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Abstract 
 

Wetland species are declining and efforts are being made to protect wetlands and their 

biodiversity. In Europe, these efforts could be hampered by the recent rise in the Western 

European Common crane (Grus grus) population. Increasing anecdotal evidence has raised 

concerns that this population increase has led to an increase in crane predation on other bird 

species’ eggs and chicks. This study aims to investigate, weather cranes are a potential threat 

to other bird species by predating on eggs and chicks, and ultimately biodiversity. Proxies, 

like habitat selection and time devoted to foraging in wetlands, were used to investigate risk 

of crane predation. Habitat selection and time devotion were studied using location data 

derived from 13 GPS-tagged Common cranes during May and June in 2017 to 2019. 

Observational foraging data was collected in the protected wetland Kvismaren, Sweden in 

June 2019, including adult non-breeding cranes only. During daytime, the three habitats with 

highest mean relative probability of presence within a 95% confidence interval for cranes are 

open wetland (0.87, CI: 0.86-0.89), followed by inland water (0.60, CI: 0.56-0.63) and arable 

land (0.55, CI: 0.52-0.59). The proportion of time cranes spend in wetlands is 0.39 in May 

and 0.28 in June. Cranes spend a proportional majority of their time (0.69) on foraging 

behavior compared to other activities they perform in wetlands. Since every encounter with a 

chick or egg can end in predation and cranes spend most of their time foraging in wetlands a 

population increase in cranes could have severe impact on bird species. Future research 

should take into account crane diet, which categories of cranes (e.g., non-breeding versus 

breeding) are most likely to predate on eggs and chicks and the negative impact on bird 

populations in relation to crane numbers to fill in the major research gap in this field. Lastly, 

future studies should evaluate how an increasing crane population also could impact the 

abundances of other wetland species such as, rodents, amphibians, fish and invertebrates. 
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Introduction 
 

Wetlands are known to have high biodiversity (Mitsch and Gosselink 2000) but many 

wetland-dependent species are threatened (Collen et al. 2014). According to the Ramsar 

convention, an international treaty promoting protection and restoration of wetlands, we have 

lost 81% of inland wetland species populations since 1970 (Ramsar convention on wetlands 

2018). One of the most common causes for the decline of biodiversity is habitat loss and 

degradation (Junk et al. 2013). According to Dixon et al. (2016) the global loss of wetland 

areas comprises 30% between 1970 and 2008, with the rate of loss accelerated during the 20th 

and 21st centuries (Davidson 2014). To halt wetland habitats and species loss, protection and 

conservation efforts on both an international and national level have been made. The Ramsar 

convention operates at an international level and the Swedish Government operates nationally 

towards conservation goals such as “Thriving wetlands”, “Flourishing lakes and streams” and 

“A rich diversity of plant and animal life” (SEPA 2020). 

 

However, as some wetland bird species are declining, others are thriving, like the Common 

crane (Grus grus, hereafter cranes) and several species of geese (Anser sp. and Branta sp.). 

All have benefited from protection under the EU Birds Directive, wetland protection and 

restoration efforts and also the high amount of high-quality food on the large crop fields 

throughout Europe due to modern farming (Nilsson et al. 20016, Harris and Mirande 2013, 

Fox et al. 2010). The EU Birds Directive is a common law that protects birds in the member 

nations of the EU (EC 2009). Historically considered rare, the Western-European population 

of the Common crane has increased since its protection within Europe in 1979, with current 

numbers reaching over 500 000 individuals (Harris and Mirande 2013). For example, in 

Germany between the years 1987 and 2008 the number of staging cranes increased from 

45 000 to 225 000 individuals (Mewes et al. 2010). In Sweden, the breeding population 

doubled between 1980 and 2003, with the 2003 population consisting of an estimated 23 000 

breeding pairs (Månsson et al. 2011). Similar to the increase in crane numbers the populations 

of geese increased from approximate 3.1 million to 5 million individuals in the Western 

Palearctic, between 1993 and 2009 (Fox et al. 2010).   

 

The increasing populations of Common cranes and geese can be seen as a possible threat to 

other wetland species. Cranes can predate on other wetland species and geese can indirectly 

affect other wetland birds by feeding on plants such as reeds and thereby affect important 
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habitats (Fraixedas et al. 2020, Bakker et al. 2018). This can affect other protected marsh 

birds that are dependent on reed beds, such as the threatened Great reed warbler 

(Acrocephalus arundinaceus) (Graveland 1998, Bakker et al. 2018). Another example is the 

Pink-footed goose (Anser brachyrhynchus), which generate conflicts between conservation of 

the species versus conservation of tundra habitats on Svalbard (Madsen and Williams 2012). 

