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ABSTRACT 
 
Due to the increasing concentration of Eurasian cranes at staging sites in agricultural ar-
eas in Sweden, a method for preventing crop damage by cranes is needed. Habitat use of 
cranes was studied by the use of radio tagged young cranes in an agricultural area in 
south-central Sweden. Eight of the 22 radio tagged cranes returned to the agricultural 
area where they had been the year before. Three cranes stayed the entire season in the 
area and five cranes for shorter periods in spring and/or autumn. The cranes used differ-
ent parts of the study area and the sizes of the areas used differed, ranging from 16 km2 
to 58 km2. Cranes changed sites 2.5 times a day and flew 8.2 km a day. Cranes preferred 
grass fields, but that was because they were scared away from the potato fields. Cranes 
had three time periods when they were active and foraged, but also two activity time pe-
riods were observed. The cranes reacted positively to additional feeding and spent less 
time in the vulnerable field types cereal, potato, rape and pasture. Young cranes go to the 
sites where they have been before. This research shows that there are good prospects for 
decreasing crop damage. When land is set aside where the cranes have a quiet habitat 
where there is enough food available and water to drink, cranes will probably stay in that 
area. 
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INTRODUCTION 
 
The Eurasian crane Grus grus is a migratory bird which has a broad range of occurrence, 
breeding in countries from Scandinavia and North East Europe to North Central China and 
Russian Far East. Isolated breeding populations are found in eastern Turkey and Tibet. Their 
winter range includes parts of France and the Iberian Peninsula, North West and North East 
Africa, Middle East, Pakistan, India and South and East China (Archibald & Meine 1996). The 
total world-wide population is estimated to more than 400,000 birds (Prange 2002). The spe-
cies is classified Lower Risk (Least Concern) under the IUCN Red List Categories. 
 
Over the last 200-400 years the Eurasian crane has disappeared as a breeding bird in Western 
and Southern Europe, due to the loss of breeding habitat and hunting. Wetlands have been lost 
to drainage, dams, and other forms of development throughout the breeding range as well as 
along migration routes and in wintering areas. In addition, hunting probably contributed to the 
extirpation of breeding populations in several countries in Europe (Archibald & Meine 1996). 
 
But during the last 3 decades there has been a remarkable growth of numbers of cranes in 
Europe with a three fold increase over 3 decades (Alon 2003, Hake 2003, Leito et al. 2003, 
Mewes 2003, Prange 2002 and 2003, Salvi 2003). The reason for the rapid increase is proba-
bly mainly due to higher survival as hunting has not been done for some time. In western and 
central Europe the creation and restoration of wetlands, and protection of important staging 
areas, roosting sites, and wintering ground have taken place. The birds also have a higher sur-
vival and reproduction rate as they have got used to humans and can now use more breeding 
habitat and the rich food supply of the agricultural areas. 
 
A large part of the Western population, estimated at 150,000 birds (Prange 2002), breeds in 
Sweden. In 1980 the numbers of Eurasian cranes in Sweden were estimated at 12,500 breeding 
pairs (Arvidsson et al. 1992), the most recent estimate is 23,000 breeding pairs, with an addi-
tional 20,000 yearlings and sub adults (Skyllberg et al. 2003). This makes a total of 66,000 
cranes in Sweden. The Swedish population may serve as a source of re-establishment and dis-
persal into areas where the crane previously has gone extinct as a breeding species, and it is of 
primary importance that it is protected. 
 
The most serious threat to the crane today, although the rapid increase, is the dependence on 
only a few staging-sites along the flyways. If something happens with these sites, there will be a 
great reduction in numbers. Many of these staging areas are in or nearby agricultural area, 
where the cranes can cause crop damage. (Levin et al. 2002). 
 
In order to prevent the crop damage by cranes, knowledge is needed on how the crop damage 
arises, to what extend the damage is, and how the cranes make use of the agricultural area. For 
this reason the Wildlife Damage Centre in Sweden is doing research in the agricultural area 
Kvismaren. This area has become a main gathering place in autumn, with an increase from 200 
birds in 1990 to more than 10,000 in 2004 (Kjellander et al. 2003, Edberg 2004). In addition, 
about 300 young, non-breeding cranes spend the summer in this area.  
 
A result of the study at Kvismaren is that the damage made by the cranes is seasonal and varies 
with the development of crops. Early spring cranes cause damage by eating seeds of the newly 
sown fields and by trampling down young plants when they are searching for food. Considera-
bly damage is made by cranes in spring/early summer, when they use the potato fields. As soon 
as the potatoes are set in, cranes will go into those fields and pick out the small potato plants 
when searching for insects and sometimes eat the potato. The pastures are used all season when 
the vegetation is low. Then damage is caused by droppings from the cranes, which will con-
taminate the grass which is used as food for cattle. In summer the cranes eat the potato and 
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ripe cereal crops just before they are harvested. To a lesser extent they also cause crop damage 
to carrots and peas (Hake 2003, Grimsö 2004). 
 
Till now, damage is mainly prevented by applying scaring devices to vulnerable fields (Kjel-
lander et al. 2003). This is not a solution, because cranes will go to neighbouring vulnerable 
fields where they are not scared away. A better strategy may be to scare the birds away from 
the vulnerable fields and guide them to other areas by supplementary feeding or growing crops 
for the birds (Hake 2003). 
 
To establish suitable areas for the cranes, more information of habitat use and habitat selection 
of cranes in an agricultural area is needed. For obtaining this information the Wildlife Damage 
Centre in Sweden has provided young cranes with radio transmitters. The young cranes were 
caught about 80 km from the staging area Kvismaren and expected was that these cranes 
would use Kvismaren before migration for some period. In 2002, 3 young radio-tagged cranes 
were caught and all showed up at Kvismaren in autumn that year and two of them were the 
next season again at Kvismaren. In 2003, another 18 cranes had been provided with radio 
transmitters and 15 of them were at Kvismaren that autumn. The expectation was that these 
cranes would come back to Kvismaren in 2004. With the radio-tagged cranes specific informa-
tion of individual cranes can be obtained.  
 
