and, if the latter, to what the behaviour is
adapted. Clearly this distincltion is of major
importance in any considerstion of the year-to-year
consistency of the pattern of availability I have
described. However, of the factorsito which the
movements may be related i.e. tempersture, daylength
and depth of the de-oxygenated layer (which will be
greatly affected by both tempersture and sunlight),
all three vary in a predictable seasonal manner.
Consequently it is likely that the availability of

Macoma/



78

Macoma will itself be predictable and therefore a
factor to which the regular seassonal pattern of

shorebird movements may be related.

The seasonal changes in depth distributions may
indeed be a factor determining the timing and direction
of the movements of Knot described in Chapter 1.
Throughout thé winter the availability of Macoma to
Knot is higher on the Humber than on the Wash. Thus
any birds which leave the Wash in November and move to
the Humber will encounter not only a higher biomass/mz
there (Pig. 24) but also higher availability. Why
then do not more Knot move to the Humber earlier in the
autumn when availability of Macoma is much higher than
in mid-winter? Perhaps adult Knot do not move at
this time because they are still in moult. Indeed,
of the proven movements of Knot from the Wash to the
Humber, the two earliest recoveries, one in September
and the other in October were of Juveniles (Chapter 1,
Fige. &) which would not have been moulting flight
feathers in those months (Minton, 1975). However,
as discussed in Chapter 1, the influxes on the
estuaries of the north-east coast occur at a time
when numbers on the Wash also increase. Thus, prey
abundance and availabilility is sufficiently high to
support increased numbers on the Washe This indicates
that if timed by external factors movement from the
Wash to the Humber at this time is more likely to be a
consequence of competition on the Wash rather than

directly/
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directly related to the low prey availability there.
Thus, although the higher availability of Macoma on
the Humber in November and December may be an important
factor in determining the direction of movement of
birds from the Wash it seems unlikely that it is
important in determining the timing of movement,

Rather the factors which cause birds to leave the
Waddenzee and arrive on the Wash at this time of year
may be indirectly the cause of the timing of this
exodus. Similarly, it is unlikely that changes in
availability of Macoma on Morecambe Bay are an
important element in determining the timing and
direction of movements on the west coast. For example,
numbers of Knot using Morecambe Bay increased greatly
from July to December yet availability of Macoma
declined., Indeed on Hest Bank in December and February
no Macoma in the 9-13 mm shell length size range were
found within reach of a Knots bill (Fige. 29. In these
months Knot feeding on Hest Bank must have taken
predominantly smaller-sized lacomag. It is possible
that the high availability of NMacoma on Morecambe Bay
in spring is one reason for this area's importance as
a pre-migratory fattening ground. However while an
increase in availability will increasse the number of
birds the area can support at this time it is likely
that the observed difference in size of the Knot
population of Morecambe Bay and the Wash in April
(Chapter 1, Pigs, 9,4 ) is a consequence primarily

of/



of the higher temperature regime on the west coast at

this time of year (I'ig. 3).

Throughout this discussion I have had to rely
upon one winters data on depth distribution of Macoma
in each area, but counts of birds from several winters.
However as argued previously, of the factors to which
the seasonal cheange in depth distribution of M@ggmg
may be related i1.e. temperature, daylength and depth of
the de-oxygenated layer, all three vary in a
predictable seasonal manner each year. Therefore it
seems likely that the patterns of change in depth
distribution described will remain constant from year
to year. Similarly, count data from the Humber (Tasker
and Milsom, 1979) and Tees (Chapter 1, Figs. 6,8)
estuaries in recent years (1978-80) suggest that the
timing of movements of Knot in these years is not
markedly different from that of movemenls revealed by
the Birds of listuaries LInquiry counts from 1969-75
(Chapter 1). 'hus although the data on depth
distributionlof Macoma and numbers of Knot were
collected in different years the consistency between
years in pattern of both seasonal change in depth
distribution of Macoma and seasonal change in numbers
of Knot on each estuary suggests that the comparisons

I have made are wvalid.

(3} Changes in availability of prey, through
changes in their accessibility, are probably gradual.

flowever/
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However there is also much weather-dependcnt variation
in the activity of prey, and hence their availability.
Although activity can vary greatly and vary rapidly,
for example as air temperature fluctuates during the
day, the seasonal pattern of temperature and wind
conditions can also induce seassonal patterns in activity.
Smith (1975) and Pienknowski (19€0) have shown that
Plover decreases as temperature decreases and attribute
this to a veduction in defaecatory activity of Arenicola
with a fall in temperature. Similarly Goss~Custard et.
al. (1977a) have shown that capture rate of Macoma by
Knot decfeases as temperature declines. This may
indicate variation in burying depth with temperature.
However low capture rates at low temperatures and high
capture rates at higher temperatures have been
observed in one day (J.D. Goss-Custard, Pers. Comm.).
This suggests that the varistion in capture rate is
due largely to variation in activity, and hence
detectability, of prey with temperature. Strong winds
can also affect the detectability of prey. For Plovers,
which rely almost entirely on visual detection of prey
at the surface of the mud, it is 1likely that buffetting
by strong wind can severely reduce their ability to
detect movement of prey. Indeed evidence is presented
in Chapter 3 to show that on the Tees estuary CGrey
Plovers feeding in exposed arcas on Nereis diversicclor
stop feeding and roost at wind speeds in excess of
25-30 Knots. vienkowski (10980) has also shown a

decrease/
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decrease in capture rate of Arenicola by Grey Plover
with increasing wind speed. However in this situation
the effect is not as marked as when feeding on Nereis
on the Tees because of the larger cues used in
detecting the presence of Arenicola. Thus during the
winter as conditions become colder and more windy, not
only does the energy expended in maintaining body
temperature increase but the detectability of most

invertebrate prey decreases at the same time.

Bvans (1976) has also considered the effect of
wave action on birds foraging at the tide edge.
Bar~teiled Godwit which often feed in water up to 15
cm deep will be affected by this. However although
there are little data available on the magnitude of
these effects it is likely that they are less important
than those of wind and temperature on both prey
availability and metabolic rate. Similarly it is
likely that the effects of different substrate type
upon the energy demands of food gathering discussed by
Evans (1976) are of relatively little iﬂportance in

causing movements between estuaries.

DISCUSSION

Movements of shorebirds in relstion to factors affecting
energy balance.

Of the factors affecting energy balance in shore-
birds, that to which most movements can be related is

temperature. The movement of Knot, which have moulted

in/
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in the Waddenzee, to the Wash and other east coast
estuaries occurs at a time (early November) when the
increasing cooling influence of the continental land
mass on temperatures experienced on the eastern North
Sea coast is clearly apparent. Grey Plover also
leave the Danish Waddenzee at this time. Thus birds
which make this westward movement encounter at their
destination temperatures less severe than those they
would have encountered in mid-winter at their point

of dsparture.

Knot and Bar~tailed Godwit which move northwards
from the Wash in November encounter, on average, higher
mid-winter temperatureson the Tees but wind chill may,
on average, also be higher here. However birds which
move from the Tees to the Forth in most years encounter
both lower temperatures and possibly higher wind chill
at their destination. Thus whereas movement westwards
across the North Sea in early winter can be described
as movement to a region where winter weather is less
severe, the movement northwards from the Wash cannot
be described in these terms. However it may be the
most severe rather than the average conditions
experienced by shorebirds in winter which are most
likely to be the major selective factor determining the
pattern of movement observed. Consequently it is the
geographical distribution of low temperature and high
wind speeds during severe winters, rather than the

average pattern of distribution over thirty or forty

years/
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years of mostly mild winters which will govern the
pattern of movement. Thus it is possible that the
northward movement from the Wash to the east coast
of Scolland, where average January temperatures are
about the same as those recorded ¢n the Wash, has
arisen because temperature and wind chill in Scotland
are less severe and shorebird survival here greater
than on the Wash during severe winters. Thus
individuals which move away from the moulting areas
(the Wash) before winter will have a selective
advantage during severe winters. However this does
not explain the northward movement from the Tees to
the Forth as even in the severe winters temperatures

were the same, or higher on the Tees than on the Forth.

Although the timing of low water on spring tides
differs between estuaries along the east coast of
Britain , the variation in feeding conditions over a
series of spring and neap tides (and consequently of
food intake and probably of mortality during severe
weather) is greater on the Tees, Lindisfarne and the
Forth than on the Wash. Yet birds move from the
Wash to the north~east coast at the end of autum.
The avalilable invertebrate data do not indicate major
differences between estuaries in seasonal timing of
peakbbiomass densities of prey. Nor are differences
in timing of changes in prey body weight indicated.
It is possible that birds move to particular estuaries

in/




in response to specific nutrient requirements &«g.
protein. However the cycle of bilochemical
composition of invertebrate prey species follows

that of body weight (Ansell and Trevallion, 1967;
Beukema and de Bruin, 1977). Thus not only is it
unlikely that major differences in nutrient content
of particular prey will vary between estuaries in
the non~breeding season sufficiently to cause the
scale of movements observed, but that any such changes
would be reflected in changes in body weight, whose
timing does not vary markedly between estuaries.
Through the winter, considersble differences exist
in availability to Knot of Macoma on the Wash and
Humber, at least in one year. However as I have
argued above, although the higher availability on the
Humber in winter may be an important factor in
allowing large numbers of Knot to use the estuary

ét this time, the lower availability on the Wash is
not the factor which causes the movement to occur,

as higher numbers of birds are present there in mid-
winter than in autumn. However, why some birds leave
the Wash and some stay at this time is not known.
Similarly, on the Tees the data do not indicate any
clear relationship between abundance of Mytilus and

numbers of Knot using and moving through the estuary.

On the west coast of Britasin there are no seasonsl
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differences in temperature between the Dee and the
Ribble estuaries and liorecambe Bay. However marked
seasonal differences in usage of each area do occur.

I mve interpreted these as suggesting that most Knot

on the west cosest in auvbtumn moult on the Ribble, and
afterwards move to the other estuaries, particularly to
Morecambe Bay. Bar-tailed Godwit may also move after
the moult to other west coast estuaries, but may also
move to southern Hurope and Vest Africa. The reasons
for this patlern of usage 'of aress on the west coast is
unclear. The invertebrate data weviewed in this
chapter suggest that it is very unlikely that marked
seagonal differences in timing of pesk density, body
weight or biochemical composition of one or more prey
gpecies occur between these estuaries on the scale
regquired to explain the usage by Knot or Bar-tailed
Godwit. Consideration of other facltors alsc do not
reveal major differences which can -explain the pattern of
usage observed. The decrease in avelilability of Macoma
in winter, reported by Greenhal gh, (1975) may reduce

the potential rate of food intake by Knot'on the Ribble
below thet on Morecambe Bay, as, although a similar
decrecase in availability of Macoma occurs on lMorecambe
Bay, large mussel beds are 2lso available there and

are used extensively by Knot (Prater, 1972;. Dare, 1969).
This suggestion is supported by the increase in numbers
of Knot on the Ribble after mid-winter at a time when
availability of Mscoma is probably increasing. However

the/
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the importance of the role of prey abundance or its
availability in controlling movement is questioned
by the minimal use made of Morecambe Bay by Knot in
autumn, when the total ebundance of available lacoma
is almost certainly always very much greater than on

the Ribble.

In this review of factors affecting the energy
balance of shorebirds and the seasonal change in the
severity of these in different estuaries I have
considered each factor in isolation. Clearly all
factors affect shorebirds at the same time in what
may conceivably be a very complex way. Thus the
step by step approach adopted here may fail to
investigate these relationships in sufficient depth.
To investigate this problem more fully a multivariate
approach could be considered. However before such
an analysis could be undertaken much fuller and more
precise data on prey density, quality and availability
from most major estuaries are required. However,
even with such information a multivariate appreach
would tell little of the mechanisms which lead to the
movements observed. To elucidate these, detalled study
of the interelationships between shorebirds, their
prey and different substrates within each estuary is
required. It is my opinion that a series of such
studies, although labour intensive, on a range of

estuaries, are likely to lead to a more sound basis

of/
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of information from which predictions on numbers of
birds and factors affecting movements can be made

for other estuaries.

History of movements.

Up to this point I have concentrated discussion
on the distribution at the present time of Ffactors
which may lead to shorebird movements. However to
attain full understanding of the reasons for the
presence of inter-estuarine movements, the extent to
which movements observed at the present time have been
pre-programmed through selective mortality in past
years, rather than occurring in direct response to
conditions encountered by birds on an estuary in the
vear of movement, must be considered. Clearly if
selective mortality in past years has been of major
importance in the origin of movements seen at present
it may not be possible to relate the movements
observed at present to the present-day distribution
of factors affecting energy balance. This might provide
an explanation for the moulting areas used in North-
West Europe. In this region, the Waddenzee, Wash and
the Ribble are the three most important post-breeding
moulting areas. The first two are the largest
estuarine areas in North~West Xurope, but the
Ribble is relatively small. Movement from the Wsddenzee
after moult can be related to temperature and wind chill.

However on the Ribble there is no conclusive evidence

of/
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of any factors which explain the great use of this
area in autumn, but a reduction in its use in winter,
nor of the lack of use of Morecambe Bay, a much larger
area in autumn. Although data on the seasonal
abundance of the food supply are lacking it is unlikely
that this changes in such a marked way to result in

the marked change in usage observed. Furthermcre,
even 1f the food supply on the Ribble is particularly
good in autumn it seems unlikely that it will be that
much better than on Morecambe Bay (where high densifies
of Macoma are present throughout the autumn) to explain
the restricted use of Morecsmbe Bay in autumn.
Unfortuna tely, few data are avallable on numbers of
shorebirds using the Ribble and Morecambe Bay before
thé start of the Birds of fstuaries Enquiry counts.
Thus it is posgible to exsmine only superficially
whether the use of Morecambe Bay and Ribble has

changed greatly during the past 100 years. Counts
given for the Lancashire coast for 1967-68 and 1968-69
by Greenhalgh (1969) cannot be used to investigate this.
Only parts of the coast were counted e.g. only the north
shore of the Ribble, not the whole estuary. Thus in
view of the local movements. of birds between roosts that
have been reported it seems likely that the low numbers
of Xnot and Bar-tailed Godwit reported by Greenhalgh
(1969) for the Ribble may be a result of incomplete
coverage rather than to small numbers of birds actually

present. Indeed large numbers of Knol have been

reported/



90

reported to use the Ribble, especially in autumn,

since the early 20th century (Oakes, 1953; Wagstaffe,
1926). In contrast however Holder and Wagstaffe (1930)
reported that in autumn 1921-29 only about 200 Bar-
tailed Godwit used the Ribble. However it is not
possible to conclude, without data from other estuaries
for this period, whether the low numbers using the
Ribble indicate that fewer birds moulted in Britain at
this time or whether other British estuaries were used
instead in autumn. Thus it seems that the Ribble has
been used as a moulting area by Knot for at least the
past 60-70 years but that this may not be true of

Bar-~tailed Godwit.

Consideration of the evolution of use of the Ribble
as a moulting area rather than the larger area of
Morecambe Bay requires knowledge of the history of the
topography and prey populations in each area. The

Quaternary history of both areas is well known
(Huddart et. al., 1977). Over this period the size
of each area has increased and contracted as the sea
level rose and fell. However the most recent incursion
by the sea occurred ca. 800 years ago and affected only
the Ribble (Huddart et. al., 1977). Thus it seems
likely that since this last incursion the Ribble has
been or has become a more favourable moulting area
than Morscambe Bay. However how this may have come
about is unclear. Although no information on the
topography or invertebrate populations of the two areas
is available it is possible that sediments on Morecambe
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Bay may have been more mobile more recently and, because
of this, unable to support large prey populations.

Thus at some time within the past 800 years birds may
have used the Ribble as a moulting area and in winter
moved further south to southern Hurope or Africa.

More recently, as sediments stabilised and prey popul-
ations became established these birds may have begun

to move from the Ribble to Moreoaﬁbe Bay to winter
rather than moving further south. However this scenario
does not explain why birds leave the Ribble at the end
of moult. This may be because of the downward
migration and decrease in availability of Macoma in
winter. Also the suggestion that at the present time
birds moult on the Ribble, even although prey are
available on Morecambe Bay, because they have not
adjusted to the recent development of prey stocks on

the Bay, suggests that shorebirds are very slow in
adapting to changing food distribution. Yet the
mobility of Knot described in this thesis and by other
workers e.g. Greenhalgh (1969) suggests that this is
unlikely. Perhaps the possibility that birds during
moult require specific types of roost site which are

not available on Morecambe Bay but do occur on the Ribble

requires more consideration.

Murther speculation on the evolution of these
shorebird movements is not worthwhile as data are so
limited. However fubture consideration of the persistence
from year to year of the movement patterns. described

will/
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will allow more sound hypotheses to be advanced as

to the evolution of these movements. In this respect
I suggest thst long term monitoring of shorebird
numbers and their invertébrate food supply in
selected estuaries, wherever possible combined with
long-term marking of individual birds, to identify
changes in seasonal use of estuaries, will provide

much insight into the problems I have discussed.

Individual differences in movement pattern.

The sessonal pattern of use of the Wash by ¥not
cannot be explained by changes in the food supply.
After birds have moulted on the Wash, some leave,
but more birds arrive in November and December; yet
no similar fluctuations in the food supply are evident.
Thus the data suggest that some individuals are pre-
programmed tc move gsouth after moult on the Wash,
whereas others from the same area move north, along
the east coast and at least in some years west to the
Irish Sea coast. Pollowing this departure other
individuals which have moulted elsewhere arrive and

replace them on the Wash.

