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EXECUTIVE SUMMARY

The 1991/92 winter was the fourth consecutive winter of intensive data collection from the
- Mersey Estuary. Four major objectives were set for this winter:

I)  to monitor the low tide distribution of waders and wildfow! on the Mersey, Alt and
North Wirral shores;

Il)  to continue long-term monitoring, through the tidal cycle, of selected sites around the
Mersey;

II)  to continue night-time monitoring of selected sites, at a low level, to assess the
between-year variability in night-time activity patterns;

IV)  to monitor the distribution patterns of Pintail, using radio-telemetry, both day and
night, focusing on the Pintail concentration at Stanlow Bay.

These objectives were met by the continued collection of field data using Birds of Estuaries
Enquiry (BoEE), low tide, and all-day count techniques. Pintail and Teal were caught and
radio-tagged, and their movements followed by day and by night. Observations were made
of areas used particularly by Pintail and Teal. After consultations with the British Trust for
Ormnithology, Environmental Resources Limited continued a sampling programme of both the
invertebrates and seeds of the Mersey Estuary. The sampling effort during the 1991/92
winter was more closely targeted at areas used by high densities of birds than the previous
winter.

The report is presented in four sections:

Section 1 records numerical changes that occurred in the total waterfowl populations of the
Mersey Estuary, the Alt and the North Wirral shore, in the four winters of extensive
monitoring. The low tide feeding distributions of waterfowl in the inner Mersey Estuary are
assessed, and the relative importance of the various Mersey mudflats over the four winters
of study is derived. The waterfowl most likely to be affected by the proposed tidal barrage
are identified.

Section 2 compares the day and night distributions of waterfowl at several all-day sites. Most
species fed actively through most of the tidal cycle. In 1991/92, Grey Plover, Dunlin,
Curlew and Redshank fed for longer on the rising tide, while Shelduck and Curlew fed for
longer at night, than they did during the colder 1990/91 winter. In 1991/92, Teal and Pintail
were opportunistic, feeding on saltmarshes when flooded by high spring tides, though these
ducks fed mostly on mudflats. Teal fed at night on some mudflats that were avoided during
the day because of human disturbance. Redshank also showed changes in their day and night
roosting behaviour that could be related to disturbance. Sediment type affected the
distribution of several waterfowl species.

Section 3 concentrates on the movements of radio-tagged Teal and Pintail around the Mersey
Estuary. No radio-tagged Teal nor Pintail were located outside the estuary. The distribution
of Teal caught at Mount Manisty was different from that of Teal caught at Hale and
Bromborough during the previous winter. Pintail were tracked more frequently on mudflats
than any other habitat type, indicating that this habitat is essential to the species. During the

BTO Research Report No. 96
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day but not at night, Pintail avoided areas disturbed by human activity. They used Mount
Manisty, an area free of human disturbance, as a day-time refuge. The Mersey Estuary was
essential for both feeding and roosting Pintail. Loss of intertidal habitat, a possible result of
the proposed tidal-barrage, or increased disturbance could lead to reduced Pintail populations.

Section 4 compares invertebrate densities and biomasses to bird densities over the two
winters of 1990/91 and 1991/92. Invertebrate densities did not help predict bird numbers but
- Shelduck, Teal, Dunlin and total bird densities, were correlated with oligochaete biomass.
The most common constituent of the oligochaete fauna was Tubificoides benedeni, a species
that is resistant to pollution. The proposed tidal barrage will limit the intertidal areas that the
birds feed on but may not affect Tubificoides benedeni numbers.

It was recommended that further work include:

1)  studies of the winter movements of waterfowl, both within the Mersey Estuary and
away from the estuary;

i)  waterfowl time budgets;

iii)  studies of any possible mitigation measures to compensate for the loss of feeding
areas post-barrage;

iv) an estimation of the proportion of available food taken by waterfowl under the present
conditions;

V) an assessment of the impact of human disturbance to waterfowl;

vi) the monitoring of the effects of barrage construction and operation on birds.

BTO Research Report No. 96
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GENERAL INTRODUCTION

Large engineering projects can have an impact on the environment (Gray 1992) and the
proposed Mersey Barrage may affect the large populations of waterfow! that winter on the
estuary. The Mersey is currently the thirteenth most important site for wildfowl and the
fourteenth most important site for waders in the United Kingdom (Kirby ef al. 1991). It
holds over 100,000 waterfowl in total, including over 1% of the north-west European
populations of Shelduck, Teal and Pintail and over 1% of the east Atlantic flyway
populations of Dunlin and Redshank, As a result, the estuary qualifies as a candidate for the
Ramsar Convention designation as an Internationally Important Wetland. The Mersey also
holds nationally important numbers of Wigeon, Grey Plover, Black-tailed Godwit and
Curlew.

The proposed Mersey tidal barrage will reduce the tidal range and the length of time that the
intertidal areas are exposed (Mersey Barrage Company 1992). This will decrease the
intertidal area and the amount of time that waterfowl can feed. A diminution of feeding area
can be expected to lead to a decrease in waterfowl populations (Goss-Custard & Moser
1988; Lambeck 1991; Meire 1991), though this will largely depend on whether the site is
now fully used by birds (at carrying capacity) or not. To assess the implications of the
barrage on the waterfowl a thorough understanding of how the Mersey is used by birds is
necessary.

The large bird populations found on estuaries are there because of very high invertebrate
densities and biomass (Prater 1981; McLusky 1981; Wilson 1988). It is important to know
what prey the Mersey waterfowl are utilizing, and to what extent potential prey resources are
being exploited, as the effect of the proposed Mersey tidal barrage will vary with the
invertebrate and plant species.

Relatively long-term studies of the year to year variability in the usage made of estuaries by

waterfowl are uncommon because of their relatively high cost. Long-term monitoring is
~ required to predict the impact of the barrage on the Mersey Estuary. For example, the
dynamic nature of the Mersey Estuary leads to changes in the characteristics of its intertidal
areas but the impact of such physical changes on the waterfowl can only be measured through
extended periods of study. Studies of the variations in the use waterfow] have made of such
areas have led to a better understanding of what constitutes preferred feeding and roosting
arcas. Long-term studies have the secondary advantage of being invaluable when it comes
to assessing the impact of such incidents as the accidental Mersey oil spill of 1989 (Clark
et al. 1990c).

The 1991/92 winter was the fourth consecutive winter of monitoring. The study continued
to focus on year to year variability, the most regularly important intertidal areas, and
waterfowl activity budgets. This necessitated both diurnal and nocturnal observations, as
birds feed at night (eg Wood 1983 & 1986; Clark et al. 1990b; Rehfisch et al. 1991).
During the 1991/92 winter work was concentrated on one particular internationally important
species, Pintail, the nocturnal distribution and feeding behaviour of which was still poorly
understood on the Mersey.
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SECTION 1

ANNUAL VARIABILITY IN WATERFOWL NUMBERS
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1.1 INTRODUCTION

The 1991/92 winter was the fourth consecutive winter of waterfowl monitoring on the
Mersey Estuary and adjacent areas. It saw a return to the pattern of mild conditions that
characterised the 1988/89 and 1989/90 winters (Clark et al. 1990¢). These were in marked
contrast to the 1990/91 winter, when severe cold weather affected much of Britain, including
Merseyside (Rehfisch ef al. 1991). The 1991/92 winter’s data allowed further comparison
between population peaks and movements relative to the prevailing mild weather conditions.

This extended study of the wintering bird populations of the Mersey was started because of
a proposed tidal power barrage across the estuary, which would alter the character of the
habitat. In the context of the proposed tidal barrage, it is particularly important to know what
bird species are present on the Mersey and in what numbers. Knowledge of the distribution
of these birds, and their usage of the various habitats on the estuary, is essential to assessing
the potential impact of the barrage. Such information could only be gathered over the course
of several winters, using techniques perfected by the British Trust for Ornithology.

The Birds of Estuaries Enquiry (BoEE) counts recorded birds monthly at high tide during the
winter, when the majority were roosting. The low tide counts were made twice a month and
censused mainly feeding birds. Taken together these counts allowed the continued monitoring
of the use made of the estuary by waterfowl and any associated population changes during
the course of the winter. As previously, the Alt and North Wirral Shore were also covered
by low tide counts. The distribution of the waterfowl over the four winters was compared
and the most important mudflat feeding areas mapped (Figure 1.3.19.2).

Five species of birds were present in internationally important numbers on the Mersey this
- winter (Shelduck, Teal, Pintail, Dunlin and Redshank), while Wigeon, Grey Plover and
Black-tailed- Godwit were of national importance (Table 1). The estuary is becoming
increasingly important for wintering Black-tailed Godwit with continuing evidence of some
redistribution from other estuaries (Kirby et al, 1990).

1.2 DATA COLLECTION, PRESENTATION AND ANALYSIS

In continuing the last three years of ornithological studies on the Mersey Estuary, extensive
low tide counts covered the whole of the study area every two weeks. These counts fulfil
objective 4 of the phase IIIA ornithological studies relating to the Mersey Barrage Feasibility
Study, in monitoring the low tide distribution of waders and wildfowl on the Mersey, Alt and
North Wirral shores. The high tide BoEE counts are carried out every month and are timed
to coincide with spring tides, when the waders congregale at discrete traditional roosting sites.

1.2.1 Data collection - low tide counts

The total numbers and distribution of waterfowl using the Mersey and adjacent areas at low
tide were assessed by experienced volunteers who carried out low tide counts of the whole
- area twice a month during the four winters of 1988/89 to 1991/92. Figure 1.2.1 shows the
96 separate, low tide count areas used to divide the study site into convenient units for
counting and distributional analysis. These 96 areas were separated by such features as
changes in substrate type, river channels, permanent features such as rock outcrops or large
man-made features on the horizon. Whenever possible the numbering of the areas in 1991/92
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follows that used in previous years. As in 1990/91, some parts of the Mersey that had been
counted as several areas in previous winters were counted as one, as a result of individual
counters having counted several areas as one.

Seven comparable counts were carried out each winter, with most counts being performed
within an hour of low tide and on the official count day (Table 2), although the availability
of volunteer counters meant that the low tide counts made of some areas were a few days on
either side of the official date. All areas were counted at least twice during the 1991/92
winter,

In 1991/92, as in the previous two winters, specially designed low tide recording forms were
- used and returned to the British Trust for Ornithology headquarters for computerisation.
Birds found feeding and roosting were recorded separately. Weather conditions and any
disturbance were noted, in an effort to control count reliability.

Counts made during the winter of 1988/89 were reported to ETSU (Clark et al. 1990c¢). The
bird numbers for the winter of 1989/90 were used in a report also to ETSU (Clark ef al.
1990b), as well as in a document to the Mersey Oil Spill Project Advisory Group
(MOSPAG), which assessed the effects on waterfow! of the Mersey oil spill of August 1989
(Clark ez al. 1990a). The counts for the 1990/91 winter were used in a report to the Mersey
Barrage Company (Rehfisch et al. 1991).

1.2.2 Data analysis - low tide counts

The low tide count coverage of the whole area was good for the four winters, with on
average 86% of all low tide count areas being counted on each count date. Some areas were
missed through counters not being available on the required count date, or because of bad
weather. The best available measure of low tide usage for each intertidal area is taken to be
the average number of birds counted in the area over the count period.

- The changes in the bird numbers over the winter are represented graphically (eg Figure
1.3.1.1). These numbers were collated from both the low tide counts and also the separately
organised BoEE counts. BoEE counts were also carried out by volunteer counters but the
counts were made at high tide.

This winter prolonged periods of foggy weather affected three of the low tide counts.
Consequently the January 26/27 counts were not plotted (eg Figure 1.3.1.1) because most
counters reported that the fog made counts impossible. Data from the other two dates affected
by fog, (December 14/15 and January 11/12), were plotted as most counters reported
reasonable visibility. These two counts may not be very accurate and should be interpreted
with caution.

The peak low tide counts of waterfowl on the Mersey Estuary and the Alt and North Wirral
Shore are represented in tables 3 and 4. For each species of waterfowl, figures are presented
which show the frequency of the birds on the various mudflats at low tide on the Alt, the
North Wirral Shore, and the Mersey Estuary (eg Figure 1.3.1.2).

A further set of figures show which mudflats have been used by large numbers of birds over
the four winters, 1988/89 to 1991/92 (eg Figure 1.3.1.3). For a mudflat or an area to have
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been considered important for a particular year, it must have held on average at least two
percent of the total numbers of a species censused on the Mersey Estuary during the low tide
counts of that year. If a mudflat reached this 2% limit in all four winters, it was considered
to be consistently important. If the mudflat held 2% of the wintering birds in two or three
winters, it was taken to be frequently important. If 2% of the low tide population was
reached during only one winter out of four, the mudflat was classed as infrequently
important. If the 2% level was never reached, a mudflat was not considered to be important.

1.3 RESULTS
1.3.1 Shelduck

The peak BoEE high tide count was of 4,102 birds in late December, slightly later than in
the winter of 1990/91 (Figure 1.3.1.1). Although the numbers were lower than in the
~ 1990/91 winter, they still represent the second highest count of the last five winters on the
Mersey. The number of Shelduck decreased from late December but showed a slight increase
from late January to late February, before declining again. Nonetheless, numbers were more
constant than over the previous winter, which was subject to a much colder spell of weather
that may have influenced the movement of birds (Rehfisch ef al. 1991). The Mersey remains
nationally important for wintering Shelduck with 5% of the British population and
internationally important with 1.5% of the north west European population (Table 1).

The peak low tide count of feeding and roosting Shelduck on the Mersey was 2,874 in
1991/92. This is lower than in any of the previous three winters, with 3,667 individuals
counted during the 1990/91 winter, 4,040 during the 1989/90 winter and 4,982 during the
1988/89 winter (Table 3). Although less important, the numbers on the Alt and North Wirral
Shore increased over the 1990/91 winter but were lower than in the winters of 1988/89 and
1989/90 (Table 4).

The low tide feeding distribution of Shelduck on the estuary (Figure 1.3.1.2) was very
similar to that of 1988/89 and 1990/91 (Clark et al. 1990c; Rehfisch et al. 1991). The
recent decline in feeding numbers on area 58, near Runcomn Bridge (Figure 1.2.1),
continued, with no birds being recorded at all in 1991/92. The greatest numbers of birds
- were found in the inner parts of Stanlow and Oglet Bays and on the mixed mudflat and
saltmarsh of Frodsham Score. Some small changes in feeding distribution were noted on the
Alt and North Wirral Shore.

The most frequently used areas, during the 1991/92 winter, were very similar to those most
commonly used in the last three winters (Figure 1.3.1.3). Shelduck tend to use those
mudflats in the upper part of the estuary with the longest exposure time, possibly to allow
a maximum feeding time or because of the distribution of a preferred invertebrate prey.

1.3.2 Wigeon

The BoEE peak count of Wigeon this winter was 11,500, the highest of the last four years.
The species was just below the 1 % threshold for being internationally important, holding an
average of 0.9% of the north-west European wintering population (Table 1). During this
winter, Wigeon numbers rose from November to reach a peak in the third week of January
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© (Figure 1.3.2.1), with a rapid decline thereafter. Wigeon normally peak on the Mersey in
December (Kirby et al. 1990).

As in the 1990/91 winter, the low tide counts were rather erratic, with the peak number of
3745 birds counted in late December. Numbers were lower than in the previous two winters
but close to the 1988/89 winter peak count of 3757 individuals (Table 3).

The main low tide feeding concentrations of Wigeon were on the Stanlow Bay mudflats and
Ince marshes, whilst the mudflats at Mount Manisty and Eastham were used occasionally
(Figure 1.3.2.2). This distribution is different from those of the three previous winters when
the majority of duck were concentrated in areas of Frodsham Score.

No Wigeon were seen on the Alt and North Wirral coast during the counts.
1.3.3 Teal

The maximum BoEE count of 13,450 Teal, in December, was the highest of the last six
winters (Kirby et al. 1991). The Mersey holds 2.9% of the north-west European population
(Table 1). The numbers of Teal peaked in mid December and then declined rapidly to mid
- January. There was a slight increase to mid February followed by a further decline (Figure
1.3.3.1). This is similar to the pattern in the 1990/91 winter, and typical of the previous few
years,

The peak count of 6,724 Teal during this winter’s low tide count (Table 3) was close to the
7,016 of last winter but lower than the peak count of 14,248 during the 1989/90 winter.
However, the 1988/89 count of 5909 was slightly lower. Teal are very rarely recorded on
the Alt or North Wirral Shore but occasional individuals were recorded this winter (Table
4), :

This winter,the low tide distribution of feeding Teal showed Oglet Bay to have most birds,
followed by the mudflats off Speke airfield, and between Eastham to Mount Manisty (Figure
1.3.3.2). The New Ferry, Mount Manisty and Stanlow areas were all less important than in
the 1990/91 winter. The areas most commonly used this winter (Figure 1.3.3.3) were
generally similar to those used in the previous three winters. The one exception to this were
the mudflats between Eastham and Mount Manisty which were used slightly more in
1991/92. Areas 32, 69 and 70 were used by 2% or more of the feeding Teal at low tide each
winter between 1988/89-1991/92.

- 1.3.4 Mallard
The peak BoEE count of 1,016 was recorded in December.

This winter’s peak low tide count recorded 1,068 Mallard on the Mersey Estuary (Table 3).
This was an increase over the winters of 1988/89 (872 birds) and 1990/91 (738 birds) but
lower than in the 1989/90 winter (1,361 birds). 396 Mallard were counted on the Alt and
North Wirral shores (Table 4), a higher number than that recorded during the 1990/91 winter
(312) but lower than in the previous two winters of 1989/90 (459) and 1988/89 (430).

The most important feeding areas for feeding Mallard were Hale Head and Mount Manisty.
In the winter of 1990/91, Oglet Bay, Stanlow Bay and the vicinity of Mount Manisty were
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the three most important areas for feeding Mallard. Mudflat 58, below Runcorn Bridge
(Figure 1.2.1), was used regularly in the winter of 1989/90 but not since.

1.3.5 Pintail

The peak BoEE count was of 6,089 Pintail. The numbers on the Mersey tend to fluctuate
markedly from year to year, with 2,746 Pintail in 1990/91, 8,000 in 1989/90, and 4,288 in
the 1988/89 winter. Numbers peaked this winter in mid to late December, declining rapidly
to mid January, before increasing again to late February (Figure 1.3.5.1). This general
pattern is very similar to that of the 1990/91 winter.

The Mersey regularly holds nearly 24% of the British wintering Pintail population and has
remained important in a European context with 8.4 % of the north-west Furopean population
present in winter (Table 1).

The maximum low tide count during the winter of 1991/92 was 1,386 Pintail (Table 3). The
numbers have not changed significantly over the past four winters, with maximum low tide
counts of 1316 in 1990/91, 1413 in 1989/90 and 1230 in 1988/89. There was only a single
record of Pintail on the Alt and North Wirral Shore (Table 4). The low tide counts over the
1991/92 winter showed much less variation than the BoER counts, with a peak in early
January and no second increase in late February or early March (Figure 1.3.5.1).

This winter (Figure 1.3.5.2), most Pintail fed at the southwest end of Stanlow Bay (mudflats
33, 34 and 36), at New Ferry and Hale Head and also in the areas 76, 77 and 84 (Figure
1.2.1). These areas were generally those found to be important over the past threc winters
(Figure 1.3.5.3). Since the winter of 1989/90, mudflats 42, 43 and 44 in Stanlow Bay have
become less important for feeding Pintail (Figure 1.2.1).

1.3.6 Oystercatcher

The BoEE maximum count was of 154 birds in late March 1992. This figure is substantially
higher than that of the 1990/91 winter peak of 54 birds, also in March. This winter, the
numbers built up steadily from November to March.

The maximum low tide count on the Alt and North Wirral shore was of 3,824 birds, similar
to the 4,091 of the previous winter but lower than in the winters of 1989/90 (6,533 birds)
and 1988/89 (14,369 birds) (Table 4). The Alt and North Wirral Shore were the most
important feeding areas, with few birds noted in the Mersey Estuary (Figure 1.3.6.1), thus
following the pattern of the previous three winters.

1.3.7 Ringed Plover
- The BoEE maximum count of Ringed Plover was six.

Low tide numbers peaked at 106 on the Mersey (Table 3). Numbers have fluctuated over the
last four winters but the 1991/92 winter count was higher than in the previous three winters,
when the peaks ranged from 45 in the winter of 1990/91 to 80 in the 1988/89 winter.

On the Alt and North Wirral Shore, the peak low tide count was 87. This winter, numbers
were lower than in 1988/89 and 1989/90 when the peak counts were 167 and 188 birds

BTO Research Report No. 96
December 1992 23



respectively but higher than in the 1990/91 winter when the peak count was of 28
individuals.

The low tide distribution (Figure 1.3.7.1) was very similar to that of the previous winter with
the preferred feeding areas found at New Ferry and the central part of the North Wirral
Shore. Mudflat 76 (Figure 1.2.1) was also used during the 1991/92 winter.

1.3.8 Golden Plover

The maximum BoEE count of 1,900 Golden Plover during the 1991/92 winter was slightly
higher than that of the previous winter. Peak numbers were in February, as opposed to
December in 1990/91. The Mersey is not nationally important for this species (Table 1).

In 1991/92, the peak Mersey low tide count of 2,024 birds was higher than in any of the
previous three winters (Table 3). On the Alt and North Wirral Shore, the winter 1991/92
count of 570 Golden Plover was higher than that of the 1990/91 and 1988/89 winters but
lower than that for the 1989/90 winter, when a maximum count of 710 was recorded (Table
4).