Very few studies have dealt with young cranes. It is known that young cranes leave their par-
ents voluntary or are chased away by the parent when they have returned to their breeding ter-
ritory. The unpaired juvenile birds gather in non-breeding flocks and are often nomadic 
throughout the breeding period (Archibald and Meine 1996).  
 
No data area available on how young cranes make use of a staging area in an agricultural area. 
It can be that young cranes, which arrive in spring, search in the surroundings of that area for a 
breeding territory and a partner. During those excursions they may visit the agricultural area 
for some time and leave again, but there are no data which proof this thought. 
 
Cranes select the staging areas on enough food, a quiet surrounding and a safe place to roost. 
They use shallow water for roosting during the night The distances cranes fly to their night 
roost site varies from 3 to 25 km in their wintering area (Carrasco 2003, Alonso et al. 1997) 
and in Germany the maximum distance which cranes flew from the night roost site to feeding 
grounds at a staging area was 30 km (Nowald et al. 2001). But cranes only fly such long dis-
tance when food is scarce in the surroundings of the night roost site. 
 
Cranes forage in the morning for extended periods, rest during the day and have another activ-
ity peak late afternoon (Wilkening 1996, Archibald and Meine 1996). The result of the same 
study of Wilkening (1996) was that young cranes were foraging for 56% of the daytime. The 
habitat preferences of cranes are pastures, grasslands, wetlands and farmlands, especially cere-
als and potatoes (Alonso, 1989, Kjellander et al. 2003). Non-breeding cranes use habitats in 
undisturbed wide, open areas with pastures (Wilkening 1996).  
 
Due to the problem of crop damage at staging areas, feeding sites have been established along 
migration routes and in staging areas. Crane species have a high pre-adaptation to respond 
quickly to habitat changes of food resources (Krapu 1984, Bautista 1992) and in Germany 
there are good experiences with distraction feeding sites to prevent crop damage by cranes 
(Nowald et al. 2001, Krostaz 1996).  
 
Research objective and questions 
The objective of this research was to get more knowledge about how young cranes use the 
habitat in an agricultural environment which is used as a staging site in autumn. This informa-
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tion is necessary in order to take specific measures to decrease crop damage and give cranes a 
safe habitat. 
 
The following research questions were addressed: 
* How do young cranes use their habitat in an agricultural area? Do they stay in the area 
   during the entire season or do they visit the area for several time periods? 
* Do the young cranes move randomly over the area or do they use specific sites? 
* What distances do the cranes fly during the day? 
* How do cranes react on disturbances? 
* Do the cranes use their habitat uniform or do they have habitat preferences? 
* How much time do they spent in the different habitat types? 
* Do the cranes react on additional feeding? 
* Do the young cranes visit the same areas as they have visited the year(s) before? 
 
STUDY AREA AND STUDY SPECIES 
 
The study area is located in South Central Sweden (59º11’ N / 15º22’ E) and encloses about 
10,000 hectares (figure 1). It consists mainly of farmland with in the central part two large reed 
beds. These reed beds are surrounded by marshlands and grasslands which can be flooded 
sometimes. Also there are some small parts of deciduous forest and some forested peat bogs. 
The water level of the area is lowered by the Kvismaren canal which leads to the lake Hjälma-
ren (County administrative board Örebro). 
 
 

 
Figure 1. Location of the study area Kvismaren in south-central Sweden. 
 
 
Eurasian cranes are territorial in the breeding season. They breed in spring and normally 2 eggs 
are laid in May/June. Thirty days after the eggs are laid they hatch asynchronously. The young 
walk and swim within a few hours of hatching and become gradually self-feeding. Fledging pe-
riods are 65-70 days. The age of independence is not known but the young leave on migration 
with the parents and may stay with them through the first winter (Cramp 1980). By the end of 
their second year, juvenile birds have usually initiated their own attempts to form pair-bonds 
(Archibald and Meine 1996).  
 
Cranes are basically diurnal in their habits, they forage, rest and preen during the day and 
roost at night. In the breeding season they breed in bogs, sedge meadows, and other wetland 
types. They are omnivorous, probing and picking for a wide range of plant and animal food 
both on dry land and in wetlands. However, they prefer to forage in upland areas with short 
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vegetation. During this period, animal food - worms, snails, insects, arthropods, frogs, lizards, 
snakes, rodents- are very important and tend to be more frequently consumed (Archibald and 
Meine 1996).  
 
In winter cranes are usually gregarious (Archibald and Meine 1996), but few cranes defend a 
territory also in winter (Alonso 2004). Their main habitat in winter is for the western Euro-
pean population the open holm oak wooded areas in Spain (“dehesa”), with newly sown cere-
als and pastures, and cultivated areas with cereals (Alonso et al. 1990). They roost in flocks 
nearby wetlands or other shallow waters. 
 
MATERIAL AND METHODS 
 
Marked individuals 
In 2002 the Wildlife Damage Centre provided 3 young cranes with radio transmitters and col-
our rings. That autumn 2 of them visited Kvismaren for 10 and 24 days. In 2003, all three 
were in Kvismaren in spring and autumn and one of them was there the entire season. In 2003, 
they provided another 19 young cranes with radio transmitters and colour rings. These 19 
cranes were from 15 families. In autumn 15 of these cranes were in Kvismaren (from 12 fami-
lies) for 18 - 45 days. In total makes this that there are 22 birds provided with radio transmit-
ters, which can be possibly seen in Kvismaren. 
 
Presence of radio tagged birds in study area 
Fieldwork was carried out during 25 May and 21 August. During the actual working days in 
that period, the different frequencies of 22 radio tagged cranes were scanned daily at a central 
location in the study area. For 6 consecutive hours one individual was followed by car and  
every half an hour one position was obtained by standard triangulation method (Mech 1983), 
using a 4-element Yagi antenna (Y4-FL, TVP Positioning AB) and a receiver (RX-98, TVP Posi-
tioning AB). It appeared that it was not always possible to obtain one radio tracking position 
every half an hour, partly because it took too much time to get at good sites to take a bearing, 
partly because of the risk that I could scare the birds away. When the focal bird was visible 
with the telescope (20 x 60) or binoculars (8 x 32) no further radio tracking was necessary. For 
practical reasons a day was split into 3 different time blocks of 6 hours, starting 4 a.m., 10 
a.m. or 4 p.m. Data were gathered from 6 individuals in 54 days (108 hours per time period). 
Data of the presence of the birds after the study period were received from M. Hake and R. 
Edberg.  
 
