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flABSTRACT

eldlstrlbutlons of Sanderllng and Turnstone

:Jywere determlned for the south s1de of the Tees Estuary.
ocatlon of'roostlng 31tes and the- movement of the tlde
vere the magor factors affectlng movement patterns of

-

-pthese two spe01es. The 1nvertebrate spe01es Nerlne, -

f;;lﬁBathvporela and ___ydlce, were observed to comprise
ftv1rtually all of the Sanderllng s open-beach dlet.
\‘Extens1ve sampllng of these three prey spe01es showed a
i;? predlctable occurrence along the beach with each spe01est
' most common at’ a partlcular transect and dlstance below
the ngh water Mark, (e g., Nerlne was most abundant at

50 to 90 metres below the HWM) The tlmes when these

bands becamezavallable to foraglng Sanderllng helped to
determine the movement patterns of the blrds.,. |

Detalled studies of the feedlng behav1our of
Sanderling showed three maln foraglng technlques. probe
feeding, watervcolumn feedlng and stltch feedlng. »Qhe
first two of these technlques have'a:V1sual cOmponent |
(the Pause posltion). Sw1tch1ng occurred’ between these rl
two technlques but was uncommon between the water column{a
and stitch technique (whlch was a tactlle feedlng method)
When feeding,Sanderling oriented themselves S0 . that they

L could watch the progress of the: waves. : §;1 ’

Colour-marked individuals of both Sanderllng and

Turnstone helped to determlne movement;patterns,_fldellty

to site within a season and survival and fidelity




iid

between‘seasons. Mortallty rates for Turnstone ‘were es-
| pe01a11y low; fldellty was high for both spe01es.
Feedlng observatlons on w1nter Turnstone showed

,‘both dlspersed and concentrated s1tuatlons. 'While aggres-

sion was seldom observed for Sanderllng, it was common

m@;for Turnstone. Two maln types of aggress1ve encounters

rfwere obser edefor the Turnstone and were determlned

ﬁ‘imalnly by the potentlal 'payoff! of the encounter. The

suggestlon is advanced that aggre331ve patterns may help

to determlne?the dlsper81on of the Turnstone. Aggression

f

yay also help to determlne the feedlng locatlon of th%r»
';ijenlles. " 9

Observatlons of breedlng Turnstone (Flnland)

(

present a plcture of communal feedlng (alding in,

predator awareness), hlgh nestlng concentratlons and

A numerous 1nteractlons w1th the larld spec1es present.

} 1
The 1attér 1nclude extens1Ne robblng of larld eggs by
A

Turnstone. Although the summer and w1nter Turnstone‘
populatlons have dlfferent w1nter1ng grounds, there are

valuable comparlsons to be made.
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CHAPTER 1. INTRODUCTICN

The basic problem of ecology is determining the
causes of distribution and abundance of organisms (Krebs
1972). Within the feeding areas, the distribution of
birds may be affected by the density of both the prey
and the birds themselves (Cody 1974, GossQCustard 1977g) .
A scarcity of food may cause certain wader species to
leave an estuary (Davidson 1966). Distributions of birds
amongst neighbouring estuaries have been correlated with
food density (for Curlew and Redshank see Goss-Custard
et. al. 1977a). A similar process may be detect%ble
within a single estuary.

This thesis concerns the feeding ecology &nd

foraging behaviour of Turnstone, Arenaria interpres (L.)

and Sanderling, Calidris alba (Pallas), primarily at

Teesmouth, northeast England, an important wintering
site for both species. Of special concern are two major
problems: how the bird populations distribute themselves
in space and time in relation to their prey; and, by
what methods they exploit their prey. Most attention is-
paid to Sanderling, since the range of prey they take is
limited and observational accessibility was greater, ’
Additional information is presented from Turnstoney

particularly in relation to the influence of social

behaviour of the birds in modifying their own distribution.

A comparison of the two species gelps to draw conclusions

AN U
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of the benefits birds obtain from their social habits.
Studies of Turnstone on their breeding grounds in
Finland add further information to the effects social
behaviour has on modifying distribution. Behaviour must
be viewed in both its social and'environmental context
(Smith 1977), and year-round studies help clarify the
role played by social behaviour.

Although prolonged cold periods may bring large
winter mortalities (Pilcher et. al. 1974) there is little
evidence to support the idea that waders face heavy losses
during most winters (Goss-Custard 1980) . Competition, if
it is more acute on the winter grounds, may make this
season a focal point for intense selection, leading to
increased prey restriction (Schoener 1971, Baker & Baker
1973). (Increased competition has not been found for
wintering waders in a tropical area, Duffy et, al 1981.)
While Sanderling and Turnstone seldom have exclusive use

of any particular feeding area, their foraging mechanisms

o

isolate them from most other species. This siﬁplifies
any‘field approach and allows the observer to concentrate
on intraspecific interactions. The major difficulty
then, is in dissociating behavioural interactions of
conspecifics from the effeccts of the environment and prey
populations of the birds.

Sanderling, normally considered a bird of sandy
beaches, breed in Siberia and Greenland and winter in

Furope and Africa (Prater & Davies 1978)., The average



winter population in Lurope (believed to be of the Siberian
population) has been estimated at 14,300, of which,

10,3008 winter in Britain (Prater & Davies). Up to c.

1200 Sanderling may occur at Tecsmouth. As there is an
appreciable turnover of the population during the autumn,
winter and spring, more individuals use Teesmouth than

are indicated by the peak counts. The area serves as a
stopping point and a moulting and ﬁhttening ground for
birds continuing further south in autumn;

Turnstone occurring in Britain belong to two
populations; British wintering birds which breed in
Greenland and north-east Canada, and British passage
birds which breed mainly in Finland and elsewhere in
northern Europe (Branson et. al. 1979). Compared with
Sanderling, much less precise estimates are available for
population sizes, but at least 12,000 Turnstone winter
around the British Isles (Branson et. al. 1978) of which
c. 350 winter at Teesmouth. Turnstone are normélly =

considered a bird of rocky shores.

Study Sites

Two main habitats arc utilized by Sanderling
and Turnstonealong che coast south of the River Tees
(Fig. 1.1). 'The calcareaous sandstone outcrops, Coatham
Rocks and Redcar Rocks, form the main low water feeding

zones, along with the slag-piles or "German Charlies",



Figure

1.1'

The coastal rock and beach areas south
of the River Tees. Insert in right hand
corner shows the location of the estuary

in northeast England.

S.5.5.1.~ Site of Special Scientific
Interest

B.5.C,~ British Steel Corporation

I8,
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adjoining South Gare. The other main habitat is the sand
beach area of Coatham Sands and Redcar Beach. Additional
habitats are the outcrops of Saltburn, approximately

8 km south of the main feeding area and Bran Sands,

the only remaining intertidal flats on the south side

of the estuary. The most productive area of the "German
Charlies" and the rock outcrops are exposed for about

two hours either side of low water onegpring tides and
somewhat less on neaps. The coastal sands, while being
available for most of the tidal cycle are generally

considered 'exposed' only when wave-washed.

Contents of the Thesis

In Chapters 2 and 3, I explore, respectively,
the distributions of the main invertebrate prey of
Sanderling and of the birds themselves, and discuss the
relations between predator and prey. I ask first what
would be the expected distribution of Sanderling and then,
what is the observed distribution of the birds. If
differences occur, what are the possible reasons to
account for the differences?

Chapter 4 presents a detailed analysis of the
foraging methods and behaviours used by Sanderling
when feeding on invertebrates on sandy. beaches. What
are the factors affecting the foraging patterns of

Sanderling and how are constraints incorporated into



their feeding strategy? Chapter 4 is the most importani.-
of the thesis. The results of this chaptet are used to
discuss the importance of social behaviour in modifying
feeding dispersion patterns. I discuss the disparity
between laboratory studies and field-based studies, and
the need to guard against careless extrapolation.

Additional information on movement of Sanderling
between feeding sites north and south of the River Tees,
and on year-to-year survival of Sanderling, collected
during the study, are presented in a special Appepdix
(3.1).

Chapter 5 considers aspects of social behaviour
of foraging Turnstone at Teesmouth. A look at aggressive
patterns helps to understand the mechanisms leading to

their observed distribution. In a special Apperdix (5.1),

I consider foraging behaviour on Turnstone breeding

grounds in Finland, where foraging is set in the context
not only of individual survival but of increasing survival
chances of chicks. The discussion which closes this
Appendix, compares Turnstone behaviour in the very
different contexts of winter survival and the breeding
season,

Finally, in Chapter 6, I discuss similarities
and differences between the foraging of Sanderling and
Turnstone in the light of their degree of opportunism
shown in exploitation of new food :ourees and the extent
to which social behaviour functions in allowing birds to

successfully utilize their habitats.,



CHAPTER 2. DISTRIBUTION AND DENSITIES OF THE INVERTHBRATE
PREY OF SANDERLING ALONG COATHAM SANDS

2.7 Introduction

Studies on intertidal zonation:. have centred on
rocky shores, where the distribution of the macrofauna is
an obvious feature (Fltinghham 1971). Although particulate
shores have a shallower gradient than thdse of rocky
shores, the fauna inhabiting them show zonal patterns
(Newell 1970). Beach~inhabiting species can occur over
very wide ranges of tidal heights (Watkin 1940). The
gzonation of beach macrofauna have important consequences
on their predétors' feeding strategies.

A series of sampling programmes was undertaken
to determine the distribution and abundance of the
potential beach prey of Sanderling. Three main questions
are posed: i) what are the distributions of the
macrofauna on Coatham Sands; ii) what is the predictability
of the prey species (how do the distributions change
from one sampling date to the next); and iii) do the prey
exhibit regular, random or clumped dispersion patterns.

Although all invertebrate macrofauna were
retained during sampling, the study focused on the three
species of greatest importance; the polychate Nerine

Cirratulus (Delle Chiaje), the amphipod Bathyporeia

pelagica (Bate) and the isopod Burydice pulchra (Leach).




These species have been studied throughout the British
coast and each has been shown to occur in rather well
defined zones. Brady (1943) found that Nerine favoured
prolonged periods of exposure between tides and thrivgd
on clean sand, occurring to a depth of 22;5 cm., At

the very exposed beach of Stoupe Beck (Gray and Rieger
- 1971), Nerine was the dominant polychaete, Eggyg;gg
prefers the upper beach and occurs in the top 5 cm of
sand (Brady 1943). Scott (1960) reported kurydice being
found over the entire beach at Village Bay, St. Kilda,
with a maximum distribution around mid-tide level.

Four species of Bathyporeia are usually mentioned in

intertidal studies (McIntyre 1968, Newell 1970). All
four species show a definite zonation, with one species
replacing the next from high-tide mark to low-tide mark
(Watkin 19%9). While the species found in the coastal
sands at Teesmouth is mainly B. Pelagica, some B. pilosa
probably occur. On exposed shores, B. pelagica is the
dominant amphipod (McIntyre 1968, Gray & Rieger 1971).
No major behavioural differences occur between these ..
two species and all further reference is made to B.
pelagica. Behavioural and seasonal patterns of the
three main prey species are discussed when considering

the'poséible constraints the prey place on the Sanderling.



2.2 Methods

Sampling was done on Coatham Sands (the major
feeding area of the Sanderling) during the winters of
1977-78 and 1978-79. All samples were returned to
Durham in labelled polytheme bags and washed through
. a 20 mesh per inch (mpi) sieve over a 30 mpi sieve.

The 20 mpi sieve petained the larger crustaceans and
polychaetes. Polychaetes'as small as 4 mm were retained
in the 30 mpi sieve. After preliminary extraction of
animals from each sieve, the remaining contents were
washed, from the opposite side, into a large metal pan.
All animals on the bottom of the pan were collected

and the water, which contained the swimmingiindividuals,
was poured into a 100 mpi sieve and the animals extracted.
If much coarse material remained, a few drops of 10%
formalin were added to make the crustaceans active,

aiding in their collection., All animals were preserved

in 70% alcohol. Extraction was done on the day of
collection or the samples kept in a 10° ¢. temperature-
controlled room until extraction, during the following
48 hours.

Three sampling programmes were undertaken: .
i) five major trangects were sampled (Fig. ?1) with .
stations from 20 m to 190 m below the High Water Mark
(HWM) to examine zonation of invertebrate prey (sampling

stations were 20 m, 30 m, 40 m, 50 m, 60 m, 70 m, 80 m,



Figure

2-

1e

The five transects along Coatham
Sands. High Water Mark (HWM) and
Low Water Mark (ILWM) are labelled.
The extent of the beach above the
HWM is also shown. Beyond transect
5 is located the Ducky, the raised
area of beach where flocks of

roosting Sanderling gathered.

Areas along Coatham Sands were labelled
I through K with the transects occurring

as follows:

" = Transect 1
G - Transect 2
H - Transect 3
I - Transect 4
J - Transect 5
K - Beyond Transect 5, including the

Ducky.






i

90 m, 100 m, 130 m, 160 m and 190 m below the HWM);
ii) alongshore sampling (parallel to the tide) in the
zones of highest prey densities; and iii) intensive
local sampling to determine prey dispersion. The HWM
was set as the level reached by a mid-level tide'(B.O m).
The five major transects were chosen in the two areas
of beach of greatest physical differences; slope, sand
grain size and wave action. Transects were sampled

in November 1977, January, February, Marbh, August,
November and December 1978, and February 1979. Size
distribution of all major prey were determine&rfrom
preserved specimens collected in Februvary, March,

August and November of 1978, Tor Bathyporeia and

Kurydice, the length of individuals from 1.5mm to

6.5 mm were measured on a calibrated dissecting
microscope to the nearest 0.5 mm. Lengths of Nerine
were measured to the nearest 1.0mm by laying worms on
a plate of glass placed over graph paper.

The five transects also formed the reference
points for recording the feeding observations on
Sanderling. Counts of the birds were made in reference
to these transects.

To determine alongshore distribution, a sample
(1/128 m2) was taken every twenty metres from transect
% to 150 metres past transect 5 at 70 m below the HWM
on 10/4/1978 (75 samples). On 11/5/1978 the above

procedure was repeated for three beach levels; 50m,
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70 m, and 90 m below the HWM (225 samples). Samples
collected on 11/5/1978 were used to examine size
distributionirof Nerine.

Determination of dispersion patterns was-
carried out in November and December of 1977 and March
of 1978. On 26/11/1977, 64 samples (corer diameter
of 3.7 cm, depth of 6 cm) were taken at 50 m and 60 m
below the HWM at transect 5. A sample was taken in the
centre of each 10 cm x 10 em square in an 80 cm x 80 cm
grip (64 equal sections). On 3/12/1977 the November
procedure was repeated, at transect 3, 50 m below the
HWM, with a corer of diameter 2.3 cm.. Tach sample was
taken tb a depth of 12 cm and divided into two 6 cm
sections. Two additional sets of samples were taken
on 12/3/1978; the first at transect 3 (50 m below the
HWM). Samples were taken in three twenty-sample rows
(60 samples). Jlach sampling site was one metre from
adjacent sites. Fach sample was divided into two 6 cm
sections (corer diameter of 2.6 cm). The second set of
samples was at transect 5, 90 m below the HWM where
three fifteen-sample rows were taken (45 samples).

Bach sampling site was one metre from adjacent sites.

Samples were taken with a corer of diameter of 6.2 cm.

e



1

2.3 Results
2.%a Transect sampling

Data for main transeet sampling are presented
in Appendix 2.1, Nerine contributed the majority of
individuals on all eight days (Fig. 2.2) The general
distribution pattern of the three main invertebrate
species is presented for 2/1978 in Pig. 2.5. The
widespread distribution of Nerine, with upper-beach
peak density and down-the-beach shift at transect 5,

was the dominant pattern. Bathyporeia and Furydice

reached their highest densities at transect 5.

In analyzing patterns of Nerine distribution,
transect 5 has been separated from transects 1 to 4
on the basis of major differences, as tested by the
Spearman rank coefficient and the Kendall coefficient

of concordance (Siegel 1956).

1%,

Sampling stations of transects 1 to 4 were
ranked according to their Nerine density and tested by
the Spearman rank coefficient and the Kendall coefficient
of concordance. When the density pattern of each transect
is compared with each other transect, there were 45
within-sampling date comparisons; - 20 were significantly
similar by the Spearman coefficient (rho) with one negative
correlation (Table 2.1). In the Spearman test, the

ranks of case values of two variables (transects) are



Figure

2.2,

The proportion of individuwals contributed
by each species on the eight days of
transect sampling (1977-79).

Nerine (Open boxes), Bathyporeia

(Diagonals) and Burydice (Solid boxes).

All species collected considered. Total

percentages for each day need not‘equal
100%.

%,



6461 3 8610 8L6LN 8.6LBV GL6LIN 86l 4

8L6l Or

bIE

N

LL6L N

i




e A

ST

_Fig;urw; 2.5
The pencral distribution patterns
Tbr Lhic ﬁﬁrhq’main prey of
' SQnduvling from main sampling

..prruury 1978, ipgure shows
dencitios in relabion to'motrcs
below Lhoe HWM. ﬁatterns are
~shown for transcct 2 and

Lransecet 9.
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Within sampling date comparison for Nerine

distribption patterns, transects 1 to 4.

Significant levels based on the Spearman

coefficient (rho).”

TABLE 2.1

November 1977

Ty ==

T2 0.01 -—

Iy 0.001 0,01

T, 0.05 0.01
T 2

February_ 1978

Ty, ---

T, 0.05 -

T3 N.S. 0.01

T, 0.01 N.S.
T1 T2

Aggust 1978

T, ---

T2 N.S. ——

T3 N.S. 0.001

T4 N.S. N.S.
T, T,

£ T, aet SQMPMC"

133 Ne,ic\cd*\'\l‘?» Cer 4\g\c\4~\‘0v)

January._ 1/ 8%

T, ===

Ty 0.05 -

T4 0.0j 0.05
T, T3

March 1978

T, ---

T, 0.05 -—

T3 N.S. N.S.

T4 N.S N.S.
T1 T2

T, ---

T, 0.05 -—

T3 N.S. 0.05

T, N.s. 0.05
T, T,

February 1979

T, ---

T, 0.01 ===

I; N.S. N.S.

’l‘4 N.S. N.S.
'l‘1 T2
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tested, with +1 for two identical rankings and -1 for
exactly opposite rankings((MIDAS operational manual

1980). Transects 1 and 2 showed similar distribﬁfion =
patterns on five of seven days and transects 2 and 3
showed similar patterns on six of eight days (Table 2.2).
Analysis by the Kendall rank correlation coefficient

(tau) gave very similar results.

The similarity of distribution patterns in
Nerine was also measured by Kendall's coefficient of
concordance (W). This is a linear function of the
arithmgtic mean of all the pairwise Spearman's rho
coefficients, expressing the degree of association among
a number of varibles (transects) (Siege1‘1956). The
measure of concordance and their levels of significance
for each sampling date are given in Table 2.3, Values
for W range from O to 1, with O signifying no agreement -
and 1 signifying complete‘agreement with the set of
rankings., December 1978 was the only sampling month
lacking a significant level of concordance. Distri-
bution patterns in transects 1 to 4 were similar.

Figure 2.4 shows the distribution of Nerine at
the five transects for November 1977 and 1978, Analytical
techniques used to compare within-sampling date were
again used to compare between-sampling date patterns.,
kach transect was compared with its replicates for the
elght sampling days (seven for transect 1), Of 133

possible comparisons (28 for transects 2 to 5 and 21



TABLE 2.2

Comparison

14

3

The number of sampling days for which the following

pairs of transects were significantly correlated

(showed a similar distribution of Nerine). ZLevels

of significance at least P 0.05.

Transects
Transects
Transects
. Transects
Transects

Transects

1 and
1 and
1 and
and

and

W NN

and

& 2 W oA~ WD

Number of days correlated
5*
2-)(-

2%

¥ As transect 1 was not sampled during January 1978, only

Seven comparisons are possible with this transect.

%
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TABLE 2.3

Concordance values (w) and their significance levels

for the eight main sampling days, representing the

overall agreement in distribution of Nerine for all

transects considered- for a single day. All

N4

Significance levels refer to transects 1 to 4.

Comparison Level of
significance

Transect 1 to 5 Transect 1 to 4

November 1977 0.4181 0.8079 P {0.001
January 1978 0.5677 0.8313 P< 0.001
February 1978 0.4835 O.§80 P <0,001
March 1978 0.3775 0.5221 P<0.01
August 1978 0.4021 0.4217 P<0.05
November 1978 \0.490 0.7126 P ¢0.001
December 1978  0.1646 0.4008 n.s.

February 1978  0.5181 0.5867 P <0.01



Migure

2-4‘ . :
The distribution -of Nerine at

.the Tive transects for November
1977 and 1978.

Solid line- 1977

Bfokcn.line— 1978

All densities are shown in
relation to metres below the

HM .-
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for transect 1), 30 showed significant levels for their
distribution pattems (with one negative correlation),

as judged by the Spearman rank correlation (rho)

(Table 2.4). Concordance levels (W) were significant

for each transect in a betweensampling date comparison
(Table 2.5). For between-date comparisons of distribution

there is no suggestion of a seasonal shift in Nerine

(Table 2.6).

The mean density of Nerine within a transect

%,

can serve as a measure of potential food availability
of that area. The pattern of mean density (Table 2.7,
as determined from Appendix 2.2) suggests a high level
of predictability, in regards Nerine along Coatham
Sands. Nerine numbers in transects 1 and 5 were
consistently lower than those of transects 2, 3 and 4,
though concordance level of the pattern shown in
Table 2.7 was not significant.

As each transect represents a feeding potential
for the Sanderling, so too wifh theilevels (metres
below the HWM) of the beach. Six levels of the beach
were comﬁared (20-30 m, 40-50 m, 60-70 m, 80-90 m,
100-130 m and 160-190 m below the HWM). When densities
were averaged for the eight sampling days, there was no
significant difference between 40-50 m and 60~70 m
below the HWM. Both of these levels, however, were
significantly greater than the other four levels

(Table 2.8).
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TABLE 2 . 4 e

Between—-sampling date comparisons. Tach transect

is compared with replicates from all sampling

dates. All significant values at P €0.05 or

greater.

Transect Number of significant occurrences (based on Tho)

1 0.
7

8%

Ul R~ W N

* This includes one negative correlation- August 1978 and

November‘1978.
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TABLE 2.5

Concordance values (W) for each set of transect

replicates and their levels of significance.

Transect (W) Level of significance

1 0.3390 P £0.05

2 0.4840 P& 0.001

3 0.4877 P <0.001 . ]
4 0.%204 P<0.01 B
5 0.3956 P {0,001
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TABLE 2.7
Rank ordering of transects as determined by mean

densities of Nerine (Appendix 2.2).

November 1977 3. 2 4. 1
January 1978% 2. 4 : 3 5
February 1978 3 2. 1 4
March 1978 2 4 3 1
August 1978 4. 2 3 1
November 1978 5 3 2 4
December 1978 2 4 3 5
February 1979 2 4 5 1

i

* Transect 1 was not sampled.

(S 2 2 S )
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TABLE 2.8

Comparisons between six beach levels (metres below

the HWM) for mean densities (X) of Nerine.

Level N X S.E.

20-30 m 58 749.2 126.6
40-50 m 61 1535.5 191.5
60-70 m 62 1366.7 168.5
80-90 m 62 641.6 90.5
100-130 m 59 3%41.9 61.7
160-190 m 34 72.5 18.1

Comparisons showing significant differences.*

% d.f. P <
40-50 m vs. 20-30 m 54 119 0.001
40-50 m vs., 80-90 m 4,2 121 0.001
40-50 m vs. 1005130 m 6.0 118 0.001
40-50 m vs. 160-190 m 7.6 93 0.001
60-70 m vs. 20-30 m 2.9 118 0.005
60-70 m vs, 80-90 m 3.8 122 0.001
80-90 m vs. 100=-1%0 m 2.8 119 0.01
80-90 m vs, 160-190 m 6.2 94 0.001
100-130 m vs. 160-190 m 4.0 91 0.001
20-30 - vs. 100-130 m 5.0 118 0.005

* All comparisons show the greater level on the left.

1%
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Bathyporeia occurred in all five transects

but densities were too low and too variable to maké
detailed analysis possible except at transect 5. Where

Bathyporeia did occur at transects 1 to 4, the numbers

were highly localized. Bathyporeia exhibited a down-

the~beach shift in mid-winter, 1977-78 (Fig. 2.5).

An upper-brach level (20-70 m below the HWM) and a
lower-beach level (80-190 m below the HWM). were
designated to test whether a significant:shift occurred

in Bathyporeia during the 1977-78 winter; the relevant

comparisons are presented in Table 2.9. The shift
in distribution was tested as significant (P<€ 0.05).

Numbers of Bathyporeia showed a significant

decrease in 1978-79 over 1977-78 (Fig. 2.5). When
densities in November 1977, January and February 1978
are compared with November and December 1978 and
February 1979, a significant decrease is shown

(t=2.5 with 68 d.f., P£0.025). TFor the eight sampling

days, Bathyporeia showed significant concordance between

24 B

rankings of mean densities for the five transects

(W= 0.4531, P€0,01).



Figure 2.5

Densities of Bathyporeia from

seven mainbsampling days.
bata are paired to provide a

. comparison of numbers between
years;
Broken line- first sampling year
Squd line- second sampling year
All densities are shown in relation

to metres below the HWM.
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Table 2.9
Test of distribution shift for Bathyporeia, 1977-78.

Upper_beach = 20-70 m below the HWM.

Lower beach = 80-190 m below the HWM.

Upper beach
November 1977 vs. March 1978 N.S.
January 1978 vs, TFebruary 1978 N.S.

Lower beach

November 1977 vs. March 1978 N.S.

January 1978 vs. February 1978 N.S.

To compare upper and lower beach distributions, November
1977 and March 1978 are combined and January 1978 and

February 1978 are combined.

a. November 1977 and March 1978 combined:
Densities in upper beach significantly greater than in
lower beach,
t = 2.2 d.f. = 21 ?40&5.
b. Japuary 1978 and February 1978 combined:
Densities in lower beach significantly greater than in

upper beach,

1

t = 2,1 d.f. 22 P£0,05.
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2.5b Size distribution

bize distribution was examined for all the main

prey species collected on Iebruary, March, Ausust and

November of 1978. Bathyporeia and Furydice were separated

into sige classes of 0.5 mm intervals. C(lass sizes for

Bathyporeia ranged from 1.5 mm to 6.5 mm and for Burydice,

from 2.0 mm to 5.5 mm. As 80 percent of all Bathyporeia

measured were in size classes 2.5 nm, 3.0 mm and 3.5 mm,

and 81 percent of all kurydice measured were in size classes
2.0 mm or 2.5 mm, no further analysis as to the distribution
of the size classes were made for thesc two species.

Nerine as small as 4 mm were measured. It is
possible that Nerine smaller than 4 mm were missed. Ais
there was no simple pattern in size class distribution of
Nerine, probability paper (showing cumulative frequencies)
was used to plot the population (Fig. 2.6).

A greater proportion of very large Nerine (greater
than 18 mm) was present in August and November 1978 compared
to March and february 1978. The smallest size classes
were poorly represented in August compared to other months.
Ifor the three smallest size classes (4 mm, 5 mm and 6 mm)
the cumulative percentages for February, March, august and
November were: 30.5%, 40.2%, 12.5% and 26.5% respectively.
The increase in the percentage contribution of these
smdllest clagses, between August and November, was probably

due to growth of very small worms (smaller than 4 mm),



Figure 2.6.
Size class distribution for Nerine,
plotted on probability paper,

showing cumulative frequencies.