During the 1991/92 winter, the preferred feeding areas for Golden Plover were Frodsham
Score and the mudflats between Eastham and Mount Manisty (Figure 1.3.8.1). Mudflat 93,
on the Alt (Figure 1.2.1) was also important. Unlike the winter of 1990/91, the Ince marshes
were not important as a feeding area, and the mudflats on the northern side of the estuary
were not used.

1.3.9 Grey Plover

- The peak BoEE high tide count this winter was 902 birds in late February, much lower than
the exceptional count of 2,500 Grey Plover made in the 1990/91 winter (Rehfisch et al.
1991). The average peak count over. the last five winters on the Mersey is 854 birds, which
makes it nationally important for this species, with 4.1% of the British wintering population
(Table 1). The Mersey is continuing to increase in national importance for Grey Plover, from
1.4% of the national population in 1989/90 to 3.4% in 1990/91, to the current 4.1%.

The BoEE peak counts in both 1991/92 and 1990/91 were in February (Figure 1.3.9.1).
During the 1990/91 winter, up to 2,000 birds were present in early December, with a decline
in numbers to the end of January followed by a steep increase to a peak February count,
Over the 1991/92 winter, Grey Plover numbers declined from 500 in late November to 83
in mid January before rapidly increasing in February. This February peak may indicate a
passage of birds moving through the estuary in late winter as has been noted from the Wash.

Although the 1991/92 low tide counts were more variable than the BoEE counts, and were
affected by fog in December and January, they also showed a February peak (Figure
1.3.9.1).

The maximum low tide count on the Mersey, during the 1991/92 winter, was 475 birds
- (Table 3), the highest count of the past four winters. On the Alt and North Wirral Shore, the
peak count was 443, lower than the counts of the 1989/90 and 1990/91 winters (Table 4).
Unlike the previous three winters, higher numbers of Grey Plover fed on the Mersey Estuary
during the 1991/92 winter than on the Alt and North Wirral Shore.
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The most important areas for feeding on the Mersey Estuary were the Oglet mudflats,
mudflats around Frodsham Score and at the western end of Stanlow Bay (Figure 1.3.9.2).
Mudflats 76 and 77 were also used (Figure 1.2.1). Outside the estuary, the Alt was the most
important area, with smaller numbers along the North Wirral Shore. The overall distribution
is fairly similar to that of the previous three winters, although Frodsham Score and mudflats
76 and 77 were used during the 1991/92 winter but not in the 1990/91 winter (Figure
1.3.9.3).

1.3.10 Lapwing

The 1991/92 BoEE maximum count of 12,500 Lapwing in November was the highest count
of the last four winters on the Mersey. The maximum count of the 1990/91 winter was
- 11,700 in December. The Mersey is not nationally important for this species (Table 1).

The maximum low tide count on the Mersey in the 1991/92 winter was 11,153 (Table 3),
lower than the previous year but higher than those of the 1988/89 and 1989/90 winters. On
the Alt and North Wirral Shore, the peak count of 1,060 birds (Table 4) was higher than in
the previous winter but lower than in 1988/89 or 1989/90.

During the 1991/92 winter, the most important areas on the Mersey Estuary for feeding
Lapwing at low tide were Oglet Bay and mudflats 76 and 77 (Figures 1.2.1 and 1.3.10.1).
The mudflats around Frodsham Score were also used but were less important. The Alt and
North Wirral Shore were not important as feeding areas but were used for roosting. During
the 1990/91 winter, the Ince Marshes and Frodsham Score were the most important low tide
feeding areas. The feeding distribution of Lapwing during the 1991/92 winter most closely
resembled that of the 1989/90 winter (Ciark et al. 1990b).

1.3.11 Knot

The peak BoEE high tide count on the Mersey this winter was of 206 Knot in February,
‘which is well below the peak count of 870 birds in December 1990/91. The Mersey Estuary
~ 1s not nationally important for this species (Table 1).

During the 1991/92 winter, the peak Mersey low tide count was of 3,160 birds (Table 3).
This was higher than in the previous three winters when 1,809 (1990/91), 1,862 (1989/90),
and 2,224 (1988/89) birds were counted. On the Alt and North Wirral Shore the peak count
of 4,826 (Table 4) was lower than the 11,502 and 11,753 recorded over the previous two
winters and considerably lower than the 48,296 of the 1988/89 winter.

The Mersey low tide maximum count for the 1991/92 winter was higher than the
corresponding BoEE count as one of the important Knot roosts on the Mersey, at New Ferry,
was not counted during high tide.

The Mersey Estuary holds relatively few Knot at low tide. The areas most frequented used
during the 1991/92 winter were Oglet Bay, Hale Head and New Ferry (Figure 1.3.11.1). For
the first time in four winters the mudflats at Hale Head were used by feeding Knot. The
Stanlow Bay mudflats were used less than during the 1990/91 winter. The Alt was more
important than the North Wirral Shore, with fewer birds feeding at the latter site during the
1991/92 winter than in the 1990/91 winter.
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1.3.12 Sanderling

During the 1991/92 winter, the Mersey Estuary held no Sanderling during either the low tide
or BoEE high tide counts. The counts on the Alt and North Wirral Shore peaked at 751
Sanderling, more birds than in the winters of 1990/91 and 1988/89 but fewer than in 1989/90
(Table 4).

The low tide distribution of Sanderling was concentrated around the Alt (Figure 1.3.12.1)
which was similar to the pattern of the previous three winters. Slightly more use was made
of the North Wirral Shore than in the 1990/91 winter.

1.3.13 Dunlin

The 1991/92 BoEE maximum count of 55,000 birds in January is the largest ever on the
Mersey, exceeding the 52,000 Dunlin of the 1990/91 winter. The national and international
importance of the Mersey for this species increased to 7.6% of the British wintering
- population and an estimated 2.4 % of the north-west European population (Table 1). Numbers
of Dunlin rose steeply from November to peak in January, before declining rapidly to the end
of March, when virtually all the birds had left the estuary (Figure 1.3.13.1). During the
1990/91 winter, Dunlin numbers were more constant between December and late January,
with a steep decline thereafter. The national BoEE counts, during the 1990/91 winter,
showed record counts of Dunlin on two other estuaries in north-west England, namely the
Dee and Morecambe Bay. It is unlikely that these increases were related to the cold weather
of early 1991 but indicate an actual increase in the regular wintering population (Kirby et
al. 1991).

The peak low tide count during the 1991/92 winter on the Mersey Estuary was 17,621 (Table
3). This was lower than the 33,114 counted in the 1990/91 winter but higher than in the
winters of 1988/89 and 1989/90. On the Alt-and North Wirral Shore; the 3,297 peak count
(Table.4) was similar to those in the winters of 1990/91 and 1988/89 but lower than that of
winter 1989/90. Overall, the low tide counts showed a general decline from November to
January, with an increase from late January to February (Figure 1.3.13.1).

The large differences between this winter’s BoEE and low tide counts on the Mersey might
have resulted from a large influx of Dunlin arriving just before the January high tide count
- and departing before the next low tide count,

During the 1991/92 winter the Dunlin feeding distribution on the Mersey was similar to that
in the 1990/91 winter (Figure 1.3.13.2) with the exceptions of Ince Bank, which was not
used at all, and Frodsham Score, which was used less frequently. Other important areas were
Stanlow Bay, Oglet Bay and New Ferry. Mudflats 76, 77 and 80 (Figure 1.2.1) were used
more than in the previous three winters. Most parts of the Alt and North Wirral Shore were
also used by feeding Dunlin, with mudflat 16 being the most important (Figure 1.2.1).

The areas on the Mersey Estuary found to be consistently important to feeding Dunlin over
the last four winters are Stanlow Bay, Oglet Bay and parts of Frodsham Score (Figure
1.3.13.3). The less important feeding areas tend to be those associated with a higher sand
content (Figures 2.2.1.1 and 2.2.1.2).
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count of 503 birds (Table 4). Numbers on the Alt and North Wirral Shore had increased
continuously between 1988/89 and 1990/91.

Most of the Mersey Estuary was used by feeding Curlew (Figure 1.3.16.2) with few changes
- noted in the last four winters. The most important areas were Stanlow Bay, Oglet Bay and
mudflat 58, near Runcorn Bridge (Figures 1.3.16.3 and 1.2.1). Similarly, most of the Alt
and North Wirral Shore was used by feeding Curlew with little change over the last four
winters (Figure 1.3.16.3).

1.3.17 Redshank

During the winter of 1991/92, the maximum BoEE count was 4,578 birds, higher than the
1990/91 peak of 4,330 birds. The Mersey holds 5.4% of the national wintering population
and 2.7% of the north-west European population (Table 1). Numbers peaked in December
and February (Figure 1.3.17.1). Such fluctuations were similar to those noted during the
1990/91 BoEE counts.

The peak Mersey low tide count for this species was 3,421 birds, the lowest since 1988/89,
and a large decrease from the 1990/91 winter (Table 3). The low tide numbers declined from
the mid November peak to mid December before increasing again to early January. The peak
low tide count for the Alt and North Wirral Shore was of 1895 birds, higher than the counts
during the 1990/91 winter but slightly lower than those in the 1988/89 and 1989/90 winters.

. Feeding Redshank were found over much of the Mersey Estuary (Figure 1.3.17.2) but
showed some distributional changes from the 1990/91 winter, Frodsham Score was an
important feeding area during the 1990/91 winter but unimportant during the 1991/92,
1988/89 and 1989/90 winters. It is possible that the cold weather of the 1990/91 winter
modified the feeding distribution of the Redshank (Rehfisch ef al. 1991). The mudflats at
New Ferry and Mount Manisty (mudflat-33) (Figures 1.2.1 and 1.3.17.2) were used more’
in the winter of 1991/92 than during 1990/91. The feeding distribution on the Alt and North
Wirral shore was similar to that of the 1990/91 winter but mudflats 14, 15 and 16 were more
important during the 1991/92 winter (Figures 1.2.1 and 1.3.17.2). On the Mersey, during
the last four winters, the most consistently important areas for feeding Redshank have been
Stanlow Bay, Oglet Bay and New Ferry (Figure 1.3.17.3).

1.3.18 Turnstone

The BoEE high tide counts during the 1991/92 winter recorded only a single bird on the
Mersey, in December.

The peak low tide count on the Mersey was 39 Turnstone, slightly more than in 1990/91
(Table 3). Fewer Turnstone were seen on the Alt and North Wirral Shore (487) than during
- the previous two winters (Table 4).

Very few Tumstone were recorded feeding on the Mersey Estuary but New Ferry and
mudflat 80 were used regularly by a few individuals (Figures 1.2.1 and 1.3.18. 1). The North
Wirral Shore and the Alt were used more frequently. The Egremont area of the North Wirral
Shore (Figure 1.2.1) was the most important area, as was the case in the 1990/91 winter.
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- 1.3.14 Bar-tailed Godwit

The BoEE peak count for the Mersey this winter recorded 40 Bar-tailed Godwit in
December, higher than the maximum count of 7 made during the 1990/91 winter.

The low tide peak count for the Mersey Estuary was 59, higher than in the previous three
winters and in marked contrast to the zero count of the 1990/91 winter (Table 3). The Alt
and North Wirral Shore peak count was 4,713 (Table 4) which was lower than in any of the
previous three winters. The peak low tide counts on the Alt and North Wirral have shown
a continuous decline since 1988/89. This decline may be related to sediment changes that
have occurred on the North Wirral.

The Mersey Estuary is unimportant as a low tide feeding area but the majority of the Alt and
North Wirral Shore mudflats were used, with mudflats 17 and 18 being the most important
(Figure 1.3.14.1).

1.3.15 Black-tailed Godwit

The peak BoEE count of 278 birds in January 1991/92 exceeded the 247 counted in March
1991. The Mersey continues to increase in importance for this species. There were also
counts of 245 in December 1991 and 200 in February 1992. The Mersey now regularly holds
2.2% of the national wintering population of this species (Table 1).

The peak BoEE high tide and low tide counts for-Black-tailed Godwit roughly coincided
(Figure 1.3.15.1). More Black-tailed Godwit were present on the Mersey between December
and March during the 1991/92 winter than in the previous winter and it is possible that some
of the birds were redistributing from other estuaries (Kirby et al. 1991).

The 1991/92 low tide maximum count.on the Mersey of 411 birds was higher than in any
of the previous three winters (Table 3). Like the BoEE. counts, the Mersey low tide counts
have shown a steady increase since 1988/89. No birds were recorded from the Alt and North
Wirral Shore (Table 4). The birds arrived on the estuary in early December with numbers
peaking in early to mid January and declining thereafter. The most important feeding areas
were at Hale Head and Eastham (Figure 1.3.15.2).

1.3.16 Curlew

The peak BoEE count of 1,365 in March of the 1991/92 winter was lower than the 1,800 of
the 1990/91 winter. The Mersey regularly held 1.6% of the national population over the last

- four winters (Table 1). After periods of severe cold, as experienced during the 1990/91

winter, Curlew numbers are sometimes depressed for several years (Kirby ef al. 1991).

The BoEE counts showed a steady increase in numbers from late December to March (Figure
1.3.16.1), whilst the low tide counts showed a peak in early January, followed by a steady
decline to March.

The peak low tide count on the Mersey during the 1991/92 winter was 1,216 (Table 3),
higher than in the 1990/91 and 1988/89 winters but slightly lower than in the 1989/90 winter.
The Alt and North Wirral shore showed a small decrease from 1990/91, with a maximum
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1.3.19 Total birds

The areas of the Mersey Estuary most commonly used for feeding during the 1991/92 winter,
by all species of birds, were in Stanlow Bay, Oglet Bay, Frodsham Score, New Ferry and
the mudflats by Speke airfield (Figure 1.3.19.1). Sandier areas such as 38 and 56 (Figure
1.2.1) were used hardly at all. Ince Marsh was less important than in the 1990/91 winter.
The central areas of the North Wirral shore and the outer mudflats of the Alt were important
feeding areas (Figure 1.3.19.1), with greater numbers of birds on the outer mudflats than
- during the 1990/91 winter.

Over the last four winters, the most important feeding areas for all birds on the Mersey were
Stanlow Bay, Oglet Bay and Ince Marsh (Figure 1.3.19.2).

1.4 DISCUSSION

The 1991/92 winter was the fourth consecutive winter of intensive monitoring of wildfowl
and waders in Liverpool Bay. After the much colder conditions of the previous winter,
1991/92 was generally mild and similar to the winters of 1988/89 and 1989/90. Prolonged
periods of foggy weather affected some of the low tide counts in December and January.

High numbers of Shelduck, Pintail, Wigeon, Teal, Dunlin and Black-tailed Godwit were
recorded during the BoEE high tide counts. Conversely, the low tide counts of Dunlin and
Redshank were much lower than those of the previous winter (Rehfisch ef al. 1991), whilst
those of Grey Plover were much higher. The numbers of birds recorded in the high tide and
low tide counts, and their seasonal fluctuations, were different in most species. This can be
explained by the behaviour of such species as Teal and Dunlin which feed and roost in creeks
- during low tide, making-them very-difficult to count. Dunlin can also be difficult to see at
a distance, especially on mudflats when visibility is impaired by mist and poor Light as was
the case during the 1991/92 winter. It is also possible that a large short-term influx of birds
occurred just before the BoEE mid January count,

Many species showed fluctuations in numbers during the 1991/92 BoEE counts similar to
those of 1990/91, suggesting that the cold weather of that winter did not affect the birds as
much as might have been expected. In both the 1990/91 and 1991/92 winters, Pintail, for
example, had two peak counts, in December and in March. The national BoEE counts of
Pintail also show erratic fluctuations from month to month (Kirby et al. 1991). Grey Plover
numbers showed similar declines during December and January with steep increases in
February over both winters. For such species as Shelduck, Curlew and Redshank, the decline
in numbers during December and January was less marked in 1991/92 than in the previous
winter, indicating that these species may be more susceptible to the onset of cold weather.

The distribution of birds on the Mersey was influenced by physical conditions in much the
same way as previously noted (Rehfisch et al. 1991). Wigeon used mudflats and occasionally
saltmarsh. Once again Shelduck were to be found on mudflats with greater exposure times
allowing longer feeding periods. Curlew were found feeding over most of the estuary
~ including the sandier parts. Redshank utilised muddier areas and, to a lesser extent,
saltmarshes. Redshank numbers were highest in the middle of the estuary. Dunlin avoided
very sandy areas and saltmarshes eg areas 38, 45 and 78 (Figure 1.2.1). Area 44 was used
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much less by Dunlin this winter than in 1990/91, possibly because the mudflat has become
sandier over the past two years.

The overall low tide feeding distribution of most species in 1991/92 was very similar to that
of the 1990/91 winter. Small scale redistribution occurred for Wigeon, Teal, Grey Plover,
Black-tailed Godwit and Redshank. The change in Redshank distribution may be explained
by the decrease in numbers found wintering in 1991/92 compared with the previous winter.
Conversely, a wider range of mudflats was used by Black-tailed Godwit, matching the
continuing increase in numbers on the Mersey. Grey Plover low tide counts were higher than
in the previous winter and this was also reflected by their wider feeding distribution on the
Mersey. During 1991/92, for the first time in four winters, more Grey Plover used the
Mersey for feeding than the Alt and North Wirral shores (Tables 3 and 4). Although Teal
- numbers were similar to those in 1990/91, Oglet Bay was less important as a feeding area.
Some of the changes seen this winter may be explained by changes in the rate and type of
sedimentation, with associated changes in prey species and their availability.

The sandier parts of the estuary were generally least used by birds eg mudflats 56, 57 and
73 (Figures 1.2.1 and 1.3.19.1). During the 1991/92 winter, the Ince saltmarsh was far less
important as a feeding area than during the 1990/91 winter (Figure 1.3.19.1). Mudflats 76
and 77 (Figure 1.2.1) were both important for three winters but unfortunately there were no
data for the 1990/91 winter. The most utilized areas were the same as last winter; Stanlow
Bay, Oglet and to a lesser degree, Frodsham Score (Figure 1.3.19.2). Ince marshes is classed
as frequently important but was used only by four species.

Generally, the areas most important to all species collectively on the Mersey are also those
that are most regularly used by all individual species.

The proposed tidal barrage would shorten the immersion period of the. Mersey Estuary
mudflats by varying amounts (from 35% to 58%), depending on their distance from the
barrage and the tidal state (MBC 1992). Generally the nearer a mudflat to the. barrage, the
greater the reduction in immersion time of the mudflat. The immersion period of the mudflats
- near New Ferry, Garston, Speke airfield, and Eastham would be reduced post-barrage, as
would be the immersion periods of the outer mudflats of Oglet Bay and Stanlow Bay. The
reduction in immersion time is lessened up the estuary, away from the barrage, towards
Runcorn Bridge and beyond.

The effect of the barrage would vary with each bird species and be linked closely to the
preferred feeding areas of the birds. Shelduck feed on mudflats with greater exposure times
(Figure 1.3.1.3) and would be affected less than most other species. The main loss of Teal
feeding areas would occur near Speke airfield and New Ferry (Figure 1.3.2.3). Many of the
mudflats used most regularly by feeding Pintail, at New Ferry, Garston, Speke and Eastham
(Figure 1.3.5.3), would have greatly reduced immersion times post-barrage. Grey Plover
would have reduced feeding times on the Eastham, outer Oglet Bay and outer Stanlow Bay
mudflats (Figure 1.3.9.3). Dunlin would lose a few important feeding areas in Stanlow and
Oglet Bays (Figure 1.3.13.3). Curlew would lose many important feeding areas (Figure
1.3.16.3), because it is distributed, at low densities, over most mudflats, including the outer
sandier mudflats that are most likely to be flooded by a barrage (Figure 1.3.16.3). New
Ferry and some of the outer Stanlow Bay mudflats would be the most important areas
partially lost to feeding Redshank (Figure 1.3.17 .3). When all species are considered, the
reduced feeding times at New Ferry, near Speke airfield, and in the outer Stanlow and Oglet
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Bay mudflats, would have the most impact in potentially limiting the number of birds that
the Mersey Estuary can support.
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SECTION 2

DIURNAL AND NOCTURNAL DISTRIBUTION AND

FEEDING ACTIVITY OF WATERFOWL ON THE MERSEY
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2.1 INTRODUCTION

When day-length is short, waders wintering in north-west Europe feed for most of the
daytime low water periods (Goss-Custard et al. 1977a; Baker 1981). At high tide,some
species may continue feeding in fields (Goss-Custard 1969; Hepplestone 1971; Townshend
1981; Goss-Custard & Durell 1984). In temperate zones daytime feeding periods can be
restricted to 8-9 hours in mid-winter increasing to 14 hours by the end of March, so the
shortest available times for diurnal feeding are often during cold weather when the birds have
higher metabolic requirements.

To make up for any short-fall in food intake birds may have to feed at night. Studying the
- nocturnal behaviour of waterfowl is thus essential to any understanding of the way birds use
an environment, yet little work has been done on the duration of nocturnal feeding. Wood
(1983) found that Grey Plover could not fulfil their metabolic requirements by feeding only
during the day and observed these birds on their feeding areas at night (Wood 1986). In
winter Curlew have been seen in similar numbers at night as in the day on the intertidal
mudflats of the Dutch Wadden Sea, though in the summer most birds fed only by day
(Zwarts et al. 1990). Other studies have found similar seasonal variations (Goss-Custard
1969; Heppleston 1971; Pienkowski 1982). Nocturnal feeding of Grey Plover, Dunlin, Knot
and Bar-tailed Godwits can increase as the winter progresses, as birds become more likely
to feed on dark nights (Zwarts ef al. 1990). The amount of nocturnal feeding has been
related to the state of the moon with increased feeding on moonlit nights (Zwarts ez al.
1990), as visually hunting predators are helped by a certain amount of light. This increase
in feeding according to light conditions has ‘been demonstrated by the large-numbers of
Bewick Swans at Slimbridge which continue feeding at night under artificial light (Hill 1990).

