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FURTHER STUDIES OR 'THE BREEDING BIOLOGY

OF REDSHAWK (Tringa totanus L.)

by Patrick S. Thompson

ABSTRACT

Redshank breeding biology is examined and reviewed in relation
to other sandpiper studies.

* Primarily, general aspects are described. The mean clutch size
was 3.82 eggs. Fourth eggs laid were significantly smaller and more
likely to hatch last. Nest hatching success varied annually from
30-74%, with tidal flooding the main cause of nest failure, In
successful nests, hatch success was less variable, Chick size at
hatch was positively correlated with egg size. Pre-fledging wmortality
is discussed in relation to overall fledging success.

surviving adults generally remained mate faithful,

Experienced birds were found to nest earlier in the season and
to produce larger eggs. In all years, femule age correlated positively
with egg volume, Inexperienced birds laid smaller eggs later in the
season, Older birds were more successful at hatching eggs.,

Experienced breeders were more likely to return to their former
breeding grounds than were younger birds, particularly when they were
successful the previous year. Birds unsuccessful in the pravious year
were more likely to divorce. Divorced femules were less site
faithful than males and were more likely to disperse.

Natal philopatry is discussed in relation to pre and post-
fledgin;; mortality. Philopatry is non sex biased and is estimated at
being very high.

Chick grouth and development is considered and an age Jdelermining
formula devised for ageing chicks from their weight and bill length,
Growth rates were constant between and within years,

Annual adult survival (0.75), life expectancy (3.48 years), und
study area population are calculated. An estimated 175 pairs breed in
the restricted area (168 pairs/km”) and approximately 500 pairs on the
Nature Reserve,

A model of population dynamics estimates pre-fledging mortality
at between 66~74%.

Timing of breeding in other waders and a comparison with the
related Greenshank are reviewed in the Appendices,
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Chapter 1

Redshank Breeding Biology - A General Review

General Introduction

The Redshank Tringa totsnus is a member of the order

Charadriiformes, Family Scolop:cidae (sandpipers).

Redshanks are to be found breeding in continental middle
latitudes, mainly in temperate and steppe, but overlapping into
boreal and Mediterranean zones., Within oceanic regions they extend
into subarctic and marginally into low arctic areas.

In the non breeding season Redshank are generally coastal,
During the breeding season they are dependent on a high water table
and local saturation of soil, Habitat types satisfying: such requirements
are coastaul saltings, damp but not wet marshlaund, grassy fields subject
to partial flooding, water meadows, rushy fields and wet pastures;
occasionally they may be found on low lying damp moorland,

The Ribble Marshes study of Redshank started in 1973, Since
then Redshank have been intensively studied. Data have been gathered
on a number of general topics, especially courtship, incubation,
chick rearing, migration and winter distribution. More specialised
studies have been undertsken on breeding site fidelity, natal philopatry,
chick growth, female quality, and the timing of breeding.

The initial aim of this research project was to attempt to gain
a fuller understanding of the biology of Redshank. With the
accumulation of basic data, it soon became possible to study some
aspects of breeding biology in more detail. In particular, the
study focussed on breeding dispersal, natal philopatry, female
quality and growth rates in young Redshank, Comparisons between

this study, snd those carried out on other wader species,



particularly other sandpipers, are essential if we are to
understand more about relatedness, quality of individuals,
geographical differences in productivity both within and between
species, and mortality. Only long term studies can provide the
detailed in-depth information essential for such a complete
understanding,

Many short studies do provide useful material, but they often
neglect the variables that lead to important seasonal variation.
Only in recent years have studies of wader breeding biology begun
to gather the data required for a fuller understanding of breeding
biology, and in particular population dynamics. Classic works, such
as Witherby et &l (1941), Bannerman and Lodge(l961 ) Glutzaff§77)
and Cramp and Simmons (1983) provide a wealth of good information on
breeding, distribution, plumage, migration and other aspects of
biology. |

More specialised studies have been carried out by Byrkjedal

(1978a,b 1980), Gratto et al (1985), Grosskopf (1958a,b, 1959, 1963,

1970), Hilden (1975, 1978, 1979), Holmes (1966, 1970, 1971, 1972),
Miller (1979, 1983), Nethersole-Thompson (1951, 1973), Nethersole-
Thompson & Nethersole-Thompson (1979), Oring et gl (1982, 1983),
Soikkeli (1967, 1970) and Pienkowski (1983, 1984a,b). These studies
have been concerned with individual species for at least 3 years,
Such long term watensive studies have added greatly to our
understanding of breeding biology and populations. For example
see Coulson's recent review of Kittiwake Rigsa trjdactyle studies
(Coulson and Thomas 1985).

Other workers have concentrated on more specific problems

rather than on individual species. Major reviews have appeared on



population dynamics, timing of laying, courtship and mating systems
by Burger and Olla (1984), Erckmann (1983), Goss-Custard (1978/79),
Greenwood (1980, 1982), Green, Greenwood and Lloyd (1977),

Jenni (1974), Miller (1979 a,b., 1983 a,b.), Perrins (1970),

Vaisanen (1977), and Vaisanen et_al (1972).

At an International Workshop on the Ecology of Shorebirds, held
in Cardiff in September 1983, the selection of papers presented
indicated that wader research was very much on the increase.
However, the majority of research has been on feeding ecology of
wintering waders. One of the aims of the Symposium was to attempt
to promote more research on breeding waders (W.S.G.B., December 1983).
It is hoped that the current upsurge in breeding studies-will continue,
as our knowledge is still very sparse, This internationai upsurge
is also reflected in wader studies in Britain., At a recent Wader
orkshop, held in Durham in December 1985, the participants were
involved in both single species studies and more general wader
problems. One obvious gap is the lack of long term research,
Studies of 2-3 years duration by post-graduate students are often
then discontinued.

It is noteworthy that the Ribble Redshank project has involved
five 3-year postgraduate students and three research technicians,
The entire project has been over-viewed by Professor W.G. Hale,
thus allowing for a long term project which is constantly reviewing
the status of research, with the aim of maintaining the continuity
whilst minimising repetition. The long term nature of the study
makes it possible to assess annual variations and provides a fuller

picture of the biology of the Redshank than would be possible from

a short term study.



My own contribution, following on from the work of Greenhalgh,
Ashcroft, Selman and Yates, is intended to demonstrate age related
differences in breeding time, egg size and reproductive output;
and in the main to determine what role birds of differing age
groups play in the population,

Studies of age related reproductive differences in waders have,
go far, received little attention: Anderson (1948, 1951),

Gratto et al (1983, 1985), Grosskopf (1970), Hilden (1979),

Thompson et al (1986) and Tuck (1972). Other studies have made
passing reference to possible age-related reproductive differences.
Research on other groups have highlighted age related
variability, in particular Ankney and Macinnes (1978), Coulson
and White (1958, 1960), Coulson (1966), Coulson and Horobin (1976),
Coulson and Porter (1985), Crawford (1980), Devis (1975),
Greenwood é&_gl,(l??Q), Mills (1979), Nelson (1978), Ollason and
Dunnet (1978), Perrins and Moss (1974) and Thomas (1983).



Aims

The initial priority was to determine if birds of different
ages performed differently within the population and if so to
examine what aspects of breeding biology were affected. Such
analysis could only be undertaken with the detailed background
histories that exist for many of the Ribble birds. Secondary
aims were to study breeding site tenacity and natal philopatry

and to assess young Redshank growth and survival.



Study area

This study was carried out on Banks Marsh 53%42" N, 02%55W,
an integral part of the Ribble Marshes National Nature Reserve,
Lancashire, N.W. England,

This NNR covers 2302 hectares of saltmarsh and intertidal
flats on the south side of the River Ribble. The Nature Conservancy
Council purchased 2182 hectares of Banks and Crossens Marsh in 1979
to'prevent it from being embanked and converted to arable land,

A further 120 hectares (Hesketh Out Marsh) were added to the Reserve
as part of an agreement with the owners. Approximately half of the
area is vegetated saltmarsh and half is mudflats and sandbanks.

The Reserve is of international importanée for birds,
supporting one of the largest wintering and passage populations of
vading birds in Britain. During the autumn/winter months the
saltmarsh is grazed by a large number of wildfowl. The mudflats
and sandbanks also accommodate high numbers of passage and wintering
waders.

During late spring and summer the green marsh is grazed by
some 850-900 cattle. Grazing begins at the end of April and
continues well into autumn, Between 1974 and 1380 all of the study
area was continuously grazed throughout the summer, Since 1980 the
study area has been fenced off from the rest of the marsh by an
electrified fence for a period of some ten weeks. Cattle grazing
has therefore been controlled during the birds breeding season
(see Fig. 1), The study area is the main part of a Sanctuary
Zone to which entry by unauthorised persons is prohibited., It is
therefore relatively free from any form of disturbance other than

that caused by the research team.



Fige1e The Banks Marsh study area.
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The research area (2 km2) is dissected by an extensive network
of channels which fill and empty to a varying degree, depending on
the state of the tide. There are also large areas of standing
vater in the form of scrapes and smuller pools. During early spring
the marsh surface is saturated and the vegetation:cover very short,
as a result of air temperature, day-length, soil saturation and
grazing wildfowl. During the following weeks the soil dries out
gradually but may be saturated periodically by the spring tides.
Vegetation growth once begun is rapid; and soon the marsh surface,
and in particular the channel edges, have a luxuriant growth of
grasses, Areas away from the channel edges are lower and
subsequently vegetation growth is slower due to the higher levels
of soil saturation. By wid-June the entire marsh is well vegetated,

A1l year round the marsh is subject to varying degrees of
flooding at the time of spring tides. These frequently cover the
whole marsh, depositing all sorts of debris on the surface. When
the channel edges are flooded, material is deposited, leading to
the edges being higher than the surrounding marsh. These higher,
drier channel edges are very important to breeding Redshank.

Since the construction of the sea wall from Southport to
Hesketh Bank, the saltmarsh on the westward (seaward) side has matured,
rapidly spreading northwards and westwards. This rapid spread and
maturation has been greatly harnessed by the pioneer Sparting anglica.
Maturation of the surface marsh has been so rapid that channels which
were uncrossable in 1973 are now easily crossed (W.G, Hale pers.
comm) . On the landward side of the sea wall there are some fine
examples of reclaimed marsh., Some of this land hus ditches,

seasonally wet depressions, pools or generally wet grassland areas,



One such area, next to Old Hallow Farm, is worked as a minor
study area and is normally grazed throughout the breeding season.
The typical saltmarsh plant communities are represented on

Banks Marsh. The majJor grasses are Fegtuca rubra, on the higher

drier areas, and Puccinellia maritima, The hybrid cord grass

S, anglica is the dominant pioneer but in some areas, notably pool

edges, the first pioneer is JSalicornia spp. Additionally, there

are large growths of Cochlearia danica on some channel edges,

Attriplex littoralis and Aster tripolium on poorly vegetated areas

and Glaux maritima and Armeris maritima on the wore open areas of

e ————————————

marsh, In many of the channels there are large growths of
Halimio rtulacoideg, giving much cover for sandhoppers
Gammarus spp, when the tide is out.

Banks Marsh supports a large number of breeding birds, 1In
particular there is a very large colony of Black-headed Gulls
Larus ridibundus, smaller colonies of Herring Gulls L, argentatus,
and Lesser Black-backed Gulls L, fuscus. There is a large colony
of Common Terns Sterna hirundo and also a small number of Arctic
Terns S, paradisaea, Wading birds are poorly represented, with
only Oystercatcher Haematopus ostralegus and Redshank breeding
regularly. Redshank densities in some areas are amongst the
highest ever recorded for the species (Hale 1980)., Breeding

wildfowl include Shelduck Tadorna tadorna, Mallard Anas platyrhynchos

and, very occasionally, Teal A, crecca. The only regular breeding
passerines are Meadow Pipits Anthugs pratensis and Skylarks Alauda

arvensis. For additional details see Greenhalgh (1971).



Methods

Fieldwork began on the 20th, 17th and 12th of April and was
terminated on 28th, 31st and 30th July in 1983, 1984 and 1985
respectively, A normal working day was from 9.00 to 18,00, A
maximum of 4 days were missed over the three year period.
Nest finding

The whole study depended on a large number of nests being
founds Nests were found in a variety of ways, every effort being
made to find them at the laying stage.
(a) Cold searching: Channel edges and edges of standing water
were searched on a /-day (sometimes 3-day) rota. Areas between
ditches and more open green marsh were also meticulously checked.
Initially, searching was relatively easy and quick, as nesting
habitat (tussocks) were in short supply. Later in the season
searching was slowed up due to the length and preponderance of
suitable nesting areas. Where possible, almost every area of the
study site was searched every four days. Searching involved
valking, while looking from side to side at the ground. Where
necessary, g stick was used to separate vegetation in tussocks.
A 'search image' for nests and preferred habitat was quickly formed
each year and greatly facilitated nest finding.

Searching of this type begun prior to egg laying, allowing
the searchers to "get their eye in" and also to identify areas of

activity due to the number of nest scrapes. Nesting did not tend
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to begin at the same time everywhere; small groups began to lay
in isolated areas.
(b) Flushing incubating birds: Occasionally whilst searching,
but more often when walking across the marsh to set or empty nest
traps, a bird would be flushed from an area of vegetation, A quick
search usudlly then revealed a nest, normally with & full clutch.
(c) Watching: Nests were sometimes found whilst sitting down to
have lunch, Normally birds returned quickly and could be seen
running back to eggs. Depending on the state of incubation, the
return rate may be rapid.

Watching back was by means of 8x30 binoculars and a telescope,
but not many nests vere found in this manner, On rare occasions
a nest was found with a bird actually incubating.
Nest marking

Once found, nests were marked and numbered with a bamboo cane.
The canes were pushed well into the mud, 10 paces from the nest, in
order that they would not betray the location. Nests were plotted
on a detailed map of the study area.

From the moment of finding each numbered nest was allocated a
Nest Data Sheet (Appendix 1).
Nest vigits

At the laying stage nests were visited daily to determine,
where possible, laying times and laying intervals. Once the clutch
was complete, visits were no longer on a regular basis. Nests were
vigited to measure eggs, to trap the adults, and also to check for
signs of hatching. Nests were visited during the hatch to ring and
measure chicks, Greet care was taken not to wear a path to the nest,

Whilst setting traps it was important not to flatten the surrounding



vegetation. Normally, once the trap was removed any disturbed
areas were tidied up.
Eggs

Nests found during the laying stage had their eggs numbered with
an indellible marker. Eggs were numbered 1 to 4 in accordance with
their order of laying, the first egg being labelled 1, If found after
the clutch was complete, the eggs were labelled A-D.

+ The date of clutch completion was recorded for those nests found
during layings In completed clutches the date of clutch completion
(or days incubated) was determined by: |
(a) counting back 25-26 days (incubation period) from the date of
hatch;

(b) estimating the angle of floatation of eggs in a cylinder of
fresh water (for details see Yates 1982, unpubl.,). Generally there
was good agreement between the two methods. It was essential to know
when the eggs vere going to hatch to maximise the number of chicks
ringed in the neste

At all nests, eggs were measured with vernier calipers:
Egg length — to nearest 0.05 mm (L)
Egg breadth - to nearest 0.05 mm (B)

From these ﬁeasurements a calculation for egg volume wes made
using the formulas of Vaisanen et al (1972).
Egg volume = L x 82 X 0.37698 + 3.283 (cm3).

Vaisanen arrived at this formula by filling 50 redshank eggs
of known length and breadth with a measured amount of water,
Laying intervals

Where a nest was knoun to contain a fresh egg, the interval

between this time and the time the next egg appeared could be used

12



as an indication of laying interval,

Incubation time

This has been calculated from the completion of the clutch
to the hatching of the first egg,
Trappin

Birds were trapped at the nest using a walk in funnel shaped
trap made from wire mesh (10 x 25 mm), with a plastic netlon roof.
In 1984, 85 we also used traps made of plastic mesh with a plustic
netlon roof, These caused less injur3 to the trapped birds,

The funnel shaped doorway was placed at the entrance to the
nest with the main body of the trap placed over the eggs and then
firmly pegged to the ground. On a few occasions each year, birds
vere caught without using a trap,

Trapping tended to be carried out in two separate areas within
the study area. Fach trapping area was discrete with no more than
10 traps being set in each. Once all the traps were set the study
area was left for 2 hours. No nest was trapped on consecutive days
if, on the previous day, a bird had been caught. No nest was
trapped until incubation had been in progress for six days. At all
nests the aim was to catch both adults. In 1983 trapping ended on
5 July; in 1984 on 30 June; and in 1985 on 29 June.

Towards the end of June the brooding drive was greatly reduced
and trapping was normally ended prematurely, even though some nests
were still present. This reduced the desertion rate.

At the time of trapping all nests were emptied at once (in
separate discrete areas). [Emptying normally took 15 minutes, Once
trapped, each bird was removed and placed in a separate bird bag.

This had the effect of pacifying the adults.

13



Mist netting

In addition to trapping at the nest, some birds were caught
in mist nets. This part of the study was mainly concerned with
capture of fledged Redshank. The ringing and measuring of birds was
carried out all at once. Birds were checked for BTO ring end if
ringed (control), the ring number was recorded, Bach bird was
assigned a separate data sheet (Appendix 2), Nest number, date and
riFg number were all recorded,

The following measurements were also recorded on the data
sheets:

Weight (1 g); wing measurement (1 mm); bill to feathers (0.5 mm);
tail length (0.5 mm); tarsus length (0.5 mm); tarsus width (0.0l mm).
Weight was measured using a Salter 200 g spring balance, Other
measurements were made using dividers, 30 cm stopped ruler, and a
micrometer for tarsus width.

The number of summer plumage feathers on the breast, mantle,
scapulars and secondaries were also recorded on data sheets (breast
and mantle scores were counted in a 2.5 cm square). In 1984 and 1985
the colour of the legs, the bill, and the presence or absence of
juvenile inner median coverts, was scored for all birds (the
technique was standardised by colour chart)., The last criterion
is an ageing technique for first summer Redshank discovered by
W.G. Hale and first published in the BTO Wader guide (Prater,
Marchant and Vuorinen 1977, this study).

Birds trapped without rings (from here on called unrings) vere
ringed with an individually numbered BTO ring and recorded on a
bird data sheet. Once the unring was ringed, similar data was
recorded as was gathered on ringed birds.

Yates (Unpubl. 1982) highlighted the problems of sexing

14



Redshank, Several techniques .were used,

(a) The cloaca method: the width and shape of the cloacal
protuberance was examined, After egg laying, females have a
fleshy distended cloaca, the male cloaca appears small and lacks the
fleshy outer membrane,

(b) The overall size of the bird: The weight, bill measurement,

ving measurement and tarsus length were considered and compared with
previous years data, if the bird had previously been captured,
Museum specimens indicate females are larger than males (Hale 1Y71).
(¢) Pair complex method: A bird's case history was examined at
the end of each season., If bird 'A' was caught with 'B' in one year
and with 'C' and 'D' in previous years, then B, C and D must all be
of one sex. Such groups, many of them very large (one contained

67 birds), allowed for the accurate grouping of birds of like sexes,
A1l data gathered since 1974 wece stored on computer using the 1022
Database management system., This facilitated access to and analysis
of pair complexes.

In accordance with Hale (1971) groups with consistently larger
birds and fleshy cloaca were considered to be females; larger groups
therefore gave rise to a greater degree of accuracy. At the end of
the season each bird's data sheet and its previous capture and mate

history were examined. There was good agreement between all three
techniques.

Hatching:
Nests were visited regularly in the days before the hatch and

the time recorded from the first chipping of the eggshell to the hatch.
A11 hatched chicks were measured and ringed with BTO numbered rings and

where a specific chick was known to have hatched from a specific egg

15



a note was made on the nest data sheet,

Chicks were aged in the nest; wet, tired chicks were obviously
last to hateh, whilst dry lively chicks had been hatched for some
hours. At an asynchronous hatch, chicks could often be aged from
1-4 (first to last). Where possible, hatch order was related to chick
measurements and chick size to egg size.

In cold weather, ringing chicks took preference over measuring
chicks, Chick measurements were made by a 150 mm stopped rule and
dividers and a 50 g Salter spring balance,

Weight (0.5 g)

Taraus (0.5 mm)

Bill tip to feathers (0.5 mu)

Bill tip to rear nares (0. 5 mm)

Bill tip to front nares(0.5 mm)

The ring allowed chicks subsequently re-captured to be aged
accurately.

Nest assessment:

Nests were visited regularly to assess the clutch size and
towards the end of their incubation period nests were checked for
signs of hatching. Nests were also checked to assess that incubation
was in progress. This was important at the laying stage to assess if
jncubation had begun before clutch completion and continued after
trapping had occurred, (In some cases an adult continued to incubate
when its mate had deserted).

An attempt was made to follow all nests through to hatching or
disappearance. In this manner all nests were classified according
to their outcome, Regular visits allowed for a more accurate

assessment of nest and egg losses,
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After a flood, nests were said to have been 'lost to flood!
if all eggs were gone when they were previously known to be present.
If a nest was close to hatching, the flooded nest was examined for

signs of shell fragments,

Nests were adjudged as predated if egy fragments or yolk
fragments were found in or near by the nest.,

Eggs were considered as addled/infertile if they failed to
hatch, even though they had been fully incubated.

Details on chick capture are given at the start of Chapter 4.
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Redshank Breeding Biology - A General Review

Introduction

This chapter outlines and presents the wealth of basic:
information collated on breeding Redshank, All data were gathered
in the 3~years study on the Ribble Marshes,

Without an understanding and knowledge of the basic facts of
breeding biology one cannot undertake more specialised studies.

The breeding behaviour and biology of Redshank has been studied
in detail by Grosskopf (1958 a,b, 1959, 1963, 1970) in Wangerooge,
Germany. More recent studies have been conducted on the Ribble
Marshes by Ashcroft (unpubl. thesis 1978), Hale and Ashcroft (1982,
1983) and Yates {Unpubl. thesis 1982), The latter more specialised
studies have added greatly to our understanding of the Redshank and
its way of life.

Generally, our understanding of wader biology is very poor
with the exception of a few notable studies. In particular our
knowledge of breeding sandpipers (Scolopacidae) is poor and in many
cases even the most basic of information, such as laying dates,
incubation period and fledging period, is lacking or totally
inadequate. Our understanding of some Tringine sandpipers such as
the Greenshank T, nebularia, Common Sandpiper Actitis hypoleucog and
Spotted Sandpiper A, macularia has been yreatly enhanced by long term
studies. The Greenshank has been studied by the Nethersole-Thompsons
in two different regions of Scotland (Nethersole-Thoupson 1951;

Nethersole-Thompson and Nethersole-Thompson 1979; Thompson et al

19863 and Nethersole-Thompson and Nethersole-Thompson 1986).
Common sandpipers have been studied in the Peak district (N. England)

over a number of years (Holland et al 1982 a,b; and Yalden 1984, 1986).
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The Spotted Sandpiper has been studied in two different areas in
North America (Hays 1972; Lank et al 1985; Oring and Knudson
1972; Oring and Lank 1982, 1985; Oring and Maxson 1978 and

Oring et al 1983),
Published data on other %ringine sandpipers such as the

North American Greater Yellowlegs T, melanoleuca, Lesser Yellowlegs

T, flavipes and the Spotted Redshank T, erythropus are of a much

lever standard. In addition to the lack of studies on the 'shanks',
other Tringine sandpipers such as the Wood Sandpiper I, glareola
and Green Sandpiper T, ochropus have been studied in little detail,
In contrast, many Calidritine sandpipers have been studied in
much greater detail. Thorough research has been undertaken on the

Sanderling Calidris alba (Parmelee 1970 and Parmelee and Payne 1973),

Semipalmated Sandpiper C. pusilla (Ashkenazie and Safriel 1979 a,b),
Western Sandpiper C, mauri (Holmes 1971%,1972, 1573), Temminck's Stint
C, temminckii (Hilden 1975, 1978, 1979), Least Sandpiper C, minutilla

(Miller 1979 a,b, 1983 a,b), White-rumped Sandpiper C, fuscicollig

(Parmelee 1968), Purple Sandpiper Q. maritima (Bengtson 1970, 1975 )
and the Dunlin C, alpina (Holmes 1966 a,b, 1970, 1971 and Soikkeli
1967, 1970 a,b and 1974). These studies concentrated initially on the
gathering of basic information. In many cases the data gathered were
then subjected to detailed annlysis allowing for a fuller understanding
of the breeding biology.

For my own part, the following chapter is a general review of
Redshank breeding biology on the Ribble marshes. These findings are
integrated and compared with other studies of Redshank in the
Discussion and, where relevant, comparisons are made with other
sandpipers, It must be emphasised that the bagic information

gatliered is an important part of any study as all subsequent analyses
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are normally based on the data gathered. By documenting much of

this basic information, future workers on the species will be saved

a great deal of work and will be able to start research at a higher
level, It is also of note that several aspects, such as egg and
clutch size, hatching success and laying dates may well be used as an
indicator of breeding potential and success., Researchers carrying out
work in later years can then examine these results in the light of

their own findings, and perhaps make meaningful comparisons,

20



Results
Arrival

Redshank begin to arrive back at the breeding grounds from
mid-February onwards. Birds have been sighted locally as early as
6 February (DR36492 sighted 6.,2,83 at Marshside, Southport), In
contrast, birds have been sighted on the south coast of England as
late as 8 March. These birds subsequently bred in the first nesting
wvaye of that year.

The earliest recording of Redshank (marked individual) on the
breeding grounds is 17 March, Birds are present on the breeding
grounds prior to this, but a number will not yet have returned.

There is indirect evidence to suggest that younger birds
returning to breed for the first time do so later than older, more
experienced birds, However, it is very difficult to érove this
without an active catching programme,

A further two individuals were sighted on 11 and 14 March on the
Plym and Severn Estuaries. These were not exact sightings as the
identity of individuals remained unknown (the wing tag symbols were

not clearly seen).

Courtghip and display

At no time were quantitative data gathered on this aspect of
biology. For full details see Ashcroft (1978) and Hale and
Asheroft (1982, 1983).

The first and earliest song flight was recorded on 10 March 1985,
This was a full song flight, lasting at least 5 minutes, on a warm
spring day with clear blue skies,

The earliest copulation observed occurred beside a pool on
31 March 1985, Throughout the three yearsstudy, copulations were

rarely observed on the marsh. In contrast, copulations were seen
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fairly regularly at the meadow site by 0ld Hollow Farm, Zarly
copulations were almost certainly unsuccessful,

By the end of March, beginning of April, Redshank song flights
were observed more frequently. In particular there appeared to be a
peak in singing activity in the late afternoon and early evéning.
Scraping

The first definite signs of nest scraping give a good indication
of, how breeding behaviour is progressing. In 1983 the first nest
scrapes were found on 4 April; by 16 April mény scrapes were in
evidence, In 1984 the first scrapes were not found until 7 April.

On 7 April 1985 only a few scrapes were located on the breeding
grounds, but by 12 April there were many more in some areas. In
other parts of the marsh, however, there was less activity.

Once the final scrape was selected, laying commenced, Normally
the first egg was laid in a bare scrape. Lining was added whilst the
remaining eggs were laid. Further details of scraping behaviour and
displays were not recorded as this was previously studied in great
detall by Ashcroft (1978 unpubl., thesis), and Hale and Ashcroft
(1982, 1983).

Liming of Laying

Figures 2-4 show the dates of clutch completion (where known)
of all nests found on the marsh during this study. In these figures
the number of nests found during each 5-day period are plotted as
histogram columns,

In an attempt to explain the timing of laying in relation to
tidal pattern, the predicted tidal heights are shown for the Ribble

over the same period. These data are shown in figures 2a-4a.
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Dates of clutch completion were known where a nest was found
during laying or where a nest hatched enabling the date of clutch
completion to be calculated (counting back 25-26 days). For a very
few nests, date of clutch completion was estimated by observing the
degree of egg floatation in a cylinder of fresh water, Over the three
years, 48, 54 and 63% of all nests were found during the laying period.

In each year, egg laying occurred in two distinct peaks., In 1983
tﬁ; first clutches were completed between the 15-20 April, After this
period, the number of clutches completed on a 5-day basis began to
increase, peaking between 25-30 April, 1In 1984, the season got off to
a much slower start but the majority of laying took place over a
shorter period. In this case most clutches were completed between
1 and 5 May. The 1985 season was different; many birds appeared to
delay laying until after the beginning of May. As a conseqﬁence, the
first observed peak was much smaller than in 1983 and 1984,

In 1983 and 1984 the first peak of laying occurred after a spring
tide of 9.5 m and 10 m respectively. ‘In 1985 the second peak of
laying occurred after a late series of spring tides peaking at 10.0 m.
In all years a large amount of re-laying occurred after each spring
tide over 9.5 m., In 1983 there were two very high series of tides
peaking at 9.8 m (13 May) and 9.9 m (14 June). As a result of these
tides, there was very heavy nest losses resulting in a considerable
amount of relaying. In 1984 the lack of tidal innundation resulted .
in only a few nests being lost. The majority of relays which were
recorded arose as a result of Redshank losing their chicks at ;nearly
stage of development. In 1985 the huge tide which occurred on 5 May
(10 m) resulted in the loss of almost all nests which were in existence
at that time, As a result of this tide, some nests which were lost were

replaced,
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In 1983 the last clutches found were completed in the last week
of June. In 1984 and 1985, a year of no late season flooding, the
last nests were completed in the third week of June,

In areas of the marsh outside the study area, laying was found to
be even more protracted due to nest destruction by cattle,

In any one year, birds were subjected to the same environmental
conditions. It was therefore of great interest to examine laying dates
inean attempt to determine why some birds laid early and others late.

Egg laying times

Once the scrape has been selected and the female is ready to
lay, egg laying commences. Prior to the actual laying of the egg
she remains quiet, close to the nest, Very often the male is also
present at this time,

On one occasion a female, obviously about to lay, was watched
back to an empty scrape. She walked very slowly and it was noted that
the underside of the bird in the areaof the cloaca was greatly
distended. This scrape was checked three hours later and found to
contain a fresh egg. Neither adult was then present.

On another occasion a female Redshank was 1lifted from a nest with
four eggs. One of the eggs was wet and sticky on the shell and was
presumnably just laid (see Hethods) . The female appeared lack-lustre
and the cloaca was greatly distended and also contained mucoid material
around it. Generally such observations are rare. lowever, it has been
possible to estimate timing of laying of some eggs duc to the presence
of sticky mucoid material on the eggshell.

On one occasion an egg was known to be laid between 4 a.m. and
S aome Twenty one eggs were laid between B a.m. and 12 noon and
another twenty six between noon and 4 p.m. Over the study period

seven eggs were laid between 4 p.m. and 8 p.m,
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These egg laying times are not wholly representative as the
study area wagrggix?worked between 9 a.m. and 6 p.m. Eggs laid>
before or after this period would not be detected as regularly,
Because of the bias in field work, little else can be concluded from
thesedata,

Laying intervals

The egg laying intervals calculated represent minimum times

tQat the nest contents remained the same (the interval between the

laying of eggs was a minimum of x hours).

Table 1.1 Egg laying intervals: the minimum time

recorded between the laying of one egg.,

Minimum time nest Frequency Mean S.d,s
contents remained observed

the same (hours)

24-28 40 25.5 1.42
28.01 - 32 11 29.5 1.08
32,01 - 36 1

36.01 - 40 '

40,01 - 44 4 40.9 0.629
44,01 - 48 2 47

48,01 - 52

52,01 - 56

56.01 - €0

60.01 - 64

64.01 - 68 1

In two nests the contents remained the same for a mean of
69.5 hours (s.d. = 1.5) and in one further nest the
contents did not change for 98 hours. In all caseé,

at least one egg was laid after the recorded interval.

Some additional data have been gathered on the period for
laying two or more eggs. In this case the nest contents have changed
by at least two eggs between visits. Where the time difference
between the first and second visit was short, a more accurate

estimate of laying period was achieved,

31



Table 1.2 The change of nest contents

over a known period of time,

No. of eggs laid Period between
since last visit nest visits (hours)

42%
48%
48%
115
117
126
144
72%
73%
97

in these cases egg laying intervals can be
more accurately determined,

L3
W W W NN NN NN

Additional findings: 1 egg was laid in less than
27 hours 40 minutes. Finally, a nest with a very
fresh egy contained three eggs, one of which was
fresh 73 hours 30 minutes later, The average

laying interval was therefore 36 hours 45 minutes.

Calculations of a mean laying period between eggs is difficult
without exact observations. However, several points can be made:
(a) the laying interval between eggs may extend over 40 hours
(10 instances).

(b) In two instances, where 3 eggs vere laid within a given period,
the average laying interval could not be more than 36 - 36.5 hours,
(¢) In one case two eggs were laid in a period of almost 73 hours
30 minutes. As in (b) this averages out at 36-37 hours between the
laying of eggs.

Finally, the shortest known laying interval (27 hours
40 minutes) clearly demonstrates that eggs may be laid within
30 hours of each other,

Over the period of study, nest contents were carefully checked

32



and documented. At the end of each season the main clutch size
was calculated for nests found on the study sanctuary and for nests
found outside the sanctuary.

Clutch size

Table 1.3a Clutch size. The frequency observed of

clutches of different and unknown size.

Data are shown for all years.
(study sanctuary zone)
« Year c/1 c/2 c/3 c/4 c/5 c/6  unknown

1983 7 3 14 164 1% 1! 8
1984 7 1 7 169 2% - 1
1985 8 1 5 143 - - 8

Table 1.3b The mean clutch size for all nests of

known clutch size found on Banks Marsh.

Year No. of nests of No., of eggs Mean S.€.
known clutch laid clutch
size
1983 190 722 3.80 0.049
1984 186 716 3.85 0.046
1985 157 597 3.80 0.055
1983-85 533 2035 3.82 0,029

Notes: # The c/6 arose after one egg was broken by a dog at
the laying stage.

* The c¢/5 in 1983 and one c¢/5 in 198 arose when an
egg vas dumped in a nest by a 'foreign' female
after incubation had begun,

There was no statistical difference in mean

clutch size between all three years.
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Table 1.4a Clutch size: the frequency observed
of clutches of different and unknown
size. Data are shown for all years
(01d Hollow meadows).
Year c/1 c/2 c/3 c/4 unknown
1983 - - 2 8 1
1984 - - 1 6 -
1985 - - - 9 3
Table 1. 4b The mean clutch size for all nests
of known clutch size found on
01d Hollow meadows,
Year No. of nests of No. of eggs Mean S.€.
kgown clutch laid clutch
size
1983 10 38 3.80 0.133
1984 7 27 3.86 0.143
1985 9 36 4e0 0.000
1983-85 26 101 3.88 0.064
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Fgg size

Every year an effort was made to measure as many egg s as possible,

tigg measuring was carried out for several reasons:
(a) by meaéuring length and breadth an estimate of egg volume may
be calculated,
(b) egg size could be related to female size and age.
(¢) egg size could be related to chick size.
(d) egg size could be examined in relation to luying order,
A total of 1349 eggs were measured, of which only some were of
known laying order.
Table 1.5 examines the relationship between egg laying order

and egg length, breadth and volume,

Table 1.5 The mean size of eggs (Length, Breadth and
Volume) in relation to their laying order,

1983 198/ 1985
Mean s.d. (n) Mean s.d. (n) Mean  s.d. (n)
B 3,187 0.096 61} 3.186 0.079 91] 3.160 0.0719 53
Vols 20.49 1.44 61| 20.61 1.10 91| 20,25 1.023 53
Be 3.199 0,08 53 3.207 0,086 89 3.179 0.066 50
Egg 3 L.| 4.508 0.18 53 44523 0.151 91 4.535 0,117 50
Bl 3.205 0.086 53 3.206 0.086 91 3.182 0,068 50
Vol.} 20,76 1.37 531 20,77 1.113 91} 20.62 1.002 50
J 3.17 0.D6 69| 3.159 0.081 90| 3.121 0.083 49
Vol,| 20,56 1.07 691 20.37 1.29 90} 19.95 1.352 49

L = Length
B = Breadth
Vol= Estimated Volume

Wou

i

The most obyious result to emerge is that the fourth egg is
alvays smaller than the second and third eggs. The first egg is
also small, but normally not as small as the fourth, The
implications of egg size in relation to laying order are discussed

later,
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The results in Table 1,6 highlight the variation that was found
to exist in egg length, breadth and volume,

Table 1.6 The annual variation in egg size

over three field seasons.

Year no. of eggs

measured
1983 . 557 Max L 5.075 x 3,26 23,61
B 4.55 x 3.435 23.52
Vol 4.915 x 3,3625 R4.23
Min L 3.95 x 3.33 19.79
B 4.27 x 2,8225 16,11
Vol 4.27 x 2.8225 16.11
1984 583 Max L 5.645 x 2,895 21.11
B 4.44 x 3.60 24.97
Vol 4.44 x 3,60 24,97
Min L 3.95 x 3.28 19.30
B 4.185 x 2,825 15.87
Vol 4.00 x 2.88 . 15.79
1985 249 Max L 4.945 x 3.19 22,25

B 4.48 x 3.345 22,18

Vol 4.785 x 3.335 23.34
Min L 3.765 x 2.715 13.74
B 3.765 x 2.715 13,74

Vol 3.765 x 2.715 13.74

As a general comment, the smallest eggs tended to be fourth eggs,
Large eggs vere normally much larger than others in the clutch,
Clutches of large eggs were found to be produced by the same female
on consecutive years.

It was strongly suspected that egg size (length, breadth and
volume) varied in accordance with the order of laying (Table 1.5).

To test this idea, a series of paired t-tests were carried out,
The mean egg lenghs of all known first eggs were compared with the

mean length of second, third and fourth eggs. Second ejgs vere
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compared with third and fourth eggs and third eggs with fourth eggs.
Similar analysis were conducted on mean egg breadths and volume,

The 1984 data set was used because it was the largest single
set of data,

The statistical comparison of eggs of known laying order are
shoun in Tables 1.7, 1.8 and 1.9.

Table 1.7 Between clutch comparisons of egg lengths
of known laying order, 198 data,

Variable No Mean s.d. - t  Deg. of P
freedom

Fgg Length 1 78 4.5056  0.152 0.017 0,16 77  0.872

2 4L.5034  0.150 0.017
1 78  4.5056 0.152 0.017 -1.08 77. 0,285
3 445206 0.153 0,017
1 TT  4.5047 0.153 0,017 -1.15 76 0.256
4 4.5253 0.194 0.022 '
Length 2 78  4.5034 0.19 0.017 -1.28 77 0,206
3 465206 0.153 0.017
2 77 4.5007  0.149 0.017 -1.48 76 0.142
4 4e5253 0.194 0.022
Length 3 77 4.5220  0.153 0,017 -0.22 76 0.824
4 445253 0.194 0.022
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Table 1.8 Betueen clutch comparisons of egg breadths

of known laying order, 198/ data .

Variable No, Mean s.d. s.e. t Deg. of P
freedom
Egg Breadth 1 78 3.1873 0.074 0,008 -2,23 i 0.029
2 3.2017 0,089 0.010
1 78 3.,1873 0.074 0.008 -1,29 17 0.201
3 3.1956 0.073 0,008
1 77 3.1879 0,075 0.009  4.37 76 0. 000
4 3.1565 0.083 0.009
Breadth 2 78 3.,2017 0.089 0,010 0.95 71 0.343
3 3.1956 0,073 0.008
2 77 3.,2024 0,090 0.010 5.78 76 0.001
4 3.1565 0.083 0.009
Breadth 3 77 3.1966 0.073 0.008 5.61 76  0.001
4 3.1565 0.083 0.009
Table 1.9 Between clutch comparisons of egg volumes
of known laying order, 1984 data,
Variable No.  Mean s.d. s.e. t  Deg. of P
freedom
Egg volume 1 78 20,5672 1.127 0.128 -1.62 i 0.110
2 20,7071 1.266 0.143
1 78 20.5672 1,127 0,128 -1.46 T 0.149
3 20,7033 1.138 0.129
1 77 20,5708 1.134 0.129 2.25 76 0.027
4 20.3088 1,360 0.155
volume 2 78 20.7071 1,266 0,143 0.04 7 0.967
3 20,7033 1.)38 0.129
2 77 20.7045 1.274 0.145 3.34 76 0.001
4 20.3088 1.360 0.155
volume 3 77 20.7194 1.136 0.130 4,03 76 0.001
4 20,3088 1,360 0.155
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There is no statistical difference in egg lengths of different
laying order. Fourth eggs are of significantly smaller breadth than

first, second and third eggs. First eggs are of smaller breadth than
second eggs, !

The effect of egg breadth carries through to egg volume,

Fourth eggs are of significantly smaller volume than eggs laid first,
second and third, Thus, egg size is at least partially determined
by order of laying.

For clutches where all eggs vere measured, a mean egg length,
breadth and estimated volume were calculated. This allowed for the.
mean egg size of one clutch laid by a female to be compared with the
mean egg size of a second clutch laid by the same female,

It was felt that mean egg size might vary between a first and
repeat clutch., Secondly, if an age effect was involved in ‘egg size,
mean egg size may vary (for one female) from one season to the next.
A geries of paired $~tests were carried out to compare the mean egg
length, breadth and volume of a first and repeat clutch,

Table 1.10 A comparison of mean egg size of eggs laid

in a first and repeat clutch. (The eggs from
first and repeat clutches were known to be

laid by the same females).

Mean s.d. S.€. t Deg. of P
freedon
Mean egg L. Cp 4. 4683 0.126 0.024 -2,43 26 0,022
02 4.5023 0.131 0,025
Mean egg B. C7 3.1843 0.076 0.015 -0.39 26 0.697
Mean egg\ol.Cy 20,3822 1.127 0.217 -1,22 26 0.233

For 27 second clutches, laid by the same female within one season,
there was no significant difference between mean egg breadths and
volume, Generally the second clutch contained slightly larger
eggs, but this was not significant,
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A series of paired t-tests were carried out to compare the
mean egg lengths, breadths and volumes of clutches laid in
consecutive years by the same females,

Table 1.11 A comparison of mean egg size of eggs laid

in two consecutive years by the same females.