+«s. February.1978,
_s_s_ March 1978
~~~~~ August 1978

November 1978

%



666

66

06

1’0

£

8l

£Z

8z

133

{wu)

S3sSSD|2 2Zig



25

which were not retained during the August sampling. Joyner
(1962) found that the reproductive period of Nerine began
early in the year and was of a long duration. Pelagic
stages existed between March and October and lasted in
excess of 30 days..

Size distribution of Nerine was analyzed to test
whether the densities in different months were adequate
measures of the prey biomass present. The difference in
biomass between a Nerine of 4 mm and one of %0 mm is
considerable. Therefore, location of large Nerine may have
a8 large effect on where birds choose to feed. The relation-
ship between size distribution and tidal height was tested.
Any analysis using mean values will be highly influenced
by the large numbers of small worms. Ior this reagon I
looked at worms greater than 10 mm and those less thap, or
equal to, 10 mm.

AI-looked first at the relationship between the
proportion of Nerine greater than 10 mm at each station
against the density there. [For this analysis there were
215 samples from which 1782 Herine were measured. There
was no significant trend between size (proportion of large
worms) and density.

I then looked at size distribution with‘respeot
to tidal height. As the Nerine band was displaced down the
beach at transect 5, only transects 1 to 4 were considered.
As no seasonal trend was noted for Nofin@, the four days

were lumped. 4 2 x n contingency table was used to test

o
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I

any relationship between tidal height and size
distribution (Table 2.10). There was a significant
increase in the proportion of large Nerine at lower
tidal heights. Pigure 2.7 presents a'histogram of the
percentage of large wormsg (greater than 10 mm) at each
of the tidal heights. Sanderling rarely fed at 20 m,
160 m and 190 m below the HWM. Few size data were
available for these three tidal heights. To insure
that these three tidal heights did not affect the
results, they were excluded from a second 2 x n
contingency table. The results were again highly

significant (X°= 110.8, d.f.= 8, P€0.001),
2.3¢c  Alongshore sampling
As determined by the two alongshore sampling

days (Appendix 2.3), Nerine was widely distributed

throughout, with Bathyporeia and Burydice very

localized (Fig. 2.8a-c). Some sites held high densities
of all three prey species. The shift in densities from
transect 3 to transect 5 was clérified»by these alongshore
samplings. For Nerine, 50 m below thg HWM held
significantly greater densities than 70 m or 90 m below
the HWM for samples 1-35 (Table 2.11). In this same
region, 70 m below the HWM held significantly greater
densities than 90 m below the HWM. No significant

differences were evident for samples 36-75., Densities
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Figure

2.7,

Percentage of Nerine greater than
10 mm at different tidal heights
from transects 1:to 4. Data
taken from same four sampling
dates, (February, March, August
and November 1978). as used in

Table 2.10,
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Figure 2.8a-c.
Summaries"fér alongshore sampling,
May 1978, The 75 samples at |
each level (one sample taken
every 20 m) are divided into
15 5-sample segments, with
éach successive segment
averaged: 2.8a Nerine

2.8b Bathyporeia

2.8¢c lurydice
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TABLE 2.11

Average density for Nerine along Coatham Sands,

from transect ?» to beyond transect 5. Sampling

from parallel procedure of May 11th, 1978

(Appendix 2.3); 50 m below HWM (A), 70 m below

HWM (B) and 90 m below HWM (C).

i

X S.E.
Samples 1-35
A 1426.3/m° 142.3  AB, P£.0.001
B 625.4/m” 93.1  ADC, P 0.001
G 201.1/m° 55.6 B C, P<£0.001
Samples 3%6-75
A 1270 . 4/m° 232.9  N.S.
B 1264..0/m° 140.9  N.S.

C 1146 ,0/m?, 254.6  N.S.
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of Bathyporeia increased significantly at samples

36-73 (Table 2.12). Numerical distribution showed no

pattern for Bathyporeia in samples 1-35. Tor Bathyporeia,

numbers were greatest at 50 m below the HWM at 36-73
(significantly greater than 70 m below the HWM,

p<0.025, with no significant difference with 90 m

below the HWM). LEurydice was most abundant at 50 m

below the HWM for samples 1-35, although not significantly
so with 70 m below the HWM (Table 2.13).: For samples

56-7% significanly higher densities were located at

1%

90 m below the HWM.

Very small Nerine (4 mm, 5 mm and 6 mm)
comprised a very high percentage of the total densities
at 50 m below the HWM (51.1%). At 70 m and 90 m below
the HWM these size classes contributed 26.9% and 17.4%
respectively. A highly significant increase in the
proportion of large worms (greater than 10 mm) occurred
at the lower tidal levels (data from alongshore sampling,
Table 2.14). At 50 m below the HWM the highest Nerine
densities were located, with the area most abundant

in large Nerine at 70 m below the HWM.
2.3d Dispersion patterns
sampling for dispersion patterns was carried

out on 26/11/1977 (Appendix 2.4). At 50 m below the HWM

(transect 5) no Nerine were found and at 60 m below the



1%

30

TABLE 2.12

Average density for Bathyporeia along Coatham

Sands,_from transect % to beyond transect 5.

sampling from parallel procedure of May 11th,

1978 (Appendix 2.3); 50 m below HWM (4), 70 m

below HWM (B) and 90 m below HWM (C).

X S.E.
Samples 1-35
A 98.7/m” 34,0 n.s.
B 65.8/m° 21.9 n.s.
c 25.6/m° 13,7 n.s.
Samples 36-73
A 609.7/m° 169.5 APB, P<0.025
B 171.8/m° 47.4

o | 299.8/m° 7.3
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TABLE 2.13

Average density for Furydice along Coatham Sands,

from transect 3 to beyond transect 5. Sampling

from parallel procedure of May 11th, 1978

(Appendix 2.3%); 50 m below the HWM (A), 70 m below

HWM (B) and 90 m below HWM (C).

X S.E.
Samples 1-35
A 307.2/m° 60.6 A>C, P <0.001
B 256.0/m° 82.6 B>C, P<£0.025
c 62.2/m° 16.9
Samples %36-73
A 158.3/m° 58. 5 C >4, P¢0.001
B ‘ 294.0/m° 48. 1 C»B, P<0.001

a | 728.5/m° 105.5

i
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TABLE 2.14

Table showing numbers of large (greater than

10 mm) and smaller Nerine at three tidal heights

(metres below the HWM).

Tidal Height Totals

50 m 70 m ,90 m e
Sigze category |
> 10 mm 83 213 128 424
< 10 mm 346 318 165 829
Totals 429 531 293 1253

X = 62.2

dofo = 2

P& 0.001
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HWM only two Nerine were found (depth of 6 cm). The

more extensive data for Balhyporeia were subjected to

analysis by the Index of Dispersion measure (Southwood
1966). Using X°, the extent to which the distribution
conforms to a Poisson model can be tested.

X7 = §3 (N-1) where 57 = variance, N = number of
"‘X‘“v:

samples and X = mean. If the distribution is Poisson

the value of X° will not lie. outside the limits of

%% for N-1. Where X° does conform, the Index of

2

Dispersion, X“ = (N-1), will approximate to unity.

An index value of zero implies a regularly distributed
population and a value significantly greater than 1
implies aggregation. Samples taken at both tidal

heights, (dispersion indicies were 1.8, X2 = 113%.2 with

N = 64 and 4.1, X°

= 255.1 with N = 64, respectively),
were significantly greater than 1 (P €<0.001), indicating

a clumped dispersion for Bathyporeia. A second stage of

analysis lumped the 64 samples, at each tidal height,

into 16 four-square samples. The dispersion index at

50 m below the HWM (0.93%, X2 = 14.0 with N = 16) was no

longer significantly different from 1 and the index

for the 60 m site was reduced to 1.5 (X2 = 80,9, with .-

P still € 0.001). Although the sample size was small

(16) thesc results suggest that the clumps of Bathyporeia

were also small in size. In situvations where Bathyporeia

are being taken from the sand by Sanderling, both the

dispersion patterns and the actual size of the patches
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of prey are important.

Analysis of the Index of Dispersion for the
64 samples collected on 3/12/1977 (Appendix 2.5) showed
no clumping for Nerine. Of the 205 Nerine collected,
155 (77.6%) were in the bottom half of the samples
(lower 6 cm).

On 12/3/1978 the Index of Dispersion for Nerine
(transect 3 at 50 m below the HWM) was 2.2 (X2 = 125.7
with N = 60), significantly greater than:1 (P< 0.001),
indicating a degree of clumping (Appendix 2.6). OCf the
156 Nerine extracted, 122 (89.7%) were in the bottom
section of the samples (lower 6 cm). Only six

Bathyporeia and eleven furydice were found. Also on

12/%, sampling was undertaken at transect 5, 90 m below

the HWM (Appendix 2.7). For both Bathyporeia and

Furydice the indicies were significantly greater than 1

(2.1, %2 = 96.% with N = 45 and P<0.001, and 7.3,

X2 = 312.% with N = 45 and P<0.001, respectively)
indicating clumped distributions. The index for Nerine,.
1.9 (X2 = 76.3 with N = 45) was also significantly

greater than 1 (P<0.01).

A major constraint of any predator is the
distribution and population dynamics of its prey. Tor

vanderling at Teesmouth, the study of its invertebrate
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prey provides the basis for an understanding of the birds'
observed distribution (Chapter 3) and may help to account
for the large number of Sanderling that winter at
Teesmouth,

Nerine has becen shown to have a very wide
distribution (McIntyre 1968). It is generally abundant
only in the upper half of the tidal range (Pierrie et.
al. 1932 and Rees 1939). Maximum densities of Nerine
at Stoupe Beck were only 16O/m2 (Colman énd Segrove
1955); at Kames Bay, 464/m> (Watkin 1940); and at
Firemore, 1184/m2 (McIntyre 1968). At Firemore, only
three samples (from 80 stations) held densities greater
than 500/m2 (mean density was 1O7/m2 + 19.2). The
alongshore data at Coatham Sands showed both the
widespread distribution of Nerine and its consistently
high densities (147 of 300 samples had a density of -
1OOO/m2 or greater, with the highest density at 10,24O/m2).

The pattern of distribution of Neri ne was
similar in transcects 1 to 4 throughout the year and
between sampling years. Brady (1943) found that the
gzoning of Nerine was similar in March and November with
a "generrl increase to seaward in the density of Nerine'.
At Coatham Sands thelband of Nerine density was highest
at a beach level of 40 m to 70 m below the HWM.

The increase in the proportion of large Nerine
at lower beach levels suggests (from the alongshore data)

that Sanderling should concentrate feeding efforts at
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70 m below the HWM around transect 5. Although Nerine
densities at transect 3 were highest at 50 m below the
HWM they were low at 70 m and 90 m below the HWM. This
meant that although feeding could occur at lower levels

birds should either feed on Bathyporeia/kurydice (when

available) or proceed to transects 4 and 5. Transects

2 and 4 consistently held the highest densities of Nerine.
With nearly 50% of Nerine in the three smallest size
classes at 50 m below the HWM (alongshoré data) movement
to transect 4 and beyond should be an advantageous
strategy for Sanderling, if : i) transect 2 is
unavailable because of density-dependent factors arising
from conspecifics, or, ii) if the tide has risen to

50 m below the HWM or higher.

The transect data showed that although patterns
were similar throughout Coatham Sands, there was a choice
in potential availability of prey amongst the transects.
Both from previously sited literature and from the
samples of %/12/1977 and 12/3/1978 it is clear that a
large proportion of Nerine were beyond the foraging
depth of Sanderling. As sampling was done some hours
after the tide had receded, worms may have moved
vertically downward to avoid desiccation. The availability
of Nerine may approximate recorded density much closer
as the beach becomes wave-washed., The ability of Nerine
to withdraw to deeper layers on the retreating tide

(Watkin 1940) allows it to survive several hours of
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exposure to drying.
The percentage of very small size classes
(Fig. 2.6) throughout the ycar suggests a constant
recruitment of Nerine. Despite heavy Sanderling
predation (Chapter 4) there is no indication of even
partial depletion of Nerine over the winter. Iven
with very consérvative estimates, the Nerine population
can be set at well over 100 million for the area of the
five transects along Coatham Sands. Joyﬁer's observations
(1962) suggest that the first pelagic individuals should
begin settling in April-May. This could account for
the small proportion of very small Nerine in Aﬁgust. =
The lengthy reproductive period of Nerine may provide
the Sanderling with an important renewable food source.
Although highly localized, the densities of
Burydice were considerably higher than those reported
for other studies (Watkin 1942 and McIntyre 1968). The
activity patterns of purydice have been the subject of
several studies. Jurydice has been shown to rely on
wave action to wash them into the sand (Jones & Naylor
1970). As predacious animals, they seek their prey
within the tide. Fish (1970) states that they are
synchronized by wave action and that their activity
pattern is reinforced by hydrostatic pressure changes.
They have been found to be photonegative when vwéll~fad)

entering the water only when necessary (Jones & Naylor

1970). The swimming behaviour of kurydice has been
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correlated with the time of high water of spring tides
(Fish 1970); this may help insure that the animals are
not stranded. In the laboratory; Furydice has been
entrained to an endogenous circa-tidal activity rhythm
of emergence and swimming by being stimulated at periods
of high water on spring tides (Hastings 1981). Enright
(1968) has shown entrainment for another isopod; =
pxcirolana. In the field, Furydice, "swim at the

water"s edge in surf and breaking waves Qhere turbulence
is greatest. This shallow area offers some protection
from marine predators and will also be a region of high
food availability whether such Tood. is suspended infauna
or flotsam" (Hastings 1981). Protection from predation
is likely to play an important role in the activity
patterns of lurydice. Studies on the food of Plaice

off the Cumberland coast in the Irish Sea showed that

of the isopods taken, they were almost exclusively

burydice pulchra (Pentrcath and Jefferies 1971).

Bathyporeia sp, were the principle amphipods taken.

such activity patterns of jurydice may have important
implications on Sanderling feeding in the area of the
waves,

Unlike furydice, Bathyporeia feeds on sand

particles and need not come into the water (Watkin 1939),
although they were found to be common on the edge of the
incoming water., Bxperiments in the laboratory showed

a peak activity in the darkness on the early ebb and a



39

smaller peak prior to high water., Knight-Jones and
Morgan (1966) referred to this type of activity patterm
as "ebb~transport", where falling pressure promotes

swimming. However, as Bathyporeia showed a similar

zonal distribution in the sand as in the water (Watkin
1939) one might expect more activity prior to high
water 1f resettlement is to be possible. Light has been
found to have an inhibiting effect on the swimming

activity of Bathyporeia and may account for greater

night activity (¥Fincham 1970). McGrorty (1972)

observed that Bathyporeia left "tracks" on the surface

of the sand. These "tracks" were also observed on
Coatham Sands and may have provided a valuable visual
cue for Sanderling. Sanderling would congregate in

areas of high Bathyporeia densities and feed in areas

of "tracks" just prior to the area being covered by
the tide. The rising pressure of the interstitial

water might have been activating Bathyporeia. Watkin

(1939) suggested that movement into the water aided

Bathyporeia in its double breeding cycle in each month.

Although Coatham Sands is very limited in its
species composition, those specles present occur in high
densities, either throughout or in localized areas.

If density is any indication of availability, we can
expect Nerine to form the basis of the Sanderling's

foraging efforts., Any environment contains a number of
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constraints for animals inhabiting it. While Nerine is

widespread and abundant throughout Coatham Sands,

Bathyporeia and Jwrydice are highly clumped and extremely
localized. Vertical tide-controlled movements have been
found to be common amongst Polychaeta, Amphipoda and
Mollusca (Vader 1964). Movement and cycles of the tide
affect activity of the prey and their subsequent
availability. Myers et. al. (1980) have shown (for
laboratory-tested Sanderling) that prey.size, prey
depth, microdistribution of prey and substrate
penetration can all affect the feeding performance of .
birds. |

‘From this general invertebrate survey it is
clear that without such a base, numerous assumplions
would be forced upon the observer. This chapter has
dealt with some of the most considerable constraints
encountered by the Sanderling. 1In subsequent chapters
I will discuss other constraints and show how these
constraints help shape the actuval patterns of the

Sanderling's foraging behaviour.
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CHAPTER 3. THE DISTRIBUTION OF FORAGING SANDERLING IN

RELATION TO THE DISTRIBUTION OF THEIR FCODS

5.1 Introduction

Little is known about the feeding habits of
Sanderling. Probing in wetl sand, feeding in the wave body
and foraging along the strand line, left by receding
waves, are the main foraging occupations.. Townsend (1920)
recorded Sanderling probing for sand fleas and other
crustaceans and stated, "1 have a record of one I shot

in 1884, whose stomach was stuffed with small specimens.

of the common mussel, Mytilus edulis". Bent (1962)
records Sanderling taking, "sand fléas, shrimps, and other
small crustaceans, small mollusks, marine wormé; flies,t
fly larvae, and other insects, and sometimes a few seeds",
Observations on feeding individuals at Bodega Bay,

California, have shown Sanderling to be taking megalops

of bmerita analoga and the isopods Lxcirolana linguifrons

and K. kincaidii (Myers et. al. 1980). Sanderling take
these isopods by probing in the substrate (tactile method)
or as the isopods risc out of the substrate and swim in
the wave wash (visual method).

The feeding activity of waders is partly determined
by tide time (Burger et. al. 1977 and Myers et. al. 1981).
This sets constraints on feeding, influences foraging
strategies and brings birds into close contact, thus

increasing the likelihood of aggression (Recher & Recher 1969).
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The location of the tide can affect prey activity, and
thus availability, as well as the birds' ability to
penetrate the feeding substrate (Myers et. al. 1980).
Burger et. al. (1977) found that on the outer beach (ocean
side) of C}a?&— anfj , Sanderl ing reached peak abundance
after low tide with a secondary peak after high tide.

Much roosting occurred between these times. In this area,
Sanderling fed exclusively on water-covered sand. On

the inner beach, where there was negligible surf action
Sanderling fed on the water's edge.

This chapter describes the general movement of
Sanderling within their south-side habitats, including an
analysis of roosting location and patterns. Having provided
an overview, I then give a more detailed analysis of the
correlation of prey density with bird location. The tide
determines where the birds can feed by altering prey -
availability and activity, and substrate penetrability.
The question of where the birds are feeding when the major
prey is made available is addressed. I then describe 7
factors which alter the general pattern and anélyze daéé
on group size in foraging Sanderling. Finally, I discuss
the ways in which movement of the birds affect their

general ecology.
3.2 DMethods

Counts of Sanderling were made from a Landrover
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driven along the upper beach., All counts were taken with
reference to the five sampling transects. After high water
the upper beach often held enough water to make driving
there dangerous, so that more counts were made on rising
than falling tides. Counts were taken throughout the
winter period (late September to early May) with as
even a month-by-month distribution as possible. Several
counts were occasionally made on a single day. This was
not possible on most days. All roostingzand colour-marked
Sanderling were noted.

During 1977-78 the size of feeding groups was
determined along with the total number of birds within
the five transect areas of Coatham Sands. Group size was
determined by means of a commentary, spoken into a tape
recorder while driving along the beach. Closeness (not
exceeding five metres) and observable directional
coordination in movement were used to define the 1imitéiof

a foraging group.
3.3 Results
3.%a General distribution

vuring each tidal cycle Sanderling changed their
feeding sites progressively along a % km stretch of beach,
spending the low water hours at Coatham Rocks, Redcar Rocks

or Redcar Beach, then moving northwards, reaching the bay
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at transect 5 one or two hours before high water. Cn the
ebbing tide the pattern was reversed (Fig. %.1).

vanderling made their first appearance on Coatham
sands one hour after low water but did not occur in
appreciable numbers until two hours after low water, when the
flood tide began to cover the main zone of Nerine. ‘Transects
1 and 2 (F-G) were the initial feeding arcas for a large
proportion of the birds, with a gradual movement of

sanderling continuing along Coatham Sands (Fig. 3.2). Ey

tr

low water plus 4.5 hours the main Nerine zone was covered

o

at transects 1 Lo 4 and the birds concentrated in the limited

areas of beach where Bathyporeia and furydice were available,

namely at transect % and further north. The birds remained
in this area until high water plus one hour, either
roosting or feeding.

buring the perio

I between HW #+ 1 ad HW o+ 2,
the birds bepan moving back towards Redcar Rocks. Birds
flew back in groups of 5 to 30 birds or fed along the beach
while moving south, Ry LW + 3 few bvanderling, if any,
remained on Coatham Sands.

Sanderling at the Kedcar area could be separated
into three proups: bivds foraging on the rocks, birds foraging
on Redcar Ieach and rcostipg individuals. tig. 3.3 shows the
number of Sanderling fedding at kedcar Rocks during spring
tides and neap tides. Sanderling were present on the rocks

between HW + 3 and LW + 2.
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Migure

5.

Average numbers of Sanderling on Redcar
Rocks (Q) and Coatham Sands (@)
throughout the tidal cycle during the
1977-178 winter (late September to early
May). 3roken line shows numbers of
roosting individuals on Coatham Sands.
Fipures for Redcar Rocks and Coatham Sands

based on 56 and 84 counts, respectively.

N2
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Figure %.2, o .
Percentages of total Sanderling
(Urdinate) on Coatham Sands in the
five areas at different times aflter
Low water. Unly feeding individuals
were considered.,  This data is taken
only from counts during neap and
mid-tide days, (tide not greater than
5.% m). Counts were based on neap-
tide levels (thus low water plus five
hours on a necap tide and low water
plus four hours on a mid-tide were

equivalent).

vee flgure 2.1 for description of arecas

I to K.
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Figure

5.

z

Je

thbers of banderling feeding on
Redcar itocks (1977-78). Solid
symbols represent counts on spring
tides and open symbols represent
counts for neap tides. wmach symbol

represents a single count.
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3.3b Roosting vatterns

roosting at Kedcar rocks showed a seasonal trend,
being frequent during Sceptember-November and becoming less
frequent in early December, as beach feeding was becoming
more frequent. ‘This pattern was similar for the two years,
1976-T7T7 and 1977-78. Roosting at Redecar Rocks again
became more Irequent in carly April. Roosting was more
frequent before low water.

The second main arvea used by Sanderling for
roosting wags Coutham Sands, mainly in the area beyond transect
5, where a large expanse of upper beach remained uncovered
at high water (iig. %.4). Noosting along Coatham Sands
varied with the season. Throughout August and September of
1977,most birds roosted there over high water. By
November few Sanderling were roosting and with less regularity,
not becoming frequent again until March of 1973. Cn spring
tides, birds began rcosting at LW + 4 and left'the roaét
at W + 2. Most of the reoosting on neap tides occurred

after high water. Table 3.1 summarizes the general patterns

of Sanderling movement.



Pigure

3.4,

Numbers of Janderling robsting on
Coatham Sands.  Open symbols

represent spring-tide roosting

and solld symbols represent U -
roosting during all other tidal
heights.  wach symbol represents
a singlo countb. Counts are taken

from 1976-77 and 1977-178.
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TABLE 3.1

HW+1

dW+2
HW+3

HW+4
EW+5

Lv
Lw+1

Lw+2

LW+3

LW+4

Summary of Sanderling movement along coastal

rocks and beaches.

Roost at Coatham Sands.

On neap tides may feed on Coatham Sands over HVY.
Movement south begins at Coatham Sands.

First arrivals at Redcar Rocks.

Some individuals continue to roost at Coatham

Sands, (neap tides).

Continued appearance at Redcar Rocks.

Rapid increase of numbers at Redcar Rocks.,

Almost complete disappearance from Coatham Sands.
Most birds at Redcar Rocks and feeding.
Pronounced roosting at Redcar Rocks.

Iew birds moving to Redcar Beach and some

individuals radiating further south.

1

Birds continue to move onto the beach at Redcar.
Sbme birds moving onto beach and out of the area.
Birds continue tomove to Redcar Beach.

First appearance of birds on Coatham Sands.

Rapid decrease of birds at Redcar Beach and Rocks.
Spring tides- few birds may remain at Redcar.
Areas F-I heavily used at Coatham Sands.

Rapid increase of birds on Coatham Sands.

Slow build-up at areas J=K.

-Main band of Nerine exposed.

Merine band exposed; soon to be covered.

Large shift from F-I to J-K occurs.

Roosting begins on Coatham Sands)(spring tides).
Almost 60 percent of the birds in J-K.

Roosting continues at Coatham Sands.(spring and

neap tides).

46
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3.3c Nerine densities at Coatham Sands and the location of

foraging Sanderling-the test of some field data

In Figs. 3.5 and 3.6, the location of the tide
(metres below the HWM) at each hour after high water and
the Nerine densities at each location are presénted. -€an
these be used to predict the location of foraging Sanderling?
FMig. 3.6 suggests that if Nerine densities are the main
determinant of Sanderling foraging location (given the
location of the tide), Sanderling should be most numerous
at transects 1 to 4 at ZOvm to 90 m below the HWM (HW + 1
to HW + 3 and, LW + 3 to LW + 5; see Fig. 3.2). 1 tested,
by regression analysis, for a relationship between the
number of foraging Sanderling at points along Coatham
Sands and Nerine densities. No correlation existed. Thus
Nerine densities alone can not predict the location of
foraging Sanderl ing. Due to the high patchiness of the
crustacean prey, a similar'analysis could not be performed.
The constraints which determine the distribution of
foraging Sanderling will be fully detailed in the

discussions of Chapters 3 and 4.
3.3d Factors altering general patterns
Deviations from the distributions described in

3.3a occurred occasionally during the winter period.

During a severe cold spell in January and February 1978,



Figure

Figure

3.5,

3.6,

The location of the tide and the density
of Nerine at transect 5 for each hour

after high water.

The location of the tide and the density
of Nerine at transects 1 to 4 for each

hour after high water.

Legend for Figurés 3.5 and 3.6:
©) Neap tide

(@) Spring tide

0-500 Nerine/m®

S
H

501-1000 Nerine/m°

greater than 1000 Nerine/m2

%
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Coatham Sands was inundated by thousands of roosting gulls.
Sanderling avoided feeding in these areas for several
tidal cycles. On January 25th, thousands of gulls were
loafing on Coatham Sands and Redcar Rocks. At low water,
only 20 Sanderling were at Redcar Rocks, while a flock
in excess of 300 were seen at the tip of Saltburn Rocks,
some 8 km further south. On February 8, LW + 1, 120
sanderling were feeding on Kedcar Rocks. By Lw + 2, ..
more than 200 Sanderling were feeding on the beach at
Redcar. By LW + 3, Redcar Rocks were covered, yet only
15 Sanderling had moved to Coatham Sands. Several
thousand gulls were still present on Coatham Sands. At
LW + 4.5, no Sanderling were to be found on Coatham Sands.
At this time, 319 Sanderling were reported roosting at
Crimdon Dene, to the north of the estuary. Common Gulls
were sometimes seen in pursuit of feeding Sanderling at
Redcar Rocks and areas along Coatham Sands.

Three additional factors which modified the
expected routine of foraging Sanderling were: i) the
occurrence of wrack or coal dust along Coatham Sands;

ii) the occurrence of opened bivalves, either through
their detachment and death during cold spells or those
left opened and partly eatgn by Oystercatchers; and

iii) very strong winds, especially those blowing off the
shore.

Wrack and coal dust concentrated the birds in

very limited areas, although they did not become noticeably
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more aggressive, Large flocks of Knot, often in excess of
2000 birds, also fed on the coal dust (which contained
much Mytilus spat) and Sanderling tended to keep to the
outside of these flocks. Sanderling mixed much more
freely with Dunlin. They would often avoid Turnstone, as
the Turnstone were often aggressive towards Sanderling,
robbing them of both bivalves and crabs.

Wrack and coal dust on Coatham Sands delayed the
time of the birds' departure so that they did not move to
Redcar Beach before the Rocks were exposed. Under such
conditions, Sanderling returned to Coatham Sands after
- low water earlier than normal and reduced the time spent
roosting at high water at transect 5. 1Indeed, they often
failed to reach the area of transect 5 at any time during
the tidal cycle.

There was much fluctuation in the total numBers
of Sanderling using the south side of the estuary from one
day to the next. As with the Turnstone, Sanderling were
guick to locate large and 'unusual' food sources. ‘On
January 22 and Februvary 1 of 1977, enormous wrack beds
were present on Coatham Sands and on those days the numbers
of Sanderling using the area increased markedly (to 1024
on January 22 and to 1200 on February 1).

It was difficult to know whether the numbers of
Oystercatchers present on Coatham Sands affected the numbers
of Sanderling. By opening large mussels but not eating

all the flesh they provided an additional source of food



50
for Sanderling but probably did not actually change the
distribution. Kxploring the shells left by Oystercatchers
was a common practice for both Sanderling and Turnstone.
In most shells some parts of the abductor muscles as well
as mantle tissue were left. Sanderling actively searched
for these shells while Turnstone waited impatiently by a
feeding Oystercatcher, remaining close until it left the
bivalve. This behaviour of the Turnstone has also been
noted by Campbell (1966).

Strong winds created severe problems for feeding
Sanderling, especially offshore winds which blew dry sand
from the upper beach. Sanderling feeding out into the
waves experienced difficulties as the wind blew their
feathers about. When running up from the waves the dry
sand being blown impaired their vision. It became difficult
for the birds to maintain their very precise spacing
within the groups. On 27/4/1977 very strong winds occurred;
at HW + 1.5, 400 Sanderling were roosting on Bran Sands.

At HW + 3, 160 Sanderling had moved to Redcar Rocks and
were roosting there. No Sanderling were seen on any part
of Coatham Sands on that day.

Information regarding the distribution of
Sanderling within all of the estuary can be found in Appendix

5.1, This information will be discussed in Chapter 4.



3.3e Group size in foraging Sanderling

Sanderling moved along the beach in groups of
two or more. The move from Redcar and Coatham Rocks to