The energy requirements of birds vary seasonally. For example, in spring birds have
increased metabolic requirements-as they prepare for migration. In some cases the increased
requirements of the birds coincide with increased prey activity, allowing an increased prey
uptake and thus necessary pre-migration fattening (Zwarts 1990). Some waders are restricted
* in their intake rates by the need for digestive pauses when feeding on prey that have a large
indigestible component (Zwarts & Dirksen 1990). Generally, the prey are less completely
digested as intake rate increases (Zwarts & Blomert 1990), so when food is scarce in winter
birds may extract a higher energy yield from the available food.

The strategies employed by waterfowl to fulfil their metabolic requirements are as yet
imperfectly understood but a better understanding of the diurnal and nocturnal feeding
ecology of the Mersey waterfowl is emerging after several years of study (Clark ef al.
1990c; Rehfisch ef al. 1991). The 1991/92 winter has seen a continuation of past work, and
the results are presented here.

The 1991/92 winter provided the opportunity for a third winter of night-time monitoring of
the feeding behaviour and distribution of waterfowl on the Mersey mudflats. Oglet Bay was
chosen as the main site for nocturnal observations, as work carried out during the two
previous winters had shown that Stanlow Bay was too large to allow optimal usage of an
image intensifier and that Oglet Bay held larger bird populations and was more representative
than New Ferry.
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From the 1990/91 winter it had become apparent that the western end of Stanlow Bay, the
area near Mount Manisty, was important for several bird species, in particular Teal, Pintail
and roosting Redshank. Observations were therefore made at Mount Manisty, throughout the
tidal cycle, both day and night, to further the understanding of the ecology of these species
on the Mersey.

Whenever reference is made to the 1988/89 winter the figures can be found in Clark et al.
(1990c), figures for the 1989/90 winter can be found in Clark et al. (1990b), and figures for
the 1990/91 winter in Rehfisch et al. (1991).

- 2.2 DATA COLLECTION, PRESENTATION AND ANALYSIS

The data presented here are for the commoner species: Shelduck, Wigeon, Teal, Pintail,
Grey Plover, Dunlin, Knot, Black-tailed Godwit, Curlew and Redshank. This section of the
report fulfils objectives 2 and 3 of the phase IIIA ornithological studies relating to the Mersey
Barrage. Objective 2 required the continuation of long-term monitoring throughout the tidal
cycle at selected sites around the Mersey, and objective 3 the continuation of night-time
monitoring at selected sites to assess the between-year variability in night time activity
patterns.

2.2.1 Data collection - all-day counts
2.2.1.1 Diurnal

Four Mersey sites were chosen for intensive counting during the hours of daylight. All-day
study sites at Stanlow (Figure 2.2.1.1), Oglet (Figure 2.2.1.2), Mount Manisty (Figure
2.2.1.3) and New Ferry (Figure 2.2.1.4) were counted every hour by BTO staff from dawn
to dusk. Counts were made at approximately fortnightly intervals-at Stanlow and Oglet. From
November to February all-day counts were carried out whenever time permitted at Mount
Manisty, a new site chosen primarily because of its importance to wildfowl. Four all-day
counts were carried out at New Ferry in January and February.

~ Each of these four all-day study sites was divided into several all-day count areas. These
areas were smaller than the low tide count areas. This allowed a more precise analysis of the
changes between winters of the numbers and behaviour of feeding and roosting birds. The
~dates of the counts were chosen to cover as much of the whole tidal cycle each month as
possible (Table 5). The counts were made from single vantage points at each site.

2.2.1.2 Nocturnal

All night data were collected at the Oglet (Figure 2.2.1.2) and the Mount Manisty (Figure
2.2.1.3) all-day sites. Night-time counts at Oglet were monthly and took two hours to
complete because the observer had to walk most of the length of the bay to cover the area
properly at night. Otherwise the methods were like those used for the all-day counts (Section
2.2.1.1). All night data were collected in December, January and February from Mount
Manisty for the first time. The counts took an hour to complete and were made from a hide
on the saltmarsh to compensate for the lessened magnification of the image-intensifier (Figure
2.2.1.3: Area 5). All the areas counted in daylight could be counted from the hide at night.
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Night-time counts were carried out using an image intensifier fitted with a catadiopteric
Nikkor 500/f8 lens or a Nikkor 300/f4.5 lens, depending on the light conditions. On dark
overcast nights the 300mm lens was used because it has greater light gathering powers. The
500mm lens magnified the object 9.1 times, the 300mm lens 5.5 times. The telescopes used
for the daytime counts magnified between 20 and 40 times. It was thus to be expected that
the outer mudflats would not be counted as well at night as during the day.

Areas with dark, non-reflective substrata made nocturnal bird counts more difficult. Small,
dark, roosting or infrequently moving birds were difficult to pick up at night. Large, whitc
Shelduck were more easily seen than small, grey Dunlin. Moonlit nights improved the quality
of image intensifier counts, though night-time counts are still likely to have underestimated
the bird population present on the mudflats relative to day-time counts. This is particularly
true for birds on the outer mudflats. The large variances observed in the numbers of feeding
birds of some species was a reflection of the two-hourly nature of the counts and the
potentially large differences in the number of birds seen feeding on different nights (eg
Figure 2.3.3.1).

2.2,2 Data analysis - all-day counts
2.2.2.1 Diurnal
The average numbers of waterfowl feeding on each of the all-day count mudflats were

compared between the years .of available data. The averages represent the total number of
bird hours spent feeding on each of the intertidal areas ‘and were calculated using:

t=+5
Usage = Y. (4 X B)
t=-6

Where:

t = hours from low tide

A = average number of birds feeding at time ¢ when area is exposed
B = proportion of counts when area is exposed at time .

Thus an area that was used by large numbers when it was exposed but which was only
briefly exposed will have a low score, as will an area that was used by small numbers but
which was exposed for long periods.

These average numbers of the commoner birds found in the Mersey estuary and the
. percentage feeding at the all-day sites were represented graphically in relation to the state of
the tide (eg Figure 2.3.1.1). Note that in these figures, six hours before low tide is the same
as six hours after. The distribution of the birds over the winter in the Stanlow and Oglet all-
day sites are also represented graphically (eg Figures 2.3.1.2 and 2.3.1.3).

The numbers and feeding frequencies during the day were compared between the winters of
1988/89, 1990/91 and 1991/92; the data from the 1989/90 winter were analysed differently
(Clark et al. 1990c).
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2.2.2.2 Nocturnal

The night-time data were analysed in the same way as the data from the all-day counts
* (Section 2.2.2.1). Both the total numbers and the percentage feeding of the most common
bird species found at night on the Mersey were represented graphically (eg Figure 2.3.1.1).
The nocturnal distribution of the birds over the all-day mudflats was mapped for Oglet (eg
Figure 2.3.1.3) and Mount Manisty (eg Figure 2.3.3.2).

Comparisons were made of the numbers of birds and the frequency of nocturnal feeding at
Oglet between the winters of 1989/90, 1990/91 and 1991/92.

Comparisons were also made between the diurnal and nocturnal distributions of the birds at
both Oglet and Mount Manisty. At the latter, this comparison was repeated after dividing the
data into that gathered during spring and neap tides.

Only major differences in the day and night distributions of birds were noted, as night-time
counts were more likely to underestimate the actual bird population present on the mudflats
than day-time counts due to the problems of visibility (Section 2.2.1.2).

2.3 RESULTS
©2.3.1 Shelduck

By day, the largest numbers of feeding Shelduck were seen one or two hours before low tide
at both Stanlow and Oglet (Figure 2.3.1.1). Over 80% of Shelduck fed from 4 hours before
to 1 hour after low tide, with over 90% feeding from 3 to 1 hours before low tide. There
was a gradual decline in feeding numbers on the rising tide. Birds sometimes moved away
from both areas over high tide, preferring to roost elsewhere. In both areas, numbers of birds
began to increase 5 hours before low tide but feeding activity decreased, possibly due to
birds arriving from their roosting areas and waiting for the water levels to drop before
commencing feeding.

At night in Oglet Bay there was a large variation in the number of feeding Shelduck.
Numbers increased from 6 hours before low tide to peak 2 hours before low tide, thereafter
showing a gradual decline towards high tide (Figure 2.3.1.1). Most Shelduck fed on the
receding tide, with 80% or more of the birds feeding 2 hours either side of low tide.

At Stanlow the diurnal feeding distribution of Shelduck was very similar during the 1991/92
winter to that recorded the previous winter (Figure 2.3.1.2) though channel 21 held fewer
Shelduck than the previous year. This channel area was accreting sediments rapidly over the
© 1990/91 winter and by the 1991/92 winter it had become very similar in character to the
surrounding mudflats. Over the four winters of counts, Shelduck at Stanlow have always
been present in greater numbers in the inner parts of the bay, in areas 11, 13, 14, 15 and 20.

During the day Oglet held fewer Shelduck than were seen the previous 1990/91 winter
(Figure 2.3.1.3). The inner bay areas preferred during the 1990/91 winter were still
extensively used but the numbers using the outer mudflats declined. There was an increase
in the use made of channel 51 in 1991/92. Over the four winters of counts carried out at
Oglet Shelduck have shown a continued preference for the inner parts of the bay.

BTO Research Report No. 96
December 1992 38



The day and night distributions of Shelduck at Oglet were very similar (Figure 2.3.1.3),
though fewer birds were seen at night, possibly a reflection of the low magnification of the
image intensifier. At night, more Shelduck were seen feeding in the 1991/92 winter (Figure
2.3.1.3) than in 1990/91. This increase was most noticeable in areas 54, 63, 65 and 66. This
increase in night-feeding may be due to the milder prevailing conditions of the 1991/92
winter making feeding more profitable (cf. Rehfisch et al. 1991), Fewer Shelduck were seen
~ feeding during the 1989/90 winter at night.

Summary: Shelduck fed during most of the day, though less on rising tides. Feeding at night
was also mainly on the receding tide. During the 1991/92 winter more birds were present
at Stanlow by day, while at Oglet fewer birds fed by day and more by night than in the
1990/91 winter. Over the last four winters Shelduck preferred the inner parts of the Stanlow
and Oglet bays for feeding.

2.3.2 Wigeon

During the day (Figure 2.3.2.1) the numbers of Wigeon using Stanlow showed a slight
decrease over the 1990/91 winter. The majority of the birds used the area for loafing or
roosting. Feeding activity peaked just before and during high tide declining rapidly thereafter,
unlike the 1990/91 winter when most feeding took place on the receding tide.

A few Wigeon were seen during the day in Oglet Bay but none was seen at night.

The distribution at Stanlow was.similar to:that-of the previous winter, with the:majority of
Wigeon keeping to the Ince Bank (Figure 2.3.3.2). Only very small numbers used mudflat
~area 25 compared to the previous winter.

2.3.3 Teal

Large numbers of Teal fed during the day at Stanlow. The highest proportions of feeding
birds were found over.the high tide period (Figure 2.3.3.1), and the lowest proporttons
around low tide. Over high tide Teal could be hard to see, moving into channels or up the
River Gowy making precise behavioural observations difficult. During the 1991/92 winter
fewer Teal were scen during the day at Stanlow than in the previous 1990/91 winter. In
1991/92 Teal numbers declined from 4 hours before to 3 hours after low tide; by
comparison, during the previous winter numbers were much more constant throughout the
tidal cycle and a greater proportion of the birds fed over low water. The colder weather of
the 1990/91 winter may have necessitated longer periods of feeding. The 1988/89 winter was
similar to 1991/92, with no sustained cold period but the percentage of feeding Teal
remained higher over the entire tidal cycle. Hence there would appear to be a gradual decline
in the importance of Stanlow as a feeding area.

Large numbers of Teal fed during the day at Oglet. The highest proportions of feeding birds
were found over the high tide period and the lowest proportions around low tide (Figure
2.3.3.1). The numbers of Teal using Oglet by day (Figure 2.3.3.1) were similar to those
- seen in 1990/91 but higher than the numbers seen in 1988/89. Peak numbers of Teal
occurred 2 hours either side of low tide, as in the previous 3 winters, with the majority of
birds roosting or loafing. Numbers of Teal using Oglet at night were similar to those of
1989/90 but slightly up on 1990/91. As Teal numbers dropped on the receding tide at
Stanlow, an increase was noted at Oglet. There was a similar relationship during the 1990/91
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winter but this did not occur during the 1988/89 winter. Tt is probable that there is an
interchange between Stanlow and Oglet, Stanlow being important for roosting birds,
especially on higher tides when Oglet is completely covered.

Observations made at night at Oglet revealed fewer Teal than by day (Figure 2.3.3.1). The
large numerical fluctuations reflect the less frequent counting at night.

During the day very few Teal were seen over low tide at Mount Manisty, though numbers
increased on the rising tide (Figure 2.3.3.2). On spring tides feeding occurred over much of
the high tide period as the saltmarsh became partly flooded (Figure 2.3.3.3). On neap tides,
- after some initial feeding activity towards high tide, the birds tended to roost in channels and
became hard to see, or else they flew away. Mount Manisty, similarly to Stanlow, could be
more important as a roosting site, with an interchange of Teal with Oglet Bay.

Observations made at night at Mount Manisty revealed fewer birds than during the day
(Figures 2.3.3.2 and 2.3.3.3) but, as in the day, the largest Teal numbers were present and
fed at or near high tide.

At New Ferry maximum Teal numbers were present from low tide to 2 hours after (Figure
2.3.3.1). Teal tended to roost elsewhere on the estuary over high tide, at such sites as
Bromborough and possibly Stanlow (Rehfisch ef al. 1991), possibly to escape disturbance.

Teal distributed themselves very thinly and evenly.at Stanlow in the 1991/92 winter (Figure
2.3.3.4), unlike the previous two winters of 1989/90 and 1990/91 when feeding Teal were
more common in areas 11, 14, 15 and 20. More Teal used the then more pronounced channel
areas 21 and 22, and mudfiat 16, during the 1988/89 winter.

At Oglet Teal continued to-prefer- the inner parts of the bay, including the channel 51 and
61, and mudflat 62, for feeding (Figure 2.3.3.5), as they have done over the four winters
- of study. Teal distributed themselves sparsely over the outer mudflats. The nocturnal
distribution of Teal revealed more birds feeding on mudflats 63, 65 and 66. These are areas
that are more prone to disturbance by humans and dogs during the day. This increased use
of these areas by night had not been previously recognised.

By day at Mount Manisty most feeding Teal were found in channel 4 (Figure 2.3.3.6). The
birds also used this area to roost in large numbers (Figure 2.3.3.7). At night small numbers
of Teal fed and roosted in most parts of the Mount Manisty site (Figures 2.3.3.6 and
2.3.3.7).

At New Ferry Teal were mainly found in the southernmost areas 8, 9 and 10 (Figure
2.3.3.8).

Summary: Teal used both Stanlow and Oglet in large numbers. Although some feeding
occurred over most of the tidal cycle, feeding activity peaked around high tide. It would
appear that Stanlow may be particularly important for roosting Teal and that there may be
some interchange between Stanlow, Mount Manisty and Oglet. At Oglet, Teal fed more on
some mudflats at night than they did during the day, potentially a reflection of human
disturbance. Mount Manisty was particularly important for feeding Teal over high tide. Teal
. at New Ferry fed more on the rising tide with numbers being highest at low water.
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2.3.4 Pintail

In 1991/92 peak numbers were recorded at Stanlow on receding tides (Figure 2.3.4.1).
Fewer Pintail were counted than during the previous winter when the feeding distribution was
more even across the tidal range. Prior to 1990/91 Stanlow was not important for feeding and
was only used by small numbers of roosting and loafing birds.

Although Oglet is not important for the Mersey Pintail population more birds were seen
during the day than the previous 1990/91 winter (Figure 2.3.4.1). Peak feeding activity
occurred from before low tide to 2 hours before high tide; by comparison, during the colder
1990/91 winter the greatest percentage feeding activity was on the receding tide, with the
majority of duck roosting from just before low tide to high tide. Very few Pintail were seen
at night at Oglet.

- Observations made at Mount Manisty showed that Pintail moved up the shore on the rising
tide feeding en-route (Figure 2.3.4.2). On spring tides, when the saltmarsh was flooded, they
fed over the high tide period, but on neap tides more Pintail roosted on the mudflats at high
tide (Figure 2.3.4.3). Once the tide began to recede Pintail gradually left the area. Pintail
seemed to arrive and leave Mount Manisty at the same stages of the tidal cycle by night as
by day, though fewer birds were seen (Figure 2.3.4.2).

New Ferry is important to Pintail over most of the tidal cycle (Figure 2.3.4.1). Many of the
birds disappeared at high tide (especially on spring tides), possibly roosting on the estuary
itself or moving onto the Stanlow saltmarshes. It is- possible that disturbance over high tide
during the day caused the duck to seek alternative roosting areas. Peak feeding activity was
around low tide.

There was little significant change in distribution at Stanlow between 1990/91 and 1991/92
although areas 13, 19 and 23 were not used. in 1991/92 and conversely mudflat 17 was
occasionally used (Figure 2.3.4.4). As in preceding years, few Pintail: were found feeding
at Oglet (Figure 2.3.4.5).

During the day at Mount Manisty most Pintail fed in areas 2, 3, 4 and especially 1 (Figure
- 2.3.4.6). The latter area, saltmarsh, was particularly used during high spring tides when it
flooded. The other areas would flood on lower tides and were then used by a few feeding
birds. Pintail would roost in large numbers in areas 3 and 6 (Figure 2.3.4.7). These roosts
would form towards high tide, and be the precursors to intensive feeding in saltmarsh area
1 on spring tides. On neap tides most birds would roost waiting for the estuarine mudflats
to become exposed on the receding tide. At night many fewer birds were seen feeding or
roosting than during the day (Figures 2.3.4.6 and 2.3.4.7).

Pintail at New Ferry would feed during the day by following the tide, showing a preference
for areas 3, 6, 8 and 9 (Figure 2.3.4.8). Pintail were less widely distributed at New Ferry
during the 1991/92 winter than in the 1988/89 winter but this may be linked to changes in
invertebrate distributions that might have occurred over the period, as a result of an oil spill
that occurred in the area in August 1989 (Clark ef al. 1990a).

Summary: New Ferry and Mount Manisty were the two most important all-day sites for
Pintail. Pintail fed in especially large numbers at Mount Manisty around high tide, especially
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on spring tides, when the saltmarsh flooded. At New Ferry Pintail concentrated their feeding
around low tide. Stanlow held more Pintail than Oglet by day.

2.3.5 Grey Plover

The number of Grey Plover recorded at Oglet and Stanlow showed little change from the
previous winter (Figure 2.3.5.1). The numbers were fairly constant at both sites throughout
most of the tidal cycle. At Stanlow numbers were lowest either side of high tide, as birds
moved elsewhere or roosted in places where they were hard to see. Over 85% of the birds
fed between 5 hours before and 3 hours after low tide. The birds fed for longer on rising
tides than during the cold 1990/91 and the milder 1988/89 winters.

At Oglet most Grey Plover were present 4 hours either side of low tide, many roosting
elsewhere at high tide (Figure 2.3.5.1). Over 90% of birds present fed throughout the tidal
cycle.

A small increase in the numbers of Grey Plover at Oglet at night was noted over the 2
previous winters (Figure 2.3.5.1).

The distribution of Grey Plover at both Stanlow (Figure 2.3.5.2) and Oglet (Figure 2.3.5.3)
showed little change from those of previous years.

Summary: Grey Plover fed intensively over most of the tidal cycle at both Stanlow and
Oglet, although numbers decreased ‘markedly over-the high tide period. The Stanlow birds
fed for longer on rising tides than in 1990/91. There was little .change in the distribution of
Grey Plover at Stanlow and Oglet over the last-4 winters. Very few birds were seen feeding
at night at Oglet.

2.3.6 Knot

Most Knot were seen at Stanlow on the receding tide and were always feeding (Figure
2.3.6.1).

Knot were present in very variable numbers at Oglet (Figure 2.3.6.1), with most feeding
occurring on the rising tide. Only a few individuals were seen at night.

New Ferry was the all-day site with the greatest Knot populations (Figure 2.3.6.1). Numbers
~ were greatest on the rising tide, with over 80% of the birds feeding through most of the tidal
cycle.

The preferred feeding areas of Knot at New Ferry this 1991/92 winter (Figure 2.3.6.2) were
similar to those as most used during the 1988/89 winter, though fewer birds were seen in
areas 8, 9 and 10.

2.3.7 Dunlin

At Stanlow over 75% of Dunlin fed throughout the tidal cycle (Figure 2.3.7.1). The
percentage feeding on the rising tide did not decline, unlike the cold 1990/91 winter when
mudflats froze. Dunlin numbers peaked at low water. Thereafter numbers tended to decline,
implying that feeding conditions might not be as favourable on the rising tide or were more

BTO Research Report No. 96
December 1992 42



favourable elsewhere. Very few birds were present over the high tide period, leaving to find
suitable roosting areas elsewhere on the Mersey eg on the Frodsham Score.

At Oglet over 85% of Dunlin present fed over the entire tidal range (Figure 2.3.7.1), again
a slight increase over the 1990/91 winter. The highest numbers of Dunlin were found 4 hours
cither side of low tide, similarly to Stanlow where most Dunlin left the site ncar high tide
to roost elsewhere.

The numbers of Dunlin recorded at night at Oglet were lower than during the day (Figure
2.3.7.1), with the highest counts on receding tides. At high tide the birds were closer to the
observation points and therefore more easily seen. After low tide numbers declined rapidly.
This was as the birds left to roost or else moved to outer mudflats, where they were very
hard to locate with the image intensifier, to continue feeding.

