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Many seabirds travel widely to exploit variably distributed prey resources, utilizing even
profitable patches only briefly as prey become available. Assessing the relative importance
of areas occupied by wind farms relies on sufficient survey effort to increase the probability
of detection and later assessment to an acceptable level. Conventional techniques suffer
from high sampling costs and infrequent sampling of patches within larger areas. Remote
techniques, which continuously sample habitat, may offer a solution although sufficient
coverage may be difficult to achieve. In this paper, we outline experiences of the use of radio
telemetry on LittleTerns Sterna albifrons at their most important UK breeding site, the Great
Yarmouth North Denes Special Protection Area (SPA), in relation to a 30 turbine offshore
wind farm on Scroby Sands, which encroaches to 2 km from the North Denes colony. Little
Terns had not been radio-tagged previously in the UK, and the technical difficulties of
tagging and subsequently following a small (55 g) diving seabird limited data collection.
However, comparative data from 2 years (2003 and 2004), in which the abundance of the
terns’ preferred prey varied greatly, revealed striking differences in activity and foraging pat-
terns, which changed the perception of the scope of the birds. With an active nest, birds
occupied a range of < 6.3 km2 with a range span of up to 4.6 km. In comparison, failed birds
ranged widely, occupying ranges up to 52 km2 and travelling up to 27 km in a single foraging
bout. As birds were recorded from 2 to 3 km offshore, the wind farm is within range of birds
from the breeding colony at North Denes, although only a small proportion of foraging time
was spent at such distance in the years of study. The potential value of radio (and satellite)
telemetry in illustrating habitat use, perhaps to set precautionary distance limits for wind
farms as well as defining actual use of particular areas including for collision risk assessment
is discussed.

INTRODUCTION

Seabirds are capable of travelling widely to exploit
patchily distributed prey resources such as fish, even
during the breeding season when birds are forced
into central-place foraging. This trait is inevitably
particularly advanced amongst species that forage on
the wing and is partly a function of body size. Wander-
ing Albatrosses Diomedea exulans were recorded
up to a mean maximum distance from their breeding
colony of 909 km (Xavier et al. 2004). Even amongst

smaller species in Atlantic waters movements may
be considerable, with the Gannet Morus bassanus
having a maximum foraging range of up to 540 km
(Hamer et al. 2000) and the Fulmar Fulmarus glacialis
ranging over a mean of 663 km per foraging trip
during incubation, reducing this to a mean of 77 km
once chicks hatched (Ojowski et al. 2001). Even
species that are adapted to swimming and catching
prey underwater may exhibit considerable commut-
ing distances to foraging grounds, with food sources
such as Herring (Clupea harengus) only really being
unavailable to the Atlantic Puffin Fratercula arctica at
some 100 km from the colony at Røst in Norway (Sætre
et al. 2002). Foraging may be directed at profitable
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patches which may be widely spaced: as was the case
for Wandering Albatross breeding at South Georgia
(Xavier et al. 2004), exploiting a range of oceanic
fronts from Brazil to the Cape Horn. Even profitable
patches (e.g. locations of shoals of fish) which may
be either predictable in time and geography or of
more random occurrence, may be utilized only briefly
as prey become available, perhaps depending on the
state of the tide and other environmental factors.
Again, the frequency of use of any patch may be
especially limited amongst actively flying species such
as petrels and shearwaters, gulls (Larus spp.) and terns
(Sterna spp.), the latter of which tend to carry single
prey items back to a waiting partner or chicks.

Assessing the relative importance of particular
areas occupied by offshore developments such as
wind farms for impact assessments relies on suffi-
cient survey effort (frequency and intensity of
sampling) to increase the probability of detection and
subsequently assessment of use to an acceptable level.
Conventional techniques for evaluating the usage of
areas by birds such as boat-based and aerial surveys
(see www.thecrownestate.co.uk), suffer from high
sampling costs and the need to cover large areas
occupied by the prospective wind farm, control and
buffer areas, which tends to lead to infrequent
sampling of patches. Remote techniques including
telemetry of individual birds offer a solution as monitor-
ing the bird using its habitat rather than monitor-
ing the habitat to see if the bird uses it is intuitively
a more efficacious approach. It is of note that a similar
approach of satellite telemetry had been used to
evaluate the use of wind farms by both Grey Seals
Halichoerus grypus and Common Seals Phoca vitulina
at Nysted and Horns Rev wind farms in Danish waters
(Dietz et al. 2003, Tougaard et al. 2003). Potential
drawbacks of telemetry are that sufficient coverage
of a large site may be difficult to achieve, the data
may depend on a small sample size of birds, and a
large amount of analytical time is likely to be required
to compensate for negligible use of many areas by birds.

In this paper, we outline experiences of the use of
radio telemetry on Little Tern Sterna albifrons in
relation to the construction of a wind farm on Scroby
Sands, a dynamic sand bar system running in a north–
south direction approximately 3 km offshore from
Great Yarmouth (Fig. 1). The wind farm is situated
to within 2 km of the most important UK breeding
area for Little Terns, the Great Yarmouth North
Denes Special Protection Area (SPA) (149.19 ha) in
Norfolk, divided between two sites; North Denes
at Great Yarmouth and Winterton-Horsey, 12 km to

the north. From 1983 to 2001, the SPA, principally
the colony at North Denes, regularly held over 200
breeding pairs, which was classified in Stroud et al.’s
(2001) SPA review as 9.2% of the UK total and 1.1%
of the European biogeographical population. The
Little Tern is classified as declining in a European
context (BirdLife International 2004) and is in chronic
long-term decline in the UK, reducing by 27%
between 1985/87 and 2000 (Ratcliffe 2004).

STUDY SITE AND MONITORING 
REQUIREMENTS

The wind farm comprises 30 turbines (2MW, rotor
area 20–100 m above sea surface), owned by eon
UK (formerly Powergen) Renewables Offshore Wind
Ltd, and was constructed over the period October
2003 to August 2004.

An appropriate assessment of the likely impact of
the wind farm on local bird populations concluded
that it was likely to be of moderate significance.
Surveys conducted in 1995 and 1999 showed a large
number of Little Terns (maximum 110 in 1999 com-
prising c. 27.5% of the birds in the colony) used the
southern part of Scroby Sands on occasion. This
caused the initial proposed site of the wind farm to
be moved further north (closer to the colony itself)
as mitigation for any likely impact upon Little Terns.
Such was the importance of the SPA, the Department
for Environment, Food and Rural Affairs (DEFRA),
after discussion with English Nature (EN), instructed
that monitoring of Little Terns be undertaken to
validate the impact of the wind farm. Suitable method-
ologies were developed after further consultation
with the Royal Society for the Protection of Birds
(RSPB).

