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Introduction
Harnessing wind energy is a rapidly increasing 
method of energy production around the globe, as 
governments encourage the development of re-
newable “clean” sources to counter the emission 
of “greenhouse gases” and their effect on climate 
change. Terrestrial (onshore) wind farms are at the 
forefront of this trend because they are relatively 
cheap to construct and the technology is relatively 
well advanced.

While broadly considered “environmentally 
friendly”, by being a clean source of renewable en-
ergy, wind farms are not without potentially adverse 

effects on environmental features, notably on birds. 
Such potentially adverse effects on birds primarily 
include fatalities through collision with rotating tur-
bine blades, disturbance leading to the displacement 
of birds from feeding, drinking, roosting or breeding 
sites (effectively a form of habitat loss) and turbines 
presenting a barrier to flight movements, thereby 
preventing access to areas via those movements or 
increasing energy expenditure to fly around the tur-
bine locations (Drewitt & Langston 2006, Hötker 
et al. 2006, MaDDers & wHitfieLD 2006, rees 2012). 
Both disturbance at potentially favoured terrestrial 
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locations and the barrier effect (disturbance at poten-
tially favoured aerial routes) may be considered as 
different forms of displacement. Geese, along with 
swans and smaller wildfowl, are considered to be 
especially sensitive to being displaced by the pres-
ence of wind turbines (Langston & PuLLan 2003, 
stewart et al. 2007, MaDsen & BoertMann 2008, 
rees 2012) and so can be prevented from using feed-
ing, drinking and (or) roosting sites by disturbance 
(rees 2012).The perceived sensitivity of this group 
of birds to the presence of novel tall structures in the 
landscape, in the form of wind turbines, may be due 
to these birds typically occupying open landscapes 
(rees 2012). Consequences of such displacement in 
preventing use of feeding areas may result in birds’ 
energy budgets being compromised, with potential 
effects on individual survival and population status. 

In a recent review, rees (2012) concluded 
that non-breeding geese and swans could be dis-
placed by 100-600 m from feeding areas around 
the nearest terrestrial turbine (see also PeDersen & 
PouLsen 1991, kruckenBerg et al. 1996, Larsen & 
MaDsen 2000, Drewitt & Langston 2006, fijn et 
al. 2012, Harrison & HiLton 2014). Recorded ter-
restrial displacement distances are therefore variable 
(Drewitt & Langston 2006) and birds have been 
recorded feeding within turbine arrays in two stud-
ies (reviewed by rees 2012). That geese and swans 
have, at least in some studies, routinely come close 
to wind turbines, is also evident in that they have 
been recorded (albeit infrequently) as victims of col-
lision with turbine blades (rees 2012); this is evi-
dent because collisions and displacements are mutu-
ally exclusive events (MaDDers & wHitfieLD 2006, 
wHitfieLD & couPar 2008). The infrequency of such 
collision victims may refer more to the pronounced 
ability of geese to avoid collision with wind turbine 
blades at relatively close proximity (fernLey et al. 
2006, SNH 2013; see also fijn et al. 2012) rather 
than a lack of exposure to potential collision through 
systematic displacement of birds away from the im-
mediate presence of turbines (as largely inferred by 
the review of rees 2012).

There are further studies of this group of birds 
involving the barrier effect, an effect which also in-
volves an adverse behavioural reaction to the pres-
ence of turbines and includes disruption of commut-
ing flights between (e.g.) terrestrial roost and feed-
ing sites or migratory flights. Some of these studies 
indicate that geese usually fly around a wind farm’s 
infrastructure and that this displacement reaction 
is often pronounced as regards both the numbers 
of birds involved and the distances from turbines 
(PLonczkier & siMMs 2012, rees 2012). Other stud-

ies implying much lower and potentially inconse-
quential diversionary flight behaviour (Hötker et al. 
2006, MasDen et al. 2010) have also been considered 
as evidence of a barrier effect (rees 2012). Recent 
analyses on the energetic consequences of barrier ef-
fects on individuals and their implications for popu-
lations suggest that population-level impacts are far 
more likely with disruption of regular and frequent 
commuting flight routes rather than turbines leading 
to deviations in infrequent migratory flight pathways 
(MasDen et al. 2009, 2010). 