At Stanlow (Figure 2.3.7.2) Dunlin numbers were similar to those of the 1988/89 and
1989/90 winters, but more birds were present during the colder 1990/91 winter. Less use
was made of mudflats 23 and 24 than in the previous 1990/91 winter, this coinciding in a
substrate change towards sandier sediments.

At Oglet (Figure 2.3.7.3) there was little change between 1990/91 and 1991/92 in Dunlin
distributions; in both of those years more mudflats were used than during the previous two
. winters. Though fewer Dunlin were recorded at night, the day and night distributions were
broadly comparable,

Summary: Dunlin numbers were lower at both Stanlow and Oglet during the 1991/92 winter
than in the previous winter. Dunlin fed through most of the tidal cycle. Actual numbers of
birds declined markedly at high tide as they left the areas to roost elsewhere on the estuary.
At Stanlow some birds departed immediately after low tide, as in the 1990/91 winter,
implying that feeding conditions might not be as favourable on.the rising tide. Many fewer
birds were seen at night than during the day-at Oglet, though the day and night distributions
at Oglet remained similar.

2.3.8 Black-Tailed Godwit
A few Black-tailed Godwits were seen at Stanlow (Figures 2.3.8.1 and 2.3.8.2).

The increase in numbers noted on the Mersey estuary over the last two winters continued,
with Oglet Bay, once again, proving an important area (Figure 2.3.8.1). The numbers of
birds increased towards high tide as the godwits arrived from other parts of the estuary.
Oglet was used mainly as a high tide roost, though high percentages of birds would
 sometimes feed either side of high tide. During the previous 1990/91 winter Black-tailed
Godwits had been seen feeding in greater numbers on the receding tide. So few birds were
recorded at Oglet at night that comparison with daytime data was not possible.

During the day at Oglet Black-Tailed Godwits fed on fewer mudflats during the 1991/92
winter than during the 1990/91 winter (Figure 2.3.8.3). The main channel, areas 51 and 61,
running through Oglet was most heavily used. These birds were scen only on one mudflat
at night (Figure 2.3.8.3).
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Summary: Black-tailed Godwit numbers were relatively high for a second consecutive
winter, with the birds concentrating in Oglet Bay, especially at high-tide.

2.3.9 Curlew

At Stanlow Curlew numbers remained fairly constant over the tidal cycle with peak numbers
2 hours after low tide (Figure 2.3.9.1). There was a slight decline in numbers over the high
tide period. Almost all Curlew fed from 4 hours before to 3 hours after low tide. The decline
in numbers from 4 hours before low tide to high tide noted during the 1990/91 winter was
not repeated this winter. A greater proportion of birds fed either side of low tide than in
1990/91, thus resembling the 1989/90 winter. It is possible that the colder weather
experienced during 1990/91 may have influenced the feeding efficiency and behaviour of the
birds (Rehfisch et al. 1991). The numbers of birds recorded at Stanlow during the 1991/92
winter were broadly similar to those found during the 1988/89 and 1990/91 winters.

At Oglet numbers of Curlew remained fairly constant during the day (Figure 2.3.9.1), except
at high tide, when Curlew moved off to roost or were seen to continue feeding in the fields
surrounding Oglet Bay. The greatest percentage of birds fed 4 hours either side of low tide.
Fewer Curlew used Oglet than in the 1990/91 winter.

More Curlew fed at night at Oglet (Figure 2.3.9.1) than during the 1990/91 winter, the
numbers being closer to those found during the 1989/90 winter, another mild winter. It is
probable that the cold weather of 1990/91 made feeding difficult with invertebrates remaining
deeper in the mud and the birds choosing' to Toost rather than feed at night. The greatest
- feeding activity during the 1991/92 winter was from 3 hours before to 2 hours after low tide
with fewer birds feeding over the high tide period.

Since 1989/90 the distribution of birds at Stanlow has changed slightly as the degree of
sandiness has altered some of the mudflats (Figure 2.3.9.2). The areas 18, 19 and 25 were
used much more extensively than in previous winters. Curlew have been found to be present
on most mudflats over the four winters of data collection.

At Oglet the distribution of Curlew has not changed significantly over the last 4 winters
(Figure 2.3.9.3). At night more Curlew were seen feeding in areas 65 and 66 this 1991/92
winter than in the 1990/91 winter.

Summary: Curlew numbers at Stanlow and Oglet remained fairly constant over mosi of the
tidal cycle, only declining over the high tide period. A greater proportion of the birds fed
from 2 to 4 hours after low tide than in the cold 1990/91 winter. There was little difference
in the day and night Curlew distributions at Oglet. Some changes in mudflat usage have
occurred at Stanlow since 1989/90, and may reflect changes in mudflat sediments.

2.3.10 Redshank

In 1991/92 the numbers of Redshank at Stanlow and Oglet were half those recorded the
previous winter, Stanlow showing the greatest decrease (Figure 2.3.10.1). Numbers remained
fairly constant at Stanlow from 1 to 4 hours before low tide, before dropping rapidly on the
rising tide as the birds moved into the saltmarsh or left for other areas of the estuary. The
percentage of feeding activity remained at over 90% from 5 hours before to 3 hours after low
tide. Redshank numbers were more stable from 2 hours after low tide during the 1990/91
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winter, though the percentage of feeding birds remained high for longer on the rising tides
during the 1991/92 winter.

At Oglet the greatest numbers of Redshank were found 4 hours either side of low tide
(Figure 2.3.10.1). Over 80% of the birds fed actively from 4 hours before to 3 hours after
low tide. This is broadly comparable to 1990/91, although during that winter more feeding
took place on the receding tide. Small numbers of Redshank were present at high tide.

The night counts at Oglet (Figure 2.3.10.1) showed that over 90% of Redshank fed 4 hours
cither side of low tide and that the numbers of birds seen declined on the rising tide. There
was a similar pattern in the change in bird numbers and percentages feeding in the 1989/90
winter. The 1990/91 winter also recorded high percentages of feeding birds around low tide,
but very erratic bird numbers. In all 3 winters, similar bird numbers were found during the
day and at night.

All-day observations at Mount Manisty (Figure 2.3.10.2) showed that the area is important
for feeding from 4 hours before to 1 hour after low tide. Numbers of Redshank were greatest
at high tide, partly because of birds seen flying in from the Stanlow mudflats to roost.
Manisty is particularly important for roosting Redshank on spring tides when other roosting
sites are flooded (Figure 2.3.10.3).

There were few Redshank at night at Mount Manisty and little feeding activity except for 2
hours either side of high tide, when some arrived to roost (Figures 2.3.10.2 and 2.3.10.3).
In this respect there was little difference between spring and neap tides.

The daytime distributions of Redshank at Stanlow (Figure 2.3.10.4 MAP) and Oglet (Figure
2.3.10.5) were broadly similar to those of the previous 3 winters, though more birds used
the outer mudflats at Oglet during the 1991/92 winter. At both sites the higher mudflats were
- used by more birds. The nocturnal distribution of Redshank was similar to that found during
the day. '

During the day most Redshank fed in areas 2, 3 and 7 of Mount Manisty, areas of open
mudilats (Figure 2.3.10.6). The roosting Redshank preferred area 4, where they would form
dense flocks along the sides of the main channel (Figure 2.3.10.7). At night fewer Redshank
were seen and, unlike during the day, the birds present seemed to roost and feed in the same
arcas, 3, 4 and 6 (Figures 2.3.10.6 and 2.3.10.7).

Summary: Redshank numbers at Stanlow were highest on the receding tide. Fewer Redshank
used Oglet during the 1991/92 winter than in the 1988/89 and 1990/91 winters. At Oglet the
maximum feeding activity was 4 hours either side of low tide with a decline in numbers at
high tide. Numbers at night at Oglet were comparable to 1990/91 with the greatest feeding
activity 4 hours either side of low tide. Similar numbers of feeding Redshank were found
during the day and at night. There was little change in the daytime distribution at Stanlow
or Oglet, but more of the outer mudflats were used at night at Oglet than in previous winters.
The inner bay mudflats were used by the greatest numbers of feeding birds. The distribution
of Redshank over the Oglet mudflats did not vary between day and night.

During the day Mount Manisty was particularly important as a spring tide roosting area for
Redshank, though a some birds fed there, especially on neap tides. At night the area was also
used as a roosting site.
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2.4 DISCUSSION

The 1991/92 winter saw a continuation of the intensive field surveys started during the
1989/90 winter, which compared the day and night distributions of wildfowl and waders on
the Mersey. This was the third mild winter since the start of the Mersey studies, the 1990/91
winter having been much colder.

Most waterfow] species fed through most of the tidal cycle. Teal and Pintail were more
selective. During the 1991/92 winter Teal were seen to feed more on the rising tide at New
Ferry. There was also evidence of Teal movements from Stanlow and Mount Manisty to
Oglet. Teal fed in parts of Stanlow and more especially Mount Manisty at high tide. Teal
would be present in particularly large numbers when the saltmarsh around Mount Manisty
- flooded during spring tides. On neap tides Teal would also feed, by following the water’s
edge, in saltmarsh channels. The duck would then move to Oglet, and possibly New Ferry,
to feed over the low tide period. Many fewer Teal were present at night at Mount Manisty.

Pintail fed actively around low tide at New Ferry and on spring tides at Mount Manisty. On
neap tides Pintail roosted at Mount Manisty. Pintail, like Teal, would converge on Mount
Manisty at high tide. On spring tides Pintail would feed on the flooded saltmarsh, on neap
tides smaller numbers would feed in the channels while waiting to regain estuarine mudflats
on the receding tide. At night Pintail numbers were smaller.

Both Teal and Pintail fed mainly on .mudflats rather than saltmarsh, confirming that they are
mainly feeding on invertebrates as the mudflats hold very few seeds (A. Jemmett pers.
comm.),

The previous 1990/91 winter was colder than this winter. Some birds showed behavioural
changes that could be linked to this climatic change. During the 1991/92 winter Grey Plover,
Dunlin, Curlew and Redshank fed for longer on the rising tide, while Shelduck and Curlew
fed for longer at night. As the metabolic requirements of the birds should be higher during
a cold winter, the shorter period spent feeding during the day in 1990/91 is probably a result
of conditions which did not make made feeding energetically worthwhile. Teal fed more
intensively throughout the tidal cycle during the 1990/91 winter. They would appear to be
the only species studied on the Mersey that was able to increase their feeding time to
compensate for the colder weather conditions of that winter. This difference in behaviour
may be due to the prey of Teal being different to that of the other species and less affected
by the cold. Many invertebrates bury themselves more deeply in cold conditions and become
less available to birds. It is possible that the Teal feed on very small species of invertebrate
 that do not escape effectively by deeper burrowing.

Redshank were seen feeding in similar numbers by day and by night. Redshank fed and
roosted in different sections of Mount Manisty during the day, but at night they roosted
where they had fed. This may be due to the lessened risk of predator attack at night. The
behaviour of Teal at Oglet also changed at night. Some mudflats that were very commonly
used at night were much less frequently used during the day. These mudflats are close to the
"Mersey Way", a public footpath, which is regularly used by walkers, joggers and dogs
during the day. It is likely that it is this human-related disturbance which stops the Teal
feeding on these mudflats during the day. Human activity is known to cause disturbance in
birds (Forshaw 1983; Belanger & Bedard 1989; Rehfisch ef al. 1991; Kenney & Knight
1992).
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Shelduck, Teal and Redshank concentrated on the open mudflats closest to land, often
mudflats with a lesser immersion time. This could be related to invertebrate distributions as
Teal are known to select preferred habitats immediately upon post-migration arrival (Evans
& Dugan 1984) and many birds distribute themselves according to the density of their prey
(Goss-Custard ef al. 1977b). This could also be related to predator avoidance, though this
seems unlikely as these mudflats closer to land are more open to a surprise attack by aerial
predators, though this may be counter-balanced by the nearness of cover.

Shelduck, Dunlin and Curlew distributions showed changes that could be attributable to
sediment movements. Sediment type and bird distributions have been found to be closely
linked (Prater 1972; Tjallingii 1972; Rands & Barkham 1981; Clark 1983; Kelsey &
Hassall 1989). Dunlin are known to select areas with a higher proportion of silt and clay and
also prefer estuaries with softer muds (McCulloch & Clark 1992), the physical structure of
sediments can determine their suitability as habitats for prey organisms, and it is the prey and
the ease with which they can be harvested which determines the value of particular sediments
~ to birds (Wolff 1969; Evans 1976; Goss-Custard et al. 1988). Substrate penetrability can
be important, as very solid, densely packed sediments make it difficult for the foraging bird
to insert its bill (McCulloch & Clark 1992).

Curlew and Redshank were the most widespread species in the estuary, being found in small
numbers on most of the all-day mudflats. This may be due to inter- and intra-specific
competition or to disturbance (Goss-Custard 1977).
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SECTION 3

- PINTAIL AND TEAL MOVEMENTS

WITHIN THE MERSEY
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3.1 INTRODUCTION

After two years of intensive monitoring of the Mersey waterfowl, it had become clear that
the estuary held large numbers of both Pintail and Teal during the day (Clark ef al. 1990b,
1990c). How the ducks used the estuary at night was not known, as only some Teal and very
few Pintail had been observed by night. In the context of the proposed tidal barrage it was
necessary to know, for both Teal and Pintail, if the Mersey Estuary was just used as a safe
day-time roost, or whether the intertidal areas of the estuary were essential to the feeding of
these ducks.

During the 1990/91 winter, a sample of Teal was radio-tagged and their movements analysed
~ (Rehfisch ef al. 1991). These tagged birds used the estuary differently at high and low tides,
during cold and warm periods, and at night and during the day. In 1990/91 Pintail proved
to be very difficult to catch. The five birds caught and tagged managed to pull off their radio
tags before any useful data were collected.

Objective 1 of the phase TIIA ornithological studies (Mersey Barrage Feasibility Study) was
to monitor the day and night distribution patterns of Pintail using radio telemetry. This was
to further our understanding of why these birds occur in such internationally important
numbers on the Mersey and how they use the estuary and surrounding habitats. A small
sample of eight Teal was also to be caught and tagged to allow between-year comparisons.

Radio-tagging has drawbacks in that it can interfere with the behaviour of birds, though the
method of attachment and the weight of the radio pack will -determine ‘the amount of
disruption to the bird’s normal behaviour. Harnesses often lead to behavioural changes
(Kenward 1987). Fewer problems have been associated with tail-mounted tags (Kenward
1987; Giroux et al. 1990; Wanless 1992). A correlation has been found between radio
weight and weight loss in Teal, (Greenwood & Sargeant 1973). This effect and other types
of behavioural changes are lessened by lighter packs (White & Garrott 1990; Schroth
1991).

3.2 DATA COLLECTION, PRESENTATION AND ANALYSIS
3.2.1 Data collection

Duck were caught using standard cannon-netting techniques. A thorough knowledge of the
area, of bird behaviour, of tides, and of weather conditions is required to optimise the
probability of catching ducks safely. To allow a catch, the ducks have to be directly in front
of the cannon-net in an area 27m by 13m. In total 13 man days were spent observing duck
behaviour and a further 57 man days trying to catch the birds.

The Mount Manisty area (Figure 2.2.2.3), which held the majority of Pintail seen this
winter, is tidal and the birds were patchily distributed. Only areas 3, 4 and 6 of Mount
Manisty were potential Pintail catching sites, for the substrate had to be solid enough to allow
the use of a cannon-net and the birds had to feed or roost in the areas. As the gradients in
these areas were very shallow, a 10cm tidal difference could be crucial to the position of the
birds from one day to the next. A day of high pressure was enough for the tide not to rise

as far as expected and for the ducks to be out of range of the catching equipment. 49 man-
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days were spent at Mount Manisty catching only two Pintail, both tagged (Table 8), and 25
Teal, eight of which were tagged (Tables 6 & 7). Few Pintail were caught because their
behaviour was unpredictable, leading to their roosting and feeding in different positions from
one day to another.

Pintail were caught more successfully at New Ferry (Figure 2.2.2.4), with 28 ducks caught
in 21 man-days, of which 10 were tagged (Tables 8 & 9).

To lessen any interference to the behaviour of the Teal and Pintail the radio-tags were largely
tail-mounted and chosen to be as light as possible. 10g two stage transmitters were used as
they were not too heavy for the birds, while at the same time emitting a powerful enough
signal to be picked up in an environment prone to radio-static interference from industry
(Rehfisch et al. 1991). Powerful transmitters are also invaluable in poor conditions where
the transmission range is much reduced by obstacles in the line of detection or poor climatic
- conditions (Kenward 1987).

Six Teal were fitted with the same type of 10g back-mounted radio-transmitter (Biotrack,
Wareham, Dorset BH20 5AJ), with a theoretical 5km range, as used the previous winter
(Rehfisch e al. 1991). Two Teal were fitted with similar devices, but in the tail-mounted
form. These tags were attached by tying two cable clips around the four central tail feathers
(rectrices) of each bird.

All of the Pintail were tagged with 10g tail-mounted radio-transmitters, to lessen the
likelihood of the birds pulling them off. The previous 1990/91 winter had shown that Pintail
could pull off back-mounted radio-transmitters.

Tracking was carried out at least weekly from 26 November 1991 to 10 March 1992, Birds
were tracked continuously for two tidal cycles over twenty-five hours. This allowed a
comparison to be made of the distributional changes in relation to both tidal state and
daylight. Whenever possible, readings were taken from elevated sites with uninterrupted
views of the Mersey to give the best reception. The sites were situated in such a way that
birds anywhere on the estuary would be within reception range (Figure 3.2.1). To drive
around the Mersey, with stops for radio-tracking, took about three hours. Thus measurements
taken at ‘high tide’ were within one and a half hours of high tide. ‘Low tide’ measurements
were made within one and a half hours of low tide.

On several occasions through the winter, both at night and during the day, attempts at finding
radio-tagged birds were made further afield. The coverage was from the Dee Estuary to the
south, as far east as Woolston Eyes, and up to the Wyre Estuary to the north.

3.2.2 Data analysis

For analytical purposes, the estuary was divided into 12 sections lettered from A to L (Figure
3.2.1). These sections could be related to the low and high tide count areas. Sometimes it
was difficult to place a bird accurately in the Stanlow Bay area because of signal interference
from the Stanlow industrial complex and because Mount Manisty acted as a partial shield to
bearings taken from Eastham Ferry. Any such bird was placed in the arbitrary section
"(F+QG)", considered the "Stanlow area".
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The positions of each of the birds were mapped (Figures 3.3.1 to 3.3.6 for Teal; Figures
3.3.7 to 3.3.16 for Pintail) and a record was kept of how frequently they used the various
sections of the estuary.

Radio-tracking data were analysed in a similar way to that used for the 1990/91 winter to try
and elucidate whether the birds:

1)  only used the Mersey as a safe day-time roost or whether they required the
Mersey, both day and night, throughout the winter;

i) distributed themselves differently according to high or low tides, in the whole
estuary or in certain habitats only;

1i1) distributed themselves differently with respect to day and night, and whether
certain habitats had a particular influence in determining their distribution;

iv)  mixed within the estuary or were in separate populations.

- Of all the sections, F, G and I were considered less prone to human disturbance through their
status as undisturbed nature reserves or as Country Parks with low levels of human activity.

The analysis was carried out using x* "goodness of fit" tests with no more than 20% of the
expected frequencies under 5 (Fowler & Cohen 1987; Sokal & Rohlf 1981). The Yates’
correction was applied to all 2 by.2 contingency tables.

There may be problems associated with the use of the x* test on pooled data as it is normally
used for completely independent observations, though it is justified when a few observations
are made of several animals (Neu ef al. 1974; White & Garrott 1990). Using x’ for habitat
analysis is more tenable when comparisons are made of a limited number of habitat types
(Alldredge & Ratti 1986).

To maintain comparability between reports, sections were pooled in a similar way to the
1990/91 report for the analysis of the Teal locations.

3.3 RESULTS

- No radio-tagged Pintail or Teal were located outside the immediate vicinity of the inner
Mersey Estuary, by day or by night. No birds were tracked to the east of Runcorn Bridge
nor to the west of New Ferry (Figures 3.2.1; 3.3.1 - 3.3.16).

3.3.1 Teal

3.3.1.1  Comparison of the distribution of Teal during the 1990/91 and 1991/92
winters

In 1990/91, Teal were caught at the Hale duck decoy (inland of section A) and at the
Bromborough pool (section J) (Figure 3.2.1), whilst in 1991/92 they were caught only at
Mount Manisty. The estuary usage made by Teal, caught near Mount Manisty during the
1991/92 winter, was different to that of the birds caught in 1990/91 (¢ = 217.92, d.f. =
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2, p < 0.001) (Table 10). The distribution of Teal caught at Bromborough was also
significantly different to the distribution of Teal caught at Mount Manisty (x> = 5.33, d.f.
=1, p > 0.025) (Table 11), yet both sets of birds made relatively more use of the lower
~ estuary (sections A to E) than the birds caught at Hale which were found mainly in the upper

estuary.
3.3.1.2 Comparison of day and night Teal distributions

Teal showed no statistically significant evidence of changing estuary usage between day and
night 6 = 0.19, d.f. = 1, p > 0.05) (Table 12).

3.3.1.3  Comparison of Teal distribution in relation to high or low tides

There was no statistically significant evidence of changing estuary usage by Teal between
high and low tide (x* = 2.59, d.f. = 4, p > 0.05) (Table 13).

3.3.2 Pintail
3.3.2.1 Comparison of day and night Pintail distributions

When the sections were lumped into the smallest possible units (see Section 3.2.2) there was
no evidence of different day and night estuary usage (x> = 9.49, d.f. = 6, p > 0.05) (Table
~ 14). When the data were pooled according to sections with high and low disturbance levels
(Section 3.2.2), Pintail were found in-high disturbance-areas less:during the day than at night
OF = 739, d.f. = 1, p < 0.01) (Table 15). The Stanlow area, an undisturbed nature
reserve, is used more by Pintail during the day than at might (x> = 5.65, d.f. = 1, p <
0.02) (Table 16).

