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EXECUTIVE SUMMARY

Currently, the United Kingdom's non-estuarine wader population is under-surveyed. Owing to the

importance of the UK's over-wintering wader population this situation needs to be changed.

Using the Winter Shorebird Count (WSC) database, which was collected during winter 1984/85,
statistical simulations were carried out to ascertain the minimal amount of coeastline which needs to be

surveyed to produce reliable population estimates for non-estuarine species.

The information derived from the WSC database and the simmlations enable a minimal sampling regime
to be produced. Only two of the habitats recorded during the WSC, sand and bedrock, needed

surveying.

The minimal sampling regime requires only 3417kim of coastline to be surveyed. This produces
population estimates which allow a 50% fluctuation in population size between two sampling periods
to be estimated for Ringed Plover, Turnstone, Sanderling and Purple Sandpiper. This is only 30% of
the coastline surveyed by the WSC.

It is important that future non-estuarine surveys have count sections of small, standard lengths.
Including a few large count sections in the boot-strapped population estimates increased the estimate

variance as the boot-strapped sample size became smaller.
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1. INTRODUCTION

The United Kingdom's coastline supports large mumbers of waders throughout winter (Waters &
Cranswick 1993). The majority of the UK's over-wintering waders are found within estuaries. Owing
to the importance of many of the over-wintering sites and their vulnerability to developments, pollution

and tourisi, it is essential that wader populations on different estoaries are monitored.

The UK's wader populations have been monitored since 1969, initially by the Birds of Estuaries
Enquiry (BoEE) and since 1993 by the Wetland Bird Survey (WeBS) which is run jointly by the British
Trust for Ornithology (BTO), the Wildfow! & Wetlands Trust, the Joint Nature Conservaricy Council
and the Royal Society for the Protection of Birds. WeBS regularly records the number of waterfowl

on estuaries, some inland wetlands, agricultural habitats and open coastlines.

One of the least surveyed habitats under WeBS is the non-estuarine coastline. Only 40 open coastline
stretches are currently counted by WeBS, this being 329km or 2.5% of the UK's coastline. This

monitors only a very small proportion of the non-estuarine wader population.

The problem of under-estimation of non-estuarine coastlines was even greater during the BoEE. In
order to overcome this and provide a wader population estimate for non-estuarine coasts a one-off
survey, the Winter Shorebird Count (WSC), was organised by the BTO and the Wader Study Group
(Moser & Summers 1987). The WSC used 1500 volunteer wader counters and covered approximately
90% of the non-cliff coastline of the UK during winter 1984/85. The population estimates derived from
the 1984/85 survey were subsequently used to produce estimates for over-wintering waders in the UK

(Moser 1987).

The most recent estimate of UK wader populations (Cayford & Waters in press) was derived by
comparing the data from the 40 non-estuarine sites counted by WeBS, with data from the same sites
counted by the WSC. It was assumed that the population change which had occurred between the two
surveys, on the 40 sites, had occurred throughout the whole non-estuarine population. The derived
population estimate was the best that could be calculated using the current data. In order to produce
better estimates, the WeBS partnership intends to organise a new non-estuarine survey with much
greater coverage than that currently attained by WeBS. Prior to running the full survey, the
BTO/WWT organised a pilot survey of waterfowl on the UK's non-estuarine coastal sites in the
1994/95 winter. The purpose of the pilot was to test the methodology and ascertain the amount of

coverage required to produce reliable population estimates.

BTO Research Report No. 158
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2. METHODS

2.1 Calculating population sizes

Imitial analysis of the WSC database, revealed discrepancies when compared to the wader totals given
by Moser & Summers (1987). In order to overcome this, new wader totals were calculated from the
WSC database for each coastal county in the UK. The population totals derived from the database are

used as the basis of this study.

2.2 The key non-estuarine species

The information from the above analysis and information found in Waters & Cranswick (1993) and
Cayford & Waters (in press), were used to identify which of the species recorded by the WSC make
the most use of the non-estuarine habitat. These are species which have a major part of their population
on non-estuarine habitats. These species (Ringed Plover, Turnstone, Sanderling and Purple Sandpiper)

were regarded as the key non-estuarine species and receive most consideration within this report.

2.3 Sampling regime for Winter Shorebird Counts

The WSC as a one-off survey achieved excellent coverage of the UK's coastline. It is unlikely
however, that an annual survey will ever be able to attain such coverage year after year or that finances
will be available to cover the costs. It is, therefore, necessary to design a survey that has a more

restricted sampling regime, yet produces accurate population estimates.