transect 5 and beyond was achieved by flying to transects
1 and 2 and mov ing north, feeding as they did so.
sanderling concentrated in stretches of tide edge 20 m to
50 m long; probably due to local concentrateionsof prey
and behavioural interactions. Where waves occurred in
rapid succession (e.g., no flattened area behind the wave
edge) the birds could not venture far beyond the edge and
were forced into higher concentrations.

Fig. 3.7 shows the increase in group size with
increasing numbers of birds foraging in each section of
Coatham Sands. In all five cases (areas F through J)
regression analysis showed a significant relationship
between group size and number of birds in the areas.
There were no significant differences amongst the five
slopes.(group size increascd in much the same rate in
each section). The composition of groﬁp sizes along

Coatham Sands is shown in Fig. 3.8.
3.4 Discussion
Waders have been shown to respond to spatial

variations in the density of their prey and to the

profitability of foraging at different sites (Goss-Custard,

1%
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3.7 (a-e).
The relationship between the number of
foraging Sanderling in an area and the
mean group size. The abcissa represents
the total number of foraging Sanderling,
for any one count in the specified area,
The ordinate represents the mean.group
size, for any one count., (For example,
in area I, on 20/9, 62 Sanderling were
in the area in feeding groups of: 1,1,
2,2,3,3,10,16 and 24 individuals, giving
a mean group size of 6.9.) Ali counts

are from the 1977-78 winter.

Area F
Slope 0.03098
r 0.52185
P {0.01 with 25 degrees
freedom
Area G ‘
Slope. 0.03113
r 0.51246
P _ <0.01 with 24 degrees
. freedom
Area H
Slope 0.03452
T 0.59638
P £ 0,01 with 23 degrees
freedom
Area I .
Slope 0.04712
r 0.63553
P ‘ < 0,001 with 23 degrees
: freedom
Area J
Slope 0.02248
r 0.84350
P £ 0,001 with 21 degrees

freedom
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Figure

3.8.

%

Groups size structure for foraging
sanderling in the five areas along
Coatham Sands. Ordinate shows the
percentage of groups represented by
the four size classes: 1, 2-4, 5-7
and groups with more than 7 individ-
uals. N is the number of groups
studied in each area. All data are
from 1977-78 winter. See text for

the criteria used to define a group.
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1970, 1979; Myers et. al. 1979). Where tidal exposure
differs in a set of habitats, waders may forage sequen-
tially in order to increase available foraging time
(Goss-Custard 1969 and Heppleston 1971). Connors et. -
al. (1981) found that Sanderling foraged amongst tidal
flats and beach areas, exploiting the most profitable
locations. Along the south side of the Tees Estuary,
the rock outcrops and the beach areas (Coatham Sands and
Redcar Beach) comprise the major foraging habitats of
the Sanderling. The switch in foraging locations between
Redcar Rocks (Beach) and Coatham Sands (Fig. 3.1) is
tide-determined. At low water the rocks are uncovered
and the inveftebrate prey are not available at Coatham
Sands; approaching high water, the rocks are covered and
the main bands of invertebrate prey are available at
Coatham Sands.

To understand the movement of Sanderling along
the beach at Coatham Sands, both the environmental con-
straints placed on the Sanderling and their general
ecology (e.g., roosting patterns) must be discussed.

The tide is the major constraint of foraging Sanderling,
for it determines where the birds are able to feed. If
Sanderling can only feed on Nerine and the crustacean
prey when an area is wave-~washed, the tide becomes the
indicator of availability. Additional constraints could
be space or behavioural constraints, physical features

of the beach or actual foraging techniques (see Chapter 4 ),
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proximity of suitable roosting sites or behaviour of the
prey specles.

The major change in Sanderling distribution
along Coatham Sands occurs at LW + 4 (two hours before
high water- HW + 10) (Fig. %.2). At this time there is a
shift from transects 1 - 4 to transect 5. At LW + 4 a
spring tide at transect 5 is at 70 m to 80 m below the

HWM. During the avtumn and spring, this was the area of

the main Bathyporeia band. From HW + 10:to HW + 11, the
most productive areas of transects 1 to 4 (40m to 70 m
below the HWM, Table 2.8) are being covered (Fig. 3.6).
At this time extensive areas of transect 5 are still open
for feeding, however, the Nerine concentrations are low.
On a spring tide the tide edge is pushed to 10m to 20m
below the HWM at transects 1 to 4 and most foraging
Sanderling are at transect 5, where the tide still has

40 m to travel before reaching the HWM. The majority of
the birds may not be 'choosing' transect 5, but rather,
they may be pushed from transects 1 to 4 by the tide.
When the tide is at HW + 9 to HW + 10 (LW+ 3 to LW +4)
Nerine densities are at their highest at transects 1 to 4
and few birds are moving into transect 5. WNo relationship
could be established between the location of Sanderling
and the densities of Nerine. The situation is obviously
far more complicated. Nerine greater than 10 mm were in
significantly greater proportion at lower tidal heights

at transccts 1 to 4 (Table 2.10 and Pig 2.7). At transects
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1 to 4 the greatest proportion of large Nerine occurred
at LW + 2. I'rom the alongshore data, more than 50% of
all' Nerine at 50 m below the HWM, belonged to the three
smallest size classes (4 mm, 5 mm and 6 mmm). This may
be a factor in the shift of birds from transects 1 to 4
to transect 5 at LW + 4.

Group size was shown to increase with the
number of Sanderling in an area (Fig. 3.7). There was
no noticeable increase in aggression with increasing
group size. Birds in groups moved together and adding
individuals to this movement did not cause a breakdown
in feeding patterns. Where waves occurred in rapid
succession (the upper beach at transects 1 to 4) no
flattened area behind the wave was available for birds to
feed in. This helped to limit the number of birds in an
area by concentrating them in a single dimension,
increasing the opportunity for interference. The beach
area at transect 5 has a shallow slope where flattened
areas for feeding are extensive.

Birds moved progressively from transect 1 to
transect 5, seldom stopping to feed in any one area and
rarely moving south to north (along the beach). This
pattern of movement helped to mask any possible relation-
ship with the birds' location and prey density.

One way in which birds can increase their
foraging time is to reduce roosting during daylight hours

(Goss-Custard et. al. 1977b). During mid-winter Sanderling
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seldom roosted during the tidal cycle. If roosting did
occur it was only when no foraging habitat remained.
During neap tides (4.1 m to 4.3 m) birds were able to
feed even at high water, as the upper beach was not
covered and many Sanderling never reached transect 5.
With foraging time at a~ premium (birds foraged during
available time and did not fit the category of 'time
minimizerés, Sanderling should carefully select the areas
in which they forage. Because of the number of factors
which ultimately affect the Sanderling's choice of foraging
location, it is difficult to say if they are "optimally"
dispersed)or overdispersed. Sanderling forage in groups.
Benefits of group foraging include protection from predation,
assessment of conspecifics' foraging success and location
of clumped prey.. Benefits of group feeding on the one
hand, and the reduction of time spent feeding through
interference on the other, may have determined the
"optimal" group size in aréas along the beach. Such a
regulatory mechanism, by partially dispersing'feedingfl
individuals, may have helped to determine the numbers of
Sanderling found in any area.

The area in which Sanderling rdost at high water
is directly up from the first area to become exposed,
transect 5. Are roosts Just a function of the tide and
the availability of feeding areas? The area beyond
transect 5 is raised beyond the tide in a protected pocket

with a good view of the beach and overhead. Roost locations
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may thus help determine the feeding pattern.

sanderling have a great ability to put on large
stores of fat prior to migration in May (Prater and Davies
1978 and Les Goodyer, pers. com.). This may suggest that
Sanderling need not carry large fat stores during mid-
winter, but rather live on the "edge". This would be
especially adaptive considering their foraging methods
and the distances covered by a Sanderling while feeding..
If birds do live on the "edge", there is a need for
flexibility to balance the daily energy needs. This is
also reflected in the use of unusual food sources (wrack
and mussle spat) and seasonal changes in roosting patterns.
(Further evidence for daily changes in feeding patterns

can be found in Appendix %.1 and in Chapter 4).



CHAPTER 4 FORAGING MBTHODS OF SANDERLING

%

4.1 Introduction

A large body of literature has grown up around
the ideas of optimal foraging strategies during the past
fifteen years (for a review, see Krebs & Davies 1978).
Much of this literature has its origins in the early
work of MacArthur and Pianka (1966), tht a bird is
trying to optimize may depend on the risk of predation
Oor on the choice between maximizing; i) the rate of
food intake; and ii) the rate of net energy gains
(Bvans 1976). lvans points out some of the possible
effects which different feeding techniques (assuming
they represent different enecrgetic costs) may have on
both the preference and cheice of a feeding individual.
Factors such as handling time, differences in the rates
of locomotion and net calorific assimilation are all
important.

The main objective of this chapter is to arrive
at an understanding of the factors controlling the
feeding of Sanderling on the south side of the Tees
estuary. An understanding of these factors will help
to explain how Sanderling arc able to winter so
successfully at Teesmouth,

The analysis of Sanderling foraging begins with

a description of the individual components of foraging,
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using film and taped commentaries, the basis of the field
observations. This is followed by a summary of the
general findings, after which the three foraging methods
are analyzed in detail. 1 consider the implications

of social feeding and discuss features of the foraging
behaviour which are not explained by density or
availability of the prey. In the discussion I use the
observations mentioned in the chapter to comment on some
of the current trends in studying optimalzforaging.

The Sanderling feeding along the open coast
are presented with altervatives in foraging techniques,
plus a range of invertebrate prey species of varying
densities. Along this coastal area Sanderling have
been observed to obtain prey by four main methods:

1) feeding on prey items on the surface of the sand
(surface feeding); ii) penetrating the top of the sand

in a single location (probing); iii) penetrating the

top of the sand while making forward progress (stitching);
and iv) feeding on prey which have been washed into the
water (water-column feeding). The birds take Nerine

from the substrate and small crustaceans from the
substrate and the water. The distributions of the

three main invertebrate prey species along Ccatham Sands
were highly predictable (Chapter 2). Nerine occurred in

greater densities than Bathyporeia or Iurydice and were

therefore expected to be the most important prey itenm

for Sanderling. At almost all levels of the bedch -



(metres below the HWM, see Chapter 2), and in most
areas along the beach, Nerine were present, although
the majority occurred within a narrow zone of high
density (40 m to 70 m below the HwM) . |

Inergy expenditure during prey capture has
been largely ignored in much of the avian foraging -
literature. Smith (1975) was able to show that Godwit,
in cold weather, searched smaller areas and thus reduced
foraging costs by walking less. The possibility that
energy expenditure by a Sanderling in obtaining food
represented a major demand on the energy thus acquired,
prompted me to measure a bird's running distance
(measured in units of time) and direction, over short
feeding bouts. Longer periods of observations were

used to determine a Sanderling's time allocation.
4.2 Methods

The data collected for the foraging Sanderling
measures the effects of several variables on foraging
behaviour and performance. The variables included were:
i) the three areas of beach south of the estuary's
mouth (transect 5, transects 1 to 4, and Redcar Beach,
see Chapter 2); ii) the three main foraging methods
(see above); 1ii) the five beach positions (in relation
to the location of the tide edge- dry sand, wet sand,

tide edge, shallow water, and wave (Fig. 4.1)); iv) the
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4.1,

The five fecding positions in relation
to the location of the wave and the
moisture ol the sand. Sce text for

further description.
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two prey types (polychaetes and crustaceans); v) the
flood tide and ebb tide periods; and vi) the successful
and unsuccessful feeding attempts.

Detailed analysis of Sanderling feeding
techniques was possible only through the use of cine film.
This was supplemented by taped commentaries to provide
a more extensive and accurate description of the ways
in which Sanderling forage along the beach. Observations
were recorded by both film and tapes at 511 main

transects along Coatham Sands and at Redcar Beach.
4,2a Tilm

Filming was done with a Bolex H16 cine camera.
Lienses used included a Vivitar 85mm-205mm zoom, Vivitar
2x multiplier and a Soligor 400mm telephoto. Kodachrome-25
cine film was used. PFilming was carried out during the
winvers of 1976-77 and 1977~78. I analyzed 59 sequences,
representing c. 38,000 frames, or about 30 minutes of
feeding observati ons. AlLl film was analyzed frame by
frame. Only those sequences in which most movements -
and the majority of foraging successes could be detected
were used. These 59 sequences werc selected from cver
250 sequences. Film was analyzed on a Singer Mark 111
Motion Analysis Projector. 41l sequences were shot at
either 16 frames/second or at 24 frames second, depending

on the area and the type of fecding being filmed. All
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A

data taken from the film were made in reference to the
specific frame pumber (i.e., all activity was sequenced).
Information extracted from the film included:
(1). the frame at which each pace was initiated.
(2). the frame when the bird's bill entered the
sand or water, and the frame when it was withdrawn
(giving the duration of each feeding attempt).
(3). the method of foraging;
- surface, no penetration of sand sdbstrate,
-probe, penetration of the sand, either in a gsingle

feeding movement or in multiple up-and-down

not leaving the substrate and extracted in the same
position at which it entered),

-stitch feeding, once the bill had penetrated the

substrate, the bird would move the bill up and
down. while walking forward. This is a similar
"sewing" stitch to that made by Oystercatchers

feeding on Cardium edule (Hulscher 1976) and by

the North American Dowitcher (Burton 1972).

-water-column feeding, with the bill in the water

without pevnetrating the sand,

(4). all successful attempts.

(5). the type of prey taken. Successful prey
captures were often made without any noticeable
movement. Nerine were often visible, extending

beyond the tip of a bird's bill, When feeding in

%



the water the bill was often gaped after successful
prey captures (perhaps owing to the bird holding

the exoskeleton of Bathyporeia and Furydice). The

birds would often shake their heads vigorously after
these captures. These were interpretated as
crustacean captures. When feecding for crustaceans
in the water, very characteristic movements and
postures were adopted by the Sanderling; these

are fully described in a later section. No attempt

was made to distinguish whether the birds were

feeding on Bathyporeia or Jurydice. Both occurred
in the top centimetres of the sand and both were
found when sampling the water by means of a drag-

net. Henceforth, any reference to Bathyporeia

includes both these prey species. If the prey

could not be determined from a characteristic type

of head movement or by its being visible on the

film, it was not included in the analysis.

(6). the handling time, which was measured as the
number of frames a bird spent in the injestion of

the prey once the bill had left the feeding substrate.
Prey handling also occurred while the bill was

still in the substrate, although it was nbt V
possible Lo separate prey handling (while in the
substrate) from locating the prey. (Handling time
is often treated as a separate component of foraging

(Schoener 1971, Charnov 197% and 1976), usually to



simplify the feeding model being constructed. As

it was obvicus that Sanderling could either move

of{’ towards their next prey item or begin to search

while handling prey, complete separation of handliﬁg

time from other components of foraging may not

be justified).

(7). the size of the group in which the subject

bird was feeding. (i'or the method of determining

the group size, see Chapter 3).

(8). any interactions with other birds.

(9). +the bird's position with respect to the wave.

(10). the direction of the bird's visual orientation,

as determined by the direction of the bill. The

direction of the bill was based on a 360° grid with
0% (or 360°) facing the tide, 180° facing directly
away from the tide, o0? facing south and parallel
to the tide and 270° facing northg and parallel to
the tide.
(11). every change in visual orvientation greater
than 10° and the frame when the change occurred.

An example of how the cine data was recorded is given in

Appendix 4.1.

After the above data had been extracted from
each sequence, notes were made on the behaviour of the
subject bird and of any conspecifics which might have
affected the direction of movement or reaction of the

subject bird. As the birds often foraged in grouvs,
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there was much potential for interaction. An attempt
was made to determine how much of the search path of
each individual resulted from the behaviour of
conspecifics, by displacement due to the waves and
from the bird seeking a new 'patch'.
To look at the possible effects of social interactions
during feeding, the follow information was taken from
the film during a second analysis of each sequence:
(1). the number of paces between ove feeding.attempt
and the next.
(2). whether the bird fed in the same place after
a feeding attempt.
(3). if the bird did move away from an area after
feeding, and for what reason.
(4). all non-contact "interactions" with conspecifics.
These were low intensity and non-threat behaviours
such as stopping to watch the subject bird feed,
moving towards another feeding individual or any
investigation of the area where another bird was,
or had been feeding. All distances between
individuals were estimated in 'bird lenghts' (bill

to tail).

6]
]
[¢2]

For details of computer analysis of the film data =

Appendix 4.2.
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4.2h  Tapes

The film sequences were not of sufficient duration
to investigate a bird's time allocation. Taped
commentaries were made to complement the film data.
zeiss 10 x 50 binoculars and a Swift variable telescope
were used from a hide (Landrover). These commentaries
covered continuous periods of up to five minutes. Of
observations carried out in 1977-78, 201 observations -
were described by tape, totaling 490 minutes. When
possible, success was noted. Recorded information
included:

(1). +the bird's position with respect to the

wave.

(2). the direction of movement; which corresponded

to 0%, 90°, 180° and 270° of the film data.

(3). . all major changes in the direction of movement.

(4). the time spent running up from, and down into

the tide edge and the time spent running parallel to

the waves. Running was recorded as time, not
distance,

(5). all periods of Pause, which were defined as

momentary stops during prey searching.,

(6). any interactions with conspecifics.

See Appendix 4.3 for examples of taped data.



Foraging rates were affected by the state of
the tide and thearca in which the foraging occurred.
The film analyzed does not equally represent each area
of the beach, or tide conditiows. The amount of film
and taped commentaries analyzed for each area of the
beach under different conditions of the tide is shown
in Table -4.1. T'eeding in the waves meaﬁt that birds
were feeding further out from the tide edge, making

both filming and analysis of the film, more difficult.
4.3 Results
4.3a TForaging patterns

Feeding attempts by Sanderiing were filmed
ai Redcar Beach, and on two sections of Coatham Sands.
In order to analyze the distribution of foraging
techniques and to allow for the bias introduced by the
greater number of attempts filmed at Redcar Beach, the
three areas were considered independently (Table 4.2).
Comparisons between ebb and flood tide foraging show that
the proportions of stitch to probe feeding was
significantly greater on thg cbb tide in the two areas
in which both techniques were used commonly (X27= TTe 1,
P£ 0,001 for transect 5; X'2 = 31.6, P£ 0.001 for

Redcar Beach).
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TABLE 4.1

Total time, (in minutes), of filmand taped

commentaries analyzed for areas along the

gouth~gide bheaches.

Pilm

bbb tidex Flood tide¥* Total time
Redcar Beach 9,07 2.92 12.0
Yransects 1-4 8.7% 4.65 1%.38
Transect 5 2.1 5.7 7.8

Taped Commentaries

£bb tide Ilood tide Total time
Redcar Beach  80.4 98.03% 178.43
Pransects 1-3 41,34 135.96 177.%
Transect 4 49.85 31.16 81,01
Transect 5 27.18 84.68 ‘ 111.8§

B'a
W

Period covering High Water to Low Water,

*# - Period covering Low Water to High Water.
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Of all stitch attempts analyzed, 69.8% were
filmed at Redcar Beach, and mmparativdy few along
Coatham Sands. On the otherhand, only 7.3% of all
water column feeding attempts were filmed at Redcar
Beach. These figures are representative of the
differences in feeding behaviour to be secn on the
different areas. The differences were associated with
different proportions of prey being taken in each
area (Fig. 4.2). Cf the three foraging methods, only
probing resulted in the capture of both prey types.

Waterecclumn fecding yielded only Bathyporeia, whilst

stitching (with one exception), yielded only Nerinec.
Figure 4.2 shows that the mean rate at which

Bathyporeia were taken was less at transect 5 than at

transects 1-4, a surprising result considering the

higher densities of both Bathyporeia and Furydice on

transect 5 (see Chapter 2). Figure 4.2 also shows
that mean rates of prey capture differecd betweeﬁ ebb %
and flood tides (e.g., for Nerine at transect 5).
However, sample size was not large enough Terzedimmm j%f
statistical sipnificance ‘etdetatwittrirrorten ak the 5%
level., Redcar Beach was clearly the most important
feeding area for Herine (in terms of prey capture rate)
and the least important for Bathyporeia. (It must be
mentioned that Redcar Beach was, however, available

for feeding for only relatively short periods in each

tidal cycle, during low water.)
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success rates (expressed as the percentage
of attempts that yielded prey) for the three foraging
methods at the various beach levels are shown for the
three sections of the beach in Table 4.3%a-c. These
data show many differences between areas and between
beach levels. Ior example, the success rate for

stitching in the waves was very low. This foraging

S antal=gt

more successful at Redcar Beach than elséwhere.
success rates for water-column feeding were high in
all three areas and greatest at transecc: 5; however,
success for probing was low at that transect. fThese
differences arise in part from differences in the
proportions of the different prey taken at the various

sites.

Sanderling feeding on Bathyporeia were most

successlful when foraging by the water-column method

in the waves. There were 46 Bathyporeia captures
recorded on film: 30 of these were from transects 1 +o
4, including 6 taken by probing and 24 by water-column
feeding. They were taken from all zones of the beach
on both ebb and flood tides. Success rates are

summarized in Table 4.3.
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Rates of success (expressed as the percentage of total

attempts that yielded prey) for three foraging methods

at various

beach

1

b
NP

Redcar Beach

Probe

Stitch

Wet sand
3% . 3%
n=3%6
27.3%%

n=>353%

Water 0%
Column

n=0

Transects 1-4

Wet sand
Probe 20.0%

n=20
Stitch 0%

n=1
Water 100%
Column

n=2

Transect 5

Probe

Stitch

Wator
Column

Wet sand
4.9%
n=82

9'4%

n=58
20,0%

n=5

Fdge
174 4%

n=2%

Iidge
10.3%
n=29
50.0%
n=¢
26. 7%

n=15

wdge

66. 7%

Shallow water

20. 3%

Shallow water
25.0%
n=56

8.5%

Shallow water

11.1%
n=9
60.0%

22.2%

n=9

Wave

6]

22.6%
n=3%1

0%

n:14
60.0%

n=5h

Overall

22.9%

Overall
20.6%
n=136
11.1%
n=18
20.5%

n=117

Gverall

Q5%



4.3b Runnﬁing time

Sanderling spent considerable time running
along the shore and up and down the beach foraging.
Birds would regularly run into and beyond the wave
edge, often many metres past it and into the shallow
water zowne. Running represents a large portion of
the Sanderling's energy expenditure while feeding. As
the duration of the film sequences was ndt sufficient
to measure the proportion of time spent running, taped
commentaries were usged.

Brief bursts of paces formed part of the
birds' prey capture (rather than searching) technique
and were not included in the running time measured. -
Table 4.4 presents the percentages of time spent in
running in the areas considered. The time commitment
to rumning was very large, between 33%.7% and 48.3% of
a bird's foraging time. Significant differences occurred
between the different areas in the amount of running
parallel to the tide edge (see Table 4.4).

The movement of the tide edge limited the
effectiveness of the particular feeding method used.
Tidal movement dictated the time available for the birds
to feed and helped determine whether they would probe
or stitch feed. Birds spent different amounts of time
in running into and away from the tide in different

areas of the beach and at different times of the tide
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TABLE 4.4

the prepertion_of observed time spent running.

This is the same table as that sent with the last Chapte 4,

with the addition of the following t-distributions.

'

a. Parallcl running.

T1~3 Vg T4 .8,
Redear Ticach vas Ty_u b= 450, P«<0.001
Redcar lBeach v T4 t= 2.31, P £0.02
Hedear Beach vy T5 NeS.

T5 V5 T4 t= 2,09, P 0.05

15 v o, t= 4,38, P £L0.001
i

411 obher comparicons are n.s.



cycle (Table 4.5). The running time associated with
feeding in an area must have affected the profitability
(net rate of assimilation of energy) of that particular

area.
4.3c. Detailed consideration of foraging techniques

The mean times for successful and unsuccessful
bouts of stitching and probing in the thfee different
feeding areas are given in Table 4.6. TFor all six
categories, the mean length of time for stitching was
significantly greater than for probing (B< 0 .001).

Discounting the only two successes recorded
for stitching at transects 1 to 4, there were no
significant differences between areas in the duration
of successfgl stitching attempts; nor were there between-
area differences in the duration of failed stitching
attempts. However, for probing, the duration of failed
attempts was significantly shorter at transects 1 to 4
than at Redcar Beach and transect 5 (P {0.001) and the
duration at transect 5 was shorter than that at Redcar
Beach (P<4£0.001). Similarly, successful probe attempts
were of shorter duration at transects 1 to 4 than at
‘Redcar Beach (P <0.001). |

Nb significant differences occurred between
the duration. of successful and failed attempts at -

 probing in any of the three areas. However, successful

1%,
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TABLE 4.5
The percentage of time spent running into and away
from the tide in two arcas at different times of

the tide. All data from taped commentaries.

This is the same table as that sent with the last Chapter 4,

with the addition of the following t-distributions.

Transects 1-%:

LW+5-HW vs LW-TLW+3 t=4.02, P« 0.001
L+5=-HW vs L+3-T+4 t=5.37, P ¢0.001
L+5-HW vs L+4-L+5 t=3.,33, P <0,01
HW-H+% vs LW-1+3 t=2.1%, P €0.005
HW-H+3 vs L+3-L+4  t=3.46, P <0.01

‘A1l other comparisons for T1_3 n.s.

Transect 5: *.

Lt5-HW vs L43-L+4  £=2.82, P¢0.05
HW-H+3 vs L+3-L+4  £=2.46, P<0.05

A1l other comparisons for T1_3 n.s,
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The meantduration (in sec.
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and:

probe feéding

Stitch attempts

s

N

X

Failed attpmpts

+ 1 S5.E.

e

Successful
N

attempts by_Sanderling.

{ .

PSR

I
o

b

175,

0.06 |

|52

[

1,67 |

4.1 SR

o ) .\ ‘,.
t .

Redcar Beach

1,14

Q.16

Transects 1-4 | 16 |1.59 [0.22|" “|'2. | 0.8 f0.07] ".:
Transect 5 70 |1.25 [0.09] 10", 1.53 [o.21 ) "
Probe attempts E L

Redcar Beach - .

Failed attempts

N -

X

+ 1 S.E.

N

Successfyl
i

'aftempté

128

0.61

0.04

38

Transects 1-4

112

:’0531

0.02

" Transect 5

122

0.03

30 .

12

10.4%

T
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attempts at stitching were significantly longer

(P <0.001) than failures at Redcar Beach, and except
for the two quick successful stitches at transects

1 to 4, the average duration of successful attempts
were longer (though not significanfly s0) than failures
for both stitching and probing in each area.

The duration of a single unsuccessful attempt
represents the persistence time for that particular
foraging attempt. During a successful at%empt, handling
of the prey began before the bill was withdrawn from the
substrate. This was one reason for successful attempts

taking longer than failures and explains why very little

" of the prey was seen. No attempt was made to separate

handling from the tactile search elements of stitching
and probing. Several additional factors may also
explain why failed attempts were shorter than successful
ones. A bird could, while feeding, visually obtain a
cue near where it was feeding. This might account for
some of the switching which occurred in foraging methods
Also, birds were constantly being pushed up shore by

the waves, particularly on the flood tide, often having
to interrupt a feeding attempt. A final factor was the
influence of other individua}s, sdch as birds flying
overhead, running past a feeding individual or coming
close to a feeding individual. In such cases, feeding
attempts were often abandoned before prey had been

captured,



The mean duration of failed attempts at -
different levels of the beach are shown in Table 4.7
for stitch foraging at Redcar Beach and probe attempts
at all three beach areas. Ior stitching, failed
attempts lasted longer in shallow water than at the
tide edge. For probing, within a single beach area,
the only significant difference in duration of failed
attempts occurred at transect 5, where birds probed for
longer before giving up in the waves than:on wet sand.
Comparisons between areas show that failed probe
attempts were longest at Redcar Beach. Four of six
possible comparisons at equivalent beach levels are
significantly different (Table 4.7). At all beach
levels, failed stitch attempts‘%ere longer than failed
probe attempts.

Analysis of those film sequences in which
stitching was the major method used (and therefore in
which water column feeding was uncommon) showed a
significant inverse relationship (PL0,05, r = -0.5381,
with d.f. = 15) between the duration of unsuccessful
stitching attempts and the rate of capture of Nerine,
the only prey obtained by this foraging technique
(Fig. 4.%, data from all three beach areas). . This
result accords with the idea that, with a greater capture
rate, an individual bird should have a reduced persistence

time, as expectation of success elsewhere increases.
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The relationship between the duration of unsuccess-
