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Introduction
The coastal strip of Dobrudzha, Bulgaria, supports globally important wintering populations of arctic
migrant geese. Almost the entire world population (ca. 55, 000 individuals) of the Annex I listed and
globally Endangered Red-breasted Goose Branta ruficollis is recorded regularly, a species that
experienced a ca. 50% population decline between the late 1990s and mid 2000s. The most
numerous species in the region is the European White-fronted Goose Anser albifrons with which
Red-breasted Geese, herein referred to as ‘red-breasts’, gather in mixed flocks. Small numbers of
Greylag Goose Anser anser and occasional sightings of other species including the globally
Vulnerable Lesser White-fronted Goose Anser erythropus also occur in the area.
The conflicting interests of several stakeholders creates a challenge for goose conservation in
Dobrudzha. Hunting of White-fronted Geese, a legal quarry species, takes place in January, around
the roosts at dawn and dusk, and within the fields where geese feed during the day. While shooting
red-breasts is illegal, their close association with white-fronts causes disturbance to both species.
Geese can cause damage to winter wheat crops, with resulting loss of yield, and can also draw
hunters to fields where their vehicles cause damage to crops, both leading to conflict with farmers.
Government renewable energy targets have also brought major wind farm development to the
region. Hundreds of turbines have already been constructed, while hundreds more are planned or
consented for the region. The existing turbines have been shown to cause local habitat displacement
of feeding geese (Harrison et al. submitted), and may pose further risks of collision and roost
disturbance. Conversely, conservation NGOs and the ecotourism industry strive to maintain the
status of these populations in the face of such pressures.
Key to designing and implementing conservation measures aimed at integrating goose management
with agriculture, hunting communities, development, tourism etc is an understanding of how
wintering goose populations use the area. Goose numbers in Bulgaria are highly variable between
winters, and even between winters geese are very mobile, changing their distribution in response to
weather conditions – moving north in mild weather, and further south along the Black Sea Coast in
extreme cold. Hunting disturbance is also thought to influence distribution in the region, particularly
the choice of roost – data suggest that under high hunting pressure around the lakes, a greater
proportion of geese may be forced to roost on the sea - and may travel further from roosts to feed,
potentially increasing their exposure to wind farm impacts.
Remote tracking technology allows unbiased tracking of individuals, providing comprehensive and
systematic information on how individuals use the landscape. As part of the project ‘Conservation of
the Wintering Population of the Globally Threatened Red-breasted Goose in Bulgaria’
(LIFE09/NAT/BG/000230) we implemented a remote-tracking study to increase the general
understanding of Red-breasted Goose movements in the discrete wintering site of Coastal
Dobrudzha. The aims of the project were to:




Characterise individual use of feeding and roosting areas and the patterns of movements inbetween;
Identify important linkages e.g. movement corridors between roosts and feeding areas;
Understand the effects of hunting disturbance on birds’ daily movements and choice of
roost sites; and

Obtain unbiased data on flight lines and fight heights, fundamental to understanding risk of
collision with wind turbines.
Here we present the results of a three-year telemetry study involving a number of expeditions to
catch, tag and retrieve location data for Red-breasted Geese on their wintering grounds in Bulgaria.
Additionally, we describe the findings of a separate telemetry study aimed at increasing the current
knowledge of Red-breasted Goose migration routes, identifying unknown important stop-over sites
along migration routes, and adding to current knowledge on arctic breeding areas. While fieldwork
for the two studies was combined, we used two different types of telemetry device, each designed
to provide information relevant to the specific aims of each study, for example, in terms of location
accuracy, frequency of location fixes and battery life. Tags used for the migration study were
purchased by the Wildfowl & Wetlands Trust (WWT) and funded by the UK’s BBC Wildlife Fund.


