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ABSTRACT

The breeding biology of shelduck at Aberlady Bay in 1976 is
described in detail and possible factors affecting breeding success
are discussed.

Factors affecting nest site selection were determined. Both
piirliament site and nest site tended to be as close as possible to a
pair's feeding area within the bay, which was chosen in early spring.

Artificial nest boxes were used to study individual birds during
the breeding season. The rhythm of egg production was irregular for
all birds studied. The mean rzte of egg production was 0.63 eggs day-1.
and clutch size 9.}12.4 eggs. Laying occurred between 15th April and
2nd July, the mean incubation period being 32.2#1.2 days. Hatching
success varied between 80-100%. There was little evidence of predation
although there was some evidence of intrasnecific disturbance and
mechanisms by which it may occur are described.

Ducklings appeared on the bay from the end of May until the first
vweek in July. Thirty-six broods were brought onto the bay and most
ducklings were tzken to a main nurse}y-area.

Mechanisms leading to creching of ducklings are described.
Creching was extensive, althour-h mainly between ducklings of similar
ages (and usually younger Hhékiingé were involved). The largest creche
observed contained 38 ducklings. Ducklings could be separated in the
field into different age classes (I+<IV). liortality of Class I
ducklings was found to be 81%. The first fledged duckling was seen on
16th July.

The distribgtion within the bay of invertebrate food items taken
by shelduci¢ was determined. The abundance of Hydrobia ulvae_withih the
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feeding ranges of breeding birds varied between 1-100+ dm ~. Evidence




suggested that sediment type may be important in affecting food
availability in different pérts of the bay. The feeding areas of
individual ducks dﬁring the breeding season moved each year, either
into, out of, or within the bay. Hovement of feeding areas into the
bay, particularly onto muddy or wet areas, usually resulted in
successful breeding (duck seen with ducklings). Pairs feeding further
into the hay or on muddy areas bred earlier than other pairs. Early
breeding was thought to be beneficial for the maintenance of the
parent/duckling bond, and survival of ducklings.

Forty-two pairs were known to have bred between Musselburgh and
North Berwick. The number of breeding pamirs at Aberlady was thought to
be restricted by competition for good feeding sites in the muddy or
wetter areas of the bay, coupled with increased individual distance during
the breeding season.

Froduction of offspring at Aberlady Bay was found to be inadequate
for maintenance of its population of shelduck (mainly due to high
duckling mortality) and immigration from other areds was thought to
occur, especially from areas with low densities of shelduck where

production per pair appeared to be higher.
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INTRCDUCTION



1.1 INTRODUCTION

Recent work,.much of if experimental, has demonstrated that
spacing mechanisms in genersl and territorial behaviour in particular,
can limit the density of populations (wgtson and Moss 1970). This
has been demonstrated for few bird species so far and the importance
of spacing in waterfowl has received scant attention, apart from
the work of McKinney (1965) and Patterson (1976).

The aim of my study was to examine in detail the breeding
biology of individually marked shelduck at Aberlady Bay, East Lothian,
Scotland. By doing so, the validity was to be examined of Jenkins
et al. (1975) hypothesis relating the social status of shelduck to
their breeding success. It was also intended to find whether the
possible mechanisms for population regulstion suggested by Williams
(1973) for shelduck in the Ythan Estuary, were also true for

Aberlady.

Shelducks (Tadorna tadorna L.) are dispersed around the coasts

of Britain and EBurope in & number of discrete populations
(Atkinson-villes 1963). Although shelduck are increasing on a
national scale (Parslow 1967-68) long established populations may
have reached a maximum sustainable number, offering opportunities for_
studying natural populatidﬁ bfocésées in the Anatidae, on which until
recently, there have been few long term studies,

- The distribution of shelduck along the coast of the Firth of
Forth has remained relatively conmstant for the last 40 years and a
series of counts during the period 1961-71 over the whole of the
firth, showed stability in numbers at all times of the year
(Jenkins 1972). Shelduck are numerous around the Forth srea on muddy

estuaries and few shelduck are found on the mainly sandy or rocky




areas between the estuaries. The main breeding areas are around
Aberlady Bay, the River Almond, the River Tyne and the upper Forth
between Grangemouth and Tullisllan (Jenkins et al. 1975). Shelduck
found along the coast between MNorth Berwick and Edinburgh during
the breeding season, winter at Aberlady Bay along with its resident
population and nearly all coastal breeders bring their ducklings to
the bay (Jerkins et al. 1975).

Shelduck populations have previously been studied by Young
(1964, 1965, 1970a,b) and Williams (1973) at the River Ythan, Hori
(196k4a,b, 1965, 1969) around the Isle of Sheppey in the Thames
Estuary and Jenkins et al. (1975) at Aberlady Bay. Although the
birds behaviour was similar in outline at all areas certain differences
existed between the populations.

Both Aberlady Bay and the Ythan Estuary are much further north
than Sheppey. Sheppey may support up to 1,860 shelduck during winter
(Hori 1964), compared with between 110-140 at Aberlady (Jenkins et al.
1975) and 20-30 at the Ythan (Williams 1973). At Aberlady and Sheppey
most ashelducks return from their moult migration by midwinter
at the Ythan they continue to arrive until April. At Sheppey the
majority of breeding birds feed on freshwater fleets in grazed marshes
and nest in hollow trees, haystacks and farm buildings in cloase
proximity to man (Hori 1964). However at the Ythan, birds remain
throughout the breeding season in the muddy estuary and nest mainly

in rabbit burrows along the dunes (Patterson 1974).
1.2 THE ANNUAL CYCLE OF SHELDUCKS AT ABERLADY

Jenkins et al., summarised the annual cycle of shelduck at
Aberlady as follows:

Most adults leave the bay in July and August and presumably




moult with other kuropean shelduck in the Heligoland Bight in West
Germany (cf. Goethe 1957). The first birds return during September.
Adults are usuallj seen in pairs throughout the year, except for a
few unmated drakes. First year birds usually make up less than

5% of the population and are either paired with adults or remain
solitary. Until early February, birds occur in one or more flocks,
often on the sandy areas of the bay. From mid-February, these
flocks gradually bresk up into scattered pairs in conjunction with
an increase in display and aggression, especially between drakes.
From April onwards these sepzrate pairs occupy the whole of the
muddy perts of Aberlady Bay at low tide and -3 pairs move up the
Feffer Burn.

Areas where pairs were seen regularly at low tide were called
territories by Jenkins et al. (1975). Such feeding areas were first
termed territories by Hori (1964) who concluded that the high levels
of aggression (both intersecific and intrasecific) displayed by the
occupants, together with the repeated use of localised feeding areas,
satisfied hoblies (1939} definition of a territory as ‘‘eny defended
area', These areas at Aberlady contrasted with so called 'neutral
areas'" on which birds had less narrowly defined feeding areas and
where feeding in flocks still occured. In the early morning, from
late Esbruary onwards, pa{}é left the bay to prospect for nest
burrows mainly in Gullane Links and Dunes, but also in bale stacks up
to 6 km inland. Copulation was recorded from early March to the end
of May and eggs were laid from mid-April. While females were
incubating the males usually remained on their territories. The
first ducklings were seen from the end of May and fledged in about

eight weeks.



1.3 SOCIAL ORGANISATION WITHIN SHELDUCK FOPULATIONS

Jenkins et al, (1975).postu1ated that shelducks belonging to the
population centred at iberlady Bay, could be classified into different
social groups. He distinguished birds present only in winter but not
in spring (transients) from othérs which are present in spring, either
all the time or mainly around high water (residents and commuters
respectively). These classes could be further divided as follows:

(a) Transients into:-

(i) birds seen only 1-2 days in winter (January
to.March).
(ii) wintering birds seen 2-4 months from November
to March, but not between April to July

(the breeding season).

(b) Residents/Commuters into;-

(i) non-territorial birds seen in winter and
also in spring, but thereafter usually only
seen around high water or on neutral ground
and not on teériéories.

(ii) territorial birds seen in winter and also in
apring around low water on territorieé or on
breeding gp§a§.gs.ygll as arounq high water.

Jenkins' main hypothesis about the regulation of numbers of
shelducks on the bay was as follows:
(a) that the amount of mud in the bay is fairly constant
and with it the number of feeding places.
(b) that there are daily peaks of availability of food
when there is the right depth of water over food-rich

mud, and only then can the birds feed really efficiently.




(c) that competition for feeding space at a good place at
the main feeding time, sets a maximum to the number of
resident birds in the bay, with competition occuring
through aggressive interactions.

(d) that in Januury these iﬁteractions are at a relatively
low level, usually st?ong enough to exclude potential
colonists above a ceiling population, but allowing
residents to feed on the rich mud area. From February
onwards, interactions become more pronounced around
feeding time so that at low water the less dominant
birds are excluded from the mud.

(e) that at first these more submissive birds returned
around high tide to feed on biologically poorer areas
where competition for food was not so fierce. But as
the aggressive level of the dominant residents continues
to increase through March-April and these birds disperse
in territories over the whole of the inner bay,
including the silt as well as the mud

41 L5 4.4

; the submissivs
residents are eventually excluded from the silt as well.
They are then confined to neutral areas or .leave the
bay altﬁgether. Whether they stay may depend on whether
alternative feeding -areas are available.

This hypothesis requires the existence of a dominance hierarchy

similar to Carrick's (1972) description of hierarchies in Royal Penguins

(Ludyptes chrysolophus schlegeli Finsch) and silver gull (Larus

v -
notgéhollandiae Stephens). In these species the individuals that )(

—
—

fed—bést also bred best and feeding dominance and an efficient
time-energy budget were essential pre-determinants of breeding status

and successful competition for good breeding sites. Changes in




social position (i.e. from transient to non~territorial to breeder
or vice versa) of an individual shelduck between (or within) years,
should, therefore, be correlated with changes in the bird's (or its
mate's) position in the dominance hierarchy.

Young (1964) suggested a classificotion of shelduck types on the
Ythan Estuary during the breeding season, similar to that of Jenkins
at Aberlady. He proposed the Ythan Fopulation could be divided into
two components:

(a) territorial pairs which occupied discrete and mutually
exclusive areas of the intertiual zone (similar to b(ii)
of Jenkins).

(b) a surplus flock excluded from the areas occupied by
territorial pairs (similar to b(i) of Jenkins).

The numbers of pairs holding territories remained relatively
constant from year to year in both the Ythan population (Young 1964,
Williams 1973) and at Aberlady (Jenkins et al. 1975). Young claimed
that if territory holders were removed, their vacated areas were
quickly occupied by members of the surplus flock. His findings were
criticised by Williams (1973) who said that Young had only shown
this to occur durihg hpril, before all the possible territory sites
could have been occupied (since some birds did not arrive until then).
When Williams repeated this exveriment during May there was no
replacement of missing territorial pairs. Young also suggested the
constancy in the number of territories was indicative of the Ythan
Estuary being fully utilised by shelduck and concluded the breeding
population was limited by territorial behaviour. Illowever, Villiams
(1973) argued that territorial behaviour had not been shown to limit
breeding output in the Ythan sihelduck population and suggested the

three main factors affecting output were nest failure, high duckling




mortality and losses from fledging to the time of recruitment into
the breeding population. To maintain the breeding population at its
relatively constanf level, he suggested that there must have been
recruitment from birds reared elsewhere. Vatterson (unpublished in
Williams 1973) showed that first year birds and failed breeders
prospected for nest burrows in the dunes and may induce desertion of
nests.,

A large proportion of shelducks may fail to breed or lose their
eggs (Boase 1935) and the proportion of shelducks that breed is still
controversial. Hori (1964) stated that all adults present during the
breeding season attempted to breed. However, Young (1964), Williams
(1973) and Jenkins et al. (1979) claimed that some adults, in the
non-territorial flock, did not attempt to breed, though Tompa
(unpublished in Willizms 1973) disagreed.