Mean s.d, S.€. t Deg., of P
freedom

Mean egg L. €7 4.5188  0.148  0.020 -1.70 55 0.095
C2 4.5358 0.153 0.021

Mean egg B. €1 3.1895 0.062 0.008 0.07 55 0.946
C 3.1890  0.068  0.009

Mean egg Vd.Cj 20.6311 1,031 0,138  ~0.64 55 0.525
Cp 20.6841  1.036 0,139

For 56 clutches laid in two consecutive years by the same

females, the mean egg length, breadth and volume did not
significantly change. Generally, clutches were of slightly
larger estimated volume in the second year of measuring,

Incubation
Over the period of study, a total of 193 incubation periods

vere recorded. In order tc determine an incubation period, a nest
had to be found at the time of laying and then visited at hatching.
In this study, no attempt has been made to study incubation
periods of individual eggs. Periods shown in Table 1.12 therefore
represent the time period between incubation initiation and hatching

of the first egg.
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Table 1,12 A frequency distribution of the incubation

periods of Redshank on Banks Marsh,

Incubation period 1983 1984 1985

(days)

22 0 0 3
23 2 8 1
24 5 28 32
25 5 22 17
26 9 17 4
27 4 6 2
28 4 4 3
29 1 2 2
30 0 0 0
31 L g 1

(n) 3 87 75

In 1983 the mean incubation period was 26.27 days (é.d. = 1.7).
Mean incubation periods in 1984 of 25,52 days (s.d. = 1.32) and
24.97 days in 1985 (s.d. = 1.63) vere recorded for 87 and 75 clutches
respectively.

The incubation periods over the three field seasons ranged from
22-31 days. The mean was least in 1985, possibly arising as a result
of decreased levels of disturbance caused by field workers,

Some of the longer incubation periods of 28 days, and more,
were almost certainly due to single parent incubation. On several
occasions a bird continued to incubate after its mate had deserted.
This was confirmed by the capture of a bird at a second nest whilst
its first nest was still in use, A visit to a single parent nest
often revealed the eggs,which had not been incubated for some time,
to be cold and wet, suggesting that single parents devoted less time
solely to incubation, This would have to be tested by studying
brooding rhythms in pairs and in single adult incubated nests,

In 1985, a nest found with one egg on 23 April contained 3 eggs

by 26 April. When checked on 27, 29 and 30 April the eggs were cold
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and wet. A large tide on 30 April covered the eggs by as much as
1 metre of vater. PFollowing this tide, which did not move the eggs,
incubation began., Therefore, in this case there was a protracted
incubation period due to a delayed onset of incubation,

In 1983 a nest with four eggs was flooded on consecutive days
8-9 days after incubation had begun. On both occasions the eggs were
washed out of the nest., After each flood the eggs were found and
re-placed in the nest. Incubation continued and three out of four
eggs hatched after 27.5 days. At another nest, a clutech of three
eggs vas deserted Just prior to hatching. The eggs remained un-
incubated for two nights and a day, after which they vere aidded to
another nest. All the eggs hatched out despite the lack of incubation
at such a critical time. These aeccounts give an indication of the
tolerance exhibited by Redshank eggs. Such tolerance mzy be
essential in a system where nests and eggs are periodically at risk
from flooding and chilling.

Four periods of extra long incubation were recorded. In 1983
two birds sat for a minimum of 35 and 37.5 days, In both cases the
eggs were damaged as a result of floodings In 1984 two birds sat on
infertile eggs for 62 and 64 days. In the first case, only one bird
(a female with an infected cloaca) was ever caught at the nest. At
the second nest one egg hatched after 25 days. The other three eggs
vere infertile and were incubated for a further 39 days, In this case
ve do not know what happened to the ringed chick after it left the
nest. |

Incubation periods appeared to be longer in the early half of the
season. To test this, the relationship between date of clutch

completion and incubation period was examined by a correlation analysis,



Table 1.13 The relationship between date of clutch
completion and incubation period

(Pearson's correletion coefficients (r)).

Year Pe?r;on'a Probability (n)
r

1983 =0,4527 0.005 31

198,  -0.1408 0.097 87

1985  -0.4652 0.001 75

With the exception of 1984, there is a negative correlation
vhich is significant. Therefore, as seasons progress, incubation
periods generally decline. The 1984 result is not significant,

In both 1983 and 1985 the early season vwas punctuated with very bad
tidal flooding. Long spells of high water may hamper incubation,
particularly vhen nests are flooded, Consequently the incubation
periods were longer in the early season., In contrast, there was no
bad flooding in 1984, and therefore no delaying effects on incubation,
Generally, atmospheric temperature is higher later in the season and
therefore eggs chill less when the birds are disturbed. In 1984

the veather was generally warmer than average, with April and early
Mey particularly warde This may also explain why a significant
negative correlation was not found in 198, (see Discussion), In

addition to climatic and tidal effects, other factors may influence

the length of the incubation period.

Nest :gglggement

Many pairs lost their nests for a number of reasons (Appendix 3).
These birds generally re-laid relatively quickly.

Where both birds were caught at both nests then the identity
of the pair vas known absolutely. Where only one bird was caught at

one of the nests there was no certainty that the pair had remained

f &ithflllo
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Birds could therefore be classified as (z) remaining faithful
or (b) taking & new mate, Where this classification could be made
it was possible to examine the effect of changing mate on the time
taken to replace a lost or deserted clutch,

Table 1.14 The time taken to replace a clutch

(from nest/brood loss or desertion).
Faithful pairs

Deys between Observed frequency

first and
replacement nest. Nest lost. Nest hatched

(chicks presumably

perished),

r— — .
9 - -
10 - -
n 2 -
12 4 1
13 1 5
14 - 1
15 - 2
16 1 -
17 - -
18 - -
19 - 1

The mean time to replace a nest ranged from 12,4 days (s.e.0.565)
in those cases where nests were lost, to 14 days (s.e. 0.632) where
broods have perished after leaving the nest.

A Menn-Whitney test was carried out to determine if the observed
difference was significant (Mann-Whitney W = 50,5, P = 0,026),
Therefore the time taken to replace a clutch is significantly less
than the time taken to produce a repeat clutch after brood loss,

This difference is almost certainly due to the time the brood survives,



Table 1,15 The time taken to replace a clutch
from nest/brood loss or desertion.
Bird taking a new mate

Observed frequency

Days between Nest lost Nest hatched
first and (chicks
replacement presumably

nest perished)

9
10
11
12
13
14
15
16
17
18 -

19 - 1
20 1

f = =Y e

Where a pair has split up and one bird re-mated, the time taken
to replace s nest averaged 13.25 days (s.e. 1.25). There wes no
significant difference in nest replacement time between faithful pzirs
and birds with new mates (Mann Whitney W = 63.5 p = 0.67).

The only real difference that exists concerns the date of brood
losss In this case, replacement is calculated from the day the chicks
left the nest to the date of completion of the replacement clutch,
Therefore, the time for replacement is overestimated if the brood
survived for several days before perishing.

Thus, Redshanks may replace clutches and broods if they are lost.
Presumably broods are only replaced if they are lost at an early stage
-of development,

Birds nesting with a new mate are able to replace a lost clutch
Jjust as quickly as a pair remaining together. On one occasion a female
was involved with two males at separate nests and on another occasion
a male is thought to have been involved with two separate females at
two nests simultaneously.

Finallyin1985, one female is thought to have re-laid twice

after losing nests,
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Birds caught

The basis of much of this study depended on the accurate sexing
of Redshank thati were caught. As mentioned in the Methods, several
techniques were used. Hele (1971) showed from a study of skins that
there were slight differences in size between a male and female

Redshank,

Table 1.16 _The number of birds caught (1983-1985)
and the annual trapping success,

Yearr No. of birds Total birds No. of traps % trap
caught. caught set. success.
including
re-traps.
1983 250 338 510 662
1984 277 380 634 60%
1985 219+ 269 528 51%

Note: & 2 adults caught in mist nest

+ 3 juveniles cezught in mist nest

The column on trapping success if of particular interest.
The success dropped dramatically in 1985 and caused many problems
to the general running of the project. Full discussion of the
yearly variations in trap success are given at the end of this
chapter.
Ageing

In 1983, all unringed birds (unrings) were not examined closely,
These birds were not therefore subject to the standard ageing
procedure used in 1984 and 1985. Some birds were of known age if they
had been ringed as chicks, but these birds vere a very smﬁll

percentage of the overall catch,
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Table 1.17 a The number of controls and unrings
caught and the proportion of
unrings considered to be first-yesr birds.

Year Controls Totsal unrings Unrings Unrings
caught caught l-year old >1 year old
1983 156 94 20% 74
1984 160 117 32 85
1985 156 60 24 36

* underestimate (all birds not fully examined).

Table 1.17 b Total birds caught and proportion
that were lst year birds,

Year Total adultis Total no. of The no., of first
caught lst years *® years as a % of
total birds caught
1983 250 23 9.2
1984 217 37 13.3
1985 216 28 12.9

* ringed and unringed at capture.

Where birds were of unknown age, it was important to determine
if these were first year birds or older. All birds were aged as
outlined in the Methods. Birds were therefore classified as first
year birds if they had retained some juvenile inner median coverts,
In addition to examination of the inner median coverts, the leg colour,
bill colour and degree of feather abrasion was scored,

All birds caught in 1984 and 1985 were divided into one-year
olds, two-year olds and birds of three years of age or more., Bird

age was then correlated with the leg and bill colour and the degree of
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feather abrasion observed. As the parameters involved were of an

arbitrary nature, e non-parametric analysis was considered most

appropriate., The mein aim of the analysis was to determine if the

above recorded variables changed with age.

Table 1.18

A non parametric correlation analysis to

examine the relationship between leg colour,

bill colour and feather ebrasion with age

(Kendall correlation coefficients), 1984 data.

Male age

Pemale age

Leg colour Bill colour Feather abrasion
(1-6) (2-3) (1-5)

0,441 %% 0,348%%» —0,432%%%
(135) (135) (135)

0,336 0, 44E%*x -0, 386% %%
(135) (135) (135)

n.s. not significant:

* p<0,05;

%% p¢ 0,01; *** p¢ 0,001 (used throughout thesis)

Note: Leg colour ranged from dull yellow (3) to bright red (6).
Bill colour ranged from dull grey-pink (1) to bright red (3).
Feather abrasion ranged from none (1) to very heavy (5).%

These results indicate that leg and bill colour get brighter as

the birds get older and that older birds have less feather, and in

particular primary abrasion, than do younger birds,

So far, all first year birds ringed as chicks have been found to

have retained some juvenile type inner median covertse This appears

to be a very reliable method of egeing Redshank,
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Table 1.19 A non parametric correlation analysis

to examine the relationship between
Jleg colour, bill colour and feather
abrasion with age (Kendall correlation
coefficient), 1985 data,

Leg colour Bill colour Feather abrasion
(1-6) (1-3) (1-5)
Male age 0,219#* 0, 339*xx =0,315%%»
(105) Q105) (105)
Female age 0.479%%% 0.750% %% ~0,437%%x
(104) (104) (104)

A1l correlations are significant, Therefore young birds of
both sexes tend to have dull coloured legs and bill and exhibit more
feather abrﬁsion.

The above Tables were all constructed using birdés of known age
groups. Birds which retdned their juvenile inner median coverts and
vere of unknown age vere classified as first summer breeders. Birds
vhich were unringed and did not possess juvenile inner median coverts
vere classified as being 2 minimum of two years old. These may,

however, have been first time breeders,

Bird measurements
Not all birds caught were measured (see Methods). Of those adults

measured it was possible to construct a Table to demonstrate the size
differences between sexes (Table 1,20), For the benefit of this
analysis, birds were sexed according to methods outlined at the

beginning of this chapter.
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Table 1.20 The annual variastion of mean

measurements of female Redghank

caught at the nest (1983-1985),

Female 1983 1984 1985
X s.d, _(n) x s.de (n) x 8.d,
Weight 132.5 8.34 125| 134.0 8,19 138 1§§:3 6.79 {%%
Right-wingl69.8 3.82 125 169.5 4.08 138] 168.2 4.04 107
measurement '
Tarsus 48.0 2,24 125 47.5 2.10 138 47.1 1,91 107
measurement
Bill to
feathers 42.0 1.94 124 41.76 1.76 137 4.9 1.91 9
Table 1,21 The annual variation of mean
measurenments of male Redshank
caught at the nest (1983-1985).
Male 1983 1984 1985
X s.d. (n) X s.d. _(n) X S.d. (n)
Weight 125.1 7.28 97 126,3 6.54 118f 126.5 6.83 62
Right-wingl66.0 4.21 97 166.5 3.07 118} 166.1 3.59 €2
measurement
Tersus 474 2.17 97 46.9 2.00 118 46.7 1.92 62
Dezsurement
Bill to
Tables 1.20 and 1.21 indicate that females are on average larger
then males in every recorded measurement. There is, however a degree
of circularity involved as some birds were actually sexed on the basis
of sige. Birds were also sexed according to cloaca shape and size and
good agreement between the two techniques. There is

there vas generally

obviously & degree of overlap between male and female measurements,

but these results seem to indicate size is an important predictor

of sex.

Mate choice

It vas felt that mate choice may be made on the basis of size

or perhaps even on the basis of summer plumage attained.
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seen in Chapter 2 there is a very strong positive correlation
between male and female age caught at any one nest. Such a
relationship may still be based on some cue, e,g. size, plumage or
other characters.,

To test the above, the size and plumage of all males and feuwales
caught together as pairs were correlated and a multiple regression
analyses carried out to determine if any relationship existed.

In these analysis, male and female size parameters were correlated
together as were male and female summer plumage scores for the
different body regions.

In 1983 there were no significant correlations between male and
female sigze, suggesting that selection was not made on the basis of size.
In 198, there was a sisnificant positive correlation (r = 0.207, p<0.05).
between male and female weight., All other relationships showed no
significant correlation. Fewer birds were caught in 1985 and as a
consequence correlations were slightly higher. There was again a
significant correlation (r = 0,256, p€0,05) between male weight and
female weight., Additionally there were gignificant correlations
between male age and female weight (r = 0.257, p €0.05) and male age
and female wing measurement (r = 0,327, p<0,01), Finaelly, there was
a positive but non significant correlation between male wing measurement
and female wing measurement (r = 0.226, n.s.).

In 1984 the data set was subject to a correlation analysis to
determine if mate selection was teking place on the basis of sugmer
plumage attained. In the analysis, the numbher of summer feathers on
male mantle, breast, scapulars and secondaries was correlated with the
number of summer feathers on the female mantle, breast, scapulars
and secondaries,

Firstly, it appears that there is absolutely no selection on the

basis of summer plumage attained. The number of summer plumage
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feathers on the male mantle does not correlate significantly

with number of summer plumage feathers on the femele mantle

(r =0.129, n.s.) and male breast summer plumage does not correlate
significantly with female breast counts of summer feathers

(r = 0.159, n.s.).

It therefore appears that mate selection is not taking place
on the basis of plumage. There may, however, be some selection on
the basis of size.

In those birds where summer plumage was quantified by detailed
counts, it was possible to relate the amount of summer plumage attained
on each body region to each other,

The hypothesis being tested was: birds with a lot of summer
plumage on one body region also had a lot on other body regions.

The results are shown in Tables 1.22 and 1.23.

Table 1.22 A correlation analysis to examine the

relationship between the number of

summer plumage feathers on each body

region (Pearson's correlation coefficients (r)).

Summer plumage Mantle Breast L. scaps. R scaps. L. secs. R. secs.
feathers on

Mantle

Breast 0.703%%%

L. scapulars 0, 740% %% 0, 679#=*

R. scapulars 0,736%*=#| 0,657***] 0,880%#%

L. secondaries 0,375%%¥]0,355%%%] 0, ,363%%x|] (Q,399%x*
R, secondaries 0.354%¥%|0,331%**] 0,383#%%] Q,434%#*% 0,650%%x
(Por o\ {emales, n = 116) \Q3\.,
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Table 1.23

A correlation analysis to examine the

relationghip between the number of

sumner plumage feathers on each body

region (Pearson's correlation coefficients (r)).

Summer plumage Mantle Breast L. scaps. R. scaps. L. secs.
feathers on

Mantle

Breast 0.774%%»%

L. scapulars 0.779%%%| O, 64 8% %

R. scapulars 0.674%%%] 0,613%%%] (O g37a%%

L. secondaries 0,071 0.077 0.195% 0.226%

R, secondaries 0,293%% | 0,271%* | 0,3,1%%%| 0,,36%%%| (,[58%x**

(For all males, n = 116) \Q8\,.

The number of summer plumage feathers on each body region are
highly and significantly correlated with each other. Thus, birds
tend to have a relsatively even distribution of summer feazthers on each
body region.

Puture studies would therefore benefit by reducing the amount
of fenther counts taken. It would probably suffice to assess summer
plumage on the basis of a mantle or breast count alone. This would
give a good indication of overall plumage attained and would reduce
birq handling time,

The amount of summer plumage attdned did not appear to be
an important basis for mate selection., Furthermore, there was no sex
difference in the amount of plumage attained.( 3 Q"M&'H. \\)

The next idea tested was that the amount of summer feathers
attained may vary with age. To test this, the number of summer

feathers on each body region was correlated with male and female age,
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Table 1.2 The relationship between age and number

of summer plumage feathers present on each

body region (Pearson's correlation
coefficients (r)), 1984 data,

Ko, of summer plumage Female Male

feathers on: Age Age PR
Mantle -0.083 -0.111 o
Breast 0,133 0.063

Left scapulars -0,085 -0.003

Right scapulars 0.064 0,028

Left secondaries 0.062 0.109

Right secondaries 0,026 0,195

All correlation coefficients were non significant.

Pinally, it was suggested to me that plumage may be a good
predictor of breeding success and that well coloured birds may be
more successful,

This idea was tested by examining the date of clutch completion
and the number of eggs laid and hatched in reletion to an individual's
summer plumage scores. The results of the correlation analysis are

given in Table 1,25,
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Table 1l.25 The relationship betweer date of clutch
completion, eggs laid and eggs hatched,

wvith number of summer plumage feathers

present on each body region (Pearson's

correlation coefficients (r)),

(a) Females (f=Wb).
Nao of summer plumage Date of clutch Eggs laid Fggs hatched

feathers on: completion

Mantle 0.063 ~0,123 0.008
Breast -0.022 -0,085 0.101
Left scapulars 0,082 -0.185 0.045
Right scapulars 0.047 -0.022 0.105
Left secondaries -0,021 0.033 0.152
Right secondaries -0,081 -0,019 0.053

(b) Males (a:=Wb ).

Mantle 0.026 -0.043 0.153
Breast -0.085 0.065 0,181
Left scapulars 0,006 0. 020 0,156
Right scapulars — 0.029 0.039 0.126
Left secondaries -0.132 0.028 0.028
Right secondaries -0,186 0.128 0.053

All correlation coefficients were non significant,

Results tabulated in Tebles 1,2/ and l.25 indicate that there
was no relationship between male and female age with amount of summer
plumage attained and between date of clutch completion and number of
summer feathers present. Therefore a bird's plumage is not a predictor
of its timing of laying or of its age.

Finally, it was shown that the number of eggs laid and hatching
vas in no way related to an individual's summer plumage. In conclusion
it wvas demonstrated that plumage does not relate to an individual's sex,

breeding time or breeding success (at least at the egg hatching level),
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Mate fidelity

The following analyses concentrate on two types of mate
fidelity:
(a) Those birds that nest together on two or more consecutive years.

(b) Those birds that nest together on two or more occasions,

Table 1.26 Msate fidelity. The number of pairs recorded

nesting together on 2-5 consecutive years.

No. of _ Frequency
consecutive years of pairs
together obsgerved

2 56

3 11

4 3

5 1

Table 1.27 The number of pairs recorded nesting

together on two or more occasions,

No. of Frequency
years caught of pairs
together observed

2 31

3 22

4 4

5 3

The above Tables represent a crude analysis of Redshank mate
fidelity., In Table 1.27 fidelity is recorded as any pair that has
nested together on more than one occasion. Of these pairs caught
together on 4 and 5 years, five of the seven pairs may have been
together for at least six years. Finally, one pair vas caught
together in 1974, 1978, 1979, 1980 and 1982, These were therefore
associated over a span of 9 years. The last records hint at a
very high degree of mate fidelity. 1In contrast, at least two adult
Redshank have been found with 6 and 7 different mates.
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Several things have an effect on mate fidelity, notably
survival, previous years nest success, and arrival times on the

breeding ground. For fuller discussion see Chapter 3 on breeding

site fidelity,
To undertake an analysis of mate fidelity the number of birds

caught on consecutive years must be known. The following analysis
allovs for a more quantitative assessment of the level of mate

fidelity exhibited.

Table 1.28 Mate fidelity: a quantitative assessment,

Years No. of birds No. remaining y ) No. taking
caught on faithful to faithful new mates
consecutive previous mate
years

1983/84 100 60 60 20

198, /85 101 34 33.7 30

1982/83/84 35 1¢ 45.7 -

1983/84/85/ 45 6 13.3 -

1982/83/84/85 17 0 - -

Thus, 45.7% of those birds that returned in years 1982, 1983 and
198/ retained the same mate. Likewise, 13.3% of those birds that
returned in years 1983, 1984 and 1985 retained the same mate. The
percentage returning over two consecutive years is greater in 1983,
1984, presumably due to the increased number of birds caught in 1984,
In contrast, the lower mate fidelity index calculated for 1984, 1985
is in part due to decreased catching efficiency and subsequently
number of birds caught. A fuller explanation is dealt with in Discussion.

Several reasons have been advanced as to why a pair should remain
faithful or separate. One aspect that vas examined concerned the
effect of one years nesting success on the following years mate
fidelity. The data set used for the analysis was gathered in 1983-84.
In 1984 almost all pairs were successful due to the lack of tidal

flooding (see Appendix 3).
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Table 1.29 A chi-souare analysis to determine the

effect of nesting success in one vear

on_the following years mate fidelity

(1983-198/ data)

Pair state (1983-1984 )

Remained
faithful
No eggs
hatched 20
Previous
g::z;ng At least one
success egg hatched 40

x%(1) = 6.82, p< 0,01

Took new
mate

14

Therefore, nest success in one year does have an effect on the

followin;: years mate fidelity,

Pairs which were unsuccessful were more likely to split up

and take a new mate the following year.

This result uses 8C% of the birds caught in both 1983 anu 1984.

A further 20% of birds caught consecutively in 1983 and 1984 were of

unknown palr state in one of tne years.

A follow up analysis was carried out on the 1984-1985 data to

determine if the very good breeding success in 198} was carried

through to increased mate fidelity in 1985,
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Table 1,30 A chi-square analysis to determine the

effect of nesting success in one year

on the following years mate fidelity
(1984-1985 data).

Pair state (1984-1985).

Remained Took nev
faithful mate
Ko eggs
Previous hatched 0 3
years
nesting
success At least one
egg hatched 34 27

x2(1) = 3.6, n.s.

Therefore, breeding success in 198, showed no effect on mate
fidelity in 1985. Trom Tables 1.29 and 1,30 I conclude that breeding
success in one year can have an effect on mate fidelity but that other
factors may also be important,

Egg chippinz and hatching

Prior to the hatching of the eggs, the eggs begin to 'chip' or
'pip's When this occurs, smcll dents and fractures begin to appear,
normally in the upper hslf of the eggshell, At such time the adults
behaviour begins to modify in readiness for the change in roles,

The adults begin to communicate with the hatching embrpo, the level
of communication increasing up to the hatch, Chipping periods are
incredibly variable and may yet prove to be good predictors of a

chick's survival potential, Weaker chicks may take longer to hatch
and may therefore have less chance of survival (unfortunately this

could not be studied because of the low recapture rate of chicks).



Table 1.31 The time taken for an egg to hatch
from first signs of hatching,

Chipping Observed frequency
interval (hours) 1983 1984 1985
30-40 - 2 -
41-50 - - 1
51-60 - - -
61-70 7 5 19
71-80 1 17 17
81-90 6 18 15
91-100 10 27 8
101-110 5 9 1
111-120 1l 1 4
121-130 - 2 -
131-140 - 1l -
141-150 1 - -
Mean chipping

period (Hrs) 85.7 88,5 81,0
_8.de 16,3 16,2 1i.3
n Al 82 65

The overall chipping period (1983-1985) is calculated as
(85.3 hours, s.d. = 15.95, n = 191).

Thus the mean chipping period from first egg chip to hatching is
3.5 days, Chipping period was not examined to determine if laying
order had an effect on hatching time.

Nests vere checked regularly to determine that jncubation vas still
in progress, to record chipping periods, and to note the date of hatch,
It vas essential to monitor nests closely in order that hatch date
could be predicted. This vas an importent part of the study a8 it vas
intended to ring as many young as was possible. Nestg were therefore

monitored closely, allowing several calculations of negt success to be

made.



Batch success
This may be defined in 3 ways,

A) The number of nests hatching at least one egg as a percentage of all
nests found.

B) The number of eggs hatching from the total laid as a percentage
(requires clutches of known size),

C) The percentage of eggs hatching from nests which hatched at least

one egg (requires clutches of known size).

Table 1.32 Nest hatching success (Category A),

Year No. of nests No. of nests % nests
hatched found hatched
1983 78 198 39.39
1984 166 197 84426
1985 106 165 6L.24

Hatching success of nests varied from 39-84% The best year,

1984, was 53% better than the poorest year, 1983, The reasons for
differential nest hatching success are discussed at the end of this

Chapter,

Table 1.33 Egg hatching success (Category B),

Year No. of nests No. of eggs No. of eggs % eggs
found* hatched* laid* hatched
1983 190 218 722 30.19
1984 186 532 716 74.30
1985 157 376 597 62,98

* gall clutches of known size,
In those clutches of known size, the percentage of eggs hatching
ranged from 30-74,% over the three study years. The best year was 59%

better than the poorest year of egg hatching, which again vas 1983,
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Table 1.34 Hatching success in successful nests (Category C).

Year  No. of nests Eggs laid in No. of eggs ¥ eggs
hatching* these nests hatched hatched
1983 78 310 218 70,32
1984 155 618 532 86,08
1985 102 402 376 93.53

* known clutch size

In those nests hatching at least one egg there was a difference in
success of 25% between the poorest year (1983) and the best year, 1985,
In 1983 an average of 2.8 eggs per successful nest hatched from a clutch
of 4 eggs. In 1985 an average of 3.7/ eggs hatched for every 4 laid
in a successful nest. At individual nest level, hatch success ranged
from 0/4 to 5/5.

Analysis indicate that hatching success should be clearly
defined (see Discussion).

The egg/nest hatching figures may be converted to chicks per
p:ir and chicks per adult. These give an estimate of maximum potential
productivity. Subsequent loss of chicks must therefore reduce
productivity per pair/individual,

Table 1.35 An estimate of chick productivity
at egg hatching level,

Year No. of nests of Ko, of chicks Nean no. of Mean no. of

known clutch hatched chicks/pair chicks/adult
1983 190 18 1,15 0.575
1984 186 532 2.86 1.43
1985 157 376 2.39 1.20

These results are discussed later in this Chepter. Sources of nest

loss are given in Appendix 3.
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A further 30 nests were found in the three field seasons in the
01d Hollow meadows and in the enclosure on the seavard side of the
sea wall, In these, nest hatching success (Category A) ranged from
28.5-45.5%. The majority of nests lost vere crushed by cattle,
Category C hatch success (% hatched from successful nests) ranged from
80,~87.5%. These figures are in line with those obtained for marsh
nests.,

Further nests were found off the plot, but were not subject to
detailed data recording and checking, 1In these nests, the main
priority was to capture the parent as part of the breeding site
fidelity, natal philopatry study (discussed in Chapter 3).

Observations suggested that an eggs hatch order may be related
to its order of laying. A simple chi-square analysis was cerried out

to test this idea.

Egg hatch order in relation to laying order

Table 1.36 The relationship between egg laying and
hatch order (Raw data, all years),

Order of eggﬁhatch

2 2 3 _4
Egg 1 8 2 2 7
laying 2 3 4 1 5
order —_—
_jz 2 4L 10 5
4 3 0 3 34
n=93
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Table 1,37

a)
ggg 1l

Hatchj&
order

—2
2
4

Hatch
order

A chi-square analysis to examine the

relationship between egg laying order

and order of hatch (All years),

Observed Expected
frequency frequency

I fw | =

8 4.75

2 475

2 475

7 4.75

x2(3) 6.46, n.s.
Observed Expected
frequency frequency

2 6.25

4 6.25

10 6.25

5 6.25

x2(3) 6.20, Ne8e

b)
Egg 2

Egg 4

Observed Expected
frequency frequency

3 3.25

4 3.25

1l 3.25

5 3.25
12(3) 2.69, N, 8.

Observed Expected
frequency frequency

3 10
0 10
3 10
2 10

x%(3) 7.4, p<£0.001

Analysis of the first, second and third egg hatch orders indicated

Thus only the fourth egg hatches non randomly,

result (full details are given in Discussion),

no relationship existed between laying order and order of hatch,

This vas the expected

Where an individual chick was known to have hatched from an egg

data pooled,

Egg chick correlates,
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of knoun laying order it was possible to relate chick size (weight,
bill size and tarsus length) to egg size (length, breadth and estimated

volume), This was done during the three seasons field work and the



Table 1.38 The relationship between egg length, breadth
and volume with chick weight, tarsusand bill

length, All chicks known to have hatched from
specific eggs (Pearson's correlation coefficients (p)).

Egg variables

Chick Egg length Breadth  Volume (n)
variables

Weight 0, 593%#» 0,611%x% | 0, 729%%%| 1,2
Tarsus 0,311 %x* 0.363%x% | 0, L07%%x]| 138
Blll to feathers 0,330%%% 0,313%x% | 0, 385%x%] 138
Bill to rear nares 0, 252%% 0.270%% | 0,316%%%| 129
Bill to front nares 0.335%% 0.1710+8¢ 0, 289** )

Egg length, breadth and volume correlates significantly with
chick weight, tarsus and bill length., Therefore large chicks hatch
from large eggs and smaller eggs produce smaller chicks. In the case of
ege volume anc chick size, the correlation coefficients zre particulerly
highs It would therefore appear that egg volume is the best predictor of
a chick's potentiel size at hatching,

The correletion analysis examining chick size in relation %o egg
size gave a good indication of the strength and direction of any
relationship which existeds This analysis was followed up by carrying
out a series of step-wise multiple regression analysis (Nie gt gl 1975).

The dependent variables were chick weight, tersus, bill tip to
fezthers, rear and front nares measurements. Independent variables
vere egg length, breadth and calculated volume. The aim of an analysis
of this kind is to determine which of the independent variasbles or
combination of independent variables best predict for the dependant
variables.

In Table 1.39 an snalysis vas carried out to determine which
‘measured egg variables best predicted chick weight. In other words,

if an egg is of known length, breadth and volume, which of these is
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the best predictor for the weight of the chick hatching from the egg.
In all the multiple regression analysis,tesolts ware firstly checked to
determine for normality of distribution. When satisfied the analysis
vas run.

The results are displayed as a series of Beta and F - values.
For the benefit of the reader, F - values are printed with associated
significance values, F-values printed as non-significant (n.s.)
indicate that Beta values for the appropriate independent variable
vere non significant, These Beta values are not included in the Table
of results. Significant levels for F - ratios associated with
Beta values are : * p£0.,05, ** p L0,01, *** pL0,001. The degrees
of freedom indicate the number of independent and dependent variable
comparisons which have been made,

Finz1ly, the cumulative variance figure is an estimate of the
amount of variation which is explained by one or more independent

variebles. For further details see Nie gt gl 175.

Teble 1.39 Beta values and F - ratios for the
relationship between chick weight
and egg biometrics (ell years).

Dependent Independent
variable variables

Egg length Breadth Volume
Chick Beta 0,228 - 0,59
veight F 4.84% n.s. 33,1 %%

Significance values associated with F - ratios (d.f. = 2,74).
A total of 77% of the cumulative variance was explained.
Chick veight may be predicted frow the following formula.

Chick veight = 0,667.Egg volume + 1.961 Egg length - 6.983.



Table 1,40 Beta values and F - ratios for the
relationship betlween chick tarsus

and egg biometrics (all years),

Dependent Independent
variable variables

__Egg length Breadth Volume
Chick Beta - - 0.398
tarsus ¥ n.s, n.s. 14,1 %%

Significance values association with F - ratios (d.f, = 1,75).
A total of 45% of the cumulative variance was explained,

Table 1.41 Bets values and F - ratios for the
relationship between chick bill to
feathers and egg biometrics (all years),

Depend.ent Independent
variable variables

Egg length Breadth Volume
Chick bill Beta 0.408 - -
to feathers F  14,9%%* n.s,. n, Se

Significance velues associated with F - ratios (d.f. = 1,75).
A total of 45% of the cumuletive variance was explained,

Table 1.42 Beta values and F - ratios for the
relationship between chick bill to
rear nares and egg biometrics (all years),

Dependnt Independent
variable variables

Egg length Breadth Volume
Chick bill Beta - - 0.306
to rear e
nares 4 n.s. n.s. 7.73

Significance values associated with F - ratios (d.f. = 1,75).
A total of 34% of the cumulative variance was explained.
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Table 1,43 Beta values and F - ratios for the
relationship between chick bill to
front nares and egg biometrics (all years),

Dependent Independent
variable variables

Egg length Breadth Volume
Chick bill Beta 0,335 - -
to front -
nares ¥ 9.5 n.s. n,s.

Significance values associated with F - ratios (d.f. = 1,75),
A total of 36% of the cumulative variance was explained.

The results exhibited in Tables 1.39 - 1.43 indicate the strength
and inter-relationship between independent variables and & dependent
variable,

Egg volume and egg length are the best predictor of chick weight.
Thus by measuring an ege's length, breadth and volume, the weight of
a chick (batched from measured egg) can be predicted. In this case,
77% of the cumulative variance in chick weight is explained by egg
length and volume. Other sources of variation could be the time of
chick veighing and the accuracy of the egg volume estimate. Thus,
the longest and largest eggs (volume) produce the heaviest chicks.,

The best predictor of tarsus length and bill tip to rear nares
length is egg volume, In this case, 45% and 34% of the cumulative
variance is explained.

Finally, a measurement of egg length is the best predictor of
bill tip to feathers and bill tip to front nares measurement,

If, for example, chick welght was related to potential survival,
then clearly this would be a very useful analysis in that the inference
would be that large eggs produce large chicks which have an increased
chance of survival, Unfortunately, chick weight has so far not been
found to be related to chick survival,



me ement

A total of 1001 chicks were ringed in the nest. Many of these
vere measured fully. However, as analysis of all chick measurements
would be very time consuming, I have concentrated analysis on those
chicks which hatched and were of known hatch order,

Table 1.44 The mean weight, tarsus and bill measurements
of chicks of known hatch order,

Chick variable mean S.de Snz
Weight (g) 15,61 1.32 169
Tarsus (mm) 28,08 1.38 169
Bill to
feathers (mm) 12,58 0.61 171
Bill to
rear nares (mm) 11.09 0.58 145
Bill to
front nares (mm) 9.80 0.73 14

Chicks of known order of hatching were weighed and measured,

The relationship between chick weight, tarsus and bill length was
examined to determine if a hezvy chick also had & long tarsusand bill,
This is particularly important where a biologist decides that only one
measurement shall be taken,

Table 1.45 gives the results of the Pearson's correlation
analysis examining the relationship between the different chick
variables measured,

Table 1.45 A correlation asnalysis to examine the

relationship between chick weight, tarsus

and bill measurements with each other.
(Pearson's correlation coefficients (r)).

Chick variable Weight T B/ B/rn B/fm
Weight 164 166 143 112
Tarsus (%) 0. 419% % 169 145 11
Bill to
M{g(a/f) 00337*** 003 bkl ’ us m
Bill to
rear nares (B/m) 0,297%%% Q, 260%% O, 77, %*%x 11
Bill to

front nares (B/fn) 0.315%#*% Q,2,8%*% 0,659%%% (O, 868%**
(&)



The results in Table 1,45 are slmost all highly significant.

Over the years there has been some debate as to which bill measurement

should be taken., These results, and later results on chick growth,

clearly demonstrate that the three bill measurements are all highly

correlated. Thus, for scientific purposes, it may suffice simply to

use the bill tip to front nares measurement as recommended by the

B.T.0. for measuring adults (see Chapter 4 for further discussion).

The relationship between egg laying order and egg size and egg

laying order and egg hatch order suggested that a relationship may

exist between chick size and order of hatch, This idea was tested by

relating chick measurements to order of hatch in a correlation

analysis. The effect of hatch date on chick size vas also examined,

Chick sigze in relstion to hatch order

Teble 1.46 An examinztion of the relationship

between chick measurements, hatch

order and date of hatch,

(Pearson's correlation coefficients (r)),

1984 data.
Chick variable

Weight

Tarsus

Bill to feathers
Bill to rear nares
Bill to front nares

Chick Chick

Hetch order Date of hatch (n)
n.s. -0, 203%* 169
-0, 321 %%% N.Be 169
~0.220%% =0,194 %% 171
=0,267%% =0,305%%% 145
-0,181* =0, 359 % %= 114

These results highlight some important points,

(a) As the order of hatch increases, the size of chick produced

decreases, Thus, the last chick to hatch is generally the smallest

(but see chick veight versus order of hatch);

{b) HNests hatching later in the season produce smaller chicks (note

tarsus correlation), Thesedata have to be tied in with: egg size in

relation to laying date (Chapter 2);

70

egg size in relation to laying



order and egg hatch order in relation to laying order.

In 1983 %1985, the loss of nests due to flooding prevented this
enalysis from being undertaken. In these years birds which nested early
vere forced to re-lay later in the season as a result of nest loss due
to flooding. This greatly affected other analysis concerning age versus
lxying date and egg size versus laying date (Xor full discussion see
end of this Chapter and Chapter 2),

In order to ring as many chicks as possible, nest sometimes had
to be visited more than once as the hatch vagftgynchranous. This
alloved some data to be gathered on the length of time chicks remained
in the nest,

Table 1,47 The length of time chick (s) remained
in nest after hatching,

Time a single chick Frequency observed
spent in nest (hrs) 1983 1984 1985 1983-1985
0-04.00 - 6 3 9
04.01-08,00 13 23 15 51
08,01-12.00 2 6 - 8
12,01-16.00 - 3 2 5
16,01-20,00 2 12 7 21
20, 01-24.00 5 3 - - 8
24.01-28,00 - - 2 2
Mean stay in nest, 10.95 10.20 10,25 10.21
s.de 7.03 5.90 6.76 6.35
(n) 22 53 29 104

The results in Table 1l.47 demonsirate a bimodal frequency.
Peak 1 indicates that 57.7)of chicks have remained in the nest for no
more then 8 hours., In contrast, 29.8% of chicks stayed in the nest for
a period greater than 16 hours. For exceptions and possible interpretation
see discussion at the end of this Chapter,



Brood attendance

A large amount of the data gathered in this section are subjective
and may be open to misinterpretation, MWithout individually marked
birds or kmown birds (some could be identified by voice, behaviour
and plumage), it was not always possible to determine if a brood vas
attended on successive days by the same parent.

At 84% of nests visited at the time of hatch, two adults were
present; in the remaining 16% only one adult appeared to be present.
This may be due to the fact that one partner was away feeding,
Hovever, under normal circumstances, a second bird would normally
appear wvithin a short time in response to the alarm calls of its mate,

Once the chicks have left the nest they are more difficult to
locate., Additionally, unless one adult is marked in some way, it is
impossible to know its sex as it stands guard over the brood,

Broods out of the nest were subject to many hours observation,

If the chicks were caught they could be aged, by counting to the
original dete of ringing in nest or, when unringed, by calculation
using & regression formula constructed from chicks of known age for
various measurements,

If the number of adults could be accurately determined, then
this was related to the brood age. During the 3-years of study we have
never found a brood splitting up. In 1983 a brood was found which
appeared to consist of chicks of three separate ages. These were

being guarded by two adults, For further details see Discussion,
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Table 1.48 Brood care in Redghank. The number
of broods of known age being

guarded by two adults,

Brood age (days) Frequency observed
1-5 11
6-10
11-15
16-20
21=-25
26-30

= 0N~

Table 1.49 The number of broods of known age
being guarded by a single adult,

Brood age (days) Frequency observed
1-5 7
6-10 g
11-15 3
16-20 9
21-25 21
26-30 4

Tables 1,48 and 1.49 demons trate several points.

(a) Young chicks are normally tended by two adults but on occassion
young chicks may be found to have only a single adult in attendance,
(b) Once the brood has reached 20 days then the tendency is that only
one bird will be responsible for guarding duties.

In the broods aged more than 26 days there is a slightly lower
figure than expected. This can best be explained by the fact that
fledging takes place at ¢ 27 days,

Once the broodhas fledged, it is very difficult to ascertain if
4t is still being guarded by parent (s). On tuwo occasions fledged

chicks vere being guarded by one and two adults.

73



By this stage in the breeding cycle, the bond between parent and
offspring is very much weakened. In the most extreme situation
parents actually desert their chicks for lengthy periods of time,
Even vhen the chicks are relatively small (10-15 days), adults will
disappear into neighbouring ditches for short periods of time,
presumably to feed,

Eledging period
This is designated here as the length of time between hatching

and first rudimentary flight. Few exact periods have been determined.
Known fledging periods (ndsag).

* r o+ ¥ Ffc *
¢ 25, 26.5 28, 28, 28, c28

* = could flutter/fly

F = Fully fledged
+ = flew when released
F/c = Fledged chick captured

Both chicks known to have flown on 28th day could do so well; one was
seen to fly 70 metres before running to hide.

These are positive results. On the negative side, we have been
able to prove that birds could not fly at a given age,
Age at which voung Redshank A got FIv (in daws),
24, 2L, 2L, 24,715, 25, 25.25, 25.25, 25.25, ¢ 26, 27, ¢ 28

Prom the above resulis it can be concluded that fledging period
varies betveen individuals. Interestingly, two of the fledging periods
of 28 days were siblings.