This conflict is due to the increased population grubbing for vegetation which causes craters 

to form in the landscape when the Pink-footed geese yearly return to the same sites. National 

authorities and stakeholders along the flyway have agreed on a plan to keep the population at 

60 000 individuals to mitigate habitat alteration such as overgrazing causing a shift in plant 

communities (Van der Wal et al. 2007) and creation of craters in the landscape on Svalbard 

(Speed et al 2010), whilst simultaneously ensuring the survival of the geese population 

(Madsen and Williams 2012). 

 

Cranes can cause different kinds of impact. Cranes are omnivores that feed on agricultural 

crops during spring and autumn and invertebrates and amphibians during the breeding season 

(Nilsson 2016, Nowald 2003, Alonso et al. 1983). They are also known to consume fish and 

rodents, as well as eggs and chicks of other wetland birds (Swanberg 1993, Nowald 2003). 

Recent anecdotal evidence provided by Swedish ornithologists suggests that there might be an 

increase in chick and egg predation by cranes on various species of waders and Black-headed 

gulls (Chroicocephalus ridibundus), sometimes leading to a very low offspring survival 

(Sandgren 2019, Wirdheim 2019). Depending on season and in which habitats cranes spend 

their time, they may increase predation pressure on for example eggs and chicks of other bird 

species. The negative impact may be worse due to the flocking behavior exhibited by cranes. 

For example, the three most popular staging sites in Sweden (lake Hornborga, Kvismaren and 

Lake Tåkern) have been inhabited by 300-1000 cranes during the breeding season three latest 

years (2017-2019) (Artportalen). These cranes that congregate during this time of year are 

usually non-breeders (Fraixedas et al. 2020), since breeding birds are territorial (Månsson et 

al. 20013). If we want to sustain viable populations of cranes in the future and the species 

they affect, then we need to obtain more knowledge about the potential impacts cranes may 

have on biodiversity to be able to guide management and conservation efforts. 

 

Preserving biodiversity by restoring and protecting wetlands could now possibly be 

threatened by the increase in crane numbers. Studies on cranes affecting biodiversity are 

scarce (but see Fraixedas et al. 2020), yet this information is critical in light of the increasing 
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population (Harris and Mirande 2013) and the potential affect they can have on other bird 

species. To study crane predation on eggs and chicks directly could be complicated and time 

consuming. Here, I study the potential negative impact of cranes on other bird species by 

examining the following research questions: 

1) Which habitats do cranes select during the breeding period of other wetland bird species? 

2) How much time do cranes spend in wetlands during daytime? 

3) How much time is devoted for foraging and other activities in wetlands?  

 

 

Methods 
 

Study site 

Sweden was the study site for investigation of cranes habitat selection. I retrieved location 

data from GPS-tagged cranes (more info under GPS locations and data handling) and with 

having Sweden as a study area combined with the land cover data available, accumulation of 

many locations to make robust conclusions was possible. I also used the retrieved location 

data in Sweden to answer how much time cranes spend in wetlands during daytime. In order 

to answer how much time cranes spend on different activities, I studied cranes in the wetland 

nature reserve Kvismaren (Fig 1), situated 15 km southeast of Örebro. Kvismaren is an 

important staging and breeding area for many bird species and is protected as a Natura 2000 

and Ramsar site. The nature reserve consists of two shallow lakes and grazed wetlands. 

Surrounding the nature reserve is a big and flat agricultural landscape (Nilsson et al. 2016). 

Cranes can be seen in Kvismaren from late March to early November. The mean precipitation 

and mean temperature in Kvismaren during May 2019 was 2.2 mm and 10.9 °C and 

respectively during June 2019, 2.8 mm and 17.4 °C (SMHI, 2020). 

 

Study period 

In this study two time periods were used to answer the different research questions. To 

investigate habitat selection and the time cranes devote to wetlands I choose to use 1 May to 

30 June as my time period, because this is the main breeding period for other wetland birds 

that may be affected by crane predation on eggs and chicks. To know how many and which 

bird species that breed in Kvismaren during 1 May to 30 June I searched on Artportalen for 

sightings of bird species (Table 2) and behaviors (Table 1) that could indicate breeding status 

of birds in Kvismaren during 1 May to 30 June 2019. Artportalen (2020) is a citizen science 
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platform to collect sightings of organisms and their behavior in Sweden. From the obtained 

list I only included bird species that could be at risk to be predated by cranes, like birds that 

have their nests on the ground or floating on water and/or have chicks that leave the nest 

before being able to fly. This list consists of 37 bird species whereof 10 are red listed (Table 

2). To investigate how much time cranes devote to foraging and other activities in wetlands, I 

did my observations in Kvismaren during 8-28 June 2019.  

 

 
Table 1. Breeding criteria used in the search on Artportalen to select species that are at potential risk of 

predation by Common cranes (Grus grus). 