Monitoring was divided into several areas. This
included: (1) feeding studies, i.e. spatial and tempo-
ral distribution of foraging birds; (2) breeding colony
studies – focusing on chick feeding ecology; (3) prey
studies, i.e. spatial and temporal distribution of prey
at sea; and (4) bird strike studies, which were to
be added after construction. Monitoring was to be
conducted in the period of occupancy by the birds,
between late April and August inclusive on an
annual basis before (2002 and 2003), during (2004)
and after (2005 and 2006) construction.

The study area covered the full extent of Scroby
Sands potentially utilized by birds nesting at North
Denes and that to be occupied by the wind farm. A
grid of 12 sampling stations was established in the
2002 season (ECON 2004, Perrow et al. 2004). At
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each sampling station, the numbers of birds of all
species using a 600 m × 1 km strip transect were
recorded. Prey resources available to Little Terns
were simultaneously sampled using a small tow net
in the upper 30 cm of the water column derived
from the fact that Little Terns are 22–24 cm in
length and do not immerse much below the water
surface even when plunge-diving. Bird and prey
surveys were undertaken over 1 day at c. 2 week
intervals during the season.

Results from the study in 2002 (and subsequently)
showed that although a wide range of potential prey
species (46 taxa) of a variety of groups (flatworms,
crustaceans – notably Sea Slater Idotea linearis –
squid, and 14 fish species), young-of-the-year (YOY)
clupeid fish (c. 30–60 mm in length) – Herring and
Sprat Sprattus sprattus – dominated the items (rou-
tinely > 70% by number) presented to chicks (Perrow
et al. 2004). Foraging observations showed Little
Terns at North Denes typically foraged very close to

Figure 1. Location of Scroby Sands Round 1 wind farm in relation to other proposed sites.
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shore (means of 38 m and 139 m in 2002 and 2003,
respectively, – Perrow et al. 2004). This was borne
out by the lack of observations (9%) of Little Terns
away from inshore sampling stations just 100–150 m
offshore, suggesting that birds were unlikely to use
the wind farm area.

However, the number of birds present at North
Denes in 2002 was low due to vandalism/theft of
eggs soon after the birds established (Table 1) and it
was in doubt if the relative importance of Scroby Sands
and the wind farm area could be adequately assessed
by boat surveys. It was thus decided to use radio
telemetry as a supplementary tool in the assessment
of habitat use, despite the fact that this had never
been previously undertaken on Little Terns in the UK.

METHODS

Capture of birds

No colony was established at North Denes in 2003,
probably due to disturbance by helicopters during
the period of colony formation in early to mid-May.
Birds were displaced to Winterton 12 km to the
north, a former site that had seen little use through-
out the 1990s, where they subsequently nested with
great success (Table 1). The decision was taken to
trial the use of radio telemetry on birds at Winterton
partly as a pilot study should some birds re-nest at
North Denes in this year or subsequent seasons.
Whilst too few birds ultimately nested at North Denes

in 2003 to consider tagging, some birds at least attemp-
ted to nest at the site in 2004, although Winterton
was again the focus of nesting activity. Thus, tagging
of birds under licence was undertaken at Winterton
in 2003 and at both sites in 2004 (Appendix 1).

In both 2003 and 2004, tagged birds were cap-
tured at the nest using a simple wire-mesh walk-in
trap composed of two chambers. Selected nests were
spread through the colony at Winterton to reduce
the chances of a high tide or predator affecting all
radio-tagged birds. In 2003 and initially in 2004 only
nests with apparently complete clutches that had
undergone at least half the incubation period of
around 20 days were selected. This was to reduce the
risk of any birds abandoning the nest as a result of
handling. An attempt was also made to trap any birds
with nests at North Denes in 2004. The welfare of
eggs and birds was paramount, and if a bird did not
enter the trap after around 20 min it was removed
and placed on another nest. Where birds settled,
these were left for a minimum of 10 min to warm
the eggs before any attempt was made at capture. In
all cases that an adult was held for tag attachment, its
partner quickly settled to incubate the eggs.

Tag attachment

Prior to tagging, a number of measurements, includ-
ing weight were taken from all birds. Attempts were
made to sex birds on the basis of morphological
features and the sex of some birds was confirmed

Table 1. Status and production of the Little Tern colonies at North Denes and Winterton from 1993 to 2004. Data adapted from Allen
Navarro et al. (2004) and Skeate et al. (2004).
 

 

Year

North Denes Winterton

Number of pairs Young fledged
Productivity

(chicks per pair) Number of pairs Young fledged
Productivity
(chicks per pair)

1993 168 105 0.63 0 0 0
1994 230 203 0.88 2 0 0
1995 241 126 0.52 – – –
1996 197 0 0 6 3 0.5
1997 191 142 0.74 14 3 0.21
1998 216 336 1.56 0 0 0
1999 200 79 0.40 16 6 0.38
2000 220 36 0.16 16 0 0
2001 265 103 0.39 – – –
2002 98 5 0.05 124 58 0.51
2003 10 2 0.20 233 447 1.85
2004 40 0 0 150 0 0

Total 2076 1137 0.58 561 517 0.92
Mean 173.0 94.8 0.46 56.1 51.7 0.35
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by later observation of behaviour. The most reliable
morphological sex-related characteristic was the
length of outer tail feathers, with those on males
being longer (mean [±1 SE] = 41.6 ± 1.7 mm, range
= 37–50 mm) than those on females (mean = 29.9
± 1.1 mm, range = 23.9–36.2 mm). Males also tended
to have longer wings (mean = 181.1 ± 0.7 mm cf.
176.7 ± 1.1 mm) and bills (mean = 31.0 ± 0.5 mm
cf. 29.8 ± 0.4 mm) and weigh more (mean 56.0 ±
1.0 g cf. 53.4 ± 0.8 g) than females. However, all these
measurements overlap (male wing length range =
178–185 mm cf. female range = 172–187 mm; male
bill length range = 29–33 mm cf. female range = 27.4–
32.5 mm; male weight range = 51–60 g cf. female
range = 49–60 g). Similar data on albifrons in North-
Western Europe are presented in Cramp & Simmons
(1985).

All birds were ringed with a metal ring on the right
leg where none was already present. Birds were also
colour-ringed on the left leg: yellow at Winterton in
2003 and yellow over black in 2004. Colour rings
were not used on birds from North Denes. In 2003,
10 birds were captured on four dates, with nine
tagged (Appendix 1). In 2004, 17 adult birds were
captured on five dates, nine at North Denes and
eight at Winterton. All of the North Denes birds
were tagged, and five of the eight at Winterton were
tagged. A total of 10 birds (36%), five in 2003 and
five in 2004, eight of which were tagged, had been
previously marked as pulli at North Denes between
1988 and 2001.