To examine the validity of the above ideas, I studied the
breeding behaviour and reproductive output of as many shelducks as
possible on Aberludy Bay during the 1976 breeding season. Because
many birds were individually colour-ringed, it was possible to trace
their past history, their feeding sites on the bay, and in some cases

their reproductive performance in previous years.
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2.1 STUDY AREA

Aberlady Bay (Figure I) is the tidal estuary of the Peffer
Burn which flows north-west into the Firth of Forth, about 20 km
east of Edinburgh. The estuary (Figure II) is 2.8 km long and up to
2.7 km wide. The upper estuar& is muddy and holds some mussel

(Mytilus edulis) beds, but near the sea the sediments are mostly

sand., The inner shores are bounded by salt marsh, particularly on

the north side where the marsh is extensive. To the west and east

the coast is rocky or sandy with little mud. Roads and tracks run
close to the shore along the entire length, so all parts of the area
can be observed easily. On the north side of the estuary is ﬁ?erlady
Nature Reserve, an area of dunes, salt marsh and calcareous grasslands.
The dune system, on the seaward edge of the reserve, is composed of
two major ridges running parallel to the coast from Gullane Point

to the mouth of the estuary. The seaward edge of the dunes is mobile

and sparsely covered with maram grass (Ammophilia arenaria). Towards

s A L.

the east this gradually changes to flat valcareous grasslands, with

several stands of sea buckthorn (Hippophae rhamnoids). The whole

reserve is completely separated from surrounding agricultural land
by golf courses, which on the north side rise up on a ridge to 70 m

above sea level. Rabbits (Oryctolagus cuniculus) were abundant in all

areas and their burrows provided most of the shelduck nesting sites.
Temporary and permanent pools occur in many of the dune valleys.

To the east of the estuary lies mixed farmland which holds a few
scattered pairs of nesting shelduck, especially a£ Drem Pools, two

ponds dug for irrigation purposes.

2.2 COUNTS

Counts of the numbers of shelduck on the bay were made with a
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15-60x telescope and 10 x 50 binoculars from the positions shown in
Figure III. There was little chance of ommissions or duplications
because birds were not flushed and because nearly all parts of the
bay could be seen within a few minutes. Counts were usually done twice
on each occasion and varied by not more than 10¥., Numbers on the
"mud" and "sand'" were counted sebarately using an arbitrary dividing
line between Kilspindie House and the sewage plant on the nature
reserve (Figure III). More detailed counts of the number of shelduck
in different parts of the bay were made using the areas shown in
Figure IV, All counts were made within two hours of low water amd
during the afternoon, as some birds tended to remain in the dunes
until late morning if not disturbed.

Aberlady was a popular place for bird watching at weekends but
not much disturbed during the week. Disturbance caused the birds
to move about within the bay. Consequently, weekend counts are
omitted from analysis of the dispersion of birds within the bay.

After the end of May, when the first ducklings were brought onto
the bay, counts were made of their numbers each day. Ducklings were
also divided into the following age claqses:

CLASS 1 Downy, newly hatched ducklings, down-patterns

bright and distinct.

CLASS II Down colour fading and patterns becoming
’ less distinct. First feathers appear.

CLASS III Face loses down cover. Predominantly feathered
but incapable of flight.

CLASS IV Young able to fly.

This classification is based on that used by Villiams (1973) and is
equivalent to his Classes I, II and III, IV, V respectively. His
Classes II and III were amalgamated to form Class II in this study,

because I found I could not separate them reliably, due partly to
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inexperience and partly to poor visability during hot weather.

2.3 MARKING BIRDS

To enable identification of individual birds a proportion of
the population had been colour-ringed. Some adults had been ringed
as ducklings before fledging, others caught in early spring.
(Ducklings were caught en masse in July, after they had been herded

into an area surrounded by rabbit nets).

2.4 STUDY OF SHELDUCK BEHAVIOUR

When colour-ringed birds were identified, their position and
activity were recorded on a map of the bay. Plotting was aided by a
100. x 100 m2 grid staked out on the bay. Similar data were available
from previous years.

The feeding ranges of individual pairs of shelduck were determined
by plotting the location of the pair within two hours of high water on
a map. The outermost points of the range were then connected forming

a polygon, whose area was said to be the range of that pair.

nesting behaviour were made using a 15=-00x
telescope, either from the natural cover of the dunes or from a
portable hide. Sixty-one artificial nest burrows were placed in the
study area (Figure V); Figure VI shows the general design of the
artificial burrows, though there was some variability between boxes,
e.g+. the entrance did not always lead directly to the nest chamber.
Boxes were checked regularly for the onset of laying when the following
information was collected:

1« Time of laying (date and time during day).

2. Weight, length and maximum breadth of each egg.

3. Identity of laying duck,.

k., General activities associated with nest building.

5. Length of incubation.
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6. Hatching success and tie amount of time spent in
the nest by ducklings before being taken to the bay.
Natural nests were found by continuous observation, watching
for males escorting females back to the nest burrow. The presence of
down or webbed foot marks at a burrow entrance also indicated & nest
burrow in use, though it was not positively identified as such unless

a female was seen to enter, preferably more than once.

2.5 NEST SITE SELECTION
Once found, nest sites were compared to identify possible factors
influencing nest site selection. These were as follows:
1« Aspect
(a) Direction faced by burrow entrance

(b) The degree of slope surrounding the burrow
(Figure VII).

(¢) General cover i.e. was it a ridged area where
the birds could disappear from view before entering
the burrow?
2. Description of burrow

{a) Amount of cover around nest entrance. This was

graded from + to +++ (Plates I-III).
(b) General dimensions of the burrow.
(c) Number of possible entrances.

3. Distance of nest from feeding area.

2.6 FOOD AVAILABILITY
Shelduck are known to eat a variety of invertebrates including

Hydrobia ulvae (Olney 1965). The distributions of invertebrates

were assessed on the bay by means of a 100 x 100 m grid sampling

3 ) <

system, shown in Figure VIII. Twd 1 km3 samples were taken at each

point of the grid. Samples were then sieved'using a 1 mm mesh sieve and
the animals so retained were returned to the laboratory for sorting and

counting.
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TABLE I. tarliament sites at which known birds were seen.
Where snelduck were sesn at more thnan one site * marks

their main perliament site.

Bird Parliament Site
No. 1 2 3 L 5
823 +
827 +
840 +
875 +
877 + ® +
879 + % +
882 +
893/967 +
898 +
809/904 + ¥ +
911 +
925 +
928 +
929 +
952 +
957 +
309 +
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3.1 HOW DC SHELDUCKS C+OUSE THEIR WzST SITE

From late February onwards pairs of shelduck leave the bay early
in the morning to prospect for nest burrows, mainly.in Gullane Links
and Dunes (Jenkins et al. 1975). My observations in the dunes from
mid-April to mid-May showed birds to congregate regularly in groups
of up to 17 in certain places. Young (1970) called similar groups,
found in the 3ands of ¥ovie, 'wirliaments'. Their distributioﬁ at
sberlady is shown in IMirure II., Birds were seen in other areas but
usually in smaller numbers. FProspecting for nest sites was seen to
occur either in groups, where birds would sometimes ‘queue up' to
inspect a possible nest site, or in single pairs,

Birds were seen regularly at the same parliament site and the
occurrence of particular birds are shown in Tahle I. Further comparison
shows that birds seen at the same parliament site had feeding areas
near to each other in the bay (Figure X). 4Also, in general, birds
seen at porlizment sites in the southern bart of the dunes or east of
this area fed further into the bay than birds found in £he northern
part of the dunes. Birds also nested near their narliament site,
distances varying between 4% znd 1,298 m with a mean of 122472 m.

The regular use of a parliament site by an individual bird has |-
also been observed by liori (1964) at the Isle of Sheppey and Young (1970)
at the Ythan bstuary. Hori“éailedﬁhis groups of birds 'communes' and
claimed that the association between groups of pairs could persist
throughout incubation. #ilso, as at Aberlady, ilori stated that pairs
forming each 'commune' had neighbouring feeding areas.

Figure XI shows the position of nests in the study area and where
known the position of their owner's feeding ares in the bay (or elsewhere).
This suggests that the position of the feeding area in the bay affects

the choice of nesting area, the further out in the bay a bird feeds,
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TABLE II.
Bird No.
873
S
> 811
A 877
G
g 891
E
5 911
N g2
UR
5 8L7
E
A 875
g 879
R
> 89
S 809/904

925

Dist. from nest (m)
1212

1056
1732
762
1368
1732
199

Distance of' pairs' feeding areas from their nest.

X Total X
11514412
14734310
18484234
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the more likely it is to nest in the dunes. This results in birds
feeding well into the bay haVing shorter distances to travel between
nest and feeding area (Table II). As the position of a pairs
parliament site appears to affect their choice of nest site the above
effect may be secondary.

Willizms (1973) suggested intruspecific disturbance at nest
sites may be an important factcr controlling the number of successful
breedin;; birds at the Ythan. If this shown to be an important factor at
Aberlady, then birds nesting in the dunes would probably be at a
disadvantapge, as the majority of shelduck moving inland during the morning
collect in this area and disturbance would seenm more likely to occur
here than elsewhere. <+t would appesar, therefore, that the posiéion of
feeding areas may have often important consequences for a pair of
breeding shelduck apart from the amount of food available.

3,2 Wad . CHaMGi I FeibDIRG shima BETWERMN YEARS ResULT IH A CHANGE OF

NEST SITE?

By using unpublished data frgR”S”omi1974) and Sutherland, Court
and wood (p.con) it is possible to show the position of feeding area and
nest site for pairs of shelduck in different years. Bird no. 811 has
nested near the sew:;e works for tlie last three years.and comparison
with the pair's feeding area dur1ng this period shows that although it
moved slightly each year the Lenerdl position of the bird in the bay
has not changed \Figure xII).

Bird no. 911 nested in i/att's Bank in 1974 and fed near the old
roazd (Figure X1I), whereas in 1976 it fed near Sea Green and nested
neur the sews-;e works. Therefore, as would be exnected from the
hy~othesis put forward in 3ection 3.1, & movement of feedinyi area
towards the mouth of the b:zy resulted in a movement of nest site

towards the dunese.



Bird no. 811, by nesting in the same area for three years,
could merely be showing a hiéh degree of nest site fidelity, rather
than maintaining nest position in relation to its feeding area.
llori (1969) showed remarkable examples of nest site fidelity by
shelduck at the Isle of Shenney, and work on other hole nesting
ducks has snown similar tendencies (Siren 1957; wekins 1961;

Bellrose et al. 146h).