Home ranges during the season 
To answer the question if the cranes moved randomly over the study area at Kvismaren, home 
range estimations were made. All the radio tracking positions obtained were used from the 6 
focal birds. A minimum convex polygon (MCP) was estimated using the data program Arc-
View v3.2. The MCP method constructs a convex polygon based on a line connecting the outer 
positions and makes no assumption on how much the animal is visiting different parts of the 
estimated home range (White and Garrot).  
 
Flying 
To/from night roost sites 
The mean distance for flying from the night roost site to the first field in the morning is based 
on 18 mornings. For six mornings the exact locations from where the cranes were flying is 
missing. Those times they were for sure at the night roost place in eastern Kvismaren, because I 
had a load signal with the roof antenna and/or one direction. For these missing occasions the 
distance is estimated. In Eastern Kvismaren an area is used by the cranes for the night roost 
(known from former years and own data). The centre of this area I took for the estimation and 
the mistake is approximately 0.5 km. The distance flown by cranes from the last visited site to 
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the night roost site is based on 15 evenings, the other 3 times the cranes were already on the 
night roost site. The Mann-Whitney U test was performed with the null-hypothesis that there 
was no difference in the median distance flown by the cranes in the morning and evening  
 
Entire day 
Based on tracking data and observations of 54 time periods of 6 hours each, an estimate is 
made on distances the cranes have flown during the day. This is a minimum value, because 5% 
of the total time is used for searching the cranes, so during that time some occasions could be 
missed that the birds have flown. Also, when the cranes were at sites where it was not possible 
to see them, for example in the protected area around the lakes Kvismaren, it is not known if 
they have flown or not. The hypothesis was tested that there was no difference in distances the 
cranes flew during the three different time periods with the Kruskal-Wallis test. This statistical 
test is done with the data with flying from/to the night roost site and without flying from/to the 
night roost site. 
 
Disturbances 
All the known occasions when the birds flew to another site during the 54 days of observation 
were spit in two groups; flying because of an obvious disturbance or flying without knowing 
the reason the birds flew. A Mann-Whitney U test was performed to test if there was a differ-
ence in distances the cranes flew because of a disturbance or not. In order to investigate if there 
was a relation in the distances crane flew and the time, a Spearman R correlation test was per-
formed. The times the cranes flew from or to the night roost sites were excluded. 
 
Changing sites 
To know how many times the cranes flew during the day, all the occasions that the cranes flew 
have been averaged per time period. This is done with the data with and without the occasions 
the cranes flew to the night roost site. A Kruskal-Wallis test was performed to test the hypothe-
sis that there was a difference in changing sites per time period. 
 
Habitat preference 
To investigate if the cranes had habitat preferences, two χ2 tests were performed. For obtaining 
expected values the availability of the different habitat types were necessary. This was done 
with the use of the digital version of the topographical map “Gröna Kartan” (Scale 1:50 000, 
Metria, Gävle 1998) as basic layer. The composition of the area and information of which 
crops had been sown in the year 2004 were received from the County administrative board of 
Örebro. These data were given in data files compatible for analyses in ArcView v3.2.  
 
Statistical test - total study area 
A χ2 test of habitat preference for the total study area was performed. Four different habitat 
categories were made: farmland, marshlands, forest and other. The data for testing habitat 
preference consisted of the observed and expected numbers of radio observations in these 4 
different habitat categories. 
 
The χ2 test of preference requires that the observations of an animal’s location be independent. 
Lack of independence of the observations in the test will result in too many Type I errors; that 
is, the null hypothesis is rejected when in reality it should be accepted (White and Garrot 
1990). In order to get independent locations only one observation per day per bird could be 
used. In addition, to reduce the risk that the positions should be biased towards habitat types 
used by the cranes at certain times during the day, the positions per bird were chosen at time 
intervals proportional over the 18 hours of interest. Sample size per bird was low, so the avail-
able independent positions of the individuals 1 to 5 were pooled. Sample sizes per bird ranged 
from 14 to 30, and the observed habitat types the birds chose were approximately proportional 
the same. The expected values were calculated as the proportion of area made up by the habi-
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tat type in the study area times the total number of locations for the animals. The null-
hypothesis tested in the χ2-test was that the cranes have no preference for a certain habitat type, 
with the alternative hypotheses that the cranes have a preference for a certain kind of habitat. 

 
Statistical test - farmland  
To investigate if the cranes had a habitat preference in the farmlands, another Chi-square test 
was performed. The null-hypothesis of this χ2-test was that the cranes have no preference for a 
certain kind of farmland, with as alternative hypothesis they do have a preference. Seven differ-
ent farmland categories were made; cereal, potato, rape, pasture, protection zone, grassland 
and other. The same observed positions of the first χ2-test were used, but now ordered in the 
different categories farmland. The positions of marshlands were excluded and if possible an-
other position was chosen. 
 
The categories pasture, protection zone and grass are three different kinds of grasslands. Pas-
ture is a grass field which is used by farmers for making food for cattle. The damage made by 
cranes is that they pollute this grass by droppings which lower the value of this crop. The pro-
tection zone is a strip of grass around crops which is necessary to prevent pollution of the wa-
ter (ditches and canals) by used pesticides and fertilizers by the farmers. The group grass con-
sist of fallow land (10% of farmland needs to remain fallow, EU regulation), grass which can 
be flooded sometimes (at the border of the lakes Kvismaren), and grass field where cattle graze.  
 
Relative habitat use 
The relative habitat use is obtained by subtracting the proportion observed radio tracking posi-
tions of the proportion available habitat type.  
 
Habitat use 
Percentage time spent in different habitats 
Estimations on how much time the cranes spent in different habitats was made by using the 
observations and radio tracking positions from 48 time periods of 6 hours each, with an even 
proportion of the different time periods. Habitat categories were: cereals, potato, rape, pasture, 
protection zone, grass, other and marshland. The group other consists of three different 
groups; that is other farmland, feeding field (explained later) and the percentage time lost by 
searching.  
 