Research on the effects of wind farms on all 
birds, not just geese, has struggled to keep pace with 
the rapid expansion of the wind energy industry 
(MaDDers & wHitfieLD 2006, wHitfieLD & couPar 
2008, rees 2012) and several reviews refer to weak-
nesses of existing research and highlight the need for 
more published studies on the displacement of large 
wildfowl (Drewitt & Langston 2006, stewart et 
al. 2007, wHitfieLD & couPar 2008, rees 2012). 
Such research involves a shortage of Before-
After-Control-Impact (BACI) studies (Drewitt & 
Langston 2006, wHitfieLD & couPar 2008, rees 
2012), a shortage of more simple Before-After (BA) 
studies whose duration is greater than one year in 
BA wind farm construction (rees 2012) and studies 
that consider the possibility of “large-scale displace-
ment” (rees 2012).

The Red-breasted geese Branta ruficollis (Pallas, 
1769) (RBG) were first time registered in significant 
number in Southern Dobrudzha in 1961 and in the 
study region in 1964 (DoncHev 1967, MicHev 1968). 
Since then, this is the primary wintering area for this 
vulnerable species. This study focuses on RBG be-
cause: (i) the species is classified as Vulnerable by 
the International Union for Conservation of Nature 
(IUCN) and as a priority species by several other 
international conservation instruments (cranswick 
et al. 2012); (ii) the threat to RBG posed by wind 
farms on their wintering grounds is considered high 
(cranswick et al. 2012) although this threat is not-
ed as being primarily from collision mortality; and 
(iii) because of the RBG conservation status, recent 
historical information is available, which comprises 
the distribution of RBG in the study area before the 
construction of wind turbines (DereLiev 2000). This, 
together with six years of post-operation observa-
tions associated with the wind power development 
(see Material and Methods) provided unique set of 
records on the effects of wind farms on the vulner-
able RBG.

The present study addresses some of these re-
search gaps by reporting on observations in an area 
with recently developed wind parks and their vicin-
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ity in northeast Bulgaria. In this region, several spe-
cies of geese overwinter; notably, numerically, the 
Greater white-fronted goose Anser albifrons but also 
the RBG, the Greylag goose Anser anser, the Lesser 
white-fronted goose Anser erythropus and a few oth-
er vagrant species (e.g. BurfieLD & BoMMeL 2004, 
cranswick et al. 2012).

According to the recent review (rees 2012), 
one should expect that feeding geese should be 
displaced by the presence of wind turbines in this 
area of Bulgaria. Moreover, the studies of Larsen & 
MaDsen (2000) and MaDsen & BoertMann (2008) 
in Denmark indicate that geese are less tolerant to 
the presence of taller turbines and those grouped in 
clusters (rather than “strings” or lines of turbines). 
rees (2012) highlighted these factors (tall turbines, 
arranged in clusters) as potentially increasing the ex-
tent of displacement. All these allegations have been 
included in the models recently developed in order 
to predict relation between feeding and distances to 
the different elements of the landscape in the study 
area (Harrison & HiLton 2014). The wind farms 
constructed in the period 2004–2012 in northeast 
Bulgaria should, therefore, present a major land-
scape source of disturbance for geese because most 
of the operating turbines are taller than those in the 
Danish studies (Larsen & MaDsen 2000, MaDsen 
& BoertMann 2008). We should consequently an-
ticipate rather dramatic evidence of displacement 
due to constructed wind parks in this area of coastal 
Dobrudzha, beyond that documented in previous 
studies. The study area would therefore be a prime 
candidate for causing a large-scale displacement ef-
fect in northeast Bulgaria (rees 2012).

Due to wind farms infrastructure, with an ex-
pectation of large-scale displacement as a feeding 
area and obstacle to flight activity under the barrier 
effect, we hypothesise that the operation of wind 
farms has caused the displacement of wintering RBG 
and other geese. To test this working hypothesis, we 
made several predictions, which vary according to 
the presumed nature of displacement, the spatio-
temporal mode of these tests and the available data. 
At each prediction’s examination, we progressively 
build increasingly rigorous testing of the validity of 
the working hypothesis.