 
- eggs/chicks 
- nest/sound of chicks 
- brooding 
- eggshells 
- bringing food to chicks 
- caring fecal sac 
- visiting inhabited nest 
- nestlings during the time between egg and juvenile form/just out flown chicks 
- recent used nest 
- distraction displays 
- nest building 
- brood patch 
- upset, alarming 
- nest visiting? 
- mating/mating ceremonies 
- pair in suitable breeding biotope 
- observation during breeding time, suitable biotope 
 

 
Table 2. Species that are considered potentially at risk of predation by Common cranes (Grus grus). According 

to earlier observations (Sandgren 2019, Wirdheim 2019, Swanberg et al. 1993), waders, gulls and Anatidae 

would be at risk for predation. I assumed that bird species that have their nest on the ground or floating nests on 

water and/or have chicks that leave the nest before being able to fly could be at risk (Artportalen 2020). So, 

species that do not place their nest on the ground or floating on water, together with big aggressive bird species 

like geese, swans, bird of prey and owls were removed from the table. Retrieved from Artportalen (2020) with 

the species observed in Kvismaren (with some areas nearby which are not only wetland) from 1 May to 30 June 

2019. 
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Species name    Scientific name Red list category 
Garganey   Anas querquedula VU  
Shoveler   Anas clypeata   
Gadwall   Anas strepera   
Wigeon   Anas penelope   
Mallard   Anas platyrhynchos   
Pintail   Anas acuta  VU  
Teal   Anas crecca    
Pochard   Aythya ferina  VU  
Tufted duck   Aythya fuligula   
Goldeneye   Bucephala clangula   
Pheasant   Phasianus colchicus   
Red-necked grebe  Podiceps grisegena   
Great crested grebe  Podiceps cristatus   
Slavonian grebe  Podiceps auritus   
Coot   Fulica atra    
Lapwing   Vanellus vanellus   
Little ringed plover  Charadrius dubius   
Common snipe  Gallinago gallinago   
Redshank   Tringa totanus   
Wood sandpiper  Tringa glareola   
Black-headed gull  Chroicocephalus ridibundus  
Little gull   Hydrocoloeus minutus   
Common gull  Larus canus    
Herring gull   Larus argentatus VU  
Common tern  Sterna hirundo   
Black tern   Chlidonias niger VU  
Skylark   Aluda arvensis NT  
Sedge warbler  Acrocephalus schoenobaenus   
Whitethroat   Sylvia communis   
Thrush nightingale  Luscinia luscinia   
Whinchat   Saxicola rubertra NT  
Yellow wagtail  Motacilla flava   
White wagtail  Motacilla alba   
Meadow pipit  Anthus pratensis NT  
Tree pipit   Anthus trivialis   
Yellowhammer  Emberiza citrinella  VU  
Ortolan bunting  Emberiza hortulana  VU  
 

 

GPS locations and data handling 



 6 

To examine which habitats cranes select, I used locations from 13 Common cranes equipped 

with GPS transmitters. GPS tracking is beneficial when working with migratory species like 

the crane. The Swedish population migrates to southwest Europe in September-October and 

returns to Sweden in March-April (Månsson et al 2011, Mingozzi et al. 2013). The cranes 

were captured and tagged with GPS transmitter in areas around Skultuna in the county of 

Västmanland, and areas around Grimsö in the county of Örebro when they were approximate 

6-8 weeks old between July and early August during the years 2016 (n=1), 2017 (n=8) and 

2018 (n=4). The capturing procedure is done by locating a pair of cranes with offspring and 

make a short run from a hide to catch the chick and put on the GPS transmitter. The Animal 

Ethics Committee of Central Sweden approved the capturing procedure (Månsson et al. 2013, 

Nilsson et al 2019).  

 

I used locations data from 1 May to 30 June from the years 2017 to 2019, because this is the 

time when many birds breed (Artportalen 2020). The number of seasons retrieved differed 

between individuals (2017-2019 n=1, 2018-2019 n=5, 2018 n=3, and 2019 n=4). This means 

that these cranes were non-breeders because most cranes breed for the first time at an age of 

five years (Swanberg 1993). The mean number of used locations per individual was 3806, 

ranging from 1782 to 7165, due to the variation in consistency, settings and lifetime of the 

GPS transmitters.  

 

The locations were retrieved to the closest half and full hour, except for one individual for one 

season 2017 when the locations were given hourly due to set GPS settings. The removal of 

locations was due to have a fix rate and to lower the risk of autocorrelations between 

locations. Autocorrelation occurs if it is not enough time between two consecutive locations 

so the individual does not have enough time to change habitat. Without independence 

between locations may the variance in the model estimates be underestimated (Fieberg et al. 

2010, Boyce 2006). All locations outside Sweden were removed. Locations in the data with a 

greater value on positional dilution of precision than 7 was also removed from the data set to 

assure the remaining locations to have a high level of precision (D’eon and Delparte 2005). 