Time budget 
Time budgets were made by observing the focal crane with the telescope (20x60) or binoculars 
(8x32). Notes were made of the behaviour of the focal bird every five minutes. Categories were 
eat, preen, rest, walk and fly and also the flock size was noted. Due to the growing vegetation 
later in the season it was became difficult to see the colour rings of the focal bird. Then behav-
ioural notes of randomly selected individuals were made. 
 
From the 18 “entire days” of observation (one entire day consists of 3 time periods) it was pos-
sible to see the cranes for 10 entire days. The other 8 days it was not possible to see the cranes; 
they were in the nature reserve Kvismaren or on sites where I could not come close by without 
disturbing the cranes.  
 
Changes in behaviour due to the feeding of cranes 
From 1 July on a farmer started to feed the cranes in order to diminish the crop damage made 
by cranes. The time and days when the farmer fed the birds varied. Cranes were fed by spread-
ing cereals on the grass field with a tractor. The first day I tracked a crane there was on 7 July, 
not knowing yet that the cranes were fed. From the time I knew that there was a feeding place, 
14th of July, I checked that field regularly to know if that field was used by the cranes with 
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transmitters. The data were split in before and after 1 July and home ranges, habitat selection 
and habitat use of the cranes before and after the feeding started were compared  
 
Habitat use 
To investigate if there is a difference in habitat use by the cranes before and after the cranes 
were fed, the data were split in before and after 1 July. This is done with 1) the positions ob-
tained by the radio tracking for estimating the home ranges (see paragraph “Home ranges dur-
ing the season”), 2) the radio tracking positions used for investigating habitat preference (see 
paragraph Habitat selection) and 3) the time spent in different habitat types (see paragraph 
Habitat use and time budgets). The percentage time spent in different habitats before the feed-
ing started is based on 18 time periods of 6 hours each, after the 1st of July it were 30 time pe-
riods of 6 hours each. 
 
Home ranges in different years 
To see if the cranes used the same fields as the year before, the home ranges of 2004 were 
compared with the home ranges of former years. Radio tracking positions from 2002 and 2003 
were provided by M. Hake. 
 
RESULTS 
 
Presence of birds in the study area 
Of the 22 cranes provided with radio transmitters, 8 were in Kvismaren in 2004 (table 1). The 
birds stayed for different time periods in the area. Numbers 1, 2 and 3 were present during the 
entire study period, with number 1 spending the longest period in Kvismaren, 169 days. These 
birds were mostly in flocks of 50 to 130 cranes in June, when the total numbers of cranes 
counted 18th June was 360 cranes.  
 
One bird has visited Kvismaren for 3 different time periods during this season (number 5). This 
crane arrived in May at Kvismaren and stayed there for 13 days. It left the area and flew more 
than 60 km north where it was in a flock of 75 cranes. Five days later it flew 35 km south and 
spent 2 days in another area in a flock of 50 cranes. It came back to Kvismaren for 4 days and 
flew north again. It was tracked 50 km from Kvismaren, and two weeks later it was 65 km 
north of Kvismaren, nearby the place where it was born the year before. It was together with 4 
other cranes until 4 August. The 6th August it was back in Kvismaren. 
 
 
Table 1. Radio tagged cranes which were in the study area during the season of 2004. 
———————————————————————————————— 
Number Age (y) Time period No. days 
———————————————————————————————— 
Radio tracked 
    1 2 23 April - 8 October 169 
    2 1 1 June - 8 October 130 
    3 1 4 June - 24 September 113 
    4 1 15 July - 27 September 75 
    5 1 20 May - 1 June  
  9 June - 12 June  
  6 August - 24 September 67 
    6 2 17 August - 8 October 53 

Not radio tracked 
    7 1 8 May 
  27 August - 10 September 16 
    8 1 14 July, 10 August 
———————————————————————————————— 
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Numbers of cranes started to increase from half 
July on and number 4 arrived during that time. At 
the end of July there were 750 cranes counted in 
the study area. Number 5 was back in Kvismaren 
the 6th of August, when 1400 cranes were counted 
then. Number 6 came the 17th of August and at 
the end of that month more than 5 000 cranes 
were at Kvismaren. Bird 8 has been seen 2 times, 
but unfortunately the transmitter failed, so exact 
dates when the bird was in the study area are not 
available. 

bird 
Area 
(km²) 

 
positions 

nr of days 
tracked 

1 45 92 31 
2 16 70 26 
3 32 66 21 
4 58 28 19 
5 20 36 14 
6 23 15 4  

Home ranges during the season 
The size and locations of the areas which the 6 radio tagged birds used were different (table 2 
and figures 2 and 3). Birds 2 and 5 have used only a small part of the area (16 and 20 km2 

resp.), whereas bird 4 has explored almost the entire study area (58 km2). The home ranges of 
bird 1 and 3 are fairly large compared to the birds 2 and 5. Bird 4 has the largest home range, 
58 km2. Number 6 has been tracked for only 4 days and had already a larger home range (23 
km2) than numbers 2 and 5, which have been more days in the area during the study period. 
 
Four different night roost sites are used by the birds (figure 2). The birds 2, 5 and 6 were only 
at Eastern Kvismaren during the night roost (nr 2 in figure 2). For the birds 1, 3 and 4 the 
night roost site depended on which area they used during the day. If the birds 1 or 4 were in 
the most western part of the study area, they used night roost site 1. When birds 3 and 4 were 
in the eastern part, they used number 4. Night roost site 3 has been used only by bird 3, until 
half July. Then it started to use the central part of the area with night roost 2, and in August it 
used the night roost site 4. 
 

 

Table 2. Area used by the cranes during 
the study period at Kvismaren in 2004. 
The estimated area (MCP) is based on n 
obtained radio track positions during n 
days. 