In 2003, at the request of the British Trust for
Ornithology (BTO), two of the captured birds were
fitted with tail-mount tags fitted according to standard
procedure (see www.biotrack.co.uk). Otherwise,
back-mounted tag attachment (n = 7 in 2003 and
n = 14 in 2004) similar to that recommended by
Warnock & Warnock (1993) was undertaken. Prior
to fitting, tag wires were joined using solder and Plas-
tidip was applied to seal and waterproof the tag. The
feathers on the back of the bird were lightly trimmed
and after cyanoacrylate Superglue was applied to the
backing material, the tag was pressed on to the back
of the bird (Plate 1). Spraying with Superglue acti-
vator removed air bubbles and allowed rapid setting.
After release and confirmation that the tag was still
working and its position on the receiver dial, thus
recording any immediate ‘drift’, the birds were left
to acclimatize for at least 24 h before any telemetry
was attempted.

In 2003, the PIP2 single-celled tag was fitted with
an Ag379 battery supplied by Biotrack (see above).

As a result of the failure of this earlier than anti-
cipated, a number of tags (five of the 14 used) were
fitted with a larger Ag376 battery in 2004. In both
2003 and 2004 one and four tags, respectively, were
also fitted with a secondary short (5 cm) vertical
ground plane aerial as a complement to the normal

Plate 1. Details of the back-mounted radio tag on an adult Little
Tern at Winterton in 2003.
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aerial. In 2003, tags were initially mistakenly sup-
plied with a single strand 20 cm wire aerial, three of
which were attached to birds. These aerials snapped
at the base of the tag within 6 days of attachment
(Appendix 1). The aerials on unused tags were
replaced by a thicker (c. 0.75 mm) multistrand
version with a plastic sleeve over the first 5 cm of the
15 cm length. This design was used subsequently.
Tag weight was kept below a maximum of 1 g equat-
ing to around 1.8% of bird body weight, with use of
either an Ag 376 with or without a ground plane and
the heavier Ag379 alone.

Telemetry

Tagging was conducted over a similar period in both
years: 21 June−9 July in 2003 and 25 June−14 July
in 2004. In 2003, telemetry was undertaken aboard
a 10 m work boat. The initial plan to undertake
telemetry over the course of a day every fortnight
was abandoned as a result of rapid failure of the first
four tags and the short life of the tags.

In 2004, as much tracking as possible was under-
taken following tag attachment, although poor weather
and technical failure of the vessel, receiver, aerial and
tags limited data collection. In order to follow fast-
flying birds more effectively, a rigid-hulled inflatable
boat (RIB) capable of high speed (to 30 knots/h) was
used, supported by some telemetry from shore. In
2004, information was gathered from eight individ-
uals over 10 days tracking, although no birds were
contacted on the last 2 days, despite considerable
effort in which over 20 km of coast was covered.

In both years, tracking sessions lasting between 3
and 7.5 h (excluding travel time) were undertaken
in the period between 07.30 and 19.30 h by two
personnel. At the start of each session, each tag was
checked for a signal. Where none was received from
a particular tag, a number of attempts were made
over the course of the day to locate it. The range of
the tags at sea was confirmed at a maximum of 1 km
by moving away from a bird on a nest of known
position. When following a bird, location fixes were
recorded as frequently as possible (minimum of 2 min
intervals) from the known position of the vessel fixed
by digital GPS, with a bearing of maximum signal
strength and an estimate of distance (m) from the
signal strength relative to the maximum value of
1 km at full volume and gain. On 27 occasions (4.5%
of fixes) the signal was received from amongst a
number of foraging birds. These ‘near visual’ fixes
were supported by actual sightings of a tagged bird

on 18 occasions (3% of all fixes). Actual sightings
were rare largely as a result of the difficulty of seeing
the tag and aerial, even with binoculars, unless at
very close range (< 50 m). Visual observation con-
firmed that signals comprised of intermittent ‘pips’
and ‘squeaks’ produced by most of the tags occurred
when the bird was diving. On the 107 occasions this
occurred (17.7% of all fixes), the bird was classed as
feeding.

Where the bird moved out of range a course thought
likely to intercept the bird was taken. Where this was
unsuccessful, further searches were made until the
bird was either re-located or declared lost, where-
upon a search for another tagged bird was initiated.
In 2004, when birds ranged more widely (see below)
the search for birds began at North Denes before
moving on to Winterton and then further north to
Horsey and even Eccles (20 km away). On a few
occasions, additional searches of other sites were also
undertaken on foot after a journey to the site by car.

Data analysis

Birds’ positions were recorded by plotting the bear-
ing and estimated distance from the receiver of each
fix, onto a dGPS plotter and then subsequently to a
Geographic Information System database (ESRI®
ArcMap™ 9.0; www.esriuk.com).

Basic outputs of the telemetry data were as follows:
(1) percentage of time spent in different activities –
at nest, foraging, loafing and flying above the beach
typically as a result of disturbance of varying sorts;
(2) number and duration of foraging bouts per hour;
(3) total estimated distance travelled in a foraging
bout – also converted to flying speed (km/h); and
(4) minimum, maximum and mean distance (m) of
fixes from shore.

After pooling all data from all birds, Mann–Whitney
U-tests were use to test for differences between
years for the different parameters.

Telemetry data were analysed using ArcMap GIS
and Ranges 6 v1.2202 (www.anatrack.com). Co-
ordinates were initially imported into ArcMap and
displayed on a digitized version of the Admiralty
Chart for Norfolk (SeaZone Solutions Limited
Licence no. 112004.006; www.seazone.com). Coordi-
nates for the coastline were exported from ArcMap
into Microsoft Excel, converted into OSGB 1936 using
a co-ordinate converter (TM_LL Workbook, © Alan
Morton; www.dmap.co.uk) and imported into
Ranges for use as a base map. The co-ordinates of
all fixes for each bird were similarly treated.
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Ranges software was used to plot 100% minimum
convex polygons (MCPs) around the fixes collected
for each bird as an estimate of the bird’s range.
Maximum range area and range span were calculated.
Three birds (one in 2003 and two in 2004) with few
location fixes (< 17) were excluded from analysis,
leaving four birds in 2003 and six birds in 2004. A
tracking resolution (the smallest distance that can be
recorded between adjacent locations) of 100 m was
used to allow for error in both estimating the distance
of the bird from signal strength and calculating the
location of the bird from a distance and a bearing.
Plotting MCPs is a widely used method of estimating
an animal’s range (Mohr 1947, Harris et al. 1990),
although there is the disadvantage that the shape and
area of the polygons can be heavily influenced by
outlying locations. However, in this case the inclu-
sion of the outermost fixes was seen to be essential
in ascertaining potential use of the wind farm area by
foraging Little Terns. Mann–Whitney U-tests were
used to determine if there were any differences in
home range or range span between years.