Locations during migratory flight were excluded from the analysis, as these do not indicate 

habitat use on the ground. Locations that were assumed to be during migratory flight had 

consecutive locations more than 20 km or more apart. The distance between two locations 

were measured in ArcMap (version 10.5).  
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I split the location data in daytime and nighttime, because according to previous studies 

cranes choose different habitats during daytime and nighttime and cranes forage during the 

day and night roost (Alonso et al. 1983, Nilsson et al. 2016). Time of sunrise and sunset were 

used to define day and night. However, the time of sunrise and sunset differs between May 

and June, thus different times for night and day were defined for each month. Additionally, 

the distribution of the locations was widespread spatially, so the time for sunrise and sunset 

differs between the most northern location and the most southern location in May, 

respectively for June. So a mean was calculated for sunset and sunrise between the most 

northern and southern locations for May and June. In May, daytime starts at 04:40 and ends at 

21:19. In June, the day starts at 03:46 and ends at 21:59. 

 

Habitat categories were categorized through habitat characteristics for all locations based on 

the National Land Cover data (SEPA 2019). Habitats that had similar features and/or had few 

observations were combined into habitat categories: arable land, dry forest, wetland, open 

vegetation, inland water and wet forest, and other (Table 3).  

 

 
Table 3. Habitats combined into categories used in the resource selection function analysis. Based on the 

National Land Cover data. (SEPA 2019).  

 
Code Habitat                      Combined habitat categories 
2  Open wetland    wetland 
3 Arable land    arable land 
41 Non-vegetated other open land  other 
42 Vegetated other open land   open vegetation 
51 Artificial surfaces, building  other 
52 Artificial surfaces, not building or road/railway other 
53 Road or railway   other 
61 Inland water    inland water 
62 Marine water    other 
111 Pine forest not on wetland   dry forest 
112 Spruce forest not on wetland   dry forest 
113 Mixed coniferous not on wetland   dry forest 
114 Mixed forest not on wetland   dry forest 
115 Deciduous forest not on wetland   dry forest 
116 Deciduous hardwood forest not on wetland  dry forest 
117 Deciduous forest with deciduous hardwood forest* dry forest 
118 Temporarily non-forest not on wetland   other 
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121 Pine forest on wetland    wet forest 
122 Spruce forest on wetland    wet forest 
123 Mixed coniferous on wetland   wet forest 
124 Mixed forest on wetland    wet forest 
125 Deciduous forest on wetland   wet forest 
126 Deciduous hard- wood forest on wetland  wet forest 
128 Temporarily non-forest on wetland  other 
 
*not on wetland. 
 

 

Time spent in wetlands during daytime 

I calculated how much time cranes spend in wetlands by separating the GPS data between 

May and June because the months have different day lengths. I used the used locations during 

daytime in my GPS data and compared the amount of locations in each habitat category 

against each other to obtain the habitat categories in proportion to each other. When knowing 

the proportions of amount of locations in each habitat category that cranes select for I took the 

length of the day in May (16 h and 39 minutes) and in June (18h and 13 minutes) and 

estimated how much time cranes spend in wetlands during daytime. Additionally, by knowing 

the time spent in wetlands I used the results in the time budget (i.e., proportional time spent 

for different activities, see next subheading) to calculate how much time they spend on 

foraging in the wetlands by using the following formula: 

 

May: (hours spent in wetlands) x (proportion spent on foraging)= (time spend on foraging in 

the wetlands) 

June: (hours spent in wetlands) x (proportion spent on foraging)= (time spend on foraging in 

the wetlands) 

 

Time budget  

I surveyed how much time is devoted to foraging and other activities by quantifying the 

activities of cranes in wetlands. All observations were made at observation spots in 

Kvismaren (Fig 1) between 8 and 28 of June 2019. Cranes were surveyed during one morning 

session (around 5 am to 11 am) and one evening session (around 4 pm to 9:30 pm). The 

middle of the day was avoided because the sun usually causes a lot of mirage. 
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First, all individuals were counted that were visible in the wetland from the observation spot. 

Only groups were observed and therefore the data contains just non-breeding cranes because 

breeding cranes are solitary pairs with offspring in territories (Månsson et al. 2013). Secondly, 

a randomization technique was used to avoid double counting. First the number of cranes was 

counted and put into a random number generator that gave a number between 1 and the 

amount of cranes seen, for example, the number 14 was given than I counted from the left 

until I reached the 14th individual and started recording it. To further avoid double counting, 

the number of individuals recorded was a third of the number of cranes visible, for example, if 

21 visible cranes was in the wetland then 7 was recorded.  