In contrast to the kmown periods, the second set of results
clearly indicate that chicks of 24-25 days of age are not capable
of flight., The chick estimated at 28 days of age had the longest wing
and greatest degree of feather development of all chicks caught, It
could be that this chick had not been forced to try to fly. Presumably
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first flight is stimulated in some manner (see Discussion).

dgi uce

This is most difficult to calculate as there are several

problems involved:
(a) When searching for chicks it is difficult to know if all chicks
in a brood have been found, An obvious aid is knowing how many chicks
have left a given nest, Once the brood has been identified then the
original number of chicks present is known.
(b) To calculate an overall fledging success one must know how many
broods survive to fledging and vhat percentage of chicks within these
broods actuslly fledge. The main problem is that broods can move,
fledge, or all die off. It is sometimes impossible to know what has

happened unless a brood has been followed closely.

Table 1.50 An estimation of fledging success

frox broods which were followed closely,

Total
No. fledged 1211111111111 21 17

No. inbrood 4 4 3 3 3 4 4 3 4 3 4 4 2 4L 4 53
(1eft nest)

Thus, a total of 17 chicks fledged from 53 chicks ringed in the
nest,

In the above Table fledging success (minimum) is estimated at
32,14, In the above broods the fledging success would have been
greater if some chicks fledged but were not seen/caught. The overall
fledging success is, I think, wuch lower as many broods simply died
and disappeared within the first few days of their life,

A second calculation may be made using all those Redshank which
have fledged and returned to breed in their first year. In this

case 13 chicks bave returned to breed from a total of 43 chicks ringed
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in the nest (30.2%). This figure compares favourablﬂ with the
field estimate of 32%. But this is the end result of & pre-fledging
and post-fledging period of mortality. If 13 chicks have returned,
at least 13 chicks must have fledged. If overwinter mortality
(1st winter) is 55% (Cramp & Simmons 1983), then clearly a large
nunber of fledgings must have existed to result in the final figure
of 13 returned to breed (all years),

1%% x total fledged = total survived to breed in 1st year (13)

Total fledged ; %% = 28,8 fledglings.,

Thus, 28.8 Redshank must have fledged from a total of 43 chicks ringed

in nests of known clutch size (70% or 2.814 fledged chicks per pair)

If one considers that more than 13 may have survived, but were
either not on the study area or were not caught, then clearly the
estimzted number fledging would be even greater,

An analysis based on exactly the same principle has been carried

out in the data gathered over the period of tais study (1983-1986)

Table 1.51 Estimated fledging success of Redshank
assuming that only 45% of those birds
fledged actually survive to 1 year old.

Ringed: 1983 1984 1985
Returned: 1984 1985 1986
No, returned
as lst years 4 3 1
No. in brood
fledged from.
(nest of known 13 1 4
clutch sizeL
Estimated total
nggs.d' 8.8 6.6 2.2
Estimated fledging
67.7 60 55

success
Note: * assuming a 45% lst vinter survival (Cramp & Simmons 1983)




Here, estimated fledging success ranges from 55-68%. In at
least two cases extra birds from the above broods are known to have
returned to breed in their second year. It seems highly likely that
others have gone uncaught whilst others have returned to breed off the
study area.

This is a theoretical estimate of fledging success based on the
number of chicks which are knewn to have fledged and an estimated
overwintering lst year mortality of 55% (Cramp & Simmons 1983), If
this mortality figure is an overestimate then so will be the estimate
of fledging success.,

In three years of study no more than two broods were ever thought
to have fledged more than 1 chick. On one occasion, in 1985, a brood
was located off the plot from which three weakly flying chicks flew.
However, there was no way of knowing if these were all part of one brood,

Generally, in broods of known origin, no pair ever fledged more
than two chicks and the majority fledged only one. Many broods of
unknown origin and therefore unknown initial brood size, were followed
in some detail. In 29 cases only one chick was found, even though
brood ditches were searched extensively, even after first capture. In
many of these cases the same chick was subsequently re-captured more
than once, which suggests that it was the only one present. In one
such brood a single chick was captured eleven times. Initially broods
of 2 and 3 chicks are frequently encounteréd, but in older broods one
chick is most comnon,

These figures suggest (quite strongly) that fledging success is
probably very low. However, these figures are all for broods fledging
at least one chick. When unsuccessful broods are ggcounted for the
overall fledging success clearly may be markedly lower., For further
detells on fledging success and pre-fledging survival see Chapter 5,
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No quantitative data were gathered on feeding and brood
movements. The quality of different feeding areas could only
be determined by large scale invertebrate sampling. The few data
gathered on brood movementis are integrated into the Discussion as

these are too few and rather anecdotal to warrant inclusion here,



DISCUSSION

In Chapter 1, arrival, courtship and nesting preliminaries
are discussed in a very short space. No single 3-year study could
possibly concentrate on all topies of breeding biology because the
demands would be too great. The main body of this research involved
studying the breeding biology of.Redahank from egg laying to chick
fledging.

For good reviews of Redshank wintering, distribution and taxonomy
see Hale (1971, 1973). Yor a full account of Redshank courtship see
Asheroft (1978) end Hale & Ashcroft (1982, 1983)., Meeding behaviour
(mainly on wintering grounds) has been studied by Goss-Custard
(19¢9, 1976, 1977, 1978/1979). A detailed description of food items
taken by Redshank may be found in Glutz (1977) and in Yremp & Simmons
(1983).

This discussion concentrates on those aspects of Chapter 1
demanding elaboration and clarification,

Laving season

The laying season of Redshank on Banks Marsh is protracted well
beyond the length of season found in inland breeders. In meadowland
neighbouring the study area eggs could only be found between late April
and early June, On the study area eggs were found well into July,

In individual areas within the study area laying is apparently
synchronous, with small groups all laying at the same time, Presumably
social stimulation, and local variation in vegetation cover and soil
saturation is involved here. These two factors vary locally. The
length of the grass varies in accordaqce vith the regularity of tidal
1nundnﬁicn. The higher areas (channel edges) are flooded less regularly

and, as a consequence, grasses begin to grow here first. In addition
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there are different levels of winter grazing by wildfowl in different
areas of the green marsh., Thus, at the start of the season,
vegetation (nest cover) is more advanced in some aress than others.
In a similar context environmental temperature may also be important,
For the effect of rainfall on laying date see Yates (unpubl, 1982).

Within any one season there is a relationship between timing of
spring tides and timing of laying. It also appears that a relationship
may exist between vinter/upmg body condition and timing of laying.

In this case temperature would be the most important factor., At low

air temperatures Redshank food is less available (Goss-Custard 1969) and
subsequently they feed less efficiently, Under such circumstances
(notably extreme winters such as 1984-85) mortality may be increased

and many birds may arrive back on the breeding grounds late, Low
environmental temperatures would also slow up the rate of vegetation
growth, Thus, after a cold spring birds may arrive back late and find
the breeding grounds in poor condition. This may be an explenation

for the slow start to the 1985 breeding season,

The results also indicate that older more experienced birds tend
to nest earlier than the less experienced 'unrings'. Although there
are obvious exceptions and confusion effects (see P29), age does
partly determine timing of laying. For the effects of ¢limate on
laying dates see Yates (unpubl. thesis 1982). A similer age effect
on laying has been found in this and other species by Gratto et al
(1983), Grosskopf (1959, 1963), Oring and Lank (1982), Soikkeli (1967),
Thowpson et _al (1986), Tuck(1972); but also see Parr (1980). In
studies of Kittivake and Arctic Tern, Coulson (1966) and Coulson &
Horobin (1976) found similer trends. The confusion effect mentioned
earlier arises vhen the saltmarsh is extensively flooded and many



clutches lost, Resulting re-lays are laid at a time when many birds
are laying their first clutches (see Laying seasons, 1983 and 1985).
Initially it vas felt that the second pesk in laying activity was
entirely due to replacements, with birds woving in from other areas.
Data for 1984 indicate that a second wave of laying occurs, as usual,
despite the lack of tidal flooding all over.

Many other factors determine timing of laying. For special revievs
see Green, Greenwood & Lloyd (1977), Miller (1983a),Perrins (1970),
Pienkowski (1984b),and Daisanen (1977). Some Redshank are
physiologically capable of breeding at under 1 year. Redshank fledging
in late July probably are not capable of breeding until later in the
following season. Therefore, in any one season, some first years
breed early, whilst others (majority) breed later. Some Redshank do
not begin to breed until their second or third year, although they may
be present on the breeding grounds, In these cases genetic factors
may be involved; but see Parr (1979, 1980) for the limiting of
nesting by lack of suitable breeding areas.
Egg laving

The leying times, though apparently exhibiting a normal
distribution curve, are in fact an artefact of the normal field day.,
Had intense obmervation been carried out throughout the night and early
morning, then almost certainly frequency of laying times would have been
more even,

Laying intervals appear to be similar to those found by
Grosskopf (19584 ), However, the longer intervals which were not
recorded by Grosskopf (1958.,1963) are of particular interest. The
longer intervals were produced by very old (10-12 years) and young
(1 year) birds suggesting that these birds were in some way stressed.

Unfortunately, no effort was made to relate an individual's egg quality
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and body contition to feeding quality/efficiency and arrivel times,
The shorter laying intervals indicate that in some birds, at least,
egg laying does not present much of a problem,

Clutch

The mean clutch sizes recorded between 1983-85 are smaller than
those recorded by Grosskopf (1958a)and Cramp & Simmons (1983)., This
difference is almost certainly because I have included unincubated
clutches of 1 and 2 eggs. The small (unincubated) clutches may
represent efforts of young birds nesting for the first time. Such
clutches were apparently not found by Grosskopf (1958e,1963), The
nest finding effort in this study was exhaustive and consequently many
nests were found at the laying stage. In these cases, clutch size vas
recorded before eggs began to disappear as a result of breaksge and
and predation., In Grosskopf's study, searching may have been less
intensive, resulting in fewer single egg clutches being found.

Several clutches received extra eggs after incubation had begun
(up to 11 days after). These were apparently laid by 'foreign' females
and as a result of laying time these eggs did not hatch. In other nests
different looking eggs (both pattern and shape) appeared at the laying
stage. However, as these clutcheé vere never of more than four eggs
it is difficult to say whether these were 'freaks' or indeed vere laid
by another female,

Tables 1.5 and 1,6 describe the egg data gathered over the three
years, The data from Table l.5 suggested that real differences may
exist in egg size in relation to laying order. This prompted the
follow-up analysis of variance and t-tests, The maximum minimum
date (Table 1.6) outline the range of measurements that vere

encountered, In terms of length, longer and shorter eggs than
previously recorded were encountered (see Cramp & Simmons 1983; Glutz 1977).



A similar trait was experienced with egg breadth.

The data portraying egg size versus laying order deserve special
attention., Firstly, the data sets from 1983 and 1985 were excluded
because of the pattern of laying and re-laying. It was felt that the
nest laying distribution in 1984 wvas undisturped by tidal rhythm and
inclement spring weather, thus this data set was selected,

Primarily, an analysis of variance test indicated that variation
was greater between eggs of different laying orders than within all
eggs of any one order, Murther comparative statistics were thus
Justified.

The results obtained clearly indicate that the breadth and
subsequent volume of the first, second and third eggs are significantly
larger than the fourth egg. Thus, fourth eggs tend to be narrower and
consequently of less volume., For a review of egg size within a clutch
see Miller (1979Q).

The 'within year' anc ‘'between year' analysis of clutch biometrics
are of particuler interest. In second clutches, laid by known females,
there was no difference between mean egg lengths, breadths and volumes
vith the first clutch (as Vaisanen et_gl 19729). A similar result was
also found when clutches of known females were compared between years.
Thus Redshank lay eggs of a similar shape and size both between and
within years, The egg colouration and patterning also remain
consistent from one clutch to the next. On several occasions females
were identified before trapping by egg recognition. Trapping these
individuals then confirmed femezle identity. For more date on female
egg patterning and shape between years see Nethersole-Thompson (1951),
Rateliffe (1980), and Baerends et al (1970).

Concerning egg sises laid by a female in consecutive years, the

result is perhaps rather surprising since an age effect on egg size
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has been discovered: see (Chapter 2) and Anderson (1951); Coulson
(1963), Coulson & Horobin (1976), Gratto gt al (1983), Kendeigh (1975),
Preston (1958), Thomas (1983) and Vaisanen et al (1973) on other species.
A review of the data set revealed that the vast majority of females
involved had previously bred. Any change in egg size probohvoccurs

over the first 1-2 years and thereafter egg size remains constant. As

a consequence, changes in egg measurements would be overshadowed by the
general constancy of the majority of clutches. As a consequence, no
change in clutch measurements were detected between and within years

for known femaies.

Incubation certainly began on some occasions prior to clutch
completion. However this is difficult to quantify as eggs may be
covered without being properly brooded (Nethersole-Thompson & Nethersole-
Thompson 197%). In those cases where incubstion coes begin, it is
beneficial that the last (fourth) egg is the smallest. This may be true
for severzl reassons:

(a) the smzllest egg should hatch quickest;

(b) a small egg represents a smaller investment loss should it be
deserted due to delayed hatching.

The latter has been observed on several occasions (but see Miller 1979q
for a brief review).

The range of variation in incubation period vas primarily due to
the degree of disturbance a particular nest experienced. This
disturbance varied with position of nest and catchability of birds,
but also with environmental conditions, number of birds incubating,
and possibly adult experience., Several areas were heavily disturbed.

As the Redshank is a 'light sitter' it follows that incubation would be
less efficient in a disturbed area. Under such conditions the air

temperature would then become more important as unincubated eggs are



then exposed to environmental conditions,.

At the species level, birds which incubate alone, as opposed to
those sharing incubation, experience a longer incubation period than
expected (see Norton 1972). It therefore follows that a broken
partnership (only one incubator) would be expected to hatch eggs after
"~ a longer period than average. In fact this was recorded with single
adults incubating and hatching eggs after incubation periods of up to
31 days,

Most Redshank are prolific egg layers, laying repeat clutches
readily. On at least one occasion a female was suspected of laying
3 clutches in one season. Birds which arrive late and begin nesting
late may be less likely to re~-lay. However, this needs testing
experimentally. In 1983-85, 36 re-lays were found which had mainly
arisen as the result of nest loss due to flooding. In 1984, a year of
no flooding, more re-lays were found. The majority of re-lays (81%)
vere produced by birds which had hatched egzgs but presumably lost
chicks soon after leaving the nest. For similar findings see Zhmud
(1983),

The speed at which the re-lay is produced and that fact that the
second clutch is not smaller in size or total volume, supports the ideas
of Oring et al (1983) and Lenk et al (1985) that laying in some waders
is not over stressful,

One particularly interesting point is that a bird deserting its
mate can form a nev partnership and produce a second clutch almost as
quickly as an established and faithful pair. In the case of Redshank
taking a new mate it is possible that there is a pool of available birds
vaiting to pair up. If a female is in breeding condition she is
presumably more receptive to the advances of another male. Secondly,
resources may be more available later in the season, alloving a female
to reach breeding condition much quicker than earlier in the season.
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Trapping and ageing

The trapping success (percentage caught from traps set) fell
from 6€% in 1983 to 51% in 1985. Generally the difference between
1985 and the other two seasons was that the Redshank showed a strong
reluctance to enter the traps. As a consequence, tiraps were set for
even longer, yet still the trapping success remained very low., One
possible explanation is that the birds were stressed in some way as a
result of conditions experienced over the winter period and as a result
of this stress many birds were in poor condition, resulting in e
weakened brooding drive. As shall be seen, the number of ‘unrings’
captured in 1985 was well down on the 1983 and 1984 totals., This may
be interpreted in terms of an increase in overwinter mortality of
younger inexperienced birds. For further details see Cramp & Simmons
(1983) for differential survival over the winter period of older and
first year birds; and Davidson&Clark (1985) for the effect of the
1984-1985 winter on wintering Redshank,

Another explanation for lowered trap success could be that young
birds sre easier to cestch than old birds. Fewer young birds were
caught in 1985, presumably because fewer survived the overwinter period,
As a consequence, there vere fewer birds in the study area which could
be considered as easy to catch. Thus it appeared thet the birds were
more difficult to catch than normal., The catchability of youmg and old
birds requires further research,

The ageing technique first discovered by Hale and published in
the B.T.0. Wader Guide (Prater, Marchant and Vuorinen 1977) is supported
and endorsed, I would add that first year birds normally have a dull
coloured base to the bill and dull coloured legs. At this stage it
could be said that consistency demands that when assessing colours some

kind of standard procedure should be adopted. The amount of feather
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abrasion 1is elso a useful ageing technique but, in the latter half of
of the season, many birds of all ages have fairly heavily abraded
primaries. Until a known young Redshank is ceught, that has not
retained at least one juvenile inner medien covert, then this should
remain as the major ageing criterion,

In 1983-85 many Redshank chicks were ringed. A small percentage
of those returned each year, along with a larger number of unringed
first year birds, The data are best from 1984-1985 as only & small
number of chicks were ringed in 1983, Approximately 14% of young birds
nesting on the study area had been ringed as chicks. The remaining
86% were unringed birds. Unringed first years may have hatched on the
study area and not been ringed. I would suggest, however, that at
least some of these unringed first years must have come from other
areas of the Ribble Marsh (see Chapter 3 for further discussion).

On average, a male Redshank is smaller than a female and a young
Redshank smaller than an older bird (see Chapter 2). For further
‘etails on Redshank measurements see Yates (Unpube. thesis 1982),

Mate choice in birds has, over the last few years, become a topic
of some considerable interest; see Bateson (1983) and Coulson & Thomas
(1983). Why do individual Redshank select purticular mates? Do
Redshank make an assessment of z possible partner's attributes such as
size, voice, breeding plumage, or do they randomly select a mate from
a pool of available birds? In a large population the problems of
management and handling the data set can be quite overwhelming end I
would therefore suggest that a study of a small population would be
more likely to indicate possible ansvers to problems of matle choice,
This study has shown (a) no mate selection taking place on the
basis of summer plumiage; and (b) a hint of selection teking place on

the basis of size (weight). The relationship which was discovered,
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albeit a tenuous one, could @ise as a result of mating times,
In other words, birds mate in early season, mid-season and late season,
If there was a relationship between female/male weight and timing of
laying (see Chapter 2), then this relationship could arise without
active selection having anything to do with it. I would therefore
state that so far active mate selection does not seem to be size or
plumage related. Active mate selection may be more likely to take
place on the basis of behavioural attributes. These are not so readily
quantified. There is, however, a relationship between male and
female age, more of which is said in Chapter 2. Previous studies
in Redshank (Grosskopf (1970), Yates (unpub. thesis 1982), and on
other waders, Soikkeli (1967), have also established such a
relationship. In Kittiwake, Coulson (1966) discovered a strong
relationship between male end female age.

In Chapter 3 site tenacity is looked at in considerable detail;

one of the major findings is that birds tend to return to their
previous nesting ground. With this in mind, and the fact that many
birds mate with birds of equal status in their first year (first time
breeders,, then the only requisite to maintain a strong relationship
between mele and female ages is that Redshank are highly mate
faithful, probably until one member fails to return or arrives back
late. Although the data are not extensive, they support the idea of
a partnership joining and remaining stable until something causes a
break-up. The effect of the previous year's nest success does have
an effect on mate fidelity in some years, This is perhaps not as
jmportant as the late and non-arrival back of former partners.

The quantitative assessment of mate fidelity is based on those
birds which were captured in consecutive years., Therefore, of 100

birds csught in 1984, and also caught in 1983, a minimum of 60%
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remained faithful and 20% took new mates, Twenty birds in 198/

and 37 birds in 1985 were of unknown pair status. The main problem

in 1985 was the large drop in catching efficiency which resulted in

a lower number of birds being caught. This apart, there is a possibility
that the lowered mate fidelity in 1985 is due to the late or non arrival
back of some of the birds after the very hard winter of 1984-5, o

As vill be seen in Chepter 3, previous years nesting success has

an effect on breeding site fidelity (see also Oring & Lank 1982;
Oring, Lank &Maxson 1983), but perhaps more surprising is the result
that nest success in one year has an effect on the following year's
mate fidelity. Factors such as mate fidelity, breeding site fidelity,
and breeding site tenacity are clearly inter-related. In those cases
vhere divorce occurs, the main causes are probably death, late or
early arrival back of one member of the pair, or movement away from

previous nesting ground due to previous failure.

Most waders studied h:ve been shown to exhibit a degree of mate
fidelity; (Holland et al 1982; Holmes 1971b; Nethersole-Thompson &
Nethersole-Thompson 1979; Parr 1980; Pienkowski 1984Q; Soikkeli 1970).
In many of these studies other factors, such as time of arrival and
previous years' nest success, were not studied.

Nest hstching

Prior to hatching the chicks are very noisy within the eggs; to
the human ear they may be heard 'clicking' (Driver 1967) and also
'peeping'. The chick calls apparently act to synchronise the hatch,
thereby increasing the hatch potential of all chicks, %hus assisting
chick survival (Nethersole-Thompson 1973; Norton 1972; Vince 1966).

A fuller account of the range and role of chick and adult calls is given
in Appendix 4 and 5.
The chipping periods (time from first signs of hatch to actual



hatch) were generally long, probably reflecting the degree of
disturbance and environmental conditions., A similar range of
chipping periods have been found in Greenshank (92,2 hours n = 19) by
Nethersole-Thompson & Nethersole-Thompson 1979). In as far as is
possible there is no evidence to suggest that chicks emerging after a
long chipping period were weakened. However, some eggs which vere
very slow in hatching were deserted by brooding adults. This occurs
less regularly in Greenshank (Nethersole-Thompson, pers comm),

The figures for nest and hatch success demonstrate the confusion
that can arise when source of data and form of calculetion are not
clearly defined.

The nest hatching success (Category A) fluctuates in accordance
with the amount of tidal flooding which occurred. In 1983 and 1985
there was much tidal flooding resulting in the loss of 36i and 1€ of
nests found respectively. The lack of flooding in 1984 (only 3% of
nests flooded) allowed for a much greater nest hatching success. The
Cavegory B, total egg hatch success, reflects exactly the ssme trend as
Category A. A brief look at Category C hatch success is interesting,
In 1985 a successful nest hatched on average more eggs than in either
1983 or 1984, Once again the egg hatch success figures for 1983 were
poorest. In conclusion, nests in 1983 were less likely to hatch and
produced fewer chicks per nest when they did hatch than other years,

A successful nest in 1985 produced on average more chicks than a
successful nest in 1984. These results clearly demonstrate the effect
of an environmental parameter (tidal invasion) on hatching success.

One interesting point is the Category C comparison of egg hatch success
in successful nests in 1984 and 1985, I would have expected hatch
success to be as high in 1984 as in 1985, However, a simple

explanation may be advanced here. In 1985 fewer first year and
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‘unrings' were captured (117 vs 60), whereas the balance of
controls (160 vs 156) was much more even, If young and inexperienced
birds are less efficient at incubation and hatching eggs, then clearly
in 198, you would expect this to be reflected by a lower hatch success,.
This idee and interpretation is supported further by data in Table 3.7
which suggest inexperienced birds are indeed less efficient as
incubators.

¥hen sll nests of known clutch, and total number of chicks hatched
from these nests are counted, then productivity per pair can be
assessed (at egg hatch level). Once again 1983 was the least successful
year with a mean of 1,15 chicks hatching from 190 nests of known clutch
and outcome. In 1984, 2.86 chicks hatched from 186 nests of known clutch
and outcome., The difference is enormous and highlights quite clearly
productivity differences at the egg hatchin. stzge.

Most wader research has made some attempt to quantify nest and
egg hatching success. Not surnprisingly, figures range widely from one
year to arother snd from one locality to enother. In Wangerooge,
Grosskopf (1960) found that in 72 nests containing 286 eggs 86% hatched.
In studies of Greenshank, Nethersole-Thompson & Nethersole-Thompson
(1979) found an overall hatch success (category B) of 76.7% This
figure varied annually from 47.8%-100%. In this study predation and
environmental conditions were the most important causes of egg/mest
mortality. The Nethersole-Thompson's study also had comperative
Category C results, with 92.2 and 91% of eggs in successful nests
hatching in two separate localities. Thus, when a nest hatches it
usually hatches with high success. Other hatch success figures for

sandpipers are sparse.
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Ecc hstch order

The data show that there is a relationship between order of laying
and hatch order, particularly for the last egg. This would su gest that
incubation frequently begine prior to clutch completion, as supported by
field observations, Under such conditions the fact that the fourth egg
is generally of small volume (see p35) is an advantage as it should
hatch quicker. Additionally, as stated earlier, where this egg is
abandoned, the loss is less than would be the case for a larger gL,

On several occasions Redshanks have abandoned eggs with embryos still
active and calling within; sometimes en individual parent will remain
behind to continue incubation. On one occasion a single chick hatched
from an egg 24 hours after the other three chicks had hatched. Eggs of
other laying order have also been abandoned when they have fazllen behind.
For more information on egg hatch order see Miller (1979q).

The data on the relationship between egg size and chick size support
the findings of many other studies. The multiple regression analysis
indicate that egg volume is the best predictor of a chick's weight and
tarsus measurement, In the case of chick weight, 77% of cumulative
variance is explained in a regression equation of egg volume and length
with chicks weight. Egg volume is therefore the best indicator of a
chick's potential size and possibly survival (this study; Davis 19753
K218s & Byrkjedal 1984; Ricklefs 1984; Thompson gt gl 1986;

Vaisanen et al 1972). However, it is very difficult to relate chick
size at hatching to fledging potential as broods are very difficult to
follow,

Several researchers, notably Galbraith (198 unpub, thesis) and
K218s & Byrkjedal (1982) have preferred to use mean chick weight in
relation to mean egg volume, because it is often difficult to know which

egg a specific chick has hatched from. I have found that an equally
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interesting relationship can be examined by relating chick size
to hatch order (see Methods). The results indicate that chick
tarsus and bill measurements. are negatively correlated with hatch
order. Thus the last to hatch (often from the fourth egg) is often
the smallest and perhaps potentially the weakest. This relationshic
is very real when one considers the variation in size and hatch order
of eggs 1-4 (see alsc Miller 1979q) Chick weight does not correlate
with hateh order due to its variable nature around the first 3 hours
after hatch (for full details see Yates, unpubl. thesis 1982). In
addition, chicks do not feed until they have left the nest, so they
are constantly using up yolk reserve (Pienkowski 1983, 198.Q;
Yates unpubl. thesis 1982).

The results showing the relationship between chick size and
date of hatch are of similar interest. In this case negative
correlations exist for all the measured parameters, except chick
tarsus. Therefore, as the season progresses, chicks hatching are
decreasing in size, except for tarsus measurement. Of all the chick
appendaqes the tarsus is the most fully develored at the time of
hotch (55-60% of adult tarsus). Tarsus size does not appear to
decrease in chicks hatching later in the season, If chicks hatched
later in the season had a smaller tarus they may be at a considerable
disadvantage. Compared with the early season when vegetation is
short and feeding plzces abundant, the demands of the latter half of
the season are greater, It is essential later in the season to have
a long tarsus to combat long grass, scarcity of wet areas for feedixg,
and increased level of predation from hungry Lesser Black-backed Guils,
Herring Gils and Kestrels feeding broods. Clearly, genetic control
of tarsus length could mean that later in the season smaller eggs do

not necessarily produce chicks with shorter legs. The reasons why
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egg size and thus chick size decrease with date of hatch (or timing
of laying) are explained fully in Chapter 2,

Considering the differences in weather conditions between all
three seasons, it is surprising that the mean length of nest stay
by chicks is so consistent. One very interesting point concerns the
range of periods spent in the nest and the number of occasions chicks
were recorded for ezch time veriod. In particular, a single factor
expleins the presence of a bimodal frequency (see Table 1.47). Those
chicks that have only spent a short period of time in the nest are
those that have hatched 3rd or 4th. If the hatch is relatively
synchronous, then the chicks hatch over a shorter period of time.

Once dry, anc conditions are suitable, the brood leaves,

Those chicks which spend a long veriod in the nest are most likely
the result of an asynchronous hatch; one or sometimes two eggs are
often well behind the others. The hatched chicks are held in the nest
whereas the late-coming chicks leave the nest almost immeciately they
are dry.

On a very few occasions, chicks were recorded leaving the nest in
the morning but were re-called to the nest in the evening. At this
stage‘there is no way of knowing if a prolonged stay or a short stay
improves or decreases a chick's chance of survival, Certainly when
weather conditions are unfavourable (very hot, cold, or wet), chicks
are held in the nest. Presumably the warmth and protection gained
outweigh the risks of chilling/overheating, Similar observations

ave been made on other species, particularly Greenshank and Dunlin
(Nethersole-Thompson & Nethersole-Thompson 1979; Soikkeli 1967).

Once the chicks have left the nest ilhey enter a phase of life

demanding much care and protection by their parents. This is also a

difficult time for the observer as broods are difficult to follow,
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demanding much patience and effort,

In the najority of cases, both adults are still attending the
nest at the time of hatching., When only one adult was in attendance
we sometimes later found the second bird at 2 second nest. Such
behaviour may have arisen as a result of a bird deserting its first nate.
However, on at least one occasion one bird was associated with two
separate mates at two nests at the same time,

We have never discovered that a brood gplit up, with some chicks
going with the male and some with the female. If this happens it

does so rarely (see Tuck on behaviour of Common Snipe Gzllinago

galiinazo 1972). On one occasion three chicks of unknown age
(estimsted as 4, 6.5 and 8.75 days old) were captured in a ditch in
close proximity to each other, with only two adults present. It is
possible that there were 3 separate broods, but on previous occasions
pairs tended not to mix. Indeed fights have been seen when pairs have
moved too close to each other. The possibility remains that one pair
had accidentally picked up a couple of chicks. Cases of chick adoption
are fairly rarely recorded; nevertheless tnere are some reliable
records of this occurring in Redshank and Dunlin (Hakansson 1978;
Hilden 1977; Thin 1942).

3rood care is variable with some pairs staying with their young
right up to fledging; in other cases a single adult carries out all crick
rearing duties. The normal would appezr to lie somewhere in betweer.
In & very few cases where it vas known, breod ottendsnte was by the msle,
the female deserting some time after tht tenth day. This is similar to
that recorded in Greenshanks (Nethersole-Thompson 1951; Nethersole-—
Thompson & Hethersole-Thompson 1979).

Some fledglings are attracted to an attendant adult, presumably

by the calls. Young birds would frequently fly in and follow an
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alarm-calling adult before flying away again. This could easily
confuse an inexperienced observer into estimating erroneous fledging
periods,

Accurate estimates of fledging success require many hours of
fieldwork and a fair amount of luck. At 25 days of age the wings are
developed and & weak flutter/run is possible. Flying takes place,
or is at least possible, from 2¢,5 days. There may be some considerable
variation, but at no stage would this variation match that found
in Lapwings (see Jackson & Jackson 1930).

Guite what stimulates a first flight is unknown. Chicks which
were czught hiding sometimes flew/fluttered on release when chased,

The largest chick caught, at 28.25 dgys, flew fully 70 metres before
running and then hiding. This cnick made no attempt to fly when
approached but preferred to hide. It would eppear thail there is a
transition period from hiding end running to flying. Presumably flying
may be incuced under certzin conditions of dangen Grosskopf (1953a,1960)
estimates fledging at 25-35 days. Other estimates of 25 days and

23 days were made by Rayfield (1943) and Robson (1953). 1In captivity,

Heinroth {1927) and von Frisch (1959) estimated fledging at 25 anc 28

deys respectively.

Fledging success

Unlike hateh success, the calculation of fledging success is
fraught with many problems, The most obvious is that following a brood
and deternining how mauy chicks survive is very difficult., The
figures for fledging success of followed brooas will always be an
underestimate because some fledglings may be missed, Horeover, in
a large population of mobile birds it is very difficult to assess
broods moving, dying, fledging; and other broods appearing as a

result of movement or birth. To assess overall fledging success,
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the number of successful broods must be calculated., This is very
difficult to achieve in & large population,

The fledging success estimated from field observations suggest
that about one-third of chicks which hatch actually fledge in
successful broods, The overzll number of broods which are successful
is unknown.

Theoreticsl calculations of fledginz success suggest that in
some successful broods fledging success may be as high as 7Ch This
figure differs widely from the more accurate field based estimate,

In the case of the theoreticzl calculation the overwinter mortality
estimate of first year birds would appear to be too high.

Good field obscrvations sugzest that normal fledging success lies
somewhere between 25-50% per successful pair. (iio brood was ever
observed at the time of fledging with more than two surviving chicks),

Finally, winter mortality would surely range widely betlween years.
In the hard winter of 1984-85, three dead Redshank, ringed on the
Ribble, were picked up within a 14~day period. In each case the cause
of death was described as starvation due to freezing of feeding grounds.
During this spell Redshank were found dead 211 along the south coast
of England and also along the French coast (Davidson & Clark 1985).

At the present time I can see no way of assessing fledging success
in a densely populated area. In those broods that are followed, a basic
calculation is possible and may be useful when certazin problems are
hizhlighted., The main problem is that only surviving broods are
followed; the broods that perish simply disappear., The answer lies
in assessing how many broods perish each day as opposed to moving,
fledging or simply being missed,

Grosskopf (1960) estimated that 56% of eggs hatched gave rise

to fledging. I would make a cautious final estimate of 20-30%
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fledging success as an overall figure, For a theoretical estimate
and further discussion see Chapter 5,
For a full comparison of the Hedshank with the closely related

Greenshank see Appendix 4.
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Chapter 2

Female age and size-related reproductive differences.

Possible breeding quality indicators

Introduction

Pioneering work by Grosskopf (1%9a,1970) on the Redshank strongly
suggested that breeding birds of different ages were nesting at
particular times of the reproductive season, Furthermore, this
study suggested that mate selection was taking place on the basis of
size, Little other cuantitative work has been done on the breeding
biology of Redshank, other than the exhaustive study of Ashcroft
(unpubl. thesis 1978), and Yates (unpubl. thesis 1982) on the
Ribble Marshes.

On the closely-related Greenshank, Nethersole-Thompson has
carried out two exhaustive studies; in Speyside (N.E. Scotland (1951)
and Sutherlsnd (N.W. Scotland) (1979). These studies have greatly
added to our basic knowledge of sandpipers and have also given an
insight into the more specific details of breeding biology. In
particular the effect of age on laying data, both within and between
seasons, have been highlighted. Recent analysis (Thompson, Thompson,
and Nethersole-Thompson 198€) give a further insight into how members
of the population contribute to breeding effort. In particular the
analysis show that older birds nested earlier in the season, that
egg weight is related to laying time, and that climatic factors
cause between-year fluctuations in laying date. In the Redshank study,
analyses have concentrated on highlighting within-year differences,

There has been no recent study carried out on ihe Greater Yellowlegs

I. _melanoleuca and the Lesser Yellowlegs T. flavipes. The Spotted
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Redshank T, erythropus has been the subject of many years research
by Raner (see Nethersole-Thompson & Nethersole-Thompson 1986),

Stucies of other sandpipers have tended to concentrate on
accumulating general information which is also important to our
understanding of sandpiper breeding systems., Exceptions have been
the very detailed study of Spotted Sandpipers (Oring & Knudson 1972;
Oring & Lank 1982; Cring, Lank & Mexson 1983; Oring & Lank 1785),
the studv of Dunlin (Soikkeli 1967, 1970a, 1970b), and more recently
a study of Semipelmated Sandpipers (Gratto, Cooke & Morriscn 1983;
Gratto, Cooke & Morrison 1985), This last study examined the

tch success and potential reproductive success of first-year and
older birds.

Many other studies of sandpipers have examined various aspects
of breeding history, but have neglected to examine age related
effects and possible size effects in relation to potential breeding
quality.

Studies of non-shorebirds have exzmined such factors in more
detail, presumably because
{a) these birds often nest colonially, making study easier and
(b) some birds, such as gull species, may be aged accurately on the
basis of plumage differences up to several years (4 in some cases).
In Redshank, accurate ageing is only possible for first-year birdse
(see Methods).

Studies of other Charadriiformes, in particular the gulls and

terns, have isolated age-related reproductive dif ferences and have
in many ways led the field by their far-sighved approach. Many of
the questions posed are now being tackled by wader workers. However,
as suggested above, there are many very real practical problems to

T OvVercome,
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The major non-wader works, for example studies on Kittiwake
(Coulson & White 1958; 1960; Coulson i963, 1966, 1968; Coulson &
Wooler 1976; Thomas 1983) have examined age structure of population,
age-related to breeding time, age related egg-size differences and age
versus reproductive quality. Other gull studies (Davis 1975, Mills 1979)
have also examined factors affecting eg: cize. T.ese studies have
attempted to take our understanding of pcpulations and the role of
individunls a step further. Finally, studies of arctic Terns
(Coulson & Horobin 1976), Comion Terns and Roseate Terns Sterna dougalli
(Nisbet 1978) have studied age-related factors and their effect on
overall reproductive success. Other Charadriiformes studies, notably
of skuas (Furness , unpubl, 1977) have examined reproductive success
and related this to age of individuals.

At the end of this Chapter I have compared the findings of
other researchers along with my own,

This Chapter presents the results of the major part of the study
carried out over 3 breeding seasons,

The main e2ims were:

(2) tc study the effect of age on laying time, egg size (length,
breadth and volume) and reproductive quality;

(b) to relate age to individual quality (weight, size, plumage);
(¢) to study the rdle birds of different age groups play in the

population,
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Tining of laying

Results

Data on timing of layihg are presented in Figures 5, 6 and 7,
The data are shown in two classes:
(a) The number of birds (caught per 5-day period) which had bred
in previous years (controls);
(b) The number of birds (caught per 5-day period) which had not been
previously caught. These included birds ringed as chicks which were

known to be breeding for the first time, and 'unrings'.
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In 1983 and 1985 there was extensive flooding:%he study area
during the breeding season., This culminated in 36% and 167 of all
nests being lost due to tidal flood water. Reference to Figures
2b,3band 4b indicates the predicted tidal cycle for zll years. 1In
1983 the marsh was extensively flooded on three occasions; 27 April,

13 May, 14 June, In 198} the study area was heavily flooded on 15,
16 and 17 Aprily on 15 lMay some minor flooding occurred but only a
few nests were lost. In 193/ laying began after the main spring tides
of mid-.pril and ccnsequently only 3% of nests were lost due to flood
tides, In 1985 the marsh was badly flooded on 5, 6, 7 and 8 April
prior to nestinz; further extensive flooding occurred on 4, 5 and 6
May. These floods were devastating, destroying wholly or at least
partimlly‘ three~-quarters of the nests prese.t at the time. No
subsequent flooding occurred in 1985,

Figures 5, 6 and 7 demonstrate the temporal distribution of
clutch completion dates shown in Chapter 1 (Figures 2a, 3a and 4a).

In 1983 controls and 'unrings' show a bimodal frequency. The
najority of controls (62%) h:ve nested early in the season and are mainly
responsible for the first nesting wave. After the iisy flood many nests
were lost and much re-lsying subseguently occurred. The large number of
controls in the second wave may have nested first time round but were not
czught. The majority of 'unrings' (56%) were trapped from nests completed
later in the season,

The date for 198/ appear to indicate a muech clearer picture. Once
again clutches were completed mainly in the early season., However, a
number were also completed (a sizeable percenta;e of these being re-lays)
later in the season. The majoritly of birds trapped from the first wave

of nests (72%) were controls, Some 'unrings' and first years were also

caught from the firsi wave but the majority (59%) were responsible for
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nests found in the later waves., Only a small percentage (19.5%) of
controls was trapped from nests of the second and third waves,

The 1985 season exhibited an interesting pattern of dates of
cluteh completion (see Figure 4a Chapter 1). Birds trapped from
these nests showed an expected pattern. Redshank trapped from the
first wsve of nests proved mainly to be controls, However, the first
wave was much smaller than previous years (see Discussion, Chapter 1,
on timing of laying). The majority of ‘unrings' (70%) were caught from
the second wave of nests. The large number of controls caught from the
second wave (76%) represents tne large number of nesis which were found
at this stage. At the start of the season, laying began very slouly,
with many birds apparently delaying laying until later in the season.,
The overzll number of nests found and the overall number .of ‘unrings' caught
was well down on the two previous seasons, For possible reasons see
Discussion.

The 198/ seazson was least affected by tides and bad weather. It
is likely that the patiern obtained for this year represents the 'true!

picture for an undisturbed nesting season.
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Table 2.1 A Chi-square analysis to examine the relationship
between adult experience and laying dates., Birds
already ringed are considered to be experienced,
whereas unringed birds are considered
inexperienced (1983 data),

Timing of laying

Adult Nested in Nested in
status first vave subseguent waves
Experienced 90 55
Inexperienced 41 52

2

X = 6. )
(1) = 6+ p< 0.01

Table 2,2 A Chi-square analysis to examine the relationship
between adult experience and laying date,
198, data, Adult status as above

Timing of laying

Adult Nested in Nested in

status first wave subsequent waves
Experienced 124 30
Inexperienced L8 70

2
X%(1) = 43.9 p£0.001

Table 2.3 A Chi-scuare analysis to examine the relationship
betw=en adult experience end laying data.
1985 data. adult status as above

Timing of laying

Adult Nested in Nested in
status first wave subsequent wave
Experienced 35 111
Inexperienced 16 37
2

X (l) = 0.'#9 N.8e
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In 1983 and 198/ experienced breeders (controls) bred earliest.
Inexperienced (unrings) birds tended to nest slightly later in the
season. In 1985, a bird's experience did not relate to its timing
of laying. This arose because of the delayed start to the breeding
season, resulting in many older birds nesting later in the aeason.

The inexperienced birds caught may be divided into first year
birds and birds of greater than one year old. In 1984, 37.5% of
unringed birds czught from the first nesting wave were first year
birds. Twenty three percent of unringed birds caughv in the second
nesting wave were first year birds.

In 1985, the number of unringed birds czught was very much
lower than in 1983 and 1984. Of those unringed birds nesting in the
first wave, 62.5% were known to be first years. In the second nesting
vave, 40.5% of the unringed birds were first years.,

First year birds were therefore found in both the early and late
nesting waves. There is no way of knowing what percentage of unringed

birds which were not first years vere nesting for the first time.
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Correlates of Redshank Breeding Biology

At each nest found, an attempt was made to catch, measure and
age the incubating adults. An effort was also made to measure
(length and breadth) as many eggs as possible and to determine the
date of clutch completion for all nests. At any nest, where all the
above was achieved, the relations.ip between a bird, its eggs, and its
date of clutch completion could be examined, By dealin. with the dzta
set as a whole, it was hoped to build up a general picture of breeding
variables witnin the population. The following analysis therefore
concentrates on groups of birds rather than individuals,

The statistical anzlysis of the breeding data was carried out
on the statistical Package for Social Sciences (Nie et al 1975).
Analysis were mainly by Pearson's correlation and multiple regression
analysis to examine the relationship between dependent and independent
veriables.