3.3.2.2  Comparison of Pintail distribution in relation to high or low tides

Pintail distribution varied with high and low tide (52 = 29.98, d.f. = 5, p < 0.001) (Table
17). Pintail were tracked more commonly in the Stanlow area saltmarshes at high tide than
at low tide (x* = 16.22, d.f. = 1, p < 0.001) (Table 18). Pintail were also found more
frequently at high tide than at low tide on the Bromborough Pool, in the Stanlow area and
in the Oglet saltmarshes (x> = 19.06, d.f. = 1, p < 0.001) (Table 19).

3.4 DISCUSSION

3.4.1 Teal

© 3.4.1.1  Teal distributions in the 1990/91 and 1991/92 winters

The distribution of Teal caught during the 1991/92 winter, at Mount Manisty, was
significantly different from that of Teal caught in the previous winter, at the Hale duck decoy
and the Bromborough pool. In 1990/91, Teal caught at the Hale duck decoy stayed

predominantly in the upper estuary, while Teal caught at Bromborough stayed in the lower
estuary (Rehfisch et al. 1991).
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The birds caught at Mount Manisty in 1991/92 were tracked twice as frequently in the lower
estuary as in the upper estuary. During the 1990/91 winter, it was shown that Teal caught
at Bromborough used the Mount Manisty/Stanlow saltmarshes towards high tide, especially
during the day. One Teal caught at Mount Manisty in 1991/92 (Figure 3.3.3) was
subsequently located at New Ferry. It is likely that some of the Teal caught at Mount
Manisty at high tide in 1991/92 would be part of the so-called 1990/91 Bromborough
"population” which stayed in the lower estuary. None of the Teal caught at Mount Manisty
were tracked to the Hale duck decoy.

3.4.1.2  Day and night Teal distributions

Although the all-day counts carried out from Mount Manisty in 1991/92 recorded fewer birds
at night than during the day (Section 2.3.3), Teal did not show a significant change in their
distribution from day to night. The sample of radio-tagged Teal was too small to show a
significant difference in day and night locations of tagged birds, unless that difference was
large. During the 1990/91 winter Teal had clearly different day and night distributions. This
was due to large numbers of Teal feeding at night in the Manchester Ship Canal Company
(MSCC) sludge pool until it froze over (Rehfisch et al. 1991). The sludge pool was not
flooded during the 1991/92 winter and was thus not available to feeding ducks.

3.4.1.3  Teal distribution in relation to high or low tides

There was no significant evidence that the use of the.estuary by Teal differed between high
and low tides during the 1991/92 winter. This result agrees with findings in the 1990/91
winter when all sections of the estuary were considered separately (Rehfisch et al. 1991).
. Unlike the 1990/91 winter, Teal did not show a significantly increased usage of saltmarsh
areas at high tide. All-day counts showed that more Teal used the marshes and channels in
the vicinity of Mount Manisty at high tide than at low tide. The small sample of radie-tagged
Teal in 1991/92 was possibly the reason for finding no statistically significant increase in
high-tide usage of the saltmarsh areas.

3.4.1.4  Teal estuary usage

No Teal were tracked outside the Mersey Estuary, as in the 1990/91 winter. The Mersey
Estuary was probably essential to the feeding of the Teal population present. Mudflats were
used more by Teal than any other habitat type (tracked 47 times on mudflats ¢/ 20 times on
other habitats). This confirmed, as suspected in 1990/91, that invertebrates must form an
important component of the diet of Teal, as has been found by other authors (eg Olney 1963;
1965) since very few seeds or other vegetative parts were found on the mudflats (A.
Jemmett pers. comm.). There has also been recent evidence of Teal feeding on the
meiobenthos (Gaston 1992). Meiobenthos has been ignored in most previous studies of the
intertidal parts of estuaries, as it is very time consuming to study and, until now, was thought
to be unavailable to birds.

. There may be several discrete populations of Teal on the estuary (Section 3.4.1.1). Similarly,
Greenland Bamacle Geese are known to have preferred sites both within a single winter and
between winters, and to form associated family groups (Percival 1991). Such winter site
fidelity is also found in Greenland White-fronted Geese (Wilson ef al. 1991) and central
European Greylag Geese wintering in Tunisia. Teal can be highly mobile (Ogilvie 1981),
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though most evidence points to their being in small functional feeding and roosting units
(Tamisier 1974; 1985). It is possible that Teal on the Mersey also have preferred feeding
and roosting areas and that birds sampled (by cannon-netting) from one area are more likely
to be from a population with a limited distribution over the estuary.

Further ringing might help to demonstrate whether these Teal populations migrate to common
breeding sites. Of the Teal caught and ringed during the 1990/91 winter, two were shot in
Finland and one was controlled (caught and released alive) breeding in Denmark. If
segregation of the breeding population does occur on the Mersey, then it would be expected
that Teal caught together might have an increased level of genetic similarity. This could be
- tested for by collecting blood samples from Teal for genetic analysis.

3.4.2 Pintail
3.4.2.1 Day and night Piutail distributions

Pintail used highly disturbed sections less during the day than at night. Disturbance was
suggested as a reason for the lesser use of the MSCC sludge pool by Teal during the 1990/91
winter (Rehfisch et al. 1991), and is known to affect geese (Owen 1972; Forshaw 1983;
Madsen 1985; Prins & Ydenberg 1985; Keller 1991) as well as other waterfowl (van der
Zande ef al. 1980; Prater 1981; Belanger & Bedard 1989). The areas considered to be
more disturbed on the Mersey are mainly affected by day-time movements of humans and
dogs, especially out on mudflats where dogs are allowed to run and humans are more prone
to carry out such activities as boat maintenance -and bait-digging. It is probable that these
activities make Pintail choose alternative feeding sites during the day. Birds that may be
disturbed by small scale human movements may tolerate large-scale engineering activity
(Johnson et al. 1987), such as occurs in the Stanlow industrial complex, or else habituate
to it if, for example, noise is occurring regularly (Hockin ef al. in press). Birds disturbed
by human activities will return after these activities cease if the feeding conditions are good
- (Burger 1988). Birds are generally more tolerant of disturbance if they are finding it difficult
to maintain their calorific intake (Poysa 1987; Hill 1990).

The Stanlow area, a nature reserve largely free of human disturbance, was used by more
Pintail during the day than at night. This tallies with the human disturbance hypothesis.

All-day observations carried out at Mount Manisty confirmed that there were many fewer
feeding and roosting Pintail in the area at night than in the day (Section 2.3.4).

3.4.2.2 Comparison of Pintail distribution in relation to high or low tides

The Pintail distribution varied with high and low tide. The duck were found in greater
numbers in the Stanlow area at high tide than at low tide. Similarly, all-day counts showed
that the area around Mount Manisty was used extensively at high tide by both feeding and,
especially, roosting Pintail (Section 2.3.4). Pintail only fed on the saltmarsh in large numbers
when it flooded. Pintail thus fed mainly on high spring tides, but would still form roosts on
neap tides.

Pintail used Bromborough, the Stanlow area and the Oglet saltmarshes more frequently at
- high tide than at low tide. These areas are either non-tidal, or contain saltmarshes that are
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covered only by the highest tides. Bromborough and the Stanlow area are used mainly as
high tide roosts.

3.4.2.3  Pintail estuary usage

No Pintail were tracked outside the Mersey Estuary. The Mersey Estuary was essential to
the feeding of the Pintail population. Pintail were tracked more frequently on mudflats than
any other habitat type (163 ¢f. 55 locations). This indicates that invertebrates must form an
important component of the diet of Pintail on the Mersey, as has been noted in other places
(Olney 1965; Cramp & Simmons 1977; Euliss ef al. 1991). As for Teal (Section 3.4.1.4),
the meiobenthos may be important,

Pintail fed on the Mount Manisty and Stanlow saltmarsh only when it was flooded. For the
saltmarsh to flood the tide had to reach 9.3m O.D. or more. This only occurred in 58 out
- of 294 (19.7%) high tides from 1 November 1991 to 31 March 1992, with intervals of up
to 29 days between high tides of at least 9.3m. It is thus unlikely that saltmarsh feeding is
not essential for the survival of these ducks. This type of opportunistic use of a habitat was
also noted during the 1990/91 winter when Teal and Pintail were recorded flying into the
MSCC sludge pool in large numbers until it froze over (Rehfisch et al. 1991). Pintail are
known to have seasonal changes in their diet (Euliss et al. 1991).

Pintail fed on the Mersey mudflats until these were covered. On neap tides, the birds tended
to stay in situ if they were not dislodged by human disturbance during the day; if the Pintail
were disturbed they would fly to the less disturbed saltmarsh areas -around Mount Manisty
at high tide. On spring tides, Pintail were frequently forced to fly to Mount Manisty as all
of the mudflats would be covered, and there they would feed on the flooding saltmarsh on
tides of over 9.3m O.D. Many fewer Pintail would use the Mount Manisty saltmarsh at night
due to lessened human distarbance in such areas as New Ferry and Garston, and also
possibly because of the potential threat of mammalian predators (eg Miller et al. 1992). The
fox (Vulpes) is common on the saltmarsh, but difficult to see at night.

Pintail were dependent on the Mersey Estuary for both feeding and roosting. Any loss of
intertidal mudflats could well lead to a decline in the internationally important Pintail
- populations on the Mersey. Increased levels of disturbance on the estuary, by recreational
water sports for example, could also lead to reduced Pintail populations, especially if the
disturbance was throughout the tidal cycle and occurred extensively throughout the estuary.
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SECTION 4

THE DISTRIBUTION OF WATERFOWL IN RELATION

TO INVERTEBRATES

BTO Research Report No. 96
December 1992 59



BTO Research Report No. 96
December 1992

60



4.1 INTRODUCTION

The proposed tidal barrage on the Mersey Estuary will have an impact on the estuarine
environment and is thus likely to affect the number of waterfowl that can feed on the
intertidal mudflats (Ebrahimi & Elliott 1991; Gray 1992; Mersey Barrage Company
1992). Behind a barrage, the tidal range is reduced. This lessens the area of mudflats
exposed at low tide and also reduces the time that they are uncovered for feeding. A decline
in feeding area can lead to a fall in waterfowl populations (Goss-Custard & Moser 1988).
This effect may be counteracted by the reduction in tidal range which can lead to an increase
in the biological productivity through the more regulated nature of the post-barrage estuary
(Kirby 1987).

Estuaries are habitats rich in birds because of their generally high productivities (Prater
1981; McLusky 1981; Wilson 1988). In the context of the proposed Mersey barrage, it is
important to know what prey are utilized by the Mersey Estuary waterfow] populations, and
to what extent the potential prey resources are being exploited pre-barrage. As a result of the
construction of the proposed barrage, there will be changes to the productivity of the estuary
and, hence, the level of exploitation of the available invertebrates and plant matter could be
modified considerably, with potentially serious implications for the birds.

To further the understanding of the way that the Mersey waterfowl utilize the estuary, an
invertebrate sampling program, started during the 1990/91 winter by Environmental
Resources Limited, was continued for the second 1991/92 winter. It was then necessary to
examine the association of waterfowl distributions ‘with ‘the -numbers or biomass of the
various invertebrate species. This is the subject of this section.

4,2 DATA COLLECTION, PRESENTATION AND ANALYSIS
" 4.2.1 Data collection

The program of invertebrate and seed sampling started by Environmental Resources Limited
(ERL) during the 1990/91 winter was continued throughout the 1991/92 winter (McGill et
al. 1992; Mersey Barrage Company 1992). Analysis of the 1990/91 winter’s data had
shown no significant relationships between invertebrate densities and bird densities (Rehfisch
et al. 1991). A change in the siting of the invertebrate sampling stations was required to
increase the probability of detecting any relationships that might exist between waterfowl and
invertebrates. After consultation between ERL and the BTO, it became apparent that a few
extra sampling stations could be established, within the constraints of the available man-
power resources. These new stations were sited on mudflats known to hold high densities of
feeding birds, intertidal areas 39, 40, 66, 75 and 78 (Figure 1.2.1).

Most types of inner Mersey habitats were covered by the sampling sites, including areas used
by both high and low densities of birds. The sampling sites included sandbanks, saltmarshes
and their creeks, as well as estuarine mudflats. The complete list of sampling sites and
methodologies can be found in McGill et al. (1992).

~ Invertebrate sampling was carried out by ERL. The BTO received monthly means of
invertebrate numbers and biomass per square metre for each sampling site. Most sites were
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sampled monthly from November to March, in both the 1990/91 and 1991/92 winters. Some
sites, often those with lower invertebrate densities, were sampled less regularly, but at least
once every three months.

4.2.2 Data analysis

Three species of smalt oligochaete worms, Tubifex costatus, Tubificoides benedeni and
Clittelio arenius, were lumped into one category, Oligochaeta, for the purposes of the
analysis, as it is improbable that birds would distinguish between the species. Five other
invertebrate categories were used in the analysis: Nereis diversicolor, Macoma balthica,
Corophium volutator, Hydrobia ulvae and total invertebrates. Species that were found in
either very low densities or that were very localised, were not included in the analysis as
their biomass values were unavailable. It is unlikely that the distribution of birds would be
. determined by rare invertebrate species. Unfortunately no density or biomass data were
available for Arenicola marina, a large oligochaete worm that is eaten by some waders but
which is difficult to sample as it can burrow more rapidly than man can dig. Seeds found in
core samples were not included in the analysis as their densities were very low and, when
recorded, they were from parts of the estuary for which no specific low tide counts were
available (eg individual creeks).

At each sampling station, for each of the two winters, mean density and biomass values were
calculated for each invertebrate category. When several ERL sampling stations were on one
BTO intertidal area the overall mean density and biomass values were calculated by taking
the mean of the winter mean value of each station.

Regression analysis was used in order to detect any associations between feeding bird
populations and the densities and biomass of invertebrates. The bird densities (n0s ha?) were
always treated as the dependent variables. The invertebrate densities (nos m'?) and biomass
(gm?) were used as the explanatory independent variables. The densities of feeding birds
used were those recorded during low tide counts carried out during the 1990/91 and 1991/92
winters on the BTO intertidal areas (Section 1.2.1). The low tide bird counts were chosen
as these were representative of feeding bird distributions and covered the whole of the
Mersey Estuary. Only the most widespread and common species, Shelduck, Teal, Pintail,
Grey Plover, Dunlin, Curlew and Redshank, were used in the analysis.

The analysis was repeated on untransformed and on log,(x + 1) transformed invertebrate
data, being appropriate because the invertebrate, and to a lesser extent the bird, data were
highly skewed, with a few very large values (Sokal & Rohlf 1981).

The regression of the between-winter changes in bird densities (on the BTO intertidal areas)
on the between-winter changes in invertebrate densities and biomass was also examined.

Regressions were considered significant only if they were significant at the conventional 5%
level and there was no evidence of a single outlying value which would have contributed
overly to the significance of the correlation.

The proportion of the variance in the distribution of the birds explained by invertebrate
densities or biomass can be indicated by the coefficient of determination (7?).
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4.3 RESULTS
4.3.1 Shelduck

Regression analysis showed no statistically significant Tinks between Shelduck densities and
invertebrate densities, invertebrate biomass and log,-transformed densities (Tables 28-30) but
Shelduck distribution could be partly explained by the log,-transformed biomass of the
Oligochaeta (72 = 0.283, n = 28, P = 0.0036), and the log -transformed total biomass of
the invertebrates (r? = 0.203, n = 28, P = 0.0162) (Tables 31 & 32).

Between-year changes in total invertebrate biomass partly explained between-year changes
in Shelduck numbers (72 = 0,309, n = 13, P = 0.0486) (Tables 33 & 34).

4.3.2 Teal

Regression analysis showed no statistically significant links between Teal densities and
~ invertebrate densities, log,-transformed densities and biomass (Tables 28-30) but Teal
distribution could be partly explained by the log.-transformed biomass of the Oligochaeta (r?
= 0.361, n = 28, P = 0.0036) (Tables 31 & 32).

Between-year changes in invertebrate biomass did not help explain between-year changes in
Teal numbers (Table 33).

4.3.3 Pintail

Regression analysis showed no statistically significant links between Pintail densities and
invertebrate densities, log.-transformed densities, biomass or log,-transformed biomass that
were not due to the effect of single outliers value (Tables 28-31).

Between-year changes in invertebrate biomass did not help explain between-year changes in
Pintail numbers (Table 33).

4.3.4 Grey Plover

Regression analysis showed no statistically significant links between Grey Plover densities,
~ invertebrate densities, log -transformed densities, biomass and log,-transformed biomass, that
were not due to the effect of one outlying value (Tables 28-31).

Between-year changes in invertebrate biomass did not help explain between-year changes in
Grey Plover numbers (Table 33).

4.3.5 Dunlin

Regression analysis showed no statistically significant links between Dunlin densities and
invertebrate densities, log -transformed densities and biomass (Tables 28-30) but Dunlin
distribution could be partly explained by the log.-transformed biomass of the Oligochaeta (r?
= 0.212, n = 26, P = 0.0180), the log,-transformed biomass of Macoma balthica (r*=
0.196, n = 26, P = 0.0234), and the log,-transformed total biomass of the invertebrates
(r2= 0.400, n = 26, P = 0.0005) (Tables 31 & 32).
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. Between-year changes in invertebrate biomass did not help explain between-year changes in
Dunlin numbers (Table 33).

4.3.6 Curlew

Regression analysis showed no statistically significant links between Curlew densities and
invertebrate densities, log-transformed densities, biomass or log,-transformed biomass that
were not due to the effect of single outliers value (Tables 28-31).

Between-year changes in invertebrate biomass did not help explain between-year changes in
Curlew numbers (Table 33).

4.3.7 Redshank

Regression analysis showed no statistically significant links between Redshank densities and
invertebrate densities, log,-transformed densities, biomass or log,-transformed biomass that
were not due {o the effect of single outliers (Tables 28-31).

Between-year changes in invertebrate biomass did not help explain between-year changes in
~ Redshank numbers (Table 33).

4.3.8 Total birds

Regression analysis showed no statistically significant links between. total bird:densities. and
invertebrate densities, log.-transformed densities.and biomass (Tables 28-30) but total bird
distribution could be partly explained by the log;-transformed biomass of the Oligochacta (r
=0.412, n = 32, P < 0.0001) and the log,-transformed total biomass of the invertebrates
(rz2 = 0.395, n = 32, P < 0.0001) (Tables 31 & 32).

Between-year changes in invertebrate biomass did not help explain between-year changes in
total bird numbers (Table 33).

4.4 DISCUSSION

Regression analysis had been used to compare one winter’s bird densities on the Mersey
Estuary with invertebrate numbers (Rehfisch et al. 1991). This first approach did not give
rise to any significant correlations. Repeating this approach using invertebrate biomass data,
_ after two winters of data-gathering, was more successful.

The densities of Shelduck, Teal, Dunlin and total birds were significantly correlated with the
log-transformed Oligochaeta biomass (Table 31). Dunlin densities were correlated with
Macoma balthica densities. The densities of Shelduck, Dunlin and total birds were correlated
with total invertebrate biomass (Table 31). Correlations between the above bird species and
total invertebrate biomass are largely a result of the Oligochaeta, which provide a large
proportion of the total invertebrate biomass. A greater proportion of the variance in Dunlin
densities is explained by total invertebrate biomass than oligochaete biomass alone.
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Duntin and Shelduck have been found to feed on oligochaetes, or be significantly correlated
to oligochaete densities, in previous studies (Goss-Custard ef al. 1988; Cramp & Simmons
1983). Dunlin are also known to feed on Macoma balthica (Cramp & Simmons 1983).

Teal have been found to feed extensively on nematodes in certain intertidal habitats (Gaston
1992) as have other teal species eg Chilean Teal (Anas flavirostrisy (Marchant & Higgins
1990:1264), but generally not on oligochaetes (eg Cramp & Simmons 1977). In fact, they
feed on a very wide variety of invertebrates. The fact that they have not been recorded
feeding on oligochaetes is probably due only to the limited number of hard parts found in
these worms, which makes it difficult to detect them in gut or faecal samples. to aid post-
ingestion identification. Teal have bills that allow the selection of seeds 1mm or less in
diameter (Marchant & Higgins 1990), so they should also be able to separate oligochaetes
from their substrate.

The lack of any other significant correlations for the other bird species may have been
because of: ‘

i)  the relatively limited period of data gathering;

ii)  the relatively limited number of sampling sites (a problem with most invertebrate-bird
studies, due to the labour-intensive nature of invertebrate sample sorting);

- ii) the lack of data on such species as Arenicola marina, which are a major prey of
Curlew (Cramp & Simmons 1983);

iv)  the species not being limited by available food, in both years, but by, for example,
predator avoidance (Whitfield 1988) or intra-specific interactions.

The between-year changes in total invertebrate biomass helped predict between-year changes
in Shelduck densities, but in no other waterfowl species (Table 33). It is possible that this
species is closer to carrying-capacity than the other waterfowl and that changes in
invertebrate biomass will effectively limit the numbers of this duck. This could be tested for
by comparing changes in Shelduck numbers with the gradually declining invertebrate prey
through the winter, ie looking at how the monthly changes in Shelduck numbers vary with
the monthly changes in invertebrate biomass.

The fact that the invertebrate biomass and bird densities had to be logged before significant
correlations became apparent is a reflection of the relationship between the predictor and the
predicant. Natural logarithm transformations of both predictor and predicant straighten
asymptotic curves (a line that continually approaches a curve but never meets it) (Fowler &
Cohen 1987:115).