 

I recorded the activities of randomly chosen individuals during six minutes. All observations 

were conducted with a telescope and the different activities were dictated into a recording 

device and the different activities were logged to the closest second. An observation lasted six 

minutes except for in two scenarios (mean 5.88 min). First, recordings were shorter than six 

minutes, but minimum three minutes, when sight of a crane was lost in the high grass or flew 

away. Secondly, the alarm was not on by mistake and the recording continued for more than 

six minutes. For easier handling and overview of the data the recordings were cut down to the 

closest minute. I recorded a total of 529 minutes of activities for 90 crane individuals. All 

activities were converted into proportions to create a time budget. 

 

Almost all my observations came from two observation spots in Kvismaren (nhammar=41, 

nbridge=48, nother=1, see Fig 1). I separated between six different behaviors:  

Foraging: The crane has its chin not parallel but downward pointed toward the ground. 

Walking when searching for food, probing, looking for food with head down, picking, eating 

or drinking. This activity is posing a predation risk for eggs and chicks of other bird species. 

Vigilance: Chin is parallel to the ground or upwards while standing or walking. 

Resting and preening: Standing and having its head tucked under the wing or standing and 

preening. 

Aggression: Aggression and display against conspecifics. 

Bird attack: When being attacked by another bird. The behavior of the focal crane in this 

situation can vary between ignoring the attacking bird, scanning, attack back, walk away or 

run away. This activity shows that other bird species experience the crane as a risk for its eggs 

and chicks. 
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Unknown: The high grass and bushes in the wetland made it hard to count the individuals and 

to follow an individual. Sometimes the individual is out of sight for a while and the activity is 

then classified as unknown. If the individual is out of sight for more than 15 seconds in one 

bout I considered the individual as lost and the recording stopped and the last 15 seconds was 

not counted. 

 

 

 
 
Fig 1. Map of the study areas. The left panel shows Sweden (borders marked with black lines), were the area for 

the GPS locations was retrieved and the tiny square is the area of Kvismaren which are in close up in the 

middle. The middle shows the nature reserve Kvismaren and the black line is the border of the nature reserve 

plus the dashed line which forms a square is the map which are in close up to the right. The right panel shows 

the spots, marked with a circle, a square and a triangle, from where the recordings for the time budgets were 

taken. The circle show the spot where most cranes were observed and recorded, referred to as “the 

bridge”(n=48). The square is the place with second most observed and recorded individuals, referred to as 

“Hammarmadsplattformen” (n=41). The triangle is the site at which a single recording was taken (n=1). 

 

 

Statistical analysis 

To investigate habitat selection by cranes a Resource Selection Function (RSF) was used in 

which the use of habitats is compared to the availability of habitats. There were in total 49482 

used locations for the 13 crane individuals studied. A 5 km buffer was created around every 
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used location and a random location was placed in it in ArcMap, also called an available 

location, so I had the same amount of available locations as amount of used locations 

(nused=49482, navailable=49482). The used and available locations were associated with their 

habitat category. I compared the used locations with the randomly distributed available 

locations for being able to compare the relative probability of cranes using a habitat category 

(Lele and Keim 2006). General linear mixed models (GLMM) with binomial error structures 

and logit link functions were used for the resource selection functions (R package lme4; Bates 

et al. 2015, Lele and Keim 2006). R (version 3.5.1) was used for all statistical analyses 

 

I split the data because cranes choose different habitats during daytime and nighttime (Nilsson 

et al. 2016), and to create a GLMM model for each period to assess the probability of crane 

being present in the different habitat categories. The day model included (nday,used=36052, 

nday,available=36052) more locations than the night model (nnight,used=13430, nnight,available=13430), 

because the nights are shorter during the summer in Sweden. For day and night, respectively, 

the model has the used and available locations as a binominal response variable, habitat 

category as explanatory variable and crane identity as a random effect (Table 4).  

 

Crane identity was included as random effect in the models to correct for repeated measures 

of same individuals which can cause models to underestimate variance (Fieberg et al. 2010). I 

modeled habitat selection by testing my two GLMM models against a corresponding null 

model. Null models were used to assess if randomness or any unknown variable explain more 

of the variation in the model than the habitat categories that was included as explanatory 

variables. I compared and ranked competing models by Akaike information criterion (AIC) 

(Table 5 and Table 6 for AIC ranking of the models ) between each GLMM to its 

corresponding null model. When it comes to AIC, the lower the value, the better fit of the 

model to the data (Burnham and Anderson 2002). Through the results from the AIC I assessed 

the top ranked GLMM models’ predicted estimates by performing 1000 simulations to 

produce a 95% confidence interval. The cranes are selecting for a habitat when it is more than 

0.50 in relative probability of crane presence and if it is lower, they are avoiding the habitat. 

 

 
Table 4. Summary of the models and null models used to assess habitat selection of cranes during day and night. 