- Prediction 1: During the operation of wind 
turbines geese do not fly through the wind farms 
(e.g. PLonczkier & siMMs 2012).

- Prediction 2: During the operation of turbines 
geese do not feed within the territory of wind farms 
(e.g. Larsen & MaDsen 2000, rees 2012);

- Prediction 3: The operation of wind turbines 
has caused a reduction in the total and peak number 

of feeding geese compared to the same area before 
construction of turbines.

Regular field surveys have investigated the spa-
tial and temporal distribution of the wintering RBG 
within this area in the period before any wind turbine 
to be constructed (DereLiev 2000). The results of the 
winter monitoring of geese in the area with wind 
farms are also published (zeHtinDjiev et al. 2009, 
zeHtinDjiev & wHitfieLD 2010, 2011, 2012, 2013, 
2014). The massive amount of data collected up to 
now allow comparison of the number as well as spa-
tial distribution of geese wintering in the same area 
and test of above-listed hypotheses in regard to the 
displacement effect of already operating wind farms 
on the wintering RBG.

This study presents for the first time compara-
tive analysis of spatial distribution and numbers of 
RBG in the wind farm territory in five seasons be-
fore construction and six winter seasons after con-
struction of the turbines. The available information 
is analysed in order to assess the impacts of the wind 
farm on the wintering vulnerable RBG population. 

Materials and Methods
Study species
Red breasted geese breed in Arctic Russia, primarily 
on Taimyr, Yamal, Gydan and adjacent peninsulas, 
migrating through Russia to Kazakhstan and then 
west, through southern Russia, to the northern and 
western Black Sea coasts. Major part of the species 
populations currently winters in Bulgaria, Romania 
and Ukraine (cranswick et al. 2012). The winter-
ing distribution was markedly different until the 
late 1960s when most of the birds wintered along 
the western coast of the Caspian Sea (cranswick et 
al. 2012). Red-breasted geese were first time regis-
tered in Southern Dobrudzha on December 8, 1961 
(MicHev 1968) and in the region of Shabla Lake 
February 6-8, 1964 (DoncHev 1967). According to 
DereLiev & siMeonov (2015), RBG is a passage 
migrant and winter visitor around the lakes Shabla 
and Durankulak, sometimes in Srebarna Lake and 
Burgas lakes (Fig. 1). Sporadically, it winters in 
reservoirs within the country and the valley of the 
Danube. Until the end of the 1960s, there were 
single birds and small flocks of 20-30 individuals 
(ivanov & PoMakov 1983). Between 1969 and 1985, 
its numbers varied widely, up to 16,566 individuals 
in January 1980 (ivanov & PoMakov 1983, MicHev 
et al. 1983). Between 1986 and 1995, the numbers 
had a maximum of 59,206 individuals (MicHev & 
Profirov 1997) and in the period 1997–2005 they 
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were between 14,266 and 67,795 individuals (up to 
71% of the world population, see DereLiev 2006). 
Migration counts suggest a recent increase in the 
breeding population of the species (rozenfeLD 2011) 
which highlighted the need of careful evaluation of 
the quantitative data available from the counts in 
winter. Moreover, the evidences for range expansion 
support the increase in the number of RBG world 
population. The species is irregularly wintering in 
Greece, mainly Evros Delta (cranswick et al. 2012). 
It winters fairly regular in Turkey (cranswick et al. 
2012). Its increase at the Black Sea coast presum-
ably at least partly reflects a shift from wintering 
grounds further east. Overall trend is unclear (craMP 
& siMMons 2004, BirD Life internationaL 2016).