RESULTS

Tag performance and tracking 
parameters

Of the seven birds fitted with back-mounted tags in
2003, the first three went on to show some aberrant
behaviour patterns linked to the aerial breaking,
although tracking data was gathered on one bird
before this occurred (Appendix 1). With re-fitted tags,
all other birds in 2003 behaved normally and one
brought two chicks to the point of fledging. Useful
data were thus gathered on five birds. In 2004, eight
of the 14 birds tagged were subsequently contacted
and appeared to show normal behaviour patterns in
what was an abnormal season (see Discussion below).

Three of the 13 tags (23%) for which useful data
were collected in either year suffered from a drifting
signal. This created confusion with the other birds
and in 2004, considerably reduced the amount of
information gathered on one of the few birds nesting
at North Denes (7.1 or ‘mid-grey’). In 2004, the
maximum life of the tags varied considerably from 2
to 27 days (mean of 12 days). This was biased by the
use of Ag376 batteries, which lasted over twice as
long on average (mean = 18.0 days) than the stand-
ard Ag379 battery (mean = 7.6 days), although the
respective mean life of the tags was only 67% and
42% of the maximum quoted values.

In 2004, all birds with signals on a particular day
were continuously tracked for between 4 and 230 min
(mean = 58 ± 13 min), which was significantly less
than that achieved in 2003 (range 59–188 min,
mean = 132.0 ± 16.5 min) (Mann–Whitney U-test,
U = 31, tracking sessions n2003 = 9, n2004 = 24, P <
0.01). However, the total track time for each bird
was not different between years (2003, mean = 236
± 47 min; 2004, mean = 165 ± 36 min; Mann–Whitney
U = 11, n2003 = 5, n2004 = 8, P = 0.220). With similar
effort and a greater number of birds in 2004, total
tracking time was 11% greater at 1320 min (22 h)
compared to 1188 min in 2003. The total number of
fixes was also comparable between years with 366 in
2004 vs. 304 in 2003, which were taken at a similar
rate (16.6 fixes h−1 compared to 15.4 fixes h−1).

Activity patterns

In 2003, birds (n = 5) varied relatively little in the
proportion of time engaged in various activities and,
overall, a mean of 55.8 ± 3.4% of time was spent
foraging, 35.3 ± 3.0% at nest, 6.7 ± 1.4% flying above
the beach, usually in response to disturbance by people
and their dogs, and 2.2 ± 2.0% was spent in loafing
sites on the beach away from the nest, with at least
some time engaged in preening (Fig. 2). In contrast
in 2004, overall, birds (n = 8) spent 71.8 ± 9.5% of
their time foraging, with 15.0 ± 8.2% at nest, 1.7 ±
1.0% flying in disturbance events and 11.6 ± 5.6%
loafing. Of these variables only the time spent at the
nest showed a significant difference, with less time at
the nest in 2004 (Table 2). Indeed, only four birds
were recorded at/near the known nest site although
all eight had been captured at a nest. The other birds
were thus only tracked after the nest had failed.

Foraging movements and home range

In 2003, although birds were all engaged in breeding
throughout the tracking period, there was considerable
individual variation in the various parameters of forag-
ing, with birds ranging in their mean number of foraging
bouts/h (1.8–5.5), mean duration of a foraging bout
(4.1–31.0 min), the mean distance travelled (1441–
3177 m) and mean flying speed (7.3–21.8 km/h)
(Appendix 2). There was more consistency between
years on the distance from shore where foraging occurred
although the mean maximum distance recorded in a
foraging bout in a session varied from 326 to 1497 m.

In 2004, with birds varying in status of breeding
attempt, there was even wider variation between birds
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for mean number of foraging bouts/h (0.8–8.0), mean
duration of a foraging bout (8.2–66.5 min), the mean
distance travelled (1404–11 763 m) and mean flying
speed (9.1–18.3 km/h) (Appendix 2).

Despite the small sample size and individual
variation there were significant differences between
duration of foraging bout, distance travelled and the
minimum foraging distance from shore between
years (Table 2). In simple terms, whilst not increas-
ing the number of bouts, birds foraged for twice as
long in 2004 (mean = 29.46 ± 7.58 min) compared
to 2003 (mean = 15.79 ± 4.53 min), travelling more
than 2.5 fold further in the process (2004: mean =
5604 ± 1550 m: 2003: mean = 2170 ± 326 m). The
reduced minimum distance from shore figures in
2004 thus appear contrary to that expected and may
be influenced by data from North Denes, where birds
tend to forage closer to shore (Perrow et al. 2004).
Any differences are reinforced by the maximum
values recorded by any bird in either year with all
values for foraging movements and home range being
much higher in 2004 compared to 2003 (Table 3).

The size of the home range estimate was clearly
influenced by the number of location fixes and the
status of the nesting attempt (Fig. 3). In 2003, all
birds associated with nests showed the same pattern,
with around 30 location fixes being adequate to
describe at least 50% of home range, which was
centred on the nest site with all tagged birds having
overlapping ranges (Fig. 4). Sixty fixes or more appeared
to allow the entire home range to be estimated. In

Table 2. Inter-annual (2003 and 2004) differences in selected parameters of foraging activity by radio-tagged Little Terns, as revealed
by Mann-Whitney U-tests.
 

Parameter

n

z P
Direction of 
differences2003 2004

% time flying 5 8 −1.058 0.321
% time on nest 5 8 −2.034 0.046 2003 > 2004
% over beach 5 8 −1.502 0.167
% time loafing 5 8 −1.932 0.074
Number of foraging bouts (per h) 5 8 −0.586 0.622 –
Duration of foraging bout 54 42 −2.272 0.023 2004 > 2003
Distance travelled in a foraging bout 55 41 −2.118 0.034 2004 > 2003
Maximum distance of fixes from shore during a foraging bout 53 41 −1.129 0.259 –
Minimum distance of fixes from shore 53 40 −2.837 0.005 2003 > 2004
during a foraging bout
Mean distance of fixes from shore 51 40 −0.704 0.482 –
during a foraging bout
Flying speed (km/h) 54 41 −0.455 0.649 –
Home range 4 6 −0.640 0.610 –
Range span 4 6 −0.640 0.610 –

Figure 2. Proportion of time (%) tagged birds spent engaged in
different activities in 2003 and 2004. Females: 10.1, 0.9, 5.5, 9.4,
15, 12 and 10.2; Males: 11.7, 13, 3.8, 7.1, 13.9 and 3.
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2004, all birds ultimately failed in their nesting
attempt. Some of these were encountered over an
ever-increasing range irrespective of how many fixes
were obtained (‘bird 15’ Fig. 3). In contrast, ‘bird 3’
which failed immediately after tagging had already
ranged between the North Denes and Winterton
colonies 12 km apart (Fig. 5), after a relatively small
number of fixes had been obtained (Fig. 3). ‘Bird 12’
was also described ranging between the two colonies
(Fig. 5) after more fixes had been obtained (Fig. 3).
These wide-ranging birds were not tracked for any more
time than the other birds (means of 204 and 202 min,
respectively) but data were collected over a longer
period (mean of 11 cf. 7 days) suggesting that there was
more chance of recording wide-ranging behaviour with
a longer-running data set. The inadequate estimation
of at least some of the bird ranges in 2004 may have
contributed to the lack of a significant difference in home
range size and range span between years, although both
were much larger in 2004 (home range mean = 14.2 ±
7.8 km2, range span mean = 3.65 ± 0.49 km) compared
to 2003 (home range mean = 4.6 ± 0.9 km2, range
span mean = 8.56 ± 2.65 km) (Table 2).