The advantsges of moving from the Waddenzee to the
Wash and from the Wash further south are clear. As
discussed above, average temperatures and the risk of
severe weather are lower on the Wash than the Waddenzee.
However even on the Wash the risk of severe weather is

considerably/
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considerably greater than further south, for example
on the west coast of ¥France. Thus both movements
take birds to areas where the risk of cold-~induced
energy stress is less than at their origin. However
it is not clear in what way birds arriving on the Wash
from Holland differ from those leaving the Wash, nor
from those which remain in Holland in mid-winter.
Possibly those birds remaining in colder areas are
more efficient foragers i.e. expend less energy in
gathering a given biomass of food. Also it is likely
that the effects of such differences will be accentuated
where dominance hierarchies form. Aggression does
oceur in flocks of Knot (CGoss-Custard 1970; Pers. Obs.)
although it is not known if a constant hierarchy exists.
further it is possible that metabolic rates of birds
which remain in colder areas may be slightly lower
then of those which move Ffurther south. However,
there are ringing records of birds present on the Wash
in one winter and in France in another at the same time
‘as, or earlier than, caught on the Wash (Table 3). Thus
the individual variation I have suggested may not result
in movement to the same place every year. However how
birds choose where to go (or are forced to go) each year

is not known.

Similar individual variation in movement pattern
occurs among Grey Plover. In the study on the Tees
estuary (Chapter 3) great variation in timing of
movemenﬁ was apparent. The data suggest that in

autumm/
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Knot ri

Date of capture

94
Recoveries in France in subsequent years of
ngaed on the Wash.

Age at 1st Date of capture/ Area of

on the Wash capture recovery in Trance
rance

7-8-68 Adult 14870 Charente~
Maritime

26-10-68 " G070 Mironde

13-9~69

10+1-70 Juvenile 29-10="T71 Calvados

2T7~a3-171.

T em G700 Adult 20~8-172 Gironde

T eeGma7 O v 19=9=70 Gironde

19=2-72 " 27 =T=72 Gironde

28~8~78 " 27779 Gironde

Note: Only records of recoveries which occurred carlier

in the year then the date of first ringing are
included as these provide the best indication that
birds have changed their movement pattern between

vears,
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autumn many birds leave the estuary voluntarily, some
after a very short stay, but others after several
months. However others leave in autumn after being
unsuccessful in establishing a territory. These
enforced emigrations can he attributed to differences
in dominance status. However no informstion is
available on why individual variation occurs in the

timing of apparently voluntary movements.

Thus among shorebirds using each estuary there is
great intraspecific variation in timing and direction
of movement. Some of this variation can be attributed
to differences in dominance status of individuals.
However the reasons for most of the variation are unclear.
It seems possible that different individuals may be
physiologically better adapted to wintering in colder
conditions, and that these stay in North-West Hurope,
while those less well adapted to survival during cold
weather move south. However no information is
available to test this. Hence detailed study of
individual varistion in metabolic physiology of
shorebirds could prove to be of great value in under-
standing the intraspecific variation in movement patterns

described.

Movement strategy of Knot using the 'ees estuary.

Movements of birds through the Tees estuary in

1.978-79 and 1979-80 cannot be related to the food supply.

In/
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In 1978-79 the marked fluctuations in numbers of birds
present were not accompanied by similar fluctuations

in availability or abundsnce of Mytilus edulis the

main prey species. Similarly, although in 1979-80

the prey population was not monitored, movements of
birds both north and south from the Tees in November
(within a few weeks of arrival of birds on the estuary)
did not coincide with the occurrence of storms and
associated wave action, the factors most likely to
cause changes in abundance of MNytilus. These fluctuat-
ions in numbers and movement of Knot, which are
apparently unrelated to changes in prey abundance, are
similar to those described for Sanderling which feed on
the exposed marine beaches at the mouth of the Tees
estuary (Brearey, 1981; Hvans, 1981) and also reported
from California by Myers (1980). Bvans (1981) has
discussed such movements in terms of the predictability
and constancy of the food resources utilised in these
areas. The marine beaches are exposed to considerable
wave action which, when especially severe, can remove
large areas of substrate ana the prey populations these
contained. Thus it is to a bird's advantage to be
aware of alternative food resources on neighbouring
areas of coast which may be used in the event of such
removal of prey occurring. This conceplt can be
extended to Knot, although on a larger scale. Birds
which arrive on the Tees in November and then move to
another area, after a few days or weeks at Teesmouth,
will obtain knowledge of the status of the prey

population/
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population in several areas. Thus if, for example,
severe wave action removed all Mytilus from the rocks
on the Northumberland coast individuals which have
visited the Tees will have experience of whether prey
stocks were large there and likely to provide a
sufficient food supply if they return there. Thus the
risk to one of these transient (itinerant) birds of
moving to an area with insufficient resources is less
than the risk to a bird which did not possess knowledge
of other areas. It is likely that further long-term
study of individually colour-merked individuals dn

the Tees would sallow investigation of year to year
varietion in time of arrival, length of stay on the
estuary and location of mobile individuals along the
Northumberland coast. It is hoped this will lead to
more detailed understanding of the extent of movement
through the Tees estuary each year, the year to year
survival of transient and sedentary individuals, and
allow more confTident speculation as to the reasons for

the behaviours observed.
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Chapter 3. Seasonal change in numbers of Grey Plover

using the Tees estuary, in relation to spacing behaviour

and prey availability

INTRODUCTION

I"ew intensive studies of the dynamics of wintering
populationg of shorebirds have been made. Mtention has
normally been directed towards ringing and biometric
studies e.g. Minton (1975) or feeding ecology and
behaviour (Goss~Custard, 1969; Prater, 1972; . Smith, 1975;
Pienkowski, 1980; Townshend, 1981). Rarely has a
synthesis been attempted of these subjects with popul-
ation parameters such as survival and smigratilon.

However, it is readily apparent from Chapters 1 and 2

that full understanding of the interrelationships between
shorebird movements and the population parameters of their
invertebrate prey, environmental conditions and the social
organisation of shorebird populations during winter requires

such a synthesis.

Most previous discussions of population processes in
wintering shorebirds have been restricted(to congideration
of factors affecting flock density. Goss—Custard (1970)
reviewed these, concluding that compact foraging flocks
were formed primarily as an antipredator response,
wherever this was compatible with the foraging behaviour of
the birds. Thus birds feeding b& touch can afford_to
feed in compact flocks as the cues used to detect prey
are not suppressed by activity of birds on the mud surface
whereas the levels of invertebrate activity needed by

visual/
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visual predators are depressed and therefore these birds
are more dispersed over the feeding grounds. However,
while such mechanisms are certainly of major importance
in regulating flock density in a particular prey patch,
little information is available to indicate how such
studies can be extrapolated to regulation of estuarine
population size. That behavioural control of flock

density may lead to regulation of population size during -

et e et o e st [l A e

frugilegus (Patterson, 1975).  However, although there

is some evidence of mortality among Grey Plovers at
Teesmouth, and of other species in other areas (see Evans,
1976), during severe weather, there is little convincing
evidence of shorebird movements in direct response to
either reduced rates of energy intake or increased energy
demands during such severe conditions (Bvans, 1976).
Further, the social organisation of many shorebirds has
been shown to be considerably more complex than that
described in the Woodpigeon and Rook. For example

some individuals of many shorebird species have been found
to exhibit territcriality on some of the wintering grounds,
but not on others (Myers et.al. 1979a). While many of
these territories are short term, lasting only a few hours,
some have been shown, in a number of species, to last for
several months e.g. Sanderling (Myers et.al. 1979b); Grey
Plover (Xnights, 1979); Curlew and Grey Plover (Townshend,
1981) and Curlew (Zwartz Pers. Comm.). Although many

individuals/
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individuals of the same species may be present in flocks
on the same wintering site the potential importance of
territoriality in affecting numbers on a wintering area

is clear. However, to date, no studies of this have been
attempted in any shorebird species. Consequently the
role‘Of territoriality in regulating numbers of shorebirds

present on an estuary in winter remains open to speculation.

On the Tees estuary in North Hast England the number
of Grey Plovers present in winter varies between 100 and 300
yet both long term territoriality and flock feeding are
found. Since 1976 a sizeable proportion of the birds have
been marked with unique combinations of colour rings
allowing individual identification. Taking advantage of
this situvation, a study of seasonal change in numbers and
movements of Grey Plovers using the Tees estuary was
undertaken with the aim of furthering understanding of the
relationship between these phenomena and potential control-
ling factors particularly shorebird social behaviour and

prey availability.
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STUDY AREA

3ince the beginning of the nineteenth century much of
the original intertidal sand and mudflats (2,400 ha) of
the Tees estuary (54° 37'N 1° 12'W) has been reclaimed
(Bvans et.al. 1979). Today only two major areas, Seal
Sands (140 ha) and Bran Sands (60 ha) (Fig. 1) remain,
of which the former is much the more important feeding
area for shorebirds. To the north and south, the mouth
of the estuary is bounded by sandy marine beaches and
rock outcrops. During daylight hours the majority of
Grey Plovers on the estuary feed on Seal Sands, although
when numbers are high some feed at low water on parts of
Bran Sands and the rocks at the mouth of the estuary.
However at night more birds feed at the lower tidal levels
on Bran Sands and North Gare Sands, a marine beach on the
north side of the estuary (Dugan, 1981). The study of
Grey Plover reported in this chapter was carried out

entirely on Seal Sands.
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METHODS

A. Invertebrates

1. Distribution

On Seal Sands four species of macroinvertebrate are

common. These are Nereis diversicolor; Hydrobia ulvae;

Macoma balthica and Corophium volutator (Bvans et.al.

1972). However of these species only Nereis and Hydrobis
are abundant. The macrofauna was surveyed extensively

in June and November 1978 and March 1979, following a
preliminary sampling in February 1978. An aluminium
co¥er, diameter 11.0 cm and surface area 133 cm2 was used.
Samples were taken to a depth of 30 cm to ensure that
Nereis which were observed to burrow to this depth in
mid-winter were not missed. Access to firmer areas of the
mudflats was achieved by walking, but areas of softer
substrate were reached by wading behind a rubber dinghy,
using this as a support. Because of the viscous nature
off the mud over much of the study area, sieving of samples
could be accomplished only by use of a high pressure water
jet which resulted in most Nereis being broken up, or
forced through the sieve. As it was important to know
the length of all the animals sampled, an alternative
method of invertebrate extraction was developed. Samples
were placed in 5 - litre plastic_containers and clean
sea-water poured on top to a depth of about 3 cms. They
were then left for three days. During this period Hydrobia

Py

coming to the surface were picked off, After this,
zero. 'The sea water was then replaced by salt water twice
the concentration of sea water (75 ml. salt/litre). The

samples/
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samples were left for a further three days during which
all Nereis and Corophium coming to the surface, to escape
the adverse environment, were collected. Almost all
Nereis were extracted from the mud in this way. During
the preliminary sampling the efficiency of this method of

extraction was determined as <a.95% by sieving all the

samples at the completion of the procedure (Appendix 1e)e

2. Quality

In addition to the extensive sampling programme, other
Nereis were collected, by digging, from several areas for
determination of d4ry weights and calorific values. Worms
were left in clear estuarine water fowr 24 hours, killed by
immersion in alcohol for approximately 60 seconds, measured
to the nearest millimetre and aried at 60°C in a vacuum
oven. Animals were subsequently weighed to 0.1 mg. using
a Mettler balance. For each sampling date and for each
area from which animals were collected’regression equations
relating dry flesh weight to body length were calculated.

These are given in Appendix 2e

Hydrobia collected during the extensive sampling
programme were prepared in a similar way to Nereis, i.e.
kept in clear sea water for 24 hours, before drying in a
vacuum oven. The shells were then removed with dilute

hydrochloric acid, and flesh dried again before weighing.

Calorific determinstions were made using a Phillipson

Microbomb Calorimeter (Phillipson,1964).

B./
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B. Grey Plovers.

1. Numbers.

a. Individually marked birds

Forty five birds were colour marked during the previous
study (Townshend 1981). This total was increased to 200
during the present study. 128 were caught in 1978-79 and
27 in 1979-80. Of these, 153 were caught with cannon nets
at daytime rocst sites and two mist-netted at night. =Fach
bird was weighed, measured, ringed with a numbered metal
(B.T.0.) ring and given an individual combination of
coloured darvic rings, before release. Initially,
combinations of three coloured rings were used but this
was increased to four at the end of January 1979 when all
unambiguous three-ring combinations had been used. Loss
of rings, from four-ring combinations, which might have led
to confusion with three-ring combinations, has not been

known to occur.

b. Counts

Only counts of birds (i) at all known high water
roost sites, (ii) flying to these roost sites, or (iii)
at pre~roost gathering sites have been used to measure
total numbers of birds present on the estuary (See
Appendix 3 ). The usefulness of low water counts for
this purpose is limited since it is possible consistently
to miss large numbers of birds because of the topography
of the habitat, the creek feeding habit of many individuals,
the distance over which these counts of some areas have
to be made and the often restricted visibility during the
counts. Turthermore, because of day to day changes in

the/
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the location of flock-feeding birds, it was not possible

to use low water counts to detect and messure accurately
trends in population size, as birds could not be counted

with equal accuracy in all feeding sites used by the flock.

Particularly in winter, it was possible to attempt
accurate counts of the total population on only a few days
of each tidal series. Turthermore on some of these same
days, it was necessary to search for colour ringed birds.
Hence confident accurate counts were made on relatively
few occasions each winter, and the timings of population
changes thus cannot be determined very precisely from them.

To identify the periods of influx and departure it was
necessary to supplement the counts with data on arrival
and departure of individuelly marked birds (see Appendix

odia) Furthermore, these data from marked birds were
used to determine whether birds moved into and out of the
estuary at times which were not detectable from count data
alone (since if immigration equalled emigrstion no change
in numbers of birds present would occur). Only in autumn
was evidence of this obtained. All influxes of colour
marked individuals in winter occured during periods of

population increase.,

During both years of the study six main periods when
numbers of birds changed, or remained approximately constant,
were recognised. Autugn when numbers fluctuatéd as birds
arrived and departed; Post-Autumn -~ when the population
remained constant in size; 1st Influx - the time of the

first large increase in numbers; Post~Influx -~ when

following/
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following the 1st Influx numbers remained constant or
decreased; ond Influx - the time of the second large
increase in numbers; and Spring - the time of pre-
breeding departure. The precise dates of these periods
varied somewhat between &ears, as will be shown later.
However as descriptions of time periods they.are ol much
more relevance than calendar months, to the population of
Grey Plovers at Teesmouth. Consequently, throughout the
text, these terms are used to describe the occurrence of

events within the pepulation.

Ce Distribution.

A1l counts of birds feeding on Seal Sands were made,
by X 15 - X 60 telescope; from a Land Rover, functioning
as a mobile hide, driven along the reclamation walls along
two sides of the mudflats. The route and locations of
census points are shown in Pig. 2. An 8 x 8 grid of
colour-coded stakeé at 100 metre intervals had been
erected, during a previous study (Townshend,1981), on
Central Bank, the largest expanse of mudflat. Using this
and the natural heterogeneity of substrate type in other
parts of Seal Sands the feeding area was divided into sub-
areas and the birds in each counted separately. However,
after study of the numbers and behaviour of birds uSing
each sub-area, these have been reduced to nine by grouping
(Table 1). Areas were measured from aerial photographs

taken in 1976.

2. Behaviour./
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Table 1. Description of principal Grey Plover feeding

arcas on Seal Sands.

1

Area Size - Description
'(hao) '
1+ Bastern Channel 40 Mainly sendy substrate’
(B4Cha) but finer st north and
: south ends. One deep
creek (Plate 1) runs
the length of the asrea
but ramifies at the
northern end.
2. Central Bank.

Far Enteromorpha 22 Firm sand underlying a
shallow covering (ca. 2
em)- of mud on which grows
a thick sviard of
Entercmornha. Greatly
dissected by vide, deep.
creeks (Plate 1).

3. Scalloped Mud 4 A ridge of firm mud

Bast Ridge and bordering a ceep creek”.

Creek

"4, Central Bank (mud). 6
Orsnge post to

Central Channel

. (O"CnCho) .

.5. Greenabella Bank
+ Central Channel,
lower ticdal levels.

27

6., Scalloped Mud
Main + Side

18

7. Central Bank (Mugd)
Orange to green
"posts (0-G).
8. Central Bank 11
Sand + Enteromorpha

9. Greenabella Bank. 4
{igh tidal levels.

Notes. i.
those described

Firm viscous mud ca. 30-
40 cm. deep, overlying
sand and criss-crossed
by small, narrow creeks
(Plate 15.

Low lying areas of the
mudiflats,  Soft mud with
a high water content.

Predominantly firm visgcous
mud.

The area adjacent to
0~C.Ch. andé of similar
substrate type and topo-
graphy.

Sand, the southern part
of which is overlain by
firm mud varying in denth
from ca. £-15 cm. on top
of which grows a thick

" sward of &ntercmorpha.

Rirm viscous mud, the

surface of which is criss-
crcssed by narreow creeks

and dotted with shallow pools
which retein water for
several hours afier the tide
has receded.

These .subdivisions of Seal Sands differ from

by Bvans et.al. (1979).

2. Area 3 divides arca 6 but counts were separated

because of the
in 3. :

-~

territorial behsviour of birds

107




1. Grey Plover feeding areas 1,2 and 4.

(a) 1. Tastern Chamel - showing creek in
territory of Y Y/0.

(b) 2. Central Benk, Par Interomorpha -
showing one of the deep creeks which
dissect the area.

(¢) 4. Central Bank, 0-C.Ch. - showing one
of the small drainage crecks.

In each area thick vertical white bars represent
one metre height. Thin horizontal white lines
drawn across the top of each creek allow
comparison of the depth of the creeks in each
area.
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2. Behaviour 108

a. Plocking birds

Observations of flock birds were made from a hide
mounted on a rubber dinghy and beached on the mud on the
ebbing tide, on different sites on different days. Birds
showed no adverse reaction to the hide and regularly
approached to within ten metres. Rates of food intake
were measured by direct observation (by telescope) and
recorded on a portable caessette taperecorder. In view
of the limited variety of macrofauna each prey taken was
normally identified with confidence. The sizes of
Nereis taken were estimated by comparison with the bill-
lenghts of the birds, Unlike the situation in most
waders the veriation in bill lengths of individual adult
Grey Plovers is fairly small (X = 30.1 mm + 0.1, n=852;
Branson and Minton, 1976). The estimates of worm length
made by comparison with bill length are clearly open to
some error. However, a check on their accuracy revealed the
error to be small and enabled correction for this (Appendix

B.).