The reason for this major shift in the winter-
ing distribution was considered the change in agri-
cultural crops around the Caspian Sea from wheat 
to cotton (DereLiev 2006, cranswick et al. 2012). 
However, it obviously cannot explain the subsequent 
continuation of the expansion of the wintering range. 
Within the current wintering range, where almost all 
feeding grounds are agricultural, winter wheat is the 
preferred crop for RBG (HuLea 2002, sutHerLanD 
& crockforD 1993). Red breasted geese are highly 
itinerant in their choice of feeding areas between 
and within winters (DereLiev 2000, cranswick et al. 
2012) and this itinerancy contributes to difficulties 

in estimating the population trends, although counts 
in the late 2000s suggest a world population of about 
44,000–57,000 (cranswick et al. 2012, rozenfeLD 
2011). The species’ mobility may be partly ex-
plained, at least at a local scale, by the availability of 
winter wheat. Other local factors affecting distribu-
tion may also include several sources of disturbance, 
from hunters and farmers to weather (cranswick 
et al. 2012, siMeonov & PossarDt 2012). The se-
verity of winter weather can apparently also influ-
ence distribution on a larger scale (cranswick et al. 
2012). Recent satellite tagging of individuals has 
confirmed that wintering birds are extremely mobile 
on a day-to-day basis in their choice of feeding ar-
eas (siMeonov & PossarDt 2012). Hence, wintering 
RBG show a high degree of itinerancy in their move-
ments that are substantially unpredictable (siMeonov 
& PossarDt 2012) even though probably related to 
many potential influences. As RBG typically associ-
ate with other geese species, in particular the more 
numerous greater white-fronted geese (GWFG), it 
follows that the same unpredictability in occurrence 
and itinerancy also applies to GWFG (see DereLiev 
2000).

Study site and visual observations protocol
The study covered an area of northeast Bulgaria 
close to the Black Sea coast known as coastal 

Fig. 1.Winter distribution of RBG in Bulgaria (according to the Red Data Book of Bulgaria) and the study area location 
(left upper corner)
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Dobrudzha where 146 wind turbines were construct-
ed in the period 2004-2010 (Fig. 2). The area con-
sists mainly of arable land of various crops, crossed 
by roads and shelter belts. The distances between the 
turbines vary between 300 and 600 m. In order to 
collect comparable information between the seasons 
on the large scale movements of the wintering RBG 
and their habits, the surveys were set up to cover an 
area wider than one specific wind park territory and 
adjacent agricultural fields in the period 2008–2014 
(Fig. 2).

The study included the same survey period eve-
ry winter between 1st December and end of March 
2008–2014, covering the period of the most intense 
movements of wintering geese in the region of north-
ern Bulgarian Black Sea coast (DereLiev 2000). 
During the visual surveys, the following records of 
birds were noted by observers:

- Species and (if possible) sex and (or) age.

- Number of geese in the flock.
- Distance from observer.
- Direction from the observation point.
- Altitude.
- Direction of flight (flight path).
- Behaviour (notably flight behaviour) concern-

ing existing wind farm constructions.
- Supplementary behavioural observations.
- Weather conditions.
Direct visual surveys of all passing birds were 

made from daily vantage points around the study 
area (Fig. 2). Point counts were performed by scan-
ning the sky in all directions over the study area 
from sunrise till sunset.

The visual point surveys were supplemented by 
itinerant surveys throughout the wind farm area and 
surrounding agricultural fields, made as-and-when 
birds were seen to enter the area or its vicinity, and 
at least daily. Itinerant surveys were undertaken pri-

Fig. 2. Location of the observation points (black dots) and operating wind turbines in the study area. The numbers and 
letters present the grid applied to this study area
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marily to count and identify birds to species on the 
ground, thereby allowing the numbers of wintering 
geese feeding in wind farm territory and its environs 
to be ascertained. The overall number of birds per 
species was obtained by collating counts made si-
multaneously from at least three observation points. 
All observers were qualified specialists carrying out 
surveys of bird migration for many years.

Methods were essentially the same in all winter 
surveys. Data were collected within study area that 
encompassed an area in a several wind parks with 
146 operational wind turbines and their vicinity. An 
area of consistent effort across winters was searched 
frequently for collision victims under 52 turbines 
once per week (Fig. 2). The study encompassed the 
whole period when geese were recorded in the study 
area, during all six winters when turbines in this area 
are constructed. Detailed observations and visits on 
the feeding grounds of the geese were made daily. In 
all cases when feeding RBG were observed in close 
distance to the operating turbines the shortest dis-

tances to the nearest turbines were measured. Only 
feeding RBG were used for comparative analysis of 
the flock size.