These analysis thersfore deteruined both the strength and

direction of relationships where they existed.

110



Table 2.4 A

correlation analysis of female size

psiraneters.

Pearson's correlation coefficients (r).

(a) Year 1983

Variables ige weight wing tarsus bill
Fenale age
Femzle weight (125)
n.S.
wing (125) (124)
0.212* [0.172
B.Se
tarsus (125) (124) (125)
n.s. JO4L4%*% 10,147
n.s.
Bill to feathers (124) (124) (124) (124)
D.Se 0.202% 0.227% 0, 384 %
(b) Year 1984
Variables Age weight wing tarsus bill
Penzle age
weight (138)
NeSe
wing (138) | (138)
0,230%* | 0,263%*
tarsus (132) | (138) (138)
- n.se | 0.174% n.s.
Bill to feathers (137) (137) (137) (137)
N.Se 0.290%% 0.119 0.303%%%
Ile Se
(¢) Yezr 1985
Variebles Age weight ving tarsus bill
Female age
weight (106)
G.190
NeSe
wing (107) (106)
0.194% ]| 0.245*%
tarsus (107) (106) (107)
n.S. 0, 482% %% n.s.
Bill to feathers (99) (98) (99) (99)
n.Se 0.2833#% 0.224*% 0.286%*




The tabulated results indicate that wing length is the best
predictor of female zge., Not surprisingly, femazle age does not
correlate with her weight, possibly because weight tends to fluctuate
so much over a short period of time. One femesle has been recorded
losing 22 gms within 2 days.

Once the relationship botween female age and size had been
examined, the relationship between {emale parameters and date of
clutch completion, ezg size and reproductive success was examined,
The results are displayed in a series of Tables indicating both

the strength and direction of relationships where they existed,
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In all three years of this study, male age vas found to be
significantly and positively correlated with female age. Thus male
and female Redshank tended to be maled with birds of similar age to
their own. This relationship may be explained by the fact that
surviving Redshank generally remain mate faithful and that the life
expectancy of male and female Redshank is the same (Yates, unpub.,
thesis 1982), Most surviving Redshank that return therefore mate
for life,

There was also a significant and positive relationship between
female aze and mean egg volume in all years, In 1983 and 198, female
wing length and weight also correlated positively with mean egg volume
as well zs with mean egg length. Thus, older, larger females tended
to produce longer and larger (volume) eggs in 1983 and 1984, In all
years, older females were found to produce eggs of greater volume,

Older birds are more experlenced and are therefore probably
better zble to obtain the necesszry food required at the pre-egg
laying stagee

In 1983 and 1985, no relationship was found between date of clutch
completion and female age. In 1984 there was a negative and significant
correlation between female age and date of cluteh completion. Thus, in-
1984, older females tended to nest earlier than did younger birds.

The data obtained in 1983 and 1985 have been affected by the tidal
patterns which brought about the destruction of many nests in the early
half of the season. Much relaying occurred as a result of these tides;
many birds which had nested, but were uncaught prior to flooding,
‘therefore appeared to be nesting for the first time. This was a
confusing factor which clouded the true relationship which may have

existed between female age and date of clutch completion, Additionelly,
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in 1984, there was a significant negative correlation found
between date of clutch completion and femzle weight. Thus, the early
nesting females were heavier than the late nesting females,

Finally, these anelysis tentatively suggest that a relationship
may exist between female age and the number of eggs hatched. Such &
relationship could exist if young birds were less attentive or less

efficient incubators tian older birds.

Table 2.8 Relationship between date of clutch completion,
male age end egg neasurements with each other,
1983 dcta,
Pearson's correlation coefficients (r),

Date  T.c.v.  M.e.l. M.e.b, M.e.v. Male Eggs Eggs

C.Co age nstched laid

Date of
clutch
conpletion
Total (96)
clutch 0,264 %%
volume
Mean egg (101) (97)
length 0.,242%  Q,589%##%
(per
clutch)
lean (101) (97) (102)
egg 0.285%% (0,685%%% 0,463%*%
breadth .
Mean (101) (97) (102) (102)
egg 0.310%* 0,748%#% 0,797*#* 0,903%%%*
volume
Male age (103)“5 (84) (88) (88) (33)

=0.154 ns ns ns ns
Eggs (123) (97) (102)  (102) (102) (105)
hetched -0.133"° ns ns ns ns ns
per nest
Eggs laid  (123) (97 (102) (102) (102) (103) (128)
per nest ns 0,767%** ns 0.286*% 0,235% ng  0,491%#*
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In 1983 male age shows a negative non significant correlation
with date of clutch completion. Thus, although both older male and
female Redshank tended to nest earlier in the season, the relationship
wzs not a significant one.

The clutch volume and mean egg measurements correlated positively
and significantly with the date of clutch completion, Therefore, as
the seuson rrogressed the ezgs being laid tended to increzse in length,
breadth and volume., This relationship is difficult to interpret.,
Possibly early breeders are able to do so because they have invested
less in their clutches. In those birds which were flooded and then
relaid, the birds mzy have benefitted by investing slightly more in
their clutch second time round. The most probable explanation, however,
is that the relationship has arisen as a result of large eggs veing

laid by the older birds which relaid following nest loss in the early

part of the season,
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Table 2.9 Relationship between date of clutch completion,

male age and egg measurements with each other,

1984 data

Pearson's correlation coefficients (r)

Date T.c.v. M.e.l. M.e.b., M,e.v. Male Eggs E.gs
C.Co _age hatched 3as3
Date of
clutch
completion
Total (115)
clutch nsg
volume
Mean egg  (115)  (115)
lenzth ns 0, 509%%*
(per
clutch)
Mean (115)ge (115)  (115)
egg =0,156 0, 728%xx 0, 327%%%
breadth
Mean (117, (115)  (115)  (115)
egg -0.118 0.773*** 0.742*** 00875***
volume
Male age (129 (106) (106) o, (106) (108)
~-0.285%% ng -0.115 ns ns

Eggs (1433“5 (115) (115) (115) (117) (129)
hatched -C. 141 0.,262%# ns 0.231% 0.194% us
per nest
Eggs laid (143)  (115) (115) (115) (17 (129) . (143)
por nest  nme  0.710%%  ns 0.170" 0.104"° 0.125 = 0.263%*

The 198, results differ from the 1983 results in several

jmportant respects.,

Firstly, male age shows a significant and negative correlation

with date of clutch completion.

tended to nest earlier in the season.

Secondly, there is a weak negative relatiomship between clutch

volume and mean egg measurements with the date of clutch completion.

Thus, in 1984, older males and females

Thus, as the season progressed the eggs being laid tended to get smaller,

This is almost certainly due to the fact that the majority of older
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birds laying larger eggs were caught early in the season and the
majority of younger birds (laying smuller eggs) were caught later in

the season. The relationship is further examined in Table 2.11.

Table 2.10 Relationship between date of clutech completion,
male age and egg measurements with each other,

1985 data
Pesrson's correlation coefficients (r).

Date T.C.Ve Mee. 1. M.e.b. M.e.v, Male Eas Eggs
C.Ce _ axe hatched lzid

Date of
clutch
completion

Total (59)
clutch ns
volume

Mean egg  (59) (63) s
length ns 0.201
per clutch

Mean (59) (63) (63)
egg ns 0,415%%#% (0, 325%%

breadth

Mean (59) (63) (63) (63)
egs ns 0.408%#% (O, 72 %% 0.886% %%

volume

Male age (95) (36) (36) (36), (36)
—_— 0.234 " . ns

ns ns ns
Eggs (133)  (63) (63) (63) (63),, (104)
hatched  0,510%%* 0,189 0.181">  ns  0.199"  ns
per nest
Eggs laid  (133) (63) (63) (63) (63) (104)  (144)
per nest ns 0,951##* ns ns ns ns 0.190%

In 1985 no relationship was found between male age and date of
clutch completion (as was the case for female age and date of clutch
completion). Therefore, older birds do not appear to have nested
significantly earlier tham younger birds,

Additionally, no relationship was found between date of clutch
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completion znd egg and clutch size. This is almost certainly
because m:le and in particular female age was not found to be
relzted to clutch completion date. The very unusual laying pattern
observed in the 1985 secson is discussed at the end of this Chapter.

The relationship between egg mezsurements and date of clutch
completion was further investigated, using the duta set from 1984,
In 198; the laying pattern wus not affected by inclement weather or
the tidsl cycle. The resultant egg laying pattern was considered to
be the normzl l=ying pattern under optimal conditions,

The anelysis displayed in Table 2.11 was carried out on
clutches where the specific egg laying order was known.

The effect of female age and date of clutch completion on egg size,
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Table 2.11

The relationship between female age and

date of clutch completion with ezg

biometrics., 1984 data

Pearson's correlation coefficients (r)

Female age (1-3) Date of clutch completion (n)
(dzys from 31 March)
Length 0,305%% -0,035"¢°
Zgg 1 Breadth 0, 361%#% ~0.154"% 78
Volume 0, 4083ttt -0,069"8
Length 0.321 %% -0.067"%
T3z 2 Breadth 0.252% -0.157"8 78
Volume 0, 338%* -0.149"°
Length 0.257# -0.1417%
Egg 3 Breadth 0.339%% -0,209"8 78
Voume C.371%%%. -0.214"®
Length 0.157%° -0.072"%
Ezg 4 Breadth 0,377 ~0.295%x 77
Volume 0.331%% -0,223%
Date of
clutch
completion [-0,361%% 78
Note: Females aged 3 years or more were designated as being 3 years
oide It wes hoped that this would highlight any age-related
differences occuring in the first 3 years of life.

The results of the analysis highlight three points,
the correlation coefficient between female age and date of clutch
comrletion has been increzsed by grouping birds of 3 years breeding

experience or more together,

season than do younger birds.

Firstly,

Thus, older females breed earlier in the

Secondly, female age correlates positively and significantly with

egg messurenments,

young birds.

Therefore, older females lay larger eggs than do



Finally, the relationship between egg size and date of clutch
completion is examined in more detail. As the date of clutch completion
increases, eggs tend to decrease in size (length, breadth and volume).
The correlation coeflicients are not significant, except for the
fourth egg. Therefors, as the season progresses, fourth eggs
signi{icantly decreazse in size.

A series of stepwise multiple regression analyses was carried
out using the S.P.S.5. package to determine the stirength and direction
of relationship between one dependent variable and a series of

independent variables (Nie et al 1975).

Tables 2.12 and 2.13 examine the relationship between femzle
weight znd wing length with a series of female variables.

Table 2.1, examines non-climatic factors which have an effect on
timing of laying. In this instance the indepencent variables were
male and female age anu female size. The analysis was carried out
to determine which of these (if any) could be used as a predictor of
an individuals timing of laring. I have excluded the effects of
climate because I am particularly interested in timing of luying
withir 2 year (thus 211 birds present on the breeding area experienced
the same weather conditions). If I were examiniﬁg the timing of la ing
betwsen yezrs then climatic factors would have to be included,

Finz1lly, a series of nuliiple regressions vere conducted to
determine wazt aspects of females age, size or timing of laying best
predicted her egg and clutch size (total volume). These results are
shown in Tszbles 2.15-2.18.

11 results are discussed fully in the Piscussion at the end of
this chzpter. As in Chapter 1 (Tables 1.39-1.43) F-vzlues cre printed

with significance values attached, Beta values not included in the
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results had associated F-values which were not significant. All

data are shown separately for each year of study,

Table 2,12 _Beta values and F-ratios for the relationship
between female weight with age and other
femzle parameters neasured,

(a) 1983
Dependent Independent variables
variable

Female

age wing Tarsus billl
Female Beta - - 0.356 -
_weight o ns ns 11, 5%% ns

Significance values associated with F-ratios (d.f.1,79)
A total of 39% of the cumulative variance was explained

(b) 1984 _
Dependent Independent variables
variabnle
Female wing Tarsus biIll
age
Female Beta - 0.251 - C.277
weight o ns T,2%% ns 8, B¥i##

Significance values associated with F-rztios (d4.f., 2,98)
A total of 40% of the cumulative variance was explained

(e) 1985
Dependent Independent variables
variable
Fenale ving Tarsus bill1
age
Female Beta - 0.399 Ce543 -
weight r ns T 5%% 13,9%#% ns

Significance values associated with F-ratios (d.f. 2,23)
A total of 75% of the cumulative viriance was explained
Note: billl = bill tip to feathers length

The results shown in Tables 2.12 (a-c) are not consistent between
years. In 1983 a females tarsus measurement was the best predictor of

her weight. In 1984 wing length and bill tip to feathers length was the
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best predictor of her weight. In 1984 wing length and bill tip

to feathers length was the best predictor of female weight. Finally,
in the last year of study, the best predictor of female weight was
found to be female wing and tarsus length,

Weight fluctuates in females both within and between days. The
fluctuating nature of the dependent variable probably best explains
why no clezr predictive measurement was found to exist,

Table 2.13 _Beta values and F-ratios for the relztionship

between female wing measurements and femzle
age, and other female parameters measured,

(a) 1983 .

Dependent Independent variables

variable 1
Female weight Tarsus bill
age

Female Beta 0.284 - - 0.250

ving p YA ns ns 5,7%%

Significance values associated with F-ratios (d.f. 2,78)
A total of 42% of the cumulative variance was explained

(b) 1984

Depend errt Independent variables

variable 1
Female weight Tarsus bill
zge

Femzle Beta 0,270 0.290 - -

win r 8,5t g, Qi ns ns

Significance values associated with F-ratios (d.f. 2,98)
A total of 40% of the cumulative variance was explained

(c) 1985 _

Dependrent Independent variables

yariable Female weight Tarsus bil]_l
zge

Female Beta 0. 544 - - -

Ming oy 10,1 4% ns ns ns

Significance values association with P-ratios (d.f. 1,24)
A total of 60% of the cumulative variance was explalned

In all years (1983-85) female age was a good predictor of wing
length. Thus wing length is in part depend eat on female age.

Therefore, as a female gets older her wing length increases. In
123



198 Table (2.13b) female weight vas also a good predictor of female
wing length., Almost certainly this relationship has arisen because
young birds have shorter wings due to the degree of feather abrasion
experienced (see Discussion).

One cculd infer that age could perhaps be predicted from wing

length., For obvious reasons this was not tested.

Multiple analysis to determine the dependency of date

of clutch completion on male and female parameters.

Table 2.14 Beta values and F-ratios for the relstionship
vetween date of clutch completion with
female age and size and m-le age

(a) 1983
Dependnt Independent variables
variable
Female weight wing tarsus bill Hale
age ) age
Date of Beta - - - - - -
clutch
conpletion F ns ns ns ns ns ns
(b) 1984
Dependent Independent wvarisbles
varisble
Female weight wing tarsus bill male
age age
clutch "
completion ns 4.0 na 4e1? ns 5.8*

Significance values associated with F-ratios (d.f. 3,97)
A total of 35% of the cumulative variance was explained

(c)_1985
Depend ent Independent variables
variable

Female weight wing tarsus bill male
age age

Date of Beta - - - - - -
clutch

. ns ns ns ns
completion ns .ns
————————

" The results of the regression analysis shown in Tables 2.1 (a-c)

are very interesting.
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In 1983 and 1985 no independent variables were significantly
related to date of clutch completion. These results are as discovered
in the Pearson's correlation analysis. I would suggest that the main
reason for & lack of relationship between independent and dependent
variables was the flooding of the study area which resulted in
substantial nest losses., Nests lost were replaced, thus giving the
jmpression that many birds completed their clutches much later in the
season than actuslly was so (see Discussion),

In 1984, male ace was the best predictor of a pairs date of
clutch completion. The older the male the earlier the laying began.
Interestingly, female age did not significantly relate to a pairs
timing of breeding. Had female age been grouped (as in Table 2.11)
then it is possible that this too would have related negatively to
a pairs date of clutch completion. The 1984 data also indicated that

heavier females laid earlier than lighter females,
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Egg and clutch variables

Table 2.15 pB.values and F-ratios for the relationship
between total clutch volume and female age,
measurements and date of clutch completion,

(a) 1983
Dependent Independent variables
variable
Female weight wing tarsus bill date of
age clutch
completion,
Total Beta - - 0.391 - - 0.301
clutch ns ns 15,6%%% ng ns  9.2%%x
volume

Significance values associated with F-ratios (d.f. 2,78)
A total of 54% of the cumulative variance was explained

(b) 1984
Dependent Indpendent variables
" variable
Female weight wing tarsus bill date of
age clutch
completion
Total Beta - - 0.228 = - -
cluich F ns ns S5e4% ns ns ns
volume

Significance values associated with P-ratios (d.f. 1,99)
A total of 33% of the cumulative variance was explained

(c) 1985 .
Dependent Inoependent variables
variable
Female weight wing tarsus bill date of
age clutch
completion
Totel Beta  0.480 - - - - -
clutch *
volume F 7.2 ns ns ns ns ns

Significance values associated with F-ratios (d.f. 1.24)
A total of 57% of the cumulative variance was explained

Kote: In 1985 the number of egis measured was very much
smaller than in the first two years, Of those eggs
that were measured, the majority were from the first
half of the season.
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The results shown in Table 2.15 (a-c) are inconsistent between
years. In 1983 female wing length and date of clutch completion were
the best predictors of a females final total clutch volume. In 1984
female wing length was the best predictor of clutch volume, In 1985
fewer clut?hes wvere measured. In this year female age was found to be
the best predictor of total clutch volume., Thus, older females produced

clutches of largest total volume.
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Table 2.16 B values and F-ratios for the relationship
petween mean egg length and female age,
neasurements and date of clutch completion,

(a) 1983
Dependent Indpendent variables
variable
Female weight wing tarsus bill date of
age clutch
completion
llean egg Beta 0.167 0.248 0.307 - - 0,267
length 2.7%  6,3%%% 8 g¥sx ng ns  7.6%kx

Significance values associated with F-ratios (d.f. 4,76)
A total of 56% of the cumulative variance was explained

(b) 1984
Dependent Independent variables
variable
Female weight wing tarsus bill date of
age clutch
completion
Mean egg Beta - 0,320 - - - -
length F ns 11,3%# ns ns ns ns

Significance values associated with F-ratios (d.f, 1,99)
A total of 41% of the cumulative variance was explained

(e¢) 1985
Dependent Independent variables
varizble
Female weight wing tarsus bill date of
age . clutch
completion
Mean egg Beta 0.419 - - - 0. 462 -
length F 7.4%* ns ns ns 9.1va ns

Significance values associated with F-ratios (d.f. 2,23)
A total of 778 of the cumulative variance was expleined,

Table 2.16 (a-c) examines the dependance of mean egg length on
female age, size and date of clutich completion. In 1983 mean egg
length was dependnt on femele wing length, date of clutch completion,

female weight and female age. Thus older heavier long winged females
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laying later in the season produced eggs of largest mean egg length,

age,

In 198, heavier females produced eggs of larger mean egg length,

In 1985 mean egg length was dependent on bill length and female

Table 2,17 PB.values and F-ratios for the relationship
between mean egg breadth and female age,
measurements and date of clutch completion,

(a) 1963
Depend ent Independent variables
varizble
Female weight wing tarsus bill date of
age clutch
completion
Mesn egg Beta - 0.177 0.236 - - 0.340
breadth F ns 2.9%  5,2%& pg ns 11,0%%#*

Significance values associated with F-ratios (d.f. 3,77)
A total of 47% of the cumulative variance was explained

{b) 1984
Dependent Irdependent variab
variable
Female weight wing tarsus bill date of
age clutch
completion
breadth F 5, 8% ns ns ns ns  ns

Significance values associated with F-ratios (d.f. 1,99)
A total of 33% of the cumulative varirnce was explained

(e) 1985
Dependent Independent variables
variable
Female weight wing tarsus ©bill date of
age clutch
completion
Mean egg Beta 0.459 - - - - -
breadth F YA ns ns ns ns ns

Significance values associated with F-ratios (d.f. 1,24)
A total of 50% of the cumulative variance was explained.

In 1983 (Table 2.17a) mean egg breadth was found to be dependent on

date of clutch completion, female wing length and female weight, Thus
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the eggs of greatest mean breadth were produced by long winged
heavy females which completed their clutches later in the year,

In 198, and 1985 the oldest females produced eggs of largest mean
egg breadth., In both these years no other independent variables were
found to be related to mean egg breadth.

Table 2.18 B.values and F-ratios for the relstionship

between mean ege volume ana female age,
neasurenents and date of clutch completion,

(a) 1983
Dependent Independent variables
variagle
Female weight wing tarsus bill date of
age clutch
completion
Mean egg Beta 0.173 0.254 0.269 - - 0.3€0
volume F 3.1%  7.0%%% 7 1%#% pg ns 14, L%#%

Significance values associated with F-ratios (d.f. 4y76)
A total of 57% of the cumulative variance was explaned,,

(b) 1984
Dependent Independent variables
variable
Female weight wing tarsus bill date of
age clutch
completion
Mean egz Beta 0.249 0,211 - - - -
volume F 6.8%% [ Q¥# ns ns ns ns

Significance values associated with F-ratios (d.f. 2,98)
A total of33% of the cumulative variance was explained,

(c) 1985
Depencent Independent variables
variable
Female veight wing tarsus bill date of
age clutch
__completion
Mean egs Beta 0.441 - - - 0.337 -
volume F 6,7 ns ns ns 3.9% ns

Signifiance values associated with F-ratios (d.f. 2,23)
A total of 64% of the cumulative variance was explained,
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Results tabulated in 2.18 (a-c) examine the relationship between
mean egg volume and female age, size anc date of clutch completion.

In 1983 the oldest, heaviest, long winged females, which laid
later in the season, produced eggs of the largest mean egg volume,

In 198/ the oldest, heaviest females produced the eggs of greatest
v:1lume.

Finally, in 1985, the oldest females with the longest bill produced
the eggs of largest mean volume. Thus in all years the eggs of greatest
mean volume were produced by the older birds. These results are as

outlined in the bivarizte regression analysis,
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DISCUSSION

The data exhibited in Figures 5, 6 and 7 outline the temporal
distribution of nesting times of experienced and inexperienced birds
(controls and unrings). Firstly, there is a bimodal frequency of the
nunber of birds caught over the whole season., Secondly, in each year
the number of control birds outnumber 'unrings' and ringed first year
birds. Finally, the effects of the tides, described in Chapter 1 and
in the results section of this Chapter, show how laying time is
related to tidal cycle.

In 1984 tidal flooding was minimal (peak tide 9.6 m on 15 May)
and the timing of laying for all birds was unaffected by flooding.

As a result of this and because {looding greatly altered the timing of
breeding (many nests were wholly or at least partially destroyed), the
data from 1983 and 1985 are considered to be less useful., Clearly in
1983 and 1985 the temporal breeding distribution, and consequently
timing of breeding of birds of different age groups, has been affected
b7 the loss of negts,

Before discussing the results in detwil, I should like to make one
important point. Over the three years the number of controls caught
from nests of known date of ciutch completion ranged from 145-15/ birds,
The number of ‘unrings' caught from nests of known date of clutch
completion was 90, 113 and 50 birds in years 1983, 1984 and 1985
respectively. Clearly, whilst the number of controls caught remained
constant, the number of 'unrings' caught dropped dramatically in 1985,
Teble 1.17 (Chapter 1) indicates that the total number of birds caught,
and nests found, vere also well down in 1985, Thus in 1985 recruitment
vas down, reflected in the lower mumber of birds caught and fever nests

later in the year. The reasons for this drop in recruitment and lack of
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nests in the latter part of the semson can only be guessed at. Winter
weather conditions were the worst for man; years. In particular, at its
worst, many south of England coastal sites were frozen, as were beaches
in S,W. England and even parts of the coast of France. As a result of
this, many feeding grounds were frozen and no longer suitable for
Redshanke.

Mortality for this period was very high (Davidson & Clark 1983).
It is well documented that young Redshank move further south to
overvinter than do older birds (Hale 1973; Cramp & Simmons 1983).
In those areas which are normally favoured, feeding grounds were almost
completely unsuitable. I would therefore suggest that it is likely
that young Redshank and less experienced birds would have suffered
greater mortality during this period than more experienced birds. 1In
addition to this, it is probable that raptors such as the Peregrine
Falco peregrinus would have a greatly increased energy requirement due
to the very cold conditions, Under such conditions raptors could cause
very high mortality to wintering waders (Whitfield 1985).

The drop in the number of unringed birds found nesting on the
marsh can therefore at least partially be explained in terms of an
jncrease in winter mortality brought about by a very cold spell of weather,
The more experienced birds would be less affected as they ought to be
more able to compete for limited feeding sites, It is known that some
Redshank do defend feeding territories overwinter, but whether these are
very experienced birds is not actually known (Goss-Custard 1977;
Goss-Custard et gl 1984).

Another possibility is thut some birds have chosen not to breed
in 1985, There is absolutely no evidence to support this, but it is
known that some waders, such as Dunlin, Knot Calidris canutus and

Black-tailed Godwits Limosa limosa do not breed in every year (Prater 1981),
These may be young, old or sick birds.

133



In 1983 and 1984 older experienced Redshank were more likely
to begin nesting earlier than inexperienced birds. Ixperienced birds
generally arrive back on the breeding grounds first and mate first.
Young birds tend to arrive on the breeding ground later in the season
and heve to seek out a mate. In the case of older birds which remain
faithful, presumzbly breeding cen begin slightly earlier as both birds
have experience of each other and of their breeding ground. For
similar findings in other species see Ashkenazie & Safriel 1979b;
Gratto et al 1985; Hilden & Vuolanto 1972; Maxson & Oring 19¢0;
Miller 1979,,19834; Oring & Lank 1982; Oring_et al 1983; Reynolds 1984;
Soikkeli 1967 and Thompson_et_al 1986

In 1985 there was no apparent association between bird age and
timing of laying. Many birds appeared to delay breeding until the
letter half of the season. This may have been as a result of the slow
growth rate of vegetation vhich is necessary o conceal nests,

Before discussing Tabulated results in detail, I should like to
make clear the situation concerning 'unrings'e In 1983, 1984 and 1935
the percentage of 'unrings' caught th:t were first years were 21%
( a slight underestimate), 27% and 40%. The remainder of these birds
vere greater than l-year old. The majority of 'unrings' not aged as
first-years may be birds breeding for the first time as secobnd years.
Obviously some 'unrings' could simply have been missed from previous
years, but calculations based on the chick returning data suggest a
provortion of birds bred for the first time as two-year olds. Indeed,
Grosskopf (1970) suggested that most start breeding at two years of age,

The results in Tables 2.4 (a, b, c) highlight several points.
Female wing length correlates with female age; thus as a femzle gets
older the wing length gets longer. This probably only applies to the

first two or three years of life. TYoung birds have heavily abraded
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primaries and secondaries as well as abraded coverts and scapulars.
The abrasion is so extensive that wings are measurably shorter just
prior to a moult. Juvenile Redshank do not moult their primaries
until the following autumn when they are just over 1 year old, Adult
Redshank moult primaries in the autumn. Thus, in the spring, a first
year Redsnank's primaries are older than an adult Redshank's primaries
and thus are more heavily abraded, making the wings shorter.

The variable nature of weight as a measured psrameter is well
known. In particular, weight has been found to fluctuate widely
throughout the incubation period (see Mercer 1946; K&1is & Byrkjedal
1984). The exact cause of this variability is unknown. One possibility
is that weight is directly related to amount eaten and, more
importantly, to the time when food was last taken. If a bird was
caught 1 hour or 4 hours after feeding then the weight would vary
accordingly. Equally, the time taken to return to the nest could be
important, especially if birds feed prior to return. Finally, climstic
conditions which affect availability of food could presumably affect
the actual daily weight of an individual, Weight cdoes fluctuate and
as a consequence the use of weight as an indicutor of size and age is
only of limited use. Bill, tarsus, and to some extent wing length,
remain relatively constant throughout the season. Wings do show some
degree of shortening as the season progresses, due to feather wear,

Tables 2.5, 2.6 and 2,7 present the results from a series of
correlation analysis. The first and a most important point is there was
a highly significant relationship between male and female age. Thus
male and female tend to mate with birds of similar age, Similar results
of age association have been found in Dunlin (Soikkeli 1967); Redshank

(Grosskopf 1970; Yates, unpubl. thesis 1982} and Kittiwake (Coulson 1966),
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The relationship between date of clutch completion and male and
female age are at first somewhat confusing, A much closer loock reveals
that the trend observed in Figures 5,6 & 7 are in fact endorsed. 1In
1983 both mzle and female age show a negative but non-significant
relationship with date of clutch completion. Thus, older birds tended
to nest earlier but this was not significant. Many older birds did not
pest until later in the season., These may have been birds that waited
until suitable habitat was available. In other cases, older birds may
have nested but lost their nests. The problem is that many of the biras
+hat re-laid were not found nesting first time round and, as a result,
the date of first cluteh completion was recorded later than should have
been, Therefore, older birds, possibly nesting early in the season,
vere recorded as laying later in the season for the first time,

In 1985 the main problem was the fact that a large number of birds
vere recorded as laying for the first time later in the season. The
first wave of laying was very small, the general impression being that
pany birds delayed breeding until later in the season, Some flooding
did occur and a large majority of the first nests were lost, but the
pain point here is that many of the older birds apparently delayed
treeding, In the early part of the season the vegetation was short and
pewts were very easy to find; it was felt that very few nests were
missed and that the overall drop in the number of nests found was very
real, The reasons for the possible drop in breeding numbers and delay
in breeding have already been mentioned (namely adverse winter
conditions resulting in increased winter mortality of birds and slow
rate of vegetation growth), Certainly there is no doubt that Redshank
mortality was greatly increased over the winter of 198,-85 (Davidson &
Clark 1985). The effect of winter conditions in a bird's breeding

condition is more difficult to determine without detailed physiological

examination.
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The 198, results vere least affected by tidal rhythm and as
such represent a realistic pattern of laying times of birds of different
age groups, In 1984 the significant negative correlations between male
and female age with date of clutch completion are truly representative,
and because of this the data set was further used to examine the
relationship between egg size and female age and egg size anddate of
clutech completion (see later),

The major points of interest are that there is a significant
negzative correlation between fenmale weizht and date of clutch completion
in 1984. Thus heavier females nested earlier in the season.
Interestingly, in 198/ female age did not correlate with female weights
this result therefore suggests that early nesting birds were in better
condition.

In all years older more experienced birds produced significantly
larger eggs. Thus, in 1984, older birds tended to nest earlier, producing
larger eggs than young birds which nested later in the season. Presumably
gxperienced birds arrived back first, knew the best feeding areas, were
more attractive to a mate, and as a result were able to find a mate and
rrepare for egg laying quicker than inexperienced birds.

The relationship between female age and female size with egg
measurements is a very interesting one and has been discovered in several
other studies: Byrkjedal & K81d8s 1985; Coulson & White 1958; Coulson
1963; Coulson & ilorobin 1976; Crawford 1980; Kendeigh 1956: Miller 1979q;
Mills 1979; loss & Watson 1982; Preston 1958: Rahn et al 1975;

Ross 1979; Thomas 1983; and Vaisanen gt _al 1972. Only Yates (unpubl.

thesis 1982) has recently examined for the possibility of such a
relationship in a sandpiper. More recently Byrkjedal & K818s (1985)

have found such a relationship in the Dotlterel Charsdrius morinellus and
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Golden Plover Pluvielis apricaria. In the Greemshank, a negative
correlation was found between female age and egg weight. Older females
were laying early but producing lighter eggs than yonger birds laying

later (Thompson et al 1986). I have found no statistical evidence

of age or adult size having an effect on hateh success, For relationship
between femnle size and egg size at species level see Appendix 6,

It is possible thatvsuch a relationship may exist, especially if

unringed birds were compared against birds of all ages. So far the

only wader study to show that younger birds are less successful is

that carried out on Semipalmated Sandpipers (Gratto, Cooke & Morrison
1983) (but see this study, Chapter 3e

The final correlation anzlysis to be carried out (Tables
2.8, 2.9 and 2.10) highlights some very interesting points. The
apparent differences which at first appear confusing are readily
understandable and do fit an expected tremd. In 1983 there were
significant positive correlations between date of clutch completion
and egg size. Thus, as the season progressed, the eggs got larger.
This mzy be explained by the fact that some older birds delayed
breeding until later in the season wnilst other birds had to relzy as
a result of flooding. Most of those re-laying had not been caught in
the first wave; as a consequence the impression gained was one of old
birds laying larger eggs later in the season, Thus the relationship
between date of clutch completion and egg size arose,

The data set from 198, was much better due to the lack of tidal
flooding. Older birds nested early and young birds later. Older birds
produceklarger eggs and younger birds laid smaller eggs. A negative
relationship was therefore expected between date of clutch completion
and egg size. The relationship was found to be negative but not

significant. Further analysis of the data set confirmed both the
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direction and significance of this relationship (see Table 2.11).
The analysis showed a greatly increased significant positive correlation
between female aze and egg size and female age and date of clutich
completion. The relationship was now broken down for first, second,
third and fourth eggs. In all cases egg volume showed a negative
correlation with date of clutch completion. Thus as the season
progressed, smaller eggs were being lsid. The relationship was
wignificant only for the fourth egg which in particuler is significantly
smaller later in the season.

My overall assessment is as follows: old birds nest early,
laying large eggs; young birds nest later, laying small eggs; the
young birds invest less in the fourth egg as the season progresses.
Reasons for investing more or less in the fourth egg are reviewed by
Miller (1979q) for shorebirds; and for investing less in the last egg

of Herring Gull by Devis (1975) and Parsons (1970, 1975).

Multiple Regressiom Discussion

The Multiple Regression analyses were carried out in order to
determine the strength, direction and degree of relationship between
a series of independent veriables and a dependent variable. Due to
the very nature of veight as a parameter (pwa this Chaptef), it is not
surprising that the results of the Multiple correlation analysis
(Table 2.12) are not consistent.

When female wing is the dependent variable we see that in all
three years the best oredictor of wing length is age; and in 1984 age
and weight. Im 1984, 40% of wing length variation can be accounted
for by female age and weight, Other variations may be genetic, but the
possibility does exist that had age been grouped then more of the

variation may have been accounted fore.
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In the next series of multiple regressions, date of clutch
completion (dependent variable) was best predicted by male age
(Begative relationship) and female tarsus and weight (Negative
relationship). In this case only 35% of the cumulative variance was
explained. Other factors, such as female age were obviously not as
important, but had female age been grouped from one year to three
years then this may not have been so, Once again acertain degree
of variation in laying time may be due to genetic make up,

Over the years many wader studies have attempted to find out
vhat determines the timing of laying in different species. Those
factors which determine start of laying at the beginning of each
season may be different from those factors operating witanin seasons.
I have been mainly concerned with Redshank laying times within
seasons.

In those studies examining timing of laying, a number of
different proximate and ultimate factors have been described which
have an effect on the timing of laying. In many waders, timing of
laying is determined by the age of the birds involved; this is the
case in Semipalmated Sandpiper (Ashkenazie & Safriel 1979a);
the Least Sandpiper (Miller 1983a); the Dunlin (Soikkeli 1967);
Stilt sandpiper Micropalms himantopus (Jehl 1973); Greenshank
Rethersole-Thompson & Nethersole-Thompson 1979, Thompson_et al 1986);
and Red-necked Phalarope Phalaropus lobatus (Hildén & Vuolanto 1972).
Other studies have indicated that food supply may be linked to
timing of layings Galbraith 1985; Harris 1967; Heppleston 1972;
Hilden 1978; Hilden & Vuolanto 1972; Hogstedt 1974; Holland gt al
1982 and Oring et al 1983. However, in many of these cases

dgnvironmental conditions are stressed as being the major determinant
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to dictating timing of laying. Several studies, notably

Byrkjedal (1980),Green gt _al (1977), Holmes (1972), Nethersole-
Thompson (1973), Nethersole-Thompson & Nethersole-Thompson (1979),
Nettleship (1973), Parmelee (1970), Pienkowski (1984b) have indicated
that timing of snowmelt and thus environmental temperature may be
very important in determining timing of laying. Finally a number of
studies have indicated that the timing of laying is such that eggs
hatch when food is most available for their young (Hilden 1978;
Holmes 1972; Nettleship 1973, 1974; Soikkeli 1967), For a full
review of factors affecting timing of laying see Appendix 7,

Clearly a number of different variables from day length to
individual quality are involved in determining timing of laying.
Within a season the majority of birds present are exposed to the
same conditions., Their resultant timing of breeding must therefore
arise as a result of difference in quality, possibly relating to
experience of feeding and nesting areas, attractiveness to a mate,
or genetic factors.

The final series of multiple regression analyses (Tables 2.15,
2.16, 217 and 2,18) are concerned with discovering the best predictor
of a female's egg size. In 1983, mean egg volume was dependant on
date of clutch completion, female wing, femzle weight and female age.
In total 57% of the cumulative variance was explained., The reasons
for the above have been discussed already, namely older birds laying
large eggs uere forced to lay later in the season, suggesting large
eggs were laid later in the season., The relationship between egg
volume and female size and age has also been established.

In 198, both female age and weight are the best predictors of

mean egg volume, These are positive correlations, so large (haavy)



older females produce larger eggs. In Greenshanks, older females

lay earliest but invest less in their clutch (eggs are lighter than
birds laying later). It would seem that the benefit of early laying
outweigh  the possible disadvantage of producing smaller eggs
(Thompson et al 1986).

In 1985 female age again proved to be the best predictor of
egg volume. The only female size parameter which was a good predictor
of egg volume was female bill length. In every year female age did at
least partly determine egg volume. Female weight was also important
to some extent.

These results highlight the problems that can arise when comparing
results gathered over several field seasons. Each year is very
different and to attempt to combine data would be wrong and perhaps
erroneous. 1 have outlined the main trends and attempted to interpret
them in the light of other findings, but accept that there may be
shortfalls,

My overall aim was to relate age (male and femsle) and female
size to date of clutch completion and egg size. The only season this
could be done properly was 1984 when there was no serious tidal
flooding. In 1983 and 1985 flooding destroyed the mzjority of nests
from the early part of the season; as a consequence the breeding
pattern was affected. Although flooding could be considered to be a
‘natural' part of the breeding cycle of Redshank, it played no part
in the thinking of this study as it completely 'fogged' any
relationships which may have existed.

Students of wader research, and indeed other groups of birds, must
therefore try to ensure that the patierns observed are a true
reflection of vhat is actually taking place and is not an artefact of

some natural disaster which has occurred in the population,
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Chapter 3

Breeding site tenacity and natal philopatry

Introduction

This Chapter outlines the degree of breeding site fidelity,
breeding dispersal, natal philopatry and natal dispersal exhibited
in Redsnhanke If we are to understand wader populations and possible
effects of reclamation and afforestation on these populations we nust
have a full understanding of fidelity and aispersal, particularly in
adults.

In a review, which discussed breeding site fidelity and natal
philopatry, Oring & Lank (1984) addressed the problem in an organised
manner, In particular the following definitions were advanced.

Breeding area fidelity This refers to breeding of adult birds in the

same location in successive years. I have termed this breeding site

tenacitye.

Breedins digpersal The dispersal of breeding adults between breeding
efforts., I have used this term to cover both inter and intra-year
breeding site movements.

Natai philopatry This refers to the return and breeding of young
birds in the same érea of their birth

Nata] dispersal The dispersal of young biras prior to first breeding.
In this instance I concentrate on the actual distance moved between
birth site and first nest site.

Many ornithologists have attempted to calculate breeding site
tenacity and breeding dispersal. In particular, researchers have
calculated that sex differences exist both in site tenacity and in
dispersal distances. The overall long term aim has been to relate
dispersal and fidelity to mating systems. Some waders may be

considered to exhibit low breeding site fidelity, some moderate, and
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others high breeding site fidelity. Most workers have concentrated

on actual fidelity rather than breeding site dispersal, An example of
a species exhibiting low breeding site fidelity is the Dotterel
(Nethersole-Thompson 1973; Kalds & Byrkjedal 198.).

The majority of waders so far studied exhibit a moderate degree
of breeding site fidelity. Ringed Plover Charadrius himticula exhibit
moderate site fidelity with no sex differences found (Pienkowski 1984a).
Mountain Plover C, montsnus, Lapwing, Stilt Sandpiper, Common Sandpiper
and Red-necxed Phalarope alseexnibit moderate site fidelity (Graul 1975;
Galbraith 19563 Jebhl 1973; Holland gt al 1982 and Hilden & Vuolanto
1972).

Some species with high breeding site fidelity show definite sex
differences in breeding site fidelity. In Oystercatcher the male
exhibits a greater degree of site fidelity, as do Temminck's Stint
Calidris temminckii, Least Sandpiper and Dunlin (Harris 1967; Hildén
1979; liller 1983; Soikkeli 1967).

A number of birds exhibit a high level of breeding site fidelity
but so far specific sex dif ferences have not been elucidated; for
example Golden Plover, Semipelmated Sandpiper, western Sandpiper,
Greenshank, Spotted Sandpiper and Turnstone jrenaria interpres,

For a full review, including references, see Appendix 7,

Some waders, notably Greenshank, Golden Plover, Common Sandpiper
and Dunlin, have a tendency to use the same nest scrape in consecutive
years. Clearly in these cases the calculation of breeding dispersal
is easy. No Redshank was found nesting in the same screpe in
consecutive years on the Ribble, This is almost certainly due to the
nature of the saltmarsh habitat rather than to a lesser degree of site
fidelity.

The ringing of individual birds is essential to obtwin an accurate
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estimate of breeding site tenacity and dispersal. It was also an
essential element of this study that both birds at any given nest
wvere czptured. Where this was achieved it allowed for the examination
of affects of mate faithfulness and mate change on breeding site

d spersal to be determined.