The night model and the day model has the used and available locations during a particular time (day or night) 

as a binominal response value, habitat category as explanatory value and crane identity as a random effect.  
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Model   Binominal response value + 
Explanatory value         

Random 
effect      

Number of 
used locations        

Number of 
available 
locations 

Night used and available locations + 
habitat category 

Crane ID 36052 36052 

Night Null used and available locations + 
none 

Crane ID 36052 36052 

Day used and available locations + 
habitat category 

Crane ID 13430 13430 

Day Null used and available locations + 
none 

Crane ID 13430 13430 

 

 

Results 

 
The three most used habitat categories for cranes during daytime were arable land, followed 

by open wetland and inland water (Fig 2). However, for the available locations the three most 

common habitat categories were arable land, followed by open vegetation and wet forest (Fig 

3). It is the used locations in relation to what is available which is calculated for relative 

probability of crane presence in a habitat by performing 1000 model simulations based on the 

predicted estimates and the 95% confidence interval of the GLMM:s with highest AIC 

ranking (Fig 6, Fig 7, Table 5). During daytime, the habitat with the highest mean relative 

probability of crane presence within a 95% confidence interval is open wetland habitat (0.87, 

CI: 0.86-0.89), followed by inland water (0.60, CI: 0.56-0.63), arable land (0.55, CI: 0.52-

0.59) and less than 0.28 for dry forest, other, open vegetation and wet forest (Fig 6). During 

nighttime cranes selected for open wetland (0.89, CI: 0.88-0.91), followed by inland water 

(0.75, CI: 0.72-0.78), arable land (0.48, CI: 0.45-0.51), and less than 0.22 for dry forest, other, 

open vegetation and wet forest (Fig 7). 

 

The proportion of time cranes spend in wetlands in May equals 0.39, which corresponds to 6 

hours and 29 minutes out of 16 hours and 39 minutes day length in May (Fig 4). In June the 

proportion of time cranes spend in wetlands equals 0.28, which corresponds to 5 hours and 6 

minutes of 18 hours and 13 minutes day length in June (Fig 5). 

 

When creating the time budget the amount of visible individuals were counted, ranging from 

10 to 149 individuals per time of observation (mean 31.78). When cranes are in a wetland 

they spend a proportion of 0.69 (range: 0.03 to 0.91) of their time on foraging, followed by a 
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proportion of 0.11 (range: 0.06 to 0.24) on vigilance, a proportion of 0 (range: 0 to 0.61) on 

resting and preening and on the following activities, aggression, bird attack and unknown a 

proportion of 0 of their time (Fig 8).  

 

Further, by combining the hours spent in wetlands during May and June and the proportion of 

time spent foraging in the time budget, I get that cranes spend 4 hours and 22 minutes on 

foraging in wetlands every day in May and 3 hours and 28 minutes every day in June. 

 

 

 
 
Fig 2. The relative frequency of used locations in the different habitat categories during daytime. The total 

amount of used locations during daytime is 36052. The y-axes show the relative frequencies and the x-axes show 

the different habitat categories. The locations are retrieved from 13 GPS-tagged cranes during May and June in 

2017 to 2019 in Sweden. 
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Fig 3. The relative frequency of available locations in the different habitat categories during daytime. The total 

amount of available locations during daytime is 36052 The y-axes show the relative frequencies and the x-axes 

show the different habitat categories. The locations are retrieved from 13 GPS-tagged cranes during May and 

June in 2017 to 2019 in Sweden. 
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Fig 4. Relative frequencies of the used locations in the different habitats during daytime in the month of May. 

The y-axis shows the relative frequency and the x-axis shows the different habitat categories. The locations are 

retrieved from 13 GPS-tagged cranes during May 2017 to 2019 in Sweden. 
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Fig 5. Barplot showing the distribution of the relative frequencies of the used locations in the different habitats 

during daytime in the month of June. The y-axis shows the relative frequency and the x-axis shows the different 

habitat categories. The locations are retrieved from 13 GPS-tagged cranes during May 2017 to 2019 in Sweden. 

 

 
Table 5. Ranking of the General linear mixed models (GLMM) according to the Akaike information criterion 

(AIC). The night model assess the relative probability of cranes being present during nighttime in the different 

habitat categories. The null model night assesses if any other variables (by chance) explains more than the 

habitat. The two later models are the corresponding models for daytime. 

 
Model  Explanatory value AIC  ∆AIC Weight 
Night   habitat  26 189.1  1 
Null night  null model  37 237.9 11 048.8 0 
Day  habitat  79 829.0    1 
Null day  null model  99 959.4   20 130.4 0 
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Table 6. Model estimates of the general linear mixed models (GLMM) with the highest AIC rankings (see table 

5). The night model assesses the probability of cranes being present during nighttime in the different habitat 

categories. The day model assesses the probability of cranes being present during daytime in the different 

habitat categories. 