Methods
Telemetry devices
As stated above, two types of tagging device were fitted to geese to answer questions relevant to
either the wintering grounds or migration routes. To collect data relevant to the wintering areas we
used GPS data loggers manufactured by e-obs. These tags provide GPS fixes, and data are
downloaded via a radio uplink, requiring birds to remain in the area to allow download. Batterypowered tags were used to ensure good function (solar-powered tags rely on reasonable sunlight to
ensure adequate charge). Given a maximum 3-month window of use (the time birds remain in
Bulgaria), the tags were programmed to provide 10 fixes per day (considerably more than is possible
using solar tags) providing a high level of detailed information (for example, not just confirming
whether birds roosted on the sea, but being able to follow movements on the sea during the course
of an individual night). The tags also contain an accelerometer, which measures fine-scale 3D
movements of the tag, recorded in bursts every four minutes.
For the migration study we used 22 g satellite tags, manufactured by Microwave Telemetry
Incorporated MTI), which, unlike the data loggers, have the advantage of providing data no matter
where the bird moves to. The satellite tags are all solar powered so, in theory can continue to
function for several years. Low sunlight levels (as found in winter) limits battery charge and
therefore the number of locations provided to just one or two per day, or even no fixes on some
days. Such frequency is ideal for following the general migration routes over several months. The
tags have GPS receivers, ensuring very accurate fixes, as well as providing fixes via the Argos satellite
network. This is less accurate, but a large proportion of fixes is normally accurate to 1 km or better.
As well as providing data during migration, satellite tags may also add to the wintering information,
particularly if birds move out of the area of reach of observers with radio receivers.

Catching geese
Expeditions to catch Red-breasted Geese took place over four winters from 2010/11 to 2013/14. A
licensed cannon-netter and at least two licensed and experienced ringers were present on each
expedition, and a suitable number (at least five) of additional helpers were on standby in the local
area for each catch, including people with previous bird-handling experience.

Prior to catching expeditions the necessary permissions and licences were obtained from relevant
authorities in Bulgaria.
Cannon-nets (Bub 1995) were used to try to catch geese in agricultural fields frequented by feeding
geese. Fields were checked daily for presence of feeding geese. Up to four cannon-nets were set in a
field that the geese had actively fed in. The nets were set at night after the geese had left the field.
Each 26 m x 13 m net was laid lengthways on the ground and the width furled before being placed in
a shallow trench to reduce the height of the furled net, thus making the net as inconspicuous as
possible. Each net was fired using four metal cannons dug into the ground behind the net. The net
was attached to the leading edge of the net by ropes tied onto projectiles. At the base of each
cannon a steel cartridge contained 25g of black powder. This was ignited by firing a small fuse which
was detonated using a high voltage firing box. The cannons were connected to a 400 m electric firing
cable in series, which ran to a suitable firing point along the field edge. A small canvas viewing hide
was erected at the firing point. The expected extent of the fired net was marked using natural dead
umbellifer stems to aid the detection of geese within the catching area.
The cannon-netter in charge of operations entered the viewing hide under cover of darkness at
dawn the following morning. If geese landed in the field, a waiting game ensued, until the required
number of red-breasts was present in exactly the right position, within the anticipated safe
‘catching’ area (marked out by the umbellifer stems) but not within 4 m of the net itself due to
animal welfare considerations. If geese were safely in the ‘catching’ area, the net was fired from the
firing box.
Under the supervision of the cannon-netter, the captured geese were quickly extracted from
beneath the fired net by experienced handlers. Each bird was aged (using plumage characteristics)
and sexed (by cloacal eversion) before being placed in fabric goose pens separated by age and sex.
Once extracted from the net each bird was fitted with a metal leg ring (issued by the Bulgarian
Ringing Scheme). On the other leg, a two-letter plastic engraved ring was fitted to allow recognition
of individuals in the field, post release. Each bird was weighed (using a spring balance), its wing
length measured (using a graduated rule) as was the length of the tarsus and of the head and bill
(using a dial calliper) (Dzubin & Cooch 1992). Tags were fitted preferentially to adult males that
appeared to be in good body condition (above 1,300 g) following the UK guideline recommendation
that the combined weight of the tag and attachment materials is below 3% of the body weight of the
bird to minimise the impact of the device on the bird’s normal behaviour.
They were fitted using a Teflon harness (TrackPack Mounting System from Marshall Radio
Telemetry), of a design developed specifically for fitting to Red-breasted Geese and adapted from a
design already used on swans and other goose species following testing on captive red-breasts at a
WWT visitor centre in the UK. The technique was approved by WWT’s Animal Welfare and Ethics
Committee. A Delrin mounting plate (supplied with the TrackPack Mounting System) was fitted to
the bottom of all PTTs.
All birds that were not selected for fitting with telemetry devices were placed back in a separate
fabric keeping pen awaiting release. Once 10-15 birds had been ringed, these were released
together from the keeping pen to promote flock cohesion. The majority of geese flew together upon
release. Any goose that did not fly from the keeping pen, due to wing cramp, was caught by hand