Statistical approach and standardization of the 
quantitative spatial data
The quantitative data on spatial distribution of RBG 
was digitalized in a standard grid of 20×20 squares 
(1 x 1 km) in order to compare model based on the 
numbers given in the report by DereLiev (2000) and 
data collected during current study based on six 
years post-construction period.

In order to test for significant difference be-
tween pre-construction and post-construction peri-
ods, we compared the maximum number of RBG 
observed to feed on the same areas per winter sea-
son, using t-test for independent samples. The vari-
able was Box-Cox-transformed prior to analysis to 
achieve a normal distribution. Additionally, a non-
parametric Mann-Kendall statistical test (R package 
“trend” in the R v. 3.2.3) was used to test for time 

Fig. 3. Distribution of feeding RBG in the investigated territory as observed in winter periods between 1995 and 2000
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series trend in both total number of feeding RBG and 
the mean number of RBG per flock. Mann-Kendall 
test was used as a non-parametric test for zero slope 
of the linear regression because data were not nor-
mally distributed and because of data variability is-
sues, such as missing values in the period of record 
and outlier data (giLBert 1987). One-tailed tests 
were used to detect a decreasing trend. All data anal-
yses were performed using the software Statistica 8 
for Windows (StatSoft, Tulsa, OK, USA) and R (ver-
sion 3.2.3) statistical package (R Development Core 
Team 2015).

Results and Discussion
Numbers and distribution of RBG in the period 
1990–2000 before construction of wind turbines
Same observation protocol as one in post construc-
tion period was applied in the period 1995–2000, 
with one major difference in the frequency of the 
surveys, which were made twice per month in the 

period between 1 November and the end of March 
(DereLiev 2000). 

According to the report by DereLiev (2000), the 
territory covered by our study was visited four out 
of five winter seasons, with variations in the number 
of feeding geese between 2 and 25000 individuals 
(Table 1 in the Appendix). RBG have been observed 
in 10 locations for the four winters when feeding 
flocks have been registered in the study area (Fig. 
3). Only in one of the locations, feeding RBG have 
been observed in two winters. This fact is explained 
in the report by DereLiev (2000) by the rotation of 
the crops and opportunistic character of RBG in the 
area of the two lakes Durankulak and Shabla.

Numbers and distribution of RBG in the period 
2008–2014
RBG were registered in 85 days during 6 years of 
the monitored period. RBG used the territory in all 6 
winter seasons between 2008 and 2014. The median 
arrival and departure of RBG in the study area was 
calculated as 8th January and 20th February, respec-

Fig. 4. Distribution of feeding RBG in the investigated territory as observed in winter periods between 2008 and 2014
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tively. Maximum number of RBG observed every 
winter varied between several hundreds and almost 
25000 individuals (Fig. 4). Extremes of the observed 
numbers of RBG have been registered in two win-
ters, with numbers over 8000 RBG per day and once 
with absolute number of over 22000 RBG per day. 
Comparison of the maximum numbers observed be-
fore and after construction of turbines in the area is 
presented in Fig. 5 and in the Appendix.

RBG number comparison between pre- and post-
construction periods
The maximum number of RBG observed feeding in 
the study area in pre-construction and post-construc-
tion periods did not differ significantly (t(8) = – 0.2, p 
(one-tailed) = 0.42, Fig. 5). There was no support for 
the prediction that the operation of wind turbines had 
caused a reduction in the number of feeding geese in 
the area with operational turbines compared with the 
same area before wind turbines construction (Mann-
Kendall S = 7, Kendall’s tau = 0.156, p (one-tailed) 
= 0.3). In support of this result, we have observed 
feeding RBG in close distances to the operating wind 
turbines (Table 1).Throughout 10 winter seasons be-
tween 1995 and 2014, a non-significant decreasing 
trend in the mean flock size of RBG was detected 
(Mann-Kendall S = – 17, Kendall’s tau = – 0.378, 
Sen’s slope = – 319.9, p (one-tailed) = 0.078, Fig. 6). 