Figure 2. Night roost sites are 
located in western Kvismaren (1) 
and eastern Kvismaren (2). In the 
eastern part there are two night 
roost sites, a small area at the 
border of the mainland (3) and at 
the border of an island in the lake 
Hjälmaren (4). Night roost site 1 
is used by birds 1 and 4, site 2 by 
all the birds, site 3 only by bird 3 
and site 4 by numbers 3 and 4. 

4

31

2

 
The 3 birds which were the entire season at Kvismaren used often the same fields for several 
days. Of the 12 time periods obtained for these 3 birds, the numbers 2 and 3 used 5 out of 6 
different days the same fields. In addition, all 3 birds have used 3 out of 3 days the same fields. 
Bird 1 was most of the time in the western part, bird 2 mostly in the eastern part of its home 
range and bird 3 was mostly in the eastern part of the study area (figures 3A and 3B). 
 
Flying 
Distances flown to/from night roost 
The mean distance the cranes flew in the morning to the first field was 2.4 km (min 0.7 / max 
3.7 km) and the mean distance they flew from the last visited field to the night roost was 2.7 
km (range: 0.8-4.7 km). There was no significant difference between the medians (U18,15=111; 
p=0.38, Mann-Whitney U-test). 
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 Figure 3A. Home ranges of birds 1 (▲, 45 km2, based on 92 positions in 31 days) and  
 3 (●, 32 km2, based on 66 positions in 22 days). These birds were the entire study period 
 in the study area Kvismaren in 2004. 
 

 
 Figure 3B. Home ranges of birds 2 (●, 16 km2, based on 70 positions in 26 days) and  
 5 (▲, 20 km2, based on 36 positions in 14 days). Bird 2 was the entire study period in  
 Kvismaren in 2004, bird 5 only in May/early June and August. 
 

 
 Figure 3C. Home ranges of birds 4 (▲, 58 km2, based on 28 positions in 19 days) and  
 6 (●, 23 km2, based on 15 positions in 4 days) in the study area Kvismaren in 2004. These  
 birds were there from half July and half August on respectively. 
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Distances during the day – night roost included 
A highly significant difference was found in the distances the cranes flew during the day 
(H=13.5, p=0.0012, df=2, n=54 Kruskal-Wallis test), this is with the inclusion of flying to/from 
the night roost. During the first 6 hours of the day, the cranes flew 3.7 km (range: 0.8-7.6 km), 
from 10 a.m. until 4 p.m. they flew 1.4 km (0 - 3.7 km) and after 4 p.m. it was on average 3.1 
km (0 - 5.7 km). 
 
Distances during the day – night roost excluded 
Figure 4 shows the relation between the time and distance cranes flew during the day, when 
flying from/to night roost sites were excluded. There was a significant correlation in distances 
flown by the cranes and time of the day (R=-0.313, n=44, p=0.038. Spearman R test). 
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Table 3. Percentage of the times the 
cranes flew, divided in the percentage 
of the occasions when the cranes were 
disturbed obviously, and the times the 
cranes flew without an obvious distur-

 
 

Figure 4. Distances in kilometres the cranes flew during the 18 days of the study 
period at Kvismaren in 2004. The occasions when the birds flew from/to the night 
roost sites are excluded. The occasions when the cranes were flying because of 
a disturbance is marked with ▲, flying without disturbance is marked with ■. 

 
Disturbances 
No significant difference was found in the me-
dian distance crane flew because of a distur-
bance or not (U17,27=225, p=0.91, Mann-Whitney 
U test). Cranes flew in the morning mostly with-
out an obvious disturbance (table 3 and ■ in 
figure 4). After 10 a.m. the cranes flew in 50% 
of the occasions because of an obvious distur-
bance. The disturbances were people, farmers 
working on the land, scaring devices (firework) 
and traffic. 

disturbance
4-10 
a.m. 

10 a.m.-
4 p.m. 

4-10 
p.m. 

yes 20% 46% 50% 
no 80% 54% 50% 

 
Changing sites – occasions flying to/from night roost sites included. 
Cranes changed sites for 4.4 times on average a day, with the inclusion of flying from and to 
the night roost sites. A highly significant difference was found in the times the cranes changed 
sites (H=12, p=0.0024, df=2, n=54, Kruskal-Wallis test). In the morning until 10 a.m. the mean 
number of changing sites was 1.9 times, with a maximum of 5. For 10 of the 18 days the 
cranes flew only once during this period, from the night roost site to the first field. Between 10 
a.m. - 4 p.m., cranes flew on average 0.7 times, with a maximum of 2 times. For 7 of the 18 
days the cranes did not fly at all in this time period. After 4 p.m. the average times the cranes 
flew was 1.8 times (range: 0 - 4).  
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Changing sites – occasions flying to/from night roost sites excluded- 
Cranes changed sites for 2.5 times on average a day when the occasions of flying from or to the 
night roost site were excluded. Now there was no significant difference in the occasions per 
time period (H=0.024, p=0.99, df=2, n=54, Kruskal-Wallis test). The mean times the cranes 
flew were 0.9 for period 1 and 3 and 0.7 times for period 2. During the observation I noticed 
that when cranes were scared away/disturbed, they sometimes returned to the previous field. So 
if the assumption is made that the cranes should not have flown when they were not disturbed, 
numbers changing sites of 1.5 times a day are obtained, divided in 0.8, 0.3 and 0.4 for the time 
periods I, II and III, respectively. The numbers of when the cranes were disturbed were sub-
tracted from the numbers obtained by changing sites. 
 
Habitat preference  
Total study area 
To test if the cranes select the habitats in the area non-random a Chi-square test was per-
formed. The null hypotheses that the cranes select their habitat randomly was rejected (χ2=23.5 
df=3 p<0.00003, n=111, Chi-square test) and concluded that cranes prefer farmland and avoid 
the habitat types forest and the group other (figure 5). 
 
Farmland 
To test if the cranes select the farmlands in the area randomly another Chi-square test was per-
formed The null hypotheses that the cranes have no preference of farmland is rejected 
(χ2=135.8, df=6, p<0,0000, n=109, Chi-square test) and it was highly significant the cranes do 
have a habitat preference. The habitat type cereal is underused (avoided) and the habitat types 
pasture, protection zone and grass are overused (is preferred, figure 6).  
 