and placed on the nearest large water body, to allow the bird to safely preen and flap its wings in
order overcome the cramp.
European White-fronted Geese were inevitably caught together with red-breasts. The white-fronts
were ringed in exactly the same way as the red-breasts but instead of being fitted with a plastic leg
ring, each goose was fitted with an engraved alphanumeric plastic neck collar. When both species
were caught together, the smaller red-breasts were ringed and released first given their high
conservation status.
Following release, and where birds had been tagged with GPS loggers, fieldworkers visited roosts
and known feeding areas regularly (at least on a daily basis) in order to download data from the GPStagged birds. The radio uplink requires that the receiver is within 10 km line of sight of the tag to
retrieve data. The best time to achieve full downloads of multiple birds was when birds were on the
roosts or on morning flights from roosts. For any birds that left the project area no further data was
available unless they returned to the area. Data from the satellite tags was retrieved remotely from
the Argos satellite network.

Results
Overview
Birds were caught in one of four successful catches over the project period, on 11 January 2011, 8
February 2013, 9 January 2014 and 12 February 2014. We deployed 22 GPS loggers to Red-breasted
Geese as well as three solar satellite PTTs from the separate project. Table 1 summarises the
numbers of red-breasts caught and tagged on each catch date, and catching locations are shown in
Figure 1.
Table 1 Numbers of Red-breasted Geese caught and tagged in winters 2011-2014
Catch date
11 Jan 2011
08 Feb 2013
09 Jan 2014
12 Feb 2014

Location
Tyulenovo
Ezerets
Ezerets
Durankulak

No. Birds caught
6
95
12
45

No. Adult males
3
31
1
12

Number of birds tagged
GPS logger
2
9
3
8

Satellite tag
2
1

Durankulak
Lake

Shabla Lake

Fig 1 - Catching locations
Additionally, five white-fronts were tagged during the small catch of 40 geese on 9 January 2014,
which comprised only 12 red-breasts with one adult male, to provide additional data on a quarry
species to allow comparison with red-breast movements.
Data loggers fitted to red-breasts provided 2,790 GPS fixes over the duration of the project, a total of
287 bird days and almost 10-bird months. From the red-breasts that exhibited seemingly normal
behavior, the highest number of fixes received per individual was 417 for a tag deployed on 9
January 2014, and the lowest was 27 fixes. The tags deployed on white-fronts provided very few
data – at least two birds were known to have removed their tags within a few days, and it is
suspected that the same may have happened to the others.