The investigated territory was monitored in six 
consecutive winters in 2008-2014. In order to find 
whether there are arguments indicating adverse ef-
fect of the constructed turbines on the wintering 
RBG, we have applied before and after approach in a 
comparative analysis of the numbers, dynamics and 

spatial distribution of wintering RBG. For the com-
parative analysis and statistical test of our hypoth-
eses, we have also investigated all published moni-
toring reports from the operational wind parks in the 
study area (zeHtinDjiev et al. 2009, zeHtinDjiev & 
wHitfieLD 2010, 2011, 2012, 2013, 2014). All these 
reports as well as previous studies at the national 
scale have demonstrated strong influence of the en-
vironmental factors such as ambient temperature and 

Fig. 5. Comparison of the maximum number of feeding 
RBG per season in the study area in pre-construction pe-
riod 1995–2000 and after construction of 146 wind tur-
bines. Box and whisker plots indicate median, interquar-
tile ranges, and min/max values of the distribution

Fig. 6. Trend in the mean flock size of the RBG in the pe-
riod between 1995 and 2014 according to data published 
in DereLiev (2000) and our observations in the study area

Table 1. Minimal distances between feeding RBG and near-
est wind turbine measured during the monitoring 2008–2014

No Date Distance (m)
1 25.12.2012 90
2 27.12.2012 51
3 27.12.2012 59
4 24.12.2012 93
5 24.12.2012 77
6 24.12.2012 58
7 24.12.2012 30
8 24.12.2012 78
9 24.12.2012 196
10 02.01.2013 100
11 02.01.2013 30
12 02.01.2013 18
13 03.01.2013 80
14 03.01.2013 150
15 04.01.2013 100
16 04.01.2013 80
17 05.01.2013 100
18 05.01.2013 100
19 04.01.2013 80
20 04.01.2013 60
21 05.01.2013 80
22 06.01.2013 90
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snow coverage on the abundance of RBG in the study 
area (DereLiev 2000). Extreme cold months were ob-
served in NE Bulgaria mainly in 1970s, 1980s and 
late 1990s (cHenkova & nikoLova 2015). Therefore, 
some higher numbers may be expected in the first pe-
riod of our study between 1995 and 2000. According 
to the available meteorological data, there is no trend 
of lower temperatures as well as precipitations, which 
could be associated with the period covered by our 
study (cHenkova & nikoLova 2015) and therefore 

all observed numbers of geese presented here can be 
considered as representative in respect to potential 
variations due to temperature fluctuations between 
winters in 10 years of the study period.

Our first prediction that during the operation of 
wind turbines geese do not fly through wind farms 
(as suggested by PLonczkier & siMMs 2012) was not 
supported by the results of this study. The recent data 
from the area with operating wind turbines, compared 
to data of DereLiev (2000), show equal or even more 

Fig. 7. Satellite images of the study area in the winter of 1989 (A) and 2014 (B)
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use of the area after the wind turbines have been con-
structed and become operational. We do not know if 
the records by DereLiev (2000) from 1995–2000 in 
the same area are from periods when preferred crop 
availabilities for geese were more or less favourable 
than during our contemporary studies associated with 
area with wind turbines. We can surmise, however, 
based on the concerns expressed by cranswick et 
al. (2012), on a potential shift in financial rewards 
for ‘cash crops’ through the accession of Bulgaria to 
the European Union (in 2007), that any change will 
probably have been more likely detrimental to the 
presence of RBG and other geese than beneficial.

The second prediction that the RBG do not feed 
within the territory of wind farms (as suggested by 
Larsen & MaDsen 2000 and rees 2012) also was not 
confirmed by the results of our study. While it is dif-
ficult to ascribe an alternate particular cause to this 
possible shift in increasing use of area with operat-
ing wind turbines over last 10 years, one salient factor 
may be that RBG prefer feeding areas that are close 
to roost sites (sutHerLanD & crockforD 1993) and 
that, since DereLiev’s (2000) studies, these have in-
creasingly not involved the “traditional” freshwater 
lakes to the north of area where wind turbines are con-
structed now. This may indicate (albeit anecdotally) 
that the wind turbines are not a substantial obstacle to 
geese seeking feeding areas, although we suggest that 
it is not that wind turbine areas should be considered 
attractive but that it provides an area where geese can 
feed in greater safety from hunting pressure.