Bird no. 882's feeding wrea was near the mouth of the bay in
1975 and is presumed not to have bred (Court and ‘wood p.com). In 1976
this pair's feeding ares had moved much further into the bay
(Figure XII). However, they nested in the dunes rather than east of
Crossed lFairweays as would have been exrected. Similarly bird no. 877
attempted to breed (unsuccessfully) in 1976 and chose a nest site in
the dunes, though the pairs feeding area was well up the bay
(Figure xI). ‘!owever, this bird was seen prospecting east of the
et Slack sugiesting some attemut had been mzde to nest outside the
dune system.

Jen<ins et al. (1975) showea evidence for a shortage of nest sites
east of Crossed Fairways but not in the dunes. It is possible, therefore,
that some intruspecific competition for nest sites may have occurred east
of Crossed Fairways, and 2s inexperienced breeders, both 77 and 882
failed to estiblish nests in tﬁis ar;a.

Data are sparse at presesnt and more inform:-tion concerning feeding
are¢as and nest sites are required, especially for birds that move their

feeding areas between years.

3.3 WHAT I5 VRONG - TP THis BOALS?
During the breedin;; season in 1976 only I out of the 61 artificial

nest burrows wvere used. To try to idenrntify vrossible reasons for the
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FIGURE X1II. A plan view of one of the natural

nests found at Aberlady in 1976.
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sparse use, data were collected from natursl nest sites to discover
prossible factors affecting nést site selection. These are summarised
in Table III.

Most n:.tural nests were found in Gullane Dunes and Links, and
only one inland (in & haystcck). - By nesting in the dunes most birds had
some cover while appronching the nest, since they could fly behind a
durie ridge, before reachiny; the nest entrance. The amount of cover
around the nest entr:nce z2lso scemed important, 80% of nctural nest
entrances having cover values of ++ or +++ (see Plates I-III). In an
extreme.case, one bird used @ burrow well covered by a wild rose bush

(kosaceae sp.) and brembles (-ubus fructiocosus). Another bird

preferred a dense cover of tosebay (Chamnuenon agustifolium). 76% of

nest burrows were on some degree of slope (Grades 2-3 in Figure VII),
some birds nesting near the top of dune ridges (approximately 10 m high).
However most rabbit burrows occurred on slopes. kase of entry could be
an important factor in nest site selection, females somgtimes flying into
the burrow on their return.

During obhservations of nutufal nests it was found that shelduck

generally used only one entrance. Two entrances used by bird no. 827

were later shown to join just underneath the surface. On closer examination

of nest burrows, most were found to have two tunnels leading from the
nest chamber and usually more than éne possible exit (Figure XIII). 1In
33 of notural nests the alternative exit was found to be a small opening
not large enough for a shelduck to pass through, though feathers were
found around some, indicating a shelduck had possibly attempted to use
one to leave the burrow.

7?1 of nest entruances faced within the first 180° of the compass
between north and south (the direction of the bay from the nest) and

may indicate a possible preferance for an easterly fuscing exit.

33
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(No data are available on the direction faced by rubbit burrows).

Nest chambers were alﬁays more tnan a metre from the nest entrance,
the farthest bein;; 2.4 m. Denth of soil over the chamber was
usually greater than 20 cm and probably significantly deeper in
burrows entering a slope. (Collapse of burrows while dig-ing them
out prevented measurerient of most nest chambers and some burrows were
too deep to dig out without damsging the dune flora). The vegetation
surrounding the nest site was usually a mixture of maram and grass
(57> of burrows). lio nests were found in the flatter more exposed
areas of the dunes dominated by lichens and mosses. Sand was found
at burrow entrances in all but one case and may help the bird to
identify the position of the nest from the air. |

lest boxes did not satisfy most of the criteria that seem to
be required for a good nest site. General cover was good only for the
boxes in the dunes. However, local cover in all the boxes was poor,
only 10 out of the 61 boxes having nest entrance cover values greater
than +, and 4 out of these 10 had nests in them. Perhaps the most
important feature micsing from the nest boxes was the complexity of
the tunnel system leading to the nest chamber. This could be in terms
of the number of entrunces to the system as a whole, though this seems
unlikely as birds were only seen to use one entrance and some of the
alternative entrances were't§6 sﬁail for shelduck to pass through.
Hori (1964) suggested that incubating females used an escape tunnel to
hide in when danger threatened. Various observations at n~tural nests
and nest boxes at siherlady supported this theory. One female
(the mate of bird no. 873) vas extremely timid and flew out of the
nest mcrely at the apprro:cin of a human observer. However, in a different
box where rabbits had dug out & new tunnel leadin;; from the entrance

tunnel, the female there (no. &11) was difficult to disturb, usually
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hiding in the tunnel while the epss were being inspected. Birds in
natural nests were rorely frightened of f the nests, except in two
cases, Both these birds had very simple tunnel systems leading to
their nest chumber, one just being a straight tunnel with the nest
ch:'mber in it.

“nother possible f:uctor affecting choice of nest site is the
denth of the chamber below the surface, usually being greater than
20 cm in natural nests. The boxes are at most 20 c¢m below the surface,
resulting in poor ‘insul::ition' from outside disturbance, both from the
weather and physiczl disturbance. After heavy rain water probably
leaked into the nest chamber.

A mzjor problem in building artificial burrows is the damage
caused by rabbits outside the breeding season. Their new tunnels
leading off the artificicl burrows may result in shelduck using these
and finding a nzturial nest chamber rather than the artificial one.

To help to prevent this, nest boxes were lined with chicken wire and
r.V.C. or roofing felt, all of which may mzke the nest boxes too
unatural.

A new nest box should be designed incorporating the following
features:

1. #t least two exits from the nest cﬁamber

2. To be as deep as possible (though still shallow enough
to reach for the egpst)

3« To build them =round old nests leaving as much of the
old burrow as possible, especii:lly the nest entrance

Figure AIlla shows a possible new design for an artificial nest
burrow. 7The tunnel could be constructed with earthenware piping which
would be more ''burrow-like'', as well as being less susceptible to
collapse and zllowing rowth of the sward over the top of it to mzke

it more natural. (The turves tended to dry out on top of the wooden




boxes and ever. if replaced, still created an unatursl appe::rance).
The nest chamber should be left as natural as possible and where
vossible should be the originzl chimber. To counteract any
possibility of rabbit damage tnae tunnel entrances could be sesled and

only opened from Febru:ry to July (the breeding season).
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4,1 THE LAYING ibxIOD

Only four shelduck used the artificial nest burrows during the
study (possible reasons for this were discussed in the previous
chapter).

Figure XIV shows the puatterns of egg laying for each of the four
birds in the nest boxes. ''The mean razte of egz production for the four
birds was 0.63 eggs d-1, but tne intervals between laying were
irregular for all the birds. 3Some shelduck managed to lay esgs on
three consecutive days and one for five. However observations of the
time of day when euch egy was lzid shows the probability of & laying
rhythm grezter than 24 h egg_1. For example, the 6th, 7th and 8th eggs
of bird no. 811 were laid sometime between first light and 0700 h,
1100 h and 161f h respectively, giving a time interval of 29 h,

By laying the sixth egg early in the morning, the bird was able to

lay on three consecutive days but had to miss the next day, probably
prefering not to lay at night (no birds were seen to lay later than
1900 h). 7?75 of egi:s laid after 2 dey wns missed were heavier thun the
previous egg. Also 73 of eges laid on the day immediately following
vere lighter than the previous one. This suggests that an interval of
greater than 29 h between egms enabled the female to produce a larger
egr, possibly with more yolk, which would be an important factor for
the survival of ducklings Sétﬁéen hétching and taking in their first
food (Kear 1964),

The most unusua) laying pattern was that of bird no. 911. This
bird followed the expected rhythm for the first three days but then
fziled to lay an egg for a further six dnys. No eg:s were laid then
for four d:ys. However, between 11th May and 15th Hay, three more
egi;s were lzid and the bird started to incubate. On the days this

female failed to lay (2nd-6th Lay and 7th-11th lay) she was seen at her
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feeding area and wa: extremely gravid and it was not known if the
female laid in another nest during this period. It was also not
known if she laid the final four eggs of the clutch, although this
would seem likely as she incubated the clutch. When observed laying
the second egg of her clutch, she was seen to enter the wronz burrow,
remaining there for three minutes before emerging snd eventually
finding the correct one. This mistske may have resulted from the
lack of sand outside her burrow entrance to help her to identify it
from the air (see Section 3.3 for further discussion of this idea).

In all four boxes the first eggs were laid on bare sand and
covered with a few pieces of dexd moss or marram grass. The female
started to cover eggs with down, two or three days before completion
of the clutch. All clutches had a complete downy cover before the
final egg was laid. Time spent in the box while laying varied between
25=75 min, females spending longer in the boxes zs the clutch neared
completion. This may be linked in part to down stripping. Jeidman (1956)
reported similar behoviour in msllards and suggested thit slight
warning may be needed for earlier eggs and a difference in the rate of
development of early and late egys may occur. This supported by
Laughlin (pers. comm.) who found eggs in a mallard's clutch to be at
different stages of incubation.

Hori (1964) stated tﬁét.éheléﬁck at Sheppey laid one egg each
day, only failing to do so due to disturbance. This is unlikely to be
the case at Aberlady where the bird that showed the best continuity of
egg laying was nearest to a possible source of disturbance. (The
possible effects of foord aviilability will be discussed in a later

chapter).

L,2 CLUTCH SIZE

Clutch size (two in natursl nests, four in boxes) varied between
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seven and fifteen givin—- a mean value of 9.512.4. Jenkins et al.
i (1975) obtained a mean value of 11.7 for the period 1967 to 1973 at
. iberlady and :ori (1964) determined an average clutch size of 10.1
(1962-63).

Nest marasitism, both intra and interspecific, is widespread in
idnatids (.eller 1964). ori (1964) was the first to report this for
shelduck. Fultiple nests on Sheppey contained between 14 and 25 eggs
and represented 1. of known nests. liori concluded thazt clutches of
over 12 eggs were probrbhly mixed. If this is assumed to be the case
for Aberlady as well, then the mezn clutch size for this study becomes
8.211.1 and for Jenkins' study it would be 9.7. ‘-ori stated that,

"a prospecting female will ex=zmine an incomplete clutch minutely and

the attraction of such a nest appears to be considerable'. The higest
densities of birds at =bherl:idvy viere seen in the dunes and therefore nest
parasitisin would seem more likely to occur in this area. Jenkins et al,
(1975) included clutcines from the dunes when deterwining his value for
mean clutch size (11.7). This mey explain the difference between his
v-lue and tiat found for this study where the value was determined only
from nests outside the dune nrea.

An alternative explanation for the occurrence of nest parasitism
is & ghortage of available nest sites. ilowever this is unlikely to be
true for :iberlady where Jeﬁiihélgﬁ_él. (1975) showed a shortage to be
likely only outside the dune system vhere few of the shelduck rnested.

! Fatterson (1774) workin, at the Ytnan Estuary (a similar »rea to

aberlady), concluded the occurrence of nest parasitism there was low.