 

Model  Explanatory value Estimate S.E. p-value 
Night   arable land (intercept) -0.09 0.07 0.2     

dry forest  -2.98 0.08 <0.001 
open wetland  2.21 0.04 <0.001 
other  -1.70 0.07 <0.001 
open vegetation -1.20 0.07 <0.001 
water inland  1.18 0.05 <0.001 
wet forest  -1.72 0.14 <0.001 

 
Day  arable land (intercept) 0.22 0.07 0.002 

dry forest  -2.20 0.03 <0.001  
open wetland  1.71 0.03 <0.001 
other  -1.90 0.04 <0.001 
open vegetation     -1.21 0.04 <0.001 
inland water   0.18 0.03 <0.001   
wet forest     -1.53 0.07 <0.001 
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Fig 6. Relative probability of cranes being present during daytime in the different habitat categories: arable 

land, dry forest, open wetland, other, open vegetation open, inland water and wet forest. The data points are 

obtained from 1000 model simulations based on the predicted estimates and the 95% confidence interval from 

the general linear mixed model with the available and used locations during daytime. The grey dashed line 

indicates 0.50 relative probability of presence (in other words, no selection because utilization is in proportion 

to availability). The locations were retrieved from 13 GPS-tagged cranes in Sweden in June and May in 2017 to 

2019.  
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Fig 7. Relative probability of cranes being present during nighttime in the different habitat categories: arable 

land, dry forest, open wetland, other, open vegetation open, inland water and wet forest. The data points are 

obtained from 1000 model simulations based on the predicted estimates and the 95% confidence interval from 

the general linear mixed model with the available and used locations during nighttime. The grey dashed line 

indicates 0.50 relative probability of presence (in other words, no selection because utilization is in proportion 

to availability). The locations were retrieved from 13 GPS-tagged cranes in Sweden in June and May in 2017 to 

2019.  
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Fig 8. Boxplot over the time budget data, showing cranes proportional time spent on each activity during 

daytime in a wetland. The x-axis shows the different activities and the y-axis shows the proportion cranes spend 

on each activity. The boxes show the first quartile, the thick line in the middle of the boxes is the median and the 

high end of each box is the third quantile. The whiskers show the range of the first and last 25% of the data. The 

circles are outliers. The median is showing that of all crane individuals, half of them spend a less proportion of 

their time on the given activity than the median and the other half of all crane individuals spend a bigger 

proportion of their time on the given activity than the median. The data is based on observation of 90 crane 

individuals in Kvismaren during 8-28 of June 2019 and collected by following randomly selected individuals for 

six minutes and then change to another random individual. The activity “resting” contains both resting and 

preening. Aggression is both aggression or display against other crane individuals. The activity bird attack is 

the amount of time being attacked by a bird. An activity has been classified as unknown when the individual has 

been out of sight for a while and its activity could not be determined.  

 

 

Discussion 
 

The purpose of my study was to investigate if cranes can be a threat for eggs and chicks of 

other bird species. Since I was not able to study direct predation events by observing cranes I 
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used proxies like habitat selection, time devoted to wetlands and foraging in wetlands to 

investigate the risk for other bird species. I conclude that cranes select open wetlands during 

daytime and devote a considerable part of their daytime foraging in the wetlands. My results 

show that there is a risk for predation on other bird species, especially with the congregating 

behavior of non-breeding cranes into large flocks (Fraixedas et al. 2020). Therefore, I would 

recommend more studies looking into this field. 

 

Which habitat do cranes select during the breeding period of other bird species? 

My results show that wetlands and inland waters are important habitats for cranes both for 

foraging during daytime (Fig 6) and as roost during nighttime (Fig 7). My findings of cranes 

roosting in wetlands and inland waters during the night is in line with previous literature 

(Vegvari and Tar 2002, Bautista and Alonso 2013). 

 

To my knowledge, my study is unique in the sense that it focuses on the time period May and 

June when other birds are breeding in wetlands. Other studies during migration and wintering 

show a somewhat contrasting pattern compared to my results. For example, Bautista and 

Alonso (2013) observed that cranes forage on arable fields during the day during November 

to March in Spain. Nilsson et al. (2016) showed in their study that staging cranes from 

September to March, mostly select arable land during the day. Månsson et al. (2013) found 

that the two most important habitats for crane families during July to September are arable 

land and wetland. Something is attracting these cranes to select wetlands and my results show 

that foraging in wetlands is a common activity during daytime. One possible food resource 

available during this time is eggs and chick of other birds. 

 

How much time do cranes spend in wetlands during daytime? 