Analysis of data gathered zllowed for the effects of previous
years nest success on the following years breeding dispersal to be
examined, This aspect is particularly relevant to our understanding
of how populations may react when stiressed due to a bad run of nesting
years. Many areas of saltmarsh, wet meadowland, rough pastureland,
fringe moor/pastureland znd blanket bog are now increasingly under
threat from reclamation, drainage and improvement, In the case of
the moorlands, so much re-afforestation is now taking plece that it
is difficult to predict what the effects of such schemes may be,
Undoubtedly some species are now undergoing a general decline., 1In
particular Redshank, Lapwing and Golden Plover appear to be badly
affected by changes in land use (Sharrock 1976). Almost certainly
Greenshank, Dunlin and perhaps Common Sandpiper will also decline as
the effects of large scale blanket afforestation take their toll
(N.C.C. publ, 1986; Tompkins 1986).  Apart from merely declining,
many populations of birds may be compressed into smaller areas of less
suitable quality. Such compression could have very interesting effects
on a given population and may well lead to density dependent factors
having an effect which perhaps previously did not do so,

Ideally we require much more basic information on density,
population fluctuations, nest and fledging success, and the contribution
of different aged birds to the success of the population, Without such

base level information it would be very difficult to assess if a population
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was remaining stable or was declining,

The last 10 years have seen an upsurge in the study of breeding
biology of waders. In particular, some ornithologists zre now
examining breeding populations in habitats of varying quality
(Fuller 1982; Galbreith 1986; Galbraith et al 198k; Stroud &

Reed 1986). Undoubtedly thece are exciting times for the student of
wvader biology. HMuch of the habitet change offers exciting possibilities
for the closer examination of populations, the role of the individual,
and density-dependent factors which may vpossibly radically affect
breeding success and therefore the balence and distribution of any

given population. It is however very sad to see the demise of so many
nmarginal areas which add so much to the diversity and quality of our
lives.

In a very general sense, Redshank and saltmarsh could be considered
as under threat. Although still relatively abundant in coastml areas,
Redshank have declined greatly inland, almost certainly due to land
drainage and improvement (Sharrock 1976). It is therefore important
that we have the information required to provide future researchers
vith quantified data which may be used as a baseline for further stuaies,
These may then be compared with data gathered from other populations
and may be useful as early warning predictions of possible population
decline. A knouledge of breeding site tenacity and breedin. dispersal
is essential if we are to conpare stable unthreatened populstions
with those that are declining or are being forced into less suitable
habitatse.

On a more local scale, an attempt has been made in this study to
determine (z) the level of recruitment taking place and (b) to

determine where the recruitment is coming from., On the Ribble Marshes
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the study sanctuary zone is only a fraction (g 25/) of the entire
Reserve. The remainder of the Reserve is grazed intensively by
cattle from April to OSeptember. Greazing is known to affect breeding
success of Redshank quite drastically (Yates unpub, thesis 1982),
The study of natal philopatry and natal dispersal allowed at
least some thoughts to be formed on the problem of population decline,
In these times of increasing threat to marginal land such as
saltmarshes, how big should b protected area be in order that
populations within will remain unaffected by habitat loss outwith
a given site? To auswer such a broad question, hard facts are
required on breeding site fidelity, dispersal and natal philopatry

and natal dispersal,
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Results

Breeding site tenacity

The return of male and female Redshank to their breeding grounds

was calculated over the three year period of study,

Table 3.1 Breeding site ficelity of
male and female Redshank,

Years Males % Females % Overall %
returned returned return

1983-84 55/125  L4% 46/125  37% 101/250 404 4%
1984-85 55/137  4L0%  46/140  33% 101/277 36.5%

The 1983-84 datamay be further enhanced, In 1985, 27 Redshank were

captured which had last been caught in 1983. These individuals were

therefore alive and aliost certainly present on the study site in 1984,

Year Mele % Female % Oversll A
returned returned return .
1983-84 71/125  57%  51/125 46%  128/250 51.2%

The above dzta are fully discussed later, but the general tendency

zppears to be for males to be elther more site faithful or more long
lived,

The data were further examined to test if the difference in
return retes between males and females were significant,

Table 3.2 A Chi-scuare analysis to test for tne sicnificance
of sex differences in rec:zpture frecuency,

Years 1983-84 Receptured HNot recepturen
Redsh .nk _.§£_ 84
captured M:zle 55 70
in 1983 Female 4 79

Xz(l) = 1,063 ng,
Years 1984-85 Recaptured Nov recaptured
Redshank 85 82
captured Hale - 55 82
in 1984 Female 46 9%

# ] bird recapt.red on a neighbouring mzrsh

2 -
X (1, 1.29 N.8e
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Therefore, there is no observable difference in frequency of
return of males and females,

On cdetermining that there were no sex related differences, a
series of Chi-square analysis were carried out to test for age-related
differences in frequency of return.

Table 3.3 A Chi-square analysis to determine the significance

of recapture frequency of birds caught as 1 year
olds and birds caught which were more than 1 vear old.

Recaptured Not recaptured
84_ 84
Redshank 1yr 4 19
captured in Age
1983 > oyr 97 130

2 =
X 1 = 4.57p 0.05
Therefore in this case age at capture is related to the chance
of recapture in the following year. Thus a first year Redshenk is
less likely to be recaptured the following year than an older bird

(see Discussion and later for possible effect of age on breeding

gispersal).
Recaptured Not recaptured
85 8
Redsnank 1yr 9 28
captured in Age .
1984 Vlyr 92 148%
# 1 bird recaptured on a neighbouring marsh
2
X (l) = Q.l\y, N.Se

This result is tending towards but is not guite significant,
The non-significant result suggests that there may be annual

fluctuations in differential return frequencies (see Discussion).
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Table 3.4 A Chi-square analysis to test for differences
in return frequency between first year Redshank
caucht for the first time and older unringed
birds caught for the first time,

Recaptured Not recaptured
84 84,
Unringed Redshank 1lyr 3 17
captured in  Age
1983 Z21yr 18 56
2

X (1)= l.a2, NeSe

Recaptured  Not recaptured
85 85
Unringed Redshank lyr 8 24
captured in Age
1984 71 yr 24 61*

# 1 bird recaptured on a neighbouring marsh

2 = 0.34, n.s,
)

In both Tables there is no observable difference in return
rates of unringed Redshank ringed as one or greaver than one yeur old,
This result suggests that a Redshank unringed on capture is just as

likely to return if it vas ringed as_a one year old or was older,

Table 3.5 A Chi-square anslysis to test for the differences
in revurn frequency between controls (cauzht in
previous years) and unrings (never caught before)

Recaptured Not recapiured

84 —84
Birds Control &0 76
captured vatus
in 1983 Unrings 21 73

2
X =\ C.001
(1) L
Recaptured Not recaptured
85

Birds Control 69 91
captured Status )
in 1984 Unrings 32 85#

% 1 bird recaptured on a neighbouring marsh

A bird vhich has been caught in previous years is more likely
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to be recaptured then z Redshank captured breeding for the first time.
This has important implications in that it may suggest that older
birds are more site faithful than younger birds wnich have only bred

once before (see Discussion).

Table 3.6 Breeding site fidelity in Redshank and relationship
with local breeding experience and breeding succe:ss
in the previous year (1583-1985),

% females returning to breed

Years All birds Successful Unsuccessful
breeding breeders breeders
exverience
1 25 (30) 31 (22) 17 (8)
2 35 (9) 39 (7) 25 (2)
3 39 (11) 45 (9) 25 (2)
2L 46 (42) 44 (32) 53 (10)

Note: Number in brackets denotes actual number returning

As Redshank get older they are more likely to return to their

previous breeding grounds (r, =\0, Pcc-05 n=h )e Therefore, an

jndividuals age does at least partly determine whether it will return

to breed in future years.

Breeding success also has a significant effect on breeding
sgite tenacity. & chi-square analysis indicated that the percentage
of successful birds returning differed significantly from the
percentage of unsuccessful birds which returned. Biras which are

sucecessful appear more likely to return and breed in following

years (X2(3) = 8.41, pg 0.05).

Table 3.7 The breeding success of female Redshank of
different experience captured in 1983, 198/

Age (Previous years breeding experience)
L2 2 34
Total successful®* 72 18 20 72
Total failed 48 8 8 19
% successful 60 69.2 Tl.4 79.1

# Hatched at least one egg
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As a female Redshank gets older she is more likely to hatch
at least one of her eggs than is a younger less experienced
individual (rs=\-0,9<<>-o‘5 n=l ). A bird's experience therefore
appears to be a good indicator of its breeding potential,

Adult experience has not been related to chick rearing potential
zs too little data hawe been gathered. This relationship, though not
studied, may be more me:ningful then the relationship examined zbove,
3reeding site dispersal

Breeding Redshank have been monitored moving frou one nest site
to the next, both between and within seasons. On one occasion a
female is thought have had three nests in one year (this bird was
caught at two nests and suspected of having a third), This was strongl
suspected due to (a) timing between nests; (b) position of nests; =nd
(c) egg colouration. More usually, when a nest is lost the birds
replace the nest or brood only once.

A total of 31 pasirs which were monitored produced a second clutch,
In the event of losing a nest four possibilifies arise: (1) the birds
leave the breeding grounds; (2) peir tries again; and (3) pair splits
up and (a) mele tries to nest again with a new mate or (b) femcle tries
to nest again with z new mate,

Success of this fieldwork depended on catching both birds at
£irst and repeat nests, For tne above 31 nests two adults were caught
at every nest and therefore one could realizbly say that (a) puir
remained faithful or (b) pair split up.

A a further 33 nests both birds were not caught and therefore the
data could not be reliably used. Obviously, in some cases, the pair

would have remained faithful but some would also almost certainly have

split up.
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Table 3.8 Intra seasonal breeding site dispersal
of Redshunk 21983—19853.

Faithful Male with  Female with

pairs new mate new mate
(n) 18 g 5
Mezn distance moved (m) 71,3 98.1 723
Medizan 54 98 578
S.E. Me-n 19, 26,3 225
Max. dist. moved (m) 400 246 1580
Miz. dist. moved (m) 20 19 279

Because of the small sample size and non-normal data distribution,
the above data have been analysed using non-parametric statistical tests.
Anelyses were conducted using the Minitab statistical package
(Ryan, Joiner & Ryan 1976). Results from lable 3.8 were compared using
a Mann-Whitney test which compares the median of two samples. The
test statistic (vw) reflects the relative locations of the two samples.
Jhere 'W' is larger than the sum of nl(n1+n2+l)/2 we may suspect that
the first sample has a significantly larger median, Were 'W' is smaller,
we suspect that the first sample may have a significantly smaller
median. In the anzlysis which follows W is printed along with a
probability value. The probebility value indicates the chance of
predicting sample medians as being different when in fact they are

the same. For further details see Ryan, Joiner & Ryan (1976).
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Table 3.9 A Mann-Whitney two sample statistical analysis
to determine the degree of difference in breeding
dispersal distances between faithful pairs,
males with new mate and females with new mate,

Mean W

Variables compared W (nl(nl+n2+1)/2) Probability
Faithful pairs/male with
new mate 223 243 0.28 n.s.
Faithful pairs/
female with new mate 172 216 p< 0.001
Mzle with new mate/
female with new mate 36 56 p¢ 0.01
Note: n, = number of samples in Variable 1

n, = number of samples in Variable 2

Thus from the above analysis the following conclusions may be made.
(2) If a pair remains faithful then in all probability they will not
move very far frou their previous nest site,
(b) If the pair divorce the female may be expected to move further
from her previous nest site than does the male. Thus the female moves
sway in search of a new mate whilst the male remains in his old nesting
site, presumably waiting for an unmated fem=le to appear. Presumably

males begin to sing intensively at this period in order to obtain a

mate as quickly as possible,
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dispersal of probable pairs
In these cases, a single bird only was caught at either the first
or second nests. It was therefore impossible toc establish if the

pair remeined the same at first and repeat nest,

Table 3.10 Intra seasonal breeding dispersal exhibited
by birds of known sex, but unknown pair state

_(1983-1985),

Male Female
{n) 13 20
Mean éistance moved (m) 62.4 110.9
Median 40 38
S.E, Mean 15.7 39
Max. dist. moved (m) 214 548
Min. dist. moved (m) 13 8

These results reflect trends outlined in Table 3.8. The males
generally move a chorter distance from their previous nest site
than do females, The size of the mezn distances moved would
suggest that post were in fact made by faithful pairs (c.f.

mean movements, Table 3.8).

Breeding dispersal between secasons

4is opposed to the within season movements, between season
nmovements zre of great importucnce if we are to understand the possible
effects of site destruction z2nd other sources of habitat loss aurircg
the breeding and non-breeding season on Redshenk breeding biolog.
To determine a base scale of movemeni between seasons, trapping wzs
carried out intensively on the study :rea, Additionelly, some
trepping wes undertaken on the Old Hollow meadows and also on
Banks Marsh itself, but off the study sanctuary zone, The aim was
to attempt to determine how much movement was tzking place to and from

the study area,
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Data from 1974-85 were analysed to determine breeding dispersal
distances between consecutive seasons in faithful pzirs, males with

new mates and females with new mates (see Fig. 8).
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The breeding dispersal (between years) of faithful
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pairs, males taking a new mate and females taking

a_new mate.
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Table 3.11 The breeding disversal of Redsnank betw=en
consecutive years (data from 1974-1985) .

Faithful Male with Female with

pairs new mate nev mate
(n) 219 67 53
Mean distance
noved (1) 119 129 257
Vedian 45 55 118
S.E, Mezn 19 25 39

Max, c¢iztance
moved (m) 1181 1271 1231

Min, distance

moved (=) 8 5 15

These data were analysed using Mann-vhitney non parametric

statistical tests.

Table 3.12 A statistical analysis to test for statistical
differences in dispersal distance between
feitnful pairs, males taking new mate and
fenale taking nev mete (Mann-Whitney test),

Variables compared W Mean W Probability

————

Faithful peir/male taking new mate 12171.5 12706 p¢ 0.15 ns

Fuithful pair/?emale taking new 10001,5 11803 p¢ 0.001
mate

Male with rew mate/female with new

mate : 3286 4053 pd 0,001

These results arz exactly as found for the within season
movements. Therefore, there is no observable diffsrence in breeding
dispersal betweem pzirs remzining faithful and males which have
changed partner, Femzles nesting with a new nmate move significently
further than faithful pairs and males nesting with a new partner
(for full details see Discussion).

Previous analysis in Chapter 1 indicate how nest success in one

year affected mate fidelity in the following yesr., It was therefore

158



of particular interest to determine if nesting success or failure
in one year influenced breeding dispersel tne following year.

As in previous analysis, it was essential that two birds were
caught at every nest in order that both partners were known. In the
following year data were only used if birds in question were caught
Wwi*h a mate., Where z bird was caugnt on consecutive years, but its
mate was unknown at cne nest, then these dat: were not included

(see Figure 9).
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Table 3.13 The effect of previous years nest success on

followinc vears breeding dispersal
(1974-1985 datz) .

Fa%thful Male with Female with
pairs new mate new mzte

Success in orevious year: S U S U [ U
(n) 74 52 40 26 37 13
Mezn dis-ance moved (m) 114 123 110 16l 165 524,
Median 43 52 56 66 108 40
5.Z. Mean 26 30 26 51 26 113
¥ax., dist. noved (m) 1181 1115 912 1271 661 1231
Min. dist. moved (m) 8 10 10 5 20 15
S = s.ccessful
U = unsuccessful
Table 3.14 Statistical analysis to test for the difference

in dispersal distances between pairs, males

with new mates and females with new mates

which were either successful or unsuccessful

in the previous year,
Variables compared W Mean W  Probability
Successful pairs/unsuccessful pairs 4431 4699 0.185 n.s.
Successful male with new mate/
unsuccessful male 1257 1340 0.28 n.s,
Successful female with new mate/
unsuccessful female 811 943 p¢, C.CO3

Therefore, the previous years nesting success has a significant

e-fect on the following years breeding dispersal in females tzking a

nev mate.

If the female is unsuccessful, she is more likely to move a

greater distance. This is almost certainly related to the effect of

success on mate fidelity which in turn may be related to the effect

of success on overall return rates.
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Hatal philopatry

In order to calculate natal philopatry accurately it is
essential to know:
(a) fledging success
(b) post-fledging mortality.
One requires to know whuat percentage of surviving birds ringed us
chicks actually returrn to their birtiiplace. The main problem is
(a) difficulty in calculating accurately the overall fledging success
and (b) without knowing fledging success it is impossible to calculate
the post-fledging survival,
The most basic calculation of fledging success can be achieved
by sinmply calculating what percentage of chicks ringed actu:zlly return.
Table 3.15 A comparztive analysis of the return frequences

of chicks ringed in and out of the nest
11274-1985 data),

Ringed in nest
Year 197,75 76 77 78 79 80 81 82 83 8, 85

No. ringed 55 48 38 5 T3 105 174 147 69 193 477

No. returned
to breed* 1 O 0] 0 1 3 2 3 3 8 L 1

w
W
(82

% returned 1.8 O 0 0 1.4 2.8 1,1 2.0 4.3 4.1 0.8 0.3

% includes 3 birds caught breeding for the first time in 1986

Ringed out of nest

Year _ 197475 16 71 78 79 €0 81 82 &3 8k 5
No. ringed o 3 9 12 1 42 3 15 0 17 35 49y

No, returned O O 0 0 0 5 0 1 0 2 1 3
to breed*

% returned O O 0 0 0 1.9 0 6.7 0 11.8 2.8 6.1
* jneludes 3 birds caught breeding for the first time in 1986.
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Without further snalysis several points are very clear. The
return rate of chicks ringed in the nest is much lower than those
ringed out of the nest, almost certrinly due to differentiel survivalj;
older chicks are more likely to survive. Chicks ringed out of the
nest are ol\dec ond have a greater survival potential, and
therefore are more likely to return. The data concerning chicks
ringed out of the nest can be further oroken down,

Of 211 the chicks ringed in the nest only a few were ever
re—éaptured. These recaptures represent known age zt last carture.
Similarly, chicks captured out of the iiest were also so.etimes re-
captured. As above, lnese could be used to represent estimated age

at last capture. These dats were used to examine the return frequencies

of chicks of known or estimated age group.

Table 3.16 The return freguencies of chicks

frcm known aze groups

Chicks ringed Chicks ringed in nest and

in nest captured again prior to

Not re-ceptured fledging

prior to (4ge in days at last capture)
fledging

1-5 6-10 11-15 16-20 21-25

19¢3 . m 17 1 2 0 0
No. returned

to breed* 7 1 0 0 0 0
% revurning 4ol 5.9 - - - -
1984 466 5 0 1l 1 A
No. returned

to breed* 2 0 0 0 0 2
% returning 0.4 - - - - 50

% chicks returning from 1984 have one fewer year to return in
than those from 1383.
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Table 3.17 The return freaguences of chicks of estimated
age at last capture (chicks just captured)
out of nest,

1983
Estimated age 1-5 6-10 11-15 16-<0 21-25 2(-30
(in days) of
chicks of
unknown origin

No. of ceptures 9 5 1 1 1 0

No., returned
to breed 1 0 1 0 0 0

% returzing 1.1 - 100 - - -

1984

Estimated afe
(in dazs) of

chicks of

unknown origin 1-5 6-10 11-15 16-20 21-25 26-30
No. of captures 19 1 1l 6 5 3
No, returned

to breed® 0 0 0 0 0 1
% returning - - - - - 33.3

# ecnicks from 198/ have had one fewer yezr to return in thun
those from 1983

Table 3.18 The overall return freguences of chicks
or xnown and estimated age &t last capture
(age in days) 1983-1934 .

Age (in days) st
last capture
known/estimated in Nest 1-5 6-10 11-15 16-20 21-25 26-30

No. of captures 637 50 7 5 8 10 3

No. returned to

breed 9 2 C 1 0 2 1

% returning 1.4 4.0 = 20.0 - 20.0 33,3

The breakdown of results indicate that chicks captured &t an
older age have a greater chance of returning the following year. Data
gathered on return frequencies in 1986 have been added to this analysis.

If one considers thet post fledging mortality also would occur, and that
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some birds may only breed in their second year, then natal
philopatry would appear to be very strong (see Discussion).

Chicks ringed in 1985 have only had one season withii which they
could have been re-captured; consequently the return rates ure very
low, It is noteworthy th:t the four chicks which were re~czptured
(1 found dead on the breeding grounds) had cll been handled ot a lste
stage of developmeni. Of 22 chicks handled, which were known or
estimated to be between 21-25 days old, 2 were subseguently found
breeding in their first year (3.1.). In eddition, two chicks were
re~-captured (zlbeit one found dead) on the breeding zrounds frou a
total of 4 chicks known to be between 26-30 dzys at last capture.
Thus, 50% had returned to their approximate site of birth. Tounger
chicks are less likely to survive than older chicks and thus are less

likely to be re-captured as breeding birds.,

Table 3.19 Tnhe sex of Redshank rinsed as chicks which
hi.ve returred to breed on the Marsh

Frequency of returns

Age cf return icle Fenale
1 8 8
2 6 5
3 1 2
>3 2 1

In both males and females the majority of those ret.rned (52.)
nave ret.rned to breed as one and two year olds. Birds breeding for
the first time zt two yu.ars of -ge or more may presum:bly have bred
previously, but not been ciptured. On the basis of caicks returned to
breed, tnere is no cifference in return frequency between male and
females, However, if tnere is z difference in pre and post fledging

mortality of the sexes, then . difference in return frequency of sexes

could exist,
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Table 3.20 The frequency of known first yeor male
and female Redshank breeding in the
three seasons of study,

First year birds breeding

Year ‘ales Females
1983 9 14
1984 16 21
1385 ' 8 20

Note: Birds were aged according to criteria leid
down in HMethods.

In 1983, 1284 znd 1385 = further 7., 85 and 36 unringed birds
respectively were captured fro: nests. It is felt that nany of tnese
birds may have beer second year birds breeding for the first time,

The results from Tables 3.19 and 3,20 appear somewhat
conflicting. From Table 3.19 it zppears that one year old mzles
end females are just as likely to breed as 2 year olds. From
Table 3.20 data suggest that more females breed as 1 year olds.

This latter finding is not significant (Mann-Whitney U Test
Z=1.53, p=0.06). Therefore, there appears to be no difference
in the number of male and female Redshank breeding as one year olds,

Aze of breezinc in relation to hztch date

Table 3.21 The timing of breeding in young Redshank
(data for birds of 1 and 2 years old),

Chicis re-czught Redshank breeding ilean date liean date
breeding: =age which were ringed of hatch# of first
at first attempt as chicks breeding
(vezrs)

1 16 69.4 4345

2 11 SRe4 46.1

% days from 31 March
Birds hatching later in the season appear to be more likely to

begzin breeding as two year olds,
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Table 3.21 The relstionship between 3date of hatch
and date of first breeding in Redsnank

of known sex, breeding as 1 year olds

( all ringed as chicks).

Birds found breeding as 1 year old Mean date of Mean date of
hatch first breeding

No. of males 8 69.4 52.4

o, of females 8 62.4 34,6

Dates from Tables 3.20 and 3.21 are from 1974-1984.
The trend of first year males breeding later than first year
femzles was further enhanced by exemiming the dates of clutch

completion of first year Reashank causht in 1984/85,

Table 3.22 The mean date of cluteh completion of
firsv year mele and femele Redshank,

No. of birds Mean date of
captured clutch completion
(days from 31 March)
Males 24 43.6
Females 40 37.9

These datz are supportive of data from Table 3,21, Possibly in
some yeers the variation in dates of clytch completion is much more
rarked (for possible reasons see Discussion), In the sbove Yable we
have no idea of the origin of the birds or their date of hztch.

loretheless it is of interest that females should appurently begin to

breed earlier.
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Natzl dispersal

The znalysis of measurements of natal dispers:l are rather crude.
The sample sizes are very small and the variations rather large.

One could never be asbsolutely certain that birds breeding as 2 year
olds had not bred the previous year.

Chicks which were ringed out of the nest were normally from an
unknown nest site. ihen these chicks were cuught in the sanctuary area
it is likely that they nad hatched from an unfound nest. Therefore,
if these returned to breed (9 returned to breed) an estimate of natal
dispersal could not be calculated. Estimating natu:l dispersal from
nest site of chick Zo site of first breeding uay not be valid as muny
broods mey move over a large area. Perhaps it is just as valid to

note if a first time breeder has returned to the site where it was

reared (see Discussion).

Tzble 3,23 The natal dispersal of Redshank from the
site of birtn to the site of first breedigg

Aze &t Dispersal distances from site
first of birth to site of first breeding (m)
breeding
(years) lizles Females
1 271, 364, 686, 821, 1076 274, 314, 492, 551, 771, 874, 879
2 50, 357, 379, 620, 1692 89, 638, 1055
3 578, 877
>3 5800* (ringed marshside)
Dizpersel rcnge i) 50-1692 £9-1055
.Lﬂl. 10 10
Mean 631.5 593.5
Median 499.5 59445
s.d. 476.1 307.9
S.E. Mean 151 97

Note: Data teken from birds breeding at one or two years of age.

There was no significant detectable difference in the dispersal

distances of male and female Redshank breeding as one or two year olds.
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Several interesting natal dispersal movements were recorded,

The movement of 5.8 km involved a female which was ringed as a nestling
of a brocd of two., This bird was ringed in 1973, found breeding in

May 1977, and was subsequently re-caught in every breeding season
except 1985,

inother bird, ringed as a very old (29-30 days) chick in July 1984
returned to breed in May of the following yesr. This bird was ringed
well out of the study sznctuary zone and subsequently returned in the
very he.rt of the study area (movement ¢ 1.9 km). In this case the site
of exact birth is completely unknown,

Two Redshank ringed as chicks moved from 0ld Hollow meadows to
the sanctuary zone. These were recorded as natal dispersal distances
of 1.076 km and 1.69 km, Movements have therefore been recorded of
birds moving from breeding sites off the plot to sites on the plot.
Clearly such movements could occur more commonly. However, as the
majority cf chicks off the plot are unringed the true figure of
movement onto the plot cannot be calculated,

Only one chick ringed on the plot has been found nesting as a
one-year old off the study sanctuary area (movement ¢ 270m), This low
number is due to the low trapping effort off the plot. In 1985
12 Redshank were caught to the east of the sanctuary zone; one of
these birds had been ringed as a chick in 1984 on the plot. Finally,
a further eleven birds were caught on Hesketh Outmarsh, & disvance of
1.5 km from the most eastern edge of the sanctuary zone., In this case
no birds ringed as chicks were caught; but cne adult, ringed in 1984
on the plot, was caught.

Many birds nest on the sanctuary areas as first year birds. In
all years (1983-85) only a small proportion of these birds had been
ringed as chicks. (In 1984, 13.5% had been ringed as chicks whilst
in 1985, 14.3% had been ringed as chicks).
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A large number of first year birds are therefore nesting on the
sanctunry area which szre of unknown origin,

During the three yezrs of study, a totul of 1006 chicks were
ringed in the nest. In 1983, 193 chicks were ringed from a possible
total of 232 chicks from 190 nests of known clutch size. Thus 83.2%
of chicks hatched from nests of iknown clutch size were ringed., In 1984
186 nests were found of knoun clutch size. In this case 477 of a maximum
of 538 chicks were ringed (8:¢.7%)e  In the iast ye.r of study, 336
chicks weee ringed out of 392 chicks which :uatched from 157 nests
of known clutch size. Thus 85.7% of =11 the chicks which hatched from
nests of known clutch size were ringed.

In every year, the majority of chicks (at least 83j) which hatched
from nests of known clutch size were ringed,

Chicks hatching from nests which were not founa were obviocusly
less likely to be ringed. However, in every year z number of chicks
were ringed at varying ages away from their nest site.

Chicks which returned to breed in thei: first year as unringed
birds were therefore less likely to have come frou nests which had been
found., As taere is no real wzy of knowing what percentage of nests zre
unfound’ it is. difficult to determine how many returning birds hatched
from nests which were in the study area but were unfound,

The actual number of birds breeding as cne year olds, which
were not ringed as chicks, does =t least suggevst that meny o. these biras

have come into the study sunctuary area from other ureus,
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DISCUS3ION

The problems outlined, such as drainzge, reclamation and
afforestation, are now of such a nature that many areas of scientific
interest have been lost or irreversibly damaged. The very fact that
such areas have been lost, and that more areas will be lost, is a

Adtandd
shameful reflection on ourAConservation bong and Society as a whole,
All too often attention has been ri htly drawnto the reclamation of
a mudflat, or to the damage of a wader wintering zround by some form
of pollution. Unfortunately, attention to wader breeding grounds hzs
not until recently been so dramatic, resulting in a loss of hesthland,
wetland, moorland and even upland plateaux. Although many of these
areas are aesthetically important they are perhaps not deemed
scientifically important. Consequently, little attention is gaiﬁed
when another acre is drained and cultivated., While this may ve
an acceptable face of compromise conservation, it WeS . no real place
in conservation which is rationally thought out and sensibly
imrlemented,

How will our birds, and waders in particular, be able to cope
with such habitat loss? Unfortunately we can only make reasoned»
guesses, While areas are being lost the plight of the weders becomes
more desperate. It is possible that they will not survive under such
a ferocious attack on their breedin; grounds. Certainly at a local
level populations of wszders have shown marked declines.

The Redshank is a declining wader (Sharrock 1976), Many areas
where they formerly nested no longer exist in the same form. As a
consequence, Redshank have gradually been squeezed out of their
former inlend haunts; now they are uore>common1y associated with

Smah, (93)
coastal plains,, The coastal saltings are also under threat with
large areas being drained every year. This discussion highlights
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the results and makes an indication of what may happen to Redshark
populations in future years.,

Both male and female Redshank can be considered to be highly
site faithful; both show a tendency to return to their former
breeding grounds (see also Grosskopf 1963 ). When one considers that
some birds die over the winter months, and that some may be present
on their former breeding grounds but not caught, then it does seem that
they show a strong tendency to return. Althoush the trend is for males
to show a greater tendency to return, there is no significant difference
in return rates between nales and females.

A first year Redshank is less likely to return to breed than an
older Redshank, but a first year Redshank is just as likely to return
as an unringed bird which is greater than one year old (but may be
breeding for the first time). Redshanks which are knoun to be
experienced (previous breeders) are more likely to return than
inexperienced birds ('unrings').

Data displayed in Table 3.6 further support these findings, but
also outline the effects of previous year's nest success on breeding
site fidelity. Younz (inexperienced) birds are less likely to return
than older birds; =and when successful in previous year older biras
are more likely to return. When unsuccessful in previous year, young
birds are less likely to return. Birds of 4-years breeding experience
or more, actuzlly return at an even higher percentage when unsucccesful
in previcus year than birds which were successful. Clearly, as a bird
gets more experienced, the benefits of returning outweigh the
disadyantages of returning after nest failure, It should also be
remenbered that success in one year has an effect on mate fidelity the

following year. For further details see Thompsen gt al (1987).
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The breeding dispersal results are very mmch as predicted for
the monogamous Redshanxk (see Greenwood 1330 znd Greenwood & Harvey 1982).
Male Redshank disperse less between seasons than do femzle Redshank.
Pairs remaining faithful disperse the shortest distance, Between year
results were mirrored in the within year results. Thus mate fidelity
has an effect on both breeding site fidelity and breeding dispersal.

Success in one year aoes have an effect on breeding dispersal.

If a female is unsuccessful she 1s more likely to disperse a greater
distance than a male which is unsuccessful, Very similar results

were found in the Seripalmated Sandpiver (Qratio, Morrison & Cooke 1955)
and the Spcuved Sandpiper (Oring & Lenk 1382, 1984),

To sum.isrise, when z pair is successful the biras are nore likely
to remain together and return to the breeding grounc. When a pair is
unsuccessful the partnership is more likely te break up and the female
to disperse = greater distance than the male. The fact that females
disperse further probably explains why femsles are less likely to be
caught in the same breeding grounds the following year.

Breedinz site fidelity, breeding dispersal, and mate fidelity are
all very closely relsted to the birds breeding success, As first year
birds are less site faithful; it follows that they must be more prone
to failure :nd thus divorce, However, I would stress that other,
so far unidentified factors, may also be involved.

Reference to Table 3.7 makes quite clear that of all age groups
of Redshank caught, in botn 1983 and 1984, the first year birds were
most unsuccessful, Therefore, first year females are more likely to
fail, more likely to divorce, and subsequently more likely to disperse.
If they do disperse, they are less likely to be re-captured as
many would leave the study area (see Hildén 1979). This result has

very serious implications for populations of Redshank which may for
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some rezson experience several years of nmesting failure. The older
birds continue to return; even when unsuccessful, but the younger
inexperienced birds are more likely to disperse and less likely to
return, A possible end result is a gradual deterioration of breeding
stock and subsequent abandonment of the area,

Redshanks are very social birds and seek out the company of their
own kind, These birds can often be found nesting in a small group
in an area of wet meadowland or rough pasture in a fraction of the area
appzrently available. It would seem probable that there is a point
st whicn a group is no longer attractive to a young bird looking for an
area in which to settle.

Recruitment to the Banks Marsh population would appear mainly to
be fron outside the study area, To test this idea, a study of natal
philopatry and natel dispersal was set up. Before discussing the
results in detail, it must be remembered that fledging success in the
study area is thought  be low. Thus overall production of chicks at
the point of fledging is low.

The natal philopatry results are exciting and clearly indicate that
Redshank exhibit a very high degree of natal philopatry. When one
considers that post—fledging mo:tality and uncaught returning birus
-re not accounted for, then I think that Table 3.18 clearly shows that
Redshank zre highly philopatric. This Table also indicates the very
high degree of pre-fledging mortality that must exist up to 5 days
ol ege. after this, mortality is probably greatly reduced as Redshank
chicks can then begin to partially regulate their own body temperature
- (R. Robertson_pers, comm.).

There appears to be no sex bias in return ratio of young Redshank,
as would be predicted for a monogamous, non territorial species (but

see Gepenwood &arvey 1982). In resource defence polyandrous species
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such as the Spotted Sandpiper, Oring & Lank (1982) discovered that
males were more likely to disperse and that females exhibited a
higher degree of site fidelity. Again this is as expected for the
breeding system in question (Oring & Lank 1982),

A large number of Redshank are capable of, and do, breed in
their first year (but see Grosskopf 1963); but an equally large
number appear to wait until their second year. The results in
Table 3.20 appear to indicate that females are more likely to breed
in their first year than are nales, In fact there is no significant
difference in the age of first breeding in male and femzle Redshank,

One major point that determines whether a Redshank will breed
in its first year appears to be the date on which it was hatched,

A rudimentary analysis revealed two main points,

(a) Those which bred for the first time as one year olds hatched

on average 13 days earlier than those which bred as 2 year olds.

{b) Females nesting as 1 year olds did so earlier in the season
than did males nesting as 1 year olds. This worked both for chicks
of known and unknown origin. It would therefore appear that females
are either capable of breeding earlier or are more attractive to a
male, Young males may be less able to compete with older birds and
are therefore less attractive to unmated females,

In both Tables the mean dates of clutch completion are later for
young birds than for older more experienced birds, The separation in
laying date of old and young birds may be of genstic advantage, As
older birds are mated and breed early, young birds returning to the
site of their birth are less likely to mate up with their parents.
The fact that Redshank breed at very high density means that young
birds are less likely to encoumter their parents. There is a dilution

effect, with young birds being only a small percentage of the total
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number of birds present.,

Finally, the urge to return would appear to be very strong,
suggesting that there are indeed very great benefits to be gained.,
The benefits to older birds are relatively obvious; experience of
feeding ground, predators, neighbours and an intimate 'knowledge'
of breeding and chick rearing areas. The benefits to young birds
are not so readily discernible. Perhaps young birds are able to gain
some experience of the breeding prounds during the pre and post fledging
periods. In addition, young birds may be better adapted to their site
of birth for genetic reasons. I would suggest that meny Sandpipers
exhibit a high degree of natal philopatry. The problem is that most
studies have calculated an index of philopatry based on the return of
chicks ringed in the nest. I have already stressed that pre-fledging
mortality is very high, thus ensuring that only a small percentage
would live to return. Had calculations been based on the return of
chicks which were alive at l-year old, then I am sure that return rates
would have been very much higher. Only a very fgw studies have
tackled this problem in an organised manner, so our knowledge of nctal
philopatry is rather poor (see Soikkeli 1970a; Hildén 1979; COring & Lank
1982), The degree of natal philopatry exhibited is at least partly
determined by the breeding system of the species concerned. 1In highly
territorial species, such as the Greenshank and Golden Plover,. young
birds may be prevented from entering the population (Nethersole-Thompson
& Nethersole-Thompson 1979; Parr 1979, 1980), In less territorial
species young birds may be able to squeeze into the population even
at a later date or in a less suitable site. Young Redshank often nest
in peculiar sites such as the bottom or down the sides of ditches; in

this instant, the nest site is chosen badly as a result of the
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individuals lack of breeding experience, The overall abundance of
apparently suitable sites suggestis that birds need not nest in these

areas at all.

Wwhat mzkes a particular site suitable is often very difficult to
determine, but the fact is that birds such as Greenshank, Golden Plover
and Dunlin will often return to the same scrape for two or nore years
despite an ‘'apparent' abundance of suitable sites. In these cases,
these sites are presumably more suitable than other surrounding sites
and therefore offer the occupants an increased chance of being successful.

The results of natal dispersal are also of particular interest
when attempting to determine where recruitment comes from. The data
set is very small and only includes those birds of known origin., There
is no difference in the dispersal distance of young males and females; -
both move an average of 60C m from site of birth to site ol first
breeding., The longest distance recorded, 5.8 km, shows that some
Redshanx do nove a substantizl distence. Birds ringed within the
study area could move out of the area (one case recorded) and birds
ringed out of the study area could move into the study area (six cases
recorded). The bias here is expl-ined by the fact that some chick
growtn work and thus chick ringing was carried out away from the study>
area, However, only a smell amount of adult work took place outside
the s-udy erea anc this revealed one known first-year from 12 birds.

A final point is that chicks mey move a great distance after they have
hatched (see Yates, unpubl. thesis 1982; Thompson 1982); and may

in fact be returning to the area in which they were reared, mther than
where they were born. Although this could meke a difference in terms
of which birds return to the aétual study area, the effect on a

general philopatry statement are negligble., Thus birds returning to
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the site of birth or rearing could jzenerally be considered to be
highly philopatric as norzally birth and rearing sites are close to
gach other,

Only a sm2ll percentage of fiirst years breeding on the stucy area
were actu:1lly ringed as chicks. It would therefore appear that
recruitment is to & large extent coming from outside the study area,
as in 19683-85 a very large effort was put into ringing as muny chicks
as possible. The surrounding area is very heavily grazed and
conseguently many nests are lost, but some pairs successfully rear
chicks to fledging. The actuzl habitat is very poor, with only short
grass in most areas. Many Redshank are foreed to nest in small ditches
and down the side of ditches To gzin cover., it the same time, the
vegetation cover in the unzrazed sanctuary is lush, offering many more
available breeding sites. The chance of nest loss is also reduced due
to the lack of <razing pressure. It may be that the sanctuary is a
more favourable breedins area and as such attracts young biras in their
first breeding year from other neighbouring areas. As the sanctuary is
in the centre of the Ribble Marsh complex, it could actually attract a
large number of birds into the area without them having to move a very
long distance. In fact, chicks have come to the sanctuafy from such
areas (0ld Hollow meadous and Hesketh Outmarsh).

In conclucion, old birds remain faithful to their breeding grounds.
Young birds are less faithful if they were unsuccessful in the previous
year. If a divorce occurs as a result of nest failure, the female is
more likely to disverse a .reater distance than the male, Young birds
exhibit a high degree of natal philopairy, but birds born in poorer

nesting areas may move to better grounds when they return in later years.

How then will birds cope with loss and drainage of their breeding
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grounds? Confronted with such a situation, old birds would hang on
until they could physicelly no longer nest in their breeding ground.
They would then be forced to move to an area where they were unadapted
in every possible way. This could lead to density dependent
competition and a possible effect on breeding success. at the worst,
birds may not be able to enter a population and may be squeezed into
less favourable fringe and poorer ground. (In the case of the Redshank
this is probably less likely to happen). This would almost certainly
lead to a drop in breeding success and a subsequent decline in
offspring vroduction, When young birds return anc find their breeding
grounds gone, movement may result in them nesting in unfavourable
nesting sites, Failure in this case would be more likely to result
in the birds leavins the area in search of new ground. These birds
then lose the chance to become established and may find it difficult
to enter a povulation elsewhere, due to the competition frox older
birds for males or nest sites. On a larger scale, there wauld be

less chance of genetic exchange as fewer cenires of porulation would
exist., As the populations condense (this may not happem in some very
territorizl spedies) they become more susceptible to predation ana more
vulneravle to the poséible effects of land use change. The main point
would seem to be how much poorer are marginal breeding areas, and can
birds adjust their breeding systems in order to adapt toc these long
term chanres. Hesearch on marginal land and its use by waders is
currently being conducted (Galbraith & Furness 1983; Galbraith,

unpublished 1986 and Galbraith et _al 1984).

As far as the Ribble Redshanks are concerned, there is no sign

of any pooulation decline. The potential does exist, however, to

determine:?

(a) the 1éve1 of nest failure in the grazed area
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(b) chick production in grazed area
(c) movements of birds from grazed to ungrazed area (and vice versa),

This study has established that some of the reeruitment to
the study area is taking place from surrounding marshes. As the study
area is only a part of the entire Ribble Marsh complex then this is
perhaps not surprising. The majority of the Ribble Marsh green marsh
is grazed; as a result of grazing many Redshank lose their nests and
breed unsuccessfully. Even though pairs in the ungrazed marsh are
probably more succesful, it appears that at least some of the young
birds entering the study area to breed are fledging from surrounding
marsh,  If this is the case, the population within the sanctuary area
may be at least partially dependent om birds from surrounding grazed
marshes, Therefore, hreeding success in umgrazed areas ought to be
assessed in order to determine the number of young birds fledging and
how faithful these birds are to their birth sites. It is possible that
birds born on ungrazed areas actually seek out ungrazed areas as these
are more favourable areas. If this were so, one would expect breeding
density, breeding success and breeding times to differ between the two
habitat types. This bBas not yet been tested.