Hunting is a major threat to RBG, especially 
due to their association with GWFG (cranswick et 
al. 2012). RBG is protected throughout its range but 
either indirectly, through its association with legal 
quarry species such as GWFG, or directly, through 
hunters flouting or being ignorant of legislation, it 
is apparent that several thousands are probably shot 
each year across the non-breeding range (rozenfeLD 
2008, cranswick et al. 2012). cranswick et al. 
(2012) indicates that in Bulgaria alone this might be 
between 3 and 5% of the RBG population winter-
ing in Bulgaria annually. Despite the direct losses of 
birds killed, the disturbance effect of shooting is li-
able to have considerable indirect effects on survival 
rates, by affecting birds’ energy budgets, and access 
to vital resources such as feeding grounds, roost sites 
and freshwater (cranswick et al. 2012). An apparent 
increasing trend in wintering in northeast Bulgaria 
geese is number of sleeping on the sea birds rather 
than freshwater lakes because of the hunting pres-
sure (DereLiev 2000).

Our last prediction that operation of wind 
turbines has caused a reduction in the number of 

feeding geese compared with the same area before 
construction of wind turbines is not confirmed by 
the statistical tests and it is carefully considered in 
the following comparative analysis. Five out of ten 
registered feeding locations were the same used by 
RBG in 1995–2000 and in 2008–2014. Five other 
locations, where RBG were feeding in the post-con-
struction period, were located in the much “deeper” 
agricultural territories, which were not covered by 
the monitoring of DereLiev (2000) (Fig. 3, 4). These 
five new locations might be overlooked in the pre-
construction period because of much less frequent 
surveys (DereLiev 2000) and lack of inner roads, 
which are available now. Anyway, the total number 
of the feeding locations in post-construction period 
significantly increased and feeding RBG were ob-
served in all 19 fields (Fig. 4).

The observed increase of the feeding localities 
in the post-construction period can also indicate frag-
mentation of the feeding habitats. During our study, 
we did not observe any difference in behaviour of 
RBG while feeding in proximity to wind turbines 
or shelterbelts. The distance to the nearest turbine 
when RBG were present in the fields with turbines 
varied between 30 and 196 m, with an average of 
80 m (Table 1). If this result would be extrapolated 
according to the number of constructed turbines, 
it would cover an area of 1.95 hectares. The total 
available fields usually planted in annual base with 
wheat and potentially available feeding grounds 
for RBG in the study area are over 24000 hectares. 
Therefore the direct impact of constructed turbines 
involves 0.007% of the available in the studied ter-
ritory feeding grounds. The observed decreased size 
of the RBG flocks in the entire period from 1995 till 
2014 coincided with the fragmentation of the feed-
ing grounds leading to the smaller fields available 
for concentration of RBG. The size of the fields in 
the period covered by our study dramatically de-
creased in the beginning of 1990s after restitution of 
the private property in Bulgaria (Fig. 7A, B). In the 
literature, this significant change was never consid-
ered as a factor and therefore has never been associ-
ated with the dynamics of flock sizes and numbers 
of RBG, wintering in coastal Dobrudzha, despite of 
the primary importance of feeding resources in the 
area. The wheat is the main and traditional crop in 
the region before the changes in the land property as 
well as in a subsequent period. The only change was 
the size of the fields, which reflected into the reduc-
tion of the flock sizes of RBG, which opportunistic 
feeding behaviour is known (giLL 1996).

This study raises the need for additional inves-
tigations on the drivers for such pronounced vari-
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ation in the recorded intensity of displacement of 
non-breeding geese at terrestrial feeding areas. This 
important issue, integral to being able to predict 
impacts of proposed wind farms, has been barely 
broached in previous studies or their reviews, with 
the notable exceptions of MaDsen & BoertMann 
(2008) and, especially, fijn et al. (2012).