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In Fig. 4.4, typical feeding maps (from film
Sequences 8 and 42, Reccar Beach) are presented. In
sequences 8 there was a rate of capture of 21.4
Nerine/minute and a persistence time of 0.9% seconds
(S.D. = 0.188). In sequence 42, with a much lower
success rate of 3.1 Nerine/minute, the persistence time
was 1.8 seconds (S.D. = 1.64).

There was no relationship between persistence
tlme and the rate of prey capture by probe feedlng, |
durlng which both prey types might be taken. -

To further compare the three foraging methods,
the mumber of paces and also the direction of the paces
pfior to the actual feeding attempt were analyzed. The
components of movement analyzed were: paces running
into or towards the waves (340O to 200), paces running
away from the waves (160O to 2000), paces running
parallel to the waves (250° to 290° and 70° to 110°),
and paces running in a diagonal direction. The mean
number of paces taken before stitching and probing
attempts at the different beach positions are: presented
in Tables 4.8 and 4.9 respectively. The mean number
of paces taken prior to a stitch attempt did not differ
significantly between the two areas tested. There were
also no significant differences between areas in the
mean number of paces before probing or within areas

between probing and stitching. Differences did occur

amongst the various beach positions, however, but there



Figure 4.4.
sanderling feeding maps for cine sequences
8 (a) and 42 (b). See Appendix 4.4 for
details of individual sequences.
Symbols:

- starting point

prey capture
® - probe attempt
X - stitch attempt

B~ Bathyporeia capture

N- Nerine capture
8,) . i __h i
All prey captures.:Nerine except one

Bathyporeia capture (labelled).

Attempts 1-6 in wet sand.

Attempts 7-~17 in shallow water.
D)

Attempts 1-4 in wet sand.

Attempts 5-8 in shallow water.

Attempﬁ 9 in wave edge.

Attempts 10~-15 in shallow water.

Arrows identify direction of the waves.
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was no trend to suggest an effect of a particular position.
Before a stitch attempt, very few paces were taken and
therefore very little time was spent running into the
waves., The large number of parallel and diagonal paces
allowed the birds to maintain their pogition with

respect to the waves or tide edge, while keeping‘within

a particular intertidal zone, and therefore within a
particular prey gzone.

The search paths for stitch feéding showed no
concentration of searching efforts. Of those sequences
where stitch feeding was a main foraging method, only
three showed concentration in searching efforts (18 and
57 are presented in Fig. 4.5). Rate of prey capture
in sequence 57 was 4.3 Nerine/minute and for sequence
18, success rate was 8.6 Nerine/minute. The "typicall
search path for stitching has already been shown in
Fig. 4.4b, For probe feeding, the pattern of forward
progression while feeding ad the lack of restricted
search were similar to those of stitch feeding: e

The visual orientation of each bird before it
put its bill into the substrate was also taken from the
film. Figure 4.6 shows the visual orieéntation for all
feeding methods combined in the three areas. A bimodal
distribution of visual orientation, corresponding to
the two orientations prfmllel to the waves, was most

pronounced at Redcar Beach but almost absent at transect

5. These differences could have been due to a basic



Figure 4 .5.

sanderling feeding maps for cine sequences

18 (a) and 57 (b). See Appendix 4.4 for

details of individual sequences.

Symbols:

starting point
@Wm= . prey capture
® - probe attempt

X - stitch attempt

A11l prey captures Nerine.
Attempts 1-6 in wavesg.
Attempts 7-12 in shallow water.
Attemnpts: 13-15 in wave edge.
Attempts 16-17 in shallow water.

b)

All captures Nerine.
Attempts. 1-5 in wet sand.
Attempt 6 in waves.
Attempts 7-16 in wet sand.
Attempt a7 in wave edge.

Attempts 18~33 in wet sand.

Arrow identifies direction of the waves.,
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Figure 4.6,
Visual orientation of foraging Sander-
ling in the three areas of the south-
side beaches.
a. Traunsect 5.
b. Transects 1-4.
c. QRedcar Beach.

ALl foraging attempts are included.

Abscissa- the visual orientation of
foraging birds before feeding attempt.
See text for directional explénation.
Ordinate- the number of times each
orientation occurred.

N-  the total number of attempts analyzed

in each area.
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physical difference in the areas (e.g., in slope of the
beach) or to differences in the proportion of the
different foraging methods used in the areas. 1In

Pige 4.7 thevisﬁalaorientations are shown for the

three foraging methods separately. Of all attempts,
51.2% of the probes, 62.5% of the stitch attempts and
41.1% of the water column feeding methods were preceded
by an orientation parallel to the waves (60° to 120°

or 240° to 300°),

«

i

Water column feeding was visual, brié%, and
did not at any time involve the loss of sight since only
the bill penetrated the water. The orientation of a
bird before a water feeding attempt may not have been
important to its subsequent success. At Redear Beach,
parallel orientation before stitch feeding was not as
evident on the wet sand as it was for positions closer
to the wave edge (Fig. 4.8). Clearly, both feeding
method and beach position were important in determining
the orientation of a bird before it attempted to capture
prey.

The search path from film Sequence 49 is shown -
di#vided into two sections, to demonstrate the effects
of the waves on the birds!' Teeding behaviour and success
(Fig.4.9). The sequence began with very long stitch
feeding bouts, with little movement between each bout
and a high success rate, the bird maintaining itself in

the same beach zone (parallel region). At frame 321 the



Figure

4.7.

Visual orientation of Sanderling before
each of the three foraging methods.

a. Probe

b. Stitch.

c. Water Column.
Abscissa~ the visual orientation of

foraging birds before fcedlng dttemptu.

Y 4

0rd1nate~ the number of tlmeo each
orientatlon occurred.,
N- the total number of each method

analyzed.



1%,

BOW N =443 (a)
]
10
80—‘ N=325 {b)
[ ]
]
101
1 —
30 N=151 tc)
_—I__-'__l . T . _1—_—[:
80 . 160 280



Figure 4.8.

Visual orientation of ‘Sanderling at
Redcar Beach for stitch feeding at
different levels of the beach.

a. wet sand.

b. shallow water.

c. edge.

d. waves.
Abscissa~ the visual orientation of
foraging birds before feeding attempts.
Ordina te~ the number of times each
orientation occurred.
N- the total number of orientations

analyzed at each level.
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- Figure

4.9

Sy

Cine sequence 49 divided into two segments,

the first (a) of frames 1 to 320, and ‘the

second (b) of frame°‘3?1 to 635, Feeding

bout rofnrs only to th@ tlmo the bill is in

the substrdto.‘ The 1ongth of the feedlng
bout is. LndlcatOd (1n number of frameu—'f
each frame rbprpsonts 1/16 of a second)
along with the ymbol fOI the foraglng
method, ‘

Symbols:

@ - probe atteﬂpﬁ

K- stitch attempt
M- - Success |

h - handling time: (ln numbor of ffamc )
r - number of frames betwgen attemptu,y
a) total of ?O seconds, 6 feedlng boutq
average bout- 49 7 frames (3 1 sec. ) |
siccess rate- 8%.%% | “‘
bill in substrate- 93.1% of the time
b) total of 19.8 seconds, 11 feeding bouts
average bou t- 14,2 frames (0.9 sec.)

success rate- 27.3%

. bill in substrate- 49.5% of the time

ATT succosses ave Nerine

j(3<'4’giVCs the limits of visual orientation

prior to the feeding attempt.
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bird was pushed up by the tide. The bird kept ahead of
the wave and, when far enough from the wave, turned
parallel to the wave, feeding by the stitch method.
There was then a sudden decrease of feeding bout length
and a dramatic drop in the bird's success, most of
which was attributed to the interruption caused by the
location of the waves.

The waterecolumn feeding method involved a
very characteristic stance,of the bird, thch was easily
recognizable. when feeding on crustaceans in the water,
a bird would extend its neck so that its head was at
maximum disﬁanoe foom the water. Such birds fed
with great intensity and with rapid pacing rates and
rapid‘changes in visual orientation. This feeding
étance allowed the bird to scan a considerable area and
may have also allowed it to counteract parallax effectse
During feeding by this method, the carpals (of some
individuals) and areas about the birds' ear often
flashed black. The black was noticeable to a human
observer and contrasted sharply with the rest of the
plumage. These contrasting black regions might have
served as some cue to conspecifics as to foraging success.

The number of paces preceding an attempt at
prey capture by water-column feeding was significantly
greater than for the other two methods (Table 4.10).
Search paths for water-column feeding ae shown in Fig.

4.10.
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Transect 5

t

Water-Column'vs. Probing
d.f. = 240
t = 203
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P £0.005

cd.f. = 140 -
t = 2.9

P ¢ 0,005

transect 5. Data averaged for all beach

(See Tablés




Figure

4. 10.

Sanderling feeding maps for cine sequences
10 (a), 20 (b), 30 (c) and 32 (d). See
Appendix 4.4 for detailslof individual
sequences.

Symbols:

~ starting point
= - prey capture
probe attempt

L4
]

- water column attempt
- N~ Nerine

All unmarked captures are Bathyporeia.

a)
- Attempts 1-21 in waves.
Attempt 22 in wave edge.
b)
Attempts 1-2 in shallow water.
Attempts 3-15 in waves.
Attempt 16 in wave edge.
Attempts 17-18 in shallow water.
c)
Attempts 1-4 in waves.
Attempts 5-8 in wave edge. e
Attempts 9-17  in waves.

Attempts 18~20 in:shallow water.

Attempts 1-3 in shallow water
I

Attempts 4~8 in waves.
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4.3d. Pause position

Iy

The Pause position refers to the brief and
downward searching movement made by a bird when it came
to a momentary stop. This behaviour was interpreted
as a visual component of foraging. A main difference
between probing and stitching was the lack of the Pause
position before a stitch attempt., Table 4.11 shows
the distribution of behaviours that followed the Pause
position (data from taped commentaries). If a Pause
was followed by a brief run and then another Pause,
thisvwas treated as two separate Pause positions. Of
the BPauses recorded, 45.2% were not followed by a feeding
attempt, presumably because an appropriate stimulus did
not occur during the Pause. The scarcity of the Pause
position before stitch feeding (o.7%) suggested that
this method did not rely on a visual cue (apart from
the chooSing of a general area or feature such as the

ripples).
4.3e, Switching in foraging method

Table 4.12 presents a summary of information on
switching in foraging methods after both successes and
failures. Only 2.1% of failed stitch attempts but 5.2%
of failed probe attempts were followed by water column

attempts. (While these proportions might vary,
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depending on the proportion of Bathyporeia to Nerine

present, the difference is mainly a function of visual
vs. tactile feeding:) Both waterecolumn and probe
attempts have visual cbmponents; hence the switch from

one to the other does not require a change in the

Sensory system involved. Tor feeding on Nerine by

both stitching and probing, the chosen method was
followed by a similar foraging method more often when
the first attempt was successful. than when unsuccessful

(75 4% vs. 66.6% for stitching and 73. 3% vs. 71.5%

‘for probing), although neither difference was significant

at the 5% level.

Switching between probing and stitching which
involved a change from at least partly visual to chiefly
tactile feeding, was noted when birds were forced up
the beach by a series of waves, One example of switching
is seen in film sequence 22 (Frig. 4.11). This bird
began‘by feeding on the wet sand and was continually
pushed up the beach by the waves. The repeated pattern
of movement upshore followed by turning parallel to the
tide edge is clearly seen in this Sequence. It suggests
that birds would have fed more in this location by
stitching if sufficient time had been available before

the tide covered the area,



Figure 4,11

\
Sanderling feeding map for cine sequence
22. BSee Appendix 4 .4 for details of
individual Sequences.:

Symbols:

starting point

1%

me -~ prey capture

® —- probe attempt

X = stitch attempt

N - Nerine capture

Arrow indicates direction of waves,

Attempts 1-5 in wet sand.
Attempts 6-8 in wave edge.
Attempts 9-14 in wet sand,

Attempt 15 in wave edge.
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4.3f. Social feeding

No detailed analysis was carried out on the
patterns and effects of social feeding in Sanderling,
since such information was not collected systematically.
However, the following observations are instructive,

Figure 4.12 shows the search path of four
individuals feeding together at Redcar Beach. All birds
were feeding by the stitch or probe methdd, feeding
together as a group, and moving parallel to the tide
edge. This film sequence suggests that as birds may
feed very close together the opportunity for assessing
each other's foraging succes is present. It also
suggests, from the location of successes, that the birds
may take advantage of clumped prey.

I looked at 14 film sequences in which birds
were feeding in groups of two or more (totalling 166
feeding attempts). (These sequences were taken from
areas with different proportions of Nerine and

Bathyporeia.) I noted the type of feeding attempt,

the number of paces taken after the attempt, the success

or failure of the attempt and, where possible, the

I3

reasons for any movement away from a feeding site.
lable 4.13 summarizes the 166 feeding attempts. 1In

23 cases, the bird either turned away from another .
individual, joined another individual, or searched the

area in which another individual had fed. Three changes

94
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Figure 4.12.

The search maps of four individuals
feeding together. Although these maps
have been extracted from the same piece
of film, each has been treated as a
separate sequence: (a) sequence 50,

(b) segquence 51, (c) sequence 52 and

(d) sequence 53. See Appendix 4 .4

for details on individual sequences,

A1l four individuals had the same

starting poinf, moving from the right

to the left.

Sywbols:

® -~ probe attempt.
X~ stitch attempt
g - prey capture.

All prey captures Nerine.

(a) Attempts 1-8  in wave edge.
Attempts 9-1% in shallow water.
Attempt 14 in wave edge.’
Attempts 15~21 in shallow water.

(b) Attemnpts 1-11 in wave edge.

Attempts 12-32 in shallow water.

N
(9]
~—

Lttempt 1 in wave edge,
Attempts 1-12 in shallow water.‘
Attempts 13-16 in wave edge.
(d)  Attempts 1-4  in wave edge.
Attenpts 5-21 in shallow water.

Attempts 22-32 in wave edge.
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in feeding site resulted from noticing a visual cue.
Birds rarely inspected others while feeding by the -
water column method (only 3 of 5% cases). When
foraging by this method the birds acted independently
with long searching periods and very high pacing rates
between attempts. Similarly, birds rarely investigated
other Sanderling stitch feeding (2 of 40 instances).
However, during probing, birds inspected other birds on
11 of 7% attempts, all of them after thé inspecting
bird had failed to capture prey. After many of the
feeding attempts, a bird either fed again directly and
thus did not appear to be affected by the presence of
others (72 cases), or some noticeable change in feeding
site occurred (82 cases), or it could not be established
why the bird moved (12 cases). On 24 occasions the bird
moved from a feeding area to run into or away from the
tide edge. Location changes (e.g., going from tide edge
to shallow water etc.) accounted for 13 gone changes; i
and intensive prey searching (several paces with visual
orientation directed towards the substrate) accounted
for 19 area changes. Tor all three foraging methods,
the number of paces moved after failed attempts was,
on average, greater than after successful attempts..
(Because of small sample sizes and large S.E., thses
results can not be tested for statistical significance.)
Birds did not follow one another only in order

to investigate a feeding site, For example, birds

i
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passing overhead or running past could bring others
out of a feeding position.

This brief analysis shows thé potential for,
and the occurreﬁco of, social interactions while

foraging. More detailed studies would be rewardiung.

4od piscusglgg

In Tinbergen's detailed study:of Starling
foraging (198®), he considers three main questions:
1) what are the constraints on a foraging bird;

2) what are its foraging goals, and; 3) what is the
time scale over which the goal-directed behaviours

are maximized} In the design of eXperimentél or field
research on foraging b@haviqur, these questions
determine the approach and scope of the researcher,
For my study of foraging vanderling, the first of
these questions was the central one. Before Gre can
attempt to answer the remalning questions, cne must
have considerable understanding of»the consitraints.

In order to detail the constraintslon the
foraging individual in its natural environment, tho
animal must be observed there and not solely in a
laboratory, or in a highly modificd situation., Por
example, Tinbergen's findivng, that the prey chosen
by parent Starlings 1s affected by the nesting demand,

which in turn is affected by the hunger state and

number of the young, argucs for measuring the constrainis
£ : £
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in a natural énvironment. ‘Maximization of the rate of
caloric intake alone, which might have been predicted
as the foraging goal on the basis of laboratory studies,
did not explain prey choice by the adults when feeding
young in the field.

It is necessary to decide when observations
are to be made. Does the observer collect data only
when the weather creates a greater demand on feeding
efficiencies (rate of energy intake) and time
allocation or does he try and record the foraging
of the animal under a wide variety of conditions?

The object then is to determine how an individual
achieves a‘given strategy, or set of strategies.

Cody's comment (1974) that, "populati ons spend

more time tracking moving fitness optima (that is,
climbing the sides of shifting adaptive peaks on Sewall
Wright's adaptive landscape) than they do sitting

the summit optima", points out that we.rea11y ﬁeed no%‘
find a'single solution for a given situation, but
rather, need to measure the animal's attempt to make
correct decisions regarding its foraging environment.
The degree to which this correctness is possible has
been of central importance to the ideavof stability
and predictability in différent environments.

The Sanderling at Teesmouth are feeding in
a "coarse-grained" environment (Levins 1968), giving
them an opportunity to choose which prey to take and

also at which time of the tide to concentrate on the
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different prey species in the different areas. The

occurrence of alternative foraging methods, a variety

of metereological variables, and numerous physical
coﬁstfaints (ec.g., the waves), makes prediction of
their foraging behaviour complex. An important question
could be, "How should a Sanderling forage in order

to minimize the time from one prey capture to the

next ?" (In this consideration, attention to size
selection of prey should also be importént.) This
requires that the Sanderling make the correct choices

as to where, when and how to feed.

Sanderling in mid-winter feed for a ‘large
part of each tidal cycle. Roosting by Sanderling at
Teesmouth was in response to high water and outside
of this time the birds choose mainly to feed. The
birds have a well defined pattern of feeding locations
and times of feeding (Chapter 3) suggesting that they
are "pushed" to feed with great efficiency (i.e., it
takes virtually all of thé time available to obtain
sufficient energy). This included flying to the north
side of the estuary once the available feeding areas
of Coatham Sands had been covered (see Appendix 3%.1).
Sanderl ing do not store much fat in autumn (Les Goodyer,
pers, com.); they must balance their energy budget
daily. 1In severe weather, Sanderling suffer increased
mortality (fivans 1981). Therefore, one would expect

them to try to maximize the rate of energy intake.

g

At Teesmouth, Sanderling feed on three main
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prey: Nerine, Bathyporeia sp, and furydice. In terms

of numbers and biomass, Nerine is the most profitable.
Nerine are obtained by the tactile fofaging method of
stitching and by probing, which includes a visual and
tactile component. Nerine is distributed patchily
alongshore, although found throughout Coatham Sands.
Hence, the foraging methods of the Sanderling are not
evenly distributed in the beach areas. Nerine occur
in distinct zones. (The zones are defined by their
distance below the HWM.) One strategy might be to
concentrate feeding efforts in the zones of highest
Nerine numbers, (Size distribution of Nerine should
also be accounted for.) Continued feeding in these
zones -is not bossible on two accounts: i) each gzone
is rapidly covered by the flooding tide, and
ii)availability is related to the wetness of the sand
and hence to the position of the tide., For the latter,
either Nerine in drying sand retreat out of the range,,.
of the Sanderiing's 25 mm bill or stitching is not
possible in dry sand (although probing may still be
possible). Once out of the main Nerine zone,
sanderling should feed on whatever prey is most
profitable. [For a major portion of their foraging,
Sanderling are dependent on the location of the waves.
The duration of stitching {for both successful
and unéuccessful attempts) was significantly longer
than probing. Birds were constantly being pushed up

the Dbeach by incoming waves, feeding by stitching
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chiefly on the ebb tide or where wave frequency was
reduced (transect 5) or showed little movement (such
as Redcar Beach at the low water period). While
stitching, birds have a limited search area, with
heads buried in the sand, thus confining them to
reduced foraging areas. Thus, cm pled with the fact
that they had to orient parallel to the waves,
Sanderling maintained themselves in the zones of
high Nerine numbers. (Fig. 4.12). |

| . The Sanderling's response to their major
constraiﬁf;.the waves, 1s shown in their visual
orientation prior to feeding. A bimodal distribution
of visual' orientation (corresponding to directions
parallel to the waves) was especially well defined
for stitching, and most pronounced while stitéhing =
in beach positions closest to the waves (Figs. 4.7

and 4.8).

Proximity to the waves and theaailable
foraging time helped determine if stitching or probing
occurred (see Fig. 4,11). The frequency of probing
was greater on the flood tide, however, this may have
been due to an inability to forage by stitching
(because of available time) rather than a preference
for probing. Probing resulted in the capture of

Nerine and Bathyporeia/lurydice.

When the Nerine zone is covered by the tide

(prior to high water, see Fig. 3.2), or when birds
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are feeding in an area where Bathyporeia are more

numerous (Coatham Sands) the feeding method is
determined by the state of the tide, which also affects
~the activity of the prey. Once covered by the tide,

both Bathyporeia and Rurydice come into the water

column. Waves were the preferred beach position when
féraging by the water=column method (and the least
. preferred When stitching). When foraging by the
water-column method, birds only submergéd their bill, .
reducing the need to orient to the waves. This made .
.foraging in the waves by this method possible.

The invertebrate data alone cannot determine
How and where the birds will feed. The oonstrainﬂts
féund in each area must be considered at all times.
With the uncovering of the first Nerine at transects
1 and 2, the Sanderling begin to appear on Coatham
sSands; stitching was virtually absent, with the birds
concentrating in the shallow zone, feeding by probing
and the waterecolumn methéd. At transect 5 the
incidence of the water~column method was reduced, with
the birds concentrating efforts in the wet sand.
During a rising tide, waves breaking in rapid
Succession made the time-consuming stitch method
inappropriate. It was at transects 1 to 4 where the
greatest amount of time was spent in running. With
rapidly successive waves, there was also a reduced

wet sand area, the birds being forced to probe and feed

by the water-column method. That Sanderling continued
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to feed mainly by stitching and probing at transect 5
with 1little su:cess (on Nerine), suggests that Nerine

was the preferred prey, despite large Bathyporeia

concentrations in this area.

If Nerine is the preferred prey of Sanderling
(at transect 5 and Redcar Beach), what determines how
long birds will continue to search? If the duration of
a single unsuccessful attempt represents the¢persistence
time; then there was a significant invefse relationship
between persistence time and the success rate of Nerine
captures (when stitching). While stitching, birds did
not show area-concentrated search, but maintained a
forward movement, parallel to the waves and within a
particular feeding zone (when possible). Contraction
of the predator's search path after success in prey
capture has been suggested by several authors (Banks
1957, Cody 1971, Smith 1974a, 1974b, and Pyke et. al.
1977). As the foraging areas of the Sanderling were
rapidly covered, such contraction was seldom possible.

ﬁor'probing, no relationship existed between
persistence time and success rate with Nerine. This
was perhaps due to a visual component present while »
probing. As with stitching, no area—concentréted )
search was evident while probing. Birds mdved from
an area to avoid another foraging Sanderling, because
of the waves, to move to a new foraging "patch" or to

inspect another individual. Most investigations occurred

by birds that were probing and when the investigating



104

bird had been unsuccessful. While probing, birds orient
parallel to the waves and continuye moving forward
maintaining itself_in a particular zone, thus
responding to the same constraints encountered while
stitching.

Sanderling must adapt to the constraints of
the ebbing and flooding tides. They can choose where
to feed alongshore at each state of the tide, all in
relation to the density and availabiliﬁy of alternative
prey. The foraging method, in part, is determined
by prey ayailability which itself is determined by
the state of tide and conditions of the substrate,

,iin a series of laboratory experiments,
Myers et;‘al. (1980) studied the role of prey size,

prey depth, prey microdistribution and substrate

15,

bpenetrability in affecting prey availability to
Sanderling. All factors affected prey risk, and thus
Sanderling feeding habits. In simulating the upper
portions of the wave-washed area (the area where the
wave had receded) the researchers constructed an
optimal situation (in terms of time available for
feeding), wherce social interactions were no longer

a factor.

It could have been stated apriori that the
above four factors would affect both prey risk and the
resulting foraging of the Sanderling, The extrapolation
of these test results onto the natural situation,

however, must be cautioned (especially in terms of the
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amount of affect resulting from each factor). 1In their
expefiments, the prey was "frogen", thus there was no
possibility of Sanderling detecting any movement.
Because little time is available for Sanderling to feed
in specifié aréas (where waves are a factor), the birds
may not be able to feed optimally; rather, they may
be making the best use of avﬂﬁlable time, Although
thé strand line may.not represent a high caloric area,
there may be more actual feeding time there and a
greater probability of obtaining at least some energy.
If different prey species live in different
"patches" of the predator's hunting range, the problem
for the hunter is to allocate its time between them in
the most productive way (Curio 1975). A series of
spatial problems confront the sanderling which forage
along the open beaches of Teesmouth. To locate prey
economically the birds must decide first on their
feeding location. The choice of'foraging method and
position of beach in which to feed is at least
partiaily determined by the environmental constraints.
Areas are rapidly opened and closed by the waves, and
a limited‘émount of time i1s available on most feeding
attempts.  Social effects may also help determine
spatial requirements and limitations. Smith (1971)
referred to 'rules' which birds should follow to
achlieve success while foraging (e.g., making élternatg

left and right turns when unsuccessful in a feeding

attempt). Similar results have been reported for
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goldfish (Kleerekoper et. al, 1970), herring larvae
(Rosenthgl_& Hempel 1970), and sticklebacks (Thomas
1974). Thé(option of left and right turns is not
bften:avéiiable for birds feeding along the wave's
expanse. ‘A1thOugh Nerine have been shown to exhibit
some clumping in their distribution, they arewusuallyr
availlable throughout the band of highest denéity. I;_
densities are high enough it may not be necessary

for birds to alter a search path, but father, to
\maintain their location within the invertebrate band
and feed by the moét appropriate method on the most
available prey.

The value of a given foraging strategy comes
from its integration with the ecology of the individual.
Field studies such as Cody's (1971) suggest that
foraging strategies should be seen as long term
processes, and not limited to any particular segment
of time. 1In order to reduce foraging studies to
manageable levels, two trends occur; simplification
of the components of foraging and the simplification
of environmental factors (reduction of complicating
constraints). Both of these lead to false impressions
regarding thc operation of foraging mechanisms.

Interactions with conspecifics manifest effects
in both obvious and subtle ways. A most notable example
has been provided by Goss-Custard (1976) in describing
the effects of interference in feeding success in

Redshank and their main prey (Corophium). Where optimal
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models are tested in a manipulated situation (such as
Krebs et. al. (197%9), external factors such as competing
species, behaviour of the prey and physical conditions
- are eliminated. This is not an argument against
proposing theoretical models, or models based on
laboratory studies, for they often provide the
framework on which the views of the fieldworker are
based. However, a feeding strategy can be seen
realistically only when placed in the cbntext of the
field situation.
In the Charnov model (1973 page 14), "the
prey items are handled one at a time and this handling
time is unavailable for searching (i.e., no new prey
may be encountered during the handling of a prey
item)", Sanderling do not remain inactive while handling
pEey. In 37 of 177 analyzed foraging successes, the
bird took two paces or more while handling prey. There
was also much head turning during this period. Handling
time has often beén designed as a distinct phase of
feeding iﬁ which no other activity takes place. Such
assumptidhsbare misleading and may have an effect on
how the observer measures time allocation of the birds
and how theé observer's understands the foraging mechanisms.
It is perhaps prudent for the researcher to
invest time in understanding the constraints”(physicéi-
and environmental) rather than just building models
which result from laboratory situations (not actually

‘experienced by the birds). The constraints present at
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- Teesmouth are such that they shape the structure of

the Sanderling's foraging mechanisms (e.g., turning
parallel to the waves). Laboratory observations in
the absence of detailed field observations may lead to
dangerous conclusions as to the nature of the

Sanderling's feeding strategies.