If, as suspected, Redshank are moving into the ungrazed area the
implications for reserve management nay be serious, If breeding success
in the surrounding areas declined, for some reason, the population in the
sanctuary may go into decline,

On a mare general level, there is the possibility that some of
our Nature Reserves may in fact be too small (NCC Publication 1986;
Tormpkins 1986).  If this is in fact so, then populations of Dunlin,
Golden Plover, Greenshank and Redshank, within these Reserves, may go
into a decline if surrounding areas are damaged. In short, if a

population cannot be self sustaining within a given area, and surrounding
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areas are made unsuitable, then it is likely that populations

of some waders may locally decline or become extinct., Such population
declines have already been observed in Redshank (Sharrock 1976) and
are expected in several of our upland breeding waders (NCC Publ. 1986;

Tompkins 1986; Thompsen gt gl 1986).
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Chapter 4

The growth and development of Redshank chicks

Introduction

The growth and development of sandpiper chicks has been little
studied. Most resedarchers have avoided this aspect because it requires
much time, and successful capture is by no means gusranteed. Many
ornithologists have claimed that chick capture is near impossible,
due to the nature of 'mormal' wader terrain and also as a result of
the hiding abilities of the chicks. In the case of Redshank,
Grosskopf's description of chicks being 'past masters at sneaking
away' is particularly appropriate (Grosskopf 1958a),

Grosskopf (1958a) attempted to follow many of the chicks he
ringed in the nest, with only a moderate degree of success. This work
on Redshank vas followed up by Stiefel and Scheufleur (1984) and their
results integrated with Grosskopf's study, undertaken on Wangerooge
Reserve. On the Ribble marshes, both Ashcroft and Yates weighed
and measured chicks of known age; but both studies were greatly
aeffected by a small sample size of captured chicks,

Other wader species have been less intensively studied., The
Lapwing was studied for several years in the New Forest., A series of
very interesting results were obtained; 1in particular, growth rates
and fledging periods were found to vary enormously between seasons,
Differences were regerded as being mainly due to weather conditions
and the effect on food supply (Jackson & Jackson 1975, 1980),

Other studies on growth rate of Lapwing chicks were carried out by
Fuller (1983) and Redfern (1983). More recently, Galbraith has
studied growth rates of Lapwings and related the rate of growth to

female quality and habitat quality (unpubl. 1986),
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In a study of Common Snipe Gnllinnago gallinago, Green (1985)

captured many chicks of known age which were ringed in the nest. The
results obtained were compared with those of ®williamson (1960), who
studied Snipe growth after fledging. The combined data set gives a
good account of Snipe growth from birth to after-fledging. Green
concentrated on weight and 'bill to feathers' as his measurements.
Tuck (1972) also published growth curves for 3nipe,

Other studies, such as Lessells {1984) on the Kentish Plover
Charadrius slexandrinus and Pienkowski (1983, 1984a) on Ringed Plover
have also looked closely at chick survival and growth,

It is noteworthy that there is & close link between studies of
growth and studies of chick survival. It is hoped that eventually
measurements of growth rates may be used to predict survival potential
and perhaps even the potential to return in future years.

The British Trust for Crnithology has now begun a scheme to study
differential mortality in'wader chicks. The overzll zim is to determine
the return rate of chick;::%kdifferent ages., The appro=ch is simple;
one would expect fewer chicks to survive which were ringed in the nest
than older chicks ringed out of the nest. Such a project demanded
that every chick ringed was measured and its age subseguently estimcted.
4s part of the Ribble study, it was decided that Redshank chicks should
be captured and measured and growth curves constructed. Using only
chicks of known age it would then be possible to age chicks of uuknown
age, using Formulae decided upon. This technique was employed to
determine the likelihood (frequency) of return of chicks of diflerent
age categories (see Chapter 3 Natal philopatry).

For the benefit of this study the overall aim was to determine

if there was:
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(a) inter seasonal growth rate variation
(b) intra seasonal growth rate variacion
(¢) inter sibling variation in growth
(d) differential growth rate of different parts of the chick.
These sims, if satisfied, would allow for a single age estimating
Formula to be arrived at. If this could be achieved, subsequent
calculations of differential survivel and natal philopatry would be
much more straight forward. Part (d) was undertaken to determine
wvhich measurement varied least within and between seasons and also
between individuals of the same age. 1A technique requiring only one
measurenent would clearly greatly speed up handling time, The growth
of feathers in the different body regions was also studied as this may
also be used as an indicator of age and body condition.

In chicks of known origin (ringed in nest) the measurements of
different variables could be related, where possible, to the size of

the parent, the date of hatch, the size of egg, and also the order of

hatch,

In the majority of cases too few data were gathered to accurately

determine if such relationships existed,

Methods

The method of chick capture would obviously vary between species
being studied and thae study area. Prior to studying Redshank, I had
a reasonable amount of experience with young vaders; in particular
Lapwing, Dotterel, Golden Plover, Greenshank and Com:ion Sandpiper.
Apart from the Lapwing and Dotterel, which are fairly easy to catch,
the other species proved very difficult to work on. These three species,
1ike Redshank, tended to keep their chicks in wet areas where there was

an abundance of cover. Normally it was unusual to see chicks running
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around whilst observations were conducted from 150 m or less,
Catching Redshank was therefore probably no more difficult, Without
a basic knowledge of adult behaviour, the task of capturing young
Redshank out of the nest would be much more difficult. Many hours
observation vere uncertaken from different distances, and many searches
for young birds were made before a pattern began to emerge.

The first and most important task was to ring as many chicks as
possible in the nest. This greatly enhanced the chances of catching

- chicks of known age.

The selection of broods to be watched was very important, By
sitting down ¢ 150 m (sometines closer) in the vicinity of broods,
one could determine where they were. Normally broods were confined to
some of the many ditches and creeks which disseet the szltmarsh. Once
a brood locality was known, it was important to decide if an attempt
should be made to find the chicks. Normally decisions were based on
ditch size and position in relation to other ditches, If a ditch was
very wide and deep then the brood was normally left alone. Experience
was the most important attribute here., By deciding to move to another
brood, much time was saved rather than attempting & search likely to
" be unsuccessful,

wWhere a brood was located on a suitable ditch (the smaller the
better), the adult (s) were watched to determine the approximate
position of the brood. When the chicks are small the adult remains
fairly close to the young (based on evidence of chick position at
capture to adult position). Once chicks are older the attending
adults will move the young fairly quickly along the ditch. The
majority of chicks caught were in saltmarsh ditches. Once the brood

locality was estimated the ditch vas rushed. The position of the adult
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was taken as the centre and searchers went below and above this point
perhaps by as much as 30 m depending on the width of ditch and on
the behaviour of the adult., The searchers then worked toward each
other, searching the ditech slowly and methodically, This was a
painstaking, messy task but doing it methodically greatly increased
the chances of a find, Cnce in the ditch every possible hiding
place was examined, The mud was carefully checked for fresh footprints
and droppings and also for the presence of waxy flakes from the growing
feathers, When these were found a sesrch image could be formed for
larger chicks. When conducved properly, and when assumptions about
position were correct, chicks were normally found, The ditch was
always searched to completion, even when one chick was found,

Experience suggested that chicks continued to move until the
ditch had been reached. On a very few occasions chicks were spotted
running as the searchers arrived at the ditch. On fewer occasions
chicks moved along the ditch in front of the searchers. Lormally
chicks hid, presumably under instructions from attending adult (s).

If chicks were not found after a search, the searchers left the
ditch and returmed to the observation point. From adult behaviour
énd position, it vas nornally possible to tell if the brood had moved
or if chicks had been missed. Frequently the adult would perhaps take
up vosition on the same ditch, but lower or higher up than orizinal
position. ihen this occurred it normally meant that the ditech had
pbeen entered too close to the adult and the chicks were on the wrong
side of the searcher, If the adult returned to the same position as
before then this was a good indication that the chick (s) were small

end had been missed,

The other most common occurrence was for the adult (s) to take

186



a position on a new but nearby ditch. This normally meant that

(a) chicks had moved from one ditch to another, while or before the
search was undertaken;

(b) the adult-intended to move the chicks to this ditch; or

(¢) the chicks were somewhere between the two ditches.

It was normally possible to determine what was happening or going
to happen. If the zdult began to move along the second ditch then one
could assume that the chicks were already there; this ditch was then
subjected to similar searching methods as outlined above. If the adult
begen to run around between ditches one could guess that the chick (s)
were hiding on the top., Experience was again useful in that one could
determine from the adults voice and level of excitement if the chicks
were moving. If the chick was spotted (often running ahead of adult)
it wvas important to get an exact location. If the second ditch was
known to be large then it was imperative thet the chick was caught
before it reached the sanctuary of the ditch. Equally, if the ditch
vas known to be small and a good catching ditch, then the chick was
allowed to reach it before the searchers rushed in,

When the decision was made to caten the chick on the top, a
precise location was taken with a telescope of the last spot where the
chick was seen. The observer directed the searcher to this spot,
using a 2-way radio, Normally a brief search revealed the chick hiding
in some vegetation. On occasions, however, the time taken to cover
100 m, and the nature of the ground, often allowed the chick to run to
safety. As in the case of catching chicks in ditches, perseverance
- gnd judgment was highly important. It was also found to be possible
to ease broods along a ditch to positions more suited for capture,

By sitting on one side of the attending adult the brood cecould be
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shepherded into a narrow stretch of ditch, thus making capture
nore likely.

At the time of high tides the ditches filled to varying degrees,
depending on tidal height. Adults could often be seen leading their
chicks up the ditches away from the incoming water. Such behoviour
was always indicative of brood position and often lead to a quick find.
Fqually, when the tide was well in, chicks were often forced to move
into small side ditches or even forced onto the top of the green narsh,
In such circumstances finding was very much easier as available niding
places were fewer in number. Knowledge of Rudshank brood attending
behaviour, a knowledge of study area, and patience, are all required
if chicks are to be caught on a regular basis,

I have outlined the main methods employed for chick capture on the

Ribble saltmarsh, In other areas different techniques would almosf

certainly be required.

Results

The relationship between egg size and female size and egg size
and chick size (at hatch) has already been established (Chapter 2).

It was strongly suspected that a relationship may exist bdtween
(a) egg size and chick fledging potential and
(b) between egg hatch order and chick fledging potential.

A brief review of the data set indicated that of those chicks of
known origin, which were known to be alive after five days, the
relationship between survival and egg size coulcd not be examined,

To do this, chicks surviving would have been required to have been
ringed in the nest and have come from an egg of known size, This
happened on too few occasions.

The relationship between hatch order and chick survival, however,

Moy be examined
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Table 4.1 The relationship between chick hatch order

and probability of surviving to at least

5 days of age,

Hateh order of chick

lor2 3o0r 4
No. of chicks
captured at
5~-days of age
or more 20 1l

Note: At all nests, 4 eggs hatched

A Goocness of fit test indicates that the above is a non-random
distribution. Chicks hatching first and second are more likely to
survive to five days or more (X2(l)= 2.61 n.s.). However, this
difference is not significant. The main problem is thut the sample
sizes are very small, I would tentatively suggest that earlier
hatching chicks leave the nest in better condition and are therefore
more likely to survive.

As outlined in the Introduction, chicks of known age were captured
at various intervals to determine growth rates.

A total of 1107 chicks were ringed between 1983-1985, Of these,
104 vere captured end ringed once they had ieft their nest; thus their
nest and date of hatch was unknown.

" Vhere possible, chick cztching was attempted on broods of known
origin (unmarked adults could often be identified by plumage, behaviour
or location). Inevitably, many chicks were captured which were unringed.

Of the 1003 chicks ringed in the nest, 60 were subsequently
re-captured a total of 91 times. Therefore, only 6.0% of all chicks
ringed in the nest vere subsequently caught again.

of the 104 chicks captured and ringed out of the nest (origin

unknown) 28 (27%) wvere re-caught a total of 68 times. Therefore, a
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total of 88 chicks were caught on a total of 15y occasivns (other than
original catch date).

The increased re-capture rate of chicks ringed out of the nest
is an indication of differential mortality between nestlings and older

chicks caught out of the nest (see Chapter 3),

Growth and development
At birth, young Redshank are weak and feeble, Within 1 hour of

hatching the chicks are dry and are moving freely in the nest scrape.

4t the time of lenving the nest the chicks are strong and can run freely.
At this stage chicks are still dependent on their parents for maintaining
their body temperature and for protection from predators. As they

get older, they are able to regulate their own body temperature but

still depend on adults to warn them of approaching danger.

Table 4.2 The comparison of chick and adult
measurements at chick birth

Chick measurenments Adult female Chick measureuzert
in the nest (n) nmeasurements at birth as §
of adult
measurement
(1984 data)
Weight (g) 15.58 £ 1.2 Alh 134.4 + 8,0 11.6
Tarsus (mm) 28,16 * 1.2 412 47.6 £ 2,0 59.1
Bill to
feathers (mm) 12.59 £ 0.5 A7 4.8 £ 2.0 30.1

At hatch, the tarsus is on average 59% of the average female tarsus
measurements. The weight at hatch and the bill to feathers are much less
well developeds It must therefore follow that the tarsus grows slower
as opposed to the bill to feathers and the weight,

The relationship between fledging size and adult size is more
difficult to calculate. Only a very few chicks have been captured that

could fly or fly veakly. In particular, chick DN60089 was captured at
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fledging and was subsequently captured the following year as a breeder.
This is an ideal case for studying the relationship between fledging

size and adult size.

Table 4.3 The relationship between size at fledging
and size at first breeding (1 year old)

Fledging lst year % of adult
Redshank Redshank measurements
(DN60039) ( DN60089 ) at fledging
Weight (g) 112 128 87.5
Tarsus (mm) 46 46 100.0
Bill/feathers (mm) 34 45 7545
Bill/nares (mm) 2645 35 75.7
Wing (mm) 126 160 78.7

Tail (mm) 53 56 9.6

During the resezrch, 3 fully fledged (free flying) Redshank were
captured using mist neus. Catching flying juveniles proved more
difficult than anticipated, but the capture of 3 juveniles was considered

a SuccessSe

Table 4.4 The relestionship between post fledging
size ané¢ adult size,

Juvenile Zstimated Adult % of adult
Redshank (n=3) age Redshank biometrics
(days) (female) (1985)
Tarsus 47,6 1 C.57 47.1 £ 1.9 100
Bill/to
feathers (1.5 + 3.5 41.9 #1.9 9
Wing 1634+ 1.5 168 + 4.0 97.3

By using mean female adult Redshank, the calculations of % adult
measurements represent minimum values of development. Thus 45-55 days
after hatching aduli measurements have been reached for tarsus, bill to

feathers and wing length., The weight is a minimum of 88% of adult weight.
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In addition, the adult weights are all for incubating birds, In

mid-July it is likely that adult weights are dif ferent from those of
breeding pairs.

Teather develooment

Although rather variable, the development of the feathers and the
loss of down is a useful age indicztor. As can be seen from Figure 10
the emergence of pins, the eruption of the feathers, and full emergence
of the feathers occur after 5, 9 and 12 days respectively. Inaividual
pcsitions on the youn; Redsnank vary in the desree towhich they may bve
used as ageing criterion. In particular, it is of note than an
experienced person could age young Redshank from the state of feather
development in the different body regions, This is, however, much
less accurate than using exact measurements and assuch should only be.

used when accurate ageing is not important (see Figure 10 for

instructions).
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Fizure 10 Feuather Development in Young Redshank

Instructions for use

Figure 10 is solit un into three sections,
Section one is concerned with the emergence o feathers at the
arliest stage of development in the different vody regions. Zarly
development is detected by the appearance of 'pins'. The pins are
small wax covered sheaths which emerge from the .ounz bird's skin,

Section two graphically highlighis the time at which the feathers
begin to emerge from the sheaths., When this occurs, the fezther
appears like the end of a small pzint brush emerging from the
waxy sheath,

Section three indicates when the feathers have completely
emerged from their sheaths. The time of domplete feather emergance
differs for the different pody regions,

Body regions are labelled separately. By using a ruler, it
is possible to deterrine at what age pin emergence, feather eruption
and comtleve fealner development occur in each body rezion.

The actual age of each chick examined is on the left hand side
of the fizure.

In all sections, the problem of individual variation in festher
development highiighis the dangers of using feather development as an

ageing criterion,
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Chick growth

Chicks of known anc unknown age were captured and measured
in an attempt to monitor growth throughout the pre~fledging period.
Primarily, every effort was made to ring chicks in the nest, thus
enabling re-captured chicks to be aged exactly. Chicks first captured
out of the nest were only useful in studying change over a given period
of time,

Of those chicks ringed in tne nest, re-captures were between one end
six times. Of those chicks captured and ringed away from the nest,
re-captures ranged from one to eleven times,

Figures 11 - 14 present the raw data plotted out for age versus
weight, bill to feathers, tarsus and wing zeasurement.

Figure 15 presents the mean wéights far the age classes of chicks

re-captured (1-28 days old).
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Observation of Figure 1l reveals an almost perfect relationship
between chick weight and chick age. The correlation co-efficient
calculated (r = 0.97) is highly significant (p4 0.00l), indicating
the very strong relationship that exists, Similarly, correlation
values of r = 0.95 (p<0.001) (age v tarsus) and r = 0,96 (p £0.00L)
(age v bill to feathers) are equally of a high significance level,
These figures suggest that there is little variation in growth rate
between the chicks measured.

To determine the relationship between measurements and aze, a
multiple regression analysis was carried out. In this case both the
age and neasurements were known. However, it was intenced that
neasurements could be used to predict age where this was unknown,
Therefore, aze was taken to be dependent variable, The independent

variasbles were weight, tarsus and bill to feathers length.

Table 4.5 Beta values and F-ratios for the relationship
between chick age and chick weight, tarsus
and bill to feathers,

Dependent. Independent Variables
Variable
Weight Tarsus Bill to feathers
Chick Beta 0.626 - C.354
Age F 29,9% %% n.s. Q. 5%%

Significance values associated with F-ratios
(d.£. 2,74)

A total of 97% of the cumulative variance was
explained

Thus, the best predictors of a chick'’s age are its weight and

its bill length,

Further examination of the data set revealed that all parameters
measured were highly correlated with each other. 1In addition, the bill

measurements allowed a comparison of the different measuring technigues,

201



thus enebling the relationship between Dbill tip to feathers,
tip to rear nares and tip to front nares to be studied, As already
mentioned, this has stirred considerable interest amongst ringers

over the last few yezrs,

The relationship between the different
‘chick parameters measured,

Table 4.6

Pearson's correlation coefficients (r)

Chick wte tare. b/f vts., wtf, T
weight
Tarsus C.Q79% %%
(77)
Bill to
feathers 0.974%%# 0,975%%%
(19) (77)
Wing: to
tip
sheaths  0.837##10,797#%%| 0O, 714%*
(14) (14) (14)
Wing: to
tip
feathers 0,938%#% 0.892#%%*| 0,856% %% NeVe
(37) (37) (37)
Tail 0.930% %%} 0, 871 *¥#%| O,888%%#x neve| 0.948%%% -
(16) (16) (16) (16) a2 ock Vel

A1l chick parameters measured are highly and significantly

correlated with each other. 1In particular, weight, tarsus and bill

tip to feathers are very highly correlatel . Thus a very sirong
relationship exists oetween these three parameters,
The correia*ion analysis between the three dif ferent bill

measurements resulted in the following co~efficients,

B/t B/rn B/fn
Bill to feathers (B/f) - - -
Bill to rear nares (B/rn) (78) - -
0.995%**
Bill to front nares(B/fn)  (66) (66)
D992 *% 0.996% % -

These correlation co-efficients indicate the very strong

relationship and the similarity in growth patterns of the young
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Redshank's bill,

Growth data were gathered for two main reasons.

(a) To produce an age estimating Foriiula which could be readily used
to estimate Redshank age.

(b) To study the growth and develocment of young Redshank with an aim
to determiring any differ ential growth th:t may occur between brooas,
within broods, within the season and between seasons (see Introduction),

I shall deal with the ageing technique first,.

As noted from the correlation co-efficients (Figs. 1l-14), all
chick parameters are highly correlated with chick aze. Ageinz could
therefore have been done by using one chick parameter,

It was felt that by using two chick parameters, the resultant age
estimate would be more likely to take account of any unsual variants
and tnus would be more accurate.

With tnis in ~ind, & stepwise multiple regression analysis was
run on age versus weight, bill to feathers anc tarsus. The analysis
was terminsted after weight and pill to featners were regressed
beczuse tarsus aid not regress significantly.

The “oustion arrived at:

(1) age = C.165 weight + 0.474 X Bill to feathers - 5,407 (n = 77)

For esge versus a single perameter (weight) the following
equation was produceds
(2) age = 0.255 ut + 0.264.

Using Zquation 1, chicks of known weight and bill re:surement
could be aged.

In many of the chicks re-captured at one day old, only the weight
was measured. These chicks were therefore excluded from the ageing
formula as no bill measurements were obtained,

In the case of Equation 1, 97.4% of the cumulative variance is
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d

explained, which is marginally more than the 97.0% of the
variance explained in the single parameter regression of age versus
chick weight.

The use of tarsus and bill to feathers rieasurement on their own
is less noteworthy. In each case only 95% and 96% of the cumulative
variance is exnlained.

Ticures 1€ and 17 are concerned with the second aim of the chick
growth work. Sample size of chicks handled of known age was very
small (91 re-captures). To sub-sample this low sample inevitably
meant that no detailed statistcial analysis could be carried out,

The cur-es do, however, strongly indicate general pztterns of growth,
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Growth differences within broods

In the majority of broods followed up,it was unusual to find
any more than one surviving chick. In the few cases where more than
cne chick was ceught {not necessarily on the same day), the rate of
srowth and stage of development could be compared.

In addition to chicks of known age veing compared, chicks of unknown
aze could also be compared.

Figure 18 suggests that even where more than one chick survives
3ithin a brood then the growth rates will still remain fairly constant.

Figures 1€ and 17 can ve used to observe differences in growth
setween and within seasons anc between individuals.

Without detailed analysis of the individual slopes, any conclusions
~ust be carefully considered before they- are accepted. The following
ctatements were considered to be truly representative of chick growth,
‘’a) Growth rate is consistent throughout the season (mid-Hay to
early August).

's5) Growth rate is the same for both years in which detailed work was

c=rried out (1984, 1985).

) Growth rates are very similar for individual chicks, no natter

(&)

~h-t yesr ani what time of the season tﬁey are monitored., liote that in
~-is case I anm not referring to differences in growth rate throughout
~ne fledginy verioc of an individual.

Referring to (a): No further comment can be made as to break up the
a would further reduce the sample size,

In reference to (b): A simple bivariate regression analysis of
the 198/ and 1985 growth data allows for the gradients of individual

perameters to be studied (see Figure 19 and Table 4.7),
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Fig. 19 The annual growth rates in young redshank of weight,

tarsus and bill tip to feathers as shown by

regression slopes. Data for year 1984 and 1985

110 (for sample size and actual gradient see Table 4.7)
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Table 4.7 The gradients calculated to represent
rate of growth:weight, tarsus and
bill measurements (1983~1985),

Slope of regression

Chick parameter 1983 (n)| 1984 (n) | 1985 (n) Overall

neasured (1983-1985)
weight 2.98 21 | 3.5 23 3.79 47 3.49 91
Tarsus 0.77 11 | 0.65 19 0.75 47 0.68 77
Bill to feathers 0.96 12 | 0.67 20 0.70 47 0.68 79

From Table 4.7 it can be seen that the overall regression slopes
have been affected by the small 1983 sample, The data do show the
degree of similarity in rate of growth between 1984 and 1985 which could
be drawn for all chicks of known age and re-captured in both years,
Growth in both these seasons is similar as supported by Figures 16 and 17,
The largest degree of variation was found in the growth of
individuals between broods. Thus, some individuals grew more rapidly
and achieved a grester size than other individuals did over a given period

of time (see Figure 11).

This results section finishes with several observations which are
relevant to the Discussion which follows,

Redshank broods do not generally mix. Over the years several
aggressive encounters have been witnessed between pairs shepherding
their broods along the same ditch. These encounters were often quite
violent and often involved both members of each pair, Secondly, an
adult was observed on a ditch where it was known to have two chicks.
On searching the ditch only one chick was found. 4 second adult (not
attached to the first) on another ditch escorted a chick to the first
ditch, where the chick joined the first adult. The second adult
returned to its ditch whilst the first adult 'apparently furious'

with the straying chick, flipped it over with its beak., Both adult
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and chick then ran down the edge of ditch one. A further search
revealed two chicks now in the ditch (both ringed). A search in the
second ditch revealed a much older chick which had not been previously
ringed. Both broods were being tended by single adults. This
demonstrates that birds do have the apparent ability to recognise
their own chick and do have the ability to sort out a mix up, should
one arise.

Chick mortality, although known to occur at a high level, is
not easily quantified. The most common causes of cnick desth were
predation (Kestrels and Herring Gulls) and low temperatures leading
to death by lowering of body temperature, It is likely that many of
those predated upon were already weakened in some way. A chilled chick
is feeble and calls persistently, thus attracting predators. Other
causes of death were hatching death (chick died during hatching)
and crushing by cattle, In total, only a tiny percentage of chicks
dying were probably ever found., The majority taken by predators were
almost certeinly removed from the study area,

The summer of 1985 was particularly cold, with June and July
temperatures below average., It is therefore interesting to record
that 62.5% of all chicks found dead were in 1985, Many of these

deaths could, I feel, be attributed to low temperatures and sudbsequent

increase in predation.
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DISCUSSION

It is difficult to compare these results with others,  Apart
from studies on Redshank, the only others have been on Lapwing,

Ringed Plover, Kentish Plover and Common Snipe. Therefore, no other
Tringine Sandpiper has been subjected to a similar study of their young.

In many ways, Grosskopf's study of Redshank (1958a, 1963) led the
way for further study. In the aspect of chick growth, however, the
study is less intensive and offers no real break-through on wader
chick growth, In fact the results in this part of Grosskopf's work
(1958a) conflict more than eny other with work carried out on the
Ribble,

Grosskopf highlights the problem of chick re-capture and of the
variable nature of chick weights. Fledging on the Wangerooge was
considered to occur only between 28-33 days, with the latter length
suggested as being more normal. This degree of variation is not so
different from that encountered on the Ribble, The main differences
concern chick weishts. The variation in weight and state of development
is understendable but the actual weights recorded by Grosskopf are very
light. For example, 3 chicks at 20 days of age weighed, on average,
57,6 g (Grosskopf 1958a). On the Ribble, 7 chicks between 19 and 20
days of age averagec 69.6 g.  Three chicks on the wangerooge aged
25 days averaged 71.3 g (Grosskopf 1958a), 4 sample of 8 Ribble
chicks, at 24-25 days of age, averaged 94.5 g. This is a cleer and
very surprising difference. The chicks caught on Wangerooge Island
at 26 days of age, or more, were incredibly light and would suggest
that something was ver& vrong with these Redshank, presumably

related to their food supply.
Another point of interest fromGrosskopf's (1958a) paper concerns
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weight gain over a period of time. Over g period of 3, 5 and 6 days,
young Redsheunk gained 1, 9 and 6 gms respectively., Similar time
intervals for Ribble Redshanks give weight gains of 9.5 (average of

2 cases), 9 and 11 gms (average of 3 cases). It would appear that
Grosskopf has discovered the tailing off effect which occurs in growth
rate of chicks as they get older, but the weights at which these
individuals are beginning to tail off (60,40 and 45 g) are way below
the weights that the Ribble Redshank reach before they begin to slow
in rate of zrowth,

Grosskopf's study does agree with this one in that he found the
growth of siblings to be very similar (Grosskopf 19§8a) Here we have
two studies, carried out in different localities, but on a similar
habitat type, the results being quite different, In their study of
Lapwings, Jackson & Jackson (1975, 1980) found greatly protracted
fledging periods and the chicks were lighter as a result of a very hot
summer which dried up 211 the feeding places. Weather conditions can
have e2n effect on Browth rate, mainly by the effect on the food supply.
Possibly, the Wangzerooge chicks which seem to have been much lighter
than the Ribble chicks were affected in a sinilar manner,

Young Redshank reared in captivity had a very similar growth rate
to Redshenk on the Ribble. After 1 week the young birds averaged
27.5 gms; after 2 weeks 60 gms; after 3 weeks 97 gms; and after
4 weeks 105 gms (Goss-Custard, Wilkins & Kear 1971).

At hatching, young Redshank are feeble. Within a few hours the
chicks are dry end strong and are almost ready to leave the nest., an
examination of the ratio of chick measurements to adult nmeasurements
reveals that in one measurement (Tarsus length) the chicks are

particularly well developed at birth. The chicks therefore are
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born with very well developed legs, which are presumably important

for movement through vegetation to feeding grounds, end running from
predators, Shorter-legged individuals may be less quick and may find
soze of the longer vegetation difficult to pass over., I would suggest
that this mey be particularly important when the chicks leave the nest
as young Redshank have to pass through the deep grass that surrounds
their nest until they reach the shelter of the feeding grounds. Many
parents took their broods on long Jjourneys (up to 1 km), but then
settled in an area. The feeding grounds were normally the interior

of ditches where movenment was much easier., Movement in the ditch was
still important as often the tide came in very fast, putting chicks in
danger of drowning.  Young Redshank tended to hide in their feeding
diteh rather than run away., But it is likely that strong legs were
just as important here as they often hid on the side of deep edges and
also pushed themselves into tiny cracks and holes half way up the
ditch edge.

I conclude that long legs may be important for running through
grass and debris and that they may also be important for climbing
steep banks and for pushing a threatened chick into a hiding hole,
Similar thoughts on the role of a long Tarsus are discussed in
Kalas (unpubl, tnesis 1982) and in Pienkowsxi (19¢3),

4t birth, the bill length is just under one-~third of the adult bill
length. Little is known about the-feeding patterns cf young Redshank
as most feeding on the Ribble takes place within the confines of a
ditch. It is probable that initial feeding effort is directed at almost
anything that moves, This pattern of indiscriminatory pecking has
been witnessed in young Ringed Plover (Pienkowski 1983); and in young
Lapwing (pers. observation). The main problem here is that pecks may
be directed at objecté so small that no suallowing motions would be

detected, even if it vere successful,
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If the Redshank egg is a compromise between resources invested
in the egg, and resources lost from the female, then it would appear
that the state of development of the chick at hatch ought to be near
optimum, With this in mind, one would expect body appendages to be of
a similar state of development. If the bill was much longer at hatch,
the directional and manipulative skills would be greatly reduced,
possibly resulting in a decreased survival potential, One must
therefore assume that bill length at hatch is the vest length for
catching small prey whilst standing on long legs. The long legs
themselves are difficult to coordinate and it is not unusual to see a
small chick tripping and stumbling while attempting to run away., The
actual growth rates are therefore very different for the different
appendages. At the time of fledging, the young Redshank has a near-full
adult tarsus measurement and tail length,

The wing length, bill length, and weight, are still only 75-87%
of the adult measurements. Growth therefore still occurs after fledging
until the adult measurements are reached,

Full adult size is reached, for most young birds, probably between
4L0-45 days (but see weight and wing length). The fledglings caught in
this study were of unknown age; these birds were assumed to have
hetched at the time of the first nests known to hatch., I would
therefore expect that the predicted ages are slight overestimates,
Apart from weight, most fledgling measurements were the same as the
adults. Juveniles do not reach adult weight until much later.

A study in the south Camargue revealed that juveniles did not reach
adult weight until November (see Glutz et gl 1977).

The development of feathers in young Redshank was studied in
considerable detail in 1985, Studies in 1984 indicated that the
appearance of pins, eruptance of sheaths, and the full emergence of

feathers may be a useful indicator of age. Feather development begins
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in different body regions at different times., By observing the

different body regions, and scoring for state of development, it was
possible to study this aspect of development.

The results indicated that a very arbitfaryageing could be
carried out, but this could never be very accurate, There was a
considerable degree of variation in state of development in any one
body region. Ageing may be done on this basis, but care should be
taken when interpreting results.

The disappearance of down and the.emergence of the tail feathers
was of particular interest. =£very chick caught was completely downy
until the age of 4.5 deys. After this age, pins normally began to
appear on the flanks and ecapularg. Even at fledging the vent and
lateral rump were often downy and the underside of the wings bald,
Those areas which were normally covered by feathers of the wings were
last to be covered in feathers of their own., Feather development takes
place first in those areas most important for (a) insulation (flanks,
belly, breast and mantle); and (b) flight (wings, tail). The
development of the tail is particularly late in beginning. This could
be a mechanism wvhereby early fledging is delayed as controlled flight
is impossible without the use of a well developed tail,

The only wader study to have used feather development in a useful
manner was that carried out by Lessells on the Kentish Plover. In
this case, brood care was studied in broods of estimated age (the broods
vere aged according to feather development), (For further details see
Lessells 1984). I stress again that I would tend to be wary of such a

technique as the range in state of feather development is larger for

chicks of any one age.

The data on chick growth represent an enormous amount of effort.,
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To some extent the return per unit time spent searching is very low,
but in an aspect of biology where so little is known, every datum
point can be an important contribution to our understanding of wader
growth patterns.

The data analysis has been kept simple and the growth curves not
transformed in any way. Although a log transformation would benefit
the data, the overall aim has been to (a) highlight difficulties
associated with wader chick work; (b) gather as large a set of data
as possible; and (c) to arrive at an easy to use yet relatively
accurate age deternmining formulea,

With the initiation of the B.1.0.'s latest scheme to determine
wader survival and natal philopatry, many ringers have become involved
vith capturing and measuring young waders, It is important that
contributing ringers are able to understand and relafe to findings
if their interest is to be maintained, In Chapter 3,1 have outlined
the lack of knowledge in wvader fledging and subsequent confusicn in
determination of natal philopatry. If our knowledge is to be
increased in these and other aspects it is vitel that the enthusiasm
and diligence of amateur ornithologists is maintained, The over-riding
need to gather and understand such data has also been descrived in
Chapter 3.

If ringers cannot uncerstand and relate to findings, subsequent
interest will grestly decrease. 1 therefore suggest that at this
stage at least, analysis of chick growth and survival are kept as
simple and as intelligible as possible,

The first and most important finding relating to the B.T.0,
scheme is that both weight and bill measurements are useful ageing

criteria. Concerning the measurement of the bill, three measurements
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were taken (see Methods). The relationship between the three different
measurements was such that any one could be reliably used as a
representative of bill measurement. All bill measurements were made
using a dividers and 15 cm ruler. The use of dividers in this case

is considered unnecessary and probably no more accurate. Once again
the simplicity of measurement would not deter an amateur ornithologist
from taking measurements of any chicks caught. I would agree with the
B.T.0.'s choice of age determining measurement (bill to feathers),
Weight can be difficult to record on very windy days and may be liable
to fluctuaste more on a daily and hourly basis,

From Migure 15 a very interesting pattern emerges. There is
a slight drop in weight from birth to 2 days of age, after which
weight begins to increase. This drop in weight after birth has been
recorded by Netbersole-Thompson & Nethersole-Thompson (1979L Redfern (1983),
Soikkeli (1967) and Yates (unpubl. thesis 1982). Surprisingly, no such
decline in weight was observed in a study of Lapwing chicks in the
New Forest (Jackson & Jackson 1980),

At the end of the developmental period, just prior to fledging,
the rate of weight increase begins to decrease, Thus the growth curve
shows a gradual levelling out at the time of<fledging. This is as found
by Green (1985); Stiefel and Scheufler (198L); Tuck (1972); and
Williamson (1960).

Growth ratesof sibling Redshank are considered to be fairly
constart, as found by Grosskopf (1958a) and Yates (unpubl. thesis 1982),
Presumably, as chicks are reared together in the same ditch, then the
rate of growth reflects the level of food avallability, In ditches
of poorer guality, the pos sibility of inter-sibling competition cannot
be overlooked. It is possible that this is one reason why broods of more

than one chick are so rarely encountered on the Ribble,
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The growth curves suggest that rate of growth is the same in the
early and late part of the season. In the early season there tended to
be fewer broods (especially in 1983, 1985); and presumably less
competition and aggressive encounter over use of given ditches, Thus
feeding should have been fairly easy. Environmental temperatures vere,
however, lower in late May and early June, and subsequent heat loss
would have been greater. The tidal cycle was also such that some
disturbance of feeding occurred in early June. In the latter half of
the sezson environmental temperatures were higher, so heat loss was
not a problem. The ditches did tend to dry out, however, causing a
scarcity of the moist areas for preferred feeding. In addition, more
broods were present at this stage, resulting presumably in more
competition for favoured feeding ditches, The end result of these,
and no doubt other unknown factors, was a similar rate of growth throughout
the season.

Chick ditches offer shelter (from extremes of hot and cold),
abundant feeding areas, shelter from predators, and relatively easy
movement. The vegetation surrounding ditches makes movement slow and
difficult for the chicks, It is thus not surprising that ditches were
favoured as feeding grounds, Very large ditches were only rarely used,
presumably beczuse of the exposure to predators and weather conditions
and the nature of the very soft substrata which Redshank chicks appeared
to find difficulty in crossing,.

The growth rates between seasons sppear constant, This was
particularly so for 1984, 1985 (the data set for 1983 was too poor to
warrant inclusion). This suggests that there was sufficient food in
both years to allow similar rates of growth. In both years chicks have

been caught both on and off the study sanctuary area. The guality of
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the feeding ditches are presumably slightly variable; but as little

is known about the time spent feeding it is very difficult to deteruine
if the achieved growth rate is the result of a constant or variable
feeding rate between seasons and ditches, What can be said is that some
Redshank stick to the same ditches, whilst others wander over the marsh
using several different ditches in which to rear their chicks., Repeated
catching attempts seemed to move some broods, whereas in other cases
broods would remain in the same ditch even when being caught regularly,
One other point concerned the initial movement of broods, A brood
would often move a long distance (1 km), passing many ditches before
finally settling on one ditch. Those broods often then stuck to the
chosen ditch until fledging.

The bivariate regression slopes calculated from the 1984 and 1985
data set indicate that the rate of growth is more or less constant
between the two years. The 1985 chicks do, however, appear to have
started from a smeller size. The mean egg volumes of eggs 1l-4 are in
fact smaller in 1984 than in 1985. In addition, mean chick tarsus
lengths are significantly smaller in the 1985 nestlings than in the
198/ chicks, There are no differences in chick weight and bill to
feather measurements in nestlings from 1984 and 1985,

This difference in growth rate does seem to be a very real
difference, Actual reasons are rather obscure. Obvibusly the fact
thst smaller eggs, and thus smaller chicks, were produced in 1984 does
in some way explain the variation. However there are surely other
factors involved,

we do not know if older more experienced birds are more successful
at the chick-rearing level. We do know thal in some years Redshank

take their young to the same areas of the marsh (even the same ditch
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on some occasions), but it is not known how extensive this pattern is,
Similar brood rearing site fidelity is documented in Greenshanks
(Nethersole-Thompson & Nethersole-Thompson 1979).

The difference in growth rates between individuals from different
broods is interesting but not surprising, I would expect some ditches
to be of much higher quality than others and as a consequence chicks may
benefit by satisfying their energy requirements relatively easily. In
poorer ditches food would be less available and consequently foraging
time would have to be increased. It is also probable, though not proven,
that more experienced adults may control their young more efficiently,
thus allowing for more efficient movement in and to the feeding grounds.
Another major unknown factor concerns sex differences in growth rate,

It is possible that the smaller chicks were in fact young males and the
larger chicks young females. The data set is too small to test this,

Levels of predation were examined but very few firm conclusions
can be reached, The mortality observed gave an indication of how death
occurred, but the levels of death that must occur clearly indicate
that only a tiny fraction of dead chicks are ever recovered.

In my own opinion, the majority of mortality occurs in the first
four days. I would sugsest that in most cases death is brought aboutv
by low environmental temperature which brings about a fall in body
temperature. Of course if the chick 1s brooded then body temperature
pay be increased, Once they have left the nest the chicks separate out,
in order to minimise risk of total loss of the brood. Once apart,
brooding is more difficult as the chicks have to be drawn in from several
points. At this very early stage chicks require regular brooding,
especially when environmental temperature is low and when wind and rain

are prevalent. A lack of brooding at this stage will result in a rapid
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deterioration of body condition and possible death,

Chick mortality may also occur when a brood becomes fragmented.
When an adult is moving a brood rapidly to a ditch (perhaps up to 1 km
away) there is a possibility that some chicks will get left behind,
I vould suggest that this is a time when brood reduction could occur.
There are several documented cases of young waders being brooded by
parents of different pairs. In those cases chicks have apparently been
left behind and their brooding cries stimulated other birds to brood
them (see Hakansson 1978; Hildén 1977; Thin 1942).

The evidence for rapid brood movement at an early stage of life
is also well documented (see Hale 19553 Nethersole-Thompson &
Nethersole-Thompson 1979; and Thompson 1982), I therefore conclude
that mortality arises due to brood movement and fragmentation resulting
in weaker chicks falling behind, chilling, and becoming feeble. As
already stated, feeble chicks call persistently, thus attiracting
predators. Some predation of broods would take place as broods move
across the marsh surface from the sanctuary of one ditch to another,
At this stage adults are particularly attentive. However, they are
not as effective at evicting predators as are the Common and Arctic Terns.,
In the presence of Terns) Redshank thus gain,as many large Gulls and
Kestrels are forcibly ejected from the study area.

The only other major source of chick mortality is flooding. Again
this is unquantifiable, but the largest tides will certainly be
responsible for drowning some young Redshank, or at the most chilling
them. When floods occur at night the potential for brood separation,
and thus chick mortality, is even greater,

The survival of a young wader to fledging is very much an unknown
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quantity. If we are to learn more about populations and recruitment,
then it is vital that all aspects of biology are fully understood,
Studies of plover chicks have progressed over the last few years;
but sandpiper studies are sadly lacking, almost certainly due to the
difficulty of chick cepture. The overall aim should be to increase
our knowledge and understanding of brood survivel in order that reasoned
arguments may be advanced about an area's productivity and general
importance. Cnce this aspect of wader biology has been sfudied in
greater deteil, it may perhaps be possible to estimate productivity
much more accurately. W¥here this can be achieved, the implications of
land use change can be more readily quantified and more meaningful
conservation measures can be taken to ensure that populations do not

enter an irreversible decline.
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Chapter 5

Redshank survival, mortality and population
size on the Ribble Marshes

Introduction

From its inception in 1973, the Ribble Redshank project set
out to study several aspects of Redshank biology, One of the main
aims of this project was to determine how long redshank live,

Other objectives were to determine accurately the population of
Redshank breeding on Banks lMarsh and to attempt to discover what
limits and regulates the population.