Only 14% of all fixes were obtained in January, given that only three red-breasts were tagged in this
month (birds are easier to catch after the close of the hunting season). Two of these January-tagged
birds spent time in Romania in January (see below). The third bird was recovered dead five days
after its release. Hence, only a small proportion of the January fixes were in Bulgaria, which makes
comparison within and outside of the hunting season very difficult.
The PTT satellite tags provided fixes for a total of 651 bird days and almost 22 bird-months, including
479 bird-days and133 bird days for the two red-breasts tagged in February 2013 and 39 bird-days for
the bird tagged in February 2014. For PR reasons these birds were respectively named Vasco,
Asparukh and Troian.
All but two of the tagged red-breasts were adult males with an average weight of 1,394 g (min =
1,260 g, max = 1,625 g). Two juveniles appearing in good condition (weighing 1,360 g and 1,450 g)
were tagged on 9 Jan 2014. In total 265 birds were ringed across all catches, including 158 redbreasts (100% of those caught) and 128 white-fronts.
Following their release the majority of tagged birds appeared to behave normally, moving from the
roosts to fields during the day, and returning to the roosts at night. For most, data suggested that
birds were feeding as normal among flocks of conspecifics. Five red-breasts, however, exhibited
abnormal behaviour for up to a few days post-release, largely remaining on the lake for up to six
days, before returning to ‘normal’ activity. One red-breast tagged with a data-logger, after showing
seemingly normal movements for two days post-release, was recovered dead from the edge of
Durankulak Lake on day five. Another may have had a similar fate, with fixes suggesting the tag
remained stationary in the reeds fringing Shabla Lake from the morning of day two.
All three of the satellite-tagged red-breasts showed seemingly normal movements following their
release. The two tagged in February 2013, named Vasco and Asparukh, were both tracked to the
Russian Arctic breeding grounds (see below for more detail). Asparukh’s signals stopped while on
the breeding grounds. Vasco was tracked on the return journey and part-way back to the breeding
grounds the following spring, before signals stopped in early May, probably due to battery failure.
Troian, the bird caught in February 2014 was tracked along the spring migration before being found
shot near Bayr in Kalmykia, Russia around 22 March.
Movements of Red-breasted Geese in the wintering grounds
We examined the detailed movements of 19 individuals tagged with GPS loggers. For tags that
showed abnormal behaviour patterns after release we eliminated data from the days where birds
appeared stationary. For all other birds we eliminated data from the first day after release to
account for any post-release behavioural differences. Geese generally leave the safety of the roosts
at dawn and return around or just after dusk. Using known sunrise and sunset times we classified
GPS fixes into ‘daytime’ (between dawn and dusk the next day) or ‘night time’ (between dusk and
dawn the next day). Night time points were used for roost site examination and daytime points for
feeding observations. Any daytime fixes shown to be on the roosts, due to mid-day visits to the lakes
to drink water, were eliminated from the feeding analyses (below).
Choice of roost
Data from birds tagged with GPS loggers identified linkages between feeding and roosting locations,
and the extent to which birds roosted on freshwater lakes or the sea. Birds roosted mainly on the

lakes at Shabla and Durankulak (Appendix Fig 2) though almost half (9 out of 19) of the birds spent at
least one night roosting on the sea. Of these birds, 18% of all nights (19 out of 104) for which data
was obtained were spent on the sea. There was no apparent difference between the percentage of
nights spent on the sea in January and February (13.6% (n=44) and 23% (n=56) in January and
February respectively), though there are very few data available for January (see above). On all but
two dates where birds roosted on the sea, only a single tagged individual did so.
Ten red-breasts used more than one roost site within the study period, with eight of these switching
from southern sites (Shabla Lake Complex and adjacent coastal waters) to northern sites
(Durankulak Lake and adjacent coastal waters) (see Fig 3 for examples). Two birds switched roost
sites multiple times - these were the individuals that also spent time in Romania (Fig 4); eight birds
roosted only at Durankulak Lake while just one roosted only at Shabla Lake Complex. The latest fixes
for all birds (except one for which only eight fixes were obtained before it stopped transmitting in
early February) were from the northern roosts of the study area, suggesting that birds may gather
around Durankulak Lake prior to migration.
Feeding areas
157 night-time fixes from 18 individuals were located on land, suggesting potential feeding during
the night (Fig 5). These points were eliminated from further daytime feeding analyses.
Individual red-breasts ranged a daily average of 3 km from their previous night’s roost, the lowest
average being 0.7 km and the highest being 9.3 km (excluding fixes from Romania and fixes between
when individuals were believed to have switched between roosts). The maximum distance recorded
from an individual’s previous night’s roost was 27 km, which was observed for an individual roosting
on the sea off Rusalka in the south of the study area the previous night.
One individual did not forage further than the edge of Durankulak Lake, but excluding this, the
shortest maximum foraging distance from the previous night’s roost was 1.4 km. The average
distance from the previous night’s roost was 3 km across all individuals, ranging from 0.7 km to 9.3
km.
For birds with GPS fixes from more than one date the maximum distances between daytime fixes
and the previous night’s roost varied over course of the winter (see Fig. 6 for examples). The
maximum recorded foraging distance per day generally stabilised over time, with short but fairly
constant distances occurring later in the season. A small number of birds foraged at increasing
distances from the roost as the season progressed.
The average distance between daytime fixes and the nearest lake across all tagged individuals was 2
km per day, ranging from 0.6 to 6 km. Maximum distances ranged from 1.4 to 8.6 km from the
nearest lake.
Tagged individuals often used the same field for several days in succession. On average, individuals
were recorded using a given field for almost four consecutive days (ranging from one to eight).
Within a given day individuals generally used fields that were in close proximity to each other. Birds
were recorded using an average of four fields per day.
Fields around the lakes had a high relative importance for feeding based on the relative number of
fixes recorded from all individuals (Fig 7). For red-breasts that used the same roost throughout,
feeding sites were concentrated around the same roost (see Fig 8 for examples).