' 4,3  LAYING DATsES
Excent for nests in boxes, the d:ate on which the first egg of a
clutch was laid, was determined by backduting from the anpearance of

the broods on the hay, incorporating information on length of incubation etc.
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determined during this study. There are several errors inherent in
this method; young mazy not have been seen on the day they left the
nest and the layinﬁ dates of successful nairs, estimated from the dates
of appei:rance of their broods, may have differed from those of pairs
that lost their egys.

The first egs was alid about the 15th -pril =nd 50% of the females
had completed their clutches by the second vieek in kay (Firure XV).
Laying continued until the 1st June. ilori (1964) found a liaying
rariod between 25th ..pril #nd 19th June (1961-63) with the peak in
laying in the second week in Hay. Patterson (1974) at the Ythan found
2 span of laying between 20th :pril and 12th June (1962-64). 1In all
years at the Ythan and Sheppey laying tended to tail off slowly,
vihcreas at ihberlady it sppears to be relativel& abrupt. At the Ythan
this could he due to late arrivels of some pairs whereas at :iberlady

all breedinr mairs are present in March,

L,4  INCUBATION

The first bird started incubation on the 2fth /pril and the
1:st stopned on the 2nd July. #ost shelduck were incubating during
the first week in June (Ficure XVI). The incubation period rave a mean
value of 32.2 days (four observztions). This compares with 28.1 days
Ziven by .iori (1964) for shelduck.at the Isle of Sheppey. Incubation
at Sheppey usually did nct start until the first week in lay and
continued to the thirc week in July, peaking during the second and third
week in June (lori 1964).

During incubation ducks usually left the nest of their own accord
(12 observations) although they were always escorted back to their nests
by the drake. Ducks were seen to leave in resnonse to culls from the
driskes on only two occasions. #ingman snd Leader (P.com) fniled to

witness this at all during sll-dry watcihes over the dunes, which supports
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my observations. when & drote called a female off the nest it circled
low around the nest entrince and then on once occasion flew around
wvaiting for the fermzle to apnear, and on the other, landed nearby in

the est :lack., 3Some rrokes seemed to wait at places other than their
territory for females to lenve the nest. Drake no. 904 was seen to wait
for periods of up to 45 min in the West dlack. =ventuully the female
would arrive and they would fly down to the bay to feed. This drake

wos also seen to return to the -et Slack safter escortin:” the female to
the nest. Throughout :ying &nd incub tion the female alwsys flew off
first with: the male following her e.g., when leaving their feeding

zrea to return to the ncst.

4,5 nalCulhu

The hatching period lasted for two days in all the boxes. OUnce
all the eggs had hatched the ducklings remained in the nest for 24 h
before being taken down to the bay. latching success varied from 80
to 100m. There was only one picce of direct evidence for desertion.
This concerncd bird no. 777 and his mete who were identified as having a
nest in the dunes. (ne mornineg a grou; of sever shelduck were seen to
show great interest in this nest site, some birds looking down the
burrow, others (two feunales) actually entering it. (Unfortunately none
of these bircds were ringed): Euring this period the drake wss at the
nest entrance and sometimes tolerated the behaviour of the other birds,
although on other occasions showed agrression either by posture or
flying &t the other birds. This pair were never seen with ducklings and
no evidence for hutching was found at the nest sites. They were therefore
rresumed to have deserted for some reason, but whether it was due to the
type of social interaction described above or to other factors is not
known,

Exeminntion of unhatchned egi;s showed the egis to have either no
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TABLE IV, Information on deserted eggs.

Bird No. No. Unhatched Stage of Development

No sign Mid Late
811 2 1(9) 1(3)
874 3 3
882 1 1
891 1 1(9)
- 1 1
- 1 1
- 6 6

MNumbers in brackets are the number of the egg in the

clutch i.e., (3)= 3rd egg.
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signs of development or tc be very well developed; no eggs were found at
intermediate stages of development. Details of the stages of egg
development for deserted errgs Are piven in Table IV,
Kear (1964) showed th-t in mallard duckling;s their only source of
nourishmert, durinz the peric? after n:atching and before they fed,
vis the rennins of their yolk. This is absorbed into the body just
before h::tching and then graduclly releesed into the gut. The occurrence
of deserted well-developed eg:s could he expluined by delayed hatching
of these eg;s for some reason, which resulted in the femzle leuving
them in the nest when she took the hatched ducklings dowvn to the bay.
Bird no. 911's 100. hatching success was remarkable, considering
the time taken to lay the clutch (three of the eg 's being left on damp
sand for two weeks). Resistance to chilling has not been recorded
for shelduck, but liatthews (1954) showed the eges of many s:esrwaters
to be resistant to chillins at »21l stages of development.

Uniy one predated nest wi-s found, 9 out of the 15 eg 's having

" been eaten. ‘‘easels (Mustela nivalis), stoats (M. erminea) sand the

brovn rat (Rzttus norvericus) were all common on the reserve, each one

being the potential predator.

b,6 DEraRIUKE FRON The HeST

Ducklings were taken.down to.the bay by the parents early in the
morning. Times ranged from O4OO h to 0940 h. Depurture of the
ducklings from the nest was seen on three occasions. In two of the
cases the female left the box and went down to the bay to collect the
drake. On arrival 2t the nest site the pair lended some distance
away (50-200 m). The femzle tnen approached and entered the nest box,
eventuzlly bringing the ducklings out and joining the drake who by this
time had moved to within 30 m of the burrow. The ducklings were then

taken down to the bay by the most direct route, The third pair seen
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leaving tne nest with their ducklings, although showing similar
behaviour overall, demonstraied aspects of behaviour not seen in

the other pairs. The femzle of this pair was particul-rly nervous,
alweys very easily disturbed. i:n the expected day of depurture by

tiie ducklin:s from the nest, a wote’: wis strrted at first lignt, By
0530 h no ducklings hid been secn end the box was apnrosched to see

if ducklin;s could be heurd within. Before re:ching the box the

ferale flew out, app-rently disturbe!, sand went to the bey. She

returred « few minutes lzater with two other remules and a dr=ke.

These birds showed.greut interest in the box, looking down the entrance
and also entering, whether the female was in there or not. The female,
whose box this was, wandered in and out of the box quite frequently while
the other shelduck were present. Three more shelduck arrived, two
females and a drake (no. 873 the mate of the owner of the box), and also -
snoved interest in the hox, £t this point a group of ten eiders walked
towards the box and joined the group of shelducs around it, though only
remxined there a few minutes before flyin- away. This wsas followed a

few minutes liter by the departure of the shelduck around the boxe
Between 0730 h and 0800 h the female left the nest on several occasions
to fetch her mate from the bay, who returned briefly Qith her to the

nest each time but soon wenﬁ_baqk to the bay, a behaviour similar to

that used dﬁring incubztion. it O830 h she made one of these journeys

to the bay returning to the nest with her mate and another strange pair
of shelduck (a2 male snd a fem:ile). Yhen they landed at the nest there
was some aggression between the two dr:kes, followed by no. 873 walking
“wey frorm the nest. The two drokes, and the strange females, then returned
to the bay. Phe femile who wwned the nest then ni:de further attempts

t» bring her m:i.te to the nest site but eoch time the draxe soon returned

to the bay. =ventually &t OS4LQ h the female took the ducklings to the



bay by herself and met her mate in the ssltings. Unfortunately the
response of the male to the first sight of the brood was not seen.

Two of the females fhrt visited the nest during this behaviour were
colour-ringed, and both were known to feed near the mout of the
estuary ond were thought to be non-breeders. The significance of these
visits is not clear. ‘lowever high tide was at OALS h thst morning

and it seews likely trnut the visit of the female to the mein shelduck
roosting area in the saltini's in search of her mate resulted in birds
following her bacx to the nest site. '‘hether this was accidental or
for other reasons it demonstr:tes a possible mechanism by which
intraspecific interferznce could develop, one which might apply at any

time during the breediny sezson.

L,7  RUMBEE OF SAHIDUCK : ..Tk3 BRELDIHG

A totul of 36 broods were brought onto iberlidy Bay in 1976.
‘"The parents of six of these broods were not resident in the bhay i.e.,
they were not seen feading in uny part of the bey before arrival with
their ducilinis. Of the r&mﬁinderF ten pairs were known to have fed
both in the bay and nested in the nzature reserve and eight were known
to have fed in the bay snd presumed to have nested in the nature reserve.
The remainin; twelve comprised unringed birds of unknown stnatus (though
one unringed pair were known te have nested successfully in the nature
reserve and fed in the bay.. In addition to these birds two pairs were
knovwn to have fed in the bay 2nd nested in the reserve but were never
seen with ducklings (though remains of hatched ezgs were found at one of
these nest sites). snotler nair nested successfully in the dunes but
took their ducklings to +‘usse'burgh. Three other pairs were ulso believed
to have attempted to breed (dr-ke seen wlone on their feedin;; area or the
female wns seen to be sravid). Thies gives a total of 42 breeding birds

(39 of these with direct evidence of nesting) between lorth Berwick and
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Musselburgh. This is prob - bhly » minimum estimate as birds with
ducklings along the coast mcy not have been seen end other pairs may
have attempted to breed but failed to hatch their clutch,

Unly one ringed shelduck (bird no. 851) was seen inland with
her mate =t Drem pools. {ne nest was found inland in a haystack near
Gullzne, although it is not known if this belonged to bird no., 851,
snother ringed vair (female no. £27) had a feeding ares during incubation
in the small pond ne~r the tern colony (¥Fisure XI).

Pairs that were known to breed successfully #1l1l fed inland of the
iiilspindie 'ouse-sSeware ‘rorks line. iowever, three of the-e pairs did
feed at sometimes during incub~tion to the seaward site of this line
(although they also fed in more mucddy areas of the bay). This would
suggest that pairs may be zable to breed if they fed on the seaward side
of the Kilspindie line (at leuast for part of the time).

Thirty-six broods on the bay is a much higher figure than that
seen by Jenkins et al. (1975) between 1967 and 1973, his highest figure

being 1% broods seen in 1969.
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7 2 31 7 1 21 28 5
23 30 6 13 20 27 L 11

MAY JUNE JULY

FIGURE XVII. Number of new broods arriving on

Aberlady Bay between Kay and July in 1976.
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5.1  TIMING OF ali'c..aNCE

The first broods were seen on the bay st the end of May, and by
mid-June 50." of knbwn broods hzd been brought to the bay (Figure XVII).
The first brood consisted of only two ducklin,;s, their parents having
fed durin® laying and incubuation on o su:ll pond near the tern colony.
The latest dite on which a nevly hatched brood wis seen was the
Lth July.

Hatching detes #re recorded in severzl British studies (Stcton 1945;
Gilhzrm and ‘olmes 195C; Coomhes 1950; South and Butler 19%55; iHori 196“,

1969; Williams 1973) and are similar to those found for iberlady.

5.2  NURSERY #RraS

From the necsts ducklings were taken down to the bay usually by the
most direct route, slthough a female with a nest near the football pitch
(Figure XI) took her brood along; the beach on the seaward side of the
dunes and then into the bay. The most remarkable journey was thet of a pair
with a nest by the tern colony. This pair were never seen feeding in
the bay during this study. However, remains of eggs outside the burrow
entrance showed their egis had hutched and the pair were finally seen
at Musselburgh with nine ducklin’s. If these were their ducklings this
would have entailed a jouruney of at least 10 km along the coast.