Studies of how bird distributions relate to prey densities (Meire & Kuyken 1984:66; van
Eerden 1984:92; Krebs 1978:39) suggest that birds should not be found at very low
densities (or biomass) of prey, as it should not be profitable for them to forage under such
conditions. Bird densities should start increasing rapidly from a certain minimum level of
prey, before levelling off as intra-specific bird interactions start to be limiting (Figure 4.4.1).
An asymptotic curve approximates such a relationship without the initial tail. Data fitting a
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distribution such as that represented by Figure 4.4.1 would be likely to show a good straight
line fit after a predictor/predicant natural logarithm transformation.

It would thus appear that Shelduck, Teal, Dunlin and the total birds on the inner Mersey
Estuary could well be distributed in a way approximating that represented in Figure 4.4.1
when feeding on Oligochaeta. This type of relationship could also model Dunlin densities
- from Macoma balthica biomass, and Shelduck, Dunlin and total bird densities from total
invertebrate biomass. The past studies that have correlated numbers or densities of potential
prey species to bird numbers (eg Goss-Custard et al. 1988) have rarely arrived at such a
relationship. This is probably due to the approach being inherently flawed in that invertebrate
numbers are not representative of the amount of available nutrition, as there are large
variations in the size, and even greater variations in the weight, of individual organisms
within one invertebrate species. Invertebrate biomass is a much better indicator of the
potential ‘value’ of an area to feeding birds than is density, because the relationship between
biomass and calories (energy available to birds) will be fairly constant within an invertebrate
species, and even between species, as there is little variation in the calorific value of biomass
units between species (McLusky 1981:31). The results of this analysis confirm that
invertebrate biomass is a better predictor of waterfowl densities than are invertebrate
densities. The ideal analysis would also include dividing the invertebrate data into biomass
size-classes, as birds are known to select prey according to size (Krebs 1974:26&32).

Small invertebrates, such as Oligochaeta and Nematoda, have often been largely ignored in
the past due to difficulties involved in their identification and sampling (Wolff. & Smit 1990;
Zwarts et al. 1990). Many authors conveniently .assume 'that birds will not feed on such
small prey "... nematodes ... were not identified because they are unlikely prey ..." (Goss-
Custard et al. 1988), though recent studies either prove that these small invertebrates can
be a major part of the diet of some waterfowl (Gaston 1992) or clse imply strongly that
small invertebrates must be important (Zwarts et al. 1990). Such a priori errors in bird diet
studies are not uncommon (Bielefeldt et al. 1992).

The results of this study demonstrate that such small invertebrates as oligochaetes can be the
best predictors of waterfowl densities. There is a limited difference in the shape and size of
nematodes and such oligochaetes as Tubificoides benedeni, and it is unlikely that birds will
differentiate between them when feeding. The invertebrate sampling on the Mersey did
include a quantitative survey of nematode numbers, but this did not include biomass
calculations. Nematodes were thus not included in the analysis, though they might have
helped improve bird density prediction.

The major component of the small Oligochaeta was Tubificoides benedeni, a species that can
withstand grossly polluted estuaries (Gray 1976). The proposed tidal barrage may increase
the retention time of the upstream waters. This may lead to the increased retention of
pollutants (Mersey Barrage Company 1992:142). Tubificoides benedeni is a species (or
species complex) that should be able to tolerate any such increase in pollution.

- The barrage will also affect the amount of intertidal feeding time available to birds by
retaining waters beyond high tide to increase power generation. This will lead to intertidal
areas remaining covered for longer periods of the tidal-cycle. This could limit the availability
of prey to the waterfowl and could lessen the bird densities accommodated on the post-
barrage Mersey Estuary. This effect would only become apparent if the bird populations were
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already at carrying-capacity on the Mersey Estuary. The lack of significant correlations
between some of the bird species and invertebrate biomass would tend to imply that this is
probably unlikely, though the relationship may be complicated by fish and shrimps that can
have a large impact on invertebrate populations (Summers 1974). The possible exception to
this is Shelduck, the densities of which varied with between-year changes in invertebrate
densities.

Summary: the best predictions of bird densities could be made from small oligochaete
biomass. Invertebrate densities were not found to be of use in predicting bird densities. The
~ birds may bave distributed themselves in the way predicted by a simple intuitive model
(Figure 4.4.1). The barrage will impact on bird populations by limiting the intertidal areas
that the birds feed on, but may not affect a major prey species of Shelduck, Teal and Dunlin,
the pollution resistant oligochaete, Tubificoides benedeni.
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RECOMMENDATIONS FOR FURTHER WORK

1 Winter movements of waterfowl

Conservation groups are interested in knowing what the impact of the proposed tidal
barrage will be on the waterfowl populations of the Mersey Estuary. After a
preliminary analysis of ringing recoveries (Clark et al. 1990c) it is still uncertain
whether the estuary has stable populations of waterfowl during the winter or whether
there is a considerable turnover of birds. To determine which of these hypotheses is
correct, the movements of dye-marked samples of each of the key waterfowl species
on the Mersey should be followed through the winter, both within the Mersey Estuary
and in the rest of Britain, using the network of BTO volunteers and professional
scientists. This would enable an assessment to be made of how critical the Mersey
Estuary is for waterfowl.

. 2 Time budgets and feeding distribution analysis

In tandem with the above project, time budgets (the amount of time spent feeding and
prey intake rates), with simultaneous between-bird distance measurements, should be
carried out using a dye-marked indicator species such as Redshank. This would enable
an assessment of prey intake rates to be made in relation to the distances between
feeding birds and habitat. This information is important in the context of the changing
post-barrage environment which may force birds to feed in smaller areas and less
suitable habitats, leading to increased competition for:space :(and food), a situation
which may be particularly detrimental to younger birds.

3 Assessment of mitigation measures

One of the Frodsham lagoons was used by very large numbers of Pintail and Teal
during the 1990/91 winter. Similar lagoons in various parts of Britain are very
attractive to waterfowl. In the context of post-barrage mitigation measures it is
important to assess the potential of the Frodsham lagoons as substitutes for any loss
of intertidal areas that may occur. This requires the monitoring of the present physical
and chemical characteristics of the lagoons, their present and invading plant and
animal faunas, and their present usage by waterfowl. Artificial manipulations of the
chemistry and water-levels of the lagoon could increase their plant and animal
productivity, making them much more attractive to birds.

4 The proportion of available food taken by birds

Several small areas of Oglet and Stanlow should be studied intensively throughout the
winter in parallel with a simultaneous invertebrate sampling program. Regular counts
of the birds using the area would enable an estimate to be made of the proportion of
invertebrates taken by birds. Comparing this to the actual change in invertebrate
biomass would help evaluate the predatory pressure exerted by birds. Repeating the
procedure in several habitats should allow the effect of sediment type, nearness of
land, and other parameters to be taken into account.
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5 Waterfowl disturbance

The levels of human disturbance would be expected to increase dramatically in some
parts of the Mersey Estuary during construction of the barrage eg at New Ferry.
Furthermore birds could be subjected to more disturbance post-barrage if there were
an increase in recreational use of the waters upstream of the barrage. Evidence of
human disturbance to waterfowl should be collated from the four winters of work on
the Mersey. For example, Pintail were seen to be affected by human disturbance this
winter, especially at high tide. Detailed field experiments should then be carried out.
The level at which human activity becomes disturbing to waterfowl should be
measured by observations in both disturbed and non-disturbed parts of the Merscy.
This would allow habituation (the facility birds have to get used to repeated
disturbance) to be taken into account.

6 Barrage construction and birds

Construction of the barrage will lead to increased disturbance. Human activity,
traffic, noise, dust and light levels will increase. The works will lead to sediment
changes and a reduction in tidal amplitude which will lead to higher saltmarshes
remaining uncovered for a year or two towards the end of the construction phase.
Saltmarsh communities are known to recover slowly after periods of drying. After
barrage closure there will be a transition phase, which may last 5 to 20 years, before
a more stable system is attained. This period of transition is very imperfectly
understood, but may lead to great changes in'the habitats-and invertebrates- available
to birds. Some of these new habitats will be beneficial to birds, others will not. A
review of the scenarios and attendant physical and biological changes that are likely
to occur during the construction and transitional phases should be undertaken to
reduce the uncertainties manifest in this area.

BTO Research Report No. 96
December 1992 70



ACKNOWLEDGEMENTS

. The many hours of labour freely given by the teams of low tide and BoEE counters have
helped give this report an authority that would have been otherwise impossible. We wish to
thank T. & J. Bradshaw, A. Butler, C. Clee, R. Cockbain, S. Cross, D. Elphick, C. Famell,
J. Fox, T. Green, A. Hitchmough, S. & J. Kemp, T. Mawdsley, G. McEvoy, A. Parker,
G. Phillips, P. Slater, C. Stewart, J. Taylor, G. Thomason and I. Wolfenden and the many
others who participated in the counts.

This project was jointly funded by the Mersey Barrage Company and the Department of
Trade and Industry. Environmental Resources Limited collected the invertebrate data used
in this report, and we wish to thank in particular, Dr John Towner, Dr Alan Jemmett, James
McGill, Ross Jones, Richard Head and Mat Bolton.

Barry Jackson and George Broughton were of great assistance, helping us move heavy
equipment at a moments notice.

Stephen Dodd was of great assistance in catching Teal and Pintail. It was a pleasure working
with the Mersey Ringing Group, and in particular Peter Coffey and David Norman,

Shell UK Ltd and the Manchester Ship Canal Company allowed us access to Stanlow and
. through Eastham Ferry and were very helpful. Eric Hardy of the Mersey Naturalist Trust
kindly gave us permission to catch duck in Stanlow Bay.

Sophie Foulger was essential to the production of this report. Drs Jeremy Greenwood and
Rowena Langston were available for constructive comments and proof-read an early draft.

BTO Research Report No. 96
December 1992 71



BTO Research Report No. 96
December 1992

72



REFERENCES

Alldredge, J.R. & J.T. Ratti. 1986. Comparison of some statistical techniques for analysis
of resource selection. J. Wildl. Manage. 50:157-165.

Baker, J.M. 1981. Winter feeding rates of Redshank 7ringa totanus and Turnstone Arenaria
interpres on a rocky shore. Ibis 123:85-87.

Belanger L. and Bedard J. 1989. Responses of staging Greater Snow Geese to human
disturbance. J. Wildl. Manage. 53:713-719

Bielefeldt, J., R.N. Rosenfield & J.M. Papp. Unfounded assumptions about diet of the
Cooper’s Hawk. Condor 94:427-436.

Burger, J. 1988. Effects of demolition and beach clean-up operations on birds on a coastal
mudflat in New Jersey. Estuarine Coastal Shelf Sci. 27.95-108

Clark, N.A. 1983. The ecology of the Dunlin (Calidris alpina L.) wintering on the Severn
Estuary. Ph.D. thesis, University of Edinburgh, 344pp.

" Clark, N.A., P.F. Donald, T.M. Mawdesley & R.J. Waters. 1990a. The impact of the
Mersey oil spill of August 1989 on the populations and distributions of waterfowl.
Report 3A to MOSPAG.

Clark, N.A., P.F. Donald, T.M. Mawdesley, & R.J. Waters. 1990b. The day and night
distributions of waterfowl on the Mersey and adjacent-areas. B.T.O. Research Report
No. 66. (ETSU TID 4089), 152pp.

Clark, N.A., J.S. Kirby, R.H.W. Langston, P. Donald, T. Mawdesely & J. Evans. 1990c.
Waterfowl migration and distribution in north west estuaries. B.T.O. Research Report
No. 54. (ETSU TID 4074-P1/2), 149pp + tables & figures.

Cramp, S. & K.E.L. Simmons. (eds.) 1977. The birds of the Western Palearctic. Vol. L.
Oxford University Press, Oxford. pp714.

Cramp, S. & K.E.L. Simmons. (eds.) 1983. The birds of the Western Palearctic. Vol. IIL
Oxford University Press, Oxford. pp913.

Ebrahimi, A, & G. Elliott. 1991. Energy policy and birds. Ecos 12:21-28.

Euliss, N.H., R.L. Jarvis & D.S. Gilmer. 1991. Feeding ecology of waterfowl wintering on
evaporation ponds in California. Condor 93:582-3590.

Evans, P.R. 1976. Energy balance and optimal foraging strategies in shorebirds: some
implications for their distribution and movement in the non-breeding season. Ardea
64:117-139,

Evans, P.R. & P.J. Dugan. 1984. Coastal birds: numbers in relation to food resources. In:
' Coastal waders and wildfowl in winter. (Ed. P.R. Evans, J.D. Goss-Custard & W.G.
Hale). Cambridge University Press, Cambridge. pp8-28.

BTO Research Report No. %96
December 1992 73



Forshaw, W.D. 1983. Numbers, distribution and behaviour of Pink-footed Geese in
Lancashire. Wildfowl 34:64-76

Fowler, J. & L. Cohen. 1987. Statistics for Ornithologists. B.T.O. Guide 22.
Gaston, G.R. Green-winged Teal ingest epibenthic meiofauna. Estuaries 15:227-229.

Giroux, J-F., D.V. Bell, S. Percival & R.W. Summers. 1990. Tail-mounted radio-
transmitters for waterfowl. J. Field. Ornithol. 61:303-309.

Goss-Custard, J.D. 1969. The winter feeding ecology of the Redshank Tringa totanus. Ibis
111:338-356.

' Goss-Custard, J.D. 1977. The ecology of the Wash III. Density-related behaviour and the
possible effects of a loss of feeding grounds on wading birds (Charadrii). J. Appl.
Ecol. 14:721-739

Goss-Custard, J.D. 1987. Barrages and populations of wading birds, Charadrii, on estuaries.
In: Barrages and coastal technology. The Nautical Institute. pp. 34-46.

Goss-Custard, J.D. & S.E.A. le V. dit Durell. 1984. Feeding ecology, winter mortality and
the population dynamics of Oystercatchers on the Exe estuary. In: Coastal waders
and wildfowl in winter. (Eds P.R. Evans, J.D. Goss-Custard & W.G. Hale).
Cambridge University Press, Cambridge. pp190-208.

Goss-Custard, J.D., R.A. Jenyon, R.E. Jones, P.E. Newbery & R. le B. Williams. 1977a. -
The ecology of the Wash. II. Seasonal variation in the feeding conditions of wading
birds (Charadrii). J. Appl. Ecol. 14:701-719.

Goss-Custard, J.D., D.G. Kay & R.M. Blindell. 1977b. The density of migratory and over-
wintering Redshank and Curlew, in relation to the density of their prey in S.E.
England. Estuar. Coast. Mar. Sci. 5:497-510

Goss-Custard, J.D. & M.E. Moser. 1988. Rates of change in the numbers of Dunlin,
Calidris alpina, wintering in British estuaries in relation to the spread of Spartina
anglica. J. Appl. Ecol. 25:95-109.

Goss-Custard, J.D., M.G. Yates, S. McGrorty, K. Lakhani, S.E.A. le V. dit Durell, R.T.
Clark, E. Rispin, 1. Moy & T. Yates. 1988. Wash birds and invertebrates. Report
to the Department of the Environment. ITE, pp.276.

Gray, A. 1992. The ecological impact of estuarine barrages. British Ecological Society
Ecological Issues No. 3. Field Studies Council, Shrewsbury. pp43.

Gray, J.S. 1976. The fauna of the polluted River Tees estuary. Est. coastal mar. Sci. 4.655-
676.

Greenwood, R.J. & A.B. Sargeant. 1973. Influence of radio-packs on captive Mallard and
Blue-winged Teal. J. Wildl. Manage. 37:3-9.

BTO Research Report No. 96
December 1992 74



Heppleston, P.B. 1971. The feeding ecology of Oystercatchers (Haematopus ostralegus L.)
in winter in northern Scotland. J. Anim. Ecol. 40:651-672.

Hill, D.A. 1990. The impact of noise and artificial light on waterfow! behaviour: a review
and synthesis of available literature. Report on the Second Severn Crossing to EAU
Ltd.

Hockin, D., Stevenson, J., Ounsted, M., Gorman, M., Hill, D., Keller, V. & M.A. Barker
(in press). Examination of the effects of disturbance on birds with reference to its
importance in ecological assessments. J. Environ. Manage.

Johnson, S.R., Herter D.R. & M.S.W. Bradstreet. 1987. Habitat use and reproductive
success of Pacific Eiders Somateria mollissima v-nigra during a period of industrial
activity. Biol. Conserv. 41:77-89

" Keller V.E. 1991, The effect of disturbance from roads on the distribution of feeding sites
of geese (Anser brachyrhynchus and A.anser) wintering in NE Scotland. Ardea
79:229-231

Kelsey, M.G. & M. Hassall. 1989. Patch selection by Dunlin on a heterogenous mudflat.
Ornis Scand. 20:250-254.

Kenney, S.P. & R.L. Knight. 1992. Flight distances of Black-billed Magpies in different
regimes of human density .and persecution. Condor 94:545-547.

Kenward, R. 1987. Wildlife radio tagging. Equipment, field technigues and data analysis.
Academic Press. London.

Kirby, J.S., R.J. Waters & R.P. Prys-Jones. 1990. Wildfow! and wader counts 1989-1990.
WWT, Slimbridge.

Kirby, J.S., J.R. Ferns, R.J. Waters and R.P. Prys-Jones. 1991. Wildfowl and wader counts
1990-91. WWT, Slimbridge. '

" Krebs, J.R. 1978. Optimal foraging: decision rules for predators. In: Behavioural ecology.
An evolutionary approach. (Ed. J.R. Krebs & N.B. Davies). Blackwell Scientific
Publications, Oxford. pp23-63. '

Lambeck, R.H.D. 1991. Changes in abundance, distribution and mortality of wintering
Opystercatchers after habitat loss in the Delta area, SW Netherlands. Acta XX
Congressus Internationalis Ornithologici pp.2208-2218.

Madsen J. 1985. Impact of disturbance on field utilisation by Pink-footed Geese in West
Jutland, Denmark. Biol. Conserv. 33:53-63.

Marchant, S. & P.J. Higgins (Eds). 1990. Handbook of Australian, New Zealand and
Antarctic birds. Volume IB. Oxford University Press, Oxford. pp.1400.

BTO Research Report No. 96
December 1992 15



McCulloch, M.N. & N.A. Clark. 1992. Habitat utilisation by Dunlin on British estuaries.
British Trust for Ornithology, Report No. 86.

McGill, J., J. Towner, A. Jemmett & R. Jones. 1992, Stage Illa environmental studies- E4
invertebrate studies in the Mersey Estuary. Environmental Resources Limited,
London.

McLusky, D.M. 1981. The estuarine ecosystem. Tertiary Level Biclogy. Blackie, Glasgow.

Meire, P.M. 1991. Effects of a substantial reduction in intertidal area on numbers and
densities of waders. Acta XX Congressus Internationalis Ornithologici pp.2219-2226.

Meire, P. & E. Kuyken. 1984. Relations between the distribution of waders and the intertidal
benthic fauna of the QOosterschelde, Netherlands. In: Coastal waders and wildfowl in
winter. (Ed. P.R. Evans, J.D. Goss-Custard & W.G. Hale). Cambridge University
Press, Cambridge. pp57-68.

Mersey Barrage Company. 1992. Mersey Barrage Stage HI: Volume 2. Revised Draft
Technical Report. Environmental Resources Limited, London.

Miller, M.R., J.P. Fleskes, D.L. Orthmeyer & D.S. Gilmer. 1992. Survival and other
observations of adult female Northern Pintails molting in California. J. Field
Ornithol. 63:138-144.

Neu, C.W., C.R. Byers & J.M. Peck. 1974. A technique for analysis of utilization-
availability data. J. Wildl. Manage. 38:541-545.

Ogilvie, M.A. 1981. Hard weather movements of Anas crecca ringed in western Europe-
a preliminary computer analysis. Proceedings of the INRB Symposium Alushta, USSR,
ppl19-135.

Olney, P.J.S. 1963. The food and feeding habits of Teal Anas crecca L. Proc. zool.
Soc. Lond. 140:169-210.

Olney, P.J. 1965. The autumn and winter feeding biology of certain sympatric ducks. Proc.
6th Congr. Int. Union of Game Biologists Trans. 6:309-322.

- Owen, M. 1972, Movements and ecology of White-fronted Geese at the New Grounds,
Slimbridge. J. Appl. Ecol. 9:385-398.

Percival, S.M. 1991. The population structure of Greenland Barnacle Geese Branta leucopsis
on the wintering grounds on Islay. Ibis 133:357-364.

Pienkowski, M.W. 1982. Diet and energy intake of Grey and Ringed Plovers, Pluvialis
squatarola and Charadrius hiaticula, in the non-breeding season. J. Zool., Lond.
197:511-549.

BTO Research Report No. 96
December 1992 76



Pirot, J.-Y., K. Laursen, J. Madsen & J.-Y. Monval. 1989. Population estimates of swans,
geese, ducks and Eurasian Coot Fulica atra in the Western Palearctic and Sahelian
Africa. In: Flyways and reserve networks for water birds. (Eds H. Boyd & J.-Y.
Pirot). IWRB Spec. Publ. 9. Slimbridge, UK. pp.14-23.

Poysa, H. 1987. Numerical and escape responses of foraging teals Anas crecca to predation
risk. Bird Behaviour 71:87-92.

Prater, A.J., 1972, The ecology of Morecambe Bay. 3. The food and feeding habits of Knot
Calidris canutus (L.) in Morecambe Bay. J. Applied Ecology 9:179-194,

Prater, A.J. 1981. Estuary birds of Britain and Ireland. T. & A.D.Poyser. 440pp.

Prins, H.H.Th. & R.C. Ydenberg. 1985. Vegetation growth and seasonal habitat shift of the
barnacle goose (Branta leucopsis). Oecologia 66:122-125.