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CHAPTER 5 TURNSTONE FCOLOGY AND MOVEMENT PATTERNS ON

TEESMOUTH"S SOUTH SIDE.

5.1 Introduction

Turnstone, like Sanderling, are social feeders.

As a winter visitor in FEurope and the Pacific North
American coast, Turnstone occur in rather tightly packed
groups while feeding and roosting, seldoﬁ solitary (pers.
obs.). At high tide at the Wash, as many as 1000 may
roost together (Minton, 1970). In winter Turnstone are
méinly'inhébitant of coastal fegions where they feed on
. . wrack fliéé;’mollucs, annelids and crustaceans. The

 most commoﬁ winter habitat is rock outcrops with mussels
 (Myti1idae). Turnstone are known to scaveng on cockles
on the Wash (Jones 1974). Also on the Wash, Tﬁrnstonef
'wefe observed digging systematically through mud
extracting Corophium (Jones 1974). This is similar to
the Turnstone at Teesmoﬁth which dig for Nerine in piles
of sand left by bait ‘diggers. (See Jomes, 1974, for a
‘list of foods found in Turnstone pellets on the Wash,)
As is a common practice of Sanderling, Turnstone will
remain close to Oystercatchers, feeding on the final
scraps of meat left in mussels (pers. obs.).
. Turnstone are seen in connection with Sanderling,

Dunlin, Knot and Redshank on open coastal areas. Along

with Purple Sandpipers, Turnstone may be the first to
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appear on rocky areas following high tide periods.

A main difference between the Sanderling's
and the Turnstone's social organization is the large
number of aggressive displays within Turnstone groups.
In this chapter I discuss the observations on the
Turnstone, during the winter, how repulsion. (via
aggression) and attraction towards conspecifics, helped
to determine the distribution patterns seen on the
south side of the estuary. Aggressionthay be a main
factor in providing distribution patterns and may
restrict the numbcr of individuals using the set of
habitats contained within the estuary.

- The detailed feeding observations carried

out on Sandgrling'left relatively little time for
dbservatiéﬁs on Turnstone. It was difficult determining
;‘what food Turnstone were taking during each individual
feeding movement. Birds were often obscured by rocks, .
| making them difficult to count. This species does, )
thever, provide a valuable comparison to the

Sanderling.

5.2, Methods

Throughout the winter season at Teesmouth,
(September to May), Turnstone were counted at roosting
and feeding localities to determine movement patterns

and the distribution of the birds. Taped commentaries
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were made to determine aggréssive levels, the reasons
aggression occurred, and the outcome of intraspecific
aggression. Colour-marking of individuals facilitated
individual recognition. Birds were colour-marked for
several reasbns:'i) to understand the habitat utilization,
feeding and movement patterns along the south side of
the estuary; ii) to look at the moftality and site
fidelity‘between yeafs, thus providing an estimate of
total Turnstone pressure on the reéources of the south
side; iii) to study the pattern of roost locations with
available food sources; and, iv) to see if there was
any positive associations amongst individuals within
the populations. Observations on colour-marked birds
provided the best indications as to movement patterns,
- consistency of area use, the difference between adult
and juvenile birds and the survival and return rates
over the course of the study. (See Appendix 5.1
for a summafy on survival rates of Turnstone at
Teesmouth.) w

In the first year of the study, 34 Turnstone
were indiviaually marked. In the second and third
years of the study, 48 and 8 additional Turnstone were
colour-marked. Of the marked birds, 17 were ringed as -
Juveniles and 73 as adults. Inaldition to the above

birds, 20 Turnstone, (7 juveniles); were colour-marked

on 5/5/1977. As this was a "passage" period these birds

were not included in the return rates.
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5.% . Diépefsal from the roost and general movement patterns
Mbrélthan other wader species utilizing the

- south side bf’the estuary, Turnstone confined their

© feeding activityvto the area between South Gare and

‘Saltburn. Birds roosted on two-main sites (Fig. 5.1).

iy,

Two hours after high water the Turnstone left the
roost and dispersed along the beach from South Gare
to Saltburn (Fig. 5.2). As the rocks adjoining South
Gare became exposed the Turnstone began té leave
the‘foost and started foraging on small crabs,
'1impe%s, barnacles, amphipods and polychaetes within
the Egggg along the "German Charlies" at South Gare,
(see Fig. 5.1). From South Gare the birds would move
south in successive waves of two to twenty birds,
flying towards Coatham and Redcar Rocks and further
~south, or to the adjoining Coatham Sands. After Iow
water, the pattern was reversed (Fig. 5.3). The
roosting pattern of the Turnstone was modified by
gales and wrack beds which tended to be localiged
according to wind direction. The time at which the
birds returned to: the roost depénded'on the state of
the tide,v(neap or spring), what food was available
and the prevailing weather conditions.

Turnstone are extremely opportunistic in their
feeding habits (Jones 1975, MacDonald & Parmelee 1962,

Mercer 1966 and Prater 1972). During the emergence



Figure

5.1.

The main roosts for Turnstone feeding
along the Tees' south side. The main
roosts were located in Bran Sands and
the small adjoing harbour. See text
for the pattern of birds radiating out
along the coast after the High Water

period.
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Figure

5¢2

The average number of Turnstone using
the main roost during the 1976-T77 and

1977-78 winters, (late September to
mid-April ).
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Figure

DeBe

A summary of movement patterns of
Turnstone on the Tees' south side.
(a) The period following high water.
Circles (so0lid) represent areas where
Tﬁrnstone might stay to feed during
low water, |

(b) The period following 1 ow water
when Turnstone begin moving north on
their return to the Main Roost.

S G~ South Gare.

C R~ Coatham Rocks.

R R- Redcar Rocks.

S = Saltburn.






113

of wrack flies or the sudden availability of other
rich food sources on the beach éven those individuals
which utilized certain rocks with great regularity
would move to the beach, The appearance of such
sporadic food sources affected the birds roosting
habits. It was not uncommon for the majority of the
Turnstone to begin to roost, (along Coatham Sands or
South Gare Sands), two or three hours before a midday
h.igh water period. During the emergence bf wrack
flies the birds would sometimes not go to the roost
over high water but would continue to feed, or roost,
on the beach. There was no indication that the birds
were stressed‘in terms of energy procurement; more
data on weight changes over the winter period might
provide some proof for this statement.

The main roosts provided a sheltered location
where birds had easy and rapid access to the first
exposed rocks, (South Gare Rocks). On days of heavy
gales, birds had acéess-to rock and beach areas
without having to fly as far south as they normally
did. The 5éééh at South Gare often held large wrack
beds and wﬁéh‘thrown up on a spring tide provided
suitable habitat for the breeding of wrack flies.

The main roost was used as a place for birds
fo collect before or after the main feeding pefibds.
No aggression was evident at the roost. On several -
occasions Turnstone roosting on smaller roosts within
Bran Sands were seen flying as a group to the main

roost, just before the time of roost departure, and

-
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| then seen landing and departing with birds already on
- the roost. This suggests that the main roost may have’
served as a place of information transfer, as has been
vproposed by Krebs (1974) and Zahavi (1971). I also
obéerved birds spending the high water period along
South Gare Sands, and flying to the main roost just
before the time of the birds' departure from the roost.
Even én days whén the tide would completely cover the
maiﬁ roost, birds would cbllect on the foost before
flying to another roost. The movement both to and
from the main roost occurred in‘stages with groups
of ten birds or less, although larger'groups occasion-
- ally flew to and from the roost. If winds retarded
the movement of the tide up the beach, allowing birds
to remain longer, they would still fly to the roost
on schedule, |

Turnstone collected at South Gare Rocks
after their departure from the main roost. The
utilization of South Gare Rocks dropped to its lowest
about the time of low water (Fig. 5.4). Not all birds
that collected on South Gare Rocks fed there. For
many it was a further roosting period, apparently
waiting for more productive areas to become available.
There was no suggestion that aggression was causing
birds to leave South Gare Roecks. It did not repre-
sent a preferred feeding area.

The southward movement and the returning
northwardlhoﬁement are best shown by counts at Redcar

Rocks (Fig. 5.5). Outside of the main period of
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5e4.

HW- High Water.

The average number of Turnstone at

South Gare Rocks, (solid line- based

~on 56 counts), and at South Gare

Beach, (broken line- based on 46
counts), during the 1977-78 winter,
(late September to early May).
Counts are for all individuals,
roosting or feeding. The left hand
scale is for South Gare Rocks and
the right hand scale for South

Gtare Beach.

1Y,

LW- Low Water.,

Arrows show the direction of Turnstone

movement,






Pigure 5.5.

The averagé number of Turnstone at
Redcar Rocks during the 1977-78

winter, (late September to early May).
Counts are for all individﬁals, roosting
or feeding. This figure is based on

54 counts,

HW- High Water.

LW- Low Water,

Arrows show the direction of Turnstone

movement.
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utilization;ét‘Redcar Rocks there was a Turnstone
nfpopﬁlation of five to twenty birds., Although not
‘fpreferrediby most of the Turnstone population, some
;individualsvfed at Redcar Rocks consistently. Birds
could be seen flying south towards Saltburn without
stopping at Redcar Rocks. Others would collect as the
roqks were becoming exposed, flying south ddring the
time before low water. As with South Gare Rocks, birds
appeared to leave by choice as opposed to:being pushed
out by aggression; Individuals may have selected Redcar
Rocks bebause bf the reduced concentration of birds and
thus reduced aggression. When bait diggers left mounds
of mand, and made Nerine available, more Turnstone
remained and increased the likelihood of aggressive‘

encounters,

5.4 Site fidelity

There was a strong predictability as to the
location of colour-marked individualé. (See Appendix 5.2
for a summary of the use of the estuary by colour-marked
birds.) In all patterns of site fidelity mentioned below,
appearance of wrack or weather conditions could alter a
bird's location,

As expected, there was much individual variation
in the birds' use of the various habitats. Certain
individuals showed attachment to specific areas while

others were more difficult to track during observations.
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Redcar Rocks was a preferred‘feeding site by
relatively few individuals. One such bird was Y/O R.
Ringed as a juvenile on 23%/11/1976, this bird shbwed
consistent use of Redcar Rocks in its first year (Appendix
5.3). During this first year. (a juvenile), Y/O R was

only seen at Redcar Rocks, and once on Coatham Sands.,

- This bird was often seen alone, which was unusual for this

species. During its second year on the Tees, (1977-18,

its first year as an adult bird), it was seen several

‘times on the 'beach at South Gare as well as the South

Gare Rocks ("German Charlies"). The few taped commentaries

‘of this bird as a juvenile showed it to be extremely
fwéry and‘unSUCceSSful in aggressive encounters. If

“there was a definite difference in the aggressive. outcome .

of adult and juveniles (as suggested by Groves 1978),
this may have helped to determinec where the bird fed.
(i.e., choosing a location such as Redcar Rocks where

few other birds fed). Familiarity with the Tees and a

- possible change in status with adulthood may help explain

the addiﬁional location sightings of the bird in its
second year.

‘A second juvenile, L/R Y, ringed on 5/2/1977,
was absent from South Gare (the area near the main roost),

preferring Redcar Rocks and Coatham Sands (Appendix 5.4).

In contrast to L/R Y and Y/U R, R L (an adult) showed a

preference to South Gare for all years of observations
(Appendix 5¢5). Although juvenile Turnstone were seen

roosting with adults along Coatham Sands they were rarely
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éeén on the main Turnstone roost. For the 1976-77
observations, of 45 sightings of colour-marked Turnstone
oﬁ the main roost, only one was a Jjuvenile, (The marked
population during thése obserbations consisted of 19
juvenilés and 79 adults.) Juveniles may have avoided
the roost to continue feeding elsewhere over high water.
Their inexperience at foraging may have caused them to
feed for a longer period than the adults. Alternatively,
juveniles may not have been as tolerated by the adults

on the main roost.

5.5. Association between birds

All sightings for the 1977-78 winter were put
on 'to computer cards to test for positive associations.
- For all sightings, the following data were colleoted:
- the location of the individual (South Gare Rocks,
Redcar Rocks etc.); |
- the time of day and the state of the tide;
-~ the size of the group in which the subject bird
occurred;

- the number of Turnstone in the area:
’

whether the bird was roosting or feeding;

the number of Turnstone roosting in the area;

the hhmber of colour-marked birds present and the

'status! of each colour-marked bird. The 'status'
of these birds was determined by their relationship

with the subject bird and placed into one of four

I8,
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categdries: 1) associated and feeding together;

2) associated and roosting together; 3) not’ -

associated and feeding; and, .4) not associated

and roosting. Association depended on. the birds

being in the same group.
The difficulty in testing such associations is in trying
to insure that the choice of habitats made by the birds
do not éimply coincide with another individual (i.e.,
that similar choice of site does not lead o the
definition of the group). The occurrence of large wrack
piles attracted a high percentage of the Turnstone
population, sightings in these areas had to be approached
with caution. |

Using the computer to sort out sightings of

the individuals, two main clusters were identified: birds
Y/RY, LY, Y G; and, L B, W Y, R L; L 0 and L/W Y.
Birds G/W Y and O L also showed relationships within the
groups. The connections between some of these birds are
shown in Fig. 5.6. The strength of relatedness,(defined
as those birds most often seen with a particular .
individual) are shown by the width of the connecfing
lines. These relationships were determined from sightings
at all points along the south side and not only from the
major gathering areas. The sightings of two sets of
birds, Y G & Y/R Y and W Y & L B, are shown in Table
5.1a=b. The most important similarities will be those

 s8ightings when relatively few birds were in the area, as



Figuré'f5.6.

The relationships amongst several colour-
marked Turnstone. Relationships are
suggested by the width of connecting
bars. Relationships-'were derived frem
the number of times birds were seen
foraging or roosting together. For

an example of sightings.see Table 5.1,
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TABLE 5.1 a,b.
Sightings of birds feeding together: a,(Y G &
Y/R Y), and'b, (WY & T B).

(a) YG&Y/RY.

| Date  State of tide Location Turnstone present
i 20/9/77 L4520 Redcar Rocks 13
8/11/77 | LW%245 . Redcar Rocks 15
15/11/T7 HW+400 ~ Redcar Rocks 15
< 18/1/78 W+115 S G Rocks
20/2/78 Cmie215 S G Rocks 14
1/4/78  Twerd0 s @ Rocks 40.~ -
3/4/78  HW+:50  Transect 5 45
L (Coatham Sands)
18/4/78  HW+300 Transect 4
co (Coatham Sands)

20/4/78  Lw+345 ; Transect 3 .20
" A (Coatham Sands)

20/4/78 ~ LW+530 Transect 5 20
o (Coatham Sands)

Total sightings: Y G- 21
Y/R Y- 25

Index of association = 45%



TABLE 5.1 cont.

(b) WY &I B

" Date
27/1/77
L /2/1

f15/2/77

21/3/711
22/3/77
25/4/77
8/11/77
18/1/178
22/1/7é
11/2/78
1/4/78

3/4/78

20/4/178
25/4/18

;State of tide Location

L HW#500
“HW+100

L LW+350

LW+320
LW+300

LW+130

LW+245
HW+110

LW+245

LW+145
HW+400
HW+: 50

LW+300
LW+200

Redcar Rocks

- Transect 5

(Coatham Sands)

Transect 5
(Coatham Sands)

‘Redcér Rocks

"‘Redcar Rocks

Redcar Rocks

-3 G Sands

S G Rocks
S G Rocks'
Redcar Rodks
Redcar Rocks

Trénsect 5

- (Coatham Sands)

Redcar Rocks

Redcar Rocks

Total sightings: W Y- 34

L B~ 31

Index of association = 43%

Turnstone present

10

35

36
30

140
55

14
30

45

1%
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opposed to a 1arge:portion of"the Turnstonebpopulation.
More information on specific‘interactions between *
individuals is necessary to say if pairs are showing
cohesive tendencies or if they are showing similar

feeding patterns..
5.6 Aggression

Aggression amongst foraging Turnstone was
common. It appeared that aggression helped to limit the
number of birds in an area (except for those times when
an overly abundant wrack was present). Aggression hélped
to space the individuals. In the case of Y/O R it may
have also set its pattern for choice in foraging sites

(at least while it was a juvenile). In a recent article,

Groves (1978), looked at age-related aggressive behaviour

in Turnstone. ©She found that juveniles lost in all
confrontations with adults, and that the dropped tail

posture was a sign of eventual success. During my

feeding observations on Turnstone I noticed two very

different tyﬁéS'of'aggressive encounters. The first

‘was_"rear~ending” (Type A); during these encounters,
“ome bird diSplaced another by attacking another bird
from behind. The bird that was attacked was unprepared

“and in 95 of 95 encounters, the 'victory' went to the -

attacking bird. Type A aggression often occurred when
there were high concentrations of feeding birds and when

food was abundant., This might explain why birds did not



;;;With Type B aggression.' Although difficult to prove, -

02

make an attempt to defend a site once displacedf In the -
second type of aggression (Type B).a face-off of eye
contact battle occurred. Aggression increased an
individual's feeding space, by displacing anothér bird.
Displacement may have resulted over a feeding site or a
feeding>object (these were often very difficult to
separate). Table 5.2 shows the outcome. of the two types
,Of aggréssibe‘encounters. It appears that in Type A,
birds were}?@ﬁh gaining access to a site and increasing

: ﬁheir feediﬁéiépace. Type B was more common when there

© was theprSQibility‘of gaining a specific food item.
E:Nofe enéfgjgéXpenditure and potential conflict occurred
it would appear that aggression played a role in the
reéulting distribution of the Turnstone on the south side,
Affeéting the distribution on a very local écale may have
 a1so affected the ovérall distribution of the birds.

More will be said about the use of aggressive
signals;and how Turnstone use and communicate the
informafion (within the context of the situation) when I
compare aggressive signaling and defence signaling in

the summer and winter situation (Appendix 5.6 ).



TABLE 5.2%
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‘The outcome of Type A and Type B aggressive

féncounters in the Turnstone population., _See

‘fext for description of Types A and B aggression.

Wt

Type A Aggression

95 encounters

In 100% of the encounters, the aggressor was the victor.

~Behaviour of victor immediately following encounter:

v —Leéﬁes area ‘,' - 4.2% (4)
 -Stays to, feed . 85.3% (81)
~Stays, doesn't feed’ - 10.5% (10)

Type B Aggression

36 encounters

In 75% (27) of the encounters, feeding individual was
the victor.

In 25% (9) of the encounters, non-feeding individual was
the victor,

Behaviour of birds immediateiy\following encoﬁnter:
Feeding individual as victor-
-Stays to feed 100% (27)
Non-feeding individual as victor-

-Stays to feed 100% (9)
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CHAPTER. 6. SOCIAL FEKDING IN SANDERLING AND “FURNSTONE.

Sanderling and Turnstone are highly social
during major feeding periéds and while roosting.‘ The
winter ecology of both spe01es ‘is based on open coastal
beaches and rock outcroppings. Both spe01es face little
interspecific competition at Teesmouth. For theé
Sanderlihg, Knot and Dunlin do present possible: -
competition, but this only when the birdé are feeding
on the rocks, or on the mussel spat which collects
along Coatham Sands after gales, Turnstone compete to
varying degrees with Knot, Redshank, Oystefcatchers and
.Purple Sandpipers. Turnstone are extremely

PTR opportunistic in foods taken and habitats explored.

‘Their spec1allzed habits of rocke«turning and algae =
‘fllpplng, plus their stron stout bill, make food

“sources avalldble which are open to few other species.

'E'?In comparlson to Turnstone, Sanderling can be regarded
V.ias food spe01allsts, although their range of feedlng

Atechnlques suggest rather flexible foraging patterns. =

» The main daytlme constraint for both species

‘is the tide (especially for the Sanderling). The effects
‘of the tide is clearly shown in roosting and feeding
patterns of the‘two‘Species. The movements of the
birds ih their search for fecding areas at each stage
of the tiaal cycle make certain areas more likely to

be chosen for roosting. Transect 5 (Coatham Sands)

is one of the last profitable Sanderling feeding areas



. information regarding these’food sources amongst

~conspecifics. The foragingvpatterns of colouf-marked
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to be wvered by the tide. The nearest area to transect
5 which is a suitable high water roosting location (and
indeed the main Sanderling roost) is the raised beach
known as the Ducky. South Gare Beach and South Gare
Rocks are not covered‘until late in the tidal cycle

and are exposed again soon after high water. The
nearest rocks suitable for the Turnstone to roost on

are along South Gare. This is the main Turnstone

roost and ‘is well protected from the cold and the strong
onshore winds.

ﬁSéndefling and Turnstone are quick to identify

and exploiﬁQnew‘and temporary food sources. There is

" both the possibility and opportunity for the transfer of

e

birds are well defined, however, there are frequent

déViatiqns which suggests "testing" of different
patches. Although all birds méy not come together
each day for roostiﬁg purposes, enough mixing occurs
that information can be transferred over a two or three
day pefiod (for a review seé Ward & Zahavi 1973).
Individuals might fbllow one another while radiating
out from their roosts, or they may simply land where
other conspecifics are already feeding. This would
be a major advantage for "testing" different foraging
areas and is not peculiar to these two species, but
rather, is widespread throughout the Charadrii.

There are scveral factors which lead to the
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formation of social groups{ protected roosts, close
to main feeding sites were limited; possible social
attraction; benefits from conspecifics such as
imitation of feeding behaviour or the 1ocating'of‘food
sources; and protection from predation.

The distribution of the food source may‘be
affecting the size and cohesion of foraging groups bf
Sanderling and Turnstone. The food of the Turnstone is
especially patchy. Wrack beds and rock:outcroppings
form discrete habitats, separated from one another by
considerable distances. Birds are thus forced to use
the same areas. The food source of the Sanderl ing
has greater continuity, being available along the

entire length of Coatham Sands. Both Nerine and

Bathyporeia occur in clumps, which should affect the
size of Sanderling groups feeding on them. Aggression
and interference amongst conspecifics, the size of the
clumps of?ﬁrey, the threat of predation and the

behaviourél'effect of increased numbers of predators

j‘;’on the pféy, could help:establish the foraging group

size ofiSanderling,;,' | ‘

Silliman et. al. (1977) found that ihcreased

- flock size resulted in increased aggression for
Sanderling. 1In another set of observations, Barash (1974)
found that solitary Black-Capped Chickadees (Parus

atricapillus) were more likely to experience aggression

from other solitary birds than an individual which was

in a flock. He‘suggested that flocking may result in



| Stretch of beach. 5
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a degree of social immunity. - Social learning has been
cited as a main advantage of flocking (Krebs 1972).

Page and Whitacre (1975) showed that siﬁgle
waders were at a greater risk than those feeding as a
flock., In their study, the number of Sandeﬁling taken
by predators represented 13.5% (18) of the total

Sanderling population; furthermore, the likelihood

of a wader being preyed upon as a single bird compared

with a bird in a flock was 3.2:1. (See Powell 1974 for
experimental data on predator detection in Starlings.)
Lazarus (1972) states that feeding dispersion results
from tWOi@éin preSsures; predation (feeding dispersion

should miﬁimize this) and feeding efficiency (feeding

. dispersion should maximizc this). Predation need not
vabe common to make flock feeding advantageous (Buskirk

- 1976). Stinson (1980) suggested that predation was

, the key_tovthe distribution of waders on a "uniform"

Sanderling rely on several foraging techniques,
both tactile and visual. An individual might benefit 1
from the feeding information gaihed from conspecifics
(location of the prey clumps). Spacing should not be
so reduced that significant interference of foraging
occurs. Group size, acting in response to prey
availability, may help to determine the numbers
feeding in a particular area on any given day. Over
an entire season, this may have a major effect on the

overall distribution of Sanderling on the south and
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north sides of the estuary.

Turnstone are mainly surface feeders, using
visual cues for the 1ocatién of their prey items. Their
feeding areas are available for relatively long time
periods (hours vs. secondsorminutes as is the case with
Sanderling). From observations on Turnstone in wihter,
it appears that, like the situation for breediﬁg
Turnstone (see Appendix 5.6), birds gain in pofential
feeding time, by a reduction in warinesé, when feeding
near conspecifics. Despite this attraction for
éonspecifics, Turnstone bften try to maintain a larger
feeding space than the concentration of birds would
allow, which often leads to prolonged aggressive
encounters. This aggression appears to have the effect
of disperéing individuals. It is still unclear what
vdetermine$iwﬁether a bird will stop at a given estuary.
5; The effecﬁé‘i have listed will help to determine the
'":birds' diétribution once they have arrived. These

o

i,;effeots méylhave even greater long term resul?s
.(e,g., juveniles may not‘succéssfully compefe in an aréa).
For these two social species, the determinants
and outcomes of sociality can best be undefstood by
observing movement patterns and interactions with
conspecifics.  Perhaps the major outcome of sociality
is the;resultant distribution along their feeding
habitats and Within the estuary as a whole. It must be
remembered that the main causes of sociality arc the

distribution of the food sources and possible predation.
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Appendix 2.1

Invertebrate densities along the five gsampling

transects (Fig.2.1) for the eight main sampling

days.

All numbers are in individuals/mz. All distances
refer to the number of metres below the mean HWM.
When two samples were taken at ome station on any

one day, densities were averaged.

N - Nerine

B - Bathyporeia

I - Eurydice

1y,
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§ Appendixf 2fé[

Densities of Nerine at transects 1 _to 5, Coatham -

N4

Sands,_ for the eight main sampling days.

LNovember 19717 January 1978

‘Transect X S. L. " Pransect X S.B.
1 506.7  202.1 1 " not sampled
2 - T725.3. 221.6 2 12022.4 726 .0
3 752.0° 1311.4 3 806.4  357.0
4 637.3  172.7 4 1113.6  583.4
5 ©301.3  91.8 5 394.7 © 141.1
Febrdary 1978 : | March 1978

| :

| 1 785.5  230.5 1 692 179.8

3 2 976.0 343.8 2 1728.0 796.0 .
3 1045.3 3%0.2 3 144.7 2%8.3

‘ 4 693%.3 337.3 4 1093.8 140.3

| 5 405.3 141.2 5 34%.3 115.9

' August 1979  November 1978
Transect X S.E. Transect = X S.E.
1 512.0  199.5 1 384.0  186.6
2 746.7 397.6 2 755.2 296.6
3 629.3 229.5 3 780.8 32843
4 832.0 275.6 4 546.9  124.2
5 501.3  169.0 5 826.2  208.2
December 1978 February 1979
Transect X S. %, Transect ~ X S.E.
1 512.0 247.2 1 550.4 167.2
2 1612.8  574.7 2 1190.4  467.9
3 650.7 247.7 3 601.6  244.8
4 716.8  278.9 4 908.8  254.8
5 533.3% 193.2 5 496.0 227.9
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Appendix 2.3%a

Alongshore sampling for April 10, 1978

One sample was taken every 20 m from transéct
3 to 150 m past transect 5 at 70 m below the
HWM. Corer used was the same as that’used

for the main sampling days.

I8,
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i

i o Appendix 2.

Dengities of prey species in numbers/mZ ‘

. Bite humber  Terine a Bathyporeis, Burydice
a1 L 640 0 584
2 584 0 128
3 4592 0 o84
4 128 0 128
5 1152 0, 0
6 1664 128 128
T 766 0 0 .
8 4224 0 128 !
9 £96 0 256 :
10 1920 0 12¢
11 3456 0 0
12 640 0 128
1% 2048 0 12¢
| 14 2048 0 -0
? 15 | . 4480 0 0
6 1408 0 128
17 24732 128 256
18 2176 0 0
19 1792 0. 0
20 1664 0 128
21 1536 128 256
22 2816 0 0
23 2432 128 0
24 4864 0 256
o5 4864 0 256
| | 26 - 2688 128 384
R 27 -} 4480 0 0
S : o8 - ‘;;: ‘1664 0 256
29 L 2816 0 129
' 0 256

RE N AL




S3ite number

31
32
53
34
35
56
37
38
39
40

41
42
43
44
45
46
47
48
49
50

51
52
53
54

61
62"
63
64

Ferine

5584
2176
1664

4736

1792
2048
1920
640
1664

896

304
2048
2432
1664
512
512
256
640

1280

27304
2688
4096
4096
2048
3200

. 2816

2560
1864

1920
2816
4224
1280

Sathyporeia

149

Turvdice

0

0
128
128
364
256
2048
256
1920
512
256
128
128
512
296
128
384
1024
128
640

384

512
128

128

oD O O

128
512

140¢

768
9088

5504

640"
584
0
1664

- 128

2668
5504

0
128

12€
1152

A
@]
O ~ O

2048
128
384

I3,
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o v pite n.lijaer | Terire Bathvnoreisn Burvdice

65 1920 2944 5868
66 S 1664 2048 0628
T e 2560 12€0 204¢
68 504 296 £96
69 £96 768 2048
170 2432 304 640

71 0 256 640
‘72 | 512 806 1664
73 12€0. 512 © 760
T4 ' 0 R T 256
75 0 | 0 0




151

Appendix 2.3b

Alongshore sampling for May 11, 1978.

One Samble was taken every 20 m from transect
3 to 150 m past transect 5.

(A) =50 m below the HwWM,

 ;(3) -70 m below the HWM.

?}(¢) -90'm below the HWM.

L

1y,
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% . ¢ Appendix 2.3b

(A)??ﬁi . Densities of prey species in numbers/me
.Site‘numbbf Terine Bathyporeis Iurvdice
1 1792 128 0
2 1024 0 256

3 2944 - 0 N 0
4 896 ‘ 0 " 0"
S5 1792 0 128
6 3200 128 128
T 2560 | 1283 256
2 1792 0 256
9 1408 - 128 0
10 120 128 512
§ Mo 2304 0 128
j 12 896 o 128
| 13 1536 128 384
14 1152 0 0
15 640 128 512
16 1920 o 256
17 1152 0 108
18 | 384 | 0 256
19 1792 128 0
20 1280 | 0 1408
21 1536 128 1152
22 1664 | 256 1280
23 . 27304 0 128
24 1024 0 640
25 1792 128 - 128
26 1792 0 256
27 304 0 0
28 2176 128 256
29 640 0 256

30 512 0 768
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(4) Densities of preyv species in numbers/ﬁz
Site number Terine Bathyporeia Burvdice

31 o - 0 256
32 2688 256 128
3% 256 128 512
34 2304 256 0
35 256 1152 256
36 2432 128 768
37 0 640 0
38 0 0 0
39 o 384 0
40 2048 - ze4 0
41 384 1408 1664
42 3712 256 0
43 0 128 | 0
44 896 364 0
45 ‘ 128 0 0
46 1152 512 ~ 0
47 | 768 512 256
48 3072 128 0
49 768 120 256
50 640 128 1220
Yoo 51 L 2560 0 640
S s . 2560 256 784
5% 0 5712 0 256
54 T 4352 256 128
55 5120 0 0
56 L 5968 - 128 0
57 o 2176 0 128

58 3584 256 128

59 896 640 o
60 1536 512 128
61 384 5632 0
62 0 1664 0

]

63 | 1408 2304
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(A)v B Densitics of pfey gpecieg in numbers /m2
Site mumber . lMerine Bathynoreia_ Lurydice
64 128 2432 0