DISCUSSION

The impact of radio-tagging on Little Terns

To our knowledge this study represents the first in
the UK in which adult Little Terns have been cap-
tured at the nest, fitted with radio tags and tracked
at sea. That this was undertaken on this protected
declining species was only justified by the import-
ance of the need to assess the impact of the presence
of an offshore wind farm within a few kilometres of
the species’ largest UK colony. However, if changes
in distribution of foraging birds and perhaps ultim-
ately risk of collision or wind farm avoidance were
to be assessed, clearly there had to be negligible
impact of tagging upon the behaviour of the birds.

Working on the closely related Least Tern Sterna
antillarum in the US, Massey et al. (1988) fitted four
male birds with back-mounted tags weighing 1.8 g,
approximately 3% of body weight. Tagged birds
illustrated a number of behavioural abnormalities,
which included absence for several days, reluctance
to undertake normal nesting duties and shifts in habitat
preferences. However, these proved to be only tem-
porary and did not ultimately influence the outcome
of the nesting attempt. The first three birds in our
study fitted with tags showed a similar response, but
the fact that such behaviours were not observed in other
birds reinforces the suggestion that this was entirely
due to the unfortunate supply of inappropriate tags,
with the breakage of the aerial being the key factor.

A further study on Least Terns by Brubeck et al.
(1981) showed that birds captured at the nest and
fitted with patagial tags subsequently showed an
increased frequency of nest desertion. In our study,
as even the first birds tagged did not immediately
show any signs of behavioural abnormality, handling
per se does not seem to cause a negative response.
There is also no evidence that tagging birds led to an
increased frequency of nest desertion. In 2004,

Table 3. Maximum values of selected parameters of foraging
range and movement recorded in 2003 and 2004 and the
magnitude of difference between them.
 

 

Parameter 2003 2004
Magnitude 

of difference

Foraging bout duration (min) 56 134 2.4
Distance travelled (km) 9.35 26.84 2.9
Distance from shore (km) 2.3 3.4 1.5
Flight speed (km/h) 60.4 73.7 1.2
Home range (km2) 6.27 52.60 8.4

Figure 3. Relationship between the number of location fixes
and the proportion (%) of total estimated home range for each
radio-tagged Little Tern in both 2003 and 2004.
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although some birds did desert nests, this was part of
a much larger phenomenon exhibited at most of the
150 nests lost at Winterton. In 2003, in keeping with
the high productivity of birds at Winterton (Table 1)
one tagged bird was known to have brought two
chicks to at least the point of fledging. This particular
bird was also fitted with a ground plane aerial and in
general there is no evidence of an impact of this addi-
tional aerial over and above that of the tag.

Overall, 12 birds have been fitted with back-mounted
tags with no apparent adverse impacts upon normal
behaviour and nesting success suggesting back-
mounting radio tags is a relatively benign procedure.
In contrast, limited experience with tail-mount tags
suggests these are completely inappropriate for
Little Terns. With a forked tail the central feathers
seem too short (c. 4–5 cm) for effective tag attach-
ment, and there may be an issue of unbalancing this
fast-flying and diving species, no matter how small

and light the tag and aerial. At least one and probably
both tags were shed very quickly, illustrating the
strain the tags exerted on the tail feathers.

Factors limiting data collection

A number of factors are likely to play a key role in
the quality of the data produced in radio telemetry
studies, particularly where tags are used in a relatively
novel situation, as in our case. Tag performance is
likely to be critical and while the tags used in this
study appeared to be able to cope with the rigours of
attachment to a diving species immersing in sea
water, this may explain the relatively high propor-
tion of tags suffering from a ‘drifting’ signal and the
relatively short life-spans of the tags. Once the limi-
tations have been identified, adaptations to methods
of data gathering may be undertaken. For example,
in 2004 we attempted to undertake tracking from a

Figure 4. Maximum home range polygons for four Little Terns radio-tagged at the Winterton colony in 2003. Yellow stars represent the
locations of the turbines installed in 2004.
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small, fast-moving vessel to compensate for limited
tag range. In the event, this was probably crucial in a
year when many birds ranged widely following nest
failure. Whilst there was a reduction in the duration
of continuous tracking of birds within a session, at
least some large-scale movements were recorded.

We also attempted to undertake data collection as
often as possible whilst the tags were operational.
However, a high proportion of birds (43%) were
simply not contacted again after tag attachment in
2004 and the conclusion must be that these birds
simply left the area. Moreover, a number of technical
issues such as the failure of vessels and equipment
and most importantly poor weather limited data col-
lection and it is open to question if several hundred
locational fixes (604) over 2 years are likely to
adequately describe Little Tern foraging movements,

and thus be a useful potential means of assessing the
impact of a wind farm. Certainly, more data was
required to fully describe the range occupied and dist-
ances travelled by birds not bound to an active nest.

The value of radio telemetry in 
understanding Little Tern foraging ecology

The fate of the colony at Winterton in 2003 was
markedly different to that for North Denes &
Winterton in 2004, with some 447 chicks fledged in
the former year and none in the latter (Table 1). In
2004, only a tiny proportion of nests hatched chicks
(at Winterton possibly three of 150 = 2%, and one of
40 at North Denes = 2.5%) and the bulk of nests
were lost early in the nesting cycle simply through being
abandoned. This was unprecedented in the recent

Figure 5. Maximum home range polygons for six Little Terns radio-tagged at the North Denes and Winterton colonies in 2004. Yellow
stars represent the locations of the turbines installed in 2004.
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life of the colonies at the Great Yarmouth North
Denes SPA. Indeed, the only other year of zero
productivity was in 1996, which was attributed to
high tides, predation of eggs by foxes (Vulpes vulpes)
and predation of chicks by Common Kestrels Falco
tinnunculus (Joyce & Durdin 1997).