For analysis of food intake rates only birds watched
for three or more consecutive minutes were used. After
this point variation in mean intake rate per minute for
véach individual remains relatively constant with increasing

observation time. (Appendix -.6.).

During all feeding observations the durations of all
other activities i.e. preening, roosting, aggression and
anti-predator behaviour were measured and used in construct-

ing time budgets.

b/



b, Territorial birds 109

The dissected topography of Grey Plover territories
made the use of a dinghy-mounted hide impractical for good
observations of feeding birds, since these were frequently
out of sight in creeks for long periods, or if feeding on
the high-level mud continually disappeared behind small
bumps. For this reason, detailed observations of
territorial birds were confined largely to those feeding
within observation distance of the reclamation wall,
which provided raised vantage points. However, evén from
these positions, many birds in Bastern Channel were
frequently hidden from view. Observations, like counts

were made from a Land Rover.

Both the rates of food intake, and the time budgets
of birds whose intake was studied, were measured in the
same way as for flock birds. Territory distribution
within Hostern Channel and activity of these territory
holders was determined by systematically scanning each
territory in turn, as frequently as possible, (ca. every
10 minutes), during one or more 45 minute periods, and
recording the position and activity of each bird on a
cassette recorder. Positions of birds were subsequently
plotted on large scale maps of the area (drawn from
aerial photographs) and the frequency of each activity
calculated. During each circuit of territories some birds
were not visible and it is likely that, as a result,
observations will be biased in favour of the activities,
particula rly aggression, which increase conspicuousness.
However, as discussed in the appropriate section, the
effect of this bias on the conclusions from these data is

small. Also attention was sometimes directed towards

particular/

L



110

particular indivi duals involved in long periods of one
activity e.g. long territorial encounters. This may
also have led to bias in the activity analysis,
However, the systematic nature of the observations 1.6,
through a series of visual circuits of the territories,

scanning each equally frequently within an observation

period, were designed to avoeid such bias.

C. Territorial bird R W/G.

Intake and time budget data were recorded in the
same way as for flock birds, but observations were made
from a Land Rover positioned at the tip of Hastern Channel.
The position of the territory boundary was recofded both
while recording those of the other territorial birds in
the area and during feeding observations. While recording
feeding data the position of the bird was noted as
frequently as possible using physical features of the

territory as reference points.

3. Quantification of energy intake.

a. Intake of worms.

Using the regression equations for body weight of
Nereis ageinst body length, given in Appendix Cey mMean
body weights of Nereis ranging (in 4 bill length divisions)
from 4 bill length (0.75 cm) to 4 bill lengths (12.0 cm)
were calculated. Using the calorific values for Nerois
aporopriate to each sub-areca, weights were then converted

to energy contents of animals, of each body length class

for each date on which Nereis wassampled.

of/

nergy contents



111

of Nereig , corresponding to each date of observation of
feeding Grey Plovers, were then obtained by extrapolating
from a plot of seasonal change in calorific content of
Nereis in each body length category. In 1979-80 this
procedure was repeated to obtain data for fastern Channel
and Central Bank 0~C.Ch. Values used in calculating

energy intake in other areas were estimated from the

previous year's data.

b. Intake of Hydrobia.

Using values for the average dry weight of each of the
larger size classes (i.0. 2.5 ~ Z.4mm and 3.5 ~ 4.4 mm
shell height), given in Appendix .7., the biomass of
these size classes per core for Scalloped Mud, Central
Bank ¢=~C.,Ch ., and the higher tidal levels of Greenabella
Bank, was obtained by multiplying the mean number of each
size class per core in these areas by average body weight
and summing the values obtained. This was then converted
to calories using the calorific values given in Appendix . 8.
The calorific value of an average Hydrobia taken by Grey
Plovers (asssuming that only animals of sizes between 2.5 mm
and 4.4 mm are taken) in each feeding area was then
2

calculated by dividing total calories per core i.e. 133 cm

by the mean number of 2.5 mm - 4.4 mm animals per core.

ce Intake of Macoma

Two sizes of Macoma were taken by Grey Plover (1)
slightly greater thanl/5bill length and (2) ca. 1/5 bill
length/
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length. Using my data from the Humber, the dry weight

of a Macoma of 11.0 mm shell length was estimated as 10.5 mg.
For small Macoma (1/5 bill length) dry weight was estimated
as 2.0 mge Calorific value was taken as 5.l oals/mg as

given by Hvans et.al. (1979). Using these figures values

for calorific content of 54 cals and 10 cals were obtained
for Macoma ca.l1/bill length and 1/5 bill length respectively.

Palietiont ettt

d. Intake of Corophium

Millard (1976) gives a value for mean dry weight of
4-7 mm body length  Corophium as 0.428 mg. Goss~Custard
.(1977) assumed a calorific value of 4.35 cals/mg. Using
these figures a value of 1.9 cals/item was obtained.

Thus all Corophium recorded were given a value of 2 cals.
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NUMBERS OF BIRDS

My data for 1978-80 reveal marked seasonal changes
in the number of Grey Plovers using the Tees estuary. In
autumn numbers fluctuated but gradually rose to a peak
in October, decreased in November and rose again iﬁ winter
when two major influxes  occured (Fig. 3). The autumn
peak was composed of passage and potential wintering birds,
both adult and Jjuvenile. Most of the adults moulted on
the estuary (Table 2). Numbers fell as passage birds
left (Table 3). However, not all adult birds arriving
on the estuary in autumn stayed to moult. Many arriving
in August and September spent only a few days on the
estuary and much turnover occuwed at this time (Fig. 4).
It is possible that many of the birds which passed rapidly
through the Tees in early autumn were in suspended moult.
Of the birds caught on 18-9-78 five were in suspended
moult. Of these, four were not seen again after capture,
which suggests rapid departure. (The fifth was found
dead.) None of these birds was seen in the following
autumn and consequently the possibility that they died,
ralher than migrated, after capture cannot be excluded.
3ome evidence suggests that other birds arriving in
August and September, although staying longer also do not
moult. Four individuals caught in September 1978 were
of very high weight and non-moulting (Table 2). Of these
two were not seen after 9-10-~78 and one after 3-11-78.
The other bird remained until late in November. However,

during/
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Table 2. State of moult and body weight of Grey Plover
caught on the Tees estuary on 18-9-78.

Age and stoge No. of Body Weight (grams).
of moult birds Max Min X S.H.
Adult. lculting 27 270 207 231 3

Adult. Arrested

moult 5 256 216 289 6
Adult. Non-moulting 4 362 273 325 16
Juvenile 1 - - 1953 -
Table 3, Jistimated dates of departure of individually

colour-marked birds present on the T-es estuary in autumn
only. Dates given are those on which the individual was
last sighted. The periods given are those of calculated
departure time (see Appendix  4.).

A = Autumn  1st W = 1st Yinter Influx P.I. = Post Influx.

Individual Time of Departure

1978-79 1979~80
Date Pariod Date Period

L /R 28-9-78 A 15-9-79 A
R B/G 31-10~78 A 30-9-79 A
L /0 9-10-~78 A 22~10-79 A
R 0/1 8-11-72 A 25-10-79 A
R R/L 18~11~78 A 11-10-79 A
L a/v 9-1.0-78 A 11-10-79 A
W R/ 9-10-72 A 11-10-79 A
R ¥/0 30~-11-78 A/1sti/P.I. 22-10-79 A
®G/L 3-11-78 A/1stV/>.I. 15-8-79 A
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during this time it retained the same extent (about one e
third ) of black, summer breast plumage as when caught,
indicating thst body moult was suspended. Why birds of
such high weight and presumed high fat and protein reserves

did not fully moult their body plumage is unclear.

The seasonal pattern of change in numbers was very
similar in both years of the study. Turthermore the
composition of each influx and decrease was very similar
in each year. Only two changes in time of arrival and
seven in time of departure of colour marked individuals
were recorded (Table 4). No clear differences between
adults and juveniles in regularity of time of arrival and
departure were revealed but data are few. The proportion
of adults and juveniles among birds present on the estuary
followed a similar pattern in the two years. Initially,
no, or very few, Jjuveniles were present, the first arriving
in September each year. The proportion of Juveniles
present at Teesmouth, as measured by the percentage in
cannon-net catches, then increased through the winter with
the early and late winter influxes (Table 5). A similar
increase through the winter in the proportion of juveniles

present was observed by Townshend (1981).

Return rates of adult birds were high (Table 6).
A large proportion of both overwintering and autumn passage
individuals present in one year were seen again an the
Tees estuary in the following year. (These figures are
equal to minimum survival rate.) In contrast birds which

departed/



Table 4.

individual Grey Plover.,

Qe
Arrival

be
Departure

Notes., 1o

e

Time of
Arrival

1978~79

Autumn

méﬁ Winter
influx

L1st Winter
influx or
before

gznd Winter

influx or
before

Time of
Departure
1978~79

Autumn
Post

influx

Spring

No. of
Birds
Ad. Juve
29 1.
9 0
31 4
19 5
No. of
birds
Ad. Juv.
6 0]
5 0
65 10

116

Fidelity in time of arrival and departure of

Time of No. of

Avrrival Birds
Ad. JUV.

197980

Autumn 29 6

lat Winter O 1

influx

Autumn 1 0

st Winter 8 0
influx

1st Winter 31 4.
influx or
before

ez}

2nd Winter 1.9

influx or

before

Time of

Departure No. of

197980 Birds
Ad. Juv.

Autumn 6 0

Post 3 0

influx

Spring 2 0

Post 4, 1

influx

Spring 51 9

Birds csught in early and mid-winter and which
may have arrived in the 1st winter influx or

before.

Birds caught after the 2nd winter influx had

occured.

The times of arrival and departure of all individuals
included in the analysis could be identified with sufficient
precision to be unambiguously assigned to one of the periods
For simplification and because of
the short duration of the post autumn period in the two
years of the study, this interval has, for this analysis been
Jumped with autumn.

in the population cycle.
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Table 5. Seasonal change in proportion of juvenile Grey
Plover caught 1978~79.

1 2 3
Autumn farly and Mid- Tate
winter winter
No 9% No No %
Adult 38 92.7 47 85.5 41 82.0
Juvenile 3 Ted 8 14.6 9 18.0
Total 41 55 50
1 ve 2
ve 2 )(1 = 4.3137 P < 0.05
1vs3 X¥ = 84200 p< 0.01
2ve 8 X? = 0.4686 p< 0.0



Table 6. Rates of returan of Grey Plover in 1879-80 in relation to time of arrival/
capture and length cof stey in 1978-79.

Only colour~-merked individusls whose time of arrival cculd be identified with
sufficient precision to be unambiguously assigned to one of the periods in the
population cycle are included in the Teble.
short duration of the post autumm period in 1978-72 this interval has for this analysis

been lumped with autumn.

Time of Arrival
(or Capture) and
Departure

1Autumn—Autumn

-4
“Autumn-Spring

Zist Winter-Post influx

influx

2 N g
1st Winter-Sopring
influx

2
end Winter-Spring
infiux

Notess 1 = Time of arrivsl

Tic.
present
78-79
7
25

12

44

26

Adults
No,
returned
72-~-80

2

7

20

K

W]
>

= Time

returned

100.0
80.0

3343

773

69.2

of capture.

For simplification and becaguse cf the

Juveniles
No. No. %
present returned returned
78=-79 79-80

2 o) 0.0
1 1 100.0
1 0 0.0
e 1 50.0
11 7 63.6

8TT
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departed in January or February 1979 (mid-winter)
irrespective of their time of arrival had a very low
return rate. However, of the eight birds which did not
return in 1979-80 three were seen after the severe weather
in January 1979 had ended. Thus although the data suggest
that the low return rates of birds which departed in
mid-winter were at least partially a result of mortality
of these birds during the cold weather in January, it is
not possible to conclude that this was definitely so.

The data for return rates of juveniles are more 1imited,
since only a small number of birds were marked. However,
a similar pattern of high return rates of overwintering
birds and low rates for birds departing in mid-winter, is

shown in Table 6,

The pattern of seasonal change in numbers observed
in 1978-80 was similar to that observed in earlier studies
of Knights (1979) and Townshend (1981) (Fig. 5). However
the precise magnitude and timing of these changes differed
between years. Most noticeable among these year-to-year
differences are (1) the very high numbers in October 1973
and 1976, (2) the occurence of two major winter influxes
in 1978~79 and 1979-80 but only one, which occured at
different times each year, in 1976~77 and 1977f78 and
none in 1973-74 (although counts were made only monthly
in this year so that a peak could have been missed) and

(3) the variation in size of the winter peaks.

(1) the large autumn peaks in 1973 and 1976 may have

been due to large numbers of birds moulting on the estuary

in/
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in these years. However, why the number of birds moulting

at Teesmouth might vary from year to year is not known.

(2) T'rom count data alone it is not possible to
establish in what way, if any, the winter peaks recorded
in 1976-77 and 1977-78 by Townshend (1981) correspond
to the two distinct peaks observed in both 1978~79 and
1979-80. However, of a group of birds caught on 12-2-77
i.e. after the peak had occured in that winter, six were
first seen after the peak in the following winter of
1977-78 (Townshend, 1981). Of these individuals five
were still alive during my study and all of these returned
in the first wihter influxes in both 1978-79 and 1979-80
(Table 7). These data indicate that the influxes
observed by Townshend correspond to the first winter

influxes reported in the present study.

(3) In 1977-78 the winter influx was smaller than
in either 1976~77 or the two later years. Seventeen of
the birds caught in the 1976-77 winter (on 12-2-77) were
not seen, and probably did not return, in 1977-78.
However, of these, seven returned at the time of the early
winter influx in 1978-79 and three returned a second time
in 1979-80, again all in the early winter influX. These
data and those for individuals which did return in the
first influx in 1977-78 (Table 7) suggest that more birds
leave from the source of the early winter influx in some
years than others and that when many birds leave 1t is

the/



Table 7. Dates of first sighting and periods of return to the Tees estuary of
coclour-ringed Grey Plover first caught on 12-2-77.

Individual Age at Year
combination capture 1977-78 18978-79 1979-80
Date Period Date Periocd Date Period
Y ¢/R A 31.10 Autumn 31.10 Autumn 4,11 Autumn
Y »/L A 10.11 Autumn 24.11 Autumn 31.12 Autumn/
1st winter
influx
L W/L J 29.8 Autumn 16.8 Autumn 3.9 Autumn
I W/R J N.Ob. - 20.9 Autumn 13.9 Autumn
0 W/0 A 12.1 1st winter 13.12 1st 19.11 ist winter
influx winter influx
influx
Y L/0 A 17.1 1st winter 3.1 1st N.obe. -
influx winter
influx
L o/W A 13.1 1st winter 8.1. is%t 14.1 1st winter
influx winter influx
_ influx
0 R/W A 9.2 1st winter 8.1 1st 14.1 1st winter
influx winter influx
influx
c 1L/0 A 16.2 1st winter 11.1 ist 23.1 ist winter
influx winter influx
_ ' influx
Y L/R J 30.12 1st winter 8.1 ist 4.1 1st winter
influx winter influx
influx
Y o/L A N.Cb. - 8.12 1lst N.Ob. -
winter
influx
Y R/W/

TST



Individual Age at
combination capture
Y R/W A

Y ¢/0 A

Y Y/Y J

L L/w J

L o/c J

¢ 0/0 J

A = Adult

J = Juvenile
N.Che = Not Observed

1977-78

Date

N.0b.

N.0b.

N.Ob. -

N.Cb.

NeObe

N.Cb,

Period

el.l2

Year

1978-72
Date

Period

1st
winter
influx
lst
wWinter
influx
ist
winter
influx
ist
winter
influx
1st
winter
influx
ist
winter
infiux

20.1

N.Cb.

0

1st winter
influx

1st winter
influx

1st winter
influx

33T
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the same individuals each year which do so. In 1973-74
the absence of a winter influx suggests that no birds left.
However the counts in this year were made only monthly and
it is possible that a rapid influx and departure of birds
may not have been observed. This seems unlikely however
as in no other year did the numbers return to the level

observed in autumn within a month of influx.

The origin of birds in the early winter influx is not
known. Weather conditions on the eastern North Sea coast
become very cold in December and movements might occur
to avoid these. However, numbers of Knot using the Tees
in 1978=79 and 1979-80 increased markedly af-approximately
the same time as the first winter influxes of Grey Plovers.
Some, and possibly all, of these Knot come from the Wash
(Chapter 1), Such movements might occur as the result of
intra-flock competition for feeding space. Por example,

a flock of subordinate birds displaced to an inferior
feeding area on an estuary might leave when conditions
begin to deteriorste in November or December. Hdwever,
there is no evidence that this occurs in Grey Plover.
Indeed if such a mechanism were operating the constancy

of composition observed in the first winter influx requires
that the composition of the subordinate flock, i.e. that the
social status of individuals remains constant from year to
year. It is difficult to see how this will occur.

Rather the data suggest movement of a discrete population
of varying social status from another small estuary or part

of a large one.