Previous studies usually do not calculate in hours how much time is spent in a certain habitat 

but in proportions. By measuring the time in hours that is spent in wetlands and the proportion 

of time spent on foraging I was able to calculate how many hours cranes spend foraging in 

wetlands. By combining 1) the amount of hours a crane spends on foraging in wetlands, 2) the 

number of cranes in an area and 3) the to be determined crane consumption rate of eggs and 

chicks of other birds, we could start to calculate the impact of a group of cranes in a similar 

way impact is measured by geese by using how many geese-use-days an area can endure (for 

example Musacchio and Coulson 2001). 
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What proportion of their time do cranes spend on foraging and other activities in 

wetlands? 

The most common activities during daytime in the time are foraging, followed by vigilance 

and resting. Alonso et al. (1993) showed similar results in their study but in contrary to my 

study came Alonso et al. (1993) observations from arable fields. The study was conducted in 

the wintering areas in Spain during the months of November to March. Another study, also 

conducted in Spain, found that cranes spent a vast majority of their daytime foraging in a 

pastoral woodland habitat between November and February (Avilés 2003).  

The most common activity was foraging, but my study was not able to identify specific food 

items due to the far observation distance and tall grass, however earlier studies reveal that 

cranes can consume both invertebrates and vertebrates (Swanberg 1993, Nowald 2003) 

Moreover, at six occasions I recorded bird attacks on foraging cranes. All these attacks were 

executed by Lapwings, which caused cranes to change their route or even fly away. This 

aggressive behavior from the Lapwings suggest that they recognize cranes as a threat to their 

young (see also Swanberg et al. 1993), but it is still unknown whether the cranes actually ate 

any eggs or chicks. If consumption is happening, crane predation could have an impact on the 

bird life, especially on the vulnerable bird species that are red listed (see Table 1). Although 

these attacks form a minor part of the total time budget, the threat posed by cranes to 

individual Lapwings should not be disregarded and even if all Lapwings could scare away all 

approaching cranes all wetland birds might not act aggressively (see Swanberg et al. 1993).  

 

The second most common activity in the time budget was vigilance (Fig 8). Several events 

could have affected the vigilance of the cranes in Kvismaren. Damage preventive measures, 

set up by farmers to scare cranes away from their crops, like propane cannons (Månsson et al. 

2011), could affect the time budget in this area as cannons were clearly heard regularly from 

my observation spots (Fig 1). Wang et al. (2011) found that vigilance increases with human 

disturbances. 

 

What are the implications for conservation? 

It has been discussed if cranes in high concentrations, like geese, can have a negative impact 

on the ecosystem and other species (Madsen and Williams 2012, Fraixedas et al. 2020). Both 

populations of geese and cranes have in general increased during the last decades (Fox et al. 

2010, Harris and Mirande 2013). In this study, I conclude that cranes forage in wetlands 

during the breeding period of several protected bird species and can therefore potentially have 
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an impact on offspring survival and affect biodiversity. Whether cranes indeed have a 

negative impact remains an open question. On one hand there are direct observations 

supporting this predation phenomenon (Sandgren 2019, Wirdheim 2019) and on the other 

hand there is one study that could not find a negative impact from cranes on other bird 

populations (Fraixedas et al. 2020). 

 

The only previous investigation on the subject, conducted by Fraixedas et al. (2020) studied 

the potential effect of crane predation on peatland birds in Finland. One of the main 

differences between their and this study is that they did not distinguish between breeders and 

non-breeders, so they studied territorial, breeding pairs while this study exclusive cover 

gregarious non-breeders. Fraixedas et al. (2020) looked at five common peatland birds and 

seven less common wader species. Fraixedas et al. (2020) found, in contrast to my hypothesis, 

that three of the common species, Meadow pipit (Anthus pratensis) and Yellow wagtail 

(Motacilla flava)) and the Wood sandpiper (Tringa glareola), were positively associated with 

crane abundance. The remaining species did not show a significant relationship with crane 

abundance. Fraixedas et al. (2020) elaborate that the positive effect experienced by the three 

species could be due to an interaction called protective nesting association. By aggressively 

protecting their own nest, cranes simultaneously protect neighboring nests (Polak 2014). This 

interaction means that a less aggressive species, benefits from a more aggressive species. The 

decline in peatland birds was mostly attributed to the physical characteristics of the wetland 

itself, for example, the amount of drainage of the peatland (Fraixedas et al. 2020). 

 

The number of bird species that benefit from increased crane abundance is small compared to 

the number of bird species that I retrieved from Artportalen (Table 1). Many of these bird 

species (Table 1) could experience have a potentially negative impact from with cranes. Even 

though the results of Fraixedas et al. (2020) do not align with my hypothesis, they share the 

concern that every chick and egg could be a potential prey item for a crane. As said earlier, 

Fraixedas et al. (2020) did not distinguish between breeders and non-breeders, as I did, so 

they studied territorial, breeding pairs. They do