Once on the bay 86 of the broods (30 out of 36) were seen at some
time near the mussel beds along the Peffer Burn (Figure XV1II) which
appeared to be the main nursery area, although broods were seen on occasion
in every psrt of the bay while the tide was out. 4t high tide broods
collected in the salting on the north side of the bay although one or
two broods remained below i.ilsyindie House.

Two broods, on arrivsl on the bay, were taken up the reffer Burn
to an area with plenty of cover for the ducklings, -bove the foot-bridge.

The first brood's parents had had a feeding area in the main part of the



bay during laying and incubation, but their brood remained in the area
#bove the foot-bridge until the second pair, whose feeding area during
incubation was also in this rezion, brought their brood down to the
burn. after five days the second pair also took their brood into the
main part of the bay. Only two pairs kept their broods within 100 m
of their previous feeding sarea, .Both these peirs eventually lost
their ducklings, eituer throu;h mortality or to another puzir. One of
these pairs fed beyond ~ils;indie Foint ard so aw.y from the other
broods, wherecas tne other fed by the old road, further into the bay

in an area wiere a few other broods were taken.

All the areas where ducklings were teken were easily viewed and
very prone to disturbance. Generally broods were not disturbed by
people on the edge of the bay. However, as soon as movement was made
onto the bay (only a few metr=s) sdult shelduck looking after broods

would lead them away in the opposite direction. Such reactions were

seen over distances of 300 m, If surprised, ducklings dived under water

or scettered in the =maltinss, The reuction of the adults varied.

Males in particular, vigourously defended the brood against other

shelduck and were also seen to attack eider (Somateria molliéima). mallard

, ~
(~nus platyrhvncos) and potentizl predators such as the Herring gull

(i.srus arrentatw) and the black-headed pgull (Lzrus ridibundus).

At the first signs of trouble the female called the ducklings to

her using a rapid "ak-ak-zk'" call, If disturbed by people the male would

-circle sround the ares whistling lowdly. Both adults would also feign
injury, a common feuature in :n-tids (Hebard 1959). This behaviour was
never seen when broods were attiocked by gulls. In this case the male
would chese the gull and the female gather her ducklini's sround her.
i.1s0 on one occasion & drake wis seen to push under water a duckling

thot was already diving to escape.

5

-
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FIGURL XIX. The numbeyuqfldggklings of different
age classes (I-IV) seen on Aberlady Ray between
May and July 1976. (Class I , Class II ,
Class III , total number of ducklings ( ) is

also shown.)



5.3 AGE ..LD GRCWTI

The development of ducklings was followed by observing successive
stages in development of their nlumage. lMigure RIX shows the occurrence
of the different age classes of ducklings on the bay from the end of
lay., HNumbers of Class I ducklings re:scned a maximum in the fourth week
in June and h:d almost 4ll died or reiached the next are cluss by the
second week in July., Cless II fucklings were first seen in the first
week of June and were probably At a-maximum in the second week in June
when the first Class III duciklin_s could be identified. Only one
fledged duckling was seen and that was on the 16th July.

Due to creche formation and the lack of distinctive markings of
ducklings it was impassible to follow individual ducklings throughout
their development. unly one psir was thought to have maint:.ined
parental care of their ducklines through to fledging. These were the
first ducklingzs on the bay and were always slightly older than the rest
of the broodﬁ. This p~ir of ducklings took at least 31 days to reach
Class III in their development. This compares favourably with the
results of .illiams (1973) who fdund this period of develojment to take
3 days at the Ythan. it Sheprey, ilori (1964) did not observe Class II
ducklings until the third weex in June as a result of.the later hatching

date there.

S.4  CReCIHING

Some pairs of shelduck cared for groups of ducklings of two or more
different zres. This mixture of younz is termed creching and is an
uncommon fe-ture of witer fowl biology (Gorman and Hilne 1972).

Creching was most obvious wnen the brood contained ducklings of
different sizes, althougzh this was seen in only &' (24 out of 307) of

observations on broods. liany of the amal;;omations between broods

involved ducklings of the: same size. Iixtensive creching has been reported
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for some shelduck po:ul-.tions {(Hori 196k, 1969; 3oase 1951) with as
many as 100 ducklin~s in & creche. The largest creche at aberlady

was of 38 ducklings.

5.5 Huhw CHuCAING UCCURRWD

Farents were seen not only fo defend their broods but zn area
around them. The position of the m:in nursery are:s in the centre of
the bay resulted in frequent interactions bhetween vairs. Broods
frequently swam up and down the Feffer Burn which runs through the
NUIrsSery Are:, Mhep swimming towards each other, broods sometimes
coalesced to form grouns of up te 42 ducklings. If ag;ression occurred
between two sets of parents with ducklings, this helped to cause
interchange of broods durin; the resulting melee. lowever, exchange of

ducklings was sometimes much more subtle. For example, if a brood wvas
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sitting on the mussel beds when z different brood swam by, mutual attraction

between the ducklings caused some of the sitting brood to join the other.

~ometimes p:-rents would lose just a few ducklin:s, other times all of
tiiem, then feeding on the mudflats,; ducklings =ometimes sirayed up to

25

5C¢ m from their parents and when two broods were close enougn some

exchange could take place. Zuch exchange of ducklings was seen 13 times.

zleven of these transfers were seen to occur in the nursery area along
the Feffer Burn. liisturbances. from people may also lead to creching if
different broods move into the same zrea, \illiams (1973) stated that
the nursery areas at the Ythan were in cuite isolated areas away from
disturbances. At Aberlady no v=rt of the bay is secluded, except in the
Peffer Burn above the foot-bridge. Usually at least one brood is

resred there annually (Jenkins prers. com .). ‘owever, excent for two
broods kext there for a few days when first brouzht onto the bay, no
ducxlinzs were reared in thisares in 1976. ~lthoush parts of the coast

line from Korth Berwick to fiusselburgh are more secluded than saberlady,




pairs from these arecs generally bring their ducilings into .berlady
Bay, (Jenkins et al. 1975),'probab1y due to unsuitable feeding substrates
for ducklings along the coast.

The mutual attraction between ducklings was not always greater
than that for their poarents. Unce three ducklings were seen to join
another brood in the burn and swim un to 10 m from the rest of their

brood, before turning =nd rejoining them.

5.6  BunaVIUUR UF AGCUNEANYLWG PARENDS

When pairs ;ost some or even &ll of their ducklings to other broods
they usually moved away without =apparent distress. OUnce @ female was
seen to try to keep her ducklings separate from those of another brood,
but she foiled. Two interestin;; pieces of behaviour were seen in two
females two or three dsys after they had lost their broods. Bird no. 891
was seen to fly across to another femsle who had a brood of 15 ducklingé.
lio. 891 showed 2. zressive behuviour towards this female and wandered

s

through her brood. JShe eventually "sepuariated" 11 ducklinzs for herself,
lezving four with the other femnle. .incther female {no. 928), three days
after losin: her brood, was s<en accompanying an unringed pair with

their ducklings, thcuzh she did not gain a new brood.

The occurrence of creches of very mixed ages was rare. In such
groups one or both aduits would attacl: those cducklings obviously of a
different ~pe from the others (nine observations). Those ducklings
caught were pecked, often quite viciously, on the wings, head and neck
and forcibly immersed under water or smothered in the mud.

is ducklings became older it was more frequent to see them without
accompanying adults (86" of lone ducklin;s were Class II or older).
Three of the sttacks cescrihed above were on older ducklin s that were
attempting to join & brood and on none of thease occasions were their

attempts successful. Une duckling was continuously attacked for at



least 15 min, s with other ducklings that were attracted to broods

it tried to evade attacl: and remain in the group. However, it was
eventually seen to leave the brood wet, muddy and exhausted, to rest

in the szltin;s. This duckling (which was ringed) was never seen again

and is presumed to hsve died.

5.7  AGE A% HICH CROCTha LUUT e

511 of the ducxlin;s seen to be transfered hetween broods were of
age Class I. YTransfer may also have occurred in older ducklings, but
evidence su;uests they joined broods from unattended groups of vice versa,.
For example, bird no. 840 brocded the majority of older ducklings during
late June and early July, and during July the numbers in her brood varied
in relation to the numbers of birds in a small unattended creche, possibly
indicating transfer between the two. Creching also seemed to occur
immediately a brood reached the bay. Bird no. 925 was seen early in the
morning taking her eight ducklinrs down to the bay. However, the first
time the brood was seen on the bay in the nursery area, it contained
27 ducklins.

Creching at ~berlady woas extensive and the crowding together of
broods within a relatively small area together withdisturbance were

probably important factors affecting the extent of creching.

5.8  SURVIV.., VALUE uF CRLéﬁiHG

The amalgamation of young into large groups or creches has been
described for a number of unrel:ted species of birds, including penguins
(3tonehouse 1953; Sladen 1958), velicans (Brown @nd Urban 1969), terns
(birksen 1932) and ducks (Koskimies 1955; iear 1970; Gorman and Milne 1972)
and a numher of sugjsestions hnve been m de to explain the habit,
enguin creches may conserve hent and rerlace p:srental brooding, while

in pelicans, crechin: may protect the young from extremes of body
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TABLE V cont.

Date Bird No.
931 928 920 UR 925
23/6 20 12
2u/6 23 9
25/6 1y 33 9
26/6 5 38 9 10
27/6 3 5 L 7 27
28/6 L 16 6 16
29/6 9 1 18
30/6 6 2 11
1/7 7 7
2/7 9 8
3/7 9 12
L/7 5 8
5/ 7 6 L
6/7 11
/7 11
10/7 11
11/7 11
12/7 11
13/7 11
1L/7 11
15/7 11
16/7 6
17/7 7
19/7 L
21/7 1

893 UR UR
.9
5
2
3
2
6
6

6 9

4 9

1 9

6

5

6

5

)

5

2

5

5

L

2




TABLE V cont.

Date ' Bird No,

UR 852 961 889 UR 930 WWw 809 UR 894 UR 911 UR UR

/6 8 6
8
18
22

L
0

S
N
o
O £FuWN-~J oW
O HWWU»

£
()}
FErEEEFEFFRFEFRFFRFFRFESFEFFEFFREFEFEF
(o a¥o-No NooRo-Jo l\V)
O H WU~
\O
[
U

PN ENENENENENENENENENENENENE« LG LIS LG RC R G RS LS, RN, EE Ne ) o R o Yo Fe




TABLE V . Number of ducklings in broods.

Datec Bird No,

827 851 828 873 823 924 840 811 UR 879 "UR UR 882 891

31/5 2 6

1/6 2 6 6

2/6 2 6 6

3/6 2 8 6 7

6/6 2 5 13

7/6 2 2 5 11

8/6 2 1y 8 9 9

9/6 2 11 8 9 15 8

10/6 2 12 8 6 15

11/6 2 22 8 € 5 18

12/6 2 11 O 5 16 20 8
12/6 2 11 0 10 19 9
/6 2 glo 10 2; ig
15/6 2 0

12;6 2 7 0 0 11
17/6 ) 'O 1l 0 6
18/6 2 el 15
19/6 2 74 15
20/6 2 0 10
21/6 2 9 | 13
22/6 2 10 18
23/6 2 14 11
2L/6 2 12 8
25/6 2 12 7
26/6 2 in 15
27/6 " 2 10 0
28/6 2 10

25/6 2 7.