65 : ' 896 768 0
66 512 15%6 0
67 0 640 0
68 256 1024 0
69 128E 0 0
70 256 | 0 0
71 256 o} 0
72 - 120 0 0
73 | 0 0 0
T4 0] o 0
75 0 o 0

8,
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(B) Dengities of prey species in numbers/m<

Site.number - Lerine Bathyvoreia surydice
. 256 0 " 0"
C 2 256 128 256
L3 1024 o 0
4 128 256 384
5 128 0 512
6 e 0 | 0
| T 1152 0 0
| & . 512 128 | 512
9 640 128 384
10 768 o 512
¥ 364 0 256
12 128 0 0
13 768 0 584
14 384 0 128
15 0 0 128
16 128 384 126
17 1152 0 0
18 128 0 0
19 . 256 0 0
20 123 0 0
21 384 128 ‘
22 126 0 12
2% 512 128 128
24 384 384 ; 0
25 896 0 0
26 2560 0 126
27 1408 126 102
28 1024 0 0
29 512 0 0
50 512 0 0
1 %1 96 0 0
72 512 0 128
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(B) Dengities of prey gpecied ﬁw»numbers/mg
3ite number lerine Bathyporeia ‘Eurydicé
33 1152 0 | 0
34 1920 0 1408
35 ‘ ' 384 512 247%2
36 896 0 512
37 128 128 256
33 2560 | 128 | 256
39 1664 128 A 512
40 1280 0" 128
41 2304 0 128
42 1152 0 256
4% 128 0 640
44 | 256 0 384
| 45 256 256 1280
| 46 | 1280 504 256
| 47 1792 0 256
e 48 1664 128 128
L 49 256 128 128
L 50 1024 0 384
51 g 640 0 128
52 ., 1408 0 256
55 . 896 0 512
54. . ... 2304 128 640
55 L 765 0 324
56 s 1280 128 256
5T 2432 | 128 25
58 1664 108 768
59, 2816 128 %04
60 - 1792 0 1280
61 2304 128 11592
62 S 1408 256 0
6% 1664 256 120
64 1408 096 256
65 3840 512 0
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(B) Densities of prey species in numbers/m2
Site number Ferine : Bathypnoreia. Eurydiée
66 1152 128 ' 256
67 1408 0 120
68 2304 128 -0
69 £96 | 0 0
70 384 1536 0
71 768 384 - 0
72 - 256 384 0
3 128 0 0
T4 0 0 0
75 0 0 - 0

Y
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.  (0)) " Densities of prey species in numbors/m2
Site ‘nu.fmber- Terine JBathyporeisa Turvdice
1 0 0 128
2 0 0 0
3. 0 0 0
4 1280 0 0
5 256 0 384
6 -0 0 -
T 256 256 0
3 0 0 0
9 0 0 128
10 0 0 128
L | * o512 0 128
12 : 0 0 128
13 0 0 0
T4 0 -0 0
150 0 0 128
; 16 256 0 0
"7 - 128 128 128
18 256 0
19 1536 0 128
20 364 0 0
21 - 128 384 0
22 128 0 0
23 0. 0 384
24 128 0 0
25 0 0 0
26 0 0 0
27 0 0 0
28 0 0 0
29 256 0 128
30 128 0 0
31 ' 128 128 0
32 64.0. 0 128
33 512 0 128
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(¢) ‘Densities of prey species in numbers/m°

Site number erine -~ Bgathyporeia Eurydice

34
35 0
36l e » 0 512
3T o 128 640
i3 89 128 1152
39 10280 384 512

40 | 1024 128 640

%,

R R 1152 0
42 2048 0
43 12680 ” 0 1664
R o s12 o
45 0 Tee 0
46 . 11536 0 |
4T 2944 128 1920
48 S 1408 | ‘: ‘. 0. v | 256
49 | 512 128 1408
50 | 1664 R ¢ S 256 i

51 ‘ | 128 - 1024 S0
52 1152 128 - 1024
53 384 384 0 3e4
54 512 384 | 512
55 o 512 | 640
56 256 384 896
57 - 384 384 1280
58 1920 0 256
59 1536 128 384
60 1280 0 256

61 1024 128 - 128
62 128 0 f 0
6% 768 0 128
64 1152 512 3
65 o8 256 5
66 1408 512 11
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(¢) ‘ Densitics of prey species in nw:b'em/m2
Site number Merine | Bathyporeia_ Burydice
67 512 256 89
68 256 2304 640
69 " 1024 - 384 . 896
TO 1280 896 ‘ 384
7 512 640 384
72 1280 1024 o512
73 1024 128 256
74 1152 0 - 0

75 o256 0 o0

1%



Appondlx ”2.4 | i

Mampling resvlts for Fovember 26th 1977. Sampling
" gtations at 50m and 60m below the HWM at transect 5.
411 results for Dathyporeia. .Cne sample telen,

(diameter of. corer, 3;7”cm),in‘the centre of each
10cm x 10cm square., Grid consisted of 80cm sides
partitioned into. 8 sections, yielding 64 samples.
Samples are numbered coﬁsecutively'with'row, €T

1 8
9 16 etc. ;
; Sample site 50m 60m %
) 1 9%0 | 0
i 2 1860 1860
3 930 : 2790 , . - .
4 2790 950 . o
5 930 4650 '
6 o 9300
7 1930 11160
8 0 2790
9 0 1860
1 10 930 930 -
11 0 2790 .
12 5580 0
13 4650 1860
14 2790 10230
15 3720 3720
16 0 102%0
17 0 9%0
18 0 0
. 19 0 930
g 20 1860 0
21 \ 1860 19530
22 930 4650
2% 1860 12090
24 0. 11160
25 4650 10230
26 930 3720 = v
27 930 4650



%

L » | ¥ 162
- Sample site 50m ! 6 O0m
. 28 o 2790 2790
29 5720 930
30 1860 . 2790
31 o 1860
32 13720 8370
53 0 o 1860
34 930 * - 1860
35 0 1860 |
%6 0 930 o g
| 57 0 950 “ g
§ 36 0 10230
] 39 o 0
40 930 12090
41 0 4650
42 950 2790
43 930 2790
44 2790 | 5520
45 4650 930 -
B 46 4650 4650
1 47 1860 744.0
L e 2790 13020
49 1860 2790
50 0 6510 -
51 0 5720
52 3720 930
53 . 930 930
54 | 0 4650
_ 55 1860 2790
o 56 4650 8370
o 5T 2790 6510
58 TN 1860 5720
59 .0 - 930
60 . . 0 4650
61 930 930
62 930 930
63 | 0 | 3720 -

64 . 30 7440
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Appendix 2.5

Sampling results for December 3rd 1977. Sampling was
carried out at 50m below the T on'transoctQB. All
results for lerine. Grid used was identical. to that
used on Fovember 26th 1977 (Appendix  2.4)Each sample -
wag divided into 2 leyers,(diameter of corer was

2025cm, each layer was Gem deep)o 64'samples‘were
taken, consecutively writh row, a8 in Appendix 2.4.

- All results in numbers/mz.

Upper -

Sample site layer  layer:  Total
1 o 629 629
2 1258 © 1258 2516
3 0 1258 1258
; 4 ‘ O 0 0
5 0 ' 1887 1887
6 0 o 0
E iR 0 . 3774 5774
e Y 0 . 629 629 -
[ 9 0629 629
| 10 3145 0 3145
1 0 - 1258 1258
12 0 1258 1258
13 | 0, 1258 1258
174 629 2516 3145
15 0 1287 1887
16. = 1258 0 1258
17 | 0 1258 1258
18- 0 629 629
19 0 0 0
20 629 1258 - 1287
21 0 1087 1887
20 0 2516 2516
23 629 629 1258
24 8 1258 1258
25 629 629 1258
26 1258 2516 3774



Sample gite

27
28
29
%30

31
32
33
34

61
62
63
64

—_—
N o

Upper
layer

1887
0
629
3145

H o o

——
N
B

—
(&) [N
CER S B B CET
O O 00w

oy -
N
O O O Ww o

1256

Lower
layer

3774
1087
1887
1258

1258
3145

1258

1258
1258
629
629
5661
1258
629

(@)
2]
o W

—_— —_— —

[0 IENAC IS

o 1\l
69}

3

108
1258
1258

- 37TT4

1287
1258
2516

5774

%,
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ﬂAppendlx 2.6

‘oamplxnm results fOf Imrcn 121ﬂ 1978. Sampling wag
carried out 21 50m below the PUM on transect 3. The
- orid s as fo]low“ 6...60

5

2 544059
R ; 1 4...58

with each sampling site 1 metre:from adjacent sites.
As with samples taken on December 3rd (Apper lix 2 .5)
each wag divided into 2 layOfu,(corer same ag that
used on December 3rd). ‘All results are for I'erine
and are expressed as numbers/mZ.

Y

~ Upper Iower :
Sample site layer layer - Total
1 0 629 629
2 0 ) 0
3 0 0 o
4 0 1256 1258
5 0 2516 2516
| 6 0 0 0
i 7 0 0 \ 0
; 8 0 629 629
| 9 0O 1258 1258
10 0 629 629
11 o 0 0
12 629 1887 2516
13 0 0 0
14 0 2516 2516
» 15 0 5032 5032
16 0 0 0
17 0 0 0
18 2 0 0 0
19 } 0 0 0
20 o . 1887 1887
21 0 . 125¢ 1258
0 | | o 629 629
.23 o 0 0
24 629 3145 3774

25 - 0 1887 1887



Upper = Tower - %6

i ‘  Sam§1e gsite layer = . layer Total
26 0 0 0
oo 0 629 629
o8 629 . 1258 1887
29 0 1887 . tesT
30 0 2516 2516
31 0 1258 - 1258
52 0 0 0
3% 1256 1256 2516
34 o o 0 F
35 0 1258 1258 :
36 0 3145 3145 ;
37 0 2516 2516
38 0 1807 1807
39 0 0 )
40 629 1087 2516
41 629 0 629
42 0 2516 2516
43 0 2516 2516
44 0 629 629
45 629 6919 7548
46 0 1258 1258
47 ~ 1258 629 1887
48 629 629 1258
49 0 1687 1887
50 o . 629 629
51 629 1687 2516
52 | 629 1087 2516
5% 629 1887 2516
54 0 0 0
55 1 -0 1687 1087
56 £ 0 2516 2516
57 . 0 1258 1258
-5 0 629 629
59 0 1258 1258
- 60 0 1258 1258

1%
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fﬁppen&ikf;2.7;f

P

. Sampling results for Iarch 12th 1978 on transcct 5,
90 metres below the I'H. The grid was as follows:

5 6eee60

2 BeeosbH9

1%

1 doeobB _
© o with each sanpling site 1 metre fromaljacent sites,
- (diameter of corer being 6.2cm). Resvlits given in

‘ B numbers,/me .
g Site npmbér . Terine -~ Bathyporeia Turydice
1) 0 2317 - . 662
2 662.. 2317 . . 1655
3 1655 . 662 2979
| 4 662. - 662 - 662
5 o 1986 993
6 331 99% - 1655
7 o 5296 1324
8 o . 993 . 8937
9 662 2648 - 3310
10 331 993 - 6951
11 351 ~ 3972 3310
12 0 | 1324 1986 -
13 0 1655 662
14 -0 1655 3641
15 993 993 | 993
16 662 99% 1655
17 0 2317 2648
18 331 1524 4503
19 0 3641 1986
20 0 1655 132
21 0 2975 5296
22 0 662 993
2% 0 1986 1986
| 24 993 1986 6620
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Site number ITerine Bathypo rein, ! Survdice
25 331 531 1324
26 662 331 662
27 331 2317 1324
28 T 0 993 1324
29 3751 1524 1324
30 0 662 331
31 331 1655 1986
32 0 1655, 662
33 331 33 1655
34 993 3310 1324
- 35 993 | 331 3972
B 0 1986 1655
3T 33 1324 | 993
o380 e62 1655 . 3972
o390 o33t 993 T 1086
a0 331 1655 1324
41 - 2317 3972 5958
T4 1324 3641 13240
43 - 662 993 2317
a4 - g 33 L2648 196

45 662 331 662
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Appendix 3.1 Movement and survival of Sanderling at

Teesmouth

The habitats available to foraging and roosting
Sanderling and the invertebrate prey contalned in these
habitats have now been thoroughly documented vThe
Sanderling's movements are governedvby the‘tidal cycle,
which alters the availability of habitats, and by the
densities of prey at the different locations.’ Tne precise
foraging techniques of Sanderling feedingron Coatham
Sands, the allocation of tlme to the varlous components
of foraging and the blrds' search paths and success rates
will be dlscussed, wlth reference to environmental and
sooial factors, in Chapter 4. One environmental factor
was the position of the wave edge, in relation to the

foraging‘individual's.time.spent running. A possible

,Jsocial'factorjwa interference during feeding, causing

| potentlal overlap of area-concentrated search, resulting
len the blrds mov1ng away . from the "group" after a success.

"gtThe utlllzatlon of the north and south sides of the

"jijestuary, both-by birds spendlng the entire winter and

e

ntnose using it for only a portion of the non-bréeding
| season (e.g., those Sandefiing on passage to the breeding
grounds) will now be ekamined;

Most of the analysis of the north-south distribution
of the birds is based“on counts. Some of the fluctuation'
in theséchunts may have been due to inaceuracies in
counting:(such as missing a large number of roosting

individuals). To insure that these counts represented
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*the'situetiones cloSely as possible, great care was

«:n 4y

‘taken to 1nclude only complete counts, counts relatively

""f' A

"ffree from dlsturbance, counts undertaken during the times

=§when the. rocks were covered and often when birds were

‘f,éiabout to roost A single value for any one day was

ffrequently-checked by tahing two or three counts within -
"one Or two hours of one another. This insured that
‘blrds were not missed. Although counts were not made

’ ffrqm Saltburn to the end of Coatham Sands each time,
frequent_visits_to the beachjsouth of Redcar Rocks were
: made tofinsure thet birds were not being_constantly‘
overlooked. i |

‘ During the 19778~ 79 w1nter, systematlc countlng
of the'Sanderllng s use of the north side of the estuary
was begun., Simultaneous counts of‘the northiand south;
'sides are available for the entire 1978-79 season.
Simultaneous counts were necessary in determining the'\
relative importance of the two sides to the Sanderling.
Even if one side was heavilyvpreferred, the’othervside'
might have helped to ease the presSure of‘habitét utiliza-
tion on the preferred side. By 1978, enough‘colOur-markedh%
Sanderling were present to obserue the .different patterns
of area preference in the estuary. Counting continued the
same on the south side with Nick Davidson and Simon Fraser

counting the north during the time around High Water.
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Fig. 1 shows the highest count for each month
for Sanderling on the south side for the 1976-77‘winter. B
Figs. 2 and 3 show the humber of‘Sanderlihg‘on the~
south side during the 1977-78 w1nter. In’Fig. 2 the
highest monthly counts are presented, whlle in Flg.»{ 3
all counts, (not Just the hlghest of each month),*are
presented, with sprlng, neap and mld-tldal helghts in-
dicated. Some of the anomalles, (presence of gulls in
1977 78 and the presenco of the large wrack beds ‘in
1976 -77), have already been mentloned and
clearly stand out. There was heavy use of the area in
August which was due, in part to blrds on passage,
preturnlng from the breedlng grounds, (see Prater &

iDav1es 1978)-1}The 1arge increase durlng March did not

'tfollow the expected trend based on the 1976-77 figures,

”;but‘lt w1ll become clear that increases could occur

f?ln almost any month of the winter. The numbers between
?f?;autumn 1977 and sprlng 1978 fluctuated between about
: 550 and 700 1n most months.‘ }1g. 3 has been 1ncluded.£
:to demonstrate the erratlc fluctuations that occurred
in. a single. year.
# The counts from 1978 79 (simultaneous counts
of the north and-south sides) are presented in Fig., 4.
The total number of oenderlang using the Tees was dif=-
ficult, to determlne, as dally fluctuatlons appeared to
be large. lvidence from colour-marked individuals
(discussed below) points to both a high degree of

feeding site fidelity in certain individuals and mixing
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| ‘ ‘Monthly péak counts of Sanderling
L ER for 1976=77.
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Figure 2

174

%

Higﬁ Water counts fér;thevSouth:Side
1977-78. These counts:are.the monthly
highs, regardless of tidal height,
(spring or -neap). ‘High Water counts

were made one to two hours before the

- High Water, when most birds were

feeding on Coatham Sands.
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Figure 3

Counts of Sanderling on the south
side for 1977-78. () spring tides,

(®) neap tides, (x) mid-level tides

S and (®) notes the counts during large

gull presence.
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Figure

4

Simultaneous counts for Sanderling,
1978-79. (®) total numbers, (m)
Sanderling on the south side and

(0) Sanderling on the north side.
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of feeding areas in others. Thig lessens ahy idea‘of é
single cohesive Sanderling populatioﬂ. The oocurren@et
of unusual food sources, and the birds' ability to‘lécate
them, provides evidence that different ségments Qf the
Tees Sanderling are mixing, and that there is thefpossi—
bility that informatin is being transferred. Jusf‘how
far north or south along the eastern coast Sanderling
utilizing Teésmoufh range is not at all clear. Rapid
build-up of numbers, (as: seen on 15/1 and 21/1, 1977),
suggest that not ali-birds which use the estuary at any
one time.are?neceésarilybpermanent winter residents,
f(i.e.; thatiéﬁéy inhabit:bnly Teesmouth during the
‘éntire wintéf)fﬁ If information regarding food sources
_Ew@s:beingioﬁééinéd‘tﬁrough:expldratory flights or through
:ffiﬁfOrmatianftrénsfer at robsting centres :(see Ward &
aZéhavi 1973), then mixing;of the Teesmputh Sanderling .-
'must;haQe been'occurring’bver considerable distances.

o The large fluctuétions in numbers mean that
frying_to ascribe the! number of permanent winter
residents using the estuary may give a considerable
% uhdefestimation of its importance iﬁ.providing suitable
habitat for'Sanderiing. It might be the case that
although the Tees couid not»Suppbrt theivery large
population, (shown by the largest of the annual counts),
throughout the winter period, its ability to provide |
suitable habitat at crucial stress periods during the
birds' annual cycle might be a more important consider-

ation.
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During the 1978-79vwinter, lower‘Béthvporeia

densities were reported. © This may have affected
the capacity of Teesmouth to supply Sandérling_with
suitable habitats during stressed periods. When one
~looks at the numbers of birds using the north side and
the poor invertebrate availability there, (as determined
by Andrew Wood, 2H projéct), compared to the south side,
it seems unlikely thatvéll‘Sanderling on the estuary
could have been where the best, (most profitable), food
conditions were. One mechanism for determining the
distribution,of Sandérling in an area may be the behav~
. ioural inteqadtions while foraging. Behavioural interac-
.‘tiohs may bé{éxdirect result of the changing conditions
vliin’the inﬁéf%éﬁrate profitability. This would make the
t?ﬁirds rééppﬁéive to the constraints placed on their

bﬂ,fbraging potential and affect group size and number.

iy,

Dﬁring periods of lowered food souroes,crowding“
cbuld.be especially damagiﬁg to energy intake.

How do birds, upon their ‘arrival in autumn,
:or'on_any particular day, decide whether they will feed
on Coatham Sands, sou%h of the estuary, or Seaton Sands,
north of the estuary? Fig.s 5 and 6 show the
relationéhip between total numbers of Sanderling in the

estuary and numbers in the south and north side



Figure

5
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Regression showing the relationship
between total Sanderling count on

the estuary and numbers on the south

side.
Slope 0.3898
r o 0.55736
P : <0.01‘ with 21 degrees

of freedom

Y,



uotjojndod bBuilepups seal |D}OL

0zl 0001 008 009 007 00T

002

—00Y

apIS YInos uo Buljiapung

- : _A - Lo09



184

i

Regression showing the relatiohship
between total Sanderling counts on
the estuary and nﬁmbers using the

north side.

Slope 0.68226°
T | 0.8098 |
P < 0,001 witﬁ121 degrees

of freedom
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feébectively. Sighificahtfrelationships between total
inumbérs in‘the estuary.and numbers at each éide suggest
:thét there might be no préferencé by birds. The rélation—
ship for the north (ﬁig.  6) is highly significant at

P <O.QOj, and  shows that when total numbers are low,
north~side numbers are very low. The relationship on the
south:side; although'also Significant at P<0.01, seems
less:responsive to total numbers in that its increase:

is slower in relation to total number incfease than on the;
norh side. This suggests a more constant or stable

population level,

The decline in Bathvporeia and Burydice popula-
tions at transect 5, | ‘
between 1977-78 and 1978-79 could have caused the decline
of Sanderling numbers on the south side bétween the two
years. Birds reaching transectﬁsone to‘two hours béfore
High Water might not have satisfied their daily energy
needs, and if other habitats were available they could
take advantage of additional resources. Even at High
Water, Sanderling are able to feed, (e.g., on wrack
beds, north side, N. Davidson, pers. comm.). Sanderling
often continued to feed on Coatham Sands over High Water
on neap tides during the winter. During the 1977-78

winter, Sanderling were seen flying'from the Ducky

area towards;ﬁhe north side either before going to roost
of after thé'fdost had formed, (L. Goodyer, pers comm.).

_jiihué, nof ali Sahder1ing roosted over the High Water

fiﬁeriod. On January 30th, 1979 at 1500 hours, (Low

Water plus oﬁe hour), Sanderling feeding at transect 5
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were;beginning to fly to thé pbol at the Ducky to bathe
and preen. About 60 individuéls were present at the‘
roost. By 1520 hours, 160 Sanderling were present.

(A very high spring tide, G.Om, accounted for the early
roost.) At 1525 hours, 25 Sanderling rose and flew
from the roost toward Bran Sands, in the direction bf the
north side. These flights occasionally accompanied
Knot flocks, also returnihg to the north side. These
observations suggest that some of the bifds using the
north side might be partly comprised of individuals
unable to meet their daily requirements on the éouth
side, ‘

The abo&e observations are not meantbﬁo suggest
that Sanderling dnly began using the nofﬁh side in the
1977-78 season. R. T. McAndrew (pers. comm.) reported
that 400 or more Sanderling fed regularly on the north
side.. A .summary of his counts (1975-77)is presented
in Fig. T Althdugh individual birds did in fact use
“both sides;gﬁ the estuary, the constancy of location
in sightiné%iéf colour-marked birds suggested a fairly
¥; stab1e sit&éfion, This does not explain, however, the
%vierratic*flﬁgtuations in numbers using the south side.
'There may'ﬁave been a transitory segment of the Tees-
'mbuth birds, (perhaps those not using the estuafy everfr
day and thus including few of the colou¥-marked individ-
uals),.and other segments which were consitent in their

choice of sides.
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High counts of Sanderling using

different areas of Teesmouth's

SN north side during 1975-77.
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The areas used by Sanderling on the north side
are shown in Fig. 8. Some invertebrate data are avail-
able for +the north side, at Seaton Sands. (Andrew Wood,
2H project). The data were collected to?determine poten-
tial prey for Sanderling feeding at Seaton Sands and as
a comparison with prey.found on Coatham Sands. Sampling
at Seaton Sands showed extremely low densities of the
three most important inyertebrate species: Nerine,

Bathyporéeia and Eurydice. There was no clear dominance

of Nerine in the cohtribution»to the overal 1l invertebrate
populations. The resulte were surprising as this area
held the highest numbers of Sanderling on the north
“Slde, often w1th over 300 birds. Of the 27 counts from

| October 5th: to May 9th, Seaton oands held over 50% of
{the Sanderllng counted on 15 of the counts. The inver-
bftebrate data suggest that the Sanderllng should indeed

‘have actiVeiy‘selected the south side for feeding in

I8,

1978-79; Sampling,on Coatbam Sands was carried out on
15/5;'21/5, 28/5, 4/6 and 11/6 1979 (Andrew Wood). The
;results found on the south side were strikinély similar
to'earlier sampling, Nerine being the most important
prey,'oocﬁrring in ite greatest densities at transect 2,
in the zone between 50m and 70m below the HWM. However,

Bathyporeia and Eurydioe were more evenly distributed

along Coatham Sands, than in previous samplings.

Fig. 9 shows the fidelity to the north and
south sides for colour-marked Sanderling present in "
1978-79. These results are summarized in Table 1.
Seven birds ringed on the south side spent the majority

of their time on the north side. The birds ringed on

190
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Location of areas used by Sanderling

on’thé north side of the river Tees.
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 Pigure. 9

Site fidelity for ringed Sanderling.
Ringing date and side on which bird ==

was ringéd are given. All sightings

are for the autumn-spring of 1978-79.
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TABLE 1

Colour-ringzed Sonderlin~ present ot Teesmoirth
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17/11/1978 (north) were extremély instruotive asluery‘
few south-sightings of them were made. Most»souﬁu-ringed
birds remained faithful to the side they were rinééd on.
Various types of movemenﬁs occurred. Threé southéringed
birds switched'sidés, one in early November and two in
mid;February. A1l north-ringed ©birds which made their
first appearance (upon their return to the estuary in

autumn) on the north slde remalned falthful to the north.

IFour north~r1nged blrds made their flrst autumn appearance

”on the south Slde, one never being reported on the north

and three sw;‘ohlng back - to the north side and remaining

vjfalthful after thdt For some birds, 'either one or -

'"Hgseveral v181ts were made to the other s1de, malnly in

‘late January, February and in Mdrch (often attributable®’

'L'to the presence of wrack beds)

v l On, three occas1ono a single bird was sighted
'bon both sides of the estuary on the same day (Table 2).
- On 24/1/1979 three counts were made on the south side:
fat 1110 hours (LW plus five hours)-there were %42

Sanderllng, at 1300 hours (HW plus one hour) there

were )21 ‘Sanderling and at 141) hours (HW plus two hours)

there were 199 Sanderling. Multlple oounts on the same

day on the north side showed an increase of birds at
these times. This was another suggestion that birds
used the north side when High Water had covered the
feeding areas on the south side.

In additiona to site fidelity, assoclations

of individuals were common. This suggestedvthat several
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separate segments might have existed at Teesmouth.
Mixing, however, did occur throughout the year.‘ For
birds which used the same habitat consistently, (such
as those on Redcar Rocks), their associations with
others doing the same could have been coincidental.
However, not only were Sanderling seen feeding togethef
at Redcar Rocks, they were also reported together ateb
various areas along Coatham Sands. . In the caseVOf‘ :
W/0 G, L/Y Y, YW and R/W Y, no northsidedeghtings were
g ~ made from the time of-their‘capture up to, and _‘:

including, the 1979-80 season, (123 total;sightings).

The areas they foraged in became veryvpredictable;fshowing
T | the typical movement of Sanderling as described,

Table 3 shows the return and departure
dates for the colour-marked individuals. The data are
summarized in Table 4, :which‘shows the minimum sur-

. d g vival of the marked individuals. Sanderling are

Ihlghly falthful, at some time during each winter,

to Teesmouth M;Cautlon must be exercised, however, in

éus1ng these dates .and sightings for determining survival
JI:?and turnover of the populatlon. As 1n the case of BB
.‘éand RL, (and the absence of RL in 1977-78), could have
been taken for mortallty, whereas they could have =
elther used Teesmouth only;occaslonally and not have been
seen, or wintered at another estuary., A check of Table

4i will show much lower survival rates after the hard

~ winter of 1978-79. Ie this year Bathyporeia densities

were lower and the weather was very cold and windy.
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e

"ThiS:may have been'a‘strésé period for the Sanderling.

L Teésﬁouth may piay an important roll for birds
ion?pgssage, both northwardﬁp thejspring and southward in
the‘autumn. An adulf*bird,"presumably on its return
from bfepding andtringed on' the Waddenzee on 9/8/75,
was netﬁed?on CoathamsSands;on 22/5/78. Several qontrols‘"
have béén‘netted on the Tees, manylfrom the Wash. An
individual ringed on the Wash on 15/9/77 wasvéaught on,
North Gare Sands (Teesmouth) on 9/2/78. The;bird had

presumably migrated south to the Wash and ha& then come
north to the Tees for the"winter. One coﬁtrolléd bird
was caught for fhe first time on the Wash in 1970rand"
again in 1971-72-73 and 1974. It was caught on the

Tees on 23/11/76. These observations suggest that

movement between. estuaries doesiexist,.alfhoUgh‘the
1 ‘mechanism or pressures leading to the mb%éments are not
| at all clear. | | '

Population turnover and thé number of birds
which use the Tees on passage ére difficﬁlt to aSéess-
mainly due to fhe mixing of individuals on the north and
south sides. 1In 1977 and 1978, a large flock of c. 800
Sanderling spent the months of August and September on
Coatham Sands moulting their flight feathers (L. Goodyer,
pers, comm.). 178 birds from the flock were caught and

 £inged invsgptﬁmber 1977. Of these 178 birds, 25 were

netted at Teesmouth either before or after this date

i (Table 5 -)." 'Two of the birds were found dead (31/5/78

“and 21/1/79).. These data show how difficult it is to

Iy,



O LABLE 5

.

'"‘; fNumber of'Sanderling‘ffom the 1.9.1977 catch which were

' netted in previous or ‘subsequent catches.*¥
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Number of Sanderling

S

four individuals were controlled-twicé. In addition,

two birdsr from the 1.9.77 catch were found deéd on the

Tees, (31.5.78 and 21.1.79). The 1/9/77 catch was on

| Dafe of catch Area’ from 1.9.1977 catch
25.11.76 - Coatham Sands 2
'30.1ﬁ.f6 Coafﬁam‘Sands _ 3
5,2.?7; Coatham Sands“ .
25.3.77 Redcar Rocks 1
1é.5.77 North Gare 3**
9.2.78 North Gar.e okxx
24.4.78 North Gare ‘4¥**
22.5.78 Coatham Sands 2
24.11.78 Seaton Sands %%
8.3.79 Seaton Sands  2¥%*
6.9.79 Coatham Sands 7
5.10.79 Coatham Sands 1

the south side.

**Caught on the north side prior to the 1/9/77 catch.

*¥¥**North side.
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determine numbers of passage birds unless very accurate .-
counts can be consistently‘Obtained, as it is not clear
which birds counted on passage use Teesmouth all winter,

‘and which individuals move on.
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Appendix 4.1 ' | ;“ Ce ' .

Example of data taken from film sequences. Sequence

8, sec Appendix 4.4. A1]1 references to frame number. i

Bill | P

In Cut forage mcthbd frey - llandling time
1 6 probe Nerine 2 ffames
12 27 stitch | Néringr 2 frémes
46 55 probé " , Neriﬁé.. 1 frame
i - 59 70 stifch‘ Herine 1 fréﬁe
! 72 75 probe Kerine 1 frémg

77 107 probe : Bathy.. 9 frames
122 156 probe fail
177 203 probe fail

220 246 probe ‘ Herine 2 frames

268 283 probe fail

284 30i_?‘ probe - Nerine 11 frames
stiteh fail

stiteh fail

3 tetiteh ‘ fHerine 2 frames
probe Herine 2 frames
. stitch: . kerine 2 frames

stiteh  fail

Bach frame in which a pace occurred.

t
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~Appendix 4.1 cont.
- Position and visual orientation (degrees) of Sanderling
in sequence 8. Hee text for explanation of visual

R, G
orientation.

Framc,number_ Pogsition . Visual orientation
1 Wet sand = 70 . :
31 - 65 p

46 | B

70 , 85
120 Shallow water 30
158 | 50
160 : ; 40
169 | 0.
180 65
240 | 40
230 80
417 ' : 120
435 | 155
444 185
452 R 2%0
470 | | ' 245
549 , 240
551 Wot sand 230
565 20
567 - 65
570 . | 275
5834 S 250
589 o 185
605 i - 160
629 N 2170
§634 e 190
L6400 | 125
7 | 180

|
\
|
|
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Appendix 4.2

Analysis of Sanderling behaviour

cy

In order to evaluate_the‘behavioural‘patterhs
recorded on the film it wag necessary to breakfﬁhe
information down into the smallest time intervais and
intb units of action which can best be termed @s
”behavioﬁral primiﬁives”.‘ This generates a largé
amount of data, as the smallest time 1nterv&1 is

either:1/16 or 1/24 of a second, determined by the

v,film speed{:‘Moreover, the primitives can be such

.ohardct cs as'individual paces, visual orientation,
| \

f proy handlln%

surface pucko, etc. The combination

jand order' ‘ocnurroncc of bohav1our primitives consti-

E %hte tho ovwralJ boh%vnour pattorn of a bird. It

‘=Qas necesse ry with thu:amouut and complexity of ddta e
; : ‘td uso‘computer techniques for offectlvo analysis; -
; : thes e and Lhelr dovolonm(uu will now be d0fcribed.

| The ngtureEOL the topic and the desire to

evaiﬁate_the charaot@fisﬁids‘of all behavioural

responses in oﬁfimal;feedipg straﬁegiés made appropriato,

1

and almost csse ntial, the use of graphical display as
. B l ‘ .

a 'data—explorationV tool.. uora ln& strategy of

waders cannot be sinply CVqudLPd as  many parameters

will affect the way in whioh the behavioural primitives v

will occur, such as the statce of the tide, proximity h S
of other birds, or degree of sand saturation. | Thus,
in attempting Lo understand and explaln the processes

ALY

an overall perspecbive must compliment any in-depth
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t

vutUleo of Lnflv1dua1 fomi ing attempts. This wasg

a¢hieved,by-performing th mod@s‘ofvparallél analysis
and datd nxplormtaon. Thig first mode was an enqguiry
into thc Qverall movemen b pattorn{and the relative
occurréncéﬁ of chdraotorl fic ovents,,( .g., prey
capt@fe).: The mefhod of répr@s nting tth data was
to display the movements éfla’praphics terminal
Tekfronics 401%) as a serié of vectors who e d1rrc—
tion and length were determined by the recorded visual

orientation on the one hand,-and occurrence of pacaS

on the other. This gave a ble'& eye v1ow (1 );OF beac

movement and an immediate indication of any commonlv
occurring patterns, Gnto‘tacse 1mple Vector 1m1‘éx\
were superimposed the location:and,characteriStics of
the feeding attempts. Symbols7were édded fepresentiné
a sub-set of the bﬁthiOUle prlmltlvoo;‘lndlcatlng
searching and prey capture or failure. A plcturc of
movement and relative feeding‘positions was thuS:simply
created. Any particular film or SOCthh of 1ntero 56
was reproduced on a hard copy-graph plotter (Hewlett
Packard HP7221). This form of data exploration broved
to be very valuable and has led to further study,

again taking advantage of interactive graphical facil-

ities which will be discussed at some future date.

The techniéal"details of the computing procecdures

’..;r\

“ar@ follov”: tho data were entcred into the com-

-?,;puter ln_a;spar o matrlx form using a "key to disc”

system (MD ), which produced ?5 single density floppy
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dl Co of informatlon. Thvbﬁ were transferred into
perman@nt*dt)c lee“ und@r{bho nlchalﬁan Termlnal
<)pomun;¢uyouom (MP ) on the TBE 570/160, which is the
malnFramo at the core of the NUMAO organiSatibh.
(NUMAC& NOrthumbriaﬁ-Uniyérgities;ﬁulfrple fAccess
Comﬁﬁter, a cooperafivo of Durham‘and Newcésile

Universities and Wewcastle Polytechnic.) Data manip-