Rands, M.R.W. & J.P. Barkham. 1981. Factors controlling within-flock feeding densities
in three species of wading bird. Ornis Scand. 12:28-36.

Rehfisch, M.M., 1. Sim, N.A. Clark, P.F. Donald & S. Warbrick. 1991. Waterfowl
distribution and diet on the Mersey Estuary and adjacent areas. B.T.O. Research
Report No. 77.

Schroth, K-E. 1991. Survival, movements, and -habitat selection of released Capercaillie in
the north-east Black Forest in 1984-1989. Ornis Scand. 22:249-254,

Smit, C.J. & T. Piersma. 1989. Numbers, midwinter distribution-and migration of wader
populations using the East Atlantic flyway. In: Flyways and reserve networks for
water birds. (Eds H. Boyd & J.-Y. Pirot). IWRB Spec. Publ. 8. Slimbridge, UK.
pp.14-23.

Sokal, R.R. & F.J. Rohlf. 1981. Biometry. Freeman, San Francisco.

Summers, R. 1974. Studies on the flounders of the Ythan estuary. Ph.D. Thesis, University
of Aberdeen.

Tamisier, A. 1974. Etho-ecological studies of Teal entering in the Camargue (Rhone Delta,
France). Wildfowl 25:123-133.

Tamisier, A. 1985. Some considerations of the social requirements of ducks in winter.
Wildfow! 36:104-108.

Tjallingii, S.J. 1972. Habitat selection of the Avocet (Recurvirostra avoseita) in relation to
feeding. Proceedings of the 15th Ornithological Congress. pp.696-697.

van der Zande, A.N., W.J. Keurs & W.J. van der Weijden. 1980. The impact of roads on
the densities of four bird species in an open field habitat - evidence of a long distance
effect. Biol. Conserv. 18:299-321

BTO Research Report No. 96
December 1992 77



van Eerden, M.R. 1984. Waterfowl movements in relation to food stocks. In: Coastal waders
and wildfowl in winter. (Ed. P.R. Evans, J.D. Goss-Custard & W.G. Hale).
Cambridge University Press, Cambridge. pp84-100.

Wanless, S. 1992, Effects of tail-mounted devices on the attendance behaviour of Kittiwakes
during chick rearing. J. Field Ornith. 63:169-176.

White, G.C. & R.A. Garrott. 1990. Analysis of wildlife radio-tracking data. Academic Press.
London.

Whitfield, D.P. 1988. Sparrowhawks Accipter nisus atfect the spacing behaviour of wintering
Turnstone Arenaria interpres and Redshank Tringa toranus. 1bis 130:284-287.

Wilson, H.J., D.W. Noriss, A. Walsh, A.D. Fox & D.A. Stroud. 1991. Winter site fidelity
in Greenland White-fronted Geese: implications for conservation and management.
Ardea 79:287-294.

Wilson, J.G. 1988. The biology of estuarine management. Croom Helm, London. pp.204.

Wolff, W.J. 1969. Distribution of non-breeding waders in an estuarine area in relation to the
distribution of their food organisms. Ardea 57:1-28.

Wolff, W.J. & C.J. Smit. 1990. The Banc d’Arguin, Mauritania, as an environment for
coastal birds. Ardea 78:17-38.

 Wood, A.G. 1983. Grey Plover time budgets - a hard days night. Wader Study Group Bull.
- 39:51.

Wood, A.G. 1986. Diumal and nocturnal territoriality in the Grey Plover at Teesmouth, as
revealed by radio-telemetry. J. Field Ornith. 57:213-221.

Zwarts, L. 1990. Increased prey availability drives premigration hyperphagia in Whimbrels
and allows them to leave the Banc d’Arguin, Mauritania, in time, Ardea 78:279-300.

Zwarts, L. & A-M. Bldmert. 1990. Selectivity of Whimbrels feeding on Fiddler Crabs
explained by component specific digestabilities. Ardea 78:193-208.

reach high feeding densities on the intertidal flats of the Banc d’Arguin, Mauritania.
Ardea 78:39-52.

Zwarts, L., A-M. Blomert & R. Hupkes. 1990. Increase in feeding time in waders preparing
their spring migration from the Banc d’Arguin, Mauritania. Ardea 78:237-256.

 Zwarts, L. & S. Dirksen. 1990. Digestive bottleneck limits the increase in food intake of
Whimbrels preparing their departure from the Banc d’Arguin, Mauritania, in spring.
Ardea 78:257-278.

BTO Research Report No. 96
December 1992 78



TABLES

BTO Research Report No, 96
December 1992 79



BTO Research Report No. 96
December 1992

30



Av. peak winter % of British % of European

count (Nov.- Mar.} population population®
SHELDUCK 3745 5.0 i.5
Tadorna tadorna
WIGEON 6616 2.6 0.9
Anas penelope
TEAL 11705 11.7 2.9
Anas crecca :
MALLARD 1195 0.2 <0.1
Anas platyrhynchos
PINTAIL 5925 23.7 8.4
Anas acuta
RINGED PL.OVER 26 0.1 0.1
Pluvialis hiaticula
GOLDEN PLOVER 1106 0.6 (.1
Pluvialis apricaria
GREY PLOVER 854 4.1 0.6
Pluvialis squatarela ’
LAPWING 7012 0.7 0.4
Vanellus vanellus
KNOT 357 0.2 0.1
Calidris canutus
DUNLIN 32528 7.6 2.3
Calidrvis alpina
BLACK-TAILED GODWIT 112 2.2 0.2
Limosa limosa
CURLEW 1434 1.6 0.4
Numenius arquata
REDSHANK 4080 5.4 2.7
Tringa totanus

* For wildfowl, percentages are of the north-west Buropean population (Pirot et al.
1989), for waders percentages are of the east Atlantic flyway population (Smit &
Piersma 1989).

Table 1  The National and International Importance of the Mersey for waterfowl, 1987/88-
1991/92.
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Count Earliest Date Official Date Latest Date
1 14/11/91 17/11/91 19/11/91
2 28/11/91 1/12/91 3/12/91
3 12/12/91 15/12/91 17/12/91
4 26/12/92 29/12/92 30/12/92
5 9/ 1/92 12/ 1/92 15/ 1/92
6 23/ 1/92 26/ 1/92 29/ 1/92
7 127 2/92 16/ 2/92 18/ 2/92
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Table 2 Dates of low tide counts, winter 1991/92.
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Date
Count New Ferry | Stanlow Oglet Mount Manisty

i 10/ 1/92 . | 18/11/91 | 14/11/91 11/11/91
2 200 1792 | 271291 | 26/1191° 20/11/91
3 51292 | 17/12/91 | 2871191 21/11/91
4 292 | oimt | 121291 4/12/91"
5 23/ 1/92 | 23/12/91 5/12/91
6 18/2/92 | 23/12/91" 7/ 1/92
7 28/ 2/92 | 15/ 1192 7/ 192"
8 6/3/92 | 16/ 1/92" 29/ 1/92
9 24/ 1/92 30/ 1/92
10 12 /2/92 2/ 2/92
11 19/ 2/92" 3/ 2/92
12 4/ 3/92° 25/ 2/92°
13 5/3/92

" Count carried out at night

Table 5 Dates of all-day counts, winter 1991/92. Asterisks indicate counts carried out at
night, other counts were carried out in daylight.
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Sections Hale Bromborough | Manisty
1990791 1990/91 1991/92
Upper Estuary 156 33 22
(Sections A-E)
Lower Estuary 7 149 45
(Sections F-L)

Xt = 217.92, d.f. =2, p < 0.001

Table 10 Frequency of subsequent observation in the upper and lower estuary of Teal

caught at Hale, Mount Manisty and Bromborough.

Sections Bromborough | Manisty
1990/91 1991/92
Upper Estuary 33 22
(Sections A-E)
Lower Estuary 149 45
(Sections F-L)

x? =533, df =1,p < 0.025

Table 11 Frequency of subsequent observation in the upper and lower estuary of Teal

caught at Mount Manisty and Bromborough.
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Sections Day Night

E+G+(E+G) 12 8
C+D+F-+H+I4+K 21 26

X =0.96,df =1,p > 0.05

- Table 12 Comparison of day- and night-time distribution of radio-tagged Teal in the
Mersey Estuary in 1991/92. ‘

Sections High tidé Low tide

C 6 7

D+F 10 9

E+G 4
(F+G) 7 3
H+I+K G

X2 =259, d.f. =4, p >0.05

Table 13 Comparison of high and low tide distribution of radio-tagged Teal in the Mersey
Estuary in 1991/92.
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Sections Day Night
D+F 8 13
G 7 2
F+G) 22 11
H 4 7
I 10 7
J+K 49 56
L 12 10

X>=9.48, d.f. =6, p > 0.05

Table 14 Comparison of day- and night-time distribution of radio-tagged Pintail in the

Mersey Estuary.

high disturbance

Sections Day Night
F+G+I+(F+G) 44 28
low disturbance
D+H+JT+K+L 68 98

x* = 7.39,df =1,p <0.01

Table 15 Comparison of day- and night-time distribution of radio-tagged Pintail in the
Mersey Estuary between areas of low and high disturbance.
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Sections Day Night
G+(F+QG) 29 13
Stanlow saltmarsh
D+F+H+I+J+K+L - 83 93
the rest

¥’ =565 d.f =1,p < 0.025

Table 16 Comparison of day- and night-time distribution of radio-tagged Pintail in the
Mersey Estuary, comparing Stanlow saltmarsh with the rest of the estuary.

Sections High tide Low tide
D+(F+G) 33 8
F 2 11
G 5 4
H+L 9 24
I 6 11
J+K | 54 51

X = 2998, d.f. =5, p <0.001

Table 17 Comparison of high and low tide distribution of radio-tagged Pintail in the

Mersey Estuary.

BTO Research Report No. 96
December 1992

93




76

2661 Joquiacaq

06 "ON 31040y YoIeIsdy OL9

“1S9I 2y} Yim seare 1500l Suredwos ‘Aremsy AosIop
A Ul [rejulg paS3e)-OIpeI JO uONNQUISIP 3pn mo[ pue y3iy jo uosiredwo)d I dqeL

100°0> d *1 = J'p ‘9061 = X

1891 1}
96 L9 T+A+1+H+4A
SlSOOI
€1 4z O+D+1+9+a
apn Mo apn Y3TH SUONORS

"JS9I Y} Yl ysiewnes mofuels Suuredwod ‘Arenisy AosIop
ayi ur Jrejurd pas3e)-OIpeI JO UOHNGLUSIP 3pn mo] pue ySiy jo uostredwo)y Q71 afqel

100°0> ¢ ‘T = TP Og'Ll = X

1821 )
101 9L T+I+[+I+H+A+d
USIBUI MOURIS
8 £€ O+0+D
opT} MO'] apy Y3y SUOTI9S




Bird densities
Section (nos/ha)
) All SuU T PT GV DN CcuU RK
New Ferry | 17.55 0.75 0.07 | 0.39 | 0.00 | 6.96 | 0.24 | 3.03
25-28

33 11.31 1.42 2.77 1 023 | 0.00 | 0.81 | 0.04 | 5.19
35 18.55 2.69 0.88 | 0.11 | 0.00| 11.14 [ 0.12 | 3.51
36 19.58 | 0.28 0.19 | 0.35 | 0.01 [ 14.99 | 0.10 | 3.21
39 8.53 0.78 0.16 | 0.00 | 0.20 | 6.49 | 0.16 | 0.36
40 4.68 0.08 0.00 | 0.00 | 0.02 | 396 | 0.18 | 0.39
47 2.89 0.58 0.32 | 0.00 | 0.00 [ 0.63 [ 0.41 | 0.09
49 0.14 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.14 | 0.00
55 0.43 0.29 0.00 | 0.00 | 0.00 { 0.07 | 0.02 | 0.02
58 0.30 | 0.02 0.03 | 0.00 | 0,00 | 0.02 | 0.21 | 0.02
60 0.29 0.07 0.10 | 0.00 | 0.00 | 0.04 | 0.07 | 0.00
66 5.23 0.33 0.02 | 0.00 | 0.03 | 4.48 | 0.09 | 0.26
68 ' 35.41 4.04 4.15 .0.00 0.09 | 22.78 | 0.41 3.43
69 8.13 1.55 2.97 | 0.02 | 0.00 | 1.67 | 0.02 | 1.52
70 11.96 1.41 1.92 | 0.10 | 0.06 | 5.22 | 0.16 | 2.14
71 11.51 0.84 035 ] 0.00 | 0.00 | 892 | 0.32 | 0.62
75 0.58 0.12 0.13 | 0.04 | 0.00 | 0.00 | 0.04 [ 0.22

76 - - - - - - - -
78 0.01 0.00 0.00 | 0.00 | 0.00 [ 0.00 | 0.01 | 0.00

SU = Shelduck T = Teal PT = Pintail GV = Grey Plover DN = Dunlin

CU = Curlew RK = Redshank All = Total of birds of all species

N.B. New Ferry is mean of four sections corrected for area.

- = missing value.

Table 20 Mean bird densities - winter 1990/91 Mersey low tide counts.
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Bird densities
Section _ (nos/ha)
D All SU T PT GV DN Cu RK
New Ferry | 30.58 | 0.43 1.00 | 1.33 [ 0.00 | 9.69 | 0.52 | 7.39
25-28 _
33 24.43 1.62 2.88 | 092 1 0.00 | 2.12 | 0.23 | 14.08
35 11.67 | 3.64 0.12 | 0.00 [ 0.00 | 7.06 | 0.24 | 0.61
36 10.04 | 0.53 0.07 | 0.10 | 0.02 | 834 | 0.31 | 0.49
39 10.65 | 0.33 0.00 | 0.006 | 0.27 | 880 ( 0.18 | 0.89
40 3.24 0.09 0.00 | 0.00 } 0.00 { 251 | 0.05 | 0.58
47 2.81 0.05 0.00 0.00 0.00 | 2.37 | 0.21 | 0.03
46 0.19 0.01 0.00 | 0.00 | 0.00 | 0.00 } 0.17 | 0.00
55 2.38 0.84 0.00 | 0.00 | 0.00 | 0.00 | 0.18 | 0.17
58 0.23 0.00 0.00 { 0.00 | 0.00 | 0.060 | 0.21 | 0.02
60 0.87 0.11 0.05 | 0.00 | 0.00 | 0.44 { 0.14 | 0.02
66 2.12 0.09 0.00 [ 0.00 | 0.12 | 1.54 | 0.10 | 0.06
68 22.79 | 3.59 5.67 0.00 | 0.00 | 1289 0.11 | 0.50
69 4.18 0.92 1.67 | 0.00 [ 0.00 | 0.05 | 0.07 | 1.30
70 14.06 1.24 224 | 020 | 000 | 5.63 ] 0.14 | 1.04
71 1.84 0.32 0.00 | 0.00 { 0.03 | 1.27 | 0.14 | 0.05
75 0.22 0.00 0.10 { 0.00 { 0.00 | 0.00 | 0.01 | 0.10
76 2.46 0.25 0.22 | 0.13 | 0.06 | 0.80 | 0.12 | 0.22
78 0.01 0.00 0.00 0.00 | 0.00 | 0.00 | 0.01 | 0.00
SU = Shelduck T = Teal PT = Pintail GV = Grey Plover DN = Dunlin

CU = Curlew RK = Redshank All = Total of birds of all species

N.B. New Ferry is mean of four sections corrected for area.

Table 21 Mean bird densities - winter 1991/92 Mersey low tide counts.
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Bird densities
Section (nos/ha)
D All SU | T PT | GV | DN| CcU | RK
New Ferry | 13.03 [ 0.32 | 0.93 | 0.94 | 0.00 | 2.73 | 0.28 | 4.36
25-28
33 13.12 | 020 | 0.11 | 0.69 | 6.00 | 1.31 | 0.19 | 8.89
35 -6.88 | 0.95 |-0.76 | -0.11 | 0.00 | -4.08 | 0.12 | -2.90
36 9.54 | 0.25 |-0.12 |-0.25 | 0.01 | -6.65 | 0.21 | -2.72
39 2.12 | 0.45 ]-0.16 | 0.00 { 0.07 | 2.31 | 0.02 | 0.53
40 -1.44 | 0.01 | 0.00 | 0.00 | 0.02 | 1.45 | -0.13 | 0.19
47 0.08 | 053 |-032 | 0.00 | 0.00 | 1.74 | -0.20 | -0.06
49 0.05 | 0.0t | 0.00 | 0.00 | 0.00 | 0.00 | 0.03 | 0.00
55 1.95 | 0.55 | 0.00 | 0.00 | 0.00 | -0.07 | 0.16 | 0.15
58 -0.07 | -0.02 |-0.03 | 0.00 | 0.00 |-0.02 | 0.00 | 0.00
60 0.58 | 0.04 |-001 | 0.00 | 0.00 | 0.40 | 0.07 | 0.02
66 | 311|024 |-0.02 | 0.00 |-000|-294] 001|020
68 | -12.62 | -045 | 1.52 | 0.00 0.09 | -9.80 | -030 | -2.93
69 395 | 063 |-1.30 | -0.02 | 0.00 |-1.62 | 0.05 | -0.22
70 2.10 [-0.17 | 032 | 0.10 | -0.06 | 0.41 |-0.02 | -1.10
71 -60.67 1-052 }-035 ] 0.00 { 003 |-7.65|-0.18 | -0.57
75 0.36 | -0.12 | -0.03 | -0.04 | 0.00 | 0.00 | -0.03 | -0.12
76 - - . _ § . - -
78 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

SU = Shelduck T = Teal PT = Pintail GV = Grey Plover DN = Dualin
CU = Curlew RK = Redshank All = Total of birds of all species

- = missing value.

N.B. New Ferry is mean of four sections corrected for area.

Table 22 Change in bird densities on low tide counting areas between the winters of
1990/91 and 1991/1992. Positive values indicate an increase, negative a decrease.
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Section Invertebrate densities (2°)
ERL name and LT number U MA NE co - TOTAL
New Ferry 25-28 ' 16443 539 116 365 375 | 18549
Manisty (top - bottom) 33 6057 55 95 247 28 | 6498
Stanlow (and mid and bottom) 35 18515 243 649 | 2449 210 | 22152
Stanlow 1 36 3154 85 178 294 101 3875
Stanlow 3# 39 _ - - - - - -
Stanlow 2# 40 - - - - - -
Tnce Creek (top - bottom) 47 953 15 116 239 0 1351
9@ 0 0 0 0 0 0
Weaver (consolidated + fluid) 55 8091 29 243 135 0 8498
58@ 0 0 0 0 0 0
| 60@ 0 0 0 0 0 0
BTO outer# 66 - - - - - -
Oglet consolidated + BTO inner# 68 25927 0 201 0 0 26159
Oglet fluid 69 41570 | 308 154 0 0 42086
| Oglet (top - bottom + Spartina#) 70 13860 { O | 39 0 0 13898
| Oglet Creek 71 11941 232 332 70 0 12621
Sandbank between Oglet and Stanlow# 75 - - - - - -
Gantry 76 412 0 39 0 0 451
(Sandbank Stanlow/Gantry + Eastham - - - - - -
Sands and Dynamic)# 78

TU = Oligochaetes: Tubifex/Tubificoides/Clitellic MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volutator HY = Hydrobia ulvae '
# == not sampled - = missing value

Table 23 Mean density of invertebrates (November to March) - winter 1990/91.
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Section Invertebrate densities (m™)
ERL name and LT number U MA NE co "y TOTAL
New Ferry 25-28 29967 785 240 1772 | 3238 36144
Manisty (fop - bottom) 33 20661 157 98 129 8 21062
Stanlow (and mid and bottom) 35 26502 57 1832 496 18 28949
Stanlow 1 36 25933 | 1044 153 2339 575 30136
Stanlow 3 39 5759 186 305 13519 86 19929
Stanlow 2 40 | 13828 301 612 5990 264 21213
Ince Creek (top - bottom) 47 1110 12 8 23 0 1153
9@ 0 0 0 0 0 0
Weaver (consolidated + fluid) 55 885 0 6 21 240 1151
| 58@ 0 0 0 0 0
60@ _ 0 0 0 0 0
BTO outer 66 51826 248 634 77 54 53051
| Oglet consolidated + BTO inner 68 41796 184 170 137 19 42347
| Oglet fluid 69 5139 41 52 42 0 5297
| _Oglet (top - bottom + Sparting) 70 72994 11 556 416 335 74348
| Oglet Creek 71 6044 238 46 76 64 6474
Sandbank between Oglet and Stantow 75 217 2281 15 147 39 3588
Gantry 76 93 0 0 8 0 101
Sandbank Stanlow/Gantry + Eastham 52 0 0 77 130 297
Sands and Dynamic 78

TU = Oligochaetes: Tubifex/Tubificoides/Clitellio MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volutator HY = Hydrobia ulvae

Table 24 Mean density of invertebrates (November to March) - winter 1991/92.
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Section Invertebrate biomass (AFDW gm™)
ERL name and LT number TU MA NE co HY TOTAIL
New Ferry 25-28 2.144 1.302 | 0.970 0.194 0.169 4.975
Manisty (top - bottom) 33 0.988 | 0.082 | 0.165 0.120 0.000 1.354
Stanlow (and mid and bottom) 35 0.564 | 0.276 | 1.594 | 0.418 [ 0.003 | 2.854
Stanlow 1 36 0.399 | 0.172 | 0.455 | 0.172 [ 0.040 ] 1.238
Stanlow 3# 39 - - - - - -
Stanlow 2# 40 - - - - - -
Ince Creek (top - bottom) 47 0.134 | 0.069 | 0.176 | 0.072 | 0.000 | 0.470
| 9@ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Weaver (consolidated + fluid) 55 3.373 | 0.029 | 0.157 0.083 0.000 3.642
58@ 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000
60@ 0.000 | 0.000 | 0.000 0.000 0.000 0.000
BTO outer# 66 - - - - - -
Oglet consolidated + BTO inner# 68 5.125 | 0.321 0.538 0.000 0.000 5.984
Oglet fluid 69 3.267 { 0.000 | 0.222 | 0.000 | 0.000 | 3.489
- Oglet (top - bottom + Spartina#) 4,537 { 0.032 ] 0.036 | 0.002 | 0.000 | 4.604
Oglet Creek 71 0.915 | 0.329 | 1.071 | 0.026 | 0.000 | 2.341
Sandbank between Oglet and Stanlow# 75 - - - - - -
Gantry 76 0.052 | 0.000 | 0.039 | 0.000 0.000 0.091
(Sandbank Stanlow/Gantry + Eastham - - - - - -
Sands and Dynamic)# 78