30/6 2 ]i;

7 o2 11

2/7 2 1

3/7 2 2

w7 2 1

5/7 2 19

%7 2 15

10/7 2 19

12/7 2 15

13/7 2 17

/7 2 12

15/7 2 12

16/7 2 o

17/7 2 6

19/7 2 1

21/7 2 2
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temperature., liany sugrestions refer to protection from pred=ztors.

Lack (1947) considered a tigﬁtly packed zroup of young would be

more easily defended. Kear (197C) believed creching to reduce aireal
rredation - many eyes seeing better thun one. Gorman and Milne (1972)
showed creching to be correluated 'with the spatial sep:rgtion of adult
and duckling foods. ‘lori (1964b) sugzested th:.t creching in shelduck
was more frequent late in the breediné season, allowing parents who had
lost broods to regain condition for misration. This theory is exzmined

in the nest section.

5.9  Fuflis OF BROUL Oy LzKS
Only 9 out of 36 rairs bringing broods onto the bay were seen
with ducklings for more than a 10 day period (see Table V ). Seven
of these birds were ringed and out of these six were known to have
bred at least three times before. Of the 16 other ringed birds only
one had bred 3 times before, 5 twice, & once and for the rest there was
no record of successful breeding. This suggests breeding; experience may
he important in affecting the numbsr of days & poir kegt ducklings.
Figure XX shows counts of birds op the landward and seaward sides
of the tributary joining the Feffer Burn opposite ¥ilspindie House from
the end of May to July, as well as the total number of birds in the bay.
This sugpests a movement éf”birds‘from the "mud" onto the sandy area.
The rise in numbers on the sand may be due in part to coastal breeders
remaining after bringin; their ducklinjss to the bay. The rise in the
total numbers of birds in the bay also.suggests this. FhHowever,
13 out of 18 breeding pairs who fed east of the tributary during laying
und incubstion were seen feeding ot sometimes left of the tributary
after losing their duc!:lings. Unly two pairs vere seen to do so before
hatching of their ducklini;:. This indicstes some changes in feeding

area after breeding.
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FIGUKE XXI. Relationsiiip between the date female shelducks °

at Aberlady Bay were last seen with ducklings and the date

they were last seen on the bay (approximate time of migration).
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AYAYS

Figure XAI shows the date the female was last seen with ducklings
agninst the date she was last seen (assuming this is an approximation
to the time of migfmtion). The time of losing their broods does not
appear to affect the time of misrstion for the majority of birds
(althou;h obviously birds h-vins broods cduring the mzin period of departure
of the :/berludy popul tion will rem«in longser)! Thus it would appenr
that by losing their ducklin s through rredstion or creching the parents
vere =ble to mizra2te vith the main flock, but the length of time pairs
kept ducklin s was a function of breeding exverience, ri:ther than time
of hatchins. Willisms showed that the shelduck at the Ythan thet remained
with a brood for long neriods had an enqusl probability of returning to
breed the following year, compared with wairs that lost their ducklings

early in the season.

510 DUCKLING sUVIV.L (G FGRTLLITY

The journey from the nest to the nursery arez usuelly involved
2 dictznce of 1 km or more. ustimates nfmortality incurred during
this journey could be deduced by.cnlculating te mean brood size on
lesving the burrow (7.1), and subtracting from this the meon brood size
when the birds were first seen on the bay (5.7). This gives an estimated
mortality of 21%. This may be too high because one of the birds with
ducklings disappeared on the way down to the bay but was seen two days
later with a very mixed brood. This m.de it impossible to know whether
any of her ducklings survived.

Because of creching it was impossible ton follow individual ducklings
on a day to day busis. Fkort:lity was therefore estimzted in relation
t~ rlumape class. .5 the study finished hefore the ducklings all fledged,
it was only rossible.to calcul+te the mort-lity of Class T ducklings.
81 of the ducklin;s brought onto the bay died before reaching Class II.
Williams (197}) showed 30-70" mortality of ducklin's at the Ythan before

they reached Class 11,
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The deatn of ducklin: wrs rarely seen, most simply disappeared
and only two bodies were found. Thus it was difficult to identify
the causes of mortality. C(nly herring gulls were seen to take
ducklingzs (seven observztions). =1l these ducklings were Class I
even thoush it wis common to see grou;s of older ducklings sitting
unattended. =1l except one »f the ducklin s seenn to be t:ken by gulls
hod streyed from their p - rents when feeding, snabling the rsull to
take them before they could sather around the female,

teati:er could be an important factor in duckling mortality.
Koskimies (1955) refering to the very high mortality in 2 Pinnish

maratime population of the Velvet 5coter (Felanitta fusca), stated the

heaviest mortality was during bad westher. The hot summer at Aberlady
in 1976 may have caused the mud to dry out quickly after the tide
receded which could have affected food availability for the ducklings
(see Oharter 6 for further discussion on foord availability).

Fraedotors appear to be the major source of duckling mortality
at sberlady and besides herring gulls, greater black-headed gulls

{(Larus m:rinus)} and nerons {..rde: ciner-a) were also reported to have

taiken ducklin;gs. unerrinpg pulls are numerous zround the }irth of Forth
and have been on the increese in recent years (Duncan per:. comm.)

which can only increace the possibility of predation by gulls.

511 FEEDIKG ARwAS (F BROCDS

Subjectively, younger broods were thought to feed muinly on the
muddy or wetter areas of the bay, only feeding further afield when
older. To test this hypothesis the feeding positions of Class I
ducklings and ducklin 's older thsn this were plotted on a map. The
number of sightings in each of two arbitrarily defined areas (FigureXXIy
representin:; muddy and/or wet nreas and sandy and/or dry areis were

compared. Significantly more Class I ducklings fed in the "wet' area




than in the dry (‘X° = 8.91, 0.01)p)0.001 with 1 df.). Ducklings

were seen sifting mud at all apes and it is possible that Class I
ducklinrs could only cope with the finer or wetter substrates,
Densities of free living oliochaetes were high where Class I ducklings
fed (see Chapter 6) and may be #n importunt food source for young

ducklings.
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1.

6.1 I5 FOOD aVLILLBILITY AN ITHRORTANT F..CTOR r'Ck BRE.DING SHZLULUCK
AT ABuoHLADY?

Various workers h' ve assumed Hydrobia ulvae to predominate in

the shelduck diet (Cambell 1947; Goethe 1961; Clney 1965; Bryant ét al.
1975). Clney (1965} in & detziled analysis of shelduck put contents

found three other importsnt food items, F.:coms bslthica, Coronhium volutator

and llereis diversicolor. ‘'The behaviour of H. ulvae, C. volutntor and

lereis is complicated., l.ewell (1960) showed tha t ns the tide ebbs
iydrobia emerge from undernezth the surfsace of t'e mud and feed on
detritus. Towards low tide they burrow underneath the surface and
remain there until the tide stirts to come in, when they re-emerge and
float in with the tide, finzlly sinkin;; down on the ebb tide at
approximately the same place they started the cycle. Vader (1964)
showed th~t burrowing was greater in the summer months, desicecation
being the major factor controlling the number of snails burrowing

at low tide. In very muddy rlaces the animals remained on the surface,
burrowing being greaztest where the surface dried and desiccation was
miaximal e.g., on sandy areas during summer.

Corophium and ler2is also show similar reactions to fluctuations

in water level. Both remain in their burrows while the tide is out,
thoush on immersion immedisately come to the surfice,

Because shelduck usually.feed..at the surface the behzviour of
its major food sources must :ffect their aveilability during the ticdal
cycle. Four types of feeding activity were seen at Aberlady:

1. Scytning on the mud surface

2. Scything in shallow wster <10 em

3. Head dippinic #znd dabbling in deeper water 10-25 cm

L, Upending in deeper waters

The sediments at nberlzudy vary from sand to very soft mud

presumably affecting the behaviour of invertebrates as described by
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Vader (1964). The distribution of invertebrates is probably further
complicated by the occurrence of small pools and drainage channels in

the area north of the reffer Burn. Tide height would also affect the
invertebrate distribution in some parts of the bay. Figure XXII shows
the high water mark for a 4.7 m tide. This leaves large areas of the

bay to the north of the effer Surn un.-overed and would presumably affect
the distribution and availzbility of invertebrates throurh desicceztion
(c.f. Vader 1964). The first date of laying for shelduck at Aberlady
coincided with the spring ecuinox with tides up to 6 m, covering the
whole bay. iowevér, during 5nril and lay (when all laying occurred

and incubation started) hirh tides were as low as 4.7 m on three occasions
which would affect food availability for birds feeding in the ‘uncovered

areas,

6.2 DISTRIBUTION OF INVEKLUIBRAT.LS AT ABurLaDY BAY

R . . . =3, .
Fipgure AXIII1 shows the numbers of Hydrobia ulvae dm -~ in different

parts of the bay, numbers varying from O=-190 ilydrobia dm-B. H. ulvae
were present in all parts of Lhe bay, except for a small Area opposite
ilspindie ‘louse. {(enerally, numbers were highest in the wetter muddier
ereas. However, it must be remembered that the samples collected in
this study include }. ulvae from underneath the surface and may not
indicate the numbers of H..ulvae available to shelduck, within the limits
of their different feeding methods. Most areas hiad more than 0.3
iydrobia am™> said by Young (1970) to be the lowest number suitable for
the feeding area of breeding shelduck at the Ythan rmstuarye.

Figure XIV shows the distribution of a tube building spionid.
This was found in the surface layers and may be taken by shelduck.
Generally its distribution wes complementary to that of i. ulvae, found

in highest numbers where l'. ulvae was less common.

The distribution of Nereis spp. is shown in Figure XAV. liereis
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FIGURE XXIII,
Distribution of

Hydrobig ulvag at
Aberlady Bay in

1976

[1>100 enimals 2 dm >
fB50-100 "

810-50 "

G 10 "

FIGURE XXIV,
Distribution of a
tube building
Spionid worm at
Aberlady Bay in
1976.

8 >200 animals 2 dm-3
#3100-200 "
&5 50-100 "

O 50 "

FIGURE XXV,
Distribution of
Nereis diversicolor
at Aberlady Bay in
1976.

£]>20 animals 2 am™
Hio0-20 "
Hs5-10 "
D 5 "




FIGURE XXVI,
Distribution of

Macoma balthica
at Aberlady Bay in
1976,

] >4 animals 2 dn™>
1-4 animals 2 am™>
0 <1 animal 2 dm‘=3

FIGURE XXVII,
Distribution of
Cardium edule at
Aberlady Bay in
1976,

B >10 animals 2 dm"3

£ 2-10 animals 2 dm -

O <2 animals 2 dm_3

FIGURE XXVIII,
Distribution of
various oligochaetes
at Aberlady Bay

in 1976,

(@ >30 animals 2 dn™>

B 10-30 ahimals 2 dm

(O <10 animals 2 dm™>
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was widely distributed over the whole bay although densest in the ireffer
Burn above the foot-bridge.