ulation programmes were written in the MTS ﬁialect of
POCRTRAN, as were the graphiqal‘progfammeé'Whidh used
the GHCST and I¢ (1) graphical subroutine libfaries:
The parallel stage of dnaljulv was to ovaluato thv'
| : characteristics of cach feeding attcmpti AThe pr1m1t¢ves  ff<
- were processed to extract summéry‘informétlon for‘eaqh |
feeding attempt to give such détailsbaég number ofﬁl‘
paces whilst oarchlng and handllng,'changes 1n v1sua1
iH‘{ : orientation, length of searcn,'etc. A matrlx of cases
(feeding attempts) and variables. (feeding characﬁeristics)
was created in this maﬁner, alloWing input into any
standard statistical ahalysis package. In this instance
thé choice of an interactivé package system, MIDAS,

was made to allow flexibility in data exploration.
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A@pendix 4.%. ' C
.Desépiptidﬁ of data Lakoen from‘taped observations.
Symboisij ‘ B L i
;bQ probe attempt..
- Cst- gbiteh att@ﬁpt
“we- water column attempt. 1
P- Pause position ' ‘: !
B- Pathyporoia o S
M- lNerine S
—» bird runs right, 900, par@llel tbvthe Waveé ‘
&« bird ruhs left, 2700, pafallel to fheiwavéé \ ’
4 bird runs away from tﬁe'waves, 1860 }
i i
| ¢ Dbird runs towards the waves, QO
j The above degrees‘refer to the %iSualquientation

of the foraging bird. See‘tekfifor exglanation-:
of visual oriqntatioh. | |

TS Sandérling, wﬁeh coming'in close contact with i
subject bird,.rofers to individuals which are

within two body Iengths.
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RES -e.P:fg =P p P p p P4 p D

"? ib,ip 2P o P op b (edge) st p 1i(edge) p P
éhir““p‘é-‘r p e PP iﬁ p P op p(B) P op P p

- P"p1'P p o« fp p P p"B; p. P p 1 (above tide)
o() »

st =>p-—>P P Pip P oy P p Pip Pp P op T

f@ ép 'p'éi D P .Stfst st ;> st (in the tide) p
p P p P p P p P p P p P p Pe>p p->pP
b4 D P p P op op b p P.p p(N)\;P p * (edge)
(dey sand) (wet sand) p(H) o D  (in:thé‘£idé)Up(N) ;pﬁ
‘st - st st St(N) p(l) $»ﬁ(N) « 5t p(ﬁ)‘ﬁ— st |
P—>p() p v » p p->p p) - - p 2

p p() p->p p(i) p() pe = p p p P -

P p—>p pe p(l) & p D D b pr> p (edge)

P D=>D D 0 D D >p pi PP op P &

p P p (edge) pN) p v(wiﬁg stretch) €= p » p, st
(edge) st st st => (above tide) P'p p p P'p —»
P P p- P st pe ¥ (ripples) p p p ,if st 4 st
+ st 4 = (out of ViCW) 4 essnonnonna: )
4.8 observation time.
19.%.1978.
Transect 5.
1320 hours.
Low Water + 4 hours.
Alongshore running- 0.3 minutes.
Up-and~down-beach running- 0.5 minutes,
. Prey captures, 12 Nerine and 4 Bathyporeia.

“dingle birdi,

%
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<« » st p(B) & st st st €& st (edge) st ¥ (1-8)
» p pGi) p p(M) st pe p (waves) AP PP
(edge) p.*DP D (edge) p ¥ (waves) p P P p(1)

PV D (ripplés) p.osb st ot € ot e st(¥) p(¥)
‘.p p(N)  D4 p . p o) p st st 2 (above wave) D

fpy P p —7.Codnn) p st st p=» 7D (edge) ¢ st D

[

s
Ry

%7f p ot 1 o -9 p(3) p@N) p Yp.p P P A p
(edge) D ¢ p p.p pE) p p->p p p sbe St

f;ﬂéé"  ? “;?¢ (above’ tide) -—» st *‘ - (edge) ¥ p: p pp ¥ T

i' SRR ‘ ?§V“st - t‘rSt p bt ~% $p p p D (ripples) P
b ;st <« st P st st é— 1+ (edge) P ¢‘§p(ﬂ) we(R)
§: p“p‘5p(N) D &= D 4t st ‘v p (Preen) st - -

j (éagﬁ)~-(2—s) st ibt étf;a st st ¢ p() p p D

1 P(N).*P(ﬂ) ‘-;T,St gp(N) A P;;(edge) P yp p st

% (r;ppTcu) D st .st - sﬁ‘ ét . Vt st 5t e .(edge).

; ; .

‘ ¥ (kany hirds OVOIhO‘d 1 ubJeot blrd tdko 'flight and

JOLnS hirds ovwrhoad)....................

4.5 minutes, observation Lime.
12.4.1978. o

Redcar Beach.

1130 hours.

High Water 4 hours.

ilongshore running- O. 4.2 MIHuLFQQ‘
Up-and-down-beach running- 0,838 mznute

Prey captures, 16 Nerine and 2 Bdthyporeld.

Group size- % Sanderling.




S

Appendix 4.4 B ' e

O, *

Data on individual cine ‘sequences for foraging Sanderling

Eﬁplanation oFf 1i§ﬁed categofies;
Area- RB- Redcar Jeach
T - idQntifieé the transect dnd its number
Time- the length of the given Sunencé
R  Pide- the state of the tide- - High Water

i

T~ Low Water

-Success—;this is the number of prey (Herine and

' Bathypor ia combined) taken per minute, regardless

'f%Of}thQ;d&ﬁﬁErﬁof,preyfattmepts.
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Appendix 5.1

Survival ratés of Turnstone at Teesmouth

A summary of tHe_TurnStone survi&al.rates‘isl‘
given in Table 1. This can‘sérve only as an{approximatiohi
of survival and will be an underestimate, as birds méy‘ -
have returned to other estuafies. In Table 2 ail reﬁﬁrn
and departure information of the coipur-marked;birds ié
given. It can be seen from Table 2 that‘oane€erai ’ 
occasionsg, birds were not seen for.an'entifé yéar; Bei;g
recorded the following year, orca.subSeqﬁent year. eTHis
may have been due to missing a bird (nof bbser?iﬁg'the
area of that particular individual), the [bird':u's}ing an
alternate coastal érea, or it being a péSsagevbifé and
tkus:at the Tees for a felatively short béridd;‘yBirds
may have also changed eétuaries on a permanent.béSiSLsuch
as:R/Y O which was absent after 27/3/1978, but reported

in Liverpool on 9/4/1975.
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. ,

Liosses of marked Turnstone.

'&4 Ringéﬁiaﬁﬁing wihterfdf 1975/76 -

jrwéu?3jvLosSeé:Bé#Weehj.a No. lost No. died at Tees No, left
T -TeT 33 9n.%
oe/met/ie sy ; 28 82.4%
: 77/78 - 78/79 | 4 »2 ‘i ‘ | EO | 24 T0.6%

“{l 48 Ringéa;duriné,wiﬁ%er 6f 1976/77 '

" Losges| between  No. Tost ~ No. died at Tees No.“}eft
/- rs s L 0 43 s9.ex
e - te/1e T g 36 T5.0%

8 Ringed during winter of 1977/78

Losses between No. lost -  No. died at Tees: No.'iéft :
77/78 - 718/79 2 1 6.75.0%

,..:‘{ "

* Percentages refer to year-to-year survival.
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; Raﬁéigg data,_ first sighting and last sighting

o fof‘each winter of colour-marked Turnstone.

\""w

W

K< = = 2 = = = =
O HtWwW=mH =0

H Qo Qo w@wwo oo o o < <k K
HWH Q@@ wieEwowao e w

/Y B
/Y R

:i:?:Bifds riﬂééd 14/1T/1975T

S 1977-18
Sep. March
Oct. April
Oct. only

f }Sep. April

“"Nov. ';Jan.

rOct, ’Aprii

Dead 18/3/1977. = i

1976-T7 . »
_Noﬁ, CAprilc
Oct.  Feb.
Jan,  March |
Nov. - March
- Oct. | Feb.,
. Dead '17/1/1976
: ;Oct. "\ May
" Oct,
‘Oct. April
Oct. March
Nov. May
Oct. May
Oct. April
Oct. April
. Oct. April
Nov, March
Oct. Dec.
Oct. March
Oct. March
Nov, March
Oct. March
Oct. May
Oct. ‘Nov.
Dec, Jan,
Oct. May
Oct. May

.'Sep.. May

. ® o 0 000 0
f

Oct., April

'Sép. Feb.
Sep.: April
Sep.  April
Sep. March
Oct. Jan.

Jan, TFeb.,

Aug.  April -
Sep. April:

® 0 0 0 0 00

Sép. April,

April only

Nov, April
Oct. only

} Feb.‘DeC-

S 1978-79

® o 85 0 0 00

| Oct. only

March=0Oct.
April=-Oct,

- ****c**Subsequent

report

March ohly
~April only
‘5';,..'Subéequent

-~ report

April-Oct.
Mafch-dgt.
Feb.-0ct,

-'.'...0"""

Feb. only
March-Nov,
April-Oct.

L
.400‘..‘

Feb.-0Oct,

..'Subsequent
‘ report

Jan, only
May only
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TABLE 2

Birds ringed 14/11/1975 cont.

L B Oct, April Sepe. May Nov=Feb.

BB Dec. only - Feb. March Jan. Feb.
YW . Oct. Jan. Oct. Feb. Nov. Jan.
-0 X : :‘7Dec. only . ...;...‘ Nov. only
‘Birds ringgd 15/3/1976 I

“'L{w S Nov.» Apr11 Oct. only , e e+ Subsequent
TR - 331; : . | report
LY 'Oét. . May S Sep. May Dec. April
. . Bizds ringed 23/11/1976 = |
ot 978 . 1978-T9
S r LR . Sep. ‘.Aprilj Nov. Feb. | o |
i Lo Oct.,  April . April only \
: :3LQG3 March - Aprilgﬁ «es Subsequent report
Q,Wl' Aug. <'Apr11‘5 Oct. only
G Dead 7/10/1977
GR Oct. March :}Nov,‘ March
GO Sep.. Dec. Ceeeeed
GY = . Jan.,. . March ‘- Nov, 'Jan."
RY */ 'Oct. Dec. . Oct. only .
? RW. Oct. March f'Oct. Dec.l
RO ‘Oct. only.  v4ve.. Subsequent report .
B W Aug. only - Nov. Jan. ﬁ‘ .
B G Jan.  April  Jan. Feb. )
B O Oct,  March  Jan. Feb.
B R Oct. April -Nov. March
Y/0 O Oct. May Nov. Jan.
Y/W Oct.  April  Oct.  Nov.
Y/R W Sep. . March Nov. April
Y/L W coe  we.. Subsequent report
Y/L G Oct. Feb, Jan, March = :
Y{0 L Oct. March «ese. Subsequent report"'
Y/R R oo eeeee Subsequent report
Y/O R Oct. May ~ Oct. March _
Y/0 W Sep. May Oct. March |
/L Y

Nov. only Jan, only
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Birds ringed 23/11/1976‘cOnt.

197778 © 1978-79
Y/e ¥ S ceeeees
CY/BY  Oct,  March  .......
L S
S CL/YY . Sept  April  .......
‘ﬁfL/W‘Y _(” Qéfl 7¥,April'  Nov. TFeb.
YL/0Y 0k, March  ae.as..
CODOW T e L,
SRR /1 I S e g
 L/B G Oct. only f“........ buboequent report )
.;”‘i/BiL; <Oct.i'b:Feb.vrf: cecenes -
L fﬁ‘[L/R’w : Qct.' _April'?z +eess.. Subsequent report
| if ;Vz‘R/W'L“.‘ Ceeenen, f Jan. Feb.,
| ' ' Birds ringed 9/12/1976 . ,'
- S 1977-78 - 4978-79, |
’Y/G L‘if.lNov.v  Aprll:"h;,.....rsubsequent report
Y/G W o :Teb,‘only o _ b.y.k...,Dec- only
R/Y L"M” Oct. - March ;Jan;‘oniy'f” . .
Birds ringed 5/2/1977 -’f:. o |
 1977-78 1978-179
L/R Y Ceeeeas Jan.  April
L/R L ‘Oct. May Nov.  April
Y/W Y Sep.  lFeb. Nov. March | . ;
Y/R Y Sep.  April  Oct.. Feb, o o S
R/G B Oct.  Nov. cerennn | = ‘f} R
R IL/Y March  April vesees Subsequent report 1
G/W Y Sep. . April .......Subsequent report;l
Birds ringed 5/5/1977 | ‘ o ‘
1977~178 ' 1978-79 ‘ S .
R/Y O Reported in Liverpool March/April 1978 and April 1980
R/Y B April only  April May
W/G L cereaee | Nov. Jan,
w/Y G Feb, only crecene
W/G o March only ceeeee. Subsequent report
W/L L Sep. Jan. Oct. Feb..
W/B Y Oct. only Jan.  April
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TABLE '2

L e 227

Biris ringed 5/5/1977 cohtj;"}‘

| 1977-78 1978-79 AR 1

w/0 March only .  ;,;;..,-Subsequéht-reborf ] &

. L/G : (  - ’ .
L/G
L/G
L/Y
/Y
/Y
L/wW
L/wW
L/W
L/W
L/Y
L/Y

OCt. Only o;;oooo

Oct. only ‘ Ceerenen. ST . L
April ,i.;....;Subéequgntfreporﬁwl | éj e
March only Cevenen SR R N
Dec. ~ March * Nov. “Jan. i ;5?nk R
‘March only" ...,..;‘ ‘7 ;ﬁ: ‘:r_f:'{;‘ pvff;'
Oct.  Jan,: vevses. Subsequent report
ceeesee - Feb,. March ' '
Oct only | Peb. only_ :

P
3 TP

= U 0 O o W H O W WO o 9

Oct. Only .oofoooo i | ;;;

i



Appendix 5,2

Use of the Tees By colour—marked3TUrhstone:}h

The use of the Tees by colour-markedvTurnstone *g,f
for the winter of 1977-78 is shown 1n Flg.lﬁ; Most oolour-:flttu
marked birds used Teesmouth throughout the entlre w1nter fi 7ﬁ!:‘
period., Other individuals appoared to use Teesmouth ‘aB o
mlgrants on passage in autumn as well as 1n sprlng.:‘

Referring to Table: ‘2=-Appendix 5 1, 1t can be seen that
R Band L L are two oUCh examples. For L L, the blrd
was seen on the Tees in October 1976, May 1977, October
1977 and Hay 1979. R B was seen in October and November
of 1976 and Aprll of 1978, It is 1nstruct1Ve to 1ook

at the catch of 20 birds on 5/5/1977 (Table 2, Appendlx

5 1). May was a tlmo of departure for many of" the

”re31dent Turnstone. It was also a tlme of passage,

There

”prosumable of blrde comlnﬁ from further south

}\.Jnd). The fate of theoe 20 blrds is shown'
hggklnfTable'trf It is apparent that these bers did not
?fOrm part of the ros1dent Turnstone populatlon.- It is
fl”possible that they may hdve formed a cohe51ve population
of thelr own (i.e., they may have orlglnated from the
?uame estuary, and mayhavo boen migrating as a group).
It is interestlng to fote that throe birds of this 5/5/1977
catch were seen Jn the same . aroa at. oouth Garo on October

18th 1977, pleoumably on thejr roturn from th01r breading '~

grounds in the north.' PFor L/Y W and W/B Y, they were‘



2égfe:

sighted only on. the 18th thaé entire»winter. L/Y B was ’;4 ie;fe]
seen on October 18th and on the 20th but not later 1n ‘ L
the season. On 20/10/ 1977 three of these twenty blrds
were seen feedlng together at South.Gare Sando (W/Y G %fbﬁayi'
L/G G and L/Y B). Mid to late’ October was an 1mportant o
return time for many of the re31dent Turnstone.uilne

1977 16 colour-marked blrds made their first appearance

on October 18th (at South Gare) An addltlonal'elghc

blrds made thelr flrst appearance on the 20th of October.
Several of these blrdo appeared for the flrst tlme»and
together:in mid‘te iate‘October in 1978 as well. .Some

of these birds had been ‘colour-marked in the same catch

in 1975;|1 | ‘

_On tho Waoh the average counts of Turnstone

'-fﬂ(1970 1974) ere hlphest 1n September (780) tappering

“; ﬁTapldly in @oteber and November (560 and 420 respectlvely)
}r(Branuon et ai 1979) : PolloWJng a low in December,
'?the numbers’remaln conutant until a slight increase and

'tsecond peak in Narch»and}Apr;l (530 and 510 respeéctivelyd.
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| | Figure 1. “ !
:j‘ ’ Lhe use of: th@ south side habltats by
: ;colour marked Turnstone for the 1977-78
: ‘winterb.‘ uach dot repre$ents a smgle
mvhtm Sée Table 2 of Appendla 5, 1
for rlmrlng ddta, departure and return
dates for marked blrds. | S 3
i‘ ) ‘ J o F
‘IE\ '!: ""
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TABLE

R/Y
R/Y
W/G
w/Y
W/G

H © @ B oW O

W/L

H o 'w w o m<_w"w

‘Aéﬁltﬂ’

= wwo @ =

Aduit?*
7Adult

7Juven11e

Adult

Adult

e 23y

T RS E5 AREEDRPN AR

Fate of the 20 Turhetbne colour—narhed_onM5/5/j7§X‘f
Adult  Reported 1n leerpool 1n the fall._hi é[
Adult  Seen April 1978 and 1979 = "”1; e
Adult . ~ Seen November . 1978 January 1979 l? : :ﬁ{
Juvenile Seen February 1978. ?yﬁﬁ ‘j i'jj:;“? fe;?}“
Juvenile ‘Seen March 1978 . :@'.' ,é;_f R IT
Juvenile Seen: September 1977 January 1978 ' |

October 1978: and February 19793;_

Juvenile Seen October 1977 and January and Aprll 1979
Adult Seen March 1977. |
Adult | ‘Seen October 1977@
Juvenlle 'Not seen again.-
'Adult'y Seen October 1977

Seen Aprll 1978
Seen March 1978

‘ Seen December 1977, March 1978 November

1978 and January 1979

Seen March 1978.

Not seen agaln. S ' - g
Seen October 1977 and January 1978,

Seen February and March 1979.

‘ Seen October 1977 and February 1979
) Seen October 1977.

3 blrds not seen. agaln on the Tees.

i

9 blrds w1th only a’ S1ngle 81ght1ng aﬂter rlnglng.
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5 3 i ‘3l"»‘ .‘,-.~ S -

Slghtlngs for Y/O R during the 1976 77 and

‘1977 78 w1nters. ) %

Tk

?Détéezﬂ Statékqf tfde i”ﬁpéatibﬁ}:. QEQEP*§QE§
;21§iﬁ1'§ fﬁ;% o "éfi’x o .
8/12 | LW4+540 ?1:ﬁ?  Redear Rocks .fJf,C5
11/12 1.LW+115 N ;fﬁgdCéE'BdéksW -f j‘ 9‘

22/12  TW+110 Redcar Beach -

23/12  TWe235 'RedéérvRoéks osimgle 1

17/2/77 LW+130 'Réaéar Rocks vf”:Singie*f : -
11/3  HW+545 Rédcar Rocks' -4 o

19/3  LW+210 ' mRédéarlRQCKSJE,;  _10;u ;i1' 1;;‘?315=”-
22/3  HW+430 . Redcar Rocks . :‘,Singléi‘ (LT
5/4  LW+215 | Redgér Rdcks ?T'f Slnglei*;
12/4 HW+300 . ‘Redcar Rbcké?f Slngle |
18/4  LW+230  Redcar Récks §' 3 i
25/4 1M . Redcar Rocks  Single
14/10 LW ']; Redcar Rocks | 2?
16/10 HW+330" - . Redcar‘Rocks ' 3 -
18/10  HW+545 . Redcar Rocks  Single
20/10  TW+:30 _ South Gare Sands 40
_27/10   ﬂW+:20' f ‘ Redcar Rocks 7

" 40/11 TWWI35 . Redoar Rocks 2
15/11 f;LW+é15; .~ Redcar Beach 25

‘i7/11§i‘HW+420}' | Redcar Béach‘



Appendix 5.3 cont. ) 236, !

Date  State of tide  Location =~ Group_size

1977-78 cont. - o j ; ";f1§”' 1 ;’f;:; -Q‘ig.ty
29/11  TW+140 © Redoair Rocks .- 157 . il -
9/1/78 IW+200 Redcéi 3bckg{gg | 4'{ _¥~
18/1  HW+115 o ‘  South Gére‘Roeés" férfi

22/1 LW+245 -~ . South Gare Rdéks‘ fﬁéu
7/2  LW+140  Redcar Rocks . . 5.

18/2  TW+445 ' Coatham Samds 14
o ' (Ducky) . ‘

. 20/2 SLwWs215 South Gare sands 24

_ C mis215 . South Gare Rocks
2/5 . HWs400 . South Gave Sands 84
»@;;6/3»::f iﬁ;3?O; .ji | g South'Gafe Sands 150
Claswilge 0 |
=9;i1?/3' A

HE SFIRT VRN

South Gare Rocks '

+: ' Redcar Rocks . 10
1R R | R
W+330 . ! Transect 4 13
she L -~ (Coatham Sands) = -

25/3 Redcar Rocks 10

.12/4 . HW+330 . Redcar Rocks 10

%

18/4. EWs300 . Tramsect 4
; I 1, (Coatham Sands)
25/41 - LW+200 . Redcar Rocks 3

9/5  HW+500 5Rédcar‘Ropks 15

‘
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[
" 4.

Sightings for L/R Y durlng the 1976 77 w1nter

(ringed as a Juvenlle on 5/2/1977)

Date  State of tide  Location | . Group size

B

11/2° HW+445 © Redear Rocks..qﬁﬁﬂ;BSS‘;?:"
15/2  LW+400 - Transect 5 4% 350 00
_ o * (Coatham Sands). S IUEUNR DR S S

17/2 HW+540 .~ Transect 5 SR T LU
: ' (Coatham Sands)

22/2  'LW+200 . Transect 5 50,
T - (Coatham Sands) R

24/2 | ‘;J Redcar Rocks ' 5

'3/3 LW+44O o | Transect 5 , 10
B - (Coatham Sands) = .

LW+300 " Redcar Rocks 20
CLW$410 0 Main Roost 200
LW+300 . Redcar Rdcks_ 10

[+2\ Redcar Rocks 15
}LW}¢30ff  - j‘?.‘;,Redcawc' Rocks
CUHW+200 Redear Rocks 10




. , R o gt

Sightings for R I, during. 1975 76. 1976 77 o

‘and_1977-78 winters. ;S G- South Gare.f N

i S

Date  State of tide  Location ' ' ‘Group size

E ] . Do
[ A

1975-76 o

. 19/1 1wl 56 Rbcksf . : |
N /2 LW#300 . sa@ Rbcks 1, 'E - ﬁi
o - 1/26 1HW+13O ' ; 3.6 ROCksg  s Lo
2/10 TW+530 ‘ |

- 1976-77 N
/10 TWi230 S ¢ Sands 45
8/2 . HW+340 S ¢'Rocks |
o9z Eesss 0 so
/2 i '
._15;22/2:

Rocks

S G Rocks -

QiTransect 5 T
+: (Coatham Sands),-

"8 G Rocks.

'fHW}4OO E ; li.S G Rocks

1y,

“'i'gg73 '  LW43H5 s ‘}:Maln Roost ' 700
;:"j15/3;: LW+4ﬁo“ . bg?;Main Roost 200
BT O ;
' 24/8 IW+530 . Transect 5 3
| f(Coatham‘Sands) :

8/9: . LW+440=; . Tramsect’ 5 14
Loob G (Coatham Sands)‘

<20/§v:i-H%+21O ?(q?' | G Rocks 1“L |
16/16 HW+330 . _Redcar Rocks g vf :éS
20/10 EW#435 S G Sands LT
17/11  HW+300 S G Rocks f E‘., ”‘u'-? o . i




Appendix 5;5 cont.

Date

1977-78
5/12
16/1
22/1
25/1
7'28/1

8/2

L2150

‘State of tide

cont.

 HW+130

HW+130

 LW+245

LW+250

 HW+435
 LW+135

LW+110

Locétion ‘
G Rocks
G Rocks

G Rocksﬁ‘

]
S

S

S G Rocks
S G Rocks

G Rocks

;Redcar,Rocks}
S G‘sandé~
S G Sands .
.5 G Rocks
";t.S G Rocks
t?? S.G Sandé 
;; S‘G;chké‘
;P‘S‘G.Rocks””

i

10
24
37

46

size’

i
.
.

%
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"Appendix 5.6 Aspecte of Turnstone breedlng ecology at

VaJa saaret, Finland.

1. Introduction

T KA

tudles of the breedlng ecology/blology of

\
1ed to an underutdndlng of factors determlnlng

'fffwaders;hav
tiLéyihg?S' %uleo (Pltelka 1959 aﬂ@ E@ﬁﬁ Parmelee

1970, Holmes 1971 and 1972 H!iﬁhm #R and Norton

_4972), the chOJCe of noetlnq habltat and nest . gites -

:‘~‘;(H11den 1965 Burger et ‘al. 1978) and the mortality
' ?whlch occuro on the breedlng grounds (801kke11 1967,
1970 and 1973 and ParmeLoe 1070) Some empha81s has

been glven to the f@ragann behav1our of breeding wader

populdtlono w1{h regdrd to the use. of space

% : . (terrltofldllty, communal ﬂroundo’for foraglng etc. )
| (Holmes and Pltelka,1968) Detalllné the foraglné v
behav1our should holp clarlfy the prcssures (e.ge, .

predation, food dlutrlbutlon etc ) whlch ultlmately'k

determine spacing and the ‘eocial system' ef then
breeding population. IR : - k A fJ ‘ ;2“

Turnstone nest infarctic Canada Gféenland nE
northern Alaska, Northern Jurope and olberld (Terrcs
1981). Birds occurring in Brltdlr belong to two‘ff } 'lﬁjuiﬁ
different groups (Branson et. al. 1979) hose Turn tone |
which stop to accumulate fat roserves,on their way to‘ |
Africa'a west coast (autumn passage) breed in F;nland

and elsewhere in Northern Kurope. Blrds whlch w1nter



__f\)_ o
RPN NG
- _:'—k -

in Britain and along the Atlantlc COdSt of sout west . ?i,fig‘
urope brecd in Grecnland and north-east Canada
Studies of Turnstone breedlng ecology have not been “
extensive; the most thorounh account belng prov1ded /| ;:
by Nettleshlp (1973) | Turnstone on fhelr breedlngr
grounds, as well as or the w1nter1ng grounds, hane a
o large selection of food stuffs 1ncluded in theyr
| diet (Beven & kngland 1977). The number of food
P | stuffs and the technlques with whlch thelr food is
| s'gdthered gredtly reduces potentlal competltlon w1th
other wader sp901es. |

My studles of brecdlng Turnstone on the

.;,Archlpelagc of Valassaaret Flnland focused on the

ﬁ*fforaglng be. Vlour soc¢a1 1nteract10ns and the

’y d1str1but1on of nestlng lﬁleldUdls. The very
‘ s
:dlfforent B"havmoural and ecologlcal contexts of.

. i
LN

7‘$,f1nformdtlon regardlng pdttcrns of soc1al behaviour

‘»and the preosurcs rPSpOUSLbIP for such bethlour.

ﬁHcre I dcscrlbe the‘summer situation and close with

a: comparlson of summer and w1nter pPressures and thc

effects fhey have on the dlspe?Slon of the birds.

”l

i

2. Deskrfpﬁipn'Qf the Arc@ipelagg'v
Durlns thc summers of 1976 (26/) to 13/7)
and 1977 (18/5 to 24/7) 1 utudled a Turnstone populatlon | B

breeding on the Archlpelayo of leassaaret (1at 63 25’
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and‘lbng‘21o4'F)'f The archlpelaﬁo is situated beyond

 f the coaotal tpwn of Bgorkoby, in the mlddlp of the
’ H Quark th
"”Zf.(mg. 1)

arrowe>t portlon of the Gulf of Bothnla'
chept for the southeast SldP the
:archlpel‘po s surrounded by open sea. A detalled
'doscrlptlon of Lhe archjpelago is prov1ded by
v‘ ﬂH11don (1964), who aloo made exten81ve studies of the'™
"éwav1fauna (1964, 1966 &m& tﬁﬁﬂ) leassaaret'

E" t? ? vav1faund has been protected Slnée 1948 and the first
Iu: i ; account of breedlng blrd was publlshed by Taxell in
R '1934 . |
| j The;archlpelago con81sts of seven main 1sldndo
and dpprox1mdtely 6O ucatﬁered 1slet§, uUltdble for.
nestlng blrds. Moqt pre iaylng foedlng act1v1ty took

place on the main 1slands of torskar and beokar o

(see Fig. 1). fThe sheltered coves of Tormeokroken, | P :§§

Antonskroken and Karlnqqund (EJg 2) prov1de sultable
feeding habitat for Turnotone durlng this. pre*laylhg {w - ok

period. These coves, belng bhallow, protected and ;f

with mud-ooge bottoms, serve as breedlng areas for the
consideranle chironomid (Dlptcra) populatlono

(Passivirta 1972).

3. Methods ' ! g
During the summer of 1976 a general survey of
the archlpclago was made A census area was,chosen on

the west side of the 1oland group: The majority of



i

‘The island gréup of‘Vélassaéret

«_Important 1slands and 1slets of

b,

the Study g?

1 Lgusgrund

?i: Nordorstoren ’
'3§§ EbbskHr |
i 4f?fStorskar' | U
l'5.??TuoréiareV <
‘6.£;Ka}ingb§da.

7LYJY%tré ngfynna.

8. Langqrynna‘b' :

9. Bul]ergrynnai

10. Bredbdda

E

Locatlon of the 1s]dnd yroup of
ValaQSdaret (boxed arpa) w1th1n

the Gulf of Bothnia. ;};‘
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Locatlon of feeding’ oboervatlons.
Llned areas ‘show: 1ocatlon of

Tdnvtarous grac1lentus, Holmpr,

after Paas1v1rta (197?)

i

i

vCoveé:”(1) Tormeokroken,

P
,;(

(2) Antonskroken,

'(B)QKarlngSung.;y .
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m_data presented here are from the observatlons durlng
thesummer of 1977
. On each v1s1t to the census area (several

'1;dally) onetof two c1rou1ts was followed (Fig. 3).

vwsre mado aLong the c1rou1t to determine

fthe act;Vi. .pattern and location of feedlng

'1nd1v1dual Sightlngs of all predators were noted.

, Observatlons on feedlng rate and time spent

@in act1v1tles other than feedlng (e gy survoillance

7?and aggr6881on etc ) Wére des1gned to distinguish any
‘3d1fferenoe ln the fecdlng behalvour of malos and
femalss. Observatlons quant]fylng foedlng ubstrate

and feedlng rates were made.» As 1t was not possible

l

iy vvto dotermlne PdCh succoss or the sp 01flc food items

!

taken the rate-of contact (pocks probes or Tock-

turning/mlnute) w1th the fbodlng substrate was '
measured To determlne advantages galned from feedlnp

w1th a bird's mate or ncar conspe01flcs, Ifmedsured

the postural behaviour of the foraglnp 1ndLv1dual : j”f

Six movements (of varying 1nLon31ty, and used to e %
l L . oI T

determine "wariness" of the'blrd) were seleoted  @ L f; P

(T able 1), and their froquoncy measured Taped ';* ‘*3_f{n

commentaries were made on. fordplnp 1nd1v1dua1 R notlnﬁ

t

the frequency of each of the s1x pos1tlon and ther,‘fn e ﬁuj.»

3
:

feeding rates. Intoractlons amongst conspeclflcs w ere
also noted. These commentaries_were suspended on‘s
{

26/6 1971, B S

Census work determined changes in distribution’
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| Figure 3% f

S ' . S -V_Mam circuits for census and
. B fdlstrlbutlon studles, 1077
| 5 | Coves‘ (1) Tormeoquken,

RS R ‘ - - (2) Antonskroken,

; e ;
: ! . .
: 3) Karingsund : '
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o

DeSCrlptlon of six p031t10ns, measured durlng

feedlng observatmons.

f R . '

W
; POsitid@?.él ”fAbbrévietien' .Descrlptlon
Headfﬁpﬁ“'} "\HUf}@ R fﬁThe blﬁd brlngs its head

% i ..up to a horizontal position, =
i .t not in threat. and clearly
i - away from “the feeding,.
Ve surface. J_g_'% .

f Pause P ' ]ﬂ;j The.’ blrd brlngs its’ head ?
| : | - . up and remains statlonary.“?'
Look=-Around LA '§j1 The bird brlngs the head

‘ -+ . up and turns the: neck .-

"through 90° or. more. SO

Head-Tilt -~ HT | © - The blrd brlngs the. head
K up and' then tilts the neck:
- so that one: eye: is- looklng
’up into the sky.v- - ‘%
‘Neck=Stretch NS ‘fThe blrd stretches the body
R ‘and ‘neck' " ‘upwards. Most o
| ’ , : : ) ~,common when feedlng ‘behind~
: : .rocks" or in rushes.

Crouch C ﬁSlmllar to an aggre881ve _
L : ‘ posture but in the context:
acts as a fllght 1ntentlon

movement.

* 'Positions represent an increasing degree of wariness,

v




at Valassaaret during the pre-laylng perlod and the;

laying and incubating perlods. ;{'fne ' ;fv:jjf_ .\;.fif.ﬂﬂ
ASpects of broedlng blology were studled on

R
Y\. E [ER

the main islands and on oeveral surroundlng 1s1et

On Yttre Oxgrynha (see Fig. 1), extended perlods df
observatlons were made from a- portable hlde.v A total
of 250 observatlon hours were made on Yttre OXgrynna

in 1977 of which 50. hours were spent observ1ng parental
A care and attention of eggs and fledglings. Of' the

‘20 terrltorlal Turnotone on Yttre Oxgrynna, 15 were
ea311y recognléed by coloured rings or head patterns
(See Ierns 1978) |

"uThe 1ooatlon of nests, 1ay1ng and hatchlng

: ‘fschedules terrltory 31ze and defence behaviour were

ﬁimonltored’ Qbservatlons were made 0 establleh the

-;Lterrltorld'&boundarles of nesting Turnstone. The

bethlour of defendlng 1nd1v1duals was observed.

eAfter each obsorvatlonal se081on, all points of

.;terrltorlal oontact and dlsplay were placed on a mdp

fjof the area and usod to determlne size of territories

dnd locatlon of ahared boundarles. !

4. ‘Results -

4a. , Feeding behaviour e g
- . P . . t

The 1977 observations onyfeeding;behavioﬁrjare

presented in Table 2. Cbservations are divided into
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i

P oeven oategorleb, three @ach for males and females and

'
‘ 5

eventh taken golely fron Yttre Oxgrynna (males ang -

ﬂa
0 c f:females oomblnod and roprpsentlng birds feeding within

ﬂﬂthelr brpedln& t@rrltory) Apart from this final
:catogory, dll obscrvatlon“ are. of birdSufeeding in the

‘communal COVLb and off thplr breoding territories.

3~A Tho Hcad Up and PdUSO pos1tlono,‘are analy ed
Lndependently 1n Table 2 Whll@ the Look-Around,
Hoad Tl]t Nock— trotch aﬁd Orouch béthlours have: been
gr@upod; Althouph compafisonS'between uatepories
for a given behaviour are not all otatlstlcally

ulganlcant (due to a lack of data), 1rends are

present. For- females, tho percentagP of tlme upent

Teeding is greater when “Pdlhg with conspcc1flcs'f; S

or with their mates than when feedlng alonp In all'

rows, the male's disruption durlng feedlng is: greater

[ [

when feeding with its mate op in th@ aboence of L o

conspecifics. Due to the umall sample161zeu 1 have

not attempted to o@parate the observatlons 1nto those ) Ei | ;
where only the pair was present from those wherp a.

pair was feeding hear other conspe01flcs. (Somb!of

the male's wariness mdy be associated w1th protectlon

of the female from other males.) TFemales are only

very rarely seen feeding on their own.,

Table 3 presents a similar analysis as that

shown}in-Table 2 but refers to members of three Teeding
~pairs, .Agéip, these”observatiohs were on individuals

‘ oty I _ . ,
feeding ivithe communal coves, For all three sets of
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' ﬂ‘ﬁ'ﬁéedihg;performance forfbairs, 1977 observations.

RE

?Femalé‘ Male Pemale Male  Pemale Nale

‘Observation 4.0 - 14.8|  14.2 . 12.5 5.1 10.8
time-min. S |

‘Pause - 0.4 0.8 0.6 1.3 1.4 3.5
per/min’ L

Head Up " 3,6 @ 4.5 5.7 7.2 5.6 15,0
'per/min; et ' o .

Look=Around  0.8'° 1.6 . 0.8 3.0 0.6 4.4
etc. per/min S B PR e & I
Pause 0.1 7.2 . 0.3 2.0 10.0  27.0
% of ‘time S o : ' o

 Aggression 0 0 1  O 0 ' o 1041
% of time _ . ' e .t

Feeding rate 55 42 79 64 28 15 ;
per/min P : , j o M x

jime feeding 99.1  92.8  99.7  98.0 ' 90.0 . 62.9 Tt
% of total ' _ S S




observations both male and female wcré feoding on
chironomids., Although thereﬂ’u no staflutlcal support
for the conclus1ons, the Lrond are clear 1n edch Cdoe.

The female spent more time on fe@dlng, as oprSPd to

aggression or in the Pause pos1tlon,-than the,male.f

Potential predators were seen throughout the study :f ”"{;iﬁ
period (Table 4 ) anrd ellcitedstrongresponses from the 1: fi 
~Turnstone. S : N BN

:p."

o
i

4b. Chironomid swarms~effects on Turnstone dlstrlbutlon‘f

|
|
and breeding behdv1our

Chironomid afe the dominant éroup within the
o mécroscopic bottom fauna of -the coves at Valassaaret
(Passivirta 1972). Within five days after the b@ginning
of emprgencp, 91m of the totdl numbcr of Tanytarsus

1

‘grd01lontu‘

(Holmgr) had emerged in ‘one trap and 59%

'in“anothérf‘iatd for 1966 Pdu51v3rta 1972)  Passivirta

ﬂ‘found thdt ; T1968 the - swarmlng of this species

”foccurrcd trom 30/5 to 4/6 The op001ﬁs has a very

f{LQ,di stinet peak of ava113b1llty. The ldrg@ number of

1

Turnstone which fed in thv coves durlng the pre- ]aylnv':
Seadon dld 80 in response to the 1ncrease in chironomid

numbor The“e dipteransicomprised a transient food

ource loealized in the coves. “Sexual and territorial
behaviour-attributed¢to birds dbOUt to breed nearly

ceased when the swarms were, ot LhOlP peak. There was a
S S ; y :
general suspension of brecding_behaviqur with many

'
K
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N}

,TABLEE‘§ f *{;-[. i?f\‘

Potontldl predators presen% on the Arehlpelapo

?? . of Valasoaaret

The predators lJ ted here are for adult :
Turnstone or their eggs dnd young. Slghtlnpﬁ concentrated.

on Yttre Oxgrynna and the protectlon the: Turnstone r0001¢rd

(

from tern and gulls (althougL gulls are aloo seen as
potential predators of Turnstone eggu and young)

18/5 1815 White-tailed Fagle ‘above Stors kar.
19/5 Osprey and female Xestrel seen. ! S
20/5 0600 Hawk Owl near Kdringsund, = = .} = 0

0700 Hooded Crow at Antonskroken, chased L

by terns, i
21/5 2000 Hawk Owl at Tormcokroken, no Turnutono o

present. T
22/5 1400 Yttre Oxgrynna, two Hood@d Orows, '

chased by gulls and terns.
1720 Hawk Gwl hunting at Karlng Umd no
Turnstone present.

26/5 1130 Ten Hooded Crows at Karlngsund

27/5 1000 Hawk Owl at Antonskroken, Hndshan
not bothered.

29/5 0900 Hobby hunting at kdrlngsund driven
away by scveral terns,

1/6 1200 Harrier (Marsh ?) over Tormeokrokcn,
‘chased by terns
2/6 "~ Honey Ruzzard seen, few on migration
‘ ‘until 10/6. :
3/6 - 1230: Hawk (wl feeding at Tormeokrokon.

N ;Lsproy over Kérings sund.,
ooy o Short-edred Owl and two Kestrels,

o . Goshawk scen by Lighthouse. '
T/6 154 0830 Hawk Owl and Merlin seen at Pdrmeokroken,
i no Turnstone seen. Both blrdo being chased

“ by terns.and gulls.
1600 . Great Black-backed hulL at Tormeokrokeh
béing chaged by terns

'fo/é . 1630 Hooded Crow at Khrlngsund being cha sed
o by Turnstone, the first time of the Season.
19/6  Short-eared Owl off Karinpgsund (nest is

near), baing chaged relontle gsly by gulls
L).Y)d —t()InQO B

- 26/6 2400 Yttre bxprynna Arctic Skua causing
' , . commotion.
8/ 2100 Yttrd ﬁxgrynnd, APCtLL Skua over islct,

put off by twu Lernu. t




9/7

10/7
11/7

YA
217
2%/

lV‘_

1100 Yttro Oxprynna, Arotlc Skua.at the end
of the islet, by hlder Cthku, dr;ven of f~
by several terno.h

2100 Yttre Oxgrynna, Common Gull’ belnp
attacked by terns.

1000 Osprey over Yttre Oxgrynna, Common
Gulls and terns drive it away.

1130 Yttre Oxgrynna, Common Gull overhead,

terns all rise up.
1230 Three Common Gulls loafing on Yttre
Oxgrynna, put off by terns.

2200 Osprey above Yttre Oxgrynna, derQn
. -off by a 81nﬂle tern and a single Common
- (IU]_J_

1300 Yttre Oxgrynna, ‘three’ Common Gulls

- overhead, driven off by terns.

1400 Yttru Cxgrynna, Common Gull overhead,
terns rise and attack,

1030 Yttre Oxgrynna, .Hooded Crow overhecad,
driven off by several terns

- 0700 Yttre Oxgrynna, Great Plack backed
L Gull” overhcad, driven off by several terns.
- 0700 Young: Hawk Cwl over Yttre OXgrynnag”
f driven off by terns

1100 Great' Black- backod Gull over Yttre

: OXernnd,‘dllven off" by terns.
- 1400 Arctic Skua over Yitre .Oxgrynna,
~driven offiby terns and Common Gulls.

1700 Horrlnp Gull takes young Scaup from
the water. at Tormeokroken,
temale Kestrel found dead and eaten,

’,haannr from an Alder tree.
1700 Yttre Oxgrynna, terns chase Common Gull.
1800 Yttre Uxgrynna,. Hodded Crow chased by

tcrns .and Redshank,

200 Xttre bxgrynna, tWo Hooded Crows
ohdoed by torns.
1800 Yttre Okprynna,-Hooded‘Crow chased
by Common Qu]lj.- o .




territories left deserted. . :‘ | - ﬁ  - o o .

The advent of the chlronomld swarms in late 'DLV.QTE”