From the beginning, Redshank were colour ringed with several
colour rings making each bird individually recognisable., In 197/
individually numbered metal rings, supplied by the British Trust
far Ornithology, were placed on all birds captured, The use of
colour and numbered rings allowed all birds recaptured in subsequent
years to be individuzlly identified, This formed the basis of the
capture - recapture study which has continued up to the present date,
Redshank have therefore been captured, marked and recaptured over a
period of 14 years,

In all 14 years, Redshank have been captured on Banks larsh.
Unfortunately, the study area has not been the same in every year
(due to problems of grazing cattle)., The cepture - recapture study
is therefore confined to that area of Banks Marsh where work was
carried out in every year, This area is known as the Restricted
Area (see Yates, unpubl, thesis 1982), Yates estimated the study
area as being 2 km2 and the restricted area 1.04 kmz. The

restricted area, however, is the area in which most nests are found,
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A1l birds first captured and recaptured in the restricted area
are included in the capture - recapture analysis. Birds which were
first marked outside or were recaptured out of the restricted area
are not included in the caplure - recapture analysis.

Since 1973, 1156 Redshank have been ringed with B.T.0. metal
rings. In the years of this study (1983-85) a total of 743 adult
Redshank were caught, 271 of these being unringed. Where unringed
birds were caught, these were ringed. Birds caught, which already
carried a ring, had their number recorded. Thus, at the end of
each season some birds had been caught for the first time whilst
others had been caught in previous years,

Mortality/survival estimates

The method of Jolly (Jolly 1965) was used to estimate mortality
and survival. This method requires several merking occasions
(in this study an occasion = a year) and several chances of recapture.
Where marked individuals are being considered, only the most recent
date of capture is included in the analysis. Thus, each marked
individual in the day i sample contributes only one mark (its most
recent) to the total number of marked individuals caught on day i.
The number of marked animals-at risk in the day i population (Mj)

means the number of marked individuals at risk in this case,
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A summary of terminology used in Jolly's stochastic model (19€5)

= The number of individuals caught in year i,

i
!

m, = The number of marked individuals caught in year i.

The number of marked individuals released in year i. (In this

r, =
i
study ry = ni).

My = The number of individuals caught in year i which were last
caught in year j. (ng. the number of females caught in 1984
which were last caught in 1981 = 5),

¥y = The number of individuals marked and released on year i and
ceught acain in subsequent years,

z; = The number of individuals marked before year i, not caught on

year i, but caught in a subsequent year,

Mi = The number of marked individuals at risk in year i,

M, =m + Zi(fég
(yi)
Ni = The population size in year i
Ni = Mi (n3+ 1)
(mi+ l)
Si = The chance of an individual surviving from year i to year i + 1.
5 =Myl

Where survival is known, the life expectancy can be calculated.

Life expectancy = =1 where K = gsurvival, loge'
K

B. = The number of additions to the population between year i and year
i+1.
Bi = Ni'i'l - Si'Ni

The proportion of new unmarked birds captured.

An estimate of the proportion of the population captured in any

o]
e
]

1. one year.

For further details on terminology see Jolly (1965) and Begon (1979).
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The raw data from 1975-85 are shown in Tables 5.1 and 5.2.
For the purposes of tnis study, meles and females have been separated
thereby allowing a calculation of male and female survival. All
estimations are shown in Tables 5.3 and 5.4.

The use of Jolly's method requires that several assumptions are
adhered to. These assumptions are briefly revieved,

.ssumptions of the Jolly stochastic method (1965)

For the Jolly method tc operate accurately, several assumptions
must be upheld. Many of the assumptions considered in this section

have actually been considered ir Chapter 3 on breeding site fidelity,

The first assumption is that all marks were permanent snd noted

gorrectly on recapture.
In this study, rings made of the hard alloy 'monel' were used,

fhese rings have been found to show much less wear than the old type,
softer metal rings. Rings were normally legible even on the oldest
birds (13 years). In cases where rings were considered to be showing
some sign of wear, the ring was replaced. It is probable that where the
ring is attached to the bird above the knee then ring wear will be

negligible.

I know of no case where a ring was discovered.to have been mis-read.

A1l individuals, whether marked or not , had an equal chence of being

caught.

Because femzles are less site faithful after a 'divorce', they
are therefore probably less likely to be recaptured than males. For
this resson, the survival data have been separated for ovoth males and
females (see Chapter 3, Table 34tand Tables 5.3 and 5.4), Within this
period of study, all birds marked within the restricted area are

considered as having an equal chance of recapture,
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The cepturing, handling and marking one or more times of an

individual had no effect on its subseguent chance of recapture,

This assumption was upheld by Yates (unpublished thesis 1982), who
noted that only the early years of the study could be used because
in these years unringed birds were as likely to be 0ld as they were young,
In the latter years, unringed birds caught for the first time were more
likely to be first years. Thus, in the later years, it proved difficult
to separate age effects from first marking effects. The analysis of
Yates (unpublished thesis 1982) indicated that being caught for the
first time did not affect the chances of recapture significantly,

The capturing, handling and morking one or more times had no effect

on_an _individuals chances of dying or emigrating,

This could not really be tested, but since all marked individuals

have been shown to be equivalent, irrespective of the number of
captures, it is reasonable that this assumption is held (Iates,
unpublished thesis 1982). See also Table 3Mand analysis in Chapter 3.

The age of birds did not affect their chance of recapture,

From Tables 3.3 and 2.6 in Chapter 3, it can be seen that young
inexperienced birds appear to be less likely to be recaptured, In the
main, I consider that this is because young birds are probably slightly
less site feithful (see Chapter 3)s It would therefore appear that
this assumption is not upheld. Jeber (1973) stated that if survival
was independent of mc-rk status and probability of capture is independent
of age, then the Jolly method will not be greatly affected by age-
dependent mortality.

Sampling periods were short in relation to the total time.

The averagse length of sampling (trapping) period between 197/4=~81
vas 60.5 days. This is approximately 16.5% of the entire year and is
considered as an acceptably small proportion of the total time,

The assumptions have therefore in the main been upheld,
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Results

Table 5.1 The capture - recapture raw data of adult males for

analysis by the method of Jolly (1965),

Year of releesse of marked Redshank (j)

Tear n, Ty 1974 75 76 77 78 79 80 81 82 83 84 85
1 Recapture marks Mij

1974 66
1975 68 13
1976 82 6 20

1977 51 5 9 12

1978 75 8 6 17 15

1979 69 1 1 8 6 21

1980 96 0 2 4 3 16 30

1981 97 1 2 1 o0 7 9 37

1982 74 1 c 0 3 '0 2 3 2

1983 101 0 0o 0 0 1 2 6 18 30

1984 110 0 0 0 0 2 2 4 1 9 4
1985 75 0 0 0 0 0 1 0 1 2 10 4
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Table 5.2 The capture - recapture raw data of adult females for

cnalysis by the method of Jolly (1965),

Year of release of marked Redshank (J)

Year n, T, 1974 75 76 77 78 79 80 81 82 83 8, 85

Recaptured marks Mij

1974 66

1975 66 7

1976 68 8 16

1977 51 6 4 6

1978 77 5 212 17

1979 64 0 4L 3 3 18

1980 91 3 21 3 16 23

1981 96 o 11 0 5 8 3

1982 67 0 10 1 0 0 5 22

1983 103 0 02 0 2 0 4 18 28
1984 112 2 10 0 0 1 3 5 9 38
1985 69 0o 00 O 1 0 O 0 2 8 33
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Table 5.3 The calculation of the male capture - recapture

data by the method of Jolly (1965),

Year i|n¥ T, Z; m K N Sy By /Ny /ey

1974 6 35 - 0 0 -
0.76/ -

1975 68 L4LO 2213 50.4 248.4 0.27 0.19
0.914 68.9

1976 82 L2 3626 96,3 296 0.28 0,32
0.815 =2.0

1977 5] 27 52 26 124.2 239.2 0.21 0,51
0.662 1.2

1978 75 L7 33 46 98.7 159.6 0.47 0.61
0.795 60.1

1979 69 L6 43 37 101.5 187 0.37 0.54
0.901 39.9

1980 96 50 34 55 120.3 208.4 0.46 0.57
0.722 46,3

1981 97 44 27 57 116.5 196.8 0.49 0.59
0.649 96.4

1982 74 41 38 33 101.6 224.1 0.33 0.45
0.688 18,3

1983 101 54 22 57 98.1 172.5 0.58 0,56
0'683 53.1

1984 110 44 14 62 97 170.9 0.64 0.56

1985 75 - - 58 - - 0.77

Mean 0,41 0.51

% Note n, = Ty in this study

0.759

Overall S

Life expectancy = 3.63 years
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Table 5.4 The calculation of the female capture - recapture

data by the method of Jolly (1965),

Year i 11; Ii Zi m, Mi Ni s i Bi mi/Ni m /ni

1974 66 31 - 0 O -
0.880 =

1975 66 31 24 7 58.1 486.6 0.14 0.11
0.925 =160,2

1976 68 25 31 24 108,3 289.9 0.23 0.35
0.663 116.7

1977 51 2, 40 16 101  308.9 0.16 0.31
0,642 -14.3

1978 77 L2 28 36 87.3 184 0442 0.47
0.873 90.4

1979 64, 32 42 28 112 251 0.25 0.44
0.696 18.7

1980 91 43 26 48 103 193.4 0.47 0.53
0,651 70.4

1981 96 45 23 46 95.1 196.3 0.49 0.48
0,662 87,6

1982 67 39 39 29 96 217.6 0.31 .43
0.80, 28,6

1983 | 103 46 24 54 107.7 203.6 0.50  0.52
0.614 56.4

1984 112 33 11 59 96.3 18l.4 0.62 0.53

1985 69 - - bh - - 0.€4

Mean 0.36 0.44

® Note n, =Ty in this study

Overall S = C.741

Life expectancy = 3.34 years
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All birds included in the results in Tables 5.3 and 5.4 were
captured and recaptured within the restricted zone,

Tables 5.3 and 5.4 show the calculated estimates of M, N, 8; and
Bi' In addition, the proportion of new birds and the proportion of
the population cuught 2nnually is estimated.

In the last three years the number of marked individuals as a
proportion of all Redshank ceught vwas an average of 0,63 for males
and C,56 for females. Thus during the period of tnis study an annusl
average of 374 of males and 4L4% of females caught were caught for the
first time. Over the period that the project has been running, the
proportion of new birds annually caught has ranged from 365-89% (for
females) and 33-81: ( for males).

In each year the proportion of the population captured varied.
In the last two years it is estimated that 61% of males and 56} of
females were caught. Overall, 41% of males and 36% of females were
caught each year from the existing population. This is not a very good
average as less than half of the birds present were actually being
caught,.

Annual estimates of survival from year n to year n+l are shown
in Tebles 5.3 and 5.4. No estimates of standard error have been
calculated as the use of these in this context is now questioned,
Begon (1979) suggests that calculations of standard error should
only be used with extreme caution. Begon also points out that some
workers, notably Manly (1971) and Roff (1973) have stated that the
estimates of standard error appear to be correlated with estimates
themselves, thereby giving cause for concern (Begon 1979).

For these reasons I have rejected the use of suandard errors but
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must accept that the population and survival results can only be
used with extireme czution,

From the tabulated results it can be seen that survival
fluctu:tes considerably from one year to the next. This is perhaps not
surprising as there is considerable differences in winter weather
conditions between years which may presumably have an effect on
overwintering levels of mortality. There may also be annuzl
fluctustions in the level of breeding season mortality. For example,
the number of Redsh:nk found dead during the breeding season has varied
from one to four over the last four seasons, It is likely thut a
fairly high percentage of birds which are killed or die are never
actually found., Similerly, after the very cold winters of 1981-82 and
1984-85, six marked Hedshank were recovered dead by members of the
public, In other winters, when the climate was more favourable,
fewer or no Redshanx were recovered. If one accepts that only a
proportion (probably smell) of dead birds are ever actually found,
then clearly in some years the level of overwinter mortality may be
high as highlighted by Lavidson end Clark (1985),

The overall survival calculated for males is C.759. Thus,

nmortality (1-S) = C.241,

The overall survival for females is calculated at 0.741. Thus

femele mortality is C.259.

The life expectancy for a male is 3.63 years and for a female

3,34 yearse.

The slight differences in male and female survival and thus
life expectancy may arise because males are slightly more site
faithful (see Chapter 3) and because females may suffer a heavier

rate of mortality during the breeding season (five out of nine Redshank
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found dead on the breeding grounds in the last four years were
females). In two cases, females hzd died/were killed whilst preparing .
to lay eggs. It may be that at egg laying {ime females are cumbersome
and lethargic and are therefore more likely to be predated.

An overall estimate of adult survival = 0.75. Thus the annuel
adult mortality (including birds leaving the study area but still alive)
is estimated ot 0.25 end life expectancy is estimated at 3.48 years.

No direct estimate of juvenile mortality can be made from this
study. However at this stage two facts based on this study can be
advanced:

(a) Of these birds recovered or controlled away from mainland Britain,
42% were juveniles, thus supporting the idea of Hale (1973) that
younger birds senerally move further south during winter.

(b) The majority of birds recovered from the south and south-west

of Europe have been shot. Thus by inference, young birds may be more
likely to be shot.

iccording to Boyd (1962) estimates of juvenile mortality are in
the range of 1.2 to 2.5 times as high as the annual adult mortality,
For the purposes of this study I shall use the mean given by Boyd of
1.6 (Boya 1962). Juvenile mortality is therefore estimeted as being
1.6 times higher than adult mortality. Juvenile mortality is therefore
estimated as 0O.40. Therefore, approximately 40% of Redshank fledglings
will die in their first year of life.

Populations

As a result of the capture recapture study, the population of
Redshank witain the restricted area may be estimated and population
Gensity calculated. In six out of ten years the female population

has been estimated as being larger than the population of males. This is
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probably as a result of the lower breeding site fidelity exhibted
by females (see Chapter 3).

Over ten years the male population ranged from 170 birds to
296 birds. The female populetion ranged from 181 birds to 487 birds,
If we accept these populztion estimates then we can say that ihe
number of birds in the restricted area has declined from 735 birds to
352 birds., This represents a decline over nine years of C.52 or
0.058 per annum.

To remain stable, the population required a recruitment of
0.25 to salance the loss of breeding birds. As the population was
declining by 0.058 per annum, then the annual recruitment required
would be C.19 (= 0.25 - 0.058),

This level of annual recruitment would ensure that the population
would only decline by 5.8% per annum.

Since 1975, the estimated population of males has fallen frdm
248.4 to 170.9 in 1984. This represents a decline of 0.31 or an
annual decline of 0.03.

Annual male recruitment = 0,22 (= 0.25 - 0.03). I have not
attempted to estimete the annual recruitment of females pecause I feel
that the level of breeding site fidelity exhibited is such that an
accurate estimate could perhaps not bpe achieved,

Recruitment in the Banks Marsh populations of Redshank appears
to be in the region of 19-22% per annum.

Before advancing further with these findings I must first say that
the above caculations over simplify a very complex and natural dynamic
system, Nonetheless, for the benefit of this study the results give a
vorkable estimate which may be used further,

For an estimation of pre-fledging survival, Yates progosed a

model which accounted for juvenile mortality, the proportion of
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inexperienced birds in the populetion and the hatching success of
experienced and inexperienced adults (¥Yates, unpublished thesis 1982),
With certain stipulated assumptions it is considered th.t this model
does give a realistic estimate of juvenile mortality/survival,
The mean number of chicks surviving to breed per adult = SP
SP = HPxPFxFY

HP = the number of chicks h:tched per adult

= (Aix P1)+ (A2x P2)

BP BP
¥ - %{n&\ﬁskk\&\.\u\
PF = prefledging survival
Fy = juvenile survival
A = the proportion of 'inexperiencéd' breeding adults. (These are
£irst time breeders = recruits).
Ay = the proportion of ‘'experienced'breeding birds. (These are birds
known to have bred before = controls).
P1 = the chick production of 'inexperienced' birds
P2 = the chick production of 'experienced' birds. In this study
SP = Al-
In the zbove, the prefledging success is the only unimown,
Fy = C,60 (Boyd 1962)
A, = 0.78 - 0.81

Pl (Inexperienced first time breedgrs) = 0,98
P, (Experienced breeders) = 1.29.

The figures for Py and P, have been calculated from the data
gathered in 1983 and 1984. At any one nest the breeding experience of
the female was calculated and teken as an index of the experience of
the pair. Although not technically absolute, this is better than

sumning the years of breeding experience found at any one nest, The
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figure obtained for the number of eggs hatched per pair was then
halved to give an estimation of the number of chicks hatched per
individual, The first two years of this study were sufficiently
different as to be the best and worst year over the three year period,
The prefledging survival = SP
HP x Fy
Where Al= 0.19 and AZ = 0,81 : \uhere Al= 0.22 and A2= 0.78
then PF = 0.26 then PF = 0,30
Therefore the fledging success varies between 26-30j%, depending on the
level of recruitment that is accepted,

The level of recruitment accepted has been based on the estimated
decline of the population, There is, however, a possibility that the
population has not actually declined but in fact has remained relatively
stable. The observed trend of a decline in population may therefore
be interpreted as an estimate vhich is becoming more accurate. A
review of Appendix 8 shows that the number of nests found within the
restricted area has ranged from 116 to 173 nests., There is no indication
of an overall decline, However, it should be stressed that search
effort may not have been constant between years. This was almost
certainly true of 1982 when only one person walked the study area
regularly. In 1985 the lower number of nests was attributed to an
increased level of overwintering mortality, Mortality was thought to
have been high during the winter of 198/-85 as a result of severe
veather conditions (Davidson and Clark 1985),

The previous estimates of pre-fledging success were based on the
assumption that the Redshank population in the restricted area
declined over a number of years. If, for the purposes of estimating

pre-fledging success, the population is considered to have remained

stable, then a different estimate may be calculated,
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Where A, is considered to be 0.25 and A, is 0.75 then PF (pre-
fledging survival) = 0.34 (34%).

Thus, even when the population is considered to have remained
stable, a fledging success of 34% is high enough to maintain numbers.

All estimates of pre-fledging success (26-34%) are encouragingly
close to the field estimate of 32%

These are very interesting results which deserve further discussion.
Before discussing these in full several problems and assumptions must
be highlighted.
(a) The model assunes that juveniles enter the populations from the
same area from which adults are caught (the adult catchment area), The
results discussed in Chapter 3 indicate that a large percentage of
chicks which return do so from the adultu catchment area.
(b) The model assumes that hatch success is the same in all parts
of the study area from where adults are returning. (This was found
not to be so by Yates (unpublished thesis 1982)).
(¢) Juveniles are as likely to move into the study area as they are to
move out. If the ungrazed marsh is more attractive to site selecting
Redshank, then juveniles may be more likely to move into the sanctuary
rather than to move out.
(d) Although hatch success has been quantified for 'inexperienced' and
texperienced' birds we do not know if ‘'inexperienced' birds are less
successful in aspects of brood care. In addition, we do not know if
chicks are more or less likely to fledge in the grazed and ungrazed marsh,

I feel that the only real problem with this model concerns the
estimates of Pl and P, The higher the estimation of P1 and P2 then the
lover will be the estimaté of PF. The main problem here is that if there
is competition between broods, chick mortality may be density dependent,

Although I do not think this is likely to occur, some results do at
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least suggest that chick production may be less when the population
is at its highest (see Ashcroft, unpublished thesis 1978) .

All these factors make the use of a simple model appear very
inadequate, However, when these pointis are all considered it is probable
that the model gives a reasonable estimate of pre-fledging success,

This model therefore suggests that the Pre-fledging mortality is in
the region of 66-74%. The estimate of mortality from field observations
was 67.9%., Thus the field based estimated compares favourably with
the theoretical estimate.

From bo:h field and theoretical calculations it therefore appears
thst beiween 26-3.4% of chicks which hatch actually fledge. For the
purpose of the following section mortality shall be 70%.

Of the chicks which fledge, 40% will die over their first winter
period, This will leave a stock of Redshank which will be recruited
to their population of origin. Of those birds which enter the population
some will breed whilst others ﬁill not breed. The reasons for breeding
or not breeding in the first year have already been discussed in
Chapter 2.

From the informstion on breeding age of birds ringed as chicks
the following statement can be made. Fifty percent of the chicks which
returned to breed did so in their first year. A further 32% of all these
returning vere caught breeding for the first time as two-year olds,
The remainder of chicks which returned and bred did so in their third
years Even if some birds bred bul were not captured, the data
suggest that at least some birds breed for the first time as two-year
olds, Indeed Grosskopf (1964) suggested that most birds bred for the
first time as two-year olds, Thus, it would appear that not all young
Redshank nest in their first year. Of those that breed in their

second year, the stock would be further reduced by a second year of

overwintering mortality.
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In the simplest form, the data may be used to exanine the
level of natal philopatry which exists.
If the first year of the study is taken (1983), the follovwing

figures may be advanced,

Year 1983 CHICKS HATCHED AND
RINGED IN THE LEST
193
70% prefledging mortality
v

57.9 Fledglings

40% juvenile mortality

v
34.7 Survivors at 1 year old

"

Proportion breed Proportion breed
as 1 year old as 2 years old

At the very simplest level, one can determine that from a
cohort of 193 chicks, all of the same age, 34.7 could be expected.to
be alive at one year old (after pre and post fledging mortality),
Of these chicks, 8 returned to breed and therefore nust have survived
to one year old, Thus a minimum of 23% of these birds likely to have
survived have returned to breed. As already stated in Chapter 3,
when the losses fron pre and post fledging mortality are taken into

consideration it would appear that natal philopatry is very high indeed,
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DISCUSSION

Many different workers have attempted to assess mortality and
population size with varying degrees of success. In an early paper,
Grosskopf exemined the nortelity and mean age of some waders. 1In
particular, Grosskopf reviewed the various methods of assessing mortality
(Grosskopf 19¢4). Lack (1954) proposed a method by which life expectancy
and mortality of birds could be estimated based on the number of recoveries
of ringed birds. For the analysis, Lack used the data from the large
number of ringing studies which had been undertaken in western Europe.
This method was later modified by Haldane .1955) and used extensively
by Boyd in a classic pzper on mortality in European Charadrii (Boyd 1962),

In the Boyd method, there are several drawbacks which mean that
mortality is always overestimated. Some of these problems are briefly
outlined below,.
(a) Birds recovered dead have often been shot. Ais already suggested,
younzer inexperienced birds appear more likely to be shot,
(b) Birds of different status (experienced, inexperienced) may
overwinter in different regions, thereby affecting their chances of
nmortality and perhaps recoverye
(¢) Ring 1oss raises the mortality compared with the actual mortality
rate. Obviously if rings do fall off then ringed birds are less likely
to be discovered. This is no longer a problem with the advent of
more resistant, stron:er, monel rings.

For the reasons discussed, it was generally considered that
mortality and thus life expectancy was assessed accurately by the
Boyd method.

The second method used to assess mortelity is based on the

frequency of return of marked individuals to a breeding or wintering
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ground. In this method, a number of individuuls are given permanent
marks, All individuals are captured in s speciiied area and their
return o the area of marking is monitored over a given period of time,
In adéition, the number of unmarked birds are asssessed.

The data may then be subjected to copture - recapiure analysis
using the nodel considered to be most appropriate. In this case, the
method of Jolly (19¢5) was considered to ve best. The Fisher - Ford
method assumes the survivzl rate to be botn constant and age-
independent (FisherwFord 1947). In the case of the Reashank, there
is evidence to suggest that survival, or at least recapture, is not
age-independent (see Chapter 3, Table34). The Manly and Parr (1968)
method requires a large extensive sample for each year. It was
considered that this could not be fulfilled, so the use of Jolly's
stochastic model was considered to be most suitable.

As a generel condition, all birds (males‘and females; experienced
and inexperienced) nust show a high degree of site attachment (either
breeding or wintering site) to the site in which they are marked.
where birds are alive but no longer present on the site of marking
then mortality is likely to be overestimated,

The above are tne mein ways by which annual survival can be
estimated.

Estimates of mortality therefore vary aepending on the method of
calculation. Boyd (1962) has estimated the annual mortality of
Redshank based on ringing studies in several European countries.

The results of his findings are shown in Table 5.5,
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Table 5.5 Estimates of annual mortality in Redshank

based on the recovery of rinszed birds in

several European studies,

Annual mortality (%)

Country of ringing study

41
32
57
41
L

Great Britain (up to 1958)
Sweden (up to 1956)
Denmark (up to 1956)

Other Zuropean (up to 1953)
West Germany

The mean mortality is 43%.

Authoritz
Boyd (1962)

]
"

"

Grossikopf(1964)

From studies carried out on the breeding grounds, Redshank

mortality has beern estimated.

in iable 5.6.

Table 5.6 Estimates of Redshank mortality based on

breeding and passage studies,

Annual mortality (%)

The results of these studies are shown

18
25

17

23
25

Study area Type of study Authority

Amagar, Denmark Passage Boyd (1962)

West Germany Breeding Grosskopf
(1964)

N.W. England Breeding Asheroft
(1978)

H.W. England Breeding Yates (1982)

N.W. ngland Breeding Thompson
(1986)

In this case, the mean adult nortality is estimated as 21.63.

Thus the estimation of Redshank mortality is half the estimated

mortality calculated from ring recoveries,

This would appear to

highlight the problem of overestimation of mortality by ring recovery

methodse.

Some additional mortality estimates were calculated by Boyd

for some other waders,



Table 5.7 Estimates of mortality based on the recovery
of ringed birds (for selected waders).

Svecies Mortality Authority
Calidris alba L4 + 11.3% Boyd (1962)
Calidris canutus 32.4 t 3.2% n
Philomachus pugnax 47.6 + 3,6% n
Gallinago gallinago 51.9 + 5.4% n
Limosa lapponica 29.5 + 7.9% "
Numenius_phaeopus 30.8 + 9.1% "
Tringa glareola 46.4 + 10,2 "

The majority of these mortality estimates are very high., For
reasons already mentioned, mortality is almost certainly overestimated
in most of the above species. It is therefore apparent that
estimations of the sbove type probably represent é meximum level of
mortality which occurs.,

The results snown in Table 5.8 have been gathered by research
workers who have concentrated their efforts on one particular species in
one particular area, In most of these studies, mortelity is estimated
purely cn a vercentage returning bird basis. Under these circumstances,
the most accurate estimate would be achieved after a long term rather

than short study. Unfortunately it is very often difficult to determine

the time period over which the mortality estimated has been calculated.
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Table 5.8 Mortality estimates of selected waders based
on the return of adults to their breeding ; rounds.

Species Mortality Authority
Calidris pusilla 43.2% Gratto, Cooke & Morrison
(1985)
Calidris mauri 46.8% Holmes (1971)
Calidris temminckii 19% Hildén (1978)
Calidris minutilla 46% Miller (1983)
Calidris alpina 25% Soikkeli (1970b)
Microvalma himantopus LTh Jehl (1973)
Scolopax rusticola 39% Kalchreuter (1975)
Limosa limosa 36.9% Glutz et al (1977)
Numenius arquata 28% Glutz et al (1977)
Letitis hyvoleucos 19% Holland et _al (1982)
Actitis macularia (female) 31.6% Oring et gl (1983)
Arenaria interpres 22,2% Bergman (1946)

Note: [Estimated levels of mortality have not been made for Red-

necked phalaropes or Grey phalaropes Phalaropus fulicarius,
These birds exhibit variable but often low breeding site

fidelity making estimates based on the frequency of return

completely worthless.

From Teble 5.8 several points may be highlighted., Firstly, short
studies such as Gratto, Cooke & Morrison (1985), Holmes (1971%), Jehl (1973)
and Miller (1983a) have very probably overestimated mortality. In order
to assess mortality in a breeding study over a short period of time, all
breeding birds must be caught, marked and then recaptured over at least
two seasons. Obviously a more accurale assessment is gained over a
number of years as this is more likely to account for gnnual variation in
survivorship.

Some of the more detailed long term studies, such as Bergman (1946),
Hildén (1978a), Holland et al (1980), Oring et al (1983) and Soikkeli

(197%) , are probably good estimates of annual survival,
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Finally, mortality levels are high in the Common 8nipe and

Woodcock Scolopax rusticola because these are game birds.,

The annual mortality levels found in Redshank as a rezult of
breeding studies are comparable with the annual levels estimated in
some other vaders, Hildén's study of Temminck's stints (Hildén 1978 )
and Soikkeli's study of Dunlin (Soikkeli 1970b) have both been detailed
studies which were conducted over a considersble number of years., Since
the besinning of Hildén's study in 1963 until the present day, Temminck's
stint mortality has been estimated between 19 and 24%. As a result of the
length of the study, Hildén discovered than an individuals mortality vas
related to its age and sex. In the Dunlin, Soikkeli showed that
mortality was in the region of 25%.

In the North American Spotted Sandpiper, Oring et al (1983)

discovered that female szndpipers exhivited a greater degree of

breeding sive fidelity than males. Where this occurs, and males are
erratic in their fidelity, it is difficult to accurately assess annusl
mortality in relation to sex. As a result of their findings, Oring et al
felt that only female mortality could be accurately estimated (in this
case female mortality was 31.€%).

It is therefore of note that breeding site fidelity must first be
estimated before annual mortality is estimated. If birds are not
returning to their breeding grounds research nust determine if these
birds have died or have moved elsewhere to breed, \here birds are found
to move from one area to another to breed then it is likely that
mortality could not be accurately estimated from a breeding study.

An individuals mating systems may be a reasonzble predictor of the
degree of breeding site fidelity likely to be exhibited., Iﬁ the

promiscuous, polygynous and polyandrous birds, breeding site fidelity
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may be very difficult to determine. In the case of polygyny, males

move throughout a general area attempting to mate with as m:ny females

as possible. In the case of the White-rumped Sandpiper, the male never
incubates so is presumably more difficult to catch (Parmelee et al 1968).
In polyandrous birds such as the Phalaropes and the Dotterel, the females
are constantl, on the move laying clutches of eggs for one or more m:les.
In this case, females may be difficult to catch therby muking esvimation
of mortality very diificult (Nethersole-Thompson 19733 Schamel & Tracy 1977
Reynolds 1984). In lekking species such as Ruff and the Buff-breasted
Sandpiper T jtes subruficollis, males compete for femzles which do 2ll
the incubeting and care solely for the young. In this sort of mating
system it is likely that there would be a sex bias in mortality rates

as it is generally agreed thst femeles are more numerous than msles.
Where males return to the same lek on consecutive years, mortality could
be estimated but if some birds tend to move around a general are; then

jt is likely that male mortality would be overestimated,

Finally, a number of birds maintain a monogamous bond in one region
and are polyandrous in other regions. The sanderling may be monogamous,
sequentially polyendrous, or may éven produce a clutch of eggs for her
mate and a clutch for herself (Parmelee 1970; Pienxowski & Green 1976).
Under such circumstances it is very important to know which mating
system is generally prevalent in an area before accurate estimates of
mortality can be made.

In the case of Temminck's stint, Hildén discovered that each male
mated with two separate females and each Iemale mated with two separate
males (Hildén 1975). In this case, known as successive bigamy, both
sexes incubate making estimation of mortality more straight forward,

It would seem that an individuals meting system will be closely
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related to the degree of breeding site fidelity exhibited and that
breeding site fizelity in the large determines whether mortality may be
estimated or not in a breeding study.

The Redshank is generally monogamous, with both birds sharing
incubation and brood rearing duties. To a large extent, the degree of
breeding site fidelity is fairly well understood making the estimates
of mortality an accurate statement.

The data gathered on population size are therefore probably a good
index of the real population within the restricted area. If the
pooulation of males is considered, it is apparent that the population
fluctusies from one year to the next. Such population fluctuations have
also been observed in ureenshanks (Nethersole-Thompson 1951; Nethersole-
Thonpson & Hethersole-Thompson 1979; Thompson et al 1986). The
reasons for a fluctustion in numbers from one year to the next are by
no means certain.

Some authors have suggested that density‘dependent competition
for food, nesting space, or even mates, may regulate bird populations
over & period of years. In Redshank there was a suggestion thet the
nuzber of chicks hztched may be ne;atively relited to the number of
breeding ‘emales. when tested this was found to be non-significant.

In re=lity, competition between broods was rarely seen, Even in
the best year (1984) broods never occupied even half of the available
feeding ditches. It would also seem highly unlikely that food could
ever be a limiting factor to Redshank breeding on the Ribble marshes,
The area of mudflats are extensive, offering a rich supply of food in
close proximity to the breeding grounds. Although a detailed study of
the feeding patterns and distribution of Redshank has not been made,

jt is known that at least some birds use the intertidal flats when

available.
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Vithout detailed experimental work it would also seem to be
imrossible to say that aveilability of nest sites could ever limit the
Redshank population on the Ribble. It is possible that this could occur
early in the season when the growth of grass is slow, but it is very
difficult o believe that nesting habitat is limiting later in the
season when the growth of grass is so rapid.

It is nossible, however, that the lack of nest sites may limit
the population of Redshank on the grzzed marsh. In many areas of the
grazed narsh the grass remains very short offering no real scope for
concealing s nes%t, In those parts of the gr:ized marsh where nests are
built, reproductive success may be less as a result of the predation
of poorly concezled nests.

Under certain conditions there may be density dependent competition
for mates and for nest sites. It also seems likely that the spring tides
are able to act in a density dependent way to reduce reproductive success,
Redshank select the channel edges to nest on as these are higher and
drier than much of the other green marsh. As a result of the drier
substrata, the covering vegetation grows much faster providing early
suitable cover for nest sites., Birds arriving later and bifds nesting
later often position their nests away from channel edges., This is
probably because grass of a certain length is mostu attractive to
site selecting Redshank. After a period of time the grass on the
channel ed:ses pecomes very long and possibly is no longer as attractive
as grass groving in other areas which are not as dry,

When Redshank breeding density is greatest, birds are found
nesting in almost all suitable areas (both on and away from the channel
edges). At such a time, a high spring tide may flood and destroy all
those nests found in the lover lying areas of the green marsh. In

pmost cases, higher tices destroy more nests because they encroach upon

more of the saltmarsh,
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ilhen breeding density is lower, such as at the beginning of
the season, {ewer nests (proportionally) are lost to spring tides
because the majority are positioned on channel edges. The tidal cycle
is therefore able to reduce reproductive success in a density
depencent mwnner,

In 177 the spring tides were so high that almost all Redshank
nests founc were desiroyed. s a result of the flood water only 17 young
Redshank hetiched and were ringed. In 1983 and 1986 two periods of high
tides destroyed many nests, thereby greatly reducing the final number of
cnicks natched. In other years the tides were less severe with the result
that potentizl reproductive success was much ocetter,

In those years when reproductive success was very high a large
number of broods could be present on the marsh at eny one time. Where
this occurred, it is possible that some competition between broodg may
take place for the best feeding ditches, Therefore, there could be
density dependent competition for ditches and the food and shelter th:t
ditches offer. Although aggressive encounters were rarely seen between
ptirs with broods, there is still a possibility that this may occur,
In those years where hetch success was high and many ditches held a broud,
the weather could exert a censity dependent effect in conjunction with
the tides. When the water level rises broods are forced out of ditches
onto the top of the marsh, thereby increasing the chances of predation
»nd chilling. In the larger ditches broods could normally find refuge
in side channels. Therefore under exireme weather conditions (very hot
or cold and windy) brood mcrtality may increase where many brood rearing
ditches are occupied.

Population regulation is unlikely to take place on the wintering
grounds, winter conditions can, however, substantially reduce bird

numﬁers such that the number of available oreeders is reduced the

following spring. During the winter period of 1984-5, Redshank mortality
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was recorded as bteing higher than normal., Several Ribble Redshank

and many other Redsh-nk were found dead on the south coast of England.
Those birds were thought to have died because their food items were

not accessible (the mudflats had frozen over). (Davidson & Clark 1985).

In a review of the available shorebird literature, Goss-Custard
found no direct evidence to sug.est that offspring production was
related to the number of breeding pairs. He does, however, point out
that the exclusion of some potential breeders by the breeding stock
could lead to overall chick production being density dependent
(Goss-Custard 1481).

In en analysis of 1/ years of breeding Greenshank data, Thompson et al
showed that the population of breeding females was smaller following a
cold June two years previously (Thompson et al 1986), The suggestion
was that weather conditions two years previous reduced the survival of
chicks anc therefore the recruitment to the population in the following
years. ¢ similar finding was shown by Soikkeli in a study of Dunlin
(Soikkeli 1970b). In this study, Soikkeli showed that the breeding
density was affectec by the number of young Dunlin produced two years
previously,

Thonpson et al slso found that mean fresh clutch weight was
inversely rel=ted to the number of breeding fe@ales rresent on their
study aree (Thompson et sl 1986). However, this study also found that
the number of chicks hatchea was directly related to the number of
breeding females. Unfortunately it could not be tested to see if these
chicks were less likely to survive. Generally, lighter eggs produce
smaller chicks which may have less yolk reserve and therefore may be
less likely to survive, If this were the case, then the density-

dependent effect on clutch weight could result in a density-dependent
effect on offspring survival.
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In a Teview,. Evans and Pienkowski (198j) su.gested that shorebirds
may never reach the utopian levels of the carrying capacity of their
habitats because adverse weather acts unpredictably to cause mortality
on the breeding and wintering grounds. To an excent this may hold true
for some populations but I am inclined to feel that future research will
increasingly show the importance of density dependent regulation in
wader populations.

I should like to finish this chapter by examining breeding density
and estim:ting the overall population of Redshank on the Ribble Marshes,

The restricied area was calculated as 1.04 km2 (Yates, unpublished
thesis 1982). In 1984 it was estimated that within tnis area there were
epproxinately 175 breeding pairs of Redshank, This gives an overall
density of approximately 168 pairs per kmz. Although not as high as the
estimate of Yates (unpublished thesis 1982), both estimates clearly
indicate that Redshank are nesting at very high densities on the
ungrazed saltmarsh. Grosskopf's population was approximately 90 pairs
per 18 hectares. This extrapolates to a population of 500 pairs per
kmz, but of course in a species which nestssemi-colonially in clusters
or groups it is not valid to extrapoiate. This is clearly demonsirated
when one ccnsiders the density of 300 pairs per hectare published by
Zhmud (1983). In this case I can only assume that tue author was
working on a group of Redshank in & small area, ilthough these birds
were alrost certainly nesting at high density, it is quite apparent that
the study area was well below one hectare,

Nestin, densities achieved in moorland and rough pasture are very
much lower, althouzh on occasion quite large groups (normally 15-20 pairs)

may be found nesting in a small area of apparently suitable habitat

(Sharrock 1976).
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An assessment of the overall Ribole marshes population is
made all the more difficult beczuse of the lack of information on the
grazed greenmarsh. From Crossens to Hesketh Outmarsh the area of
saltmarsh is estinsted as 8 kmz. Of this area, 2 km2 is an ungrszed
senctuary. The remainder of the Nature Reserve greenm:rsh is grazed
by cattle.
I would estimate thzt approximately 250 pairs nest in the
unsrazed portion of the Reserve. In the grazed marsh, densities may be
up to a third less than the nore favourable ungrazed areas, I would
therefore tentatively suggest that there may be 250 pairs of Redshank
nesting on the grazed greenmarsh. This gives an overall estimzte of
500 prirs of Redshank within the boundary of the National Nature Reserve.
It must be stressed that this is a rough estimate., A more accurate
estimste could be obtained if the breeding density of Redshank in
the grazed marsh was known.
Saltmarshes, because of the proximity of an abundant food
and the luxurious cover of vegetation, are good breeding sites

source

for Redshank. In this context it is therefore vitally importznt that

as m-ny areas of salimarsh are conservedb(both large and small).
On 2 n: tional level, saltmarsh isAvery much a threatened habitat
with many areas being dreined and reclaimed for agricultural development,
.he Ribble Marshes H.N.R., totalling 2302 hectares, is therefore
s site of nztional importance because of the plant and animal
comrunities which have been conserved.
It is now vitally important that management is undertaken or at
leest the plent comnunities monitored in order to check that grazing

(by cattle and wildfow) or non summer grazing (in the study sanctuary)

is mainteining the vegetation in an ideal condition for breeding birds
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(notably Redshank and Common Terns) and wintering wildfowl. If

the interests of botn the wintering and breeding birds can be
protected, then the Nature Reserve will be all the more valuable,
If, as some suggest, lack of grezing in the summer is destroying the

integrity of the saltmarsh plant community (F. Mawby pers, comm.)

then resezrch will have to be undertaken to determine how best this
problem can be solved.

The densities of breeding Redshank, Black-headed Gulls and Common
Terns demand that at least part of this area is wmansged with these
species in mind., To manage this area with any other objective would
almost certeinly mean a large scale decline in Redshank breeding numbers

and the possible loss of what is now a healthy population of Common Terns.
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APPENDIX 1 (a)

NEST DATA SHEET

Nest No..........."...' Date folmd...........'..'.. 1986
Ring No. Maleseecococseosse Time..o..-.-ooc-.oo-.....'...
Femaleeeesscsss Est. stage of IncubatioNeeece.s

Contents when foundeseecececess
Clutch-..o.o.o‘lo"u.to--oo...

Final outcome sanddatCescesscsece

Cs e 0P R LG ELCOORIOOEOESPOIOOSICOTOCEOETORODNE

Eggs (laying order) 1 2 3 4 5
Length (mm)
Breadth (mm)
%)

Volume (cm

Date & Time Nest contents Date & Time Nest contents

Date hatChedOOOOOOQQQIGQOUOOOOo.

Incubation periodescecercssscsces

Hatching order of ecgs 1l 2 3 4 5
Hatching order of chicks 1 2 3 4 5
Ring No.