The distributions in ~berlady Bay of kacoma halthica and Cardium

edule are shown ir i :ures)XVIandXXVII respectively. Both these bivalves
were commonest in the centrz! :#reu of the bay and infrequent east of
Jeu lireen.

Figure XXVIII shows the distribution of various oligochaetes at
Aberlady. “hey ere at their densest arouna the mussel beds in the
central arez of the bzy and as Class 1 ducklings fed in this area
these oligochaeteé m:.y be an important food source. :ligochzetes were
zlso common in the ¥Yeffer Burn zbove the foot-bridge.

Uther invertebrotes, found in smaller numbers, included Corophium

volutator, dathynorein telazicaz, Scrabiculrria plana, arenicola murine

and various heetle lurvae. Details of the distributions of all these
species are piven in Table 1 in the :ppendix.
Details of the distribution cf different sediment types at aberlady

Bzy are shown in Wigure XAIX.

6.3 DISTRIBUTIUK UF FisDIhd shssd OF BRSWDING BIRDS

Breeding birds include those pairs seen with ducklings, known to
own a nest, or of which the drake had been seen alone on their feeding
erea. Breescing birds' feeding areas during ~voril and liey are shown in
IFigure X:X. #o relutionsiiyp is aspurent between the position of the

feeding 2rea of such hbirds and the numbers of kEydrobia which ranged from

1- 100 Hydrobia am™>.

Vi:rious workers hiwve shown selective feeding by female ducks for
higher auality food during the breeding season; Serie (1976) and Dwyer (1974)

on gadwalls (~nas stre era), and Krapu (1974) on pintails (snas acuta).

issuming shelduck thzt successfully breed (are seen with ducklings) feed

orn areas with suitable food cv-ilable, why do birds fail to breed
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successfully that feed on the rorth area of the bay, where food
availebility lin terms of Ejdrobia dm-j) is average for the whole
bay? The feeding fanges of some of the breeding birds overlapped in
this area, but usuzlly included wetter of more muddy nreas within their
range as well. It is rossible thet the feeding szruss are poorer to the
nortn of the bay, food cviilability bein; affected by theze sancdier
substrates drying out nore ripidly as the tide recedes. This could
explain the large feeding ranges of birds seen in this area, as the birds
nave to sezrch for & more f-vourable feeding area during low tide,
Hxamination of the egr »roduction in shelduck at Aberlady showed it to
be much more irregul:sir thian su gested by woerkers on other shelduck
populations (Hori 196k4; Patterson 1974).  The feeding area of the four
shelduc!: thet used nest boxes =re shown in Figure XXXVIand the description
of their feecding sediments and egg production figures are summarized in
Table VI. .11 four birds fed ir areas with high numbers of . ulvae
(c.f. Youn;; 197C), zlthough the richest feeding urea was probably the
soft mud uy the i-effer “urn above the foot-bridge where no. 891 fed.

The sediments were alco softest here and it was wrobably easiest here
for a bird to zain an adequate food supply. Bengtson (1971) showed a
correlation between increased clutch size and increased food supply for
eight species of duck in Lake Kyvatn in Sweden. However, Lack (1967)
suggested ducks would postésﬁé la&iﬁg if food wés in short supply. The
mesn clutch size for the three birds in the main part of the bay (8.0)
was lower than thst for bird no. 891 above the foot-bridge, although the
three birds in the bay started laving before no. 891. For all birds

an interval greater than 29 h between egi's nesrly always rezulted in a
he:vier egg being produced, which would suggest thit by feeding longer
the female was able to produce A larger ejg. - lso eggs produced 29 h

after the previous one we e often lighter. The best rate of egg production
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TABLE VI,

four shelduck.

Bird

No.

811
873

- 891

911

Sediment

s/s
s/s
SM

Onset of Egg Production Clutc
Laying eggs da~t size
23/L/76 1.3 10
19/L/76 1.3 7
30/4/76 1.2 9
28/L/76 2.8 7

(s/s= £1l1t/Sand; S=Sand; SM= Soft Mud)

TABLE VII,.

Sediment types and rates of egg production for

h Mean
egg wt.
(g)
75.2
8L.0
79.5
77.6

Egg production by bird no. €11 from‘197u-76.

(Data for 1974 and 1975 are from Armstrong (1974) and

Sutherland (pers. comm.) respectively.)

Year

1974
1975
1976

Sediment

s/s
S
S/S

Clutch Size Mean Volume of
egg (cm®)
10 73.141.2
1y 4.5+ 1.6
10 . 75.8% 1.2

(s/S= Silt/Sand; S= Silt)

Onset of
laying

1/5/74
23/L/75
23/u/76
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was achieved by birc¢ no. €91 feeding in the rich sediments above the
foot~bridge. However, bird no. 591 only »roduced the seccnd heaviest
clutch and bred later t'.»n the other three piairs.

The nost complete dsta for = single bird is that for bird no. 811
wnose egrs have besn messured for the lust three years (i.rmstrong 1974;
Sutherlind ners. comm.). .er feedin; aresc in esch of thiese yeurs is
also known (Vigure ..0KVII). Unfortun:ately only the dimensions but not
tne wveight of the er:'s ure ab+ilable for 1974 =nd 1975, so the volume of
the eggs (in a1l years) was calculated using the formula sugzested by
ireston (1974):

v = 0.5128 13"

where: -

volume (cm”)

<
§]

L = length (cm)

B = maximum breadth (cm)
Aviiilable duta for bird no. 811 is shown in Table VII. &lthough
gr volumes were not sipgnificantly different between years (0.10 p 0.05),

the bird produced more egrs with & hezvier mezn weight in 197% when feedin
X ] &

on a mudéy rich substr:ite, tivn in 1974 when s:e wis feeding in sandier

substrrtes. :=lso the esrliest d-.te for the onset of laying was in 1975
and the lotest wss in 1974 .when she..fed on the sandiest area.

Figure ~nXl shows the dates for the onset of laying by the birds
feeding in different =zress.in the bay, czlculrfted where not known, from
the date their broods vwere first seen on the bay. This su;gests that birds
feeding in the muddier aress of the bay sturted laying hefore the other
birds., However, the bhirds occupyin: these aress may simply huve set up
treir feedirg ranges hefore the other birds., slthough it is nossible
as Lack (1967) suggested, th:t poorer feediny arens resulted in the

postponement of the onset of laying.
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Althcugh the above recsults sugge:'t differences in food avail..bility
mey be affecting the breeding potential of shelduck zt ~berlady, further

information is required on the following:

1. 'The laying rhythm of shelduck. Is it normall
internally nrozrimmed =t less taan 1 egg day”
and/or does it viry with foord zavailability?

2. The feedin:; benav'our cf birds in different substr-te
#ress e.2.4 how much time is s;:ent searching for food
and wheat techiniques 1re used to find it. Can this be
cor-ellated to substrate type?




FINal DISCUSSION
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7.1 THZ S0CI-.L OXG.NIs.TION CF 3HBLDUCK «T ABuRLADY

Since iloward (1920) and 4ltum (in Mayr 1035) formulated the first
comprehensive theories on territories, many definitions of territory
have been proposed (Lac nnd Lack 1933; Crawford 1939; l'oble 1939;
Tinbergen 1939; lice 1941; Hinde 1956). Lxamination of the feeding ranges
of pairs of shelcduck during the breeding season sugzests tnat ‘they do
not conform to two widely accerted definitions of territories namely
defended areas (Koble 1939) or mutually exclusive areas (Pitelka 1959).
ilthough aggression was seen to occur between neighbouring pairs of
shelduck, pairs were never seen defending a rigid boundary around their
feeding area. The extent of the area covered by individual pairs varied
enormously (0.5 - 13.9 hectar¢s). Known breeding pairs (male seen alone
on the pair's feeding wrea, nest found, or seen with ducklings) had both
large and small feeding ranges, althourh the majority (13 out of 18) had
feeding ranges of less than two hectares, Pairs with large feeding areas
certainly did not defend such areas continuously, since other pairs took
their place when they moved sway, Consequently to call the feeding ranges
of breedin;; birds "territories" would seem to infer too much.

Wlhy do the majority of breeding birds have small feeding ranges?

Comparison of the positions of the feeding areas of bfeeding pairs of

shelduck and the distribution of ilydrobia ulvae within the bey (in 1976)
showed that feeding ranges.sf'ﬁreéd;ng birds occﬁrred in areas of the bay
with numbers of 4. ulvae ranging from 1-100 dm™ (see Section 6.3).

Hheﬂ the size of the feeding =area is plotted against the percentage of

that area including densities of.i. ulvie greater than 50 dm_3 (Figure XAXII)
no clear rel-:tionshir is apn-rent between the two, pairs feeding in small
ranges som:times having low numbers of H. ulvse throughout their range.

(This assumes H. ulvae is t!ie muin food item of shelduck and whether

shelduck fed on otner invertebrates in Aress where numbers of‘ﬂ. ulvae
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are low is not known). ilowever, if the size of the feeding range is
olotted a;ainst the percentepre of that range represented by mud or
silt (as defined in Figure :XIX ) then it is a»pasrent that the larger
feedinp ranges are usunlly associated with sandier sediments

(¥igure XnXIII). This m'y be r:lated to differences in food
availability. The sandy perte of the bay may be poorer feeding areas
than the muddy areas, This could be due to rapid drying of the
substrate after the tide recedes, causing burrowing of shelduck food
items underneath the surface of the feeding substrate (as described in
Chapter 6). Conseguently, pzirs feeding on sandy areas would need to
trevel further afield in search of more muddy or wet areas where food
might be available at low tide. Birds whose feeding area was north of
the Peffer Burn (in tne sandy part of the bay) were seen to wander
betueen small ponds srxd drainare channels in this area.

Barry (1962) found th:at if brant (Branta bernicla hrota) were

unable to find suitable feeding areas during the nesting period then
atresia of the ovarian occurred re:ulting in smaller clutches or
non-nesting. 4 similzr system if occurring in shelduck, could explain
in part, breeding and non-breeding in different parts of the bay.
Birds thut fed on more sandy substrates would hzve to srend more time
*searching' for food, compared with pairs feeding on muddy areas, and

would not be able to build up.éuffiéient reservés for egg laying or

incubation. iHowever, in 1976, after shelduck lost their ducklings they

87

tended to feed in the more sandy areas of the bay during tiie period before

their migrution. This suggests that sandy sediments may be good
feeding aress, enabling shelduc< to build ur their fat reserves before
migration.