Typically, young-of-the-year (YOY) Herring spawn
in November – December in the area (Coull et al.
1998). These seemingly (small fish c. < 20 mm may
escape detection by the net in early season) reach a
peak of abundance in the upper water column where
they are available to the birds in mid-June, and
decline rapidly thereafter, perhaps as they move fur-
ther offshore (Fig. 6). The timing of recruitment of
Little Terns appears closely tied in with the availabil-
ity of Herring, with nests laid in mid-May producing
chicks in June corresponding to peak fish abundance.
Chicks need to fledge by early July to avoid the
decline in available prey although a smaller peak of
YOY Sprat, which are spawned offshore in spring
and are subject to drift into the area (Coull et al. 1998),
potentially provide some prey later in the season and

may be an important source of food to re-nesting or
late-nesting birds. Such prey may have been the tar-
get of the late-nesting birds in early July 2004.

A virtual complete lack of recruitment by Herring
in 2004 was thought to be responsible for the failure
of tern productivity in that year, and more specifically
for birds abandoning their nests. This is unprecedented
at the Great Yarmouth North Denes SPA. If Little
Terns are as dependent upon Herring recruitment as
is suggested by Perrow et al. (2004) (and has been
shown for other seabirds such as Puffins in Norway
– Durant et al. 2004), this suggests the complete
failure of Herring in the area is also unprecedented.
Fish populations are notorious for fluctuations in
recruitment of YOY and factors such as the size of
the spawning stock, availability of prey to larval fish
and predation all may have some influence. For
example, spring temperatures and thus prey avail-
ability linked to fluctuations in the North Atlantic
Oscillation (NOA) explain recruitment strength of
Herring in the Baltic (Axenrot & Hansson 2003).
Another possibility is that pile-driving during the
construction of the wind farm from October to
December 2003 (in the spawning period of Herring)
in the area impacted on the number of recruits.
Recent work shows that Herring, amongst other
Clupeids, may be particularly sensitive to underwater
noise (Nedwell & Howell 2004). Future monitoring
of recruitment patterns may shed further light on
the likely cause of the failure of Herring in 2004.

Whatever the cause of the failure of prey, this
produced a clear response amongst the radio-tagged
birds. With a nest and thus undertaking central-place
foraging, birds ranged over a relatively limited area
(2.3–4.5 km) producing home range estimates of
2.2–6.3 km2, which was relatively consistent between
years (Appendix 2), as was the range span (e.g. mean
of 3.5 km in both years with a maximum of 4.6 km).
These figures are consistent with the review by
Cramp & Simmons (1985) that noted hunting occurred
within 6 km of the colony, but not more than 1.5 km
offshore. Radio telemetry suggested that the mean
distances that individual birds foraged offshore were
473 m in 2003 and 489 m in 2004 (Appendix 2),
which was in reasonable agreement with shore-
based observations at both the North Denes and
Winterton colonies (Perrow et al. 2004). However,
radio telemetry also allowed detection of the out-
lying larger-scale movements, with birds recorded at
greater distance offshore (> 3 km) than previously
recorded. Moreover, birds were recording travelling
up to 9 km within the home range in a single bout.

Figure 6. Inter-annual and seasonal differences in the numbers of
Herring and Sprat captured in a standardized trawl effort in the
inshore sampling stations at Scroby Sands.
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There was some suggestion of sex differences in
foraging parameters, in keeping with the known divi-
sion of duties in nesting Little Terns; with females
undertaking more of the nesting duties, particularly
early in the cycle, whilst males supply food. With
abundant food, males may have some free time and
it is perhaps no coincidence that the male ‘bird 11.7’
was prone to loafing (10% of time) (Fig. 2). After
hatching, the female broods the young chicks
more than the male, which continues to supply food.
In response to the hatching of her chicks, female
‘bird 0.9’ reduced the duration of her foraging
bouts from around 11 mins to 5 mins, travelling
proportionally less (2.7 km to 1.7 km) in the process
(Table 4).

It is conceivable that males are adapted to the task
of provisioning with longer wings and tails which may
make them more cost-efficient flyers capable of
greater range. There was limited support for this idea
in 2003, as male ‘bird 11.7’ and ‘bird 13’ undertook
by far the longest feeding bouts, travelled the greatest
distance in the process (mean of 2.5–3 km) and foraged
the furthest mean distance offshore (mean > 800 m)
(Appendix 2).

Faced with poor availability of prey in 2004, birds
appeared to respond by laying a reduced mean clutch
size of 1.8 eggs compared with the UK average of 2.3
(Skeate et al. 2004). Radio telemetry showed they
also increased foraging time within a bout and thus
travelled further, although there was no evidence of
an increase in the number of bouts per unit time.
However, there is likely to be a threshold below which
sufficient prey intake cannot be maintained with
subsequent pressure to abandon the nesting attempt.

‘Bird 5.5’ appears to have been in this process, as it
spent only 1% of its time on the nest. Once the tie to
the nest was severed, failed birds were released
from central-place foraging and ranged widely. Birds
that had failed appeared to spend more time foraging
coupled with some time loafing, although this was
subject to individual variation, perhaps influenced
by the sex of the bird. Male ‘bird 3’ more or less
divided its time between foraging (52%) and loafing
(48%). The two male birds for which data were
available before and after failure also appeared to
reduce the duration of foraging bouts and perhaps
even the distance from shore that foraging occurred
(Table 4). In contrast, the two females (‘bird 12’ and
‘bird 10.2’) that were tracked after failure spent
virtually all their time foraging (86% and 100%,
respectively), with ‘bird 12’ occupying an enormous
range (52 km2) in which it was noted travelling
nearly 27 km in a single foraging bout. These figures
suggest female birds were trying to regain condition
after a nesting attempt.

The potential impact of the wind farm

Radio telemetry, particularly in the year of poor food
supply, changed the perception of what the birds
were capable of, whilst also beginning to unravel
aspects of sex and status related differences in forag-
ing. Most importantly, radio telemetry provided some
insight as to whether the occupancy of part of Scroby
Sands by the wind farm was likely to impinge on the
habitat available to the birds. Taking the distance of
fixes from shore obtained at Winterton in 2003 and
those obtained from birds at both sites in 2004 and

Table 4. Individual variation in parameters of foraging for birds that changed status during their breeding attempt in both 2003 and 2004.
Mean (±1 SE) data from pooled tracking sessions according to a particular status are shown.
 