In addition, we observed similar numbers of 
feeding RBG in the same feeding grounds before 
and after intensive development of wind energy 
in the region. There was no evidence of any colli-
sions of geese with constructed in the area wind tur-
bines. Over 6 years of systematic collision monitor-
ing in the biggest wind park in the area, there was 
no reported case of mortality of any geese species 
caused by collision with turbines, including RBG 
(zeHtinDjiev et al. 2009, zeHtinDjiev & wHitfieLD 
2010, 2011, 2012, 2013, 2014).

In conclusion, from the data obtained in the pe-
riods much earlier than any wind turbines were con-
structed in the study area and now, there is no evi-
dence for displacement of vulnerable RBG in their 
wintering grounds in NE Bulgaria.
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Table 1. Numbers of the observed 
feeding Red-breasted Geese in the 
study area in 1996–2000. Source: 
DereLiev (2000)

Date Numbers
02.03.1996 4000
17.03.1996 5000
25.01.1998 10
08.02.1998 25000
08.02.1998 15000
09.02.1998 2000
10.02.1998 6000
11.02.1998 9000
11.02.1998 5000
12.02.1998 1510
06.01.1999 2
01.02.1999 2000
15.01.2000 5
15.01.2000 6000

Date Numbers
10.01.2009 3800
11.01.2009 7700
12.01.2009 500
16.01.2009 830
18.01.2009 80
20.01.2009 1050
27.01.2009 940
29.01.2009 105
01.02.2009 65
09.01.2010 253
11.01.2010 4
12.01.2010 70
21.01.2010 8
22.01.2010 2421
25.01.2010 1036
26.01.2010 2037
27.01.2010 596
28.01.2010 1042
29.01.2010 645
30.01.2010 7194
01.02.2010 607
02.02.2010 145
03.02.2010 87
04.02.2010 4794
05.02.2010 50
06.02.2010 920
07.02.2010 1077
09.02.2010 8260
10.02.2010 200
12.02.2010 116
13.02.2010 260
14.02.2010 10
18.02.2010 195
19.02.2010 150
02.01.2011 289
03.01.2011 1893
04.01.2011 325
15.01.2011 31
01.02.2011 7518
02.02.2011 7180
07.02.2011 2385
12.02.2011 1949

Appendix. Quantitative data of Red-breasted goose (Branta ruficollis) in the study area.

Table 2. Numbers of the observed feeding Red-breasted Geese in the study 
area in 2009–2014. Source: present study 

Date Numbers
17.02.2011 1305
22.02.2011 1696
27.02.2011 20
08.01.2012 15
09.01.2012 25
10.01.2012 75
11.01.2012 90
12.01.2012 80
13.01.2012 60
14.01.2012 60
15.01.2012 60
17.01.2012 15
18.01.2012 100
22.01.2012 150
24.01.2012 260
25.01.2012 210
26.01.2012 30
27.01.2012 45
28.01.2012 340
29.01.2012 1600
30.01.2012 1180
31.01.2012 860
19.02.2012 20900
20.02.2012 22000
21.02.2012 3880
05.01.2013 940
07.01.2013 1570
09.01.2013 1570
10.01.2013 3240
11.01.2013 2360
12.01.2013 50
13.01.2013 3680
14.01.2013 4250
15.01.2013 2950
16.01.2013 940
17.01.2013 1120
18.01.2013 1732
19.01.2013 1940
20.01.2013 2295
21.01.2013 1616
22.01.2013 3268
23.01.2013 2630



Date Numbers
24.01.2013 4020
26.01.2013 1570
27.01.2013 4750
28.01.2013 1060
29.01.2013 395
30.01.2013 943
31.01.2013 650
05.02.2013 480

Date Numbers
09.02.2013 441
27.01.2014 100
28.01.2014 1040
29.01.2014 440
01.02.2014 1000
02.02.2014 240
03.02.2014 50
04.02.2014 2100

Table 2. Contginued

Date Numbers
05.02.2014 100
07.02.2014 15
09.02.2014 27
10.02.2014 54
27.02.2014 200
28.02.2014 40
29.02.2014 49