No fixes occurred within the wind-farm footprints in the south of the region. The average distance to
the nearest wind turbine was 427 m, while the minimum recorded distance was 97 m.
Use of wintering sites in Romania
GPS data showed that two of the tagged birds spent part of the winters in Romania: one, caught on
11 January 2011, remained in Bulgaria until 15 January before spending the next 2-3 weeks along the
Danube River, mostly on Great Brăila Island (Insula mare a Brăila), Brăila County (Figs 9a and 10), an
island almost entirely covered by arable land. A single fix from Durankulak Lake on 8 February
allowed the retrieval of these data.
The other bird, caught on 9 January 2014, again moved north to the Danube River (Figs A9b and A11)
in mid-January before returning to Dobrudzha on 31 January where it remained throughout
February. This bird used a site further upstream, ca. 60 km to the south, on the island Balta Ialomiței,
with most fixes occurring south of Topalu, near Capidava.
Additionally, four birds were recorded using fields in Romania, immediately to the north of the
Bulgaria-Romania border, while still roosting in Bulgaria. Field observations revealed the same
pattern, of roosting in Bulgaria and feeding in Romania, for almost all of the geese wintering in the
region for a ca. one week period in mid-January 2013 (Fig 9c). This appeared to coincide with an
intense period of hunting disturbance within Bulgaria over the same period.

Satellite tagged birds
Migration data was obtained for three red-breasts fitted with PTT satellite tags (Fig 12). Spring
migration routes from the Bulgarian wintering grounds to the breeding grounds in northern Russia
were determined for two individuals fitted with PTT satellite tags: Vasco and Asparukh (Fig 13 and
14). The spring migration routes were broadly similar for both birds: they moved north along the
Black Sea coast of Romania, then east through southern Ukraine, Kazakhstan and north through
Russia. Both birds reached the breeding grounds between early- and mid-June. The last fix from
Asparukh was obtained on 20 June 2013, likely due to battery failure. Fixes were received from
Vasco up to 23 May 2014, which allowed us to also track this bird’s autumn migration, its winter
locations in 2014 and part of a second spring migration in 2014. The bird reached the western
Kazakhstan border before no more fixes were retrieved. The autumn migration followed a different
route to spring migration (Fig 12), with the bird taking a much more westerly route through Russia,
alongside the Ural Mountains and apparently even crossing the mountain range at one stage. Vasco
wintered in a different location during the second winter – primarily in the Syvash Wetlands, Ukraine
(Fig 15). But also briefly visit sites on the west coast of the Crimea Peninsula close to the town of
Ivanivka.
The third PTT-tagged red-breast, Troian, was tracked part-way along its spring migration (Fig 16). The
bird appears to have headed straight from the wintering grounds in Bulgaria, across the Black Sea to
the western Crimea Peninsula (Lenins’kyi region), before heading to an area close to the Tsimlyansk
Reservoir, Russia. It then moved to the Kalmykia region, but was reported shot near Bayr around 22
March 2014.
A number of key stopover sites were identified in which birds spent longer than ten consecutive days
before continuing their journeys. Both Vasco and Asparukh stopped over at Manych-Gudila Lake,

Russia, but followed different routes from the wintering grounds to this site, with Vasco taking a
more inland route through Ukraine. Both also spent over ten days in North Kazakhstan before
continuing their journeys to Arctic Russia with very few stops. On the autumn migration, Vasco made
a prolonged stop at a 20x20 km lake partially connected to the Ob River (Fig 17). This Lake, known as
Ozero Untor, currently only has national protection, though is about 40km north of the Upper
Dvuobje Ramsar site, a floodplain area of the Ob, and a known passage site for red-breasts. The bird
also stopped over at Lake Zhetykol, Russia, where it made regular movements into Kostanay,
Kazakhstan.
The protected status of stopover sites used by birds Vasco and Asparukh was generally low, with the
birds respectively spending 82% and 71% of nights outside of protected areas.
Probable breeding sites of birds Asparukh and Vasco were approximately 400 km apart in the south
western part of the Taimyr Peninsula, Russia (Figs 18 and 19 respectively). Vasco settled along a
small tributary ca. 70 km east of the Yenisei River, while Asparukh settled around 50 km east of
Pyasina River, again with many fixes occurring along a small tributary before the failure of the tag.