Habitat use 
Percentage time spent in different habitats  
The proportions available habitat type (figure 7A) is different from the proportions observed 
used habitat type (figure 7B). The cranes spent on average 93% of the time between 4 a.m. - 10 
p.m. in the farmlands, they left the night roost site soon after sun rise and flew back at sun set 
and during midsummer the cranes were for more than 18 hours in the farmlands. For 37% of 
the day the cranes were on the fields with the vulnerable crops cereal, potatoes, rape and pas-
ture. The habitat type cereal has been used for 16%, whereas the availability of this habitat 
type was 55%. The categories protection zone and grass were also used for 37% of the day; 
18% of the time the cranes used the protection zone, whereas the availability was only 1%. 
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Figure 5. Observed habitat use relative to the expected habitat 
use of the cranes. If the bar is above the zero-line the habitat 
was preferred and if the bar is below the zero-line, the habitat 
type was avoided. 
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Figure 6. Observed habitat use relative to the ex-
pected habitat use of the cranes. If the bar is above 
the zero-line the habitat was preferred and if the bar 
is below the zero-line, the habitat type was avoided.  

Period 1 
The percentage time the cranes spent in the different habitats was different for the three time 
periods (figure 8). In the morning from 4 until 10 a.m., cranes were for more than 50% of the 
time in the fields with the vulnerable crops cereal, potato, rape and pasture fields (figure 10, 
period I). During this time period they were foraging most of the time. The group other con-
tains the time for searching the cranes and is 10% for this time period. Probably the cranes 
were already in the fields, so if you take this in account, the cranes were for more than 60% in 
the fields with the crops mentioned before. 
 

 
 

Period II 
After the cranes had eaten in the morning they gathered at a grass field nearby water on the 
protection zone (24%) or grass (19%, figure 8, 10 a.m. - 4 p.m.), where they drank, preened 
and rested. After a few hours resting they started eating again, for approximately 1-2 hours, 
sometimes on the grass fields where they were resting but also in the fields with the crops 
which were next to the grass fields where they had rested. 
 
Period III 
After 4 p.m. cranes were for more than 50% on grass fields and the protection zone (figure 8, 
4-10 p.m.). Again there was a period of 1-2 hours when they were eating, around 6 p.m. They 

Figure 7B. Percentage time spent in the 
different habitats at Kvismaren by the 
cranes, from 4 a.m. until 10 p.m. 
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Figure 7A. Percentage available habitat for 
the cranes in the study area Kvismaren in 
2004. 



 15

flew to a field to forage, but also they could stay in the same field and walk to the fields with 
the crops cereal, potato, and rape or pasture fields. After the cranes had foraged they gathered 
on a grass field and there they preened, rested, walked around and “socialized”.  
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grass; 9

other; 29

marshland; 2
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      4 - 10 a.m.                            10 a.m. -  4 p.m.                     4 - 10 p.m. 
 
Figure 8. Percentage time the cranes spent in the different habitats at Kvismaren in 2004. The day 
is split in three time periods; period I from 4 - 10 a.m., period II from 10 a.m .- 4 p.m. and period III 
from 4 - 10 .m.  p  

 
 
The different time periods when the cranes foraged during the 10 days of observation differed. 
For 3 times the cranes had 2 extended time periods of foraging, and 7 times the cranes had 
three time periods of  foraging, a long period in the morning and two shorter periods during 
early afternoon and late afternoon/evening. 
 
Changes in behaviour due to the feeding of the cranes 
The 1st July a farmer started to feed the cranes to prevent crop damage, the vulnerable crops 
then were mainly the potato and cereal fields. The feeding site was in the north central part of 
the study area (marked with an arrow in figure 11B). Data were split and compared in before 
and after the 1st July. 
 
Presence of the birds at the feeding site 
The third day when there were cereals spread onto the “feeding field” there were 150 cranes 
which had found the food (personal communication R. Edberg). The first radio tagged bird 
which was on the feeding site was bird number 2, 6 days after the feeding started. All radio 
tagged birds have used the feeding site, except number 6 (table 4). This bird was only at the 
end of the study period in Kvismaren. Birds 2, 3, 4 and 5 have used the feeding site several 
times; sometimes they were all 4 at that site at the same time. Bird 5 was the first day when it 
was back already at the feeding site. Also bird 4 was soon at the feeding site. Flocks became 
considerable at the end of the study period, with some days more than 700 cranes. 
 
Table 4. Dates and time periods when marked cranes were at the feeding place, during 7th July - 18th 

August 2004. 
 

nr 
Arrival in study 

area 
First day at feed-

ing field 
Days before 

feeding site found 
Time period when the bird 

used the feeding field 
1 24-April 24-July 23 24 July 
2 1-June 7-July 6 7 July  - 8 August 
3 4-June 17-July 16 17 July  - 8 August 
4 15-July 19-July 4 9 July   - 18 August 
5 6-August 6-August 0 6 August  - 17 August 
6 17-August - - - 
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Home ranges 
The home ranges of the birds extended due to the feeding (figure 9A and 9B). Bird 2 was the 
first bird which had found the feeding site (table 4). Its home range before 1 July was nearby 
the feeding site. Before 1 July it was always in the central part of the area (■ in figure 9) in a 
flock of 20 - 130 cranes, except in the beginning of June, when it was in the north central part 
for a few days.  
 
Bird 3 used until 17 July a small area of 3.6 km2 in the eastern part of the study area (▲ in fig-
ure 9), with the night roost site nearby (site 3 in figure 2) and in a flock of ~50 other cranes. 
The home range of this bird extended considerably to 30.9 km2. This bird has used the feeding 
site from 17-23 July. For two days it was back in the eastern part but returned in the central 
part of the study area and started using the southern central part and feeding site for 21 days. 
From 17 August on it was back in the eastern part and used the night roost site 4 (see figure 2). 
 

 
Figure 9A. Locations where birds 1 (●), 2 (■) and 3 (▲) were in early June until 30 June 2004 in 
Kvismaren. The home ranges are 21.2 km2 for bird 1 (based on 53 positions obtained in 15 days), 
12.4 km2 for bird 2 (39 positions in 9 days) and 3.6 km2 for bird 3 (32 positions in 7 days). 
 