 

Year/date
Bird tag 

ref. Sex Status

Feeding bouts
Distance 
Travelled 

(m)

Flying 
speed 
(km/h)

Distance from shore

Bouts 
per h

Duration 
(min)

Min. 
(m)

Max.
(m)

Mean 
(m)

2003 0.9 F 3 eggs 3.48 10.89 (3.51) 2794 (861) 20.53 (5.80) 96 (33) 409 (147 )  231 (61)
3, 1 day chicks 3.91 4.83 (1.30) 1723 (533) 22.82 (2.54) 228 (110) 555 (231)  407 (166)

2004 7.1 M 2 eggs 0.88  44 (9.54) 1855 (555) 11.20 (7.99) 548 (38) 1340 (141)  803 (92)
(mid grey) failed 3.45 9.00 (3) 2464 (36) 14.25 (4.83) 5 (0) 231 (104) 68.5 (18.5)

9.4 F chick 4.44 8.45 (1.85) 2126 (486) 11.75 (1.6) 123 (55) 457 (82)  246 (56)
failed 2.67 6.5 (3.5) 2024 (756) 11.62 (4.75) 60 (1) 280 (180)  241 (58)

3.0 M 2 eggs 2.32 26.00 3860 21.15 113 753  318
failed 4.41 11.33 (4.17) 2277 (849) 16.98 (466) 54 (15) 452 (150)  269 (96)
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imposing these on the North Denes colony as though
birds had nested there, provides a measure of the
likely use of the wind farm area (Fig. 7). In a ‘normal’
year the bulk of habitat use of the birds is likely to

be in inshore waters very close to the colony with no
use of the distance bands occupied by the wind farm.
Only in a poor foraging year was there a small
amount of use (c. 3%) at the distance corresponding

Figure 7. Proportion of location fixes in distance bands centred on the North Denes colony and the Scroby Sands wind farm (yellow
stars), using all data from all birds at both Winterton and North Denes obtained in both 2003 and 2004. Note that the 5 km distance band
covers the entire map.
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to the wind farm. This does not imply that the wind
farm itself would be used, unless it provided the
better foraging opportunity. We now know the wind
farm is within range of birds from North Denes and
even if a small proportion of foraging time is spent at
such range, this may be important under certain con-
ditions. Use of the wind farm area and Scroby Sands
in general may change according to tidal state,
perhaps as the sand bank and its dependent fish and
invertebrates become exposed at low tide, or alter-
natively as fish attempt to feed over the covered sand
at high water, or conversely, as foraging opportuni-
ties change closer to shore. A further necessary step
will be to quantify the use of the wind farm area,
coupled with flight height information, in an attempt
to assess the collision risk presented to the birds by
the turbines.

CONCLUSIONS

Radio telemetry has proved to be an important tool
for assessing the impact of the Scroby Sands wind
farm on Little Terns, not least through furthering the
understanding the scope of habitat use by the birds.
This is despite the technical difficulties and the gather-
ing of relatively limited quantities of data.

We suggest there is clear potential value of radio
(and satellite) telemetry in illustrating the scope of
habitat use, perhaps to set precautionary distance
limits for wind farms which might overlap with the
ranges of species of particular conservation concern
(e.g. Sandwich Terns Sterna sandvicensis in relation
to developments in The Wash, UK – Fig. 1) as well
as defining actual use of particular areas, e.g. for
collision risk assessment. However, any attempt to
accurately quantify foraging range is likely to require
a large number of location fixes and must take into
account prey availability in the year in question and
the rigour of any assessment would clearly improve
with several years’ data.
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Appendix 1. Details of tags and biometrics of captured and tagged Little Terns in 2003 and 2004.

Year/
date Site

BTO ring 
No./colour

Sex/ 
brood 
patch

Weight 
(g)

Bill 
length 
(mm)

Retrap: 
first 

ringed

Tag 
reception 
frequency

Tag 
type Tag fate Behaviour Fate of bird/nest/chicks

19.06.03 W NW09527 female Y 60 – – 10.1 Ag3791 Aerial lost, tag 
failed < 6 days

Aberrant – 
awkward 
movement 
– rolling on back

Eggs hatched, bird partner 
and two chicks later 
disappeared, presumed dead

19.06.03 W NW09528 female Y 54 – – 0.4 Ag3791 Aerial lost, tag 
failed < 4 days

Aberrant 
– refusal to 
incubate 
– soliciting 
food

No eggs hatched, nest failed

19.06.03 W NV576538 – N 58 – 02/03 – – – – –
23.06.03 W NV91429 female N 55 31.3 – 1.7 Ag3791 Aerial lost, tag 

failed < 4 days
Some erratic 
– refusal to 
brood

Eggs hatched, fate of bird 
unknown, 3 chicks 
may have survived

23.06.03 W NW09530 male Y 58.6 29.7 24.06.98 11.7 Ag3791 Aerial lost, tag 
failed < 9 days

Normal Nest failed, bird went missing, 
then reappeared, likely 
to have re-laid

28.06.03 W NV51914 male N 56 31.9 05.07.93 3.8 grey Ag3792 Tag failed 
< 18 days

Normal Eggs hatched, fate of bird and 
chicks unknown

28.06.03 W BV87138 female Y 51.5 31.3 18.06.01 0.9 Ag3792 
(GP)

Tag failed 
< 18 days

Normal Bird followed for 27 days 
before disappearing, 
2 chicks likely to have fledged

28.06.03 W NW09581 male N 53 31.0 – 13 Ag3792 Tag failed 
< 18 days

Normal Eggs hatched, fate of bird 
and chicks unknown

08.07.03 W NW09880 female Y 52.5 29.4 – 2.4 Ag379 (TM) Tag failed 
within minutes

Normal Eggs hatched, fate of bird 
and chicks unknown

08.07.03 W NW09881 female Y 57.5 28.9 – 8.1 Ag379 (TM) Tag shed < 8 days 
re-covered

Normal Eggs hatched, fate of bird 
and chicks unknown

22.06.04 ND NW09890 male N 54 29.0 7.1 
mid-grey

Ag376 Tag drifted, re-
contacted after 10 
days, working for 
> 24 < 27 days

Normal Nest lost on 29–30th Jun 
(day 8), possibly hatched

26.06.04 W NV91042 
Y/B Left

female 51 30.1 02.07.98 5.5 Ag379 
RF + GP

Tag working 
> 5 < 6 days

Normal Nest lost < day 20

26.06.04 W NW09891 
Y/B Left

male Y 51 32.7 – – –

26.06.04 W NW09892 
Y/B Left 

male Y 56 30.6 13.9 Ag376 Tag working 
> 10 < 12 days

Normal Nest failed (day 2), 
bird moved t o North Denes

continued
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26.06.04 W NV91076 
Y/B Left

female Y 
(quite small)

52 32.5 24.06.98 9.4 Ag379 Tag working 
> 6 < 10 days

Normal 1 egg lost before tagging, 
other egg probably hatched, 
bird not contacted after 
chick lost (day 6)