The/



The two documented changes in time of arrival of
individuals between years involved the autumn and the first
winter influx, and might thus suggest a common origin for
some of the birds arriving in autumn and those arriving in
the first winter influx. Por example it is possible that
some individuals spending early autumn in one particular
part of the eastern North Sea coast move to the Tees in
autunm while others remain until later and then form the
first winter influx. The likelihood that this does occur
is supported by the nature of the autumn influxes. In
contrast to the sudden winter influxes which probably
result from arrival of single large flocks,; those in
autumn result from a seriesof small flocks (Fig. 3).
Furthermore, the individual (W Y/Y)which in 1979-80
returned in the first winter influx (rather than in autumn
as it had done in 1.978~79 (Table 4) returned again in
autumn 1980-81 (Townshend, Pers. Comm.). This individual
was observed in Denmark in August 1980 (Pienkowski, Pers.
Conte.) Thus some birds arriving on the Tees in late
autumn probably spend early autumn in Denmark. Assuming
that birds which arrive in the first winter influx occur
in autumn in the same area as some of the birds which
arrive at Teesmouth in autumn, this observaion of movement
of W Y/Y suggests that at least some of the birds arriving
at Teesmouth in the first winter influx also originate in
Denmark. This suggestion is supported by count data.
Numbers of Grey Plover in Denmark in 1978 decreased
markedly between November and December (Meltorfte, 1979y

see Chapter 1).

The/
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The absence of evidence of birds changing time of
return from late to early winter or vice versa suggests
that the origin of birds arriving in early and late
winter may e different. Indeed Prater (1971) hes
argued that a February influx of Grey Plovers on the
lissex estuaries is due to birds, having wintered in
southern Burope or West Africa, moving north at this
time. The occurrence of influxes of birds on estuaries
in some years but not in others is a noted feature of
passage movements (Smith and Greenhalgh, 1977; Wilson,
1973). It seems likely that the late winter influxes
which occurred in 1978-79 and 1979-80 but not in the
two previous years represent such passage movementse
However if birds do migrate northwards at this time,
when severe conditions may still occur on the estuaries
around the North Sea, the advantage in doing so is not
clear. At this time the Arctic coast of Russia remains
inaccessible. Thus later departure'from southern
wintering grounds could result in birds arriving on the
Siberian breeding areas (as snow melt occurs) at the
same time as birds which had left in February or March.
Siberian breeding Knot do nof migrate through the North
Sea until May ( Dick et. al. 19% ; Dick, 1979}.
However it is possible that migration in two or three
movements, well spaced in time and allowing a long rest
in between each, places a bird at an advantage when it
finally arrives on the breeding grounds. The precise
nature of any such advantage is unknown. Clearly birds

which/
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which migrate ncrth earlier have longer to lay down
body reserves belfores departure to the brecling grounds.
Bvans (19799) suggested that by moving early to fattening
grounds there vwas greater time available both to moult
into breeding plumage and to lay down body reserves and
less chance that departure to the breeding grounds would
be delayed. However laying down of fat and protein
reserves normally occurs raplidly immediately before
migration (Davidson, In prep.). Thus it is difficult
to see how return to northern Rurope in February and/or
March two months before movement to the breeding areas
is of major advantage to the birds in acquiring these
pre~breeding reserves. Rather, the advantage of early
movement north may instead lie in e voiding competition
at the origins of the movement. Piersma et. al. (1980;
Pers. Comm.) have suggested that shorebirds wintering in
Mauritania may have difficulty in meeting energy
requirements. Measurements in January 1980 indicated
that the invertebrate prey biomass density was low and
time spent feeding by all species of shorebirds high.
If all birds wintering in this area were to wait until
April and/or May, before moving north the increased
daily food requirements related to preparation for
migration by all individuals would coincide. By
departing early from this wintering area the pre-
migration demands of some individuals would occur
before those of birds departing later. It is possible
that two conditions prevail in Mauritenia (1) that
absolute prey density is normally low in April, as

suggested/
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suggested by Piersma et. al. (Pers. Comm.), and (2)
that prey availability does nol increase at this time,
which seems likely as temperatures are high in winter
and therefore unlikely to limit availability at this
time as reported from North-West Burope (Smith, 1975;
Goss~Custard, et. al. 1977a; Pienkowski, 1980). IFf
these conditions do exist in the wintering areas in
‘West Africa then early departure by some individuals in
February/March may enable these birds to avoid or
encounter less competition before migration than would
be likely if all birds departed at the same time in
April. It is likely that subordinate birds which
encountered such competition would be unable to
achie?e sufficient intake to attain pre-migration
weight. Consequently it may be to the advantage of
gsubordinate individuals to depart early despite the
risk of severe weather upon arrival in North~West

Aurope.,

"HEEDING DISTRIBUTION OF
GREY PLOVER ON SEAL SANDS

In relaotion to orey distribution.

Seasonal use of each feeding area on Seal Sands
varied in a complex way (Figs. 6,7). In some areas,
@.gs Hastern Channel, birds were territorial and
numbers here remained almost constant throughout the
winter, In others, e.g. Central Bank, 0=C.Ch., birds
fed in a Fflock and nupmbers fluctuated, but to varying
degrees and at different times of year. To examine
the reasons for this pattern of distribution, three

parameters/



Fig.

6. Seasonal changes in numbers of feeding Grey
Plovers and in density of large Nereis on the 9

main feedling areas of Seal Sands in 1978-79. ALl
counts were made between low waler -~ 1 hr and

low water + 1 hr. PFigures in parentheses refer

to tide height at low water. When sampling Nereis

2 or 4 samples were taken from a total of 23
sub~areas (see text and Appendix 8). Where more
than one sub-area was sampled within a Plover
feeding area, density is expressed as the mean,

and the standard error given of the average dengities
within the sub-areas. When only one sub-area was
sampled the mean sample density is given. n = number
of sub=arcas.
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parameters of the prey population have been invegtigated

(1) sbsolute density,, (ii) prey quality, (iii) availability.

(1) Consideration of prey density in different fecding
areas (Pigs. 6,8,9) does not explain the patfern of use
observed. On most days and in most areas of Seal Sands
Nereis of body length > 4 cm contributed at least 60% of
the energy intake of Grey Plover during my stﬁdy peviod
(Tsble 8). Yet although cohsiderable differences existed
in absolute density of this size class of Hereis between the
major feeding éreas, the pattern of seasonal changé in
Egpeis density was similar in differvent areas (1ig. 6).
Furthermore, although on all dayé for which data are
presented?pésitive correlatioﬁ between bird density and prey
density is revealed these relationships are not significant.

' Although thesepositivélcorrelations suggest that some
relationship between bird density and prey density exists
several anomalies in pattern of seasonal use of the nine
feeding éreas are evident. For example during much of early
autumn when birds first arrived on. the estuary, the high levels
of Greenabella bank held among the highest aehsities of large
Nereis, yet this area was not Qccupied by plovers until Decemnbe:

In cdntrast, the lower tidal levels of Greenabella Bank held

L

they viere

3

consistently lower densities of large licrels, vet

used as feeding areas several months esrlier. Similarly,
clear ’ i .

'noAcorrelation exists between the densitiecs of small Lsrels

o 0 e . \
or Hydrobia end bird density (Table 9).

Among the three sreas on vhich terriicries vere
established in lovember, Hastern Chemnel held the highest
densi ty of large Jlerels. However the densities both

there and on Scalloped liud (1. Ridge) wewre very similar

to/



Table 8. Diet of Grey Plover on the Tees estuary.

Date No. of

observ- ’ ' ' Occurrence in diet (v% calorific intake)
“aticn _ ' o o
pericds Nereis - Nereis . Hydrobiag ‘Corophium - HMacoma
. >4 em _€4 cm ‘_ _ S
;C_ -E. X ’ S‘E’ X : Squ X S.Eo ) X S.E.
Central Bank .
9.10.78 . 15 77.8 S.1 5.2 2.1 8.3 led 0.3 0.2 8.4 4.9
. 21.10.78 o110 B%.6 0 7.7 17.6  bJd 109 2.5 1.9 0.9 0.0 0.0
4.1.79 ' 15 64.0 7.8 9.1 2.8 26.9 7.8 0.0 0.0 0.0 0.0
Greenabella
Bank : : . _ : RN _ - o :
Beldl S 14 67.5 8.8 5.2 3.7 24.4 5 8.7 0.0 0.0 3.0 2.2
Bastern Observ-
Channel " ation
time
’ (Kins.) . v _
61079 oo - g S8.4 e 1306:_ - 0.1 - 0.0 - - 0.0 -
24.11.79 37 . 29.6 -~ 35.6 - 21.5 - 0.0 - 13.3 -
7. 130 ; 75 92.6 - . B.7 - - QL7 - 0.0 - 0.0 -
1 92.1.80 ‘ 24 - 64.6 - 25.8 - ' 9.6 - 0.0 - 0.0 -
16.2.80 . 61  91.1 = 8.1 - 0.9 - 0.0 - 0.0 -

‘Pigures for central Bank and Greenabella Bank are the mesn of the means of all cosorvatlon
periods of 3 cr more minutes .on each ‘date. Figures for Eastern Channel are the

proportions of the intake on each date of bir d R W/G only. All values are given as

per cent of calorific intake. Discrimination of Corophium was possible only on occasions when - |
birds were foraging very close to the observation position. Misidentifieation is most likely to
have led to inclusion of Corophium as. small Nereis. However in wview of the limited dlstrlbuilon
of Corophium on Seal Sands it is llkely that such errors were 1nfreqment.

1aV]
0



Table Q.

1380

The relationships between the density of

Grey Plover and density of its maein prey in each of
nine major feeding areas on 3ecal Sands.

Date

28-9~78
410~78
19~11~78
2

ENEEYAY

O G=79

Notes:

Nereis Hydrobia
>4 cm, <4 cnm
Try r7 r7

Oe 324.6 () o Q444 -0 0043
0.28'721

OO 0220 "'O ] 24:4:6 “‘O n4:04:5
0,16251

05022 (e 2533 0,1765
0.5008j

0.4694 0,7328  ~0,4962
0.4.313, (p 0.08)

004854‘ "‘On 2555 On4085
0.55281

1 Correlation coefficients calculated for
only 6 of the 9 areas, Hastern Channel,
Tar interomorvha and the lower tidal levels
of Greenabella Bank and Central Chawmnel,
areas where the topography restricts
vigibility and results in counting errow,
were excluded from the analysis.

2 Velues on this day are based on 8 areas
since poor visibility prevented counting
of Tar lnteromorphsa.

Count data used in the analysis are given in
Higs 4. Invertebrate densities were estimated
for each date using Figs. 6,8,9.
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Fige 9+ Seasonal chenges in density of Hydrobia ulvae
> 2.5 mm shell height in Grey Ylover feeding
areas 1978~79 (Dats presented as for large Nereis
in Tig. 6).
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to those on the areas used by the flocking birds, The

LLAW

Tar Bhteromorphs area of Central Bank, where territories

were also established, consigtently held the lowest prey
density throughout the winter. Clearly the holding of

terrvitories was not limited to areas of high prey densi iy

(i) Various measures of yprey quality e.g. body length,
body welght, and calorific value also did not vary elther
geasonally or Detween a reas in a manner which could explaln
the observed natltern of use of areas by the plovers,. Hor
example, although the mean body length of large lNereis
present in each area did vary through the year, the lengths
recorded in November and March on Central Bank (0-Y) were
among the lowest in all areas at this time (Table 10). Yet
in these months, this part of Central Bank was one of the
most important feeding areas. Also, whereas lhe numbérs oFf
birds using territorial areas remained almost constant Ffrom
antumn to spring, the relative quality of these areas, in
terms of mesn body length of 1arge Nerels in the samples,

varied markedly. Sample sizes were, however, small.

Within each size class of Nereis, body weight was
congistently higher in Hastern Chennel, but very similar
in all other areas ( ¥ig. 10). The data for calorific
velues are more limited, hut indicate few significant

differences between habitats (¥ige. 11).

(iii) Clearly prey availability, rother than absolute
prey density, is more likely to be a factor Lo which

use/
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Flg. 1Ly, veasonal changes in dry weight of Nereis
diversicolor in Grey Plover feeding areas 1978~
79 and 1973~380, Values given were calculated
fromn the regression formulae given in Appendix
¢s Feeding areas are numbered as In Fig,2.
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Tige 11. Seasonal changes in calorific value of
Nereis diversicclor from Seal Sands. For both
Scalloped Mud and Central Bank Y-C.Ch. the -
significance of difrferences between values from
adjacent sampling dates was determined using
students t-test. Cnly for Scalloped Mud between
September and Movember was this significant tiO =
4,48 p< 0.002. The values for YmC Che in
September and loveasber are significantly leTerent
from those for Scalloped Mud t 299 p < 0.02°
and t,, = 2.26 p< 0. 05 resgect%gely. No other
31ﬂn1}?cqnt dif"erences between calorific values
of llereis from Scallecped Mud and Central Bank
Y-C.Ch. and cther aress of Seal Sands were recorded.
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use of feeding areas is related. Beveral authors have
been able to measure directly the availability of a
number of prey species. Smith (1975) showed that

availability of Arenicola marina to shorebirds foraging

visually, declined with time after exposure of a site
by the ebbing tide. feeding success of Bar-tailed
Godwit (Smith 1975) and Grey Plover (Pienkowski, 1980)
teking lugworms, declined in parallel. Pienkowski
(1980) also demonstrated a decline in availability and

rate of capture by Grey Plover of Notomastus latericeus.

However no-one has yet obtained direct measures of the

diurnal activity of Nereis diversicolor.  Townshend

(1981b) has shown, by measuring the search areas of
territorial Grey Plovers that, at least on some
occasions, prey avallability decreases towards and
after low water. I have collected similar data for
Grey Plovers feeding in flocks, but although similar
trends are apparent, none are statistically significant

(rig. 12).

The caplture rate of Nereis varied greatly between
obsérvation days in a mamer unrelated to changes in
prey density over these periods., T'or example, the
capture rate of large Nereis on the area of Central
Bank referred to as 0~-C.Ch., Was very low on 21-12-~78
but higher on 4-1-79 and 4-2~79 (Pig. 13), even thougl,
during the period from November to March, density of
large Nereis in this area declined (Wig. 6). These
data suggest that availability of Nereis on 4-1-79
and/



ige 12+ Area searched by flock feeding CGrey Plovers
in relation to time of low water while foraging
in area 0-C.Ch. Area searched is expressed
as number of paces moved between pauses. Hach
value refers to one individual. Calculated
regression lines are drawn.
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Number of Worms

.

21-12-78

5-6°C)
-6-0 °C)

4-1-79

40-6°C)
60 °C)

4-2-19

W-0°C)
(4-5°C)

O

13. Day to day varistion in capture rate of large
(>4 cm) Herels diversicolor by flock feeding Grey
Plovers in area 0~C.Ch. Rates are expressed per. -
minute of feeding time observed. The mean and one
standard error zre given for each individual.
Minute intervals during which non~feeding activity
€.gs preening, aggression, occuwred were excluded
from the analysis as were birds watched for less
than & feeding minutes. Temperatures given are
maxima and minima recorded on each date at

Hartlepool.
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and 4-2~79 was higher than on 21-12~78 although

4-1-79 was one of the coldest days of the winter

(Fige 13). Thus availability within flock feeding

areas appeared to vary from daybto day, although it

is not possible at present to measure this accurately

and independently of capture rate. Combining this
knowledge with the detailed counts presented here it

is possible to relate the distribution of the flock

birds to availability of their prey.

In 1978-79, when birds first retufned to the
estuary and until the first winter influx occurred
in December, most flock feeding birds fed on Central
Bank, 0~C.Ch. However on days of spring tides many
moved to lower tidal levels at low water when prey
availability in 0-C.Ch. presumably declined (Fig. 6,
Table 11). These movements were almost certainly
governed by prey availability on Central Bank rsther
than by tidal height alone, since plover numbers in
0-C.Ch. were also low on a neap tide on 8-9-78. When
total numbers on the estuary rose in December, birds
bégan to use areas which had previously been mostly
ignored. These were particularly the higher tidal
levels of Greenabella Bank and Centrel Bank 0-G, where

numbers increased markedly.

The numbers of birds using Scalloped Mud (Main)
and Central Bank Sand also increased at this time.
These areas were previously used mainly on neap tides,

when/



Table 11. Changes in the feeding distribution of Grey
Plover in relation to the time and heights (in m. above
Chart Datum) of low water.

Date Time Tide No. of birds in esch Teeding area
height 0-~C.Ch. G~0 Sand/Ent Low
at low tidal
water levels
(metres) (4) (7) (8) (5)
2748478 LW, Ced 21 0 0 0
LeWe +
1 hr. 23 0 0 0
LWe -
1 hr. 26 7 0 0
6.9.78 LW 0.9 25 1 0 0]
L.We +
1 hr. 28 3 0 0
22-9-78 LO\N. -
1 hr. el 5 0 0]
L.W. 1.1 37 1 0 0
3611478 LeWe ~-
1 hr. 20 4 5 1
L.W, 0.8 2 0 0 37
Note. PFigures in parentheses refer to the number given

to each feeding area in Table 1.
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when numbers of birds using Central Bank 0~C.Ch. were
usually high but when lower tidal levels of Greenabella
Bank and Central Channel were covered by the tide and

so unavailable.

By January, numbers on Central Bank 0~C.Ch., and
on the lower tidal levels of Crecnabella Bank and
Central Channel, had decreased to approximately half
the autumn levels, although the recasons for this are
unknown. However at this time numbers of Bar-tailed
Godwits in both these areas increased dramatically
("ig. 14). Smith (1975) reported that, in interspecific
encounters, Plovers were normally displaced by Codwitse.
Consequently, the reduction in numbers of Blovers on
Centrel Bank 0-C.Ch. and at the lower tidal levels of
Greenabella Bank and Central Channel may have been as
a result of interspecific competition. Indeed, over
the period when numbers of Godwits were high, numbers
of each species in both areas were negatively correlated.
However bthe numbers of days on which counts were made
at that time are very small and correlations not
significant at 95% level (0~C.Ch. r, = 0.8515, 0.05 < p >

i~y

3

0.10; Greenabella Bank and Central Channel lower tidal
levels r, = -0.2854, p > 0.1)s  Zwarts (1974) has
obgerved similar slight negative correlations between

numbers of Avocets Recurvirostra svosetlta and Black-

headed CGulls Larus ridibundus. Numbers using the aress

first occupied in numbers at the time of the first winter
influx remained high through December, January and
February, but started to decline, particularly on the

higher/
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Pig. 14. Sessonsl changes in numbers of Brr-tailed -

Godwit feading ox Central Bsnk 0~C.Ch. and on

the lower tidal levels of Greenschells Bank

and Centrel Chsnnel, 30lid symbols joined

by s0lid lines rerer to feeding birds, open
symbols joined by dotted lines to the total :
number present i.e. including roosting individualse
See¢ Appendix 9 for low water counts of Bar-tsiled
Godwit and Curlew in other areas.
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levels of Greenabella Bank, in March. In this month,
however, larger numbers, occasionally even higher than

in autumn, again used Central Bank 0-C.Ch.