 
Figure 9B. Locations where birds 1 (●), 2 (■) and 3 (▲) were after the feeding started, the 1st July. 
The feeding site is marked with an arrow. Home ranges are 43.1 km2 for bird 1 (based on 39 positions 
in 16 days), 14.6 km2 for bird 2 (31 positions in 31 days) and 30.9 km2 for bird 3 (34 positions in 15 
days). 
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Bird 1 (● in figure 9) has used mostly the western part of the study area and was in a flock of 
~130 cranes. This bird has been on the feeding site only once (table 4). The reason why bird 1 
had been only once at the feeding site is probably because there was no food available when it 
was there for the first (and last) time. It had been using the eastern part and used the night 
roost site Western Kvismaren (number 1 in figure 2). The morning of 23rd July it was in the 
western part, but in the evening it was at the night roost site Eastern Kvismaren (number 2 in 
figure 2). The next day it was on the feeding field, together with 230 cranes. But probably be-
cause a lack of food that day, this place was not interesting for bird 1 and it started to use the 
central and eastern part of his home range and later it returned to the western part. 
 
Habitat preference 
The cranes had a habitat preference before and after the feeding started (before χ²=27, 
p<0.0001, df=6, n=35 and after χ²=72, p<0.0000, df=6, n=74, Chi-square test). Figure 10 
shows the relative habitat use before and after the feeding started. The group other is relatively 
overused after the feeding started, together with the grass categories pasture, protection zone 
and grass. The crops cereal, potato and rape are underused after the feeding started. 
 
Habitat use after before and after feeding 
The percentage time the cranes spent in the habitat categories differed (figure 11). The used 
habitat category other, which is mainly the feeding site, increased from 5 to 28% after the feed-
ing started. The vulnerable fields’ cereal, potato, rape and pasture were less used during the 
feeding of the cranes. The used habitat category grassland increased from 4 to 28% after 1st 
July. This is because cranes used more fallow fields after 1 July (45% of the grass category is 
fallow) and spent more time in the nature reserve Eastern Kvismaren, which contains a large 
area of grass. Another reason is that when the cranes were at the feeding site and the farmer 
spread the cereals onto the field in the afternoon, the cranes flew to Eastern Kvismaren and 
spend the rest of the day on the grass fields there.  

 

 
 

 
Figure 11. Percentage time which the cranes spent in the different habitats during June until 
21 August 2004; before (left figure) and after (right figure) the feeding of the cranes started. 
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Figure 10. Observed habitat use relative to the expected habitat use of the cranes 
before and after the feeding of the cranes started. If the bar is above the zero-line, 
the habitat was preferred and if the bar is below the zero-line, the habitat type was 
avoided. The group other (feeding field) is relatively overused after the feeding started. 
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Home ranges of different years 
The young cranes which were in Kvismaren in autumn 2003 used the same areas in spring 
2004 (figure 12). Early June bird 2 used the north-central part of the study area (▲, figure 
12A), but soon it started to use the same small area as the year before (marked with arrow). 
Bird 3 and 5 have also returned to the sites where they were the year before (figure 12, marked 
with arrows). 
 
 

 
Figure 12A. Home ranges of birds 2 (left) and 3 (right), autumn 2003 (●) and 2004 until July (▲). Ar-
rows mark the places where they were in consecutive years. 
 

 
Figure 12B. Home ranges of birds 5, autumn 2003 (●) and 2004 until June 12 July (▲). The bird used 
the same area as the year before (marked with an arrow). 
 
 
The two year old crane (bird 1) has been using the same area as the year before; it was the en-
tire season in Kvismaren for two consecutive years (figure 13). It has a fairly large home range, 
but it was most of the time using the western part of the area. In May and early June it used 
the marshlands in nature reserve eastern Kvismaren and the north central part, but soon it 
changed to use the western part. There it has visited the same fields or close to the fields where 
it was the year before (marked with arrows). 
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Figure 13A. Home range of bird 1 in autumn 2002 (■) and 2003 (●). This bird stayed the entire sea-
son of 2003 in Kvismaren. 
 

Figure 13B. Home range of bird 1 in 2004 (▲). This bird was the entire season in Kvismaren. Arrows 
mark the places where the bird was the year before (see figure 13A). 
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DISCUSSION 
 
Presence of radio tagged birds in the study area 
Some cranes are coming back to the area where they have been before. A variation exists in the 
behaviour of young cranes, as 8 of the 22 young cranes (36%) provided with radio transmit-
ters were at Kvismaren for different time periods. Only one bird used the area as expected, vis-
iting Kvismaren for several time periods during the season. It gathered in flocks and was no-
madic in summer season (Archibald and Meine 1996). In contrast, three birds arrived in spring 
at Kvismaren and did not leave this area until October, living in flocks varying from 50–130 
cranes. The other 4 radio tagged birds have been in Kvismaren for periods in spring and/or late 
summer/autumn. 
 
When taking the age in consideration, the three cranes which were radio tagged in 2002 used 
Kvismaren in three different ways. One of them spending the entire season at Kvismaren just as 
the year before, one visiting Kvismaren only in spring and/or autumn just as the year before 
and the third two year old bird was only in 2003 at Kvismaren (M. Hake 2005). Maybe in the 
coming years more and other radio tagged birds will show up at Kvismaren. 
 
Home ranges during the season 
The cranes used different parts of the study area and also the size of the used area differed. 
Home ranges ranged from 16 km2 to 58 km2. They did not use the entire home range, some 
parts of the area they have been using for repeated days. This is in co ordinance with literature, 
where cranes have favourite fields (Alonso et al. 2004). This was most obvious for the cranes 
which were the entire season at Kvismaren. They did not leave the area and especially in the 
beginning of the study period they were using a small part. When more cranes arrived at Kvis-
maren from half July on, they started to explore the area more. Maybe they had depleted their 
favourite feeding sites and were forced to find other fields. From half July on the number of 
cranes increased (Edberg 2004), so this could also be a reason why they were more exploring 
the area.  
 