Resightings
All of the caught geese were fitted with metal leg rings (from the Bulgarian Ringing Centre), and of
them 118 birds were fitted with plastic leg rings (red-breasts) and 110 with plastic collars (whitefronts).
A total of three resightings of our marked red-breasts and 11 of the collared white-fronts have been
made in Bulgaria, though all of these were within the same winter in which the birds were caught.
One of the red-breasts was observed on its spring migration in northern Kazakhstan, but distance did
not allow the reading of the letter code, only the colour of the ring, to be recorded. In November
2014 two red-breasts with colour rings fitted by the LIFE Project team were observed in Hungary,
confirming that the large influx of birds in the winter of 2014 in Hungary included birds that have
previously wintered in Bulgaria.

Discussion
Tagging of geese under the LIFE09/NAT/BG/000230 project has provided valuable information on
the winter movements of red-breasts and the selection of feeding and roosting sites. The results
highlight the importance of Shabla and Durankulak Lakes as roosting sites and the arable areas in
close proximity to the lakes for feeding. While many of the results confirm information that has been
previously speculated from ground-based observations, telemetry data enable the detailed
movements of individuals to be followed over a prolonged period, which is currently not possible by
other means e.g. observations of marked individuals. The results yield valuable information on
important feeding areas, such as the selection of a very small number of fields relative to the
numbers of fields in the landscape, and the frequent use of a single field over several consecutive
days. The data also confirm that geese periodically roost on the Black Sea up to several kilometers
offshore, and variation in the location of fixes over the course of a night suggests that birds roosting
on the sea are likely dragged along by the ocean currents.

The preference of feeding areas near roost sites is supported by statistical modelling of goose
habitat preferences (Harrison et al. submitted), which identified proximity to roosts as an important
factor, with increased probability of occurrence close to roosts. This is in marked contrast to some
situations observed during January alone by ground-based observers, when large numbers of geese
have been recorded feeding much further from the lakes, sometimes travelling across the border to
feed just inside Romania where the border police prohibit hunting close to the border. It is assumed
that the stark difference between feeding distributions reflects the change in hunting pressure, and
that in the close season (after the end of January), the birds prefer to feed in close proximity to the
lakes if undisturbed.
Due to only small amounts of data being retrieved from Bulgaria in January, within the hunting
season, it was not possible to provide a robust comparison of goose movements and locations in the
presence and absence of hunting disturbance. For example, despite finding no evidence from the
tags, ground-based roost counts do suggest that a higher proportion of birds roost on the sea during
January, most likely driven by hunting disturbance. While ideally, further telemetry studies would
attempt to address this with the aim of understanding the extent of the threat from hunting and
likely impacts at the population-level, this project has revealed significant practical difficulties of
cannon-netting geese in Dobrudzha during January, when the geese are more disturbed and their
movements less predictable. In the short-term, monitoring of hunting pressure is recommended as a
means of indirectly assessing the degree of hunting pressure and changes over time, such that
changes in goose numbers and distribution may be assessed with such data in mind.
Very few fixes were obtained from within or in close proximity to wind farms, despite ground-based
observations of sometimes substantial numbers of geese feeding in fields within or close to wind
farms, or flying in or around such areas. The various studies undertaken under the LIFE project have
confirmed that goose numbers and movements in Coastal Dobrudzha are highly variable both
between and within seasons, thus the small number of catches, and the prevalence of data from
February when birds appear to feed closer to the roosts, may explain the lack of fixes in areas
further from roosts and with wind farms. Indeed, landscape-scale avoidance of turbines may offer a
further explanation, though statistical modeling has not shown this to be the case (Harrison et al.
submitted).
Tagged geese provided valuable information on the movements of birds in Romania, including the
identification of a previously unknown key roost site on Great Brăila Island, a site previously
unknown by Romanian colleagues as important for red-breasts.
The satellite PTT tags purchased under a different project have also revealed previously unknown
and unprotected stopover sites used by red-breasts, and affirm the importance of a number of sites
already protected as important sites for migratory Red-breasted Geese, such as the Kuma-Manych
lowlands, Russia.
Birds tagged with satellite transmitters (from this and from other collaborative tagging initiatives in
Bulgaria at the same time) demonstrated a high level of mortality from spring hunting, with birds
being shot in southwest Russia and Kazakhstan. A crude calculation based on data from the tagged
birds suggests annual mortality in red-breasts from hunting alone to be at least 30% and perhaps as
high as 60% (though the small sample size requires that these figures are treated with caution).
Annual adult mortality would be expected to be 10–20% for a non-hunted goose population.