In 1979-~80 the basic pattern observed in 1978-79
was repeated. However, particularly in the autumn of
1979, the lower Jlevels of Greensbella DBank and Central
Channel were used in preference  Central Bank 0-~C.Ch.
on more neap tides_than in the previous year (Wig. 7).

This difference in use of these areas between years

- may reflect lower absolute prey density and consequently

lower densities of available prey on Central Bank 0-~C.Ch.
or higher densities in the other areas in 1979-80,
However no data are available with which to test this

hypothesis. -

Territory establishment.

Although consideration of prey avéilability helps
to explain some features of the complex pattern of
changes in distribution of the flock, neither this nor
prey quality suggest reasons for the area specific
differences in social behaviour, or for the constancy
of the number of birds in the territorial areas. To
understand this more detailed analysis is needed of

the pattern of territory establishment.

During autumn while the total number of birds
present on the estuary fluctuated, the number of
territorial birds gradually rose and that of flock

birds/
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birds decreased (l'ig. 15). By November, a few weeks

before the early winter influx, the number of territorial

birds, in both years, exceeded that of flock birds.

This gradual increase in the number of territorial birds
did not result solely from new arrivals immediately
occupying new territories. Although some birds took

up territories immediately upon their arrival (e.g.

W R/0O (Fig. 16) which was first seen on the estuary

and in its territory on 5-11~79) many spent several

months in the flock before doing so (Table 12). Of
twelve colour marked birds, present in the flock at

the beginning of October 1978 and which stayed to

winter at Teesmouth, most had left the flock by mid

November and only three remained in the flock throughout
the winter months., Thus, at least during daylight,

most individuals initially fed in a flock, and
established territories only late in autumn or in early

winter. Of these individuals which arrived in autumn
only a few continued to feed in the flock throughout

the winter. In»contrast, most of ‘those which arrived

in the first winter influx fed in a flock. Aﬁ first
sight, the simplest explanation of these observations

would appear to be that those individusls remaining

in the flock are subordinate and are not allowed to

take up territories,. Unfortunately, none of the

birds which remained in the flock after Dececmber was
observed in sggressive encounters in autumn and
consequently there is no direct evidence of their
social status. However, of the birds which did leave

the/
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the flock to become territorial, the dominant bird

was last to do so (Table 13). This suggests that

the remaining birds may also have been dominantse
Turthermore, those birds that arrived in the first
winter influx and established territories, did so

not only by squeezing between, or displacing birds

from already occupied territories, but also by
occupying previously unoccupied areas. Thus birds
remeining in the flock in November did not do so
because of an absolute shortage of potential territores
i.¢e. leck feeding was not forced on these individuals.
Therefore, irrespective of the relative social status

of the terriﬁorial and flock birds, the disappearance

of birds from the flock and their occupation of
territories indicates that, at least for some individuals
the benefits of territoriality relative to flock feeding
increased as the autumn progressaed. This 1ed to
territoriality in some birds, but others remained as
flock feeders, which presumably for them, was the more

profitable behaviour.

To understand in more detail the reasons for
territoriality in Grey Plover wintering at Teesmouth
an investigation of measureable costs and benefits of

territoriality and flock feeding was undertaken.

CosTS AND BENEFITS OFFPLOCIK-
FEEDING AND THERRITORIALITY

Introduction,/




Table 12. Disappearancé of colour-marked birds from the
flocks. | '

Date | ‘Birds remeining in Flock (%)

9.10.78 | 100
21.10.78 | - 92
22.10.79 | 92
20.11.78 58
122.11.78 - 42
21.12.78 : . 83

3.1.79 o | 25
4.1.79 , - 25
1541479 | 25

4.2.79 , o 25

Values refer to individually colour-marked birds
originally seen in the flock in October which were known

to still feed in the flock on, or after, each date.
Birds which left the estuary have been excluded from the
analysis.

Table 13. Departure of colour-marked birds from the
flock in relation to dominance status. All aggressive.
encounters involving the 1ndlv1duals listed are included
in the Table.

Individual Aggressive -~ Date last seen in
- encounters ~ flock

‘No. ¢ won

Y /0 10 90  22.11.78
L L/R | 5 @ 22.10.78
wo/e - N "
L W/L 1 0 "

Y /W 1 0 "

140,



COSTS AND BEUNE®»PITS OF PPLOCEK -

FEEDING AND TERRITORIALITY

Intoduction.

In recent years the value of flocking in birds
has been the subject of much discussion. The benefits
gained from enhancement of food intake e.g. Murton
(1971) and increased protection sgsinst predators e.g.

Pulliam (1973), Vine (1971), have received particular

attention.

An individual bird may enhance its food intake by
copying other birds in either of two ways: (1) by
following more successful birds from a communal roost
site to feeding grounds -~ the information centre
hypothesis of Ward and Zahavi (1973); and (2) by
learning of the location of patches of high prey
density on the feeding grounds by watching more
successful individuals in the flock (Krebs et. al.,
1972). OFf these two mechanisms however, the former
is an advantage of communal roosting rather than of

feeding in flocks.

As both flock and territorial Grey Plovers on the
Tees estuary roost together, it is unlikely thst this

behaviour is of major importance in determining which

141

Teeding stragegy is adopted by individuals. However if

high densities of available Nereis occur in patches it
is possible that flock~feeding birds may learn the

location/
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location of such patches by watching other individuals
c.T. Krebs et. al., (1972). However I have not

collected data to test this.

Plocking by shorebirds might give greater
protection agsinst birds of prey, which in some areas
are important predators (Page and Whitacre;. 1975;
Smith, 1975). The risk of predation may be reduced
within a flock in several ways: (1) earlier detection
of predators e.g. Barnard (1980); Pulliam (1973)

(2) confusion of predators e.g. Owens and Goss-Custard
(1975); Neill and Cullen (1974) or (3) by reduction
in the probability that any one individual will be

caught e.g. Hamilton (1971); Pulliam (1973).

The response to avian predators of Grey Plovers,
whether territorial or flock-feeding, is normally to
crouch in a gully or small depréssion, rather than to
fly and form a compact Tlock. Allied to the scattered
feeding distribution and consequent difficulty in
rapidly forming o tight flock, these behaviours suggest
that avian predation is a relatively unimportant factor
in determining spacing behaviour in Grey Plovers.
However, a few individuals do take flight in response to
alarm calls and mingle with flying flocks of smaller
waders, particularly Dunlin and Knot. These smaller
species feed in the greatest numbers where the flocking
Grey Plovers feed. Hence, although potential avian

predators of Grey Plover seldem occur on the estuary,

it/
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it is possible that in the past such predation has
been an important factor in the evolution of

interspecific flocking in the species.

Mammalian predstion may be of much greater inmport-
ance on the Tees estuary and possibly on many other,
particularly small, estuaries with relatively long

gshorelines. Hoxes Vulpes vulpes are known to frequent

Seal Sands regularly at night, and the relatively
isolated territorial birds, many of which feed in creecks,
must be particularly at risk to predation. However,
there is no firm evidence that such predation on Grey
Plovers has occurred and this suggestion must, at

present remain speculative.

Tven if a reduction in the chances of predation is
a major advantage of fldck-feeding, it is unlikely that
predation pressure on the Tees estuary varies seasonally
in a manner which alone will explain the seasonal change
in social behaviour, observed there. Other ceosts and
benefits of Flocking and territoriality must also he
considered. These are, where possible, most easlly

considered in enecrgetic terms.

Inergy expenditure.

Wvans (1976) listed three main purposes for which
a shorebird needs energy in the non-breeding seasons
(1) to maintain its body temperature and normal metabolic
processes (2) to fly, to and from its reeding grounds,

and/
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and possibly to escape predators and (3) to cover the
costes of food gathering. To these I would add =
fourth: to defend a territory (or an individual

distance within a flock).

(1) In each species of bird there is a range of
ambient temperstures within which, at rest, the
metabolic rate is minimal. As temperature falls below
this a steadily increasing expenditure of energy is
required to maintain body temperature. In addition,
with increasing wind speed the rate of heat loss due
to forced convection (and, therefore the metabolic
rate required to compensate for this) increases further.
Although the magnitude of these wind induced losses is
not known, they could, ss argued by Gvans (1976),
be considerable. The metaldic rate of Snowy Owls

3 scandia ; bled, as wind spee incressed
Nyctea scandia almost doubled 3 wind speaeds cr

from calm to 9m/sec at temperatures of ~20° and -30°C

(Gessaman, 1973).

On Seal Sands, as wind speeds rise above aboutb
25 knots, Grey Plovers feeding in flocks on exposed
mudflats cease Feeding and start to roost (Table 14).
It is possible that birds do so because at these wind
speeds the rate of energy production needed to balance
heat losses through forced convection is too great to
be met by the rate at which prey biomass can be obtained.
However many individuals of other shorebird species -

those/



Table 14 hffects of wind speed on feeding by Grey
Plover on open mudflats,

Date Wind Speed (kts) % birds feeding Sample Size
1.8=2-179 8 100 31 birds
4~]12~-78 9 100 6
18~12-78 10 100 18
2e-10-738 15 1.00 1.9
22179 18 100 15
G178 21 100 14
20~11-78 21 100 7
17179 25 a 15
29-11~78 31 6t 17
14m=g=79 36 0 15

+ Refers to a single individual which fed in the lee
of an embankment, but with low success in spile of
the shelter. (Miean intake rate 15 cals minute
compared with 60 cals/min on 4th December 1978, 39
cals/min on 18th Webruary 1979 and 73 cals/min on
5th January 1979).

++ Refers to a single individual which tried to feed
for 10 minutes and then gave up because of lack of
SUCGCESS.
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those which feed by tactile means, such as Knot and
Dunlin -~ continue to feed in these conditions.
Murthermore, the response of the Plovers to high wind
speeds is sudden, rather than gradusal as would be
expected if wind chill were the main causal factor.
Thus it is likely that Grey Plovers ceage feeding
because buffetting by the wind interferes with their
run~stop-peck feeding method, as suggested by Bvans
(1976). Davidson (in press) has shown that Redshank
respond to gales by moving to sheltered feeding sites.

This also is a sudden response as winds exceed 25 knots.

The response of Grey Plover to strong winds is a
result of their dependence on specific visual cues for
detection of Nereis. These are different in other
invertebrate species; consequently the influence of
wind on foraging behaviour of Plovers in other estuaries
may be different from that on the Tees. At Lindisfarne,
Grey Plover feed on Arenicola and Pienkowski (1980) has
shown that, although their prey capiure rate was
reduced at wind speeds over 256 knots, birds continued
to feed successfully. The implications of this
variation between estuaries in the effect of wind on

feeding success is discussed in detail later.

Tefritorial areas used by Grey Plover at Tees-
mouth differ in topography from those used by the flock.
They are of firmer substrata and dissécted by creeks
(Table 1). These creeks vary in size from 2 m deep

and/



and 4 m across to 0.5 m deep and 0.7 m wide (see
Plate 1 a,b). During gales, when 1t is not possible
for flock birds to feed, territorial birds frequently
can do so in the creeks (Table 15), where wind speed
is much reduced (Table 16). Thus it is possible Tor
most territorial birds to maintain a sufficient rate
of intake to achieve a nel gain of energy during windy
conditions, whereas most flock birds cannot and lose
weight (Dugan et. al. In Press).

(2) The magnitude of dsily energy expenditure
incurred in flying to and from the roost sites and
escaping predation cannot be quantified accurately.
However both territorial and flocking Grey Plovers
use the same roost sites, usﬁally between 2 and 4 Xm
from the feeding grounds. Turthermore, while feeding
most birds of both behavioural types respond to
predation in the same manner, viz. by crouching, as
mentioned earlier. Thus these activities ars
unimportant to the explanation of seasonal changes
in behaviour of foraging Grey Plovers and need not be

examined further.

(3) As argued by Bvans (1976), if prey become less
aveilable, a bird will take longer to find a given
quantity of food and will therefore expend more energy
in finding it. However, as discussed previously,
availability of Nereis to Grey Plover appears to vary

independently/
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Teble 16. ind speed in creeks within territories and on the ncerby open mudlilat.
Creek Wing speed
Above creek In creek Significsnce of
s Ds N ¥nots e Dalls ¥nots Difféerence
R W/G
Territor 11,0+ 0.4 S.5+ 0.3 8% 0.3 BT+ 0a3 T, ~=0e& 2 0.001
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2
l_L
(@]
£ ]
O
-+
O
[ 2
1
(03]
L]
[&))
s .
C
-
1A
N
t ]
>
14
O
°
@

5.81‘ C.77 " =6,0 0 C.C01

Y Y/0

Territory 10.1+ 0.5 8.7+ 0.4 3.8+ 0.8 B3e3+0.2 t,5=11.7 p 0.001
7 R/W
TeZ‘Z‘i’bOI‘y 7-6i O=5 6051‘ O.é._L ’7-0_-‘._- 002 6:0?0»2 t14=1611 1\.:'--8.

Far
fnteromorohs
Central Bank 9,8+ 0.1 7«94 0.1 5.6+ 003 4+840.3 ﬁé =11.3 n 0.00L

Note: All messurements were made with a Casella anemcmeter.
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independently of temperature. Thus it seems unlikely
that, in the situation investigated in this study,

major seasonal changes in prey availability exist,

(4) Intra specific aggression occurred throughout
the study period from August to April. Within the
flock the highest levels wsere recorded in autumne.
However data are too few to conclude that a seasonal
pattern in intensity exists. However the time spent
in gggression was higher on Central Dank than on
Greenabella Bank on most days (Pig. 17). In the
territorial area in Hastern Channel, aggression
declined from autumn onwards (Fig. 18), though with
muach day to day variation in levels. After December
the level stabilised somewhat, at about that observed
in the flock. Although different methods were used
to measure the average rates of aggression among flodk
and territorial birds, it is unlikely that the
differences observed are a resull of this. The data
for the territorial bird R W/G (Fig. 19) were obtained
in the same way ag for the flock birds, yet lLhe seasonal
- change in aggression wasvery similar in this and other
territorial birds, except in mid-winter, when the level
displayed by R W/G was much lower than the mean for all
territorial birds in this area. However, although the
method used to measure the activity of all territorial
birds (recording the activitiy of visible birds at regular
intervals) is biased towards recording aggression, the
main cause of the difference between R W/G and other

territorial/



fige. 17, Sesscnal varistion in level of agcoression

among f£lock bird Q7e~79, The %ire syent in
aggression is expressed as a % of total obser-
vation time. The figures are mean values and
one standard error for all birds watched Por
5 or more minutes on each date. - .

@ DBirds feeding on Centrsl Benl,

O Birds feeding on Greenabella Bank.

\JJ |‘$

o

18, Seasonal variation in level of aggression

among territorial birds in Zastern Channel 1979-80.
The number of sggressive encounters ianvolving each
colour~m rrked indivicdual reccrded on each day duriag
scans all territorial birds (see text for deualls)
is eugres ed as a percentage of all sightings on
thet day of thet colour-marted individusl. The
fizgures presented are tThe mezan and one standard

error of these values for celouvumow'eo individuals
‘seen 3 or more times during scans on each day. Cnly
days vhen values were obtained for 9 or nore birds
are included in the figure. :

iy
-t
e}

Tig. 19. BSessonal verisiion in - time spent in aggression
by R /G, 1979-80. The valuss are expressed as a
Qercent ge of total observation time. '

Note.

Es Figs. 17 and 18 are derived by two different methods

of estimating time-budgets it is not possible to perform
rigorous statistical analy31s with the small sample size
available. Further, as in Fig. 18 each p01nt is not derived
from the same individuals on each day it is not posgible

to analyse statistically the data presented.
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territorial birds was the position of R ¥W/G's territory.

This was boundéd along most of its periméter by either
sand dunes or Seaﬁon'Channei i.e. unsuitable feeding
‘habvitet., ThuS'R_W/G'haﬁ ~nly 2 or 5 immediate ﬁeigh+ '
béurs against which to.defend its boundary, COmparedb
with 6 or 7 of some of the. other Dbirds (mig. 168).
It seems likely that seasonal variation in levels

of territorial aggression suggested in Figs.~18 and 19
was due to sessonal variation in rate of bpunéary'and
ownership change. During‘autumn the aistfibution of
territories in Hastern Channel Waé ccntinually'being
rncdified, the rete of change slowing ih early winter
(?ig. 16). Howéver when numbars of,birés on the
estuary increased égain in December, many.changes in
territory ¢istribution occurred’(Table 17; Fig. 16).
Some hirds established territpries by squeezihg into
and reducing the size of exisﬁing‘territoriai areas iﬁ
ﬁastern Channsl (compare e;g. the territory of W R/W
on 8~12—79 and 7-1-80 (Fig. 16). ‘Ihdeed one colour-—
marked bird left Zastern Channel at thiS‘timé ive.
L G/I (Table 17; ¥ ig. 16).  This territorial activity

esu]fed in increased oomglexify cf territory |

distribution and maintsined aggressicn at 2 high level.

AT the time of the Ffirst winter influx of Grey

rlovers a few instances of swamping of territcrial
areas by Tlec™ birds slsc sccurred €.g. /Y 0/7 and
L 1/G fed in dsstern Channel once, on 19-1-8C, but

these /
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these inc1denta were too infrequent to have any
gignificant effect on aggression within the area.