TU = Oligochactes: Tubifex/Tubificoides/Clitellio MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volutator HY = Hydrobia ulvae
# = not sampled - = missing value

Table 25 Mean biomass of invertebrates (November to March) - winter 1990/91.
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Section Invertebrate biomass (AFDW gm™)

ERL name and LT number U MA NE co qY TOTAL
New Ferry 25-28 3.821 1.301 | 0.676 0.761 1.261 7.819
Manisty (top - bottom) 33 | 2.602 0,207 | 0.043 | 0.034 | 0.000 2.885
Stanlow (and mid and bottony) 35 5.078 1.169 | 9.741 1.628 | 0.083 17.699
Stanlow 1 36 | 3.270 2.861 | 0.958 | 4.838 | 0.227 | 12.154
Stanlow 3 39 0.726 1.569 | 0.468 8.793 0.043 11.625
Stanlow 2 40 1.742 2.023 | 1.365 | 2.856 | 0.105 8.091
Ince Creek (top - bottom) 47 0.135 0.014 | 0.000 | 0.005 | 0.000 0.154
49@ 0.000 0.000 | 0.000 | 0.000 | 0.000 0.000
Weaver (consolidated + fluid) 55 0.111 0.000 | 0.014 { 0.005 | 0.000 0.129
58@ 0.000 0.000 | 0.000 | 0.000 | 0.000 0.000
60@ 0.000 0.000 | 0.000 | 0.000 { 0.000 0.000
BTO outer 66 6.530 0.206 | 1.888 | 0.025 | 0.000 8.649
Oglet consolidated + BTO inner 68 5.264 0.138 1.231 0.088 0.003 6.724

| Oglet fluid 69 0.516 0.038 | 0.060 | 0.011 | 0.000 0.625

Qglet (top - bottom + Spartina) 70 9.146 | 0.054 | 1.352 [ .0.180 | 0.120 10.851
Qglet Creek 71 0.762 0.836 | 0.032 [ 0.026 | 0.000 1.656
Sandbank between Oglet and Stanlow 75 0.036 4.000 | 0.000 | 0.172 | 0.000 5.000
Gantry 76 0.033 0.000 | 0.000 | 0.002 | 0.000 0.035
Sandbank Stanlow/Gantry + Eastham 0.004 0.000 | 0.000 | 0.070 | 0.000 0.122
Sands and Dynamic 78

TU = Oligochaetes: Tubifex/Tubificoides/Clitellio MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volwtator HY = Hydrobia ulvae

Table 26 Mean biomass of invertebrates (November to March) - winter 1991/92.

BTO Research Report No. 96
December 1992 101



Section Invertebrate biomass (AFDW gm™)
ERL name and LT number TU MA NE co HY TOTAL
New Ferry 25-28 1.677 -0.001 | -0.294 | 0.567 | 1.092 | 2.344
Manisty (top - bottom) 33 1.614 0.125 | -0.122 | -0.086 | 0.000 1.531
Stanlow (and mid and bottom) 35 4.514 0.893 | 8.147 1.210 | 0.080 | 14.845
Stanlow 1 36 _ 2.871 2.689 | 0.503 | 4.666 | 0.187 | 10.916
Stanlow 3 39 ' - - - - - -
Stanlow 2 40 - -1 - - - -
Ince Creek (top - bottom) 47 0.001 -0.055 | -0.176 | -0.067 0.000 0.316
49 0.000 0.000 | 0.000 0.000 0.000 G.000
Weaver (consolidated + fluid) 55 -3.262 -0.029 | -0.143 | -0.078 | 0.000 | -3.513
58 0.000 0.000 | 0.000 0.000 0.000 0.000
60 0.000 0.000 | 0.000 0.000 0.000 0.000
BTO outer 66 . - - - - - -
| Oglet consolidated + BTO inner 68 0.139 -0.183 { 0.693 | 0.088 | .0.003 0.740
Oglet fluid 69 2.751 0.038 | -0.162 0.011 0.000 -2.864
Oglet (top - bottom + Spartina) 70 4.609 0.022 | 1.316 0.178 0.120 | 6.247
Oglet Creek 71 -0.153 0.507 | -1.039 0.000 0.000 -0.685
Sandbank between Oglet and Stanlow 75 - - - - - -
Gantry 76 -0.019 0.000 | -0.039 | 0.002 | 0.000 | -0.056
Sandbank Stanlow/Gantry -+ Eastham - - - - - -
Sands and Dynamic 78 :

TU = Oligochaetes: Tubifex/Tubificoides/Clitellio MA = Macoma baltica NE = Nereis diversicolor
CO = Corophiwmn volutator HY = Hydrobia ulvae
- = missing value

Table 27 Change in invertebrate biomass (November to March) over the winters of
1990/91 and 1991/92. Positive values indicate an increase, negative a decrease.
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Invertebrates

Birds TU MA NE | coO HY Total
SU 0.042 0.117 | 0.233 0.082 0.058 | 0.022
T 0.166 0.162 0.052 0.126 | 0.026 | 0.128
PT 0.000 0.045 0.097 0.008 | 0.537# | 0.000

*
GV 0.000 0.098 0215 | 0.773# | 0127 | 0073

*
DN 0.001 0.023 0.000 | 0012 0.044 | 0.000
cu 0.035 0.004 0.004 0.001 | 0.647# | 0.054
| sk

RK 0.017 0.027 0.062 | 0.030 0.084 | 0.019
Total 0.033 0.079 0.010 0.016 | 0.268# | 0.029

o

TU = Oligochaetes: Tubifex/Tubificoides/Clitellio MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volwator HY = Hydrobia ulvae
SU = Shelduck T = Teal PT = Pintail GV = Grey Plover DN = Dunlin
CU = Curlew RK = Redshank All = Total of birds of all species

* = P>0.05 * =P>0.01 *** =P>0.001
# = significance of correlation based largely on one outlier

Table 28 Coefficients of determination for waterfowl-invertebrate relationships (densities).
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Invertebrates
Birds oy MA NE Co HY Total
SU 0.103 0.127 0.052 0.037 0.208 0.050
T 0.162 0.192 0.001 0.154 0.127 0.127
PT 0.012 0.079 0.078 0.032 0.011 0.013
GV 0.001 0.025 0.300 0.326 0.124 0.189
DN 0.006 0.019 0.066 0.159 0.125 0.029
cuU 0.208 0.039 0.036 0.076 0.287¢# | 0.189
%
RK 0.017 0.018 0.002 0.003 0.007 0.002
Total 0.293# 0.126 0.116 0.053 0.037 0.136
* :

TU = Oligochaetes: Tubifex/Tubificoides/Clitellio MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volutator HY = Hydrobia ulvae
SU = Shelduck T = Teal PT = Pintail GV = Grey Plover DN = Dunlin
CU = Curlew RK = Redshank All = Total of birds of all species

* = P>0.05 ** = P>0.01 *** =P>0.001
# = significance of correlation based largely on one outlier

Table 29 Coefficients of determination for waterfowl-invertebrate relationships (densities
logged).
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Invertebrates
Birds TU MA NE co HY Total
su || 0.122 0.209 0.399 0.136 0.098 | 0.053
T 0.211 0.245 0.039 0.134 0.022 | 0.007
PT 0.001 0.004 0.267 0.054 | 0.903# | 0000
GV 0.141 0.003 0.203 0.738 0210 | 0242
DN 0.082 0.252 0048 | 0051 0.000 | 0.268
cu 0.018 0.140 | 0.002 0002 | 07697 | 0.072
RK 0.047 0.030 | 0.076 0.37 | 06317 | 0216
Total 0.008 0.244 0.049 0.278 0356 | 0187

TU = Oligochaetes: Tubifex/Tubificoides/Clitellic MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volutator HY = Hydrobia ulvae
SU = Shelduck T = Teal DPT = Pintail GV = Grey Plover DN = Dunlin
CU = Curlew RK = Redshank All = Total of birds of all species

*=P>0.05 ** =P>0.01 ** =P>0.001
# = significance of correlation based largely on one outlier

Table 30 Coefficients of determination for waterfowl-invertebrate relationships (biomasses).
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Invertebrates
Birds TU MA NE Cco HYy Total
SU 0.283 0.000 0.217# 0.003 0.006 0.203
EE Y * *
T 0.361 0.129 0.003 0.087 0.006 0.085
HiK
PT 0.020 0.075 0.003 0.001 0.488# 0.024
5
GV 0.001 0.033 0.044 0.287 0.041 0.241
DN 0.212 0.196 0.254# 0.118 0.097 0.400
¥ * £ ES 3
CU 0.033 0.023 0.037 0.023 0.273# 0.027
*%k
RK 0.104 0.000 0.004 0.000 0.143# 0.065
&
Total 0.412 0.041 0.227# 0.066 0.137# 0.395
ek Hok ES EE 3

TU = Oligochaetes: Tubifex/Tubificoides/Clitellio
CO = Corophium volutator

MA = Macoma baltica
HY = Hydrobia ulvae

NE == Nereis diversicolor

SU = Shelduck T = Teal PT = Pintail GV = Grey Plover DN = Dunlin
CU = Curlew RK = Redshank All = Total of birds of all species

*=P>0.05 ** =P>0.01 *»** =P>0.001
# = significance of correlation based largely on one outlier

Table 31 Coefficients of determination for waterfowl-invertebrate relationships (biomasses
logged).
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Bird species Invertebrate species Regression Intercept
(log.densities) (log_biomass) coefficients coefficients
Shelduck Oligochaetes 0.3484 0.2553

Total invertebrates 0.2314 0.2720

Teal Oligochaetes 0.4801 0.2134
Dunlin Oligochaetes 0.6109 0.8277
Macoma balthica 1.0738 1.0710

Total invertebrates 0.6605 ' 0.5019

All bird species Oligochaetes 0.9876 0.9463
Total invertebrates (.7586 0.8319

Table 32 Invertebrate correlates of waterfow! densities using natural logarithm-transformed
data.
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Invertebrates
Birds TU MA NE Co HY Total
sU 0.010 0.132 0.438# | 0.106 0.011 0.309
T | 0.045 0.052 0.053 0.005 0.152 0.004
PT 0.002 | 0.131 0.055 0.083 | 0488# | 0.022
GV 0.029 0.099 0.012 0.029 0.004 0.002
DN 0.004 0.198 | 003 | 0.146 0.082 0.061
cU 0.046 0.115 0.019 | 0.147 0.241 0.085
RK 0.012 0.103 0.131 0.107 0.095 0.092
Total 0.002 0.161 0.060 0.113 0.225 0.045

TU = Oligochaetes: Tubifex/Tubificoides/Clitellio MA = Macoma baltica NE = Nereis diversicolor
CO = Corophium volutatror HY = Hydrobia ulvae
SU = Shelduck T = Teal PT = Pintail GV = Grey Plover DN = Dunlin
CU = Curlew RK = Redshank All = Total of birds of all species

*=P>0.05 ** =P>0.01 *** = P>0.001
# = significance of correlation based largely on one outlier

Table 33 Coefficients of determination of between-year changes in waterfow! densities and
invertebrate biomasses.
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Bird species Invertebrate species Regression Intercept
(change between years) | (change between years) coefficient coefficient

Shelduck Total invertebrates 0.0483 -0.1620

- Table 3¢ Correlate of between-year changes in Shelduck densities and invertebrate
biomass.
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1.3.1.1 High tide (BoEE) and low tide counts of Shelduck during

the 1991/92 winter.
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Figure 1.3.2.1 High tide (BoEE) and low tide counts of Wigeon during
the 1991/92 winter.
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Figure 1.3.3.1 High tide (BoEE) and low tide counts of Teal during the
1991/92 winter.
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Figure 1.3.5.1 High tide (BoEE) and low tide counts of Pintail during
the 1991/92 winter.
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Figure 1.3.9.1 High tide (BoEE) and low tide counts of Grey Plover

during the 1991/92 winter.
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Figure 1.3.13.1 High tide (BoEE) and low tide counts of Dunlin during
the 1991/92 winter.
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Figure 1.3.13.2 The average number of Dunlin feeding at low tide on each intertidal area during the 1991/92 winter.
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Figure 1.3.14.1 The average number of Bar-tailed Godwit feedin
1991/92 winter.
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Figure 1.3.15.1 High tide (BoEE} and low tide counts of Black-tailed
Godwit during the 1991/92 winter.

139



The average number of Black-tailed Godwit feeding at low tide on each intertidél area during

the 1991/92 winter.
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Figure 1.3.16.1 High tide (BoEE) and low tide counts of Curlew during
the 1961/92 winter.
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1.3.16.2 The average number of Curlew feeding at low tide on each intertidal area during the 1991/92 winter.
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Figure 1.3.17.1 High tide (BoEE) and low tide counts of Redshank during

the 1991/92 winter.
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. Figure 1.3.19.1 The average number of feeding birds of all species at low tide on each intertidal area durin

g the

1991/92 winter.
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Figure 2.2.1.1

M ~ STANLOW

The Stanlow all day study site. The average exposure time {hours}
in winter and the main substrate type are given for each intertidal
area.

(C = channel, M = mud, S = sand, SM = mixed sand/mud).

150



\
\\ 108 Observahon: 4

Haieiﬁeadﬁf

0 1
l kem -
OGLET BAY

Figure 2.2.1.2 The Oglet Bay all day study site. The average exposure time

(hours) in winter and the main substrate type are given for
each intertidal area.

(C = channel, M = mud, S = sand, SM = mixed sand/mud,
U = ungrazed saltmarsh).
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Figure 2.2.1.3 The Mount Manisty all day study site. The main substrate type
is given for each intertidal area.
(C = channel, M = mud, U = ungrazed saltmarsh).
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Figure 2.2.1.4 The New Ferry all day study site. The average exposure time

(hours) in winter and the main substrate type are given for
each intertidal area.

(M = mud, R = rock, SH = shingle).
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WINTER 1991/92 SHELDUCK
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Figure 2.3.1.1 The number of Shelduck present and the percentage feeding
on the all day study sites, both during the day and at
night, during the 1991/92 winter.
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Figure 2.3.1.2 The number of bird hours per tidal cycle of feeding Shelduck on

each intertidal area at Stanlow during the day, winter 1991/92.
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Figure 2.3.2.2 The number of bird hours per tidal cycle of feeding Wigeon on each
intertidal area at Stanlow during the day, winter 1991/92.
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WINTER 1991/92 TEAL
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Figure 2.3.3.1 The number of Teal present and the percentage feeding on

the all day study sites, both during the day and '
during the 1991/92 winter. ’ yand at mint.
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WINTER 1991/92 TEAL
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Figure 2.3.3.2 The number of Teal present and the percentage feeding on
the Mount Manisty study site, both during the day and at
night, during the 1991/92 winter.
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WINTER 1991/92 TEAL
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Figure 2.3.3.3 The number of Teal present and the percentage feeding on the
Mount Manisty study site, both during the day and at night,
on both spring and neap tides, during the 1991/92 winter.
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Figure 2.3.3.4 The number of bird hours per tidal cycle of feeding Teal on each
intertidal area at Stanlow during the day, winter 1991/92.
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Rock Ferry,P_ier
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Figure 2.3.3.8 The number of bird hours per tidal cycle of feeding Teal
on each intertidal area at New Ferry during the day,
winter 1991/92.

166



WINTER 1991/92 PINTAIL

a. STANLOW (DAY)
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Figure 2.3.4.1 The number of Pintail present and the percentage feeding on
the all day study sites, both during the day and at night,

during the 1991/92 winter.
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WINTER 1991/92 PINTAIL

a. MANISTY (DAY)
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Figure 2.3.4.2 The number of Pintail present and the percentage feeding
on the Mount Manisty study site, both during the day and
at night, during the 1991/92 winter.
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WINTER 1991/92 PINTAIL
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Figure 2.3.4.3 The number of Pintail present and the percentage feeding on
the Mount Manisty study site, both during the day and at

night, on both spring and neap tides, during the 1991/92
winter, ,
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Figure 2.3.4.4 The number of bird hours per tidal cycle of feeding Pintail on
each intertidal area at Stanlow during the day, winter 1991/92.
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Rock Ferry- Pier
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Figure 2.3.4.8 The number of bird hours per tidal cycle of feeding Pintail
on each intertidal area at New Ferry during the day, winter

1991/92.
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WINTER 1991/92 GREY PLOVER

a. STANLOW (DAY)
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Figure 2.3.5.1 The number of Grey Plover present and the percentage
feeding on the all day study sites, both during the day
and at night, during the 1991/92 winter.
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Figure 2.3.5.2 The number of bird hours per tidal cycle of feeding Grey Plover on
each intertidal area at Stanlow during the day, winter 1991/92.
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WINTER 1991/92 KNOT

a. STANLOW (DAY) b. NEW FERRY (DAY)
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Figure 2.3.6.1 The number of Knot present and the percentage feeding on the
all day study sites, both during the day and at night, during
the 1991/92 winter.

178



Observation *L.
- Point

1-50
51-100
101-250

251-500

501-1000

]

®

@
{‘lllll">1ooo

Q 100 200 300
L I

m

NEW FERRY %o

Figure 2.3.6.2 The number of bird hours per tidal cycle of feeding Knot on
each intertidal area at New Ferry during the day and at night,
winter 1991/92.
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WINTER 1991/92 DUNLIN

a. STANLOW (DAY)

OZ-—-Ommm —=ZmMOXIMmMT

N
v p
B E
E R
R C
N
¢ v
h F
u E
s E
a 7
n
N
d G
) 0 1 1 1 | 1 1 1 1 0
8 -5~4-3-2-10 12 3 45
HQURS FROM LOW TIDE
— NUMBER -%-PERCENT FEEDING
b. OGLET (DAY) ¢. OGLET (NIGHT)
N 4 Fode | He-He-e-¥-¥--x 100 3500 E o S N ook 7 100
U * T p s
M a0 2000 - 20
B |* Jeo E 180
E af g .
R 170 g 2500 470
N
-E- 60 ¥ B‘ 2000 |- - 60
h 2r \ 150 B - 50
o - 40 E E '500T 40
u R
s | 80 E 1000 | 130
a 120 | i 420
g N 500 ]

s 410 G 10
) o 1 | ! 1 L i 3 1 1 L l1g 0 1 1 L _./‘["—-1 o)
6 -5-4-8-2-10 12 3 4 & : 6-5-4-3-2-10 1 2 3 45
HOURS FROM LOW TIDE HOURS FROM LOW TIDE
— NUMBER - -PERGENT FEEDING — NUMBER -~*-PERCENT FEEDING

Figure 2.3.7.1 The number of Dunlin present and the percentage feeding on
the all day study sites, both during the day and at night,
during the 1991/92 winter.
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Figure 2.3.7.2 The number of bird hours per tidal cycle of feeding Bunlin on each
intertidal area at Stanlow during the day, winter 1991/92.
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WINTER 1991/92 BLACK-TAILED GODWIT
a. STANLOW (DAY)
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Figure 2.3.8.1 The number of Black-tailed Godwit present and the percentage

feeding on the all day study sites, both during the day and
at night, during the 1991/92 winter.
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Figure 2.3.8.2 The number of bird hours per tidal cycle of feeding Bar-tailed
Godwit on each intertidal area at Stanlow during the day, winter
1991/92.

184



"26/1661 JoqutmM qubtu 1e pue Aep ay3 butanp Aeg 18160
1B BaJE [EPIILDIUT U0eS U0 2TMPOD palTel-doe(g Duipssl Jo 91040 [epl1l Jad sSJnoy pAlq 4O J42qunu syl €

THDIN AYE 13190

LA

asnoyjydiy

UQIIBAIBSQD

"87¢°¢ 24nb14

JTa

INENERRS)
o

UOIBAIBSO.

001L<

LO

—



WINTER 1991/92 CURLEW
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Figure 2.3.9.1 The number of Curlew present and the percentage feeding on
the all day study sites, both during the day and at night,
during the 1991/92 winter.
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Figure 2.3.9.2 The number of bird hours per tidal cycle of feeding Curlew on each
intertidal area at Stanlow during the day, winter 1991/92.
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WINTER 1991/92 REDSHANK
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Figure 2.3.10.1 The number of Redshank present and the percentage feeding

on the all day study sites, both during the day and at night,
during the 1991/92 winter.
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WINTER 1991/92 REDSHANK
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Figure 2.3.10.2 The number of Redshank present and the percentage feeding
on the Mount Manisty study site, both during the day and
at night, during the 1991/92 winter.
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a. MANISTY (DAY/SPRING TIDE)
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Figure 2.3.10.3 The number of Redshank present and the percentage feeding on
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the Mount Manisty study site, both during the day and at
night, on both spring and neap tides, during the 1991/92

winter.
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Figure 2.3.10.4 The number of bird hours per tidal cycle of feeding Redshank on
each intertidal area at Stanlow during the day, winter 1991/92.
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Bird densities

Invertebrate density/biomass

Figure 4.4.1 Model of the variation in bird numbers according
to invertebrate densities or biomass.
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