APPENDIX 1 (b)

CHICK DATA RECORDING SHEET.

CHICK BIOMETRIGCS 1985

CHICKS RINGEZD IN NEST
Nest NOesecosoososcccoes
Date & Time of Ringing
Ring No.

Egg & hatch order

Egg tooth

Weight

Tarsus length

Bill 1, (to ff.)

Bill 2. (rear nares)
Bill 3. (front nares)

Notes

ClutCh size.......ooo.oO

CHICKS RINGED AWAY FROM NEST

No. caught { & ringed)
Date & Time of ringing
Ring No.

Est. aze (egg tooth?)
Weight

Tarsus length

Bill 1. (to ff.)

Bill 2. (rear nares)
Bill 3. (front nares)
Wing length (to
sheaths if present)
W-L (to ff. tips when
erupted) & P. Score

Notes

'CHICKS RETRAPPED
Date & Ring No. Posn.

Time

Last caught Age Wt,

T Bl 52 B3 Wl

Brood siz€seeccccase

Wy
(+ P. Score)



APPENDIX 2

BIRD DATA SHEET

Date...ll'tolovoo' 1986

Species RZI3HALK Hest NOveesosoes Trap Noeesoseooeess

Time s P sees e LTI ]

O€Xeeoasnossassscscss

NeW.--...-..-....-.

Ace (tick)
Ring “o..!"tatlol.

Tirst SUMNET eesceves
Controleceeeesneess

1l year Cld ccecvoes

Colour Rings Wing Tag

Left leg Right leg Left Right

(Col)

Removed (tick) (Stripe)
(Symbol)

{Removed)

Biometrics
EEightogoo-;voo.-o-o.o- (5)
King Lefti.".'..‘.... (Right-ooo..onc—ooo (mm)
Tail ! To featherS..eceseesss o lmm)
3111 70 £eatheTSecesssesssecsss (M) t0 Naresieeeeesesessss (mm-)
Tarsus Length..-...-.o-.---... (mm)
TarSUS Hidth......llt'tcoo.l... (mm)
Softparts (colour)

TarSUS............ Bill: Base....l.o.o...

Plumage
Mantle"o.ocv'.oc.o'oo-.o.o

BreaStecesssssccesseccnnse
Scapulars Lefteeeecceeccces.s Right.oiosa..e
Secondaries Leftecesecccescs H;ght...,,,,,.
Primaries abraded (tick)

Juv, I.M. Coverts retained (tick)

Notes =
: 3



APPENDIX 3

A list of the outcome of all nests indicating

the main source of nest failure

Marsh nest(s) 7o
Hatched 78 39.39
Deserted due to trapwing 19 Y459
_eserted 4 2.02
Tloosed 71 35.86
Prezated 9 4.5
sdiled/nest failed/
coliapsed 7 3.53
Not completed 8 4o 04
Crushed by cows 2 1.01
Unknown — -
198
A

" Hatched 166 84426
Teserted due to trapping 13 6.6
Deserted 2 1.0l
FPloo.ed 6 3.05
Predated 1 0.51
sddled 1 o0.51
Not completed 8 4.06
Crushed by cous —_— -

97
%
Hatched 106 64424
Flooded 26 15,76
Deserted due to trapping 1,  8.48
Deserted 6 3.6
Predzted 1l 0.61
Crushed by cows 2 1l.21
Collapsed*® 5 3.03
Not completed _5_ 3.03
165

1983
Field/enclosure nest(s)
5
1
2
.
9 = 207
198,
P
1
—h
7 = 204
1985
5
3
4
12 =177

% collapsed nests due to very heavy rainfall



AFPENDIX 4

~ Comparison of the Breeding Biology of Redshank and Greenshank

VMnle biometrics:
Leight (g)
Wing length {mm)

3111 to foethers (nm)

Tarsus lengta (mm)

weight (g)

wing length (mm)

Bi1l to feathers (mm)

Redshank
Tringa totanus

12€6.3 + 6.5 (118)
166.5 + 3.1 (118)
40.6 + 1.9 (118)

46.9 + 2.0 (118)

134.4 + 8.0 (101)
169.5 + 4.2 (101)
41.8 + 2,0 (101)

47.6 + 2,0 (101)

Greenshank

Tringa nebularia

163.3 + 11.3 (12)
189.5 + 3.7 (10)
53.9 + 2.1 (10)

60.7 + 2.7 (9)

199 (3)
189.7 + 3.5 (12)
55.8 + 2.5 (11)
60.4 * 2.0 (11)

Tarsus lengtn (mm)

Mean clutch 3.82 (533) 3,91 (389)
Fresh egg weight (g) 22 (30) 31 (171)

4.501 (101) 5.143 (1C0)

Egg length (mn)

3.182 (101) 34480 (1C0)

Egg breadth (mn)
Mean clutch veight zs a

percentage ol mean
female weight 62,5 60.9

Factors affecting timing .
of laying (a) arrival date on (b) arrival date on

breeding ground. breeding gzround,

(b) Cold spring celays (b) In northern areas,
start of laying, laying occurs after
snow has melted,

(¢) In coastal Redshank,(c) Laying occurs
laying often timed earlier in Scotland
to begin just after when latter h=1f of
& sequence of April cond early May
spring tides., are mild,



Laying intervals (hours)

Incubation

Incubazion period (deys)

Share of incubation

Egg chipping intervals
(hours)

Eggshell disposal

Redshank

(d) Bird age: older
birds breed
earliest,

(e) Pair fidelity:
faithful pairs
nest earlier
than new p:irs,

35 (10)

Occasionally begins on
laying of the 3rd egg.
Clutches of 1 and 2
eggs have been
incubated to hatching,

The mean incubation
period ranged from
25-26.3 days for three
field seasons (193).
Seasonal and annuzlly
variable, Longer
periods due to
disturbsnce or
incubation by one
adult only,

Incubstion shared,
male ena female
incubating for
approxim:tely egual
times. Brooding
spells shorier than
in Greenshank,

Ranged fronm a mean of
81-83,5 over tbree
field seasons (191),

Variable, Some birds

remove all shells, others

none, Removed shells
often carried and
dropped in the air
from a height into
pools and ditches,

Greenshank

(d) Older birds

breed
earliest.

(e) Laying may

partly be
under genetic
control,

L4 (26)

Typically begins
on laying of ith
egg but occasionally
begins between 3rd
and 4th egg.
Incomplete clutches
may be covered at
night or during
severe weather,

2443 (36)
Annual variation
occurs,

Incubation shared,
mzle and female
incubating for
approximately
equal times,

lales mainly
incubate at ni:ht,

92.2 (19)

Variable, Some
birds remove all
large shell
fragments whilst
other birds less
vigilant. Shells
carried an average



Length of time
chick in nes% (hours)

Sreeding success:
9 nests hatching

% eggs hatching from
successful nests

Re-lays

Time to produce re-lay

{days)

Chick weizht (g)

Chick size at birth
as & o of adult size

Weight
Bill to fezthers
Tarsus length

Egg chick correlation
at hatch

Redshank

Time of hatch and
weather conditions
may be important,
Nests hatching at
night or during
bad weather often
do not have shells
renoved. Demaged
e.'gs often removed.

10.2 (104)

Weather and hatch
synchronicity affect
time chicks remain
in nest,

62.5 (560)
Annually and
locally veariable,

88,7 (335)

Up to 2 repeat
clutches produced
(brood replaced if
lost at early stage).

If pair remein
faithful, 12.4 (8).

If peir split up,
13.2 (8

15.6 (833)

11.6
30.1
59.1

Egg volume v chick
weight

Pearson's r = 0,729,
p {0,001 (142)

Greenshank

of 150 m and then
dropped, often
into a pocl,.
Damaged eggs known
to be removed,
Some adults hide
shell fragments
under nest lining,

Ranges from 4-25.
Neather affects
time chicks remain
in nest,

78.4 (111)
annually variatle,

92,2 (87)

Up to 3 repeat
clutches produced,
Regional variation
in ability to
re-lay.

13 (15)

21 (74)

Egg weightu v
chick veighs
Pearson's r = 0,556,
p<&C.01 (13)



Brood care

Brood rearing areas

Brood mortality

Fledging success

Fledging period (days)

Breeding habitat

Redshank

Both sexes initially
attend brood., Later
in pre-fledging period
one adult often
deserts. Occasionally
pair acconmnpany fledged
younge

Some areas known to be
used by specific pairs
in different years. 1In
cozstal birds, tidal
patterns may affect
areas used for brood
rearing.

Mortality is neaviest
in first few days
after hatch.

Variable between years
and localities, On
Ribble marshes
(England), overall
fledging success
estimated at 26-34,.

In Wangerooge (Germeny)
fledging success
estimated at 50%.

26,5=35

Wet meadowland, rough
pasture, moorland and
coastal saltings,

Greenshank

Both sexes initally
attend ovrood,
Female often deserts
brood in early
half of season,
Occasionally male
deserts brood,

Both members of
pair sometimes
accompany fledged
young,

Traditionally,
pairs take their
young to the same
area each year,
Male leads female
and chicks to
feeding srounds,
Much singing at
this stage,

Weather may cause
variation. In some
years pairs leave one
area for same area
to be occupied by
another pair,

Mortality is
heaviest in first
few days after hatch,

in Spey Valley
(Scotland), 31.9%
chicks fledged fropm
47 young which

left nest,

25=31

Blanket bog, stone=-
littered wet
moorland; and
forest marsh in Spey
Valley and northern
E\lrope.



Nest site

Breedins density

Matinz system

Age of first breeding

Age relatec breeding
veriations discovered

late fidelity

Nest site fidelity

Redshank

In tussock of grass,
sedge or heather. Canopy
normally conceals eggs
from above,

On Ribble marshes up to
115 pairs/km”~, On smaller
marshes, density ranges
from 1-12 peairs/ha,
Locally, populations may
reach very high density.

Monogamous., Polyandry
and polygyny occasionally
recorded.

1 and sometimes 2 years.

Older birds arrive back
earliest, lay earliest
and produce largest eggs.
0ld birds are more likely
to breed successfully

and as a consequence are
more likely to return in
later years,

One pair together for a
miniomum of 5 consecutive
years, =~ second pair
were togzether 5 times
over & period of 9 years,
46% of birds returning
in 3 consecutive years
mated with the same
partner, Some birds
change mates every year,

Same nest scrape only
rarely used on consecutive
Years,

Greenshank

Nests situated
beside stone or
rotting timber,
Very rarely nest
placed beside no
obvious structure,

Ranges from
0.01-2.5 pairs/km
Locally there is
large differences
in density, with
larpe numbers in
very good areas.

2

Monogamous,
Polygyny occasionally
recorded,

2 years, but
breeding attempt
may occur at
l-year old.

More experienced
birds complete
clutches earliest,
laying lighter e:gs.
Older birds are
more likely to
return and breed
successfully than
young birds,

Thought to remain
faithful to partner
from one year to the
nest. Guentifianle
data not

available,

Each nest scrape
used for an average
of 2,6 + 0.09 years
(117).



Breeding site tenacity

Breeding site dispersal

Natal philopzatry

Natal dispersal

Voice

Song flight:

Munction

Height of delivery (m)

Redshank

Age and success in
previous year
important, vales

more likely to return

than females,

Sex differences exist,
After nest failure pair
more likely to split

up. Males remain site
faithful whereas femalss

are more likely to

disperse after failure

resulting in mate

separation. Within

season dispersion
similar to between
season dispersion,

High, 4 large percentage
of chicks which fledge
and survive the first
winter return to breed

in ares of birth.
No sex bias.

No sex bias in dispersal
distance, Both males
and femzles return to
within 60C m of their

birthplace (20),

Mate attiractiion.

Approx; 10-50,

10

Greenshank

Age and success
in previous year
important, Older
successful birds
more likely to
return,

Faithful pairs less
likely to disperce,
Effects of success

and mate separation
uncertain,

Probabl, high,

Unknown. A ringed
male nested
within 1000 o of
its birthplace,

For detail comparison study Sonagrams
(Appendix 5).

Attract mate,
advertise presence
and space out
breeding pairs,

Normally 50-200,
Rarely very low

(10m) and up to

¢ 300m,



Period of delivery

Nest relief

Alarm calls

Brood care

Redshank

Greenshank

Most frequently in early Early morning and

morning and late
afternoon/evening,
Mainly prior to laying
and particularly after
large number of nests
lost.

Not particularly
elaborate, Later
stages often conducted
in silence,

Noisy in latter stages

of incubztion and with
young. In early season,

nest and general ares

often left silently.
Displacement song may
be used &t times of
stress., A variety of
special calls are used
to silence chicks in
nest.

A number of calls are
used to control and
comfort chicks. May
be individual and sex
differences in calls
used, Once chicks
have left nest,

11

evening,
Particularly before
laying and then
before hatching.
Unmated bird may
sing at any time
and with great
vigour,

Ritualised nest
change, Vary birds
take longer to
change over,
Generally very
noisy, using

rapid ‘cuiv chip
calls. Functions
uncertain but nmay
serve to indicate
continued presence
of breeding pair
through incubation
period (Nethersole-
Thompson, pers. com.).

Very demonstirative
in latter stages
of incubztion and
with chicks. lale
may sing over
hzteching nest when
disturbed. Alurm
calls serve to
call up off-duty
oird when danger
turestens. A variety
of specicl calls
are used to
control chicks in
egg and nest,

A vwide variety of
calls are used to
confort chicks,
Once chicks have
left nest
controlling calls
may be aetected as



ct calls

3
as

(@)
O
o
0

inti-predator strategy

Breeding distribution

Redshank

cocntrol calls are more
subtle and may only be
detected at close range.
Adults respond to alarm
calls of chicks, sometimes
going 'frantic' and
novering over individual
in trouble,

Used when moving across
oreeding ground and when
arriving at feeding
ditches and pools,

Ne-ts in high numbers,
locally =t high densities,
A group of birds masy join
together and hover over
enemy. Whilst hovering,
the legs zre dangled and
g nunber of confusing
'shrieking' calls are
used, Will attack

serial predators such

as Herring and Lesser
Black-backed Gulls and
Restrels. 3enefit in
some areas by
associating with

Lapwings (Rankin 1979)
end Common and Arctic
Terns (this study).

Breeds in Continental
middle latitudes, mainly
in temperate and steppe
but overlapning into

12

Greenshank

changes of pitch
from normal alarm
calls, lay
become aggressive
end demonstrative
vhen brood in
danger,

Used when moving
from one feeding
area to another,
When silent, may
sometimes encroach
on another bird's
territory. If
discovered, usually
evicied,

Aggressive when
threatened, Will use
low rapié flight and
'shrieking' calls to
frighten predator.
Will strike predators
such as Crow

Corvus corone cornix,
Kestrel, and ground
predators such as
Stoat lMustela errinae,
Large zround precstors
such as red Deer
Cervus elaphus may
be forced awszy by
diving flight,
whereas Red Foxes
Vulpes vulres may be
led away by a
cdistraction display,
Young children
reacted to in g
different way from
older people,
Anxious birds with
young have struck
humans,

Broods in west
Palearctic across
Continental upper
middle latitudes



area studied

Redshank

boreal and liediterranean
zones. within oceanic
regions extenas into
subarctic and marginally
into low arctic

(Cramp & Simmons 1933).

Ribble HMarshes, N.v.
Ingland and K.
Lancasghire,
Wangerooge Island,
west Germany.

13

Greenshank

south of tundrs,
through taiga and
forest zone to
fringe of steppes,
and also exvending
to boreal oceanic
regions (Cramp &
Simmons 1983).

Horthern and north-
west Scotland,
Scaninavia and
Soviet Unione.
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APFEIDIX 5

A Sonographic Comparison of Selected

Calls of Redshank and Greenshank

This Aprendix compares a few of the more imnortant calls
used by Redshank and Greenshank during their breeding season,
t is hoped that in the very near future a2 much uore detsiled and
thorough compurison may be made, For a full review of Voice in
Greenshanx see lethersole-Thompscon and Kethersole-Thompson {1979).

. detailed descrivtion of Redshanit voice is published in

The Pirds of the ‘esvern Palearctic (Cramp & Simmons 1983),

A total of & Redshank and 6 Greenshank Sonagrams are exhibited,
\hilst this is only a fraction of the calls which could be represented,
it is hoped that this small selection gives an impression of the

degree of sinilarity and difference which exists between the two

wm

pecies,
Ideally I would have liked to compare calls of all the shanks,
bub in reality this is beyond the scope of this work,

Sendpipers ¢in particular the 'shanks'), are vociferous and
sufficiently numerous and accessible to make recording on the breeding
zrounds fairly strzishtforwerd to the dedicated sound recordist,
Sandtivers therefore offer excellent opportunities for understanding
~nd interpreting functionally avian comnunication. It is also
possible that detsiled analysis of voice could lead to meaningful
discussions on the relationships between different species. Finally,
at the species level, comparisons of individuals could be made with
an aim to highlighting differences and in particular dialects, as

has been done for some passerine species, Certainly, from my own

15



experience of two Redshank nests, there was considerzble variation
in the breeding calls of adults, Unfortunately, the sexes of the
two individusls involved were unknown so it is possible that the
3ifference in czlls was sex based,

The stiandard vezy of illustrating and analysing calls or song
is the 3onagran(Sound Spectro:ram) providing =z tnree-dimensional
recresentation of sound (see Cranmp & Simmons 1983). Periodic changes
in 2ir pressure nrocuce bird sound waves differin. over time, in
amnilitucde znd freousncy (number of cycles ver second, hertz),

Zirds near variztions in sound waves in terms of loudness and pitch

In the Sonagram, the horizontal axis gives information about
time (seconds), the vertical axis informetion about freguency

(kilo hertz) i.e.how khigh or low the sound is pitched. The density

q

of shzdinz indicates relstive loudness (anplitude).,  Generally,

G

Sons rans cive a reliztle graphical representavion of sound

procuced,
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Sadghonk c-~lls grophicaliy revoresented in Sonazrams

. Yale cong & repeated 'Tu Tu' used by m:.le whilsi carr,ing out

switchback flizhi. Munction: m:te attraction,

‘'~le son - on _Zround 'Tavweso-Taweeo! followed by copulation czlls

[&)]

ien conzist of a series of rattling calls wnich ars gjiven prior

+o nnd furing copulstion,

e

C ~rick ec:1ls In absence of adulis, chick used a short 'peen-peep=-

LS

+
)
(o]
=]
O
H
(0]
ct

roep-vesr ! cn1l, unlike vpical disyllebic csll 'bsi-bsi!

wn in Sonagram D.

310

5 4uls returning to brood in nest  adult gives slow rhythmic
'chip-cnip' czlls. Chicks call prior to and after adult calls;
'5si-bsit.

% :iult zorroaching brood in nest  Fow very slow chipping calls used,
th? ~izz call in response to approzching adult,

F  Z3ult arrives_ab nest adult gives explosive calls - a series of
1. ol—iok! or (wak-“wak' as it arrives at the scrape. Chicks call
ir ressronse.

5 wowv encited scuesling cell used by broodin:s adults 'Kumeer-

Lumeer! or Hemeer-Kemeer's.

0}
.

cooon. call used by ¢ brooding acult whilst in attendance of a

v1

A series of bubbling type calls rendered as 'oo-rooh-oo-

- 1
SrO0Ze

rooh-ooroon~-ocee-ooh'se
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Selected Redshank calls,

0.5 —weaon 15 NHO -,
. '
v ) A ‘..t’ - R
| | _ AN EREEIE Jt_. .””:.)_
s_}__} -».a.o.q.d.. .od.d.‘a % .’. ,

0.5 1.0sec 15 20 2.5

18



8 ;

51

3 A A )
?

1

Tl

0 0.5 ﬂ.eaoo 1.5 nuo 2.3

s _ W

'] t Y, « H_,

8 1 : ’_

s ¢ h f,

‘ v \/ ‘ A P
3 ,. “ |

2 4 \ !

: _ [ l
L,

0 0.8 1830 15 y

20 28

19



2.8

. ﬁ .., 5

. ! | B

: ! Y _‘
3y _ \
y , __

.. B e WY ﬁ.
. ~ < ‘.



,M,N:ﬁ.. el ol Tl
I ] -
R :l “.. be )

21



Greenshank cells graphically represented in Sonagrams

A Mgle song A repeated 'Tew-Hoo, Tew-Hoo, Tew-Hoo!, given whilst
carrying out switchback flight., Function: spacing, mate attraction.

B Male corulation call A rattling/grating call given at a period of

intense excitement es the male approaches and then copulates with

a mate,

C Fenmale c:zlls Just before she reaches the nest, Rendered
'Kluk' or 'Klook's Chicks call in the background.

D Female sisndins beside nest Gives very loud and hareh 'Kwak' calls

Chicks call prior to and after edult calls,

E Chicks calling in nest ‘'Pee-peep', followed by harsh 'gruff' call
of adult. In this case there were 14 'Peep-peep' calls given by

chicks and on 13 occasions these were answered by the 'gruff! call

of the breoding adult.

F Chicks celling ir the nest in the absence of an adult, This is

a slightly more stressed 'peep-peep' call,
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Selected Greenshank calls,
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A Comparison of Selected Calls used by Redshank and Greenshank

The song of the Redshank is less obvious than the display
flight of the Greenshank, The Greenshank is a highly territorial
bird (Nethersole-Thompson and liethersole-Thompson 1979), and as such
proclaims its territory from a great height in the sky, The ureenshank
display also serves to attract a mate from the available birds,
Greenshank song may be heard at a distance oi several miles., The
Redshenk display is less loud anc normally carried out from much
lower in the air. The main purpose is to attract a mate.

In both species e rattling call 1s used prior to and after
copulation. The wings are held above the head and zre vibrated at
great speed both before and during coition. The sonographic analysis
indicate that the rattling call is more rapid in the Redshank but
occurs over a similar frequency range as in the Greenshank,

The chick calls in fedshank and Greenshank are both disyllabic
whistles, They are basically very similar in both species,

idult 'chipring' calls are uttered both prior to returaning to
eggs and in the presence of chicks. :11 Sonagrams showing 'chipping'
have been @ade from birds attending young.

In the Redshank section, Sonagrams d, e and f show a bird moving
up to a nest with chicks. In every one, chicks call at one stage,
The 'chip' calls of Greenshank occupy a similar frequency band as do
the 'chip' calls of Redshank.

The calls of the adults as they arrive at the nest are very
similar (see Redshank f and Greenshank C),

The calls of adults brooding chicks are quibde different in both
species, In the case of Greenshank, the brooding adult uses a harsh

'gruf' call to control chicks.
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Redshanks have been found to use a variety of calls in the
act of brooding young. The function of these calls is not certain,
The general level of excitement of brooding adults appears to be
very high, In the cese recorded, one egg hatched whilst recording was
taking place - the excitement registered may therefore relate to the

appearance or the sounds of the newly hatched young,



APPENDIX 6

The relationship between female weight

and wing length with egg length and breadth.

Female Mean egg
Wing

Specific name Weight Length Length Breadth (n) Authority
T, erythropus 157 170 44700 3.280 100 D.A.B,
T, totenus 134 163 4.501 3,182 101 P,S.T.
T, stagnatilis 76 142 3.900 2,700 75 B.W.P.
T. nebularia 194 193 5.143 3.480 100 F.C.R.J,
T. melanoleuca 185 193 44890 3300 53 A.C.B,
T, flavipes 84 163 4,200 2.890 51 A.C.B.

T, solitari L9 136 3.600 2.550 68 D.A.B.
T, ochropus 85 146 3.910 2.800 100 F.C.R.J,
T, glareola 73 129 3.834 2.640 100 F.C.R.J.
Zenus cinereus 75 137 3.863 2,664 80  F.C.R.J,
Actitis hypoleucos 50 112 3.640 2,627 100 F.C.R.J,
A, macularia 5. 109 3.200 2.300 88 A.C.B.

A correlatiéﬁ analysis to examine the relationship between female size

and egg size.

Pearson's correlation coefficients (r)

Mean egg length mean egg breadth
Female weight 0.966% *% 0,959 ###
Female wing 0.959%*= 0,939%#x*
Authority: D,A.B. D.A. Bannerman 1961
B.W,.P, Birds of the Western Palearctic 1983
F.C.R.J, Francis C.R. Jourdein
A.C.B. Arthur C. Bent
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APPENDIX 7. Factors associated with tising of breeding in waders

RATAL
PHILOPATRY
SPECIES/ NO. AND BREEDING INCUBATION;
FACTORS ASSOCIATED WITM MATING CLUTCHES SITE PLEDGING
LAYING DATE SYSTEM AND RELAYS FIDELITY PERIODS STUDY AREAS  SOURCES
V< OYSTERCATCHEN
(HAEMATOPUS OSTAALECUS)
Pood during pre-laying Monogamous.  Single Low natal 24-27; Aberdeen~ Harris 1967
period and tising of till- Sosetimes brooded. philopatry; 28-32 days shire; 1969, 1970;
ing and sowing. Inland and Dbigasy by Relays of breeding site Skokhole, Heppleston
coastal populations differ. male. Incu- 113 nests ridelity Wales 1972;
Age appears o be bation predated in strong, esp- Briggs 1984
unjisportant. shared; Scotland ecially in
female takes - wale. Highly
largest part mate faithful.
2. RINGED PLOVER
(CHARADRIUS HIATICULA)
In Arctic, breeding is Monogamous,  Rarely Moderste 2:-25; Greenland; b 1962;
delayed uhen snow clearance Bigamy recor- doudle natal philo- 19-25 days Northusber~- GClutz et al.
1s late. Purther south ded rarely. brooded. patry and land, 1915; Sreen
(e.g- U.K.), is relates to Incubatjon  Relays breeding site England. st ale
decreasing risk of egs shared. frequent fidelity. WMo 1971;
predation. Nests at higher {up o 5 sex differ- Pienkowsks
altitudes and latitudes are recorded) ences., Mate 1988 a, »
latest. Timing does mot faithful.
coincide with most abundant
food for chickse Westher
in temperate areas say b
unimportant. No evidence
for age effects.
3. MOUNTAIN PLOVER
(C. MONTANUS)
Cold and wet weather delays Rapié suiti- Relays Moderate 28+3); W.E. Grsul 1974,
breeding. Very hot weather clutch gys- reacily nstal philo- 3j-38 days  Colorade, 1915, 1976,
terainates laying season. tem. Male patry and UeSehe
o evidence for age effects. incubates breeding site
rirsy, and fideliry.
female second, Male more
elutches. faithful than
$econd clutch female.
not always
fertilized by
sase male.
ds DOTTEREL
(C. MIIIQH)
At high altitudes and Monogamsous  Single Wo data; low 24-28; Norway; Rittinghaus
latitudes laying detere and Bome- brooded. breeding 24230 days Finland; 1962; Pulle
mined by snov selt. Ia times poly- Fesale sone ajte fidelity. Scotland lainen 1970
tesperate regions breeding androuse times relays One female 1971; Vatsen
is earlier when air Incubation for male recordced in & Parr 1973;
temperature (May) 1s high. generally by losing first same area for Nethersolee
Laying season condensed im male. Female clutch. 5 years. Thompson
late years. Effects of may lay 1'9721
age unknoVR. for severasl Ralas &
males and Byrkjedsl
shares 1984; DBAT
incubstion & IST wapuhl
towards
hatching.
s, GCOLDEN PLOVER
1 APRICARIA®
Delay in breeding following Monogasous. Single Moderste FHS L Norway; Ratoliffe
sany Says of snovw. Soil Bigamy Parv. brooded. nstal philo- 24-3) days pritain 1976;
asné heditat affects food Incubstion Readily patry, highe Byrk jedal
quality snd laying éate. shared. reluys (up er breeding W, 1900;
Large areas cover¥ by snhow Lo 2 site fidulity. Pare 1979,
results in high nest preda- recorded) Mate faithfyl 1900

tion in early breeders. o
relationship found with food
for chicks, or between
arrival date and age or
hatohing date.
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Te

LAPVING
(VARELLUS VANELLUS)

Pre-laying pericd is shori-
est when food most availe
adle. 1n osatral Scotland
lay, approx. 5 éays sarlier
1ia aradble than is rough
grazing; however, laying
sesason is almost & sonth
shorter in sradle fields.

Lay earliest in mild sprisgs.
Lunar cycle and social atimu-

lation may be important.
Effects of age unknown.

KRoT
(CALIDR1S CANUTUS!

Prolonged anow cover oan
pravent bresding. Pre-
laying period is long if
food is scarce. Timing of
nesting may de affected by
sarly spring weather; hatch
appears to coimcide with
peak essrgence of chirono-
uids. Age effects unknown.

SANDERLING

(C_ALBA)

Tising of anov selt
isportent. Considerable

habitat variation. Age
effects unknown.

SEMIPALMATED SANDPIPER
(C._PUSILLAY

Arrival earliest when
weather i 811d. Veather
highly unpredictable. Nore
experienced birds lay
earliere

VESTERN SANDPIPER
(C._MauRl)

Early snov @elt correlates
with early nesting. Chiews
hateh during the first
sajor emergence of insects.
Effects of age unknown

Monogamous.  Single

Bigamy brooded.

occasionale Many relays.

Incubation

shared;

female takes

greater share.
Single

Incubation brooded.

by both, Relays?

male takes

larger share

Monogasous. Single

Sometines srooded

polyandrous.

In some yeurs

repid¢ mult-

cluteh systes

in Bathurst:

Pemale lays

two clutches, ¢,

first incu-

sated by her

and second

by male.

{voth ferti-

1ized by same

asle?)s Incu-

bation shared

when single

clutched.

Monogasous  Single
brooded.
Relays?

Monogasous Single
brooded.
Relays when
nest
predated

29

Noderate 25-34;
natal philo- 29->82 days
patry and Incubation
breeding period shor-
site ter towards
fidelity. end of
Some notable season. Very
exceptions. long [ledging
periods if
suamer very
dry.
b 21=22;
18-20 days -
?; some 28-27 (3V);
records of = 17 days
breeding
fidelity
(especially
in males),
Moderate 20;
natal philo- 16 days
patry snd Manitoba,
high breeding
site fidelity.
Latter most

sarked if pre-
vious breeding
atteapt 19
succeasful.
Mate fidelity?

Moderate
natal philoe
patry and
high breed-
ing site
fidelity.

FaH
1718 days

-Some birds

e Bame
nests ia
eonsecytive
yoars.

Central t
Scotland; 19743

™ hire, [ Iy
England; Jackson 1975,
Sweden. 1980;

Caldraith

<oVl

Ellesmere Is;
Vrangelya
lsland,
Siberia;

N.E.
Greenland.

Bathurst
Islang;
N.E.
Gresnland

Barrow,
Alaska;

Hudson Bay,
Canada.

Kolomak
Raver
(Sub-arctic)
and Barres,
Alashae

Flime 1972;
Hobeon
1972;
Nattleship
1974; Green
et al.
91.

Parseles
1970,
Parselee &
Payoe 1973;
Plonkowski
& Oreen
1976; Green
et 8l.
"rt.

Ashikenazie
& Safrie)
"9
Cratto

st al.
1983

Holmes
81y, 1972,.



11. TOMINCK S STINT
(C. TRrMININCK])

Sarly layiag if fesding
oconditions oa coastal tidal
flats are favouradle.
Satch coincides vwith mass
ehergence of chironosids.
Effecta of age unksown

12. LEAST SANDPIPIR

(Co MINVTILLA)

Rarly dreeding when spring
is warm and food is availa-
ble. Most experienced birds
and fajthful pairs nest
sarliest.

13. bowLIN
(C._aLPINA)

Arrival tise varies alight-
1y with vesther; 0ld birds
arrive firat. In far sorth
saow eelt alffects layisg
season; further south mest-
ing timed for chicks to
hatch around peak ssergence
of ehirencaids. Older and
sste faithful peirs breed
earliest. Age offects
wakaown.

18, STILT SANDPIPER

(MICROPALAMA MIMANTOPUS)

In wet and ocold years food
19 less availabdle snd neste
ing delayed. Older dirds
and established pairs breed
earliest.

15. REDSMANK
(JRINGA TOTANUS)

Resting 18 delayed by ool
and wet weather in early
spring which affects vegee
tation growth. Coastal com-
pared with inlend dirds
breed sarlier and huve lomg-
er laying secasons, Lumar
cycle and spring/meap tides
aey bo invelved. Oléer and
aste-Caithful birds breed
saritest.

Rapid doudle-
cluteh
system.
Successive
bigamy. Each
male ferti-
lises 2
elutehes An

his territory,

and incubates
first. Each
fenale lays 2
clutches on
separate
territories
and incubates
second.

Monogasous

Honogasous .
Sequential
bigamy in
females
recorded.
Incubation
shareds

Monogasous

MOROgAsOUS «
Bigamy rare.
Incubation
shared.

Double
brooded.
Fesale may
relay for
sile losing
eclutch?

Single
brooded.
Relays

Single
brooded,
though
doudles
recordeds
Relays
frequent in
some years
and rare in
others

Single
brooded.
Relay if
cluteh
lost early
in season.

Single
brooded.
Relays occur
if nests
Jost. Some
lay replace-
ment aistehes
after loss
of brood in
first few
dayse

30

Moderate
natal philo~
patry and
high breeding
site fidelity
Males, espe-
cially older
birds, show
strongest
tendencies.
Pair bond

is weak

?; breeding
site fadeli-
ty atrong in
sales but
data not
availadle for
females.
Strong sate
fidelity.

Moderate
natal philo-
patry aad
strong breed-
ing site
fidelity,
especially in
nales.
Fenales show
strong neat
site tenscity
when Buted wit
sSeme Bales.
45808 of
pairs refors
in 8 years

Moderate
natal philoe
patry and
breeding
site fidelie
ty. Mate
fideliry
high.

Moderate
natal philoe
patry; breee
ding mite
fadelity
strong espe-
cially in
®ales. Birds
most faithful
W site if
breeding wes
successfal in
previous year.
Diverce rela-
ted to bdreed-
ing faslure;
oceurs within
and detueen
seasona.

21=22; We Finland
15-18 days
20-21; Sable
? days Island,
Nova Scotia,
Canads
21223 S. Pinland;
18+20 days Sarrow,
Alaska.
n
19,5213 Churehill,
1718 days Manitoba
2:=31; VWangerodge,
> 26.5 duys. W. Germary;
Incudation Ridble Marsh,
p-riod WeWe England;
shorier Soviet Union.
tosards end
of season.

Rilden
1975, 1978,
1979.

Miller
1979, 1983

Holmes
1966a, b,
1970;
Soikkell
1967, 1970,
1974; Green
st sl 977

Jehl 1973,

Grosskopf
19%8a, o,
19%9, 19u:,
1970;

Hale 1980,
Nale &
Asheroft
1982, 1993;
Stiefel &
Scheufler
1984 ;
P.S.3.
unpuble.
Inmud 1983,
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GREERSAANK
(1._WEBoLARIA)

In Lapland, laying sesasce
related teo snov cover. Ia
U.Ka, mest esrlier in years
vhen April and May avw vara
Older females breed earli-
oste Some imdividuals are
oonsistently early, others
late. Territories bordering
rivers comtaia earliest
olutehes. Rainfall and snow-
fall in early spring, snd
weather in June, have mo
eoffect

COMMON SANDPIPER
( TIS_WYPOLEUCOS)

Nesting may be ssriiest
when early spring is ailé
and food is abundaat.
Little pudliahed on timing
of laying season. Rainfall
and habitat differesces say
bs importaat.

SPOTTED SANDPIPER
(4-_MACOLAR1A)

Rest sarliest whea food
svet abundant ia early
spring. Pirst clutehes
coincide with first pask ia
food supply; hatohing
oocurs whea feod 1s most
sbundant for chicks. Preve
1ous breeders nest earli-
est. At high ¢ensities
aggression results is
dalayed breeding.

TURNSTONE
CARENARIA JNTER \

Early snov melt results in
esrly bdreeding. Secial
atisulation say be impor-
tant as mesting is highly
synchronous. Most hatching
coincides with peak foed
supply for ohicks. Erffests
of age unkacwe

RED-NECKED PHALAROPE
(ZMALANOPYS LOBATUS"

Neot sarlier if eurly
opring 45 uild, and fecs
abundant .Arrival and laping
soineides vith pesk abund-
snce of ehiroscaids. Mest
ezperienced birde arrive
and Breed earliest.
Bvidence for her

Monogamous. Siagle

Bigany breaded.

recorded 33 relays

ocoasiomally: reserded

Incubation

shered

Womogamous.  Single

S ial) br

polyandry Relays
occur

Incubstion

shared

Polygamcus Variadle. Up

and occcasion-

to 5 eclutches

ally sonogam- recorded.
ous. Sertal Each male
polyandry and incubates one
FOS0Urce- cluteh;
dafence pely- femsle lays
andry comson. clutehes for
Considerable several miles
varstioss and may share
sttridutadle incudation of
te haditat. oOne. Relays
Incubation follow clutch
shared in loas.
BONOEAROUS

pairs; other-

wise male

inoubates

first cluteh

and female

shares in

1ast clutch

Nonogamous . Single

Both senes brooded.
incubate, Relays

though recorded
female more

oonsistent.

Pelysmdrous  Single
(sequentisl brooded

and to 8 Male incu-
leseer bates one
sxteat simul- cluteh;
tansous e female may
Only asle lay two

| fertilized

lﬂg’
of laying date.

by different
nales.
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MNoderate 23-26; Laplang; Nethersole~
natsl philo- 25-31 days n.. Thompson
patry; very Scotland 1951,
high breeding Wethersole-
site fidelity. Thompson §
203 nesta Nethersole-
used by same Thoapson
female at 1979;
least tuice. Thospson
Rateh success et al.
does not aff- ml!; DuW-T.
ect breeding et al.
site fidelity. unpubdl.
Moderate 21=22; %. England; Hollang
natal philo- 18-20 days NN, et al.
patry and Scotland 1982;
breeding site Nethersole~
fidelity. 1In Thoapson &
N. Bngland Nethersole-
913 males and Thospson
TTS females 1979;
returned to DaN=Te
samse territory unpudl.;
in consecutive Jones 1983
years. Divorce
betwveen
seasons occurs.
Hoderate 21-22; Great Gull Hays 1972;
astal philo~ 18-2t days 1s.,Nev York; Oring &
patry; nigh Pelican 1s., EKnudson
breeding site Itasca State 1972;
fidelity, 801 Park, Oring &
sales and 75% Ninesota, Maxson 1978;
females ret- UeS.A. Maxson &
urn to same Oring 1980;
or adjacent Oring &
breeding Lank 1982;
aites. In Oring
chicks, et al. 1983
fenales sore
highly
philopatric
?; higt 22-28; Ellesmere Vuolante
breecing 19-21 day» 1slang, 1968;
site fidelity. North West Wettleship
ate faithful Territory, 1973;
% ' year Canad s} Creen et al.
8.2 1"wn.
Greenland
Noderate 16.5-20.5; We Finland; Hilden &
nata) philo- =20 days e Sweden Yuoclanto
patry and 1972;
Sreeding La Perouse  p,.0n 1972,
site fidelsry. Bay.Manitoda, zevnalds
Sex bias anc Y:

Canada.
ansual variations

in natal philepatry
exist. KNesting

success may influence
breeding site tenacity.

‘9&.



APPENDIX 8

The total number of nests found on Banks Marsh and the

number of nests found within the restricted area,

Year Total nests found Nests found in restricted area
1974 142 140
1975 192 165
1976 182 169
1977 203 164
1978 203 147
1979 185 145
1980 171 127
1981 206 173‘
1982 143% 116
1983 198 169
1984, 197 161
1985 165% 122

In 1982 and 1985 the number of nests found was well below average,
In 1982 the majority of nest finding was carried out by a single person.
In 1985 adverse weatner conditions over the winter reduced the breeding

sbck, such that fewer birds appeared to breed,



APPENDIX 9

Oldest birds caught

Year of recapture (No. of birds caught)

Date of

197 1 0 0 0
1972 0 0 0 0
1973 1 1 2 1
1974 7 12 10 6
1975 15 11 6 3
1976 14 9 7 3
1977 9 11 7 7
1378 17 18 11 - 8
1979 11 15 6 6
1980 17 11 12 6
1981 24, 17 13 5
1982 27 19 17 5
1983 - 21 21 15
1984 - - 32 15
1985 - - - 13

Oldest birds caught during the period of study

1983  DR36319 Ringed 10.8,71 (Juvenile) ¢ 12 years old

1984 DR13891 Hinged ¢ 12 years old

1985 DR13891 Ringed ¢ 13 years old. DR52720 Ringed 13 years old
1986 DR52720 Ringed 14 years old

Age at capture (in years)

The oldest bird found alive on the study area was fourteen years old.
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ATPEMDIX 10

A method for the recording of Redshank leg colour in a standard
manner,

After the 1083 field szason, it was felt that Redshan': ler colour
may be a useful Jdeterminant of an indiv’duals age. To test this
jlea,a recordin~ method was devised which allowed lex colour to be
recorded in a standard and meaningful way.

Frior to 'he 1984 field season, s8ix colours were selectzd which
were thought to reflect the ranse of leg colour likely to be observed.
In order that the method was repeatable, colours were selected from a
Fantone colour marker selector booklet., Selected colours were cut out

and stuck on a card, the card was then enclosed in a plastic wallet.

PANTONE | FPAUTONZ 2 TANTONG O

116M/F 122M/F 127M

parrows 4 PANTONE ° ramons ©

150N Oran~e 021M/F. 165M/F

The colours were ranked from one to six.

1= pale yellow.

6= bright red.

The above numbers represent the actual Pantone colours.

il

METHOD

Wnen a bi—3 was caught, a leg was washed and then held against
the card. The les was compared against each colour. The colour
moet similar to the actual leg colour was then recorded by rank

on the bird data sheet.
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AFPENDIX 11
The number of summer plumare “eathers found on four body regions

of "edshank, The data are for 19284 only.

MALE ( n=116) TEMALD (n=116)

lean S.d. Mean s.d.
Mantle 6.46 5.57 7.00 5634
Breast 8.55 723 7495 6,08
Tieht scapulars 2,51 2,44 2.96 2,2¢
Tl.eft scapulars 2.49 2.27 2.78 2.14
Right secondariss C.21 0.52 0.3%4 0,78
et secondaries 0.14 0.45 0,22 0.63
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