Similarly, on one occasion (4-2-79) one individual

was observed to defend a territory within the fléck for
only one low water period. This_behaviour is similar

to the short-term territoriality observed by Myers et. al.
(1979b), in Sanderling and may bhave been the result of a
patch of high density of available'gmey. " However, such
territorial defence is'too infrequent to greatly influence

the level of aggression within the flock.

Ih summary, energy spent in aggression by territory
holders was greatest in autumne At this time, such
birds spent more time than flocklng birds engaged in this
behaviour. However, by winter, aggreus¢on amongst .
territory holders had-declined. At this\season territorial
and flock feeding birds spent approximately equal amounts

of time in aggression. 7

Bnerpy intake.

No consistent difference in mean rate of prey caﬁture or
energy intake is apparent befween territorial and flock birds
(Figs. 20, 21, 23, 24.) alfhough beéause of the small sampie
gizes and heterogeneity of the data it is not possible to

examine this rigorously statistically.

However, 1n qutern Channel for most of the winter R W/G
/fmaltalned a very hl”h energy intake rate, normally higher than
that recorded in emther flock or for other territorial blrds
(Figs. 22,25). The‘extensive.data for intaske rates of

R W/G reveal two peaks of intake, the |

first/



Fig. 20, Seasonal variation in rate of energy intake
of flock feeding birds, Intake values refer
to the mean rate, among all individually
recognisable birds observed during the low
water period on each date., Rates were
calculated for total observation time i.e. .
feeding time plus time engaged in other
activities such as preening, aggression,
Only data from birds watched for 3, or more
minutes, were used., Figures glven refer to
number of birds. Thick and thin vertical
lines represent one standard error and the

total

range of values, respectively,

Symbols indicate values from feeding areas:

T pPoo me

(1978~79)
(1979~80)
(1978~79)
(1979~80)
(1979~80)

o &

Fig, 21, Seasonal variation.in rate of energy intake
of territorial birds on Scalloped Mud. .
Explanation as for Fig, 20, Symbols indicate

birds

O DxeoO x

observed:

Y W/W 1979~80

mean of Y W/W & L W/L 1979~ .80,

mean when 2 or more birds observed, 1978~ .79
Y W/W 1978~79 4

W Y/Y 1978~79

L W/L 1978~739

| SF
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Pige 22+ Seasonal variation in rate of energy intake
of R W/G, a territorial G rey Plover in Hastern
Chennel, in 1979-80. Intake values refer to
the mean rate during the total period of
observation on each date. Migures given refer
to the number of minutes for which the bird was
watched on easch date. Only data for days when
this was equal to or exceeded, 15 minutes are
presented. Thin vertical lines represent one
standard error.
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Tige 24. Sesscnal varistion in rate of
on Scallcped kud. =mxplanaivion and

and symbols as for Fig. 22.

Pig. 85, Seasonal veriation in rate of

varlatlon in rate of caniture of
ing tirds. Bxplanstion and symbels as for Fig. <20.
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birds. ﬁXDlanatlon ano symbols as for Fige 204 _
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Fige 27, Seasonal variation in rate of capture of
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first in avtumn and the second from late December until
the end of the winter (Wigs. 22, 25, 28). It is most
unlikely that the pattern of seasonal variation in
intake observed in this individual is an artefact of
inadequate datas. Turthermore, although dry weights of
Nereis in llastern Channel in autumn 1979 were high the
two peaks described are apparent, not only in calorie
intake rate, but also in cepture rate of large Nereis.
When R W/G was caught on 18-9-78 it was in moult and
the autumn peak in intseke in 1979 must also have
coincided with the moult. However, aggression was

also highest at this time (¥ig. 19) and therefore it

is not possible to distinguish unequivocally between
the energy demands of territorial defence and moult.
Nevertheless in early November, when aggression was
still high but moult would have finished, the energy
intake had already decreased suggesting that the higher

energy intskermayrhave been principally due to moult.

The low intake by R W/G observed during November
and early December was not a result of less time spent
foraging for that remsined high (Fig. 29), but toa
decrease in intake of large Nereis (Fig. 25). 1In
contrast, the intake of all Nereis (and therefore, by
subtraction, also of small individuals) was highest at
that time (Wig. 28). The increase in energy intake,
following the November and December low, was due to an

increase/
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increase in capture rate of large, and a decrease in

that of small, Nereis.

Digcussion.

a. Inergy intake and expenditure of flock-feeding and
territorial individuals.,

Because of the high incidence of aggression amdng
territorial birds, it seems possible that,in autumn,‘daily4
energy expenditure under calm conditions mey be higher
anong thesé-than among flock birds. Bowever, offsetting this
’ greater rate of energy expendlture among territorial bardb,
ev1dcnce suggests that high rates of energy intake are
'achlevable in gome territories. In the absence of nmore
daylight and detalled nocturnal observations, the overall

s no’d

L

advantage and frequency of such hlgh intgke rates
Jknown. The low total calorle intake during daylight hours
.of most flock and territorisl birds indicates that they.
nust obtain a large prnportlon of thelr total intake at n
night. Observations of radio-tagged birds at night are
consistent with this hypothesis since fhey may feed in

different areas and on larger‘prey than by day (Dugan, 1981).
Thus assuming that both flock and territorial birds
are capable of feeding at hight, g high diuvrnal intake

nust be a true advantage, however slight.

Under/
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Under very windy conditions the value of territorial
possession increases markedly. Shelter is essgential
for efficient foraging and is available within a territory
in creeks. Absence of such features in flock foraging
areas can lead to starvation during prolonged gales and
periods of low temperatures (Dugan et. al. In Press).
Indeed, in the winter of 1978~79, of 5 birds which
disappeared from the estuary in mid-winter, and whose
social behaviour prior to departure was known, all were
flock feeders. Of these, only one (20%) was seen in
the following winter of 1979-80, whereas 13 out of 15
(87%) of the flock feeding birds which left in spring
returned. However at present with only a few years
data it is not possible to be absolutely certain that
all birds which disappeared in mid-winter in 1978-79 and
did not return in 1979-80 died. Thus, a 1though thers is
evidence that flock birds, bult not territorial birds,
disappeared from the estuary during severe weather it
is not possible to conclude that this was definitely due
to mortality. More data from future yeasrs are required
to clarify whether mortality during severe conditions

is greater among flock than territorial birds.

b. Optimal use of territories.

At timeg of greatest energy demands, high energy
intake by R W/G was achieved by increased intake of
large Nereis. In contrast, Pienkowski (1980) has shown
at Lindisfarne smaller proportidns of large worms were

taken/
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taken under cold conditions. Hewever, the birds
studied by Pienkowski foraged in the same site in both
milda and cold conditions, whereas in my study, the

in severe wealher was associated with change in use of
parts of its territory. During the period of low
intake from 25-10-79 to 19—12~79 use by R W/G of areas
where low calorie intake was achieved averaged 374 of
tetal feeding time. In the period of high intske
preceding this, the corresponding figure was only 18%
(rig. 30). After 19-12-79, use of areas where low
intake was«achieved decreased to 13% with the onset of
severe conditions (f'ig. %1). TFurthermore, from
285~10~79 to 10~12~79 there is a negative correlation
between area quality and use (¥ig. 32). This becomes
positive after mid-Pecember (¥ig. 33). 'These relatiéh—
ships are due in part to the large size of the poor
guality arecas and the negative correlation in Wig. 32
is reduced when expressed as % per area (r =—0.8095
p>0.1). However, the size and direction of change

in the use of the sub-areés between the two time periods
is significantly positively correlsted with the quality
of the area (I'ig. 34) i.e. use of good areas increases
from 265~10-79 - 10~-12-79 to 19~128~79 - 8~3-80 while that
of poor areasg decreases. A similar correlation is
obtained when area quality is expressed in terms of
capture rate of large Nereis achieved there (Wig. 35).
This pattern of territory use is not consistent with
short term optimisation of errgy intake. This

hypothesis/
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hypothesis predicts that an individual should Fforage
in areas of highest potential prey intake irrespective
of season and so minimise the amount of time spent
foraging (seec for example Schoener, 1971 ). Clearly
this does not occur. Rether, although after 24-10-70
time spent rfeeding was consistently high, the data
indicate that over this period during mild conditions

the birg «'ed ksr greas where high intake was possible

I RN D .
43ing, thevs only, hen weather oonditiong Legane.seYs ey
con ditrons .3 r"(a e brrdo Ma:tlel e’

Tor wintering adult shorebirds the aim is not Jjust to
survive from day to day, but to survive the whole winter
and to breed successfully in the following spring.
Consequently, while wintering, an individual should not
behave so as simply to maximise rate of net energy gain
each day, but to minimise its risk of winter mortality
and of being in poor cohdition at the beginning of the
breeding season. Thus a bird which utilises and
depletes the most profitable prey patches within its
territory i.e. those yielding highest energy intake per
calorie expended, during autumn, when the daily energy
demands are not high, will not be able to use these
later in the winter when conditions are more severe and
the need for a high rate of energy intake correspondingly
greater. Consequently, such a bird will be at a
disadvantage relative to one which reduced its use of
the best arecas in auturm and therefore to which these
will be available later in the winter. This conservation
of resources in analagous to hoarding exhibited by many

Corvids/
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Corvids (see e.g. Bossema, 1970) and Tits (J.R. Krebs,Pers.Comm)
and its occurrence has been suggested in breeding

gparrowhawks Accipiter nisus (I. Newton Pers. Comm. )

However its existence has not previously been

demors trated.

Although territorial Grey Plovers have occasionally
been observed to displace Redshank and Turnstone from
specific feeding sites within their territories I have
no evidence that the Plovers attempt to maintain inter-
specific territories. Among other shorebirds which
winter at Teesmouth, both Curlew and Bar-tailed Godwit
take Wereis as their main prey (Hvans et. al. 1979).

Why, therefore, should Grey Plovers attempt to conserve
the food supply of their territories if they do not
exclude other species of shorebirds as well as
conspecifics? However, most of these other species

do not attenpt to defend their territories within the
Plover territories, and the numbers which feed in the
areas where Grey Plovers maintain territories are fairly
small (see Appendix 9 ). Consequently it is possible
that even if individuals of another species feed within
the Plover territories it is not energetically worthwhile
for ®lovers to chase these off as they will eventually
legave of their own accord. In contrast most CGrey Plover
would attempt to occupy a territory permanently and
therefore need to be excluded. NWevertheless 1f individuals
of other species which move through Grey Plcver

territories/
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territories feed in those parts within a territory whare
each Plover achieves the highest prey intake rate, these
resources will graduslly be depleted and not be
available to the Plover at times of severe weather.
However, the best feeding areas for Plovers need not

be the best for other shorebirds. Tor example the

cues used by Plovers and those used by Curlew and
Bar-tailed Godwit to find and capture Nereis are
probably different. The long-billed species do not need
to wait Tor the ascent of Nereis to the surface, and

can use the entrances of burrows as indicators of the
likely presence of Nereis, which they can then attempt
to capture by probing into the mud. Plovers cannot

do this and require cues which indicate the presence of
Nereis at the surface of the mud. Consequently the
location of patches of Nereis of highest availability
for Curlew and Godwit may be different from those for
Plovers. Indeed, during over forty hours of observ-
ations of Grey Plover territories in mid-winter I have
no records of Curlew or Godwit feeding in the areas
preferred by the Plovers. In view of this, the sbsence
of intergpecific territoriality, and indeed the
possibility of overlapping territories of Grey Plover
and Curlew, is compatible with the conservation of

resources described for R W/G.

Thus, in summary, possession of a territory allows

conservation of the most profitable prey resources.

These/



s
D
[av}

These may then be used during times of high rates of
biomasg intake. Such an increase in intake rate under
gsevere conditions is not possible in the flock and the

o

advantage of territoriality is accentuated at this time.

c. Bequence of lerritory occupation.

The incidence of days of high wind speeds, partic—
ularly of gales (i.e. > 34 Knots), and of low
temperatures, when the two principal advantages of
territoriality described above (namely high rates of
prey intake and availability of shelter) are greatest,
increases markedly between October and November (Wig. 36).
By November in each year, most occupation of territories
has occurred by those birds which have arrived in autumn.
These data suggest that territoridity is a strategy which
enhances survival during periods of severe weather,
especially gales., Iowever this does not explain the
sequence of territory occupation. Why do many birds
spend the early autumn in a flock and wait until October

"and November before establishing territories?

Some Grey Plovers establish territories soon after
they arrive in early autumn. As described earlier,
those that do, encounter s high incidence of aggression.
However, this intense aggression does not anpear to
reduce the rate of calorific intske at this time (see
the data for early October for R W/G in 17ig. 22). By
November, most territorial boundaries have stabilised.

Thus/
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36, Bessonal change in severity of weather
conditions in Worth-liast Hngland.

Qe Percegtage of days when maximum temperature
< 407H = 4.6 C. Values given are mean and
one standard error for Hartlepool 1951-75.

be Mean wind speed Durham 196778,

¢. Percentage of days with gales. Hartlepool
1962-80. A day with gales is defined asg one
on which mean wind speed 2= 34 Knots end/or
gusts = 43 Knots were recorded,.
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Thus a bird waiting until to November to occupy a
territory will encounter a lower incidence of intrusion
within its territory by other individuals. Reduced
aggression in late autumn may, in some way, be
advantageous e.g. it may reduce "stress" which might
otherwise reduce an individuals capacity to defend

a territory later in the winter. However, there is no
documentary evidence that such stress occurs. Delaying
the time of territory occupation until late autumn
involves the risk that birds waiting until this time to
oceupy a terdtory will find most good territories already
occupied. However if, as suggested earlier, it is the
dominant birds which are last to leave the flock, these
will be able, if necessary, to displkece either birds which
have left the flock earlier to take up territories or
some of the birds which occupied territories immediately
on return to the estuary. Such displacement does occcur
e.g. R 0/ (Wig. 16, 25~10-79 %o 3~11-79). However,
none of the individuals which displaced birds in Tastern
Channel at any time of year had previously been seen in
the flock. Consequently thelr dominance status is

unknown.

Delayed occupation of a territory may also reduce
the risk of predation. If, as suggested, territorial
birds are more at risk to predation the risk of mortality
will be reduced by delaying occupation of a territory
until the risk o” starvation due to severe weather

outweighs that of predation. Thus I suggest that the

pattern/



pattern observed on the Tees estuary of territory
occupation by Grey Plovers during the autumn and

winter is the counsequence, for each iandividual, of

a balance between minimising the risk of predation

and possibly the degree of stress whilst secking to
maximise the chance of survival during severe conditions.
Information given by Krebs (1974) suggests that parallel
strategies may exist in the Grest Blue Heron Ardea
herodias. In this species the mean intake rate of
flock bifds was three times thet of territorial birds,
which had to forage Ffor three times as long. However
flock birds fed on an ephemeral food regsource, fish
stranded in tidal pools by the receding tide, whereas
territorial birds fed in permanent freshwalter creeks

and ditches. Thus although when food abundance was -
high the flock birds had aﬁhigher rate of intake the
risk of failure of the food resource and starvation

was also higher than for territorial birds.

The preceding discussion does not explain why, in
November, some territories taken up later in the winter
remal ned vacant, yet some birds present during the
autumn remained to feed in the flock throughout the
winter. These observations suggest that in mid-winter
two different stretegies exist. In contrast to the
rigks of predation and stress which are present each
vear, severe weather conditions of the type encountered
in 1978-79, which may lead to mortality, are rara.

Indeed/
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Indeed the winter of 1978-79 was one of the worst this
century in Britain. Considering tﬁe frequencies of
occurrence of high risks df mortality from predation

and starvation, dynamic balance between territorial and
flock~Ffeeding birds within a population (assumed to be
faithful to a given estuary) can be conceived (Fig. 37).
Among Tlock-~feeding birds predation risk is low. However,
occasionally, about every 10 - 20 years, a high
‘percentage suffer mortality as a result of severe winter
weather, Thus numbers of flock feeding birds will remain
high while winter conditions are mild, and possibly
increase gradually from year to year 1If recruitment

has been good, but fall sharply as a result of a severe

winter,

Among territorial birds predation risk is higher
but survival during severe weather is very good. Thus
it is likely that these birds will suffer approximately
constant mortality, probably higher than among flock
birds, from yeasr to year but be little affected by
severe winlers. At present these suggestions must
remain speculative. To advancé the study furthser,
more informaticn on feeding success of both flock~feeding
and territorial birds throughout the autumn snd winter
and of relative survival rates from year to year is
required. Harther for a comprehensive approach to
this problem the effects on breeding success; other than
through survival of adults, of winter territoriality and

flock~feeding, need to be measured.

d./
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'ige 37. Hodel of the effect of severe winter westher

conditions on year to year changes in numbers of
territorial and flock feeding Grey Plover which
arrive on the Tegs estuary in autumn and remsin
through the winter. S, and 8, indicate soevere
winters. It is assumed that tﬁe nunber of
territories established will vary from year io
vear independently of wealther confditions as the
distribution of competitive abilities among the
birds arriving in autumn veries (see text).




de Btrategy choice of birds arriving in “the first
winter influx.

This discussion has been concerned primarily with
strategy choice when made prior to the onselt of winter
condilions. However, birds arriving in the winter
influxes must make the same choice. lor thes@‘
individuals, however, the need for the correct decision

is much more immediate than for those which arrive in
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autumn. In autumm, if an individual tries to establish

a territory and in so doing utilises stored energy
reserves by spending most of the day involved in

aggressive encounters, it will take only a few days
to feplace these. However, from November onwards,

the risk of a period of gales is high. In these

conditions the risk is high that a bird, particularly if

unsuccessful in competition for a territory, may not
restore body condition as rapidly as in autumn and may
die. TIurthermore, bhirds which are unsuccessful in
obtaining a territory in autumn may move to another
gstuary in Britain, or move further south to southern
Kurope or West Africa. In winter the risks encountered
in moving to these areas are greater. On other British
estuaries competition for space may be as great as on
the Tees. Turthermore, some fat and protein raeserves
will be used in moving, and upon arrival at another
estuary, an individual may not be any more successful
in foraging. Hence in moving 1t may have decreased its
chances of survival during severe weather. Migration
further south may also be hazardous, even in autumn.