Figure AXXIV a-c shows changes in the position of pairs feeding

areas between 1974 and 1976. This shows a vrogressive movement of pairs'
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feeding aress from the mouth of the estuary into the m-in part of the
bay. There were nlso movempﬁts within the bay and out of the bay.
The movement of feediny aress into the wetter muddy parts of the bay
was usually accompanied by successful breeding (an asteris!: marks those
birds which are known to huve bred). This sugeests again the apparent
importance of the wet muddy #rens of the bay. :lthough pairs moved
their feeding areas un the bay between 197) and 1976, some remained in
the same area e.g., bird no. &40 which bred successfully (seen with
ducklings} in at least two years out of the three. However, other birds
moved their feediné ranges and still bred successfully (e.g., bird
ro. 811), although usually they remained in the muddy part of the bay.
Therefore successful breeding associated with feeding in certain areas
of the bay did not necess:rily result in a waintenance of that feeding
range in the following year. Could it be beneficial for pairs of
shelduck to move further into the bay to feed, as would appear to be the
trend in Yigure KKXIV n-c? Iixamination of the date of arrival of broods
on the bay (I"igure AXXV) shows that generally pairs feeding further into
the bay, or in muddy areas, brought their ducklings onto the bay before
peirs th:t fed further out in the bay north of the Feffer Burn. This
may have been because the first pairs to separate from the pre-breeding
flocks in february fed in the muddy areas. However, if pairs the first
to separate from the pre-breeding floc: fed either in the muddy or the
sandy areas of the bey, then prirs feeding further into the bay may have
bred first because food availehility being grester in these muddy aress,
allowed the onset of laying sooner (cf. Lack 1967).

Shelduck feeding further into sberlady Bsy have been shown to
nest usually outside the dune system, and east of Crossed Fairways
(see Section %.1). This study hus shown possible m:chanisms of

intraspecific disturbznce (3ections 4.S and 4.6) and as most birds
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congregute in the dunes during tne morning, disturbence at nest sites
would seem most likely to occur in the dunes. This would infer that
pairs feeding further into the bay may be more likely to be successful
breeders. So, by moving their feeding area further into the bay
pairs could not only be less 11rone to intrasvecific disturbance but
able to rrocuce ducklinge errlier. But is it =n - dventuge to produce
the dirst broods on the bayt?

Heuvy ducizling mortazlity has been reported for sever:l species of
duck other than shelduck (Kos\:imies 1955; Beard 196k4; ‘iil-den 1964;
Milne 1965). Jenkins et al. (1975) showed that the avercge production
of young per adult tended to be lower «#t high shelduck densities than
at low densities. He zlso showed th#t at sberlady Bay un increase in
the nurbers of shelduck there from 1950 to 1973 coincided with decreased
duckling rroduction., Unfortunstely my study finished before it was
possible to determine tne number of duclilings flecpged. lowever, it was
no more thzan 33 wvhich for & population of 120 sdults is ecuivalent to at
most 0.27 fledged duc:lings ~cr »dult, this may be compared with 4.5
fledged ducklings -t Musselburgﬁ {(from one pair). I can confirm that
low production at high densities of shelduck is not due to low egg
production or hatching success (since 366 ducklines were brought onto
the bay at .berlady in 1976) but to hi;yh duckling mortality (814 of
Class T ducklings died befgré.£e§ching Class IT in 1976). 1 suggest
that high mortality is caused by the larpge numbers of shelduck (with
or without ducklings) present in onc are:, resulting in frequent inter-
rctions between pairs. This in turn leads to creching or opportunistic
predation of ducklins by rsulls during fights between adults. It would
seen that creching mty not be =25 advuntageous for ducklings at Aberleady
than might be thousht. iven thnoush creches of un to 38 duckling's were

seen st ~bherlady, more thon oneyair of sdults coring for & creche was
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only seen once. «s ducklings stray from their parents while feeding,
the larger the numbgr of ducklings there were in a creche the easier
it would be for gulls to take a duckling before the female could gather
tiem around her. Therefore, if & pair bring their ducklings onto the
bay earlier than niost, the likelihood of creching would he less, as
fever broods would be jpresent. Consecuently, the chances of the
ducklings surviving Clzss I (where most mortality occurs) may he greater
(the smaller brood allowing better care of the ducklings by their own
purents). ixperimentzl anclysis of following reactions in ducklings heve
shown the young to'become 'imprinted' or 'conditioned' to & moving
object when up to 24 h old (Fabricius and Boyd 1954). One hole-nesting
species, the wood duck (Aix sponsa), can be imprinted to specific calls
in the =sbsence of visw.l stimulntion. However, the shelduck follows
the requirement for visual stimulation, churacteristic of ducks with open
nests (Klouzfer 1959). fTherefore shelduck bringing their brood onto the
bay before miny other broods sre present, may allow more effective
imyrinting between the pzrents and ducklings to take place hefore the
parent ducikkling bond could be bréken by creclting.

In previous years 1-2 broods were reared in an area of dense cover
around the l'effer Burn zbove the foot-bridge (Jenkinslpers. coirm, ).
Two pairs (in 1976) initially took their broods to this &rea for several
days before taking them on£0'£he'm;in part of the bay. One of these
pairs had their feeding area in this region and the other pair fed high
up in the bay. Therefore, by feeding further into the bay, pairs
probably have a (prospective) good and isolated nursery area for ducklings.

It would, therefore, seem advant»zeous in many ways for pairs to
move their feedin; sreus furtler inte the bay onto more muddy areas.
¥rom Figure XXAIV this is @ pradual process inveolving yearly reassessments

of the position of pairs in the bay. This system could be maintained by a
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TABLE VIII. Number of adult shelduck seen east of the

Kilspindie House Sewsge Works Line in March (April in 1973

and May in 1976) - mid June, All data except 1476 is from
Jenkins et al. (1975).

7 6] YEAR
1976 1968 1969 1970 1971 1972 1973 1976

75 8 70 68 77 85 8L 79

i

8x - - 7.6 2.8 2.9 3.3 1.5 k.5




dominance hierachy with the older more exverienced birds feeding in
the "best'" areas and bheing able to maintzin their positions there,
preventini other pairs encroaching onto their area,

The position of different pairs' parliament sites may also
reflect thiz dominance hierachy, each pair selecting a site rear to
their feedin: aree and preventing other pairs landing there. Lven
though shelduck were tolerant of each other ut prrliaments, outbursts
of aggeression occurred hetween pairs. On orne occasion three pairs
vere seen prospecting in a groun near 2 n»nrliament site. tovever,
vhen another pair attempted to join them they were not allowed to
(unfortunately it was not possible to see if any of these pairs were

ringed).

7«2  CAN THzZ ABEML..UY POPUL CIGH B suLFeMoIN INSDY

It is possible that the number of breeding puirs present each
vear is limited by competition between pairs for 2 good feeding site,
The number of birds involved in this competition is rrobably limited

n the breeding season.

by increnzed individual distuance apparent
Various evidence sum-orts this:
1. ©he numbers of birds esst of the Kilsiindie House
Sewage #orks line (X!!5LL) where breeding pairs fed
has remcined relatively.comtant since 1967 (Table VIII).
2. Tlocks of shelduck were only seen west of the i{H3FL
line or in the saltings.
5. TFeeding ranges overlap.
Hovever, whether the numbers of birds is 2t a muximum is not clear.
Assuming an annusl mort:zlity of 207 for adult shelduck (Boyd 1963),
the populrtion of 12C adult shelducks =t ..berlady requires 24 shelducks
to reach breeding sire esch yezar., .t most 33 ducklings could have

fledged #t ..berlady 1976. iovever, Aan estimete of losses between




fledging and arrival at the bay as an adult (deduced from ducklings
ringed in previous years) is 62 which would lower the potential
numbers of ducklings surviving to adulthood to 13, below that needed
for maintenance of the :--berlady populntion. This would infer that
immigration from other ponulations is required tr maintain the
+berlady populztion. :lowever, ..berlady is just part of a larger
nopulation -resent in the Firth of Forth and whether ducklings that
fledged but did not return to the bhay, died or juct went elsewhere is
not known. If production of duciclings is insufficient to maintuin the
numbers of shelduck at sberlady then there must be areas where produétion
exceeds mortality. Tnis would seem likely to occur in smaller
populations where denzities werc less e.g., at Musselburgh where one
vair was seen with nine duc..lings nesr fledging.

Reasons for shelduck nesting inlsnd are not clear. Both birds
seen feeding inl-nd commenced laying early in the season but were not
seen feedin; in the bay during this period and it is not known if they
did so before this. It is possible th=at opportunistic feeding in pools
inland allowed these pairs to breed earlier free from any competition

that birds might experience on the bay.

7.3  ABu#LLDY'S FUTURE
aberlady Bay is actively. silting up after once being a port.
A main sewer used to flow into the bay creating suitable conditions for

Hydrobis ulvae which eats bacteria, thriving on some kinds of organic

pollution. However, this sewer has been redirected into the Firth of
Forth, probably making the bay more sandy (locals told stories of people
metting stuck in the mud but now this w~uld ony be likely to occur above
the foot-bridge in the veffer Surn). This silting of the bay may bhe
detremental for shelduck e.z., the rise in ground level on the north

side of the ieffer Burn may result in this arecea being covered by the tide
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less frecuently, affecting the invertebrate populution found there.
“ediments should be checked every few years as this could be a major

factor affecting this popul=tion.
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14 IABLE I. Number of invertebrates in mud samples (animals 2 dm-3)

Sampling Species
Position
Hydrobisa Nereis Spionid Macoma Cardium
ulvae. diversicqglor Worms pg}thica gdule
Bl - 3 : 3 1 -
‘B Cl - 12 ' 20 1 63
| D1 31 3 68 - 3
' El 2Y 7 50 - 6
l A2 - - 9 - 1
' B2 - 1 3 L -
. c2 25 11 57 5 16
| D2 88 2 131 2 7
' E2 65 - 135 2 3
] A3 17 1 87 - -
; B3 3 17 112 3 -
C3 3 10 15 L L
D3 334 5 200 9 16
E3 230 13 243 2 3
| Ay 52 3 106 - -
! BY L2 h L7 5 18
i CL 1 1 23 1 2
D4 33 25 10 ) 13
‘ EY 1 10 1 3
| FlL 128 7 18 - 5
| A5 26 2 26 - -
| B5 239 2 17 - 3
C5 - 15 100 - 2
D5 191 7 32 - -
? E5 102 L 53 3 17
F5 134 3 10 6 6
B6 83 L 17 L 5
c6 173 6 10 7
, D6 329 10 12 2 6
P6 7 3 9 - -
a6 21 5 28 - -
H6 23 L 185 - -
c7 128 2 5 - 2
D7 248 8 9 2 8
E7 67 96 - -
F7 77 20 L1 ! t
a7 59 L 192 2 -
H7 1 1 13 ; 5
D8 1 2
E8 ﬁZ 10 81 16 20
P8 52 15 161 - -
G8 98 15 ;gg - '3
. H8 110 7 pt
! P9 216 8 166 6 8
a9 194 2 10 - =
H9 40 6 36 - =
19 79 7 10 - -
J10 27 L0 29 - -
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TABLE I cont.

Sampling Species
Position
Scrabicularia Arenicola Corophium Bathyporeia Oligo-
plana marina volutator pelagica chaetes
Bl 5
Cl - 15
D1 + -
El 5
A2 -
B2 6
G2 20
D2 L
E2 19
A3 -
B3 : 27
C3 1l 3
D3 Ll
E3 3
AL 1 -
Bl 2 28
64 81
DL 3 99
E4 L
Fly 3
A5 2
B5 2 ' 1l
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