In order to calculate the minimal sampling regime necessary to produce reliable population estimates
for a future survey, it was desirable to allocate sample sizes according to strata. The WSC database
contains a number of possible strata (primary habitat, secondary habitat, slope, etc). It was decided
that the most appropriate stratum to use was primary habitat, with the size of each sample being based
on the relative length of each habitat. Two alternative strategies exist for allocating sample sizes,

proportional allocation and optimal allocation.

Proportional allocation is the simplest approach to defining sample sizes for a sampling procedure and

apportions the overall sample between strata proportionally to the size of each stratum. Using this
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approach, the length of habitat sampled would be fixed for each habitat type (e.g. 20%) to produce a

population estimate from a reduced sample of the available data.

An alternative method of assigning sample sizes is optimal allecation. This approach gives each
stratum a different sample size depending on the variability of counts within each stratum. This would
be done for each species separately such that each species would have a different sampling strategy
across the strata. This method can also apportion samples according to cost. In the context of this
study a species such as Sanderling, which is most commonly found on sand, would have a high
variance on that habitat whereas on mud the variance would be low. Therefore a greater proportion
of sand and a smaller proportion of mud would need to be surveyed. This approach is very species
specific with each species requiring an optimally allocated sampling strategy and is best suited to
species specific studies and cannot practically be used for surveys like the Winter Shotebird Count.

It was therefore decided that the best approach was to use proportional allocation. Simulations in which
various proportions of the UK ceastline (5% to 80%), stratified by primary habitat, were sampled from
the WSC database to produce a range of population estimates with confidence limits. Each simulation
was carried out 999 times with replacement. The 5th and 95th percentiles were taken as the 90%

confidence limits (Greenwood 1991)

By assigning a required level of precision for species estimates derived from the simulations, it was
possible to specify the length of coastline which would need to be sampled to produce reliable
population estimates for each habitat. For the purposes of this study, the acceptable mean deviation
of a population estimate was defined as 25%. This would allow a 50 % fluctuation in population size
between two sampling periods to be detected. The mean deviation was taken as the average difference
of the upper and lower 90% confidence limits from the actual estimate, as a proportion of that estirnate.
The minimal sampling regime for a non-estuarine survey was then chosen as the minimal length of
each habitat which needed to be surveyed to provide estimates with a2 mean deviation of less than or
equal to 425% for the key non-estuarine species. Only habitats which supported at least 15% of the
key non-estuarine species were considered. This is a generally conservative sampling strategy as

should be required by the country agencies.
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24 The precision of the minimal sampling regime

To establish how comparable population estimates based on the minimal sampling regime would be to
a complete survey, a simulation which used the minimal sampling regime defined lengths of habitat was

carried out.

This simulation mimicked 10 surveys by sampling the WSC database 10 times without replacement
according to the minimal sampling regime. Each of the 10 samples was then resampled 99 times with
replacement to allow 90% confidence limits to be calculated for each of the minimal sampling regime
surveys. The 90% confidence limits make it possible to test the consistency of each minimal sampling

regime survey against the "known" WSC population.

The WSC database contained a small number of count sections with a long coastal length. If sampled
at random by the simulation they would have resulted in smaller samples sizes and therefore increased
variance. To overcome this, sections which had a length in excess of Skm were removed. This
resulted in the removal of 7.3% of bedrock and 3.5% of sand from the data sampled. This was
considered justifiable as the length of coastline section in a future survey would be limited to 2km, as

greater lengths would cause problems in future analysis of the data.
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3. RESULTS

3.1 Population sizes

The wader totals recalculated from the WSC database are presented in Tables 3.1.1 and 3.1.2. There
are a number of discrepancies in these results and those given by Moser & Summers (1987). The only
discrepancy in the results obtained for England are for the wader totals of the Channel Islands. This
is due to the absence of the Guernsey data from the WSC database. Guernsey was not surveyed as part
of the WSC, instead data collected by high tide counts were used to produce the results (Moser &
Summers 1987). As the entire coastline of the Channel Islands, of which Guernsey is only a small part,

represents about 5% of England's total coastline, it is unlikely that this will greatly affect the results.

The main discrepancies in Scotland are recorded from Grampian, Highland, Shetland and Strathclyde.
The data presented by Moser & Summers (1987) for Orkney, Lewis and Harris were not present in the
WSC database, as they were collected by a different survey, using different methods. The
discrepancies in the Grampian, Shetland and Strathclyde data are unlikely to have a major affect on the
results of the study. The absence of the Orkney, Lewis and Harris data, may cause a slight bias to the
results as large numbers of birds were recorded in these areas, particularly Turnstone, Curlew,
Redshank and Purple Sandpiper. In view of this, estimates of the minimal sampling regime must be

taken as minimum values.

3.2 Sampling effort and precision of population estimates

The results of the simulations for each of the key species, which sampled differing lengths of coastline,
are presented as a series of graphs (Figures 3.2.1 to 3.2.4). It is apparent from these graphs (Figures
3.2.1 to 3.2.4) that the accuracy of the estimates improves with increasing length of coastline sampled.
The graphs also give some indication of a species' habitat preference. Assuming that each species had
no habitat association, then the proportion of a species population recorded on a certain habitat type
should be the same as the proportion of habitat present. A larger proportion of a population recorded

on a habitat might indicate some habitat preference.
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33 Species accounts for the key non-estuarine species

3.3.1 Ringed Plover

Ringed Plovers are a widespread species occurring on most coastal sites, but in low numbers. The UK
over-wintering population consists primarily of local breeders supplemented by birds from Northern
Europe. The majority of Ringed Plovers are found on the sandier coastal areas (Prater 1981). The
non-estuarine population is estimated at 19000, however the UK estuarine population is about 10000
(Cayford & Waters in press), making Ringed Plover a predominantly non-estuarine species. The
Ringed Plover population total derived from the WSC was 15336 (Tables 3.1.1 and 3.1.2). Ringed
Plovers had a strong association with sand in the WSC (Figure 3.2.1) where 64 % of the birds were
recorded and less association with bedrock, where only 18% were recorded. Only 18% of non-
estuarine Ringed Plovers were found on boulders, cobbles, gravel or mud (Figure 3.2.1), therefore for

this species these habitats were not considered as part of the minimal sampling regime (Table 3.2.1).

3.3.2 Turnstone

Turnstones are present on almost all of the UK's coastline (Prater 1981) at both estuarine and non-
estuarine sites. Turnstones do not breed in Britain, so the over-wintering population is made up solely
of immigrants, mainly from Eastern Canada and Greenland (Prater 1981). The non-estuarine
‘Turnstone population is estimated at 51300 birds which is much larger than the estuarine estimate of
13000 (Cayford & Waters in press). A population total of 26823 was derived form the WSC (Tables
3.1.1 and 3.1.2). Turnstone were not associated with any particular habitat types, although slightly
higher than average numbers were recorded on sand (Figure 3.2.2). Boulders, cobbles, gravel and
mud supported 22% of the non-estuarine Turnstone population (Figure 3.3.2) and were therefore not

included in the minimal sampling strategy.

3.3.3 Sanderling

Sanderlings have a very restricted breeding range in the high arctic. Outside the breeding season
Sanderlings have a worldwide distribution. In the UK Sanderlings are widespread, occurring at low
numbers in most coastal areas, although a preference is shown for sandier stretches (Prater 1981). The
estuarine population of Sanderling is estimated at about 5500 and the non-estuarine population is almost
18000 (Cayford & Waters in press). These over-wintering population estimates are dwarfed by the
numbers of birds recorded in spring and autumn whilst on passage (Prater 1981). The Sanderling
population estimate derived from the WSC was 8431 (Tables 3.1.1 and 3.1.2). Sanderling had a strong
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association with sand, indeed 82 % of the Sanderling population was found there (Figure 3.2.3), and

thus sand is the only habitat included in the minimal sampling regime.

3.3.4 Purple Sandpiper

Purple Sandpipers breed in Arctic regions from Western Canada to Central Siberia. Purple Sandpipers
are the most northerly wintering wader species, found almost exclusively on rocky shores. In the UK,
the highest concentration of this species is along the north-east coast (Prater 1981). Purple Sandpiper
can possibly be regarded as the only truly non-estuarine species of wader in the UK. The estuarine
population is estimated at 720, whereas the non-estuarine population is estimated at 20600 (Cayford
& Waters in press). The WSC database Purple Sandpiper total was 8081 (Tables 3.1.1 and 3.1.2),
which is low due to the absence of the Orkney data (see Section 3.1). The rockier habitats held most
of the Purple Sandpiper population (82 %), however many were also recorded on sand (15%) (Figure
3.2.4). Boulders, cobbles, gravel and mud were not included in the minimal sampling regime as these

hold less than 15% of the Purple Sandpiper population (Figure 3.2.4).

34 Sampling regime for future surveys

The length of each habitat which needs to be surveyed for the key non-estuarine species to produce
estimates with a mean deviation of 25% is given in Table 3.4.1. Derived from the data in Table 3.4.1
is the minimal sampling regime required to produce the desired population estimates for all the key
non-estuarine species. The minimal sampling regime is the proportion of each habitat type which needs
to be surveyed to produce population estimates with a mean deviation of less than 25% for the key non-
estuarine species. Only habitats which support more than 15% of the non-estuarine species population

have been included.

The results from the simulation using the minimal sampling regime to produce an overall estimate for
the UK's non-estuarine coastline are given in Table 3.4.2. The 90% confidence intervals of each of
the ten runs of the minimal sampling regime simufation held the WSC population estimates of Ringed

Plover, Turnstone, Sanderling and Purple Sandpiper.
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4. DISCUSSION AND CONCLUSIONS

As a "one-off" survey the Winter Shorebird Count achieved impressive coverage of the UK's coasiline.
There is currently, however, a shortfall in our knowledge of the UK's over-wintering wader
populations caused by insufficient surveys of the non-estuarine wader population being carried out.
Presently it is not possible to assess the importance of non-estuarine coasts to waterfowl through time.
Forty open coastline stretches are surveyed as part of WeBS but many of these are at the mouths of
estuaries and may thus be unrepresentative. Clearly this situation needs to be improved and the
proposed non-estuarine survey will overcome this if the new survey confirms that it is feasible to
sample a proportion of the UK coastline and yet obtain satisfactory population estimates. If this is the

case then it may be possible to routinely count a proportion of the UK coastline as part of WeBS.

Strong habitat associations were found in the key non-estuarine species. The strongest associations
were between Ringed Plover and sand (64 % of the population), Sanderling and sand (82%) and Purple
Sandpiper and bedrock (56%). Turnstone did not show any evidence of strong habitat selection. This
would have important consequences when choosing sampling strategies for species specific surveys and

has allowed the recommended sampling strategy to be based on sand and bedrock.

The simulations which sampled varying proportions of primary habitat provided information on the
amount of habitat that needed to be surveyed to produce precise population estimates for a range of
species. Generally, the most common primary habitats (e.g. bedreck and sand) produced the more
precise estimates when only small proportions were sampled. This is also true for primary habitats
which support a major proportion of the population of a particular species' population (e.g. Sanderling
on sand) where precise estimates were obtained when small proportions of the habitat were sampled

(Figures 3.2.1 to 3.2.4).

The minimal sampling regime suggested by this study requires only 3417km of the UK coastline to be
surveyed, based on the data available in the WSC database. This is 70% less than the amount sampled
during the WSC, which sampled 11253km of coast. If less precise estimates were required for the
range of key non-estuarine species, then a smaller length (or proportion) of coastline would require
surveying. For some species-specific surveys the length of coastline that needs to be surveyed is much

less than the minimal sampling regime.

The population estimates derived from the WSC database for Ringed Plover, Turnstone, Sanderling
and Purple Sandpiper, were contained within the 90% confidence limits produced by the simulations

using the minimal sampling regime. Provided that these species are counted on the proportion of
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habitat specified by the minimal sampling regime, reliable population estimates for these species could
be produced using a survey that is smaller than the original 1984/85 Winter Shorebird Count and that

may be small enough to be routinely incorporated into WeBS.

An important consideration for future non-estuarine surveys is to ensure that the section lengths are
kept standard and ideally small (ie lkm to 2km), otherwise there could be serious implications for any

analyses which use statistical simulations.
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Table 3.4.1

Primary Habitat
Species Bedrock Sand
Ringed Plover 30% 1648km 40% 751km
Turnstone 20% 1099km 40% 751km
Sanderling *k 40% 751km
Purple Sandpiper 40% 2197km 65% 1220km

The proportion and length of each habitat that must be surveyed to produce population
estimates with a mean deviation of less than 25% for the key non-estuarine species.
These values are derived from 999 repeated simulations using a bootstrapping method.
** Only habitats which support greater than 15% of a species population have been
included. (For explanation of Minimal Sampling Regime see Section 3.4 in text).
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RINGED PLOVER
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Figure 3.2.1 The effect of varying the proportion of habitat sampled on the
percentage deviation from **  population estimate of Ringed Plover. The
percentage of Ringed ” 1=15336) found on each habitat type is given.
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" TURNSTONE
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Figure 3.2.2 The effect of varying the proportion of habitat sampled on the
percentage deviation from the population estimate of Turnstone. The

percentage of Turnstone (N=8431) found on each habitat type is given.
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SANDERLING
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Figure 3.2.3 The effect of varying the proportion of habitat sampled on the
percentage deviation from the population estimate of Sanderling The
percentage of Sanderhng (N= 8431) found on each habitat type is given.
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PURPLE SANDPIPER
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Figure 3.2.4 The effect of varying the proportion of habitat sampled on the
percentage deviation from the population estimate of Purple Sandpiper The
percentage of Purple Sandplper (N=8081) found on each habitat type is given.
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