26.06.04 W NV80812 
Y/B Left

Y 53 31.3 29.06.94 – – –

26.06.04 W NW09893 
Y/B Left

female 49 30.0 7 Ag379 Tag never 
contacted

Not observed Nest failed within 2 days, 
bird not contacted

26.06.04 W NW09894 
Y/B Left

male Y 
(quite large)

58 31.5 – – –

26.06.04 W NW09895 
Y/B Left 

male Y 
(quite large)

57 33.0 3 Ag379 GP Tag working 
> 10 < 12 days

Normal Nest failed by 2nd July (day 6)

30.06.04 ND NW09896 female 58 30.8 12 Ag376 Tag working 
> 16 < 19 days

Normal Nest failed immediately 
(day 1), bird also at Winterton

30.06.04 ND NW09897 female 58 31.4 15 
blue-grey

Ag379 Tag drifted, 
working > 6 < 8 
days

Normal Nest lost to predator on 
July 10–11th (day 10)

30.06.04 ND NW09898 – 54 29.0 – – –
02.07.04 ND NV82475 female 49 27.8 26.06.95 8.2 Ag376 Tag never 

contacted
Not 
observed

Nest predated by fox on 
July 3rd–4th (day 2)

02.07.04 ND NW09899 female 51 28.0 10.2 Ag376 Tag working 
> 12 < 14 days 
recovered 

Normal Nest predated by fox on 
July 3rd–4th (day 2), bird not 
contacted until day 6, tag 
recovered after being tracked
the same day (day 12)

02.07.04 ND NV80731 female 52 28.3 29.06.94 0.7 Ag379 GP Tag never 
contacted

Not 
observed

Nest predated by fox on 
July 3rd–4th (day 2), 
bird not contacted

14.07.04 ND NW09900 female Y 51 27.4 6.4 Ag379 RF Tag never 
contacted failed 
< 2 d ays

Not 
observed

Nest lost for unknown 
reason by July 18th (day 4)

14.07.04 ND NV95791 male 60 29.9 26.06.00 4.7 Ag379 RF Tag never 
contacted

Not observed No nest, bird controlled 
by whoosh net

14.07.04 ND NW09927 female 54 28.8 11 Ag379 GP Tag never 
contacted

Not observed No nest, bird taken 
by whoosh net

Notes: ND = North Denes, W = Winterton, 1tail mount tag with thin wire aerial, 2modified thick wire aerial with plastic sleeve.

Year/
date Site

BTO ring 
No./colour

Sex/ 
brood 
patch

Weight 
(g)

Bill 
length 
(mm)

Retrap: 
first 

ringed

Tag 
reception 
frequency

Tag 
type Tag fate Behaviour Fate of bird/nest/chicks

Appendix 1. Continued
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 Appendix 2. Individual variation in the variables associated with foraging as revealed by radio telemetry in both 2003 and 2004. Mean (±1 SE) data from each tracking session
from each bird in relation to the status of their breeding attempt are presented. Overall (all) values are also shown.
 

Year/ 
date

Bird 
tag ref Sex Status

Track 
time 
(min)

No. of 
sessions

Total 
fixes

Feeding bouts 

Distance 
travelled (m)

Flying speed 
(km/h)

Distance from shore

Max home 
range (ha)

Home 
range 

span (m) 
Bouts 
per h

Duration 
(min) Min. (m) Mean (m) Max. (m)

2003 10.1 F? 3 (day) chicks  255 21 48 2.35 15.20 
(6.04)

1 508 
 (347)

7.34 
(1.43)

 188 
(46)

349 
(81)

 538 
 (154)

437.17 4 564

11.7 M 2 eggs  333 2  66 1.80 19.33 
(5.33)

2 542 
 (951)

10.05 
(2.89)

 266 
(97)

552 
(146)

 821 
 (224)

627.49 4 005

13 M 2 eggs  136 1  17 1.32 31.00 
(16.74)

3 177 
(1 365)

9.27 
(2.89)

 189 
(81)

923 
(315)

1 497 
 (529)

– –

0.9 F 3 eggs → chicks  339 2 109 3.72 7.43 
(1.76)

2 182 
 (480)

21.84 
(2.80)

 171 
(65)

331 
(99)

 492 
 (144)

559.51 3 759

3.8 grey M 2 eggs  121 2 42 5.45 6.00 
(2.02)

1 441 
 (471)

18.61 
(3.55)

 117 
(31)

208 
(68)

 326 
 (129)

215.89 2 268

All  236.8 
(225.34)

– 56.4 
(57.65)

2.93 
(0.75)

15.79 
(4.53)

2 170 
 (326)

13.42 
(2.86)

 186 
(24)

473 
(125)

 835 
 (206)

460.02 
(406.93)

3 649 
(3 098)

2004 7.1 mid-grey M 2 eggs → failed  239 2 40 1.25 30.00 
(10.08)

2 160 
 (29)

12.72 
(3.91)

 299 
(145)

482 
(241)

 795 
 (333)

1 322.68 13 022

5.5 F 2 eggs 45 2 12 1.14 17.5 
(4.5)

1 404 
 (219)

9.67 
(3.13)

 5 
(0)

385 
(25)

1 005 
 (166)

– –

13.9 M failed  132 3 39 2.77 33.3 
(22.92)

4 602 
(3 473)

9.09 
(3.56)

 68 
(15)

496 
(239)

 975 
 (484)

190.29 2 333

9.4 F chick → failed  217 3 77 4.02 8.15 
(1.61)

2 171 
 (443)

11.73 
(1.67)

 118 
(47)

234 
(51)

 430 
 (80)

426.60 3 380

3.0 M 2 eggs → failed  67 32 27 8.00 15.00 
(4.76)

10 692 
 (786)

18.03 
(3.99)

 49 
(12)

282 
(77)

 527 
 (143)

856.57 12 183

12.0 F failed  307 2 58 0.77 66.50 
(24.75)

11 763 
(5 082)

16.47 
(2.1)

 212 
(105)

1368 
(699)

2 421 
 (600)

5 260.09 17 527

9.0 blue-grey F eggs  257 3 105 3.88 10.22 
(2.85)

2 278 
 (642)

13.14 
(2.95)

 80 
(36)

175 
(56)

 367 
 (97)

481.35 2 933

10.2 F failed  56 1 8 1.09 55.00 9 764 11.64  12 490 1 131 – –
All  165 

(180.44)
– 45.75 

(52.42)
2.87 

(0.86)
29.46 
(7.58)

5 604 
(1 550)

12.81 
(1.09)

 105 
(36)

489 
(133)

 956
 (232)

1 422.93 
(2 166.87)

14 679.43 
(9 683.95)

Notes: 1same day, 2one very short at 4 minutes.