Diek/
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Dieck~and:Pienklowski (1979) reported many birds arriving
in North Africa in an emaciated condition in the autumn
of 1973. In winter, any scuthward movements would
normsl 1y have to be made during more severe conditions
than in autumn. Winter temperatures, and particularly
wind chill, can atl times be severe on the Atlantic
seaboard of southern Iurocpe and North Africa. Thus the
energy demands of migration are greater and consequently
the risk of starvation are grester at this time of year.
However, some birds do disappear from the Tees in mid-
winter (see earlier section) suggesting that the options
of movement within Britain, or further south, has been
taken. Nevertheless, most remain. Congequently it is
likely that in November the flock is composed primarily
of birds which choose not to establish a territory.
However after the first winter influx the flock then>
contains in addition, individuals which were unable to
establish territories upon arrivael in the first winter
influx. If indeed, as sUggestéd garlier, individuals
which choose not to establish territories in autumn

are dominant, the birds which arrive in the first winter
influx which are unable to occupy territories will be
more likely to suffer mortality during severe conditions.
O0f the four flock birds which are thought to have died
during the cold weather in January and February 1979 two,
for which definite arrival periods are Kknown, arrived

in the first winter influx.

Thus/
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Thus to birds arriving in winter, the advantage
of a territory remeins as high as in autumn, but the
risk in trying to obltain one i1s much highers. For those
birds unsuccessful in establishing a territory, the
advantage of the flock remains as high as in autumn
but the risksare greater. Wor birds which choose the
flock in preference to lerritoriality the risks and

advantages are the same as for birds arriving in autumne.

DISCUSBSION

As a result of the prbcesses described, some
regulation of the numbers of Grey Plover on Seal Sands
OCCUDLS » In autumn the number of territories established
is limited by a combination of the size of the area
available and the distribution of competitive ability
within the group of birds present on the estuary.
Although the arvea remains constant from year to year
I assume that the distribution of competitive abilities
among the individuals present will vary between years.
Thus in years when there is a large number of individuals
among the birds which arrive in autumn whose gbility
to obtain and maintain a territory is high, a large
proportion of the territories established during autumn
will survive until the time of the first winter influx.
Therefore numbers present on the estuary before the
first winter influx will also be high. In other years
more subordinate birds may arrive in aubumn. In such

years/



years, even if the total number of birds arriving is
the same as in other years many of these subordinate
birds may not take up, or lose their territories at the
expense of larger territories for the more dominant
individualse. Thus in these years the number of
territorial birds and therefore total population will
be lower. Dhondt and Huble” (1968) have shown that
similar variation in population size occurs with
variation in age structure of territorial birds in a
study of the populstion dynamics of breeding Great

Tits Parus major. This argument does not necessarily

invoke the concept of a superterritory suggested by
Verner (1977). Although the initial size of some

territories is large and these are subsequently
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subdivided as a result of competition e.g. W R/W (Fig. 16)

the large initial size of the territory may be interpreted

as the individual maintaining as large an unexploited
food résource as posgible for use during severe winter

conditions.

Thus on the Tees estuary much movement out of the
estuary in early autumn is voluntary. Some birds do
80 in October after moult but others move through
rapidly in, August and September, presumably Lo moult
elsewhere. In contrast, other bilrds which leave the
estuary later in autumn are displaced territorial birds.
Why some individuals are "preprogrammed" to move out of
the estuary while many stay, and others.attempt to do s0,

is not known.

In/
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In mid-winter the population size is determined
primarily by the size of the first winter influx and
the size attsined in autummo. When the influx occurs,
the sige of the increase in the number of territorial
birds may be limited by the competitive ability of the
individualse Birds of similar, or greater, ability
than birds which established territories in autumn can
displace or squeeze. in between these earlier established
individuals (see Table 17; Tig. 16). Those individuals
which cannot obtain a territcry or are displaced will
join the flock as will those birds which flock feed by
choice. In 1979~80 after the first winter influx the
population remained approximately constant, and only a
little emigration occurred. In 1278~79 the populstion
decreased at this time. Some emigration did occur.
However it is thought likely that some of the decrease

was due to mortality.

Thus after the first winter influx some birds
leave the estuary in both mild and severe winters.
However it is not known whether birds which leave at
this time do so as a resull of competition elther within
the flock or from territorial birds, or if these
movements are also preprogrammed. Perhaps Grey Plover
are similar to Knot out with only a small proportion of
the birds arriving on an estuary volunterly moving
to other estuafies soon aflter arrival. In the absence
off information on the destinations of Grey Plover which
leave the Teeg in mid-winter, it is not possible to

gpeculate further.

As/



As discussed in Chapter 1 the pattern of change
in numbers seen at Teesmouth is similar to that
observed on a number of British estuarics. Héwever,
the extent Tto which the populatiocn processes observed
in this study operate in thesc other areas, is not
known. No similarly comprehensive study of Grey Plovers
studied the feeding ecology of this species on
Lindisfarne, N.HE. fingland, and did not find territor-
i1ality. However, the hypothesis put forward here is
that territoriality reduces the risk of mortality at
times of greatest energy demands. On the Tees estuary
these occur when prolonged periods of high wind speed

prevent feeding. However this need not be so in every
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estuary. As discussed previously the importent influence

of wind on foraging capabilities of birds on the Tees
is a consequence of the dependence of Plovers on |
detecting Nereis at the surface of the mud. Despite
several attempts to identify and quantify the cues used,
it has not been possible to do so and I conclude that
these are subtle and probably difficult to detect for
Grey Plover, as well as for a human observer. Hence
their detection by Plovers is likely to be greatly
impaired by buffetting from high winds. In contrast,
the cues used by Plovers in detecting some olther prey
gpecies are more obvious. Birds feeding on Arenicola
use production of defaecatory casts to indicate the
presence of the prey at the surface (Pienkowski, 1980),

a/
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a cue which is eagily detected by a human observer.
In view of this it is not surprising that high wind
speed does not have the same mavked effect on
Grey Plover feeding on Arenicola as on thos: feeding on
Nereis. Although intake rate decreases with increasing
wind speed this remains high et wind speeds of 33 knots
(Pienkowski, 1980). However as shown by Smith (1975)
and Pienkowski (1980) the availability of Arenicola
is very dependent upon tempersture. In contrast, as
reported earlier il was not possible to relate
availability of Nereis, as measured by capture rate by
Grey Plovers, on Seal Sands to this variable. Clearly
the influence of temperature and wind speed varies
from area to area depending upon the prey species
present and the nature of the cues used in their
detection. At Lindisfarne it is likely that among
birds feeding on Arenicola territoriality is more likely
to be exhibited where the effects of low temperature are
reduced, However, not only arve the effects of low
tempe rature on feeding success more difficult to avoid
(being independent of topography) than those of high
wind speed, the arecas where mud temperatures are likely to
be highest i.e. at low tidal levels, are not in winter
used by Grey Plovers probably because of interspecific
competition with Bar-tailed Godwit (Pienkowski, 1980).
However, a further feature of Arenicola availability,
its dependence on the stage of the tidsal cycle suggests
that among birds feeding on this prey, territoriality
is unlikely. Cast production by Arenicolas is greatest
immediately after the substrate surface is exposed by

the/



the ebbing tide and thereafter declines. The resultent
mobility of the zone of peak prey availability makes

territorial defence unlikely.

However, while it is not surprising that Pienkowski
(1980) did not report territoriality among Grey Plovers
feeding on Arenicola he did not sftudy in detail birds
feeding in other areas at Lindisfarne. Indeed some of
these are similar in SUbstrate, topography and
invertebrate fauna to Seal Sands and it is possible
that a similar system to that described for Seal Sands
may exist. This is also true of other areas in Britain,
particularly the small fssex estuaries. Here, not only
are there many suitable creeks of the lype described
on Seal Sands which can provide shelter for foraging
Plovers, but overall wind speed is almost certainly
reduced ovey large arcas by the proximity of the
shoreline., In the British Isles the highest winter
concentrations of Grey Plover occur in fssex and on the
Wash. It would be premature to suggest that the high
numbers on the fssex estuaries are a definite
consequence of the festures described here. However,
these areas and the Grey Plover wintering there are
undoubtedly worthy of detailed study. The Wash, the
only large British estuary with a high mid-winter
population of Grey Plover 1s also the most dissected
of the large egtuaries. A study of the socisal
behaviour of Grey Plover here in relation to topography

and prey distribution would be of great value.
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Winal Discussion

The ecological fTfaclors which lead to most long
distance migrations are fairly obvious. Hor example,
the severity of Arctic winters make the breeding
grounds of many shorebird species uninhabitable in
winter. The absence of an abundant insect fauna in
Northern Temperate areas in wintef makes southward
migrations of hirundines and many insect-~feeding
passerines essential for their survival. However the
ecological and behavioural factors which may control
the distribution, movements and destinations of these
groups of birds within their wintering ranges are not
élear and have received 1ittle detailed consideration.
My study has examined some factors which may lead to
movements of shorebirds in North-West Burope within the
non-breeding seagson. I now discuss the extent to which
this study has added to understanding of the ecological
factors leading to the evolution of the movements
observed and of the proximate environmental cues which
may serve as stimulli for movement. Also I discuss
differences between adulisrand juveniles in pattern of
movement and reasons for these. ®inally, I consider
fideli%y and lack of fidelity to the wintering sites.
Although much has been written about recurrence of
individuals in certain sites Jlittle attention has been
paid to those individuals which change wintering or
moulting area from year to year and the possible

advantage of this.
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Ultimate Tactors governing migration depend on
the aim of the migration{ ¥ost movements I have
discussed concérn survival through the winter. The
ultimate factor in response to which Knot, Bar-teiled
Godwit and Grey Plover move from the eastern North Sea
coast to the British Isles is most probably the
severity of mid-winter conditions at the origin.
guch weather conditions can affect the energy balance
of shorevirds in a number of ways, most directly by
increasing heat loss, and by preventing birds from
foraging because of high wind speed, or a covering of
the mudflats with ice. Also, prey availability and
hence the density of available prey may be reduced to
levels which prevent birds feeding fast enough. The
precise importance of each of these pathways is not
known in most species. However it seems most likely
that the direct effects are of great importance to all
gpecies while the indirect effects will have a grester

effect upon visual foragers, particularly plovers.

It might be supposed that the movements of Knot
from the Waddenzee could be related to a decrease in the
availability of Macoma in November and that because of
this birds move then rather than later in the severe
weather conditions of December, January and February.
However for none of the other movements of Knot, between
British estuaries, is there evidence that changes in

availability/
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availability of prey are of major importance in
determining their timing. Consequently it cannot be
concluded that the movement from the Waddenzee is

related to changes in density of available prey.

The regularity of timing of the influx to Britain
in Wovember of Knot ahd Bar-tailed Godwit suggest that
these birds use a constant proximate cue, which
anticipates the arrival of cold weather, to time
movements. If an external cue is used it seems most likely
that this is decreasing daylength. However the
importance of completion of moult in 'releasing' birds

to be able to move is not known.

In contrast to the influxes of Knot and Bar-tailed
Godwit, the first winter influx of Grey Plover on the
Tees estuary is not constant in its timing Ffrom year
to year. This suggests that this movement of Grey
Plover is not initiated by a seasonally regular
proximate cue such as daylength. Rather it seems that
these movements of Grey Plovers may be initiated by
a stinulus which is variagble in timing and strength
between years., This suggests that the proximate
factor gstimulating the movement of Plovers might be
the actual arrival of severe weather (which is also the
ultimate ressons for the movements). Why Grey Plovers
alone should wait for the arrival of severe conditions
before moving rather than anticipating these conditions

is/
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is not clear. Cther plover species, Lapwing Vanellus

vanellus and Golden Plover Pluvialis apricaria seem to

behave in a similar fashion. Among many African
passerines the environmental change which provides the
proximate stimulus for movement is also the ultimate
cause for migration e.g. the beginning and end of the

rainy season (Mlgood et. al. 1973; see also Ward, 1971).

The factors which control movement between British
estuaries are nolt clear. lovement of Knot north along
the east coast may reduce the risk of mortality during
cold weather which is more sevére on the Wash., The
regularity of timing of this movement from yesar to
vear suggests that, if there is external control, the
proximate cue which initiates movement may be change in
daylength. However as it is thought that much of this
movement comes after turnover on the Wash in November,
it is not possible to distinguish the extent to which the
northward movement is initiated by competition on the

Wash which results from arrival of birds from the

eastern North Sea coast.

Thus there is at present, no evidence that movements
of shorebirds within the non-breeding season are
controlled by seasonal changes in density of available
ffoods In contrast in Africa there are several e xamples
of movements:which it is thought are a wesponse to

depletion/
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depletion of food stocks in the source area e.g.

Juvenile Great Spotted Cuckoos Clamator glandarius

arrive from October onwards in Senegal, where they stay
only until food abundance decreases sharply from December
onwards (Moreau, 1972). However present evidence
suggests that the ultimate factor controlling the
movements of shorebirds within the area surrounding

the North Sea is the severity of winter weather
conditions. However precisely how different weather
conditions affect energy balance are not known for every

species.

Some movements, particularly those northwards and
eastwards in the late winter énd early spring have
normally been interpreted as preparation for breeding
(Prater, 1971; Hvans, 19%9b). The movements of Knot,
Bar—~tailed Godwit and Grey Plover eastwards across the
North Sea in March and April may ellow birds to exploit
a food resource that was unexploited during the winter,
either because it was ura veilable due to low temperatures
or becaugse prey capture rates would not have been
sufficiently high to meet the high energy intake
required by the birds at this time. However, reasons
fPor other northward migrations such as those of G rey
Plovers and Bar~tailed Godwit which reach Britain in
February and March are unclear. The advantage may
lie in avoiding competition in the wintering areas, as
suggested earlier in relation to birds wintering in
Mauritania, or may allow early moult into breeding

plumage/



plumage to occur before the requirements of pre-

migratory fattening.

Among birds using each estuary or group of
estuaries, not all individuals respond in the same
way to changing conditions. Many Knot and Grey Plover
which have moulted on the Wash move south, while more
Knot arrive from the eastern North Sea coast and
replace those which have left. Qimilarly, on the Tees
gstuary differences in migration pattern of individual
Grey ¥Plovers have been shown to exist. The reasons
for these intraspecific differences in movement pattern
are at present 1ittle known. However the study of
spacing behaviour of Plovers on the Tees egtuary has
suggested that some of the Grey Plovers which move
do so because they are unsuccessful in establishing or
maintaining a territory. I have suggested that the
advantage of territory possession is that these enable
the owners to achieve a grealter energy intake during
cold and windy conditions than would be possible by
flock feeding. Thus agein the ultimate reason for the
movement is the severity of weather comd itions in
winter. However, the proximate cue which affects
whether or not a bird moves is its success in obtaining
a territory. Similar behaviour is displayed by

Chaffinches Wringilla coelebs which remain to winter in

Scandinavisa. Some males establish winter territories.

Those which cannot do so migrate. Similar behaviour was

observed in Xestrels Falco tinunculus in Dumfriesshire

by Village (1980).

The/
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The two groups of Knot described i.e. those which
are (1) itinerant end (2) sedentary, represent a
further incidence of individual variation in movement
pattern. Jtudies of other ghorebirds suggest that
these two types of individual are found in other
species. However at present the relative selective
advantage of each behaviour under different weather
and feeding conditions is not clear. Neither is it
known whether the strategy employed by an individual
varies from year to year, either with or independently,

of age.

Most of this study has been concerned with adults,
ag counts of total numbers consist predominantly of
these, Iittle is known of the way in which the patterns
of movements of juveniles differ from those of adults.
Data indicate that juvenile Knot tend to winter further
gouth than adults (Minton, 1975). This may also be
true of Bav—tailed Godwit. The reasons for this are
unclear. Perhaps they move to arcas where winter
conditions are least severe, as survival for juveniles
is relatively more important than for adults, since
juveniles have yet to attempt to breed. However this
does not talke aeccount of any cost in migrating. It has
been argued earlier that the risk of mortelity during
migration may be high, perhaps higher than the risk of
mortality during severe winter weather, Perhaps
juveniles are less efficient foragers. They may be

ure ble/
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unble to achieve sufficient intake in North Temperate
areas in winter during cold weather and therefore may
have to migrate south even though the risks of
mortality during migration may be high. However
juveniles may move because they are forced to do so
through competition. On the Tees estuary observations
of Grey Plovers suggest that although some juvenile
birds are of high competitive ability and can chase off
other Grey Plovers encroaching on their territories more
quickly, than can many adulis, the majority of juveniles

were of poorer competitive ability.

In some specieg of shorebirds e.g. Bar-talled
Godwit and Knot, immature (1st and 2nd year) birds
move north in summer, but do not go as far as the
breeding aress (Minton, 1975). Why these birds do so
is unclear, However it seems possible that in
Mediterranean and equatorial regions, where these birds
have wintered, high summer temperatures may depress
prey availability (see HBvans, 1976). Thus it may not
be possible to feed there at a sufficient rate in summer.
These birds may then stop northward movement as soon as
feeding conditions are suitable. Movement further
north towards the breeding grounds would take them to

areas where prey density is low (Hvans, 1979).

Little is known of changes in movement patlterns
within the life of an individual. Many juvenile Grey
Plover return to the Tees each year, bul others do not.:
Absence of some individuals in subsequent years is

probably/
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probably due to mortslity but may be due partly to
change in movement pattern. The high return rates
of Plovers suggest that such changes are few. However
the amount of change in movement pattern b etween years
may be much greater among birds which have wintered

further south in their firgt year.