Although our mortality estimates are almost certainly higher than the real value, they strongly
indicate that the impact of hunting is far higher than previously thought.
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Figures

Durankulak
Lake

Shabla Lake

Fig 2 – Night time fixes for individual tagged red-breasts (four digit number represents tag ID
number), graded according to date.

Fig 3 – GPS fixes from two individual red-breasts showing a switch of roost sites from Shabla
(southernmost lake) to Durankulak (northernmost lake) Lakes over the winter period. Colour
gradient represents date, from blues (earliest date through green, yellow, orange and red (latest
date).

Fig 4 - GPS fixes from individual red-breasts that switched roost sites multiple times between
Shabla Lakes, Durankulak Lake and the Danube River, Romania over the course of the winter.
Colour gradient represents date, from blues (earliest date through green, yellow, orange and red
(latest date).

Fig 5 – Night-time GPS fixes occurring over land, suggestive of night-time feeding by Red-breasted
Geese. Blue circles = late evening; yellow = early morning.
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Fig 6 – Maximum distance travelled from the previous nights roost over the winter season (x axes = date as
yyyymmdd) for six individual red-breasts, showing point at which birds switched roost sites from south to north
(hatched line).
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Fig 7 – Relative number of GPS logger fixes across agricultural fields of Coastal Dobrudzha,
showing relative importance of fields close to lakes.

Fig 8 – Daytime and night-time fixes from three tagged red-breasts, showing feeding in fields close to their roost at Durankulak Lake (light blue)

Fig 9 – Winter fixes in Romania from two Red-breasted Geese fitted with GPS loggers.

Fig 10 – Daytime and night-time fixes in Romania for a red-breast with tag ID 1594.

Fig 11 – Daytime and night-time fixes in Romania for a red-breast with tag ID 1589.
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Fig 12 – Migration routes of three Red-breasted Geese fitted with PTT satellite transmitters: Vasco
(Orange), Asparukh (Purple) and Troian (Blue).
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Fig 13 – Migration routes of a Red-breasted Goose (Vasco) fitted with a PTT satellite transmitter.
Arrows indicate direction of travel. Yellow circles represent GPS fixes.

Fig 14 – Migration route of a Red-breasted Goose (Asparukh) fitted with a PTT satellite
transmitter. Arrows indicate direction of travel. White circles represent GPS fixes.
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Winter 2013/2014

Winter 2012/2013

Fig 15 – Wintering locations of a single Red-breasted Goose, Vasco, in winters 2012/13 and
2013/14. Light blue indicates earliest dates and yellow to orange the latest dates. Blue circles that
are not labeled are fixes along the first spring migration.
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Fig 16 – Migration route of a Red-breasted Goose (Troian) fitted with a PTT satellite transmitter.
Arrows indicate direction of travel. Red circles represent GPS fixes.
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Fig 17 – Location of fixes from Vasco in Ozero Untor Lake, Russia.

29

b

a

Figure 18 – Potential breeding site of a satellite-tagged Red-breasted Goose, Asparukh a) showing
the full migration route in a colour gradient from the earliest date (bluest circles) to the latest
recorded fix (red circles) and b) showing the breeding area in more detail.
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c

Figure 19 – Potential breeding site of a satellite-tagged Red-breasted Goose, Vasco a) showing the
full migration route in a colour gradient from the earliest date (bluest circles) to the latest
recorded fix (red circles); b) and c) showing the breeding area in more detail.

31