Flying 
Cranes did not fly often and also the distances are fairly low. There are no data on the total 
distance cranes fly during the day, but the distance to the roost compared to the studies of win-
tering cranes in Portugal and Spain (Carrasco 2003, Alonso et al. 1997) are low. A significant 
difference was found between the distances cranes flew during the day, but that was because 
the first and third time periods include the flying to/from the night roost.  
 
When the occasions when the birds fly to/from the night roost site are excluded, cranes 
switched fields for 2.5 times a day and there was no significant difference anymore in changing 
fields per time period. Cranes were disturbed for 50% of the occasions after 10 a.m. in the 
morning and these numbers were subtracted from 2.5 then cranes changed sites for only 1.5 
times. 
 
Habitat preference 
The cranes had a habitat preference for farmlands. Of the farmlands they preferred pasture, 
grass fields and the protection zone. These three habitat categories can be considered as being 
similar in the sense that they represent grass land habitat. The preference for grass is consistent 
with the results of Kjellander et al. (2003) in the same study area and with Wilkening (1996) in 
a study about habitat choice and habitat use of summering young cranes in Germany. Cranes 
used fallow grounds often (included in the grass category, 45% of the habitat category other 
grass is fallow). The observed radio tracking positions used for the analyses was 16% at fallow 
grounds, whereas the expected percentage of radio tracking positions was 10%. On their win-
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tering ground in Portugal fallow grounds were observed to be an important habitat during the 
entire (winter) season (Melo 1996). 
 
A remark has to be made by the fact that the potato fields were underused. Kjellander et al. 
(2003) found that potato fields were relatively overused during June. As a result of preventing 
crop damage on potato fields, almost all potato fields have scaring devices nowadays like mir-
rors and gas canons. On calm days the mirrors did not move and the cranes were then in the 
potato fields. So, without the scaring devices cranes would probably have a strong preference 
for the potato fields. 
 
Habitat use 
The cranes used the different habitat categories at different times of the day. In the morning 
they foraged on the farmlands cereal, potato, rape and pasture fields, where they can cause 
crop damage.  
 
The protection zone was a very important habitat for the cranes; they spent 18% of the day-
time on those strips of grass. The available area of this habitat type is very small, only 1%.  
Another surprising result was that the cranes used the rape fields for a month during June/July. 
What they were eating in the fields is not clear. One of the rape fields had potatoes the year 
before and potato plants came up again, so this may be an explanation why they preferred rape 
during that period. In addition, the summer of 2004 was extremely wet, so maybe there was 
many insects on the rape fields what the preference for the rape fields explains. 
 
Cranes had most of the time 3 time periods when they were active and foraged. This is differ-
ent than described in literature (Wilkening 1996, Archibald and Meine 1996) where is found 
that cranes have 2 activity periods, in the morning and in the evening. The time budget was 
studied very globally, because it was not possible to see the marked birds continuously due to 
the vegetation or due to the fact that there was not a good site to observe the birds without dis-
turbing them.  
 
Changes in behaviour due to feeding of cranes  
The feeding site has been used by all but one crane and it seems likely that they used the feed-
ing site sometimes for the entire day. The cranes which used the area which were close to the 
feeding site were using the feeding site rapidly. For the other cranes the home range extended 
due to the feeding, which was most obvious for the bird which was using the eastern part 
mostly. Before the feeding started it had never been in the central part of the study area.  
 
When there was not enough food for some time, the cranes went to the sites where they were 
before and waited some time to visit the feeding site again. So when a feeding site is used to 
decrease crop damage, it is necessary that there is enough food available, otherwise the birds 
will lose interest in the site.  
 
The feeding site became an important habitat after the feeding started. The percentage time the 
cranes spent on this habitat type increased from 5 to 28%. The birds got used to the way they 
were fed, in the beginning they flew away when the farmer came to spread cereals on the field, 
but later the cranes hided in the adjacent forest and waited until it was quit again.   
The percentage time the cranes spent in the habitat category grassland increased from 4% to 
28% after the feeding started. This is because cranes used more fallow grounds and the grass 
fields of Eastern Kvismaren after 1 July, which is in accordance with the study of Kjellander et 
al. (2003). Another reason for this increase is that when the cranes were fed late afternoon, 
they flew to Eastern Kvismaren where they spent the rest of the day there.  
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Home ranges in different years 
Young cranes go to the sites where they have been before. Especially this is obvious for the 
one-year old birds which were in spring at Kvismaren. They have used the same area as the 
year before when they were there with their parents. Later during the season they have used 
also other parts. The two year old bird has been using exactly the same fields as the ear before. 
 
Conclusions and recommendations  
This study shows that there are good prospects for decreasing the crop damage made by cranes 
by setting land aside and feed the cranes. Feeding of cranes is not a sustainable solution; the 
feeding will attract more cranes and will become used to the feeding, and the population will 
concentrate. The risk from disaster related to weather, communicable diseases and poisons also 
increases. However, feeding the cranes to prevent crop damage can be very useful.  The pre-
ferred strategy is to set land aside for the birds where they can stay the entire day. If preferred 
crops are planted in that area and a large part will be grass fields, with the possibility that 
cranes can drink in that area, birds will probably not leave this area and crop damage will de-
crease. This study revealed that young birds go to places where they were before. When adult 
cranes learn to use special areas and go there with their young, the young will probably go to 
that place the next season. With the increasing crane population and the trend of summering 
young cranes in the agricultural areas it is necessary to start choosing and managing special 
areas. To decrease the risk of concentrating flocks and to take care most birds are not in vul-
nerable fields anymore, several areas at different locations have to be established. To minimize 
the risk of crop damage it is preferred that these sites are nearby the four different night roost 
sites.  
 
Further research 
More research is needed to take care that this proposed strategy succeeds. Points of interest are 
the food requirements of the crane; how much energy the crane needs a day, which kind of 
food is preferred by the cranes. It is known that the cranes prefer grass land, potato and in-
sects; the preference for insect is mainly during summer. Which crops have the highest food 
availability is not known yet. In addition, the radio tagged cranes can give more information 
the coming years, as the transmitters have a life span of 5 years. So, radio tracking of the birds 
should be continued. 
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