Data has been opresented to show that some adult
Knot occur in different wintering and moulting areas
in different years. Such lack of fidelity may provide
the same advantage as suggested for itinerancy within
a non-breeding season, i.e., that an individual may, by
visiting different sites in different years obtain
knowledge of arcas which may be used if the food supply
ig poor, or wealther conditions severe in one ares in a
future year. However lack of fidelity may also be a
disadvantage. Birds may be forced to move to different
areag in different years as a result of competition.
As stated sbove, some Grey Plover did not recur on the
Tees estuary every year. However most of these caseas
are of individuals which did not return in the first
winter influx. The absence of these birds from the
Tees in one year was probably a consequence of
favourable conditions in the moulting area (from which
it is thought they come to form the first winter influx
on the Tees) as a result of reduced competition, high
prey density, or mild weather conditions. There is

also gsome variation between years in time of arrival

of/
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off a few Grey Plovers on the Tees estuary. Some Grey
Plovers have been observed to spend early autumn on the
Tees in some years but have not returned to the estuary
until later in others, and vice versa. However there
is no evidence that early movement by these individuals
from the area occupied first in asutumnm is voluntary

and it may be induced either through competition or
deteriorating weather or feeding conditions. Similarly
it is not known whether the change of moulting area
observed for some Knot is voluntary or enforced.

Thus at present, although possible advantages of lack
of fidelity are apparent, there is no evidence to
confirm that these advantages ars real, nor even to

suggest that lack of fidelity is adéptive.

The presence of itinerancy during the non-breeding
geason in some shorebird species suggests that the
effects of reclamation of some of the estuarine areas
used in mid«@inter, on total numbers of these species,
may not be greate. Some mortality may occur but the
itinerant behaviour observed indicates that these species
may be pre~adspted to encountering difficult feeding
conditions in some arecas and be able to move to
alternative feeding areas (fvens, 1981). In contrast
for species such as Grey Plover, which the evidence
suggesté are more sedentary in mid-winter, it is likely
that reclamation of sites used in mid-winler will have a
more serious effect uvnon total numbers. However most of

'sedentary' species use predictably

both '#tinerant' and
specific moulting sites. It seems likely that

reclamation/
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reclamation of these areas may lead fo a serious
decrease in total numbers of thése species. The
precise effects of such reclamation are difficult

to predict as at present the precise reasons for the
use of specific estuaries ag moullting areas are not
KNOWI. e However if the changes in moulting site
reported here are, as suggested, enforced in some way,
this suggests that, at least in some years these
preferred moulting sites are full. Thus reduction

in the size of these areas will result in redistribution
of birds to less preferred moulting areas, and possibly

in mortality.



Sumary

This study reviews published information on inter-
estuarine movements of Knot, Bar-tailed Godwit and Grey
Plover in North-West Hurope, especially Britain. An
attempt is made to relate these movements To seasonal
changes in faclors, particularly weather cord itions and
prey abundance, of importance to the energy balance of
shorebirds. Seasonal changes in numbers:-and movements
of Grey Plover using the Tees estuary, in relation to
spacing behaviour and prey availability, are considered

in detail.

In early autumn Knot moult mainly on the Waddenzee,
the Wash and the Ribble estuaries. After moult many
birds from the Waddenzee move to the Wash. It is
thought that others go via the Wash to estuaries on the
north~east coast of Hngland. (Some also move to the
west coast of lingland, particularly Morecambe Bay.)

Prior to the arrival of birds from the Waddenzee many
birds from the Wash move to southern ¥Hurope. However,
the proportions of hirds wresent in early autumn which
move to these areas and the proportion which stay on the
Wash are not known. It is suggested that a smaller
proportion of birds move to the west coast from the Wash
than has previously been suggested, and that this
movement may not occur every year. ew precise data on
movements between west coast estuaries are available.
It is suggested that most birds which moult on the Ribble
probably winter on the west coast estuaries, particularly

Morecambe Baye.

Colour/



Colour-marking of ¥not on the Tees estuary indicated
rapid onward movements, to cozstal areas further north,

of a small proportion of the birds which arrived in

Novembere.

Bar-tailed Godwilt also moult chiefly on the
Waddenzeae, YTash and Ribble, bul others moult on the
Torth and at Lindisfarne, Subsequent movements are
not well documented. Counts suggest that many birds
from the Waddenzee move to Britain, particularly to the
egtueries of the West Goast,. Some birds from the Wash
move to the north-east coast of Bngland, bult it is likely
that at least part of the wintering vopulation in these

areas moults on the esstern North Sea coaste.

Grey Plover are more widely distributed during
autumn then either Knot or Bar-tailed Godwit. However
large concentrations occur on the Waddenzee, Wash, Ribble
and fissex estuaries. After moult, meny birds move To
southern Hurope. Others, probably from the Danish
Waddenzee, move to British estuaries in mid-winter,.
Numbers in Britain increase in February - March, probably
ag a result of birds which have wintered further south

returning north.

In winter, conditions on the eastern North 3ea coast
are mors severe than in Britain. Movements of all three
species after moult, westwards across the North Sea,
reduces their risk of encountering severe weather in
mid~winter. Reasons for the other movements described

are/
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are unclearnr. Average winter temperatures, and

tempe ratures during the last three very severe winters,
are higher on the east coast, north of the Wash, than

on the Wash itself. Northward movement of many Knot

in November may be to avoid the colder conditions on the
Washs. None of the invertebrate data examined suggest
that movements are related to inter-estuarine differences

in timing of peak prey biomass or abundance. Timing

o)

of lerval settlement and growth rates of prey are
similar in most estuaries for which data arve available.
No major differences between estuaries in the timing of

peak quality of prey are apparent.

In November more Macoma are within reach of a Knot's
bill on the Humber than on the Wash or Morecambe Bay.
However, the absence of Knol from the Humber in autumn,
when availability of Mscomg is even higher, suggests
that the timing of movement to the Humber in November and
December is probably not related to evailability. High}
however be an important factor allowing large numbers of
Knot +wo use this area for laying down fal reserves before

departure to the breeding grounds.
e & &

Birds which move south from the Wash after moult
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probably do so voluntarily, not as a result of competition.

These are then replaced by birds moving from the Waddenzee,

The reasons for such intraspecific variation in movement

strategy are unknown.
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It was not possible to relate movements of Knot

from the Tees to changes in abundance of Mytilus edulls,

its main prey. Information from dye-marked birds

suggest that, after arrival on the Tees from the Wash,

some Knot stay only a few weeks hefore moving north to

the Northumberland coast and the Forth estuary. However,
others are sedentary. It is suggested that the itinerant
behaviour is an a daptation to an unpredictable food supply.
However the ressons for lack of movement by some individuals,

and the survival rates of each group, are not known.

Detailed study of Grey Plovers on the Tees estuary
indicated that in autumn some adults move through the
estuary rapidly, but others stay to moult before moving
Oe These movements are "voluntary". In autumn many
individuals attempt to obtain Tterritories. Jome of
those which cannot, or are displaced from territories,
then leave the estuary. Others stay in a flock while
Teeding. It is suggested that territoriality is a
strategy permititing maintenance of food intake during
severe, particularly windy, weather conditions in winter.
The creeks contained in territories provide shellter for
feeding birds and permit intake to be‘achieved during
gales. DBirds which cannot obtain territories are more
likely to suffer mortality. For these individuals it
is advantageous to move further south. It is suggested
that the number of territories established in autumn is
limited by the distribution of competitive ability within
the population of Grey Plovers attempting to establish
territories. The data has also suggested that some

birds/
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bhirds which remsin in winter do not attempt to obltain
territories, but choose Lo flock feed. A simple
graphical model is presented to indicate how the
proportion of flocking and territorial birds in the

population will change, following severe and mild winters.

The reasons for movements of shorebirds and their
timings during the non-breeding season are discussed in

the light of the findings of the study.

<.
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Appendix 1. Table Al. Success of salt extraction as

a technique Ffor removing Nereis diversicolor from mud

_samples.

Details of the procedure are given in the text.

Description No. of Nereis No. retained % success of
of substrate picked from in 40 sieve salt extraction
surface

Sand 13
1 6

1

Sand/Mud
1

100
100
100
100

75

86
100
100
100
100
1.00
100
100
100
100

=
oy}

Firm mud
it

Viscous mud
11

f Y
S ORMREPEIINOKRU

Soft mud
"
"
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Apvendix 2. Teble A2. The values of terms from the relationship log (dry flesh wt.

in mg.} =a + b lo relaxed body length in cm) For Nereis diversicolor Ffrom
10

Ares Date No. animals a b T
measured intercept regression correlation
coefficient coefficient

Sc, Mud 11.9.78 16 —-0.422 2.459 0.94
G.Bank {Y-C.Gh) i 10 -0.281 2333 0.98 .
C.Bank (Sand) R 12 ~0.520 2. 600 0.S9
C.Bank (Znt) " 11 =04 340 2.365 1.00
Eocho i v 11 -‘0.555 2-4‘20 On 96
G» Bank 5.11.78 12 ~0.646 2.737 1.00
Se, Mud 23.11.78 13 -0.607 2. 560 0.9¢
C. Bank (¥Y=C.Ch) % 14 -0.528 2.450 0.9¢
C. Bank (Sand) " 11 -0.823 2.787 1.00
C. Bank (Ent) b 13 ~0.356 2.255 0.98
E. Gh- i 10 —O- 266 2. 505 0092
Se. Mud 7.1.79 12 ~0.907 2.840 0.98
C.Bank (Y-C.Ch) i 13 -0.442 2. 330 1.00
Sc. Mud 1e¢4.79 11 -0.676 2.652 1.00
C.Bank (¥Y=C.Ch.) ® 13 -0.455 2.388 0.99
C.Bank (Sand) 1" 4 ~0.453 2+ 359 1.00
C.Benk (Ent.) " 12 -0.575 2,558 0.99
%1+ Cho i 9 -0.177 2.153 0.96
C. Bank/
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Area

C.Bank (Y-C.Ch)

E.Ch.
G. Bank

E.Ch.

8.1.80

22.3.80

Noe. animals
measured

10

o
13
10

a

intercept

~0.274

-00581

~-0.382

b
regression
coefficient

a0d
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Appendix 3. DNetermination of population size.

farly in sutumn when the number of birds on the
estuary is small it is normslly possible to check all
roost sites at high water. Decausge of this, the
small number of birds present snd the open Ttopography
of the roost sites used at this time, accurate counts
of total numbers present can be made. However, as
the number of birds increases in October individuals
begin to use the main winter roost site where, because
of the rocky substrate, large numbers sre hidden from
View. Cors equently accurate high water counts are

no longer possible.

As high water roost counts become inaccurate, but
while the numbers on the estuary remained small, counts
of birds flying from the feeding grounds to the main
high water roost site were used in measuring the total
number of birds presente. In these months, the number
of birds in each flock isbsufficiently small to permit
acecurate counts. After the feeding grounds were
completely submersed, all other birds which had gone to
subsidiary roost sites, and had therefore been missed,

were counted by visiting each subsidiary roost.

When numbers increased inwinter the flocks flying
to roost were too large to permit accurate counts. At
this time counts were made at pre-~roost gathering sites,
As the msin intertidal area nears complete submersion,

birds gather on one or both of two small areas of high

level/
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level mud, close to the reclamation wall, where they

can be counted quickly and accurately. Small numbers

of birds leaving before completion of the counts were,

if not elready included, counted as they flew off, or
when they landed. On occasionsg when large numbers of
Plovers flew before being counted the count was abandoned
because of difficulty in making accurste counts of

large flying flocks of Plovers, since these normally occur

in association with Dunlin, Knot and Bar-tailed Godwit.



Aopendix 4. Determination of +timeg of influx and

departure.

(1) Influx

In both 1978-79 and 1979-80, but particularly in
the later year, large numbers of colour-marked Greéy
Plovers, which had been caught in previous years,
returned to the estuary. Using sightings of these
birds only, an 'Index of Influx' wss calculated
( Migs8. A1,42) for each date on which 25/ or more of
the colour-marked birds known to be present on the
estuary st that time, were seen on one of the high
water or pre-roost sites. The percentage of colour-
marked individuals seen on a partidular day that were

seen then for the first time in that non-breeding season

was calculated.

(2) Departure

In 1978~79 the number of colour~marked birds, known
to have vigited the estuary in that winter, that were not
seen (1) on and after the date of each high water count
and (2) after a period of influx were determined as a
measure of the size of a departure from the total

population on the estuary.

Clearly not all birds were seen on the day before
departure. Indeed a few may have remalned on the estuary
without being identified for several]l weeks before
departure. To take account of this source of inaccuracy
two error levels were determined on each count date

(Pigs. AB,A4).

(a)/
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(a) The number of birds last seen 10 days prior to

that date.

(b) Wor each individual +the maximum interval between

sightings was determined. The number of days in this
interval was then added to the date of last sighting of

the individual. If on doing this the date reached was

on or after the date for which the error level was beling

calculated, then it was assumed that the bird may have

been missed and been present on this date.

The procedure was repeated in 1979-80, but in this

yvear only the birds marked before 19729~80 were used.

Using these estimates of "error" the number of
colour-marked individuals lost from the population was
compared with the total population figures and used to
identify and/or confirm periods of population decrease.
This Waé particularly needed in the January, Webruary,
March period of 19792 when no reliable high water counts
could be made because of severe weather conditions and

unusual pre=roost behaviour of the birds.
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Appendix b. Correction of estimated Nereis body length

Twenty-five Nereig of a range of body lengths were
collected. Using forceps hild so that only 3 cm (ca one
Grey Plover bill length) protruded from the hand, an
assistant picked up and stretched each live animal in
turn, in order to simulate the observed stretching of
Nereis when pulled from the mud by Grey Plovers. I
watched this procedure by telescope at 30 metres
distance, and estimated the lengths. Hach animal was
individually bottled and, on return to the laboratory,
killed in alcohol, and measured. The relationship
between estimated (stretched) and measured body length
was then determined (Wig. AB). Westimated values were
then corrected to true length (Table A3) before

inclusion in intske and capture rate calculations.
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Fig. Ab. Relationship between true body length of
Wereis diversicolor and estimated length
(Tog/Tog). ' o




Anpendix 6., TLength of observation period - its effect

on variation in observed intake rate.

In order to determine the’smallest time period
for which a bird should be observed to reduce observed
variation for each individual to an acceptable level,
the standard deviation of mean intake rate per minute
was plotted against increasing number of minutes of
observation for seven periods of observations (I'ig. A6).
Variation around the mean, although great both between
individuals and in the same individual in different
observation periods remained relatively constant with

a sample sige of Tthree or more minutes,
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Aovendix 7. Table Ad., Dry weight and calorific values of Hydrobia ulvae used in

calculation of energy intske of Grey Plovers.

Month liean dry wt/individual Mean calorific Average calories/
+ Area shell height (mm) shell height (mm) value (cals/mg) individual (cals)
shell height (mm) shell height (‘mms
n 2e5 = 3.4 o 3.5 -~ 4,4 2.5 - 4,4 2.5 - 4.4
June 12 0.56%2 28 1.085 5.62 4.9
12 0.56%2 28 1.085 5.62 3.9
27 0. 342 13 0.715 4,90 2.2
14 0.2085" 10 0.590 5,09 1.6
November
29 0.509 , 22 0.832 5.07 Be S
29 0.509 22 0.832 5.07 3e3
10 0.391 18 0.601 5.30 2.4
March
15 0.560 20 0.850 5.00 3.6
15 0.560 20 0.850 5.00 3.6
28 C.461 16 0,699 5.07 2.7
- 5 0. 604 5.88 3¢5

Calorific values given are based on single determinations
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Appendix 8. Tables Aba,b. Densities of Nereis diversi-

color on Seal Sands,.

Values given in IFigs. 6 and 8, Chapter 3, were
obtained from deta presented here by calculating the
mean density of Nereisg in the sub-areas within each
feeding area. Sub-areas from which Nereis were
collected are shown in Fig. A7.

# Values given for these aress are those used in Iigs.
6 and 8.
n = number of samples taken in each sub-—ares.

Table ABa. HNereis > 4 cm.

Feeding Sub-area _June November March
area n X S n. X S n ¥
1 1 1 301 0O 2 B2Y 107 2 76
2 S 151 5% 2 38 27 1 0
2 3 4 151 46 2 339 240 2 0
4 3 201 89 2 0 0 2 0
5 2 1153 o 4 94 62 2 38
3 6% 4 B3B8 67 4 395 56 2 538
4 ¥ - - - 4477 T4 4 151
o¥ 4 207 56 3 427 109 3 95
5 9 4 264 94 4 B339 86 4 538
10 2 301 0 2 113 80 2 38
11 2 528 5% 2 0O 0 g2 151
12 S 490 80 2 - 301 160 2 0
13 S 603 5% 2 9264 80 2 1153
14 o 115 o7 4 113 42 4 132
15 o 339 133 2 189 27 2 95
16 o 942 80 2 9226 53 2 151
6 17% 5 361 45 B 377 95 B 105
7 18 3 25 20 4 188 62 4 56
19 2 151 0 2 75 0 2 151
8 20 S 226 0O 2 151 0 2 1153
21 2 339 80 2 "6 53 2 151
9 22 4 565 57 4 B45 126 4 151
23 4 546 173 4 188 42 4 132

31
54

16

53

27
106

46
56



Table Abb. Neveis <« 4 cn.
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Fige A7. Seal Sands, showing sub-areas referred to in

Table AS.




Appendix 9. Seasonal changes in low water distribution

of Curlew and Bar-tailed Godwit. (Fig. A8).

Counts were made at the same time (between low
water - 1 hr and low water + 1 hr) as those of Grey
Plover to allow investigation of the possibility that
the distribution of Plovers wasg affectéﬂ by .that of
Curlew (mm) and Bar-tailed Godwit (eo ). 8So0lid symbols
joined by solid lines refer to feeding birds, opeh
aymbols Jjoined by dotted lines to the total number

present i.e. including roosting individunls.
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