May to early June altered the\foraglng behav1our ofkéhe:-
Turnstone. At the time of thé’swarms,‘Turnstono  if
switched from fecdlng in tight proteo%éd palrb to }eedlng ﬁl
in concentrated groups. The gredtest feedlng act1v1ty

! was at Kﬁringsundw There was an 1nflux,of Turﬁﬁtone
feeding in the communal coves withﬂthe'iﬁcreésé in the
swarms (Fig. 4). The{first-day of majbr chiroﬁomid
activity, was May 26, 1977. By JUne‘1st'enormOUS
sWarms.were pfesent. Incieﬁent weathér‘reduced the

chirohomid's actiVity on. Juné 3, and on the 4th of

 ‘ June the ontlre archlpelapo was engulfed by heavy

downpours, he largest numbers of Turnstone in the

covvs appéarbd on Juno 5 A marked decrease in the 5

fDreoenoe of‘chlronomld; warms'occurred'on‘the 6th of

“ﬂJune. At th tJme, Turnstone usiﬁg the coves also

decreaood and contlnued Lo do S0 unfll June 12th when

E 5_‘ ;vlytually no Turnstone'were found in Karingsund.

‘ tDéépite the'obéurréncé o? large bwarms of" 15/6 Tew
Dur stonn foraged in the)covoo. By 2/7 there was a
near—total die appearanco oi Turnstone from Aarlnp sund

'i \ (19/6 for Antonskroken an ”/6 for Tormeokroken) .

' fln FJ; 5 th@t&se\of Kéringsund by single
mdlob, Sjnglu femaiés andipairs>ié éh%wn.rlAt no.tiﬁé
wergiulnglh females‘commoﬁ;ﬁ'Siﬁgle'maies nmay representg

unmated individuals, mates of females who are at the nest, ' L

'
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ér members of: der who ﬁ?étnd’uhéﬂécessfully.- On 30/5
1977 most of the Turnutone pres cnt on Yttre ngrynna
werc females.‘ It 1s 1lkely that mostlof the males

were stlll f@odlng ih the ' cov Wlthln the larid
colonles of Yttre Oxgrynna tho femalos could feed ﬂ”;

and still have protectlon from predators, near the'

larids. Turnstone from Yttre could be secn f]ylng in
the direction of the coves (Plg. 6) Phers washno

pattern to the birds' 1eav1ng. Blrds'éeasedkiéaviﬁgw ‘?7

the islet once laying bcgaﬁ. 'The.datefoffthe'first:_ ‘,.h 1ﬁ§;

egg for clutches on Yttre Oxgrynna'was;frOm Jﬁné‘?';i '“ntff'

to June 9 (Table 5). Once 1ay1ng begdn ‘the blrds -

spent all their time on thro Oxgrynna.a
: 4c, Main islands vs. islet nesters i o

Basic differences océﬁrred between‘bifds
nesting on the main isiaﬁds'and those nesting on the
islets., Différences_inclﬁded the amount of separation |
tolerated (distaﬁCg) within a pair, the feedingefeé‘

used by‘tbb non-inbubating parent and the Turnstonc's

g larid’ ogﬁs. These differences were due,

R

. predation:

in"part, iﬁ@necessary vocal contact and the food

k: -@:{Ivsourues dlel@)lo in tho dlfferent areas.

For Lhooc 1nd1v1duals nes tlng on the main

jisland thv coves wwre L:ll dvallablo for feeding once

“ b'

E " ~laying began, Blrdq oould foed in tho coves and still

"édmmunicate wich the sittlng mate. The opportunity for
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./ Numbers: of Turnstone leaving
" Yttre, per hour. ;
‘ | . . . |
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Laying data for 1977s . Lo

vNest Site First Bgg Hatching Bégun I ﬁ§%éhing
Yttre Oxgrynna# o | : . ' i. | ?é;l
L e o6 L
2 b/6 . 29/6 . | 1/7
3% 206 o 28/6
o e L 29/6 RNV
6 . 96 2906 - 6/7
8 f:ffiI :}'.825 . — s
Sl 20/6 - . 28/8
o 36 - —= 30/
uorelafé& *lgi?l7/6.:fﬁ‘ 29/6‘-|  2/

:Prlor to’ﬁf*“f_‘f, o _ : :
./ Tuorelarev. R/6 L 27/6 : 28/6

L‘t'Karlngbada e w=14/6.}:x /A 11/7

13,

f;”‘Prlor to A fﬁ | o |
L _:Kérlngbada *¥ 16/6 . - , 8/7

:i; qudbédagrynna jll/6 if -~ o , —~—

‘# Numbers refer to fhe terrltory 1n Wthh these pairs
were - foun& on Yttze.v i

* Three egg nes ts.:;\v | X .f  v '7jJ } ‘  S

it TWO egg nests. » o :'"1 |

A1l other nests had complete clutches of four eggs. B




visual or auditory communlcatlon between members Of

pair helps to determine the amount of spatlal separatlong
that is tolerated. Cdro of the nest and of the young .
is done 301ntly and nece551tates constant communlcatlon;';ﬁ~

\i.

Birds- nestlna on the main: 1sland contlnupd to !
utilize the cove ‘areas of Tormeokroken and Antonukroken;.
although thoy did not pcnetrate ‘as far as durlng the
prennestlng period, 'Theqo birds malntalned feedlng
terrltorles alona the openlng of thp coves The

% S ~ coloured-marked blrds of these areas (Table 6) were

frequently seen w1th1n the coves adjacent to thelr

L no%tlng afégs; Whon i approached a nest, the 1ncubat1rg

': 1nd1v1dua Llew bevoral metres from the nesf, calling

f"ln tPrrltorﬁal defonco._ This cauned the mate feeding

f’in the LOVGITO T@turn.  The dl%tdnce from 1slets ta

f;covcs ere too FTCdt for communlcailon to be possible

{:Ll:i ?Hfff;between an 1ncubat1ng dnd covp—feedlng individwal, .

'5fi§‘ _ Qﬁ;;';é . Laylng data for 1977 has been presented in

i | ‘*Tébiéf5: It Should be notod that the tlmo spread in
ié&ih and hdtchlnF on Yttre Oxgrynna (1/6 to 9/6, for
the first egg and 28/6 to 6/7 for hatchlnq) was
cons1derably ;hortor than for all tthteen nests

to]lowod (1/6 ta 16/6 Tor Lhe first egg and 28/6 to

11// ior hdt(hlnﬁ)!: )d'l on 1nd1viddqlly marked blrd

dre,preuented in la blo<‘> dnd 6.




B

od Tuz e tone.

Nest location ‘Date Rlnged bex Weight g Blll Wlnfg
: | o mm) (mm) -

Yttre Oxgrunna-' , ] ; : ’
1 22/6 '$‘15 100 :25_51 15f A "ﬁf.  3
17/6 P 103.5 0 22 1sp BT
26/6 W ou6 2% 19
24 /6 P ,104.'"l.;{éu | ;i5§xi

23/6 w110z 161 ffi gf'
w/6 - om Ei'ios "ﬂff »23 }'f155“ |
25/6 TR 108f. 15"24{;35169
22/6 w102 i 23 f;15§‘
24/6 M 106 ,fi' 235,5?i53
25/6 owm 106 23 1sh
26/6 T 108 23 159

N N Oy FWoNN D

o
e

Tuorelarev ‘16/6 ‘. M 96,5 25 153

Prior to o S .
Tuorelarev | 13/5§ M 9k 25 159

: c22/6. P oh 23 152

Karlngbada ﬁu

Females o | o
‘‘Average : 102  23.6 156.6
Range & O~ 108 22-25 152-160

5 Wales , . ,
Average - 105 23.7 156,2
' Range 94 116 23-25 153-16%
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4d. Territory size, territorial behaviour and the

‘Head-Bob

&hSidering fhe total aréa usod’for nesting

(Compare this with

"he 3 04 palrs/km found by Nettleshlp (1973) at

Lamp Hazen, N W 1., Cdndda )
f L The 100dt10n qf all’ nestlng spe01eq on Yttre
| Oxérynna is shown in Plgﬁ J. The average qlze of
’ ‘ 217 Turnstone texrltory on Yttre Oxgrynna was 769 m .
| e (1306 palrs/km ) w1Lh a rango of 142 m° to 1939 2
Vegetatlon mapb tor two Turn tone terrltorlos -on.
Yttre Oxgrynna are shown 1n bl?.‘é The entlre:area

of the 1slet was encorporatpd Lnto the ten Turnstone - Cout

terrltorles. Thls apppared to be: the 81tuat10n on all

oy
i
[

islets which I visited, L@rrltorlal defenqe was very f“ﬁ 

strict. Intruding Turnutono were 1mmed1atc]y recoqnlzed - g

and driven from the islet. ﬂolatlvely llttle aer1a1

chaSing of avian predators by the Turnstone occurred

due to the larids!' efficiency in dr1v1ng predators 01t
Both members of the palr engaged in the defence D

of the territory. Throughout thls porlod there contlnued

to be much oommunlpdtlon between the male and fcmale.

The call of the guarding or 1ncubdtlng mombcr iﬁmbdlately

retrieved its mate., Although the female Pnpagod in

aerial attacks against .both predators and othe‘ Turnstone;
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she often incited The'mdle to”attack whlle she remalned'

. guardlng the nest. Durlng 19 7 hours of obseféatlons, |
19‘aerialxattacks were recorded. of theoe attacks,
four were directed téWards 1arids (two by each'a‘male
and female Turnutone) and fifteen were dlrected towards

1ntrud1ng Turnstonc (six by the terrltorlal female and

thlrte@n by the terrltorldl male)

B X

':Act1v1t1es such as terrltorlal warnlng were

ﬂvcentred’a ol t the’ guard rocks. These were 1arge rocks

whlch provlded good vantage p01ntu._ The'younp were

ﬁvoften kept blooo to thebo rocks. In'wrrltorles 2,3,4,

o, .
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ﬁwere the uame. ‘:' }" Ce IR -

R _ The partlcular dlsplay of Head Bob (Bergman

ixé iélﬁ. 1946) groatly molllflod potontlally harmful aggreu81on.i
g f H dd Bobblng occurred betwcﬂn two males, two females

| or w1th dS many as flVC 1nd1v1duals at the boundaries

of terrltorleb and on th@ oommunal fGPdlné areas. The

behav1our also oocurred botween mombfrs of a pair, as

a greetlné follow1ﬁ an éégrcss1ve eﬁa)unter w1th an-

1ntruder or larid. Nelghbourlng palru would Head-Bob

together whcn off thelr Lerrltory (not S0 when non—k

Loe

neighbouring memebers met).\~Those sets of4pa1rs‘whlchf

engaged in the Head-Bob diépléy are shown inzFig.,g, o R

On several occasions when two males, sharln terrltorlalf-'fw?

borders, put off an 1ntrud1ng Lurnstone, thcy returned
to their borders and began Head- Bobblng together.f Thcre L
were many instances when two?or’three_ne;ghbourlng;F H";;*

IR
R
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e

g ' - |
'g, Figure. 9 ﬁ' - ‘
: 5'5 f“f%_ leomb1nat1ons of terrltorlal blrds
 ff§” : '  : f?fpartlcloatlng 1n'Head Bobblng.
o s
Ef : o i‘Llnes ponnect terrltorles that
% | engaged 1n the: Head- Bob dlsplay;
Sex of partlclpatlng member 1s'v 5~;
1ndlcated. | ; 1’ 'E - ;
. i | ;
i W 4 .
' ‘ I A
- »
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B e ! !

ﬁales would JOlntly drlve an 1ntrud1np 1nd1v1dual from
Jﬁ;: the 1slet Upon thelr return they wauld often Head-
"Bob together. - . ﬁ.

T . .
N i . o . v' B X P! . . SR l"
| N ] i ) B ) 4‘3 . N B

Saplh AR

D ) g cooe , :
4e..’ Clutch sige and hatching success
.f“-

]1ghteon nests were found in 1977 (fable 7) Q:f

Three nests had two eggo.- At Yttre Oxgrynna, nest ‘éﬂ
number 5 was dosfroyed on 14/ ‘it is not’knownfif,iﬁ ?
was completed or not., ‘ C o o ;h -?Jg'“ff; ‘_%f

All the young of dny one nest hatched on the -1A3i;i§‘.
| same day. On Yttre Oxgrynna, nest’ 6 had hatchlng tlmes.i¢fﬁfj?.
| of 1420 to 2100 hours and nest 9 had. hatchlng tJmes of i
i 1000 to 2100 hours. The cracklng of shells was d‘ |
extremely variable. Of the 31 eggs followed 23 bogan .l
cracking two to four days before hatohlng. Once clutch
of four showed no s1gns of craoklng 24 hours before
they hatched and another clutch of four began craoklné

Seven days before hatchlng’

4f. Incubation

Nothmuch data ‘were collected on the incubating

"roleo of male and fomalo. For eleven nests, 71 spot

'f records wore mdde, md1n1y between the hours of 0800 and

”%3?500 Of tho 360 %lphtlngs 46 were of the female at the

f fﬁljgnest' Durlnp tho first uOVCn days of 1ncubatlon there

: : '.were only Plﬂht ,1pht1ng Sy four for eaoh male and female.
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f*}_For days g to 14, 18 of the 24'sightiné8‘wefe for .

f[females. “TlnP the perlod of the 15th day until -

§
¢
3

Lifﬁhatchlﬁ?'”24ﬁof the 39 51ghtlngs were Of females.

_,Contrary tc the suggp tlon that fomaleo 1ncubdte from

§sunrlse to 1500 or 1700 hours and. males the rest of
:;Q; g?‘ffﬁthe day and nlght (Bergman 1946), no differences coula”

ffbe detected for varlouo Tlme> of the day. Differences

 were soon in: LﬂdJVldUdl nes ts. ‘At no mest did the
?male do the maJorlty of the 1ncubat1ng. At nest
ff : '(Yttre Oxgrynna) tHe ma]e-waq never seen on the nest,

althodgh it was %eldom abuent from thp terrltroy. . The

'ma]e wab ery rnarnly ueon at nest 5 (Yttro Oxgrynna)
althouph seldom absgnt frém the area.i | L

4g. The young and the effécts of Vegetatfdnw

Sy
[

Weights, growth‘énd bill-1engtH of;me_yoﬁng € ' fi

are presented in Table 8.  The young were capable of b

leaving the nest on the day of hatchlng.i On:Yttr47“
Oxgrynna the nest was used for much of the fledplng ; 7‘"9;’*
period. The young were taken to areaS‘where they odﬁldi
feed on chironomids. . They usually fqut ventured‘out /
to feed with the male, who p€cked at Lhelr feep whllo

'they imitated. From all observations, chlronomld were?
the main food source for tho young blrds. ”th had a |

great influence on wherc the adults took th@ young and

on the overall use of the territory. Chironomids were

active on/about Rubus and Chrysanthemum, even during



TABLE 8

Growth of colour-marked Turnstome young, . . i

hee: o teye " Nelsl. lp g Billllengt‘hi in Cm;igNu’?ber mé"as‘:ﬁr.ed
Day of hatch 11.8 v 1,10 ';".i o §é22f>

1 . 1 1‘.14‘ o

3.0 1o
14.5 T 1.33
21,0 143

o3t 162 '3
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indiémenf weather.g Durlnﬁ the flrst days after hatchlnn,

th@ young had to rgly on taklng food from the ground

Wlthln three to five daYo they were tdklng’food frow

plant stems and leaves. it thls time they Stlll had j"ﬁ ‘f
some difficulty in obtalnlny mov1ng chlronomlds. It : ?] o
was thus important to thO an area wherp the younq ‘ L:ifwf“
could feed on stationary dlpterans. In the more dPhSP -

vegetation where enough warmth was trapped and protectlon H 
prov1ded for the chironomid, young blrds could feed ?“{;f;f

even on rainy days. . s "v : nd ’ E,f.’”‘ .

[T, : l b

TSRt
I
v

4n. Brpakdown in terrltorles and terrltorlal behav1our‘f

: ‘l|..
| ' : . . ' . i

Terrltorlal behav1our of Turnstone i known

to decllne with the Oﬂuot of incubation (Nettleshlp
1973) and durlng the fledglnn period (Beven & ‘nglahd
1977) « Th@ situation ‘is mdrkedly dlfferent on the

islets.‘ Au the blrd° are conflned to the terrltory

-Q after hatchjnp has occurrod terrltorlal bphav1our

sltuaflon at Valasoaaret - The pair nesting beyond

§' - =‘?/ Iormeokrokon was 4ntact 19 days after its two young
? ' T». ‘had hatch@d ‘ Tn-many territofie° the female played
| _ an d(tJvo 10]1 Jn Cdrlnc ror and protoctlng the young,

At no to1 (Yt tre ngrynnu) 1t was the female that:

remalneq last‘w;th the yguﬂg, the male being seen last
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on 23/17, 19 days aftéf the'youngihad hétched
“The bltuatlon on Yttre Oxgrynna was greatly
dlsrupted by a SeTlPS of severe stormo (1/7 to 4/7).

bl Pa“;f o whlch flo@ded much of the 1slet and: probably destroyed

’:‘3‘ to be. ostabjlshed and the smalleut Nest 7

Male 5 remalned until

w

7{f?2/7, defcndlng hlo terrltory w1th the utrlctest
L ;J»;€.terr1tor1dl behav10ur.: Hl” mate remained until 8/7,
'dlthough she spont much tlme off the 1slpt Male 7

romdln@d untll 21// ;show1ng far less terrltorlal

def@nce and "pOradl dttendanco.a Hlu mate was not

seen aitsr the dostruotlon of the nost ‘ Several

l

blrdb showod poradlc dttpndance,‘esb001ally after ‘ S

[ e
! I

thq-otorms.
J Only Déir“ 1 and 8 had any remalnlng young

(two and one res pectlvely) on Yttre Oxgrynha on 16/7 ol

Bergmdn (1046) reported thdt young Turnstono are dbl@ .
to swim after ten days and thus could move to othe

~islets. Given the weather at the tlmo, the currents

and the distance necded to r(dch the main 1sland thlo o
seems unlikely for Yttre Oxprynna.‘ By tho ond of. the
study, 24/17, only two torrltroy hoﬁdors remalnod on ?
Yttre Oxgrynna. On this day, male 4 was seen on the
main island in a group of four Turnstonc. At thlu tlme,

"t

! Turnstone groups of fifteen or more were formlng in
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many areas. o o | ;:'ii? | ¢}y ff ¥
| | On 12/6, the first of the intruding ilhrnstone
began to appear on Yttre. Their §resen¢e reéu£%éd‘in
aggressive éncountersQ[ By 4/7 the number of'inﬁfuders,
mainly’males; had greatlj‘increaséd. Térritory‘holders
~countered by 'co- operatlng' in puttlng these birds off.,

One 1ntruder, 1dent1f19d by a metal ring, flrst appeared

‘;;at terrltdﬁyf, on 7/7 The male of territory 2 was_*

-;:?absent from /T to: 12/7. The intruder was' very

rﬂsubm1831ve aﬁ' pent most of the tlme at the water-

'tprrltroy 9, remainln submlsslve and feedlnp in

 §tal1er vegetation.' Tven though not completely
fﬁtolerated by, ma]e 9,.thezintruder would put other
Turnstone off thp'terrjto“y. Malo 9.was not seen én
Yttre Oxgrynna on the July 18 or 19 Durlng thls |
 % V_p@rlod th@ 1ntruder took to Lhe guard rock and began
defending;the t@rrltory. On my 1aot VlSlt to Yttre

5,

Oxgrynna July 74 the 1ntrudor was stlll preuenm and

deféndlng the terrltory. 3’:

4i. Turnstone interactions with larids =~ Lok

‘ i ' . i
Turnstone only ne&ted in areas where 1ar1ds N

also nested. Turnstone and 1ar1ds had many u1mllar : R
nesting requirements. Larids prov1dcd protectlon to

birds nesting within their COLONlPu. TurnotDne dre Loy



very aggressive towards thé larids 'espe01a11y gullu. |
Both gulls and terns offer protectlon from prodators.
Gull, howover, pose a throat as’ potentldl prodators of
eggs and young., (In 1976 I witnessed a Common‘Gull
carry'off‘a'RedShank chickfrom Yitre Oxgrynna. )
Turnstono are capable of putting gulls off their

/terrltorleb.

Xp Valas aafot ’Turnotone exp101t the eggs of -

n[iarids,. Amp@o opportunlty ex1sto for Lurnstone to

gznest but thls was uncommon dnd not a prolonged attack

é,"flTurnstonc spont tlmo walklnﬁ about their territory

A

dnd they appear to know whore larld nestsiare located.

1

Turnbtono would f]y dlrectly to a nest that was to be

aE explolted. I w1tnosocd onc Turnstone put a tern off 1ts

nest whon tho Lorn returnod to 1ts half—edten eggb.
. ‘ [
Turnstono will tako eLgs of all agesp One Turnstono

des troyod an egg from tho no»t of a Lommon 0u11

eVered the head of the 14, to 16 ddy old embryo and

t
4

removed the Lody. The mdle,Turnotono 1n1t1atpd tno

original dostroction of the}fost (of all those w1tncssod)
It would often stand guard whwle the fomalo WQuld ‘ f\ ‘3?

continue to feed., Gulls! nests suffered heav.~destructiomf
: Y « - O

from Turnstone, often los uan an phtire,threo-egg;'

clutch at one time. ; o "'; Sy

Ly
1

The depree to whlon Turnstone exp101t ldrld

L .
B .

. - 1
[ ' i o
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eggs 19 highly variable at Valassaaiet Oof areasu
visited, exploitation on Yttre Oxgrynna and Langgrynna
was particularly heavy. Laylng data and eggudfsanpcarance
for larldu on Yttre Oxgrynna are presented 1n Table 9.
Table 10a-* summarlzes the predatlon on tern and gull
eggs at Yttre Oxgrynna, and a comparisOn for these

two groups, rcspectiVely}'>There isvnct evidence to
buggeot prefcrentlal robbing (bptween tern and guil

nests) by Turnotone (Flgu. 11 and 120.. No singie‘ :

'ﬂ@ﬁ prov1ded-a greater chance of success for
\1 oy’ swamplng the predator 1n time was
T not SUOO& sfu1 Elp. 1)) Of those tcrn nests whc1h

1f°uc Obsiully produccd younz 67% (8 of 12) were 1ocaLed

gln a’ 31nﬁlé Turnotone tcrrltory (Flg 14). Table "
prov1d9° a oummary for ‘ucces)ful tcrn no%tc on Yttre

OXgrynna. ) C aww

' . ¥

?‘i;".iﬂ: To ins urcALhat my presence did not create a
‘Ljfuatlon in which' thr ﬁurn tonc could easily cxplolt

the 1ar1d5 I 'set th@ 1slct of Langgrynna aside as a
control.ﬁ nr]atlvely few: ﬁjults were made to tnc islet
durlnq tﬁo carly ucason.; erglnally, 22 gull nosts

were markcd. Crf thcoo fuur producod young, nlne were
completcly destroyed and tho fatc of the- remalnlng i

nine nests could not be d(LFfmand' Of tho;e flnal Ec,

nine nests, at least two hdd one egg destroycd or

the original ten tern nests marked nlne were»d troyed

and the fate ol one could not be determmnod Later in ?x ]

the season, six additional nests were marked; Honé of Ao

¢
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Laying data of terns (a) and pullb (b) on Yttre"“
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 hach nest is 1dont1f1ed to 1ts locatlon on Yttne Oxgrynné.‘
The number of oggs found in each nest for each day
: observod is given. If tho nest ended 1n no eggs or
 vyoung 1t is 1ndlcated by O. Young are reprebented by
:,Y}_‘lt'was not always‘possible to dptermlne the outcome

of each mest (e.gs) Mable 9a, nest 9).
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TABLi: 10a-c S
Summaries of hatching and breeding success for

¢
[
i

terns(a), andvgu11$\(b) on Yttre Qxérynha,‘and“i  5

a cofparison of thé‘two groupleo){{' v ;-éﬂ
Co U DT
(Egg.days_provideja;measure of egg availability.) T

il

Periods- Date- - S ,;‘:“_ . ,f _ ‘ ﬁ;ﬁ;Aj%”
0 May 23-26 i .
1 ~ may 27-30 -5 '1‘5535: }.;1;” T V‘Vipf
june 4-7  ;",l; _ ffwﬁ L '

June'8ﬁf1

Juﬁe 12-15.

June 16-19
June 20-2%

09 s W

June 24-27

1

- Turnstone began to lay in period.
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total larid egﬁs avalldble'ano the

avall&blllty of tcrn PQﬂs (expreﬂsed

‘ih cgg days). Tho solld 11ne is the

atloy (expres sed in percent) of tern
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5754 'Tﬁé:rélationship of* Common Gull

i .eéf; Lakon,'COMpafed to the total™
;f1‘w5 {;'f;,ff;€' ; ~  -;..».) 1dfld epgs dleldbl e and the availa-
}i - i ‘fij;i‘: . i L ibllﬂty of gull CEes (bxpresséd in
, ? ?‘  o | ez QdyS) The solldfline is the
@: .y ”?‘rdtlo (vxpro sed in porccnt)of gullf
F 5 ,é Jﬂi@  ‘ egas takhn to total ldrld eggs takeb.
é .:i~ : ' ? ﬂéjTho br kon line. poproDents the' atio
| E | ?:of Larn cﬁg days “bo th@ total larld
i :
i
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The totdl number of SUCQeSbful t(rn

v

nests For each layln DPrlOd (bvoken

11np) and the gotal unumbpr of térn - ke

i 1y

v PR

nests stdrted in, oach ldylng perlod  §j
(bOlld 111’)e) " 3 v o . l ‘ : r ;v" :

i

Table 1O ‘ ‘.1 ' : ?'

.
1
. T L
: P )
h o ;
; (I \
i
N
. : ) .
o : 3 ; )
. , ; ‘
1 - '
i )

°



23 4567809

1

0

!

perio

ds

t

Laying




) B

. i
I \

i
[ .
b

" Circled npsts renressnt tern nests

Wthh were successful.

. B
: ‘ i
' . oy
! [
5 (S
N
.
. , '
'
’ ¢
.
' ' -
4
'
T
¢l )
1
i '
t }
1
v
1
l
. .
.
j

1
I
i







Nests

‘SbbéeéFful S P %
o . |Period ..
1¥ests Begun

‘Found .in

which
‘Territory

.y.

3 -15@2‘ 9

. 2nd!

ond

2nd

23

4th

G Brd

24

4th

25

4th

26

4th

50

4-th

5th

4th

* Poriods 2-3-4 yielded 58.1% of '

the total nests and 83.3% of the . |
successful nestse

#%  Turnstone territory number 9 .
yielded 58.%%0f nests which T

hatched,

hatched on Yttrees

30,89 of the Tern nests
(This Ffinal fig-

ure does not include the 2 nests
destroyed by storms or the 2 nests
for which the outcome was not knowm.)

304

Total
Mests

Negts -
Bird- -

27

: Destrqyéd

| Mests .
] eovered
“i] By Storm

| tests -
Hatched.
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thgse nésfs produced“joung.
On Tuorelarévv(considered as part of the main

island; Ebbsﬁér)ﬁéB térnynests and one'gull.neéf weére

marked. Of the tern ﬁésts, eight were destrbyed,‘three

fallod to hatch flve produced young and thc outcomo

'f;was not d'termlnpd for seven nPotS. The single gull

'Offthe 31xteen pull nests marked,

&hree Wefg_de LxOyed by TiSlnP water (during‘heavy

fétormo) dnd onLy one howod olgns of predatlon. “Two =

BN iT“_EDurnstone nes ts were mdrked in thlo area, with as many
‘ . . . S ' ! ‘ |

o A asgfour_ alr‘ nes tlnp on harlnrbdda. Tur stone nestin
: c s g n

e ‘

ih this;arca had access to Antonskroken and did feed

ih this.cove Dhat,TurnwtOﬁn had a marked effect on

the tern populatlon is '%hown by Lho dates of the flrot

é
obbervpd fllpht 1n younﬁ ucrn, 19/7 ?n Yttro Oxwrynna

»

and 13/7 on the malh 1slands.. The flrst Lern ngg lala
fonvfour areas was: Yttrw anrynna 27/5 Ldngﬁrynna

27/5, Tuoro]arov 28/5 and hdrlngbdda 29/)._~

The adult Lurnston@ continued tOh@xploit.the

tern populatlon once the tarn eggs had hatched When ’ff i

adult tern returned with Fth for the . young, male,ff LR

Turnstone would take i h either trom tho adults or

often from the defenceless cthks. Thei¢ale Tupnstone'-‘ ! ﬂ?

would fly to a rock to feed on the fish. The female' Ly
Turnstone would ocCasionally fly to‘jqin the méle;‘

and, after slight chattering and a 'submissive' -

'
I



v?tfeedlng@;

'%?"‘and'oﬁ prey within the mud. It has been shown that

[ s N .
h T . s

‘poetdre;'would3be;ﬁllowedztpifeedgogfthe,fish.

i o ; . : |

Wt -8 . .

crd I o

Y
!
i

At Valassaaret tﬁevTurnstone bfeedinga'

population utilize a few hlﬁhly ooncentrated food
' : T
sources, mh( occurrence of the chlronomld swarms o b

v Wy

represented a peak in food abundance. These swarne

'

were localised in three eoves. Terrltorles were not - .;nfl‘
S ST
held, many es tablished behav1oura1 patterns broke dawn o

(at the height of . the swarmu), and méot 1nd1cat10ns
that the population was 1ndeed broedlng (protectlon ;

of the mate, defence on the breedlng terrltoryd were

absent, Prior to thls, however two weeks Of foraglng

in these communal coves prov1ded adequate foraﬁlng,

with a minimum of aggressive disturbance. Theepresence

of conspecifics had a positive effec¢t on the foraging
behaviour of the Turnstone; allowing birds to fe d

w1th 1003 dlsruptlon. Potential predators were numerous

and blrdl ﬁdeLCd to thelr presence._'When feeding as

A ) i
palrs,.femages benoflted from the v1g11ance of its mate.
'{a"-.' . b

o ' .
The malJ b, conptant soann1n£ limited it to. surface

L

reed.from this scanning, the female could

1. feed behind large rocks, in the thicker vegetation

blrdu benefit from group size in avoiding predation

(Page & Whltaore 1975raﬁd Kenwood 1978), i(Predation

-of a Turnstone by a female Kestrel, one of the most

common” avian predators at \alavﬁaaret has been reported




by McCullock (1960).) When flylﬁq lnto a cove,‘Turﬁston 1§d
landed within several, yards of a conop601flc. lhluy |
wau followod by spacing, WhlPh reducod aggre smve
Pncount@ro When males of two palf"'came 1ﬁ£® contch
with one another thoy would Head~ Bob (often 1n01tod

by the femalc) and anTOHolOn would ooidom occur.

One stylized behaviodr ‘with body low and neck extondﬂd
forward (ulmllar to the Nod-Swim in Mallards and also
actiyated by an.incitihg mate (see Lorenz (1951)), would

also Stbp pbtentiél a*gr0831on. Birds were thus

5 prov1d9d w¢1h Lho bonoilt of cons pPlelCu in the

paclnp dnd r@ducnd aggression.

';Thern appe rgd to be paCC rootrlctlon in

lc?jihé chéiéb of nes t‘u11ev (the Lower rocky ~sand areas

't

“fwhorc larldo also no>tcd) Mkre, breedlng densities =

;-, éof Turnbtone r<achpd thhlr thhe<t r@corded levels

B . . . 1
y . . . «

i IS (1n thc'dleldblo liter afure) On the isliets, a single

|
torrlfory served for both brfcalng and fPPleﬁ. Cne ‘
territory on Yttro Oxurynh a dhdred-borders with four
’ othor TUTHStQ”L territori@%. In thcso areas, the Head-

Bob. d1 play we Lh( m 0t cmmmon bohav1our dnd groatiy

s : 1

reduced potential dﬁFCCSSLOh. Aggresomon not only

dO(rOdbOd the time avaala.]v For ma;ntananc .aotwvtt%s,

but also exposcd the nesi and young to pouslblo prnddtlon.] o

[
0

from gulls,

It is typical for‘winteriﬁg Turnston“n to'?ﬁud

Ot open coastal. arecas, as in the ultud{lon at tho s b
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?den81t1eu,‘mdy not be as ropreoentdtlvo for this

ﬁvpc01es. thf1osh1p (197)) rpported a total 6f thirteen

ci ﬁ“cf fourtcon pdlrS in a- one Uo area of 240 hectare at

i '5f‘m 7Gamp‘Hazen, b]lcomero 1pland N.W.T. 'This is in sharp

@ontrast to the very hlgh conventratlon of neots at
Valasbadrct : Turn Lone brOGdlnp at Valasoaaret w1ntor
in Afrlcg whjlw'furnotone WLnterlnp on the Tees breed

G oe ldnd : Howovor, Jt 1s Stl]l ﬁnformatva Lo ‘ =

dlSCUoo the dlffer@nt "vroups" 1n thOLr dlfforent

“Pttlngb. : p’

Due to the locéiizéd‘nétﬁro of . the Turnctone s
food sources (highly concénfrated) durlng;w1nter and -
summer, and tha limited prefprred nebtlng 81tes at
Valassaaret, some means of roduc1né potentla] aggr0881on%{

is necessary. [The dbLllLy of Turnston@ to eXp]Olt

temporary food sources and the rapldlty w1th whlgh &. B
information 6f feed sources travelo through the kﬁ %T‘ ‘M
population has been discussed in Chapterv6. Thlsi : ﬁﬂ;
may be due, in part to 001a1 roostlng and the |

attraction towards conspecifics when ocarchlng out

feeding areas., BGCdUnn of the dlutrlbutlon of th@

Turnstone's food source, exclusive defence of.an area

!
v

1s seldom possibles In both winter and summer,
several factors force Turnstone into concentrated

assocliations.
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'urlnp othcr dlsplays] The Crouch;pos1tlon was an e

;f ~j Qxaggeratlon of the down phdoe of thn Head-Bob dlspldy.

i s fJ bn the commun&l feodlng pove ; the Crouch was a flight
> ﬂhtention movemont von Yttro ngrynna it dctcd ag an

'dppeasoment 50 tur@. Durlng the up phase of the Head-

\j' Bob wlth neck Fully oxtnndod the Neck Strctch was

uuod (sei Tabl 0\1) The pall is, in- the dropped o

( . T
‘ l.

pObltlon, which is &3"‘oclgtod w1th cha81ng and

aggr »ssion when fecding Q Ves 1978) -Lhe mook—d.”

preen is anothor componen1 of the Head Bob AQSOCJated

(,,

f l\

with the Hpad-Bob, mock—pre@nlng approx1mated appeaSement,;i

i ' On the feeding grounds (wiﬁter‘and‘summer), MOck-.

preening ailded in spacing w1thout rosultlng to avvre331vd'

..

contact. Nock-fecding wa“-also 8001at9d w1th thc

Head-Bob display, with one or both blrds pecklng ‘; 3 3{4;_

rcpeatcd]y at the ground or grass in thlo redlrected f ‘.$f

l

behaviour. At the communal COVPb of.Valdssaarot and the ;Qﬁi

wrack beds of 1eesmouth ‘mock= teodlnq 0ccurred a{tor

H
ot
Kt

an aggressive cncounter and asuorted the VLctqr'
dominance, Althéugh Groves does not mention tbg
Tail-Up posture during aggressive enéodntefs;%ilfbund
that when associated with the Crouchlposition,‘that

this was an aggressive posture of the highest intensity,

both, in the summer and winter. Social stability is




aided by bohav1oura1 dlsplayo; Wthh brlng about

dispersal patt(rn that llmlLu the number of b;rds in

any one area. . | ,":;‘ 5
lt appears. thdt by a COmbingﬁidn inéoéial
context and'posturlnq ‘that Turnstohe are able'ﬁé
accurately convey a 0001al message.  SociaL stability
((in.the form of reduoca aﬁgr9881on) is ailded by a

w1dgopread dlsporsal pattern, when possible, durlng’

j‘f;tho w1nt@r fﬁvdln perlod Cne addltonal Iactor in

e
‘.

fgredu01nﬁ amount of agyresulon is the. p0851b111uy

:;{;;of 1nd1v¢du&l rocognltlon. Borderlng male‘terrltorial
i 4 : : :
y.\r»- . . : .

fholdera

'j‘Val'ssaaretﬂappeared tb'récoaniZe-one another

(;n thaL th@ ,dld not be(omo dngr0331vcly involved

mdy havw onhaved dlfferently but

thb could not account fqr the fact that this tolerance
dld;hot'¢xtend‘to_birdsifrom aﬁterritory beyond a ‘

. R Lo . ) .
bird's - borders. ! T R
RIS Tho;ﬁaCtors which seem mo"t*important for

: ] -
murn>tono'uv]<ctjon of brulnLny hablnat are‘ 1) ‘the"
Feomorpholov1oa1 typv of i Land ;l),the.vegetation
typo of the Joldnd and‘l4io tqe occurfenCe»of larids.,

During the past 30 years,'idnd uphoaval at Va]aﬁcadro Do ‘

has resulted in an increasc Df SO hectares; .The Eca
has also secn a large inormfwb in both larlds and

Turnstone, In Bergman's 1946 monogra h he s dtv" *hat e
< . - ,

the Turnstone's preference for sparse vegetation is'

due to their short legs and locomotion. teéchniques, v
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- Turnstone are amongst the first species to ihhabit-rising

~islets.

'!oeveral SpCCLPS are known to nest w1th1n 1ar1d

AL Vala%saardt Hllden (1964) has shown

‘faﬁd Al marlla, lrong dttractlons to nest amongst o
?E i€1ar1ds ex1stod Kosklmnep (1957) has sug gested that
:.;? sgff'terno and pull mJght.éct as a pooltlve attraotlon to
an area (a deturo oi habltat PPCOanLlOH for othm .

fﬁ ' speqies)., Bourget (197)) wa not”ablo to show the

‘ultimate ﬁactofs'whlch 1nF1unnc eiders in selecting

breédi%g'&itcs; ﬁeb@id show thdt all known eider o

col@ﬁies.in Maiﬁe afé’on 1sland where qulls also nest.

] Cls%én (5951) has sﬁown that 1n Plnland 'whon elders - ‘lﬁ
ested on islands where ”Ullo nested the percontago{ |

1

of nests destroyed by ﬂoodod Crows was lesk thdn whnrn f'; 

no gulls nested. } R

s
:

Pfurnstone at Vala"sadrot exp301t th 1 rids' :§4

P
abiltiy to drive off potential predators.l They rdpldly { :
learned to distinguish larid alarﬁlcall; from: ldrld V' }¥r:

aggressive calls; for the latter, bird%qwéqld not,@v%n : ){{ﬁ
come off their nest to mount ﬁheir gUafa rockg}; p, | F .f“f‘

Turnstone did extensive damage to larid!eggs at, .~
;'i?‘ o o

VaLass aret. They did not show signs'bf selective

predation between terns and gulls, upg damaﬁc was

greater on islels Thdn on the main lblundb, as;were

»



[

the densities of nesting Turhétohe.‘.TurnStoneia
cxtreme generalists and are known to oxp101t unusual
: = il
T food sources. Turnstone thO beon shown to CQUQC

| ‘

large scale destruction of Royal Tern - (Sterna max1ma)

eggs in Plorida (Loftln & Sutton 1979) 'The authors

were of the oplnlon that the Turnstone were atiracted
to the "densoly packod mass of adult Royal Terns standlng
in the colony, ratherfthan to the eggs themselves".

Turnsfohe]predatidn on Common Tern eggs has‘been noted

(1971).. They reported that the

'“%‘by Parkes-

‘t;}movemcnbs ]fiho Turn$tonc dld not appoar to be random,

1f‘wﬁut’ "sée’ fto be follow1np a d@flnte 1tlncrdry"

Crbssiﬁ~éhd'ﬂubor (1970) Coported that several Turnoto

e 1ncubdtln bird waé able to ward the Turnstone offl

fTerno 1n “the oolony mad@'dt most a f oble attempt to

E AT Oxpel tho Turnstono from th(lr oolony ;
": j,'i“ .
j! ‘; ‘ i [ | .A. :
N E

'
K ! B
’ . ot
I B
.

)
i
!

attaoknd thc nes tQQf an lncubating Sooty Tern (s. fuscata).
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