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Introduction
1.

There is a planning consent condition (Condition 18) for the Wansbeck Blyth Harbour wind
farm requiring a project to be undertaken to survey the factors affecting the distribution and
abundance of turnstone and purple sandpiper. This condition states that:
“(a) Prior to the commencement of construction of the wind farm hereby approved, a survey
of the factors affecting the distribution and abundance of turnstone and purple sandpiper
shall be submitted to and approved in writing by the Local Planning Authority.
(b) The scheme submitted pursuant to condition 18(a) shall cover the period from the
construction of the first turbine, throughout the 60 months construction period and for an
additional 36 months following the construction of the final turbine.”

2.

This document reports on the final of the three winters of purple sandpiper and turnstone
study that are being undertaken to satisfy Condition 18.

3.

The aims of the project are to:
▪
▪
▪
▪

Provide a better understanding of the use that purple sandpiper and turnstone
make of the Blyth area in the wider context of the SPA.
Provide a better understanding of the recent changes that have occurred in these
populations, and the factors affecting those changes.
Measure the effects of the wind farm on both species.
Provide information to contribute to a habitat enhancement plan to deliver a net
benefit to these species.

4.

These aims are all discussed in this report, apart from the effects on the wind farm on these
two species, was has been reported as part of the main post-construction monitoring report
(Percival et al 2017).

5.

Recent analysis by the BTO (Thaxter et al. 2010) has shown the Northumbria Coast SPA
purple sandpiper population to be in long-term decline, dropping in 58% over last 25 years
and 46% since designation as SPA. The SPA Turnstone population has also declined, though
not by such a great amount, showing a 18% decline over the last 25 years and 10% since
designation. The reasons behind this decline are not fully understood but Rehfisch et al.
(2004) have predicted a continuing decline in both species resulting from climate change,
and Thaxter et al. (2010) identified a range of potential threats to the SPA including erosion
and flooding caused by sea-level rise, and associated improvements to sea defences,
disturbance from recreational activities, the development of caravan sites, holiday homes,
car parks and marinas, changes in waste-water treatment, cord-grass and green algae
invasion and overgrazing of surrounding pasture. One of the main objectives of this project
was to investigate these factors and investigate conservation management measures that
could be undertaken to address the population declines recorded.

6.

All of the nine previous wind turbines have been removed but only one of the new ones has
been constructed. Its location is shown in Figure 1. The turbine is a RePower 3.4MW XM104,
128m to tip and with a 104m rotor diameter (with a variable rotational speed of 7.1 – 13.8
rpm). The post-construction phase of this work therefore represents two changes that have
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taken place since the pre-construction baseline (a) replacement of one of the existing 330kW
turbines with one 3.4MW machine, and (b) removal of the other 8 old 330kW turbines.
7.

Purple sandpipers and turnstones have been the subject of several studies in this region,
including work by Mark Eaton for his PhD studies at Durham University (Eaton 2001), and
work for the previous Blyth Harbour wind farm (Painter et al. 1999).

8.

Eaton identified a range of factors affecting purple sandpiper and turnstone feeding site
selection, including:
▪
▪
▪
▪
▪

9.

The amount of rocky shore habitat;
The amount of tideline available;
The availability of seaweed wrecks;
Disturbance, particularly by people and dogs;
Predator (raptor) abundance.

Eaton found that purple sandpipers and turnstones were strongly associated with rocky
shore, and that strand-line seaweed was also important for turnstone. Eaton found purple
sandpiper distribution to be positively correlated with the abundance of intertidal mussel
beds, but negatively correlated with raptor density. Turnstone density was positively
correlated with the cover of bare and barnacle-covered rock, as well as the amount of
strandline seaweed. He considered both species to be unlikely to be limited by winter food
supply or the decline in food supply that he considered likely to occur as a result of reduced
sewage output to the sea (in order to meet the European Commission Urban Waste Water
Directive 91/271). He did not use direct measures of food density in his predictive model but
rather found that coarser habitat data were more useful in predicting where birds would be
feeding. Measuring food density would be particularly problematic for turnstone, which, as
well as using rocky shore habitats, also fed extensively on strandline seaweed deposits, and
also on adjacent grassland (in the Eaton and in the 2014-15, 2015-16 and 2016-17 surveys).
Wide-scale measurement of food density would be unlikely to be useful, therefore, for the
current project. Instead the current work is focussing on wide-scale habitat use
determination.

10. The choice of roost sites by purple sandpipers in Eaton’s study was affected by height of tide,
and this also affected subsequent choice of feeding site. Specifically, in relation to the Blyth
roost Eaton concluded that:
“Weather conditions and disturbance influenced the roosting locations of birds within the
Blyth Harbour area. In easterly winds, birds were easily visible on the west side of the East
Pier wavetrap, whereas in westerly winds birds could be on the east side or within the
wavetrap and hence very difficult to count. Late afternoon or evening counts may have been
more accurate, as birds seemed more inclined to roost on the west side of the pier if it was
warmed by sun at this time of day. In calm conditions, some or all of the birds roosted on the
South Pier, but only if it was not being used by large numbers of fisherman.”
11. Eaton defined low water as <3.7m OD, so this definition has also been adopted in the current
study. This value was derived as the median value between the mean high and low tide
levels (for both spring and neap tides).
12. Eaton (2001) also successfully established individually marked populations of purple
sandpipers and turnstones during his PhD work. He used a combination of catching methods,
including lamping at night (successful mostly for purple sandpipers) and cannon-netting (the
latter on strandline seaweed beds, and therefore primarily for turnstone – only a single
purple sandpiper was captured using this method). Lamping was limited to inclement
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weather conditions; strong onshore winds, total cloud cover and rain or snow. Over three
years 43 purple sandpipers and 184 turnstones were captured. Birds were all individuallymarked with colour-rings. A total of 20 purple sandpipers and 12 turnstone were also radiotagged, using back-mounted transmitters.
13. High between-winter return rates of purple sandpipers were reported, with a mean of 85%
of birds returning the following winter.
14. Other studies have also used lamping and cannon-netting to capture these species. Burton et
al. (1997) used cannon-netting in a Durham University study at Hartlepool, for example,
whilst Dierschke (1998) used a combination of lamping and spring traps on Helgoland.

Surveys Methods 2016-17
15. Surveys were carried out of the Northumberland coast between St Mary’s Island in the south
and Cresswell in the north (see Figures 2 and 3), to determine current roosting and feeding
locations of purple sandpiper and turnstone, and the inter-relationship between them. This
study area was considered sufficiently extensive to obtain a statistically robust study
population and to obtain data from a range of different environmental conditions, whilst at
same time making the study area manageable (countable over a single day).
16. It was concluded in the 2014-15 Wansbeck Blyth Harbour monitoring report (Percival et al.
2015) that detailed wide-scale food availability surveys were unlikely to yield useful results,
given the findings of Eaton (2001). The work in the second and third years, therefore,
focussed instead on a broader habitat-based approach to the development of models to
predict purple sandpiper and turnstone foraging and roosting distribution, and compare this
with previous work by Eaton (2001).
17. Surveys were conducted throughout the tidal cycle at fortnightly intervals during the
November 2016 - March 2017 study period. These data on bird distribution and abundance
are being related to environmental data on food availability, proximity to roost sites,
disturbance levels and other factors that could affect bird use of the SPA. Following pilot
studies in 2014-15 to determine the best methods for achieving this objective, the surveys in
2015-16 and 2016-17 used the detailed habitat/bird activity classifications developed by
Eaton (2001), so that the data collected would be directly comparable with that previous
study. The following classes were used:
▪
▪
▪

Bird activity: roosting, feeding, preening/bathing, vigilance and other;
Feeding location distance from tide edge: <1m, 1-2m, 205m, 5-10m, 10-20m, 2050m, >50m;
Substrate type (defined as the predominant cover within 1m of a bird): strand-line,
wrack deposit (large seaweed deposit along high-water mark), mud, sand, bare
rock, barnacles, mussels, Fucus, Chlorophyta, Rhodophyta, and Enteromorpha

18. As well as count surveys, studies of marked individuals were also undertaken in 2016-17,
catching and tagging birds to obtain data on individual site use and fidelity. Recent advances
in technology have enabled bird tags to be developed with GPS units that can track and
subsequently transmit their location at set intervals. Such units could be very useful in this
study in understanding the birds’ movements in more detail. GPS tags of a similar weight to
the radio tags used by Eaton are now available but these rely on recapturing the same
individuals to download the data directly from the tag. Recapturing the same birds would be
very unlikely to be successful at Blyth. GPS tags have been developed that allow remote
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downloading of the location data, but the smallest currently commercially available is 5g,
which would be too heavy for use on these species (a 3-5% weight limited is best practice,
and purple sandpipers have a mass of about 65g, and turnstone about 120g.). As a result, it is
currently not possible to use such tags on these species, so birds were tagged with radiotransmitters instead.
19. A project on the ecological effects of disturbance on waders on the Northumberland and
Durham coast is currently being undertaken by Newcastle University. This provided an
opportunity for collaboration and enhanced value for both projects. A colour-ring scheme
was set up for each species under the Wader Study Group, and radio-transmitters purchased
in order to undertake this work and licenced for use through the British Trust for
Ornithology. Several potential catch sites were identified, but logistical difficulties in 2015-16
with catching (finding a site where sufficient numbers of birds were using regularly and
predictably, and where catches could be made safely) meant that no successful catches were
made.
20. In 2016-17, two successful cannon-netting catches were made at Hadston Shore, of birds
feeding on a tideline wrack bed. Three turnstones were caught on 20 December 2016 and a
further eight on 28 December 2016. All of these birds were fitted with radio transmitters and
monitored for the following two months’ lifetime of the transmitters. These birds were also
fitted with a unique combination of colour rings/leg flags.
Regular surveys were undertaken to follow these marked birds and establish their home
ranges through a range of tidal conditions, recording the locations of the ringed and radiotagged birds through the survey period. Disturbance events observed during these surveys
were also be logged. Radio signals were checked daily along the shore between Amble and
Druridge form a series of locations that covered the whole shoreline. At each survey point
each frequency was checked, scanning for at least 1-minute bird per bird.
21. At each scanning point the following information was recorded:
▪
▪
▪
▪

Grid reference for each radio bird located;
Bird activity (if seen): roosting, feeding, preening/bathing, vigilance and other;
Feeding location distance from tide edge: <1m, 1-2m, 2-5m, 5-10m, 10-20m, 2050m, >50m;
Substrate type (defined as the predominant cover within 1m of a bird): strand-line,
wrack deposit (large seaweed deposit along high-water mark), mud, sand, bare
rock, barnacles, mussels, Fucus, Chlorophyta, Rhodophyta, and Enteromorpha

22. These surveys were organised to cover high (high + 2 hours), mid and low tide (low + 2
hours) states, and in daylight and at night.
23. Attempts were also made to catch birds by lamping at night, but, despite several attempts in
suitable weather conditions, no birds were caught using this technique.

Surveys Results 2016-17
Purple Sandpiper Distribution and Abundance Counts
24. The total purple sandpiper counts made over the whole extended survey area for each
survey are shown in Figure 1a (2014-15), Figure 1b (2015-16) and Figure 1c (2016-17).
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Figure 1a. Purple Sandpiper counts in the extended survey area by date, 2014-15.

Figure 1b. Purple Sandpiper counts in the extended survey area by date, 2015-16.
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Figure 1c. Purple Sandpiper counts in the extended survey area by date, 2016-17.

25. Purple sandpiper numbers were quite consistent through all of the survey period in all three
post-construction winters, suggesting a fairly stable wintering population in the area. The
peak count recorded in 2016-17 was 107 individuals, and the mean total over the survey
period was 56 (compared with a peak of 100 individuals, and mean of 64 in 2014-15, and a
peak of 96 and mean of 59 in 2015-16).
26. The distribution of purple sandpiper roosts recorded is shown in Figures 2a-c for each survey
year. These Figures plot all of the counts made of roosting birds during each survey period.
There were three main roosting areas used by this species in 2015-16, at (north-south)
Cresswell, Newbiggin and Blyth. The highest numbers were recorded at Blyth in both winters
(centred around the pier as previously), though numbers in the Newbiggin area increased in
2016-17. No use of the St. Mary’s Island roost was recorded in 2015-16, though that roost
was used in both 2014-15 and 2016-17.
27. The distribution of feeding purple sandpipers recorded during the surveys are shown in
Figures 3a-c for each survey period. All counts made of feeding birds during the survey
periods are plotted. Purple sandpiper feeding distribution was similar to that of their roosts,
though more spread out along the rocky shore habitats. This suggested that most birds were
feeding locally to their high tide roosts, though the numbers feeding at Newbiggin were
sometimes higher than those roosting there in 2014-15 and 2015-16, indicating that there
may have been some wider-scale movements between roosts and feeding areas.
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Figure 2a. Distribution of purple sandpiper roost sites in the extended survey area, 2014-15

Figure 2b. Distribution of purple sandpiper roost sites in the extended survey area, 2015-16

Figure 2c. Distribution of purple sandpiper roost sites in the extended survey area, 2016-17

Figure 3a. Distribution of purple sandpiper feeding sites in the extended survey area, 2014-15

Figure 3b. Distribution of purple sandpiper feeding sites in the extended survey area, 2015-16

Figure 3c. Distribution of purple sandpiper feeding sites in the extended survey area, 2016-17

Habitat Use: Feeding and Roosting
28. Purple sandpiper habitat use for foraging and roosting in 2016-17 are summarised in Figure
4a. The results for 2015-16 and 2014-15 are given in Figures 4b and 4c for comparison. This
shows the percentage of records in each habitat type for each of the birds’ two main
activities in each of the three years. Rocky shore was the predominant habitat used for both
feeding and roosting, with 88% feeding records and 61% roosting birds recorded in that
habitat in 2014-15, 89% and 55% in 2015-16, and 84% and 63% in 2016-17. Other habitats
used occasionally for feeding included sandy beach, wrack beds, breakwater and outflow
pipes. As well as rocky shore, breakwaters were also used for roosting (38% in 2014-15, 36%
in 2015-16, 13% in 2016-17), as were outflow pipes (1% in 2014-15, 9% in 2015-16, 19% in
2016-17).

Figure 4a. Purple sandpiper feeding and roosting habitat use, 2016-17

Figure 4b. Purple sandpiper feeding and roosting habitat use, 2015-16
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Figure 4c. Purple sandpiper feeding and roosting habitat use, 2014-15

Rocky shore habitat use
29. The results presented above have shown that in all three winters purple sandpipers have
predominantly used rocky shores for feeding. In 2015-16 and 2016-17 a more detailed
habitat recording scheme was used to gather more data on which of these rocky shore areas
were more important for this species.

30. The primary rocky shore cover in the areas used by feeding purple sandpipers are shown in
Figure 5. Most feeding was observed on rocky shore where Fucus (brown) seaweeds were
the predominant cover, though also with flocks observed feeding on areas dominated by
barnacles and chlorophyte (green) seaweeds.

Figure 5. Primary rocky shore habitat used by feeding purple sandpipers, 2015-16 and 2016-17.

31. In many cases a secondary habitat was also recorded, and this is shown in Figure 6. The
secondary habitat was predominantly barnacles, though also chlorophyte (green) and
rhodophyte (red) seaweeds. There was also a single secondary record of a flock feeding on
mussels, a surprisingly low result given that this species is known to be an important food
source for purple sandpiper.

Figure 6. Secondary rocky shore habitat used by feeding purple sandpipers, 2015-16 and 2016-17.

Proximity to tide edge
32. Distance from the tide edge was shown to be an important factor in determining purple
sandpiper foraging location in Eaton’s (2001) study, so the distance of all purple sandpiper
flocks recorded during this study from the tide edge was recorded. The results are shown in
Figure 7. The birds showed a very strong association with the tide edge, throughout the tidal
cycle, with 87% and 84% of flocks recorded within 2m of the tide edge in 2015-16 and 201617 respectively, and all except one within 10m.

Figure 7. Distance of feeding purple sandpiper from the tide edge, 2015-16 and 2016-17.

Disturbance
33. The very large majority of purple sandpiper records (96%) in 2016-17 were not associated
with any disturbance factors, i.e. in only 4% of cases were flocks not recorded as
‘undisturbed’. The same percentage was recorded in the previous winter. Recorded sources
of potential disturbance comprised dogs (4 records), walkers (2 records) and a single
fisherman. A similar result was found in the previous winter, with only 4% of flocks not
recorded as ‘undisturbed’ then too. In that winter, the recorded sources of potential
disturbance comprised dogs (3 records) and a single fisherman.
34. This is not conclusive evidence that disturbance is not a problem to this species, as the low
level of observed disturbance could result from the birds’ site choice away from disturbance
sources. It is however suggestive that at the current feeding sites at this time of year
disturbance is not a major problem. Further work has been carried out to test this, using two
proxies of potential disturbance; (i) distance from shore access points and (ii) distance from
buildings, to explore for evidence of resource under-utilisation as a result of disturbance. As
this species was largely restricted to rocky shores for feeding, this analysis only used sectors
that included this habitat. The density of feeding purple sandpipers (bird-days per hectare of
rocky shore) was used as the dependent variable, to standardise for differences in the area
of rocky shore in each sector.
35. The correlation of purple sandpiper feeding density (over all three winters) with the distance
of a sector from a shore access point was not statistically significant (Spearman rank
correlation rs 30 = 0.09, p=0.64), suggesting that these birds did not use sectors closer to
access points less than those at greater distance (which might be expected to be less
disturbed).
36. There was a statistically significant negative relationship between the purple sandpiper
feeding density and the distance of a sector from buildings, with more use of sectors that
were located closer to buildings (Spearman rank correlation rs 30 = -0.39, p=0.03), contrary to
what would have been expected if there were any disturbance effect. The results are
summarised in Figure 8 (with two outlier points omitted from the Figure for clarity). The
Figure shows the line of best fit predicted from a robust regression (which is less affected by
data outliers). This analysis too, therefore, did not find any evidence of any disturbance
effect on this species.

Figure 8. Purple sandpiper feeding density and the distance of a sector from buildings, 2014-15 2016-17.

Location of high tide roost
37. The distance from the nearest high tide roost site is likely to affect purple sandpiper feeding
site choice, with birds expected to prefer feeding in closer proximity to their high tide roost
to reduced travel distance, with its associated energetic cost and lost time feeding.
38. Figure 9 shows that whilst the trend was as expected, a negative relationship, with higher
purple sandpiper densities closer to roost sites, this relationship was weak and not
statistically significant (Spearman rank correlation rs 30 = -0.14, p=0.45). As in previous years,
the majority (61%) of feeding birds were found within 1km of a main high tide roost site, but
this largely just reflects the fact that the majority (68%) of the rocky shore within the survey
area is within 1km of a main purple sandpiper roost.

Figure 9. Purple sandpiper feeding density and the distance of a sector from the nearest high tide
roost site, 2014-15 - 2016-17.

Feeding site use modelling
39. Previous analyses of the factors affecting purple sandpiper feeding distribution using the
2014-15 and 2015-16 data (Percival et al. 2015, 2016) suggested that sectors with a larger
area of rocky shore generally held higher mean numbers of purple sandpipers, though with a
wide scatter around the line of best fit.
40. Analysis using all three winters’ data together found a statistically significant positive
correlation between purple sandpiper bird-days and the area of rocky shore in a sector
(Spearman rank correlation rs 30 = 0.37, p=0.04). As expected, sectors with a larger area of
rocky shore were more-used by purple sandpipers (Figure 10).
41. This analysis was developed further using all three winters’ data and a broader range of
explanatory variables. These included the width and depth of the rocky shore habitat
(reflecting the birds’ clear preference for feeding close to the tide edge), distance from the
main high tide roosts, and distance from potential disturbance features (shore access points
and building, as discussed above).
42. Inclusion of the additional variables into the analysis (using a robust regression analysis) did
not reveal any further statistically significant factors relating to purple sandpiper abundance,
with no significant relationship between any of these and the number of purple sandpiper
bird-days that a sector supported (r2=0.15 for the model overall, p>0.05 for all variables).

Figure 10. Purple sandpiper feeding use (bird-days) and the area of rocky shore within a sector,
2014-15 - 2016-17.

Turnstone Distribution and Abundance Counts
43. The total turnstone counts made over the whole extended survey area for each survey are
shown in Figure 11a (2014-15), Figure 11b (2015-16) and in Figure 11b (2016-17).

Figure 11a. Turnstone counts in the extended survey area by date, 2014-15.

Figure 11b. Turnstone counts in the extended survey area by date, 2015-16.

Figure 11c. Turnstone counts in the extended survey area by date, 2016-17.

44. Turnstone numbers were highest in November/early December, then became more stable
through the remainder of the survey period (from mid-December onwards) in all three years.
This suggested an initial migratory period followed by a more stable wintering population in
the area, and the pattern was similar in both winters. The peak count recorded in 2016-17
was 229 individuals, and the mean total over the survey period was 152 (compared with a
peak of 220 and mean of 119 in 2014-15, and a peak of 172 and mean of 126 in 2015-16).
45. The distribution of turnstone roosts recorded is shown in Figure 12. This plots all of the
counts made of roosting birds during the survey period. Turnstone roosts were located in
similar areas to purple sandpipers in both winters, though turnstone roosts were found in
the southern part of the survey area at Seaton Sluice and St Mary’s Island in 2015-16 (in
constrast to purple sandpipers). Turnstone numbers were highest numbers on the staithes at
Blyth adjacent to the Alcan silos in 2014-15, but more uniformly distributed in 2015-16.
46. The distribution of feeding turnstones recorded during the survey is shown in Figure 13. The
distributions in 2014-15 (Figure 13a), 2015-16 (Figure 13b) and 2016-17 (Figure 13c) were
very similar. Feeding turnstone were more widely distributed than purple sandpiper, though
also occurred in the areas used by that species. As well as these same rocky shore areas,
turnstones were also seen feeding within the Blyth Estuary and more widely along the shore
areas (including sandy beaches– mainly associated with strandline seaweed beds - and areas
of grassland adjacent to the shore).

Figure 12a. Distribution of turnstone roost sites in the extended survey area, 2014-15

Figure 12b. Distribution of turnstone roost sites in the extended survey area, 2015-16

Figure 12c. Distribution of turnstone roost sites in the extended survey area, 2016-17

Figure 13a. Distribution of turnstone feeding sites in the extended survey area, 2014-15

Figure 13b. Distribution of turnstone feeding sites in the extended survey area, 2015-16

Figure 13c. Distribution of turnstone feeding sites in the extended survey area, 2016-17

47. Turnstone habitat use for foraging and roosting are summarised in Figure 14. This shows the
percentage of records in each habitat type for each of the birds’ two main activities. As for
purple sandpiper, rocky shore was the most frequently-used feeding and roosting habitat.
This habitat held 51% of turnstone feeding records in 2014-15, 66% in 2015-16 and 61% in
2016-17. It held 41% roosting birds in 2014-15, 46% in 2015-16 and 46% in 2016-17. Wrack
beds (strandline beds, mainly on sandy beaches) were also used as feeding habitat. Other
habitats used occasionally for feeding included grassland (including golf courses), and
mudflats and other river fringes. Rocky shore was also the most-used habitat for roosting,
though roosts were also found on breakwaters, jetties and beaches.

Figure 14a. Turnstone feeding and roosting habitat use, 2016-17

Figure 14b. Turnstone feeding and roosting habitat use, 2015-16

Figure 14c. Turnstone feeding and roosting habitat use, 2014-15

Rocky shore habitat use
48. The results presented above have shown that in all three winters rocky shores have been the
main habitat used by turnstones for feeding. A more detailed habitat recording scheme was
introduced in 2015-16 to gather more data on which of these rocky shore areas were more
important for this species, which was also used in 2016-17.
49. The primary rocky shore cover in the areas used by feeding turnstone are shown in Figure 15,
which includes the data from all three winters. The results were very similar to those for the
purple sandpipers reported above. Most feeding was observed on rocky shore where Fucus
(brown) seaweeds were the predominant cover, though also with flocks observed feeding on
areas dominated by barnacles and chlorophyte (green) seaweeds.

Figure 15. Primary rocky shore habitat used by feeding turnstones, 2015-16 and 2016-17.

50. In many cases a secondary habitat was also recorded, and this is shown in Figure 16. The
secondary habitat was predominantly barnacles, though also chlorophyte (green), fucoid
(brown) and rhodophyte (red) seaweeds, and mussels.

Figure 16. Secondary rocky shore habitat used by feeding turnstones, 2015-16 and 2016-17.

Proximity to tide edge
51. Distance from the tide edge was shown to be an important factor in determining turnstone
foraging location in Eaton’s (2001) study, so the distance of all turnstone flocks recorded
during this study from the tide edge was recorded. The results are shown in Figure 17. The
birds showed a strong association with the tide edge, throughout the tidal cycle, with 66%
and 78% of flocks recorded within 2m of the tide edge in 2015-16 and 2016-17 respectively,
and 89% and 87% within 5m.
Figure 17. Distance of feeding turnstone from the tide edge, 2015-16 and 2016-17.

Disturbance
52. As for purple sandpiper, the very large majority of turnstone records (91% in 2015-16 and
95% in 2016-17) were not associated with any disturbance factors, i.e. in only 9% in 2015-16
and 5% in 2016-17 of cases were flocks not recorded as ‘undisturbed’. Recorded sources of
potential disturbance comprised dogs (10 records), fishermen (5 records), walkers (4
records), vehicles (2 records) and a single bait-digger.
53. This is not conclusive evidence that disturbance is not a problem to this species, as the low
level of observed disturbance could result from the birds’ site choice away from disturbance
sources. It is however suggestive that at the current feeding sites at this time of year
disturbance is not a major problem. Further work has been carried out to test this, using two
proxies of potential disturbance; (i) distance from shore access points and (ii) distance from
buildings, to explore for evidence of resource under-utilisation as a result of disturbance. As
this species was largely restricted to rocky shores for feeding, this analysis only used sectors
that included this habitat. The density of feeding turnstone (bird-days per hectare of rocky
shore) was used as the dependent variable, to standardise for differences in the area of
rocky shore in each sector.
54. The correlation of turnstone feeding density (over all three winters) with the distance of a
sector from a shore access point was not statistically significant (Spearman rank correlation rs

= -0.28, p=0.14), suggesting that these birds did not use sectors closer to access points less
than those at greater distance (which might be expected to be less disturbed).
30

55. As found for purple sandpiper, there was a statistically significant negative relationship
between turnstone feeding density and the distance of a sector from buildings, with more
use of sectors that were located closer to buildings (Spearman rank correlation rs 30 = -0.46,
p=0.01), contrary to what would have been expected if there were any disturbance effect.
The results are summarised in Figure 18, which shows the line of best fit predicted from a
robust regression (which is less affected by data outliers). This analysis too, therefore, did
not find any evidence of any disturbance effect on this species.
Figure 18. Turnstone feeding density and the distance of a sector from buildings, 2014-15 - 201617.

Location of high tide roost
56. The distance from the nearest high tide roost site is likely to affect turnstone feeding site
choice, with birds expected to prefer feeding in closer proximity to their high tide roost to
reduced travel distance, with its associated energetic cost and lost time feeding.
57. Figure 19 shows that the trend was as expected, a negative relationship, with higher
turnstone densities closer to roost sites, and this relationship was statistically significant
(Spearman rank correlation rs 30 = -0.44, p=0.016). As in previous years, the large majority
(85%) of feeding birds were found within 1km of a main high tide roost site, but this largely
reflects the fact that the majority (82%) of the rocky shore sectors within the survey area are
within 1km of a main turnstone roost.

Figure 19. Turnstone feeding density and the distance of a sector from the nearest high tide roost
site, 2014-15 - 2016-17.

Feeding site use modelling
58. A previous analysis of the factors affecting turnstone feeding distribution using the 2014-15
data (Percival et al. 2015) found that sectors with a larger area of rocky shore generally
holding higher mean numbers of turnstones. The result was statistically significant, but there
a wide scatter around the line of best fit. In 2014-15 there was a statistically significant
negative association with distance from the main turnstone roost (i.e. birds preferred to feed
closer to roost sites, as expected) and a positive one with the width of the rocky shore
sectors, as well as the area of rocky foreshore. In 2015-16, it was only the area of rocky
foreshore that contributed to the significant result, with no significant contribution (p>0.05)
for the width and the depth of the rocky shore habitat and for distance from the main high
tide roosts (Percival et al. 2016).
59. Analysis using all three winters’ data together found a statistically significant positive
correlation between turnstone bird-days and the area of rocky shore in a sector (Spearman
rank correlation rs 30 = 0.71, p<0.001). As expected, sectors with a larger area of rocky shore
were more-used by turnstones (Figure 20).
60. This analysis was developed further using all three winters’ data and a broader range of
explanatory variables. These included the width and depth of the rocky shore habitat
(reflecting the birds’ clear preference for feeding close to the tide edge), distance from the
main high tide roosts, and distance from potential disturbance features (shore access points
and building, as discussed above).
61. Inclusion of the additional variables into the analysis using a robust regression analysis
produced statistically significant results using all three winters’ data (r2=0.68, p<0.001). There
was a statistically significant negative association with distance from the main turnstone

roost (i.e. birds preferred to feed closer to roost sites, as expected) and a positive one with
the width of the rocky shore sectors, as well as the area of rocky foreshore.

Figure 20. Turnstone feeding use (bird-days) and the area of rocky shore within a sector, 2014-15 2016-17.

Turnstone Radio-tagging Results
62. The recorded locations of each of the eleven radio-tagged turnstones is summarised in
Figure 21, which shows the number of records of each bird in each of the sectors of the main
survey area. Each is identified by its unique radio frequency. There were two additional
records of one individual (radio frequency 875) at Cresswell Pond, 7km to the south of the
catch site.
63. Overall the radio birds were highly site-faithful through the winter, with 55% of the 147
records from the same sector as the birds were caught (where they fed primarily on a
strandline wrack bed), and 77% within 1km of that site. A histogram of the distances
recorded moved by the tagged turnstones is shown in Figure 22, which further highlights
their high degree of site fidelity. Eaton (2001) found a similar high degree of site fidelity,
though had most birds ranging over a greater area (2-5km).

Figure 22. Histogram of distances moved by tagged turnstones from their initial catch site at
Hadston Shore, 2016-17.

64. As well as the concentration of records around the catch site on Hadston Shore, there was an
additional area of shoreline used at Chibburn Mouth, 3.5km south from the catch site. This
area held a small area of wrack deposits, which were used by the birds for feeding. However,
these birds were also using another more unusual food source, grain. This was regularly put
out at this point as supplementary feed for a small wintering flock of shorelarks, and
turnstone were observed feeding on this too.
65. Despite searches at night, no records were obtained of any of the radio birds between dusk
and dawn. In order to try and explain this finding, a specific search was made of Coquet
Island after dusk on 1/2/17, and five of the tagged birds were located there. This, together
with the lack of night-time records from the mainland, would suggest that these birds were
leaving the mainland at dusk and spending the night on Coquet Island. Eaton (2001) found a
similar result, with radio-tagged birds leaving the mainland to overnight on Coquet Island,
though he did record a small amount of nocturnal feeding on the mainland.
66. The radio-transmitters were highly variable in their longevity, with four failing within a week
of deployment, but six still working after four weeks. Their details are summarised in Table 1.
The radio attachment technique (super-gluing onto the birds’ backs) was successful in
retaining the radio through its working life and, for most birds, detaching as planned.

Table 1. Details of the radio-tagged turnstones: tag longevity and time tracked.
Radio
frequency

Date caught

Days to radio
failure

Days to last
record

Number of
records

Comments

210

27/12/16

2

49

8

Radio still attached at last sighting

237

27/12/16

27

125

15

No radio after 27 days

250

27/12/16

6

40

4

264

27/12/16

4

49

8

No radio after 12 days

303

20/12/16

6

34

10

Still carrying radio after 29 days

312

27/12/16

36

40

12

773

27/12/16

40

40

5

850

20/12/16

30

30

20

Radio still working after 30 days

867

20/12/16

43

56

30

No radio after 56 days

875

27/12/16

27

91

16

Still carrying radio after 49 days

952

27/12/16

12

49

12

No radio after 27 days

Population Changes
67. The changes in the purple sandpiper and turnstone numbers across the Northumbria Coast
SPA have been investigated, using data from the Wetland Bird Survey (WeBS) published on
the BTO web site. The annual peak counts from the SPA and from its constituent count
sectors have been analysed to determine the recent population changes in more detail. It
had been intended to develop population viability models for each species, but the lack of
any available data on productivity or survival of either species from this region meant that
this was not possible. Instead, this population analysis has focussed on how these species’
populations have changed across the SPA, in comparison with the published national (GB)
trends in each. This involved addressing four key questions:
▪
▪
▪
▪

Determine how the SPA populations of each species has changed over the last 25
years.
Update the analysis of the long- (25-year), medium (10-year) and short- (5-year)
trends in numbers on the SPA.
Determine whether the population trends have been similar between the main
sites within the SPA
Determine whether the population trends have been similar between the two
species.

Change in Northumbria Coast SPA Populations: Purple Sandpiper
68. The annual mean peak count of Purple Sandpipers within the Northumbria Coast SPA are
summarised in Figure 23. As well as the annual peak count, this also gives the 5-year running

mean of the annual mean peak count, to smooth out the annual change and make
interpretation of longer-term trends clearer.
Figure 23. Annual peak count (green dots) and 5-year running mean annual peak (blue line) for the
Northumbria Coast SPA purple sandpiper population, 1982/3 - 2015/16.

69. The trend in purple sandpiper annual peak counts in the SPA shows three distinct phases;
firstly, a decade of overall stability though with considerable fluctuations between years
(1982-1993), then a major decline between 1994 and 2002, and finally a period from 2003 to
2015 of slow but steady growth.
70. The BTO Alert system used as part of the national Wetland Birds Survey monitoring uses
three temporal scales for assessing population change in waterbirds (Thaxter et al. 2010);
long-term (25 years), medium-term (10 years) and short-term (5 years). A BTO analysis
(Thaxter et al. 2010) of the Northumbria Coast SPA purple sandpiper trend up to 2009/10
showed a long-term decline (-56%), sufficient to trigger a high alert. A medium-term decline
was also identified (-39%; medium alert) though the short-term trend was positive (+28%).
71. The data presented in Figure 23 were used to update this trend through to 2015/16 (the
most recent winter for which the WeBS data are currently available). This used the 5-year
mean annual peak counts for this analysis. This showed a long-term decline of 49%, of similar
magnitude to that identified previously. However, in the medium-term analysis there has
been a reversal from the previous decline to an increase (+56%). The short-term increase has
been maintained in recent years, with a further +28% increase in the last five years.
72. The annual peak purple sandpiper count on the SPA was compared with the national index
produced by the BTO (Frost et al. 2017), and this showed that there was a very strong
positive correlation between the local and national numbers (rs 34 = 0.85, p<0.001). The SPA
trend has closely followed the national trend for this species.
73. Overall therefore, the Northumbria Coast SPA purple sandpiper population appears to
currently be in a state of recovery, with both medium- and short-term trends now positive.
There are still, though, considerably lower numbers now than were recorded in the
1980s/early 1990s.

Change in Northumbria Coast SPA Populations: Turnstone
74. The annual peak counts of turnstones within the Northumbria Coast SPA are summarised in
Figure 24. As for purple sandpipers above, this gives the annual mean peak count and the 5year running mean of the annual peak count.

Figure 24. Annual peak count (green dots) and 5-year running mean annual peak (blue line) for the
Northumbria Coast SPA turnstone population, 1982/3 - 2015/16.

75. The trend in turnstone numbers in the SPA shows some parallels with the three phases
identified for purple sandpiper, with higher population maintained through to the mid1990s, then a sharp decline, and finally a more recent increase. The magnitude of the late
1990s decline was rather less than that observed for purple sandpiper.
76. The BTO analysis up to 2009/10 (Thaxter et al. 2010) showed a long-term decline (-46%), not
quite sufficient to trigger a high alert but well above the threshold for a medium alert.
Declines were reported also for the medium term (-29%; medium alert) and short-term
trends (-27%; medium alert).
77. The updated long-term analysis using data up to 2015/16 showed a 44% decline in turnstone
peak numbers, a decline of a similar magnitude to that identified previously. In the mediumterm analysis, there was also a similar decline to that reported previously (-20%). The shortterm trend, however, has been reversed in recent years, with a 16% increase in the last five
years.
78. The annual peak turnstone count on the SPA was compared with the national index
produced by the BTO (Frost et al. 2017). This showed that there was a very strong positive
correlation between the local and national numbers (rs 34 = 0.85, p<0.001). The SPA trend has
closely followed the national trend for this species, as it has also done for purple sandpiper.
79. Overall, the Northumbria Coast SPA turnstone population is showing some recent signs of
recovery, with a positive short-term trend. The peak numbers are, though, still considerably
lower numbers than those that were recorded in the 1980s/early 1990s, and the mediumterm trend is still negative.

Population trends at the main sites within the Northumbria Coast SPA: Purple Sandpiper
80. Further analysis has been undertaken to explore the population changes that have occurred
across the main sections of the SPA. Six count sections of the SPA were selected for this
analysis, those that regularly individually supported at least 10% of the SPA population (listed
north-south): Seahouses-Budle Point, Beadnell-Seahouses, Howick-Beadnell, CamboisNewbiggin, St. Mary's Island, and the Durham Coast1.
81. The Purple Sandpiper annual mean peak count and the 5-year running mean of the annual
mean peak count in each of these six areas are summarised in Figure 25. This illustrates the
considerable variation in trends across these areas. Most areas showed a similar marked
decline in numbers, but the timing of this decline varied, occurring earlier the BeadnellSeahouses area and later in the adjoining Seahouses-Budle Point area, for example. These six
areas also differed in their trends subsequent to these declines, with less recovery in
numbers in the three more southerly areas (Cambois-Newbiggin, St. Mary's Island, and the
Durham Coast). The long-, medium- and short-term trends in each of these areas is
summarised in Table 2. The change for the Cambois-Newbiggin section is omitted as no
purple sandpipers have been recorded in that section during the WeBS counts in the last 11
winters.

1

See https://app.bto.org/websonline/sites/vacant/vacant-sites.jsp?wide_region=6#wide_region=6
for locations of these count sections

Figure 25. Purple sandpiper annual peak counts and 5-year mean annual peak counts in the main Northumbria Coast SPA sections, 1982/82 - 2015/16

Table 2. Long-, medium- and short-term trends in the Northumbria Coast SPA main count areas for
purple sandpiper. Sections ordered north-south.
Count section

Long-term (25year) change

Medium-term (10year) change

Short-term (5year) change

Seahouses to Budle Point

-64%

+62%

+19%

Beadnell to Seahouses

-13%

+78%

+50%

Howick to Beadnell

-1%

+100%

+29%

St Mary's Island

-92%

+83%

+10%

Durham Coast

-75%

+34%

+13%

NORTHUMBRIA COAST SPA

-49%

+56%

+28%

82. Further correlation analysis was undertaken to compare these differences in trends. Purple
sandpiper counts in four of the six main sections were significantly correlated with those
across the whole SPA (Seahouses to Budle Point, Beadnell to Seahouses, Cambois-Newbiggin
and the Durham Coast; rs 34 = 0.82, 0.63, 0.70 and 0.79 for each section respectively, p<0.001
in all cases). However, in the other two sections (Howick to Beadnell and St. Mary's Island)
there was no significant correlation with the SPA total (rs 34 = 0.82 and 0.79 respectively,
p>0.05 in both cases).
83. The reasons behind these differences in trend patterns between different parts of the SPA
are unclear, but there does seem to be a notable difference between three northern
(Seahouses to Budle Point, Beadnell to Seahouses and Howick to Beadnell) and the three
more southern sections (Cambois-Newbiggin, St. Mary's Island, and the Durham Coast).
Whilst decreases have occurred across most of the SPA, the magnitude of the subsequent
recovery has varied considerably, with a greater recent increase more apparent in the
northern sections.
Population trends at the main sites within the Northumbria Coast SPA: Turnstone
84. Further analysis of the turnstone population changes across the main sections of the SPA
focussed on the ten count sections that regularly individually supported at least 10% of the
SPA population (listed north-south): Seahouses-Budle Point, Beadnell-Seahouses, HowickBeadnell, Boulmer-Howick, Alnmouth-Boulmer, Amble-Chevington Burn, CresswellNewbiggin, Cambois-Newbiggin, St Mary's Island and the Durham Coast2.
85. The turnstone annual peak count and the 5-year running mean of the annual mean peak
count in each of these ten areas are summarised in Figure 26. As for purple sandpiper, this
illustrates considerable variation in trends across these areas. Some sections have showed a
gradual decline through most of the period, but others have had rather shorter periods of
greater decline. Recent shorter-term trends have also differed, with most sections showing
indications of recovery, but others remaining at their reduced level or even reducing further.

2

See https://app.bto.org/websonline/sites/vacant/vacant-sites.jsp?wide_region=6#wide_region=6
for locations of these count sections

Figure 26. Turnstone annual peak counts and 5-year mean annual peak counts in the main Northumbria Coast SPA sections, 1982/82 - 2015/16.

Figure 26 (continued). Turnstone annual peak counts and 5-year mean annual peak counts in the main Northumbria Coast SPA sections, 1982/82 - 2015/16.

Table 3. Long-, medium- and short-term trends in the Northumbria Coast SPA main count areas for
purple sandpiper. Sections ordered north-south.
Count section

Long-term (25year) change

Medium-term (10year) change

Short-term (5year) change

Seahouses to Budle Point

-59%

+82%

+89%

Beadnell to Seahouses

-39%

-14%

+19%

Howick to Beadnell

-47%

-27%

+3%

Boulmer to Howick

-53%

+9%

+57%

Alnmouth to Boulmer

-73%

-59%

-17%

Amble to Chevington Burn

-58%

-28%

-2%

Cresswell-Newbiggin

-13%

12%

+32%

Cambois to Newbiggin

-100%

-98%

-80%

St Mary's Island

-48%

+22%

+9%

Durham Coast

-74%

-30%

+20%

NORTHUMBRIA COAST SPA

-44%

-20%

+16%

86. Further correlation analysis was undertaken to compare these differences in trends.
Turnstone counts in all but one of the ten main sections were significantly correlated with
those across the whole SPA (Seahouses to Budle Point, Beadnell to Seahouses, Howick to
Beadnell, Boulmer to Howick, Alnmouth to Boulmer, Amble to Chevington Burn, CressellNewbiggin, Cambois-Newbiggin and the Durham Coast; rs 34 = 0.86, 0.77, 0.55, 0.51, 0.63,
0.62, 0.53, 0.85 and 0.87 for each section respectively, p<0.001 in all cases). However, at St.
Mary's Island there was no significant correlation with the SPA total (rs 34 = 0.27, p=0.12).
87. The reasons behind these differences in trend patterns between different parts of the SPA
are, as for purple sandpiper, unclear. Some sectors, notably Cambois-Newbiggin and the
Durham Coast, showed a similar marked decline and lack of recovery, as found for purple
sandpiper. The other more southerly section, St Mary’ Island, however, did not show such a
decline in turnstone as was found for purple sandpiper. The trends also varied across the
other more northerly sections of the SPA. Some, such as Seahouses to Budle Point, showed a
large long-term decrease but both medium- and short-term increase, which others, such as
Alnmouth to Boulmer, showed decreases in the long-, medium- and short-term.
Comparison of the population trends between the two species.
88. At the SPA level, there was a strong positive correlation between purple sandpiper and
turnstone annual peak numbers (rs 34 = 0.78, p<0.001), as would be expected given the
similar patterns of change observed in each species.
89. When this analysis was repeated by individual sections (for those sections that were
important for both species), a similar statistically significant correlation (p<0.001) was
obtained for all sections apart from Howick-Beadnell (where no significant correlation was
apparent between purple sandpiper and turnstone annual peak counts; rs 34 = 0.10, p=0.57).

Summary and Conclusions
90. The 2014-15, 2015-16 and 2016-17 surveys, and desk study, have successfully established
the main areas currently used by purple sandpiper and turnstone across the extended survey
area, for roosting and for feeding. These have remained similar over the three winters of the
study.

91. Analyses of the factors affecting purple sandpiper and turnstone feeding distribution have
shown both species to be found predominantly on rocky shore habitats, and both exhibit a
strong preference for feeding in close proximity to the tide edge.
92. Purple sandpipers only showed a weak relationship between their use of count sectors and
the area of their preferred rocky shore habitat. Incorporation of further variables on habitat
availability and distance from their main roost sites did not reveal any significant relationship
between any of these and the number of purple sandpipers that a sector supported.
93. Turnstone, in contrast, showed a much stronger relationship between the numbers of
feeding birds in a count sector and the area of rocky shore, and with the width of the sector
(as would be expected from the birds’ preference for feeding on the tide edge) and the
distance from the main roosts (with more birds found closer to the roosts).
94. Radio-tracking of turnstones showed them to be highly site-faithful through the winter, with
77% of records within 1km of their original catch site. Birds were not recorded in the
mainland survey area at night, but were leaving the mainland at dusk and spending the night
on Coquet Island (move to lower disturbance and predator-free offshore island at night).
95. The Northumbria Coast SPA purple sandpiper population appears to currently be in a state of
recovery, with both medium- and short-term trends now positive. There are still, though,
considerably lower numbers now than were recorded in the 1980s/early 1990s. The SPA
turnstone population is also showing some recent signs of recovery, with a positive shortterm trend. The peak numbers of that species too, though, are still considerably lower than
those that were recorded in the 1980s/early 1990s, and the medium-term trend is still
negative.
96. For both species, there were notable differences in the population trends between different
parts of the SPA, with more southerly sections tending to show less of a recovery in
numbers, particularly for purple sandpipers. Different local factors may well be influencing
different parts of the SPA population, and high site fidelity (as shown by the radio-tagged
birds) may contribute to this effect.
97. The results of the study of the effects of the Blyth Harbour wind farm on these two species
did not find any evidence of any adverse effects. No collisions of either species were
reported, and there was no suggestion of any disturbance effects either (Percival et al. 2017).
98. Whilst the correlative analyses of bird numbers and proxies of disturbance did not provide
any evidence that disturbance is adversely affecting numbers of either species, this does not
conclusively demonstrate a lack of importance of disturbance as a factor affecting the SPA
population numbers and distribution. The generally lower recoveries in population numbers
in the more southerly sections of the SPA, closer to the main centres of human population,
would still be consistent with a human disturbance impact.
99. In previous analysis of the SPA purple sandpiper and turnstone populations, Rehfisch et al.
(2004) predicted a continuing decline in both species resulting from climate change. This
does not appear to have been borne out by more recent data, with indications of at least
short-term population recovery. This is not to say that these birds are not being affected by
climate change, just that this is one of a complex range of factors affecting their numbers
and distribution. Thaxter et al. (2010) identified a range of potential threats to the SPA
including erosion and flooding caused by sea-level rise, and associated improvements to sea
defences, disturbance from recreational activities, the development of caravan sites, holiday
homes, car parks and marinas, changes in waste-water treatment, cord-grass and green
algae invasion and overgrazing of surrounding pasture. Whilst this is an extensive list of the
factors that could potentially affect the population, and it illustrates the multiple factors that

could be involved, none of these are clearly associated with the observed changes over time,
and none would explain the recent increases that have been observed over much of the SPA.
100. One of the main objectives of this project was to investigate conservation management
measures that could be undertaken to address the population declines recorded. Recent
counts suggest that, for both purple sandpiper and turnstone, there is not an ongoing decline
but that both species now into a period of recovery within the Northumbria Coast SPA as a
whole. However, this project has highlighted a clear difference in the level of population
recovery in different parts of the SPA, and evidence of longer-term re-distribution of birds
within the SPA. No clear problems to the populations and hence no obvious management
measures have been identified. Disturbance cannot be discounted as a contributory factor,
but it would need experimental manipulation of disturbance levels and/or a more detailed
individually-based modelling approach to understand this potential issue further.
101. It is also clear that there are major knowledge gaps in the current understanding of the
purple sandpiper and turnstone populations in this region. It is simply not possible with the
information currently available to meaningfully predict how populations may change over
time, even in near future, given the lack of basic information on the birds’ populations
including productivity, survival, site fidelity and movement between sites. It is therefore
concluded that the first step in managing the SPA populations more effectively should be to
carry out more work on individually-marked birds to determine SPA population measures of
these key parameters.
102. Now that three winters’ post-construction surveys have been successfully undertaken and
reported, this completes the Blyth Harbour wind farm re-powering monitoring programme
and there should be no need for any further work under that programme.

References
Burton, N.H.K. and Evans, P.R. 1997. Survival and winter site-fidelity of Turnstones Arenaria interpres and
Purple Sandpipers Calidris maritima in northeast England. Bird Study 44: 35-44.
Cook, A.S.C.P., Barimore, C., Holt, C.A., Read, W.J. and Austin, G.E. (2013). Wetland Bird Survey Alerts
2009/2010: Changes in numbers of wintering waterbirds in the Constituent Countries of the United
Kingdom, Special Protection Areas (SPAs) and Sites of Special Scientific Interest (SSSIs). BTO Research
Report 641. BTO, Thetford.http://www.bto.org/volunteer-surveys/webs/publications/webs-annual-report
Dierschke, V. 1998. Site fidelity and survival of Purple Sandpipers Calidris maritima at Helgoland (SE North
Sea). Ringing and Migration 19: 41-48.
Eaton, M.A. 2000. Studies on Purple Sandpipers and Turnstones at Hartlepool, 1999–2000: have recent
changes in the treatment and discharge of sewage had an impact? Unpublished report to Northumbrian
Water plc. University of Durham.
Eaton, M.A. 2001. Determinants of habitat and site use by Turnstones and Purple Sandpipers in N.E.
England, and possible effects of the removal of coastal nutrients. Ph.D. thesis, University of Durham.
Frost, T. M., G. E. Austin, N. A. Calbrade, C. A. Holt, H. J. Mellan, R. D. Hearn, D. A. Stroud, S. R. Wotton, and
D. E. Balmer. 2016. Waterbirds in the UK 2014/15: The Wetland Bird Survey. BTO/RSPB/JNCC, Thetford.
Musgrove, A., Aebischer, N., Eaton, M., Hearn, R., Newson, S., Noble, D., Parsons, M., Risely, K. and Stroud,
D. 2013. Population estimates of birds in Great Britain and the United Kingdom. British Birds, 106, 64-100.

Painter, S., B. Little, and S. Lawrence. 1999. Continuation of bird studies at Blyth Harbour wind farm and the
implications for offshore wind farms. ETSU Report.
Percival, S.M., Percival, T. and Lowe, T. 2015. Wansbeck Blyth Harbour Wind Farm Ornithological
Monitoring Programme: Wintering Bird Surveys 2014-15. Ecology Consulting Report to Hainsford Energy.
Percival, S.M., Percival, T. and Lowe, T. 2016. Wansbeck Blyth Harbour Wind Farm Ornithological
Monitoring Programme: Wintering Bird Surveys 2015-16. Ecology Consulting Report to Hainsford Energy.
Rehfisch, M. M., G. E. Austin, S. N. Freeman, M. J. S. Armitage, and N. H. K. Burton. 2004. The possible
impact of climate change on the future distributions and numbers of waders on Britain's non-estuarine
coast. Ibis 146:70-81.
Thaxter, C.B., Sansom, A. Thewlis, R.M., Calbrade, N.A, Ross-Smith, V.H., Bailey, S., Mellan, H.J. & Austin,
G.E. (2010). Wetland Bird Survey Alerts 2006/2007: Changes in numbers of wintering waterbirds in the
Constituent Countries of the United Kingdom, Special Protection Areas (SPAs) and Sites of Special Scientific
Interest (SSSIs). BTO Research Report 556. BTO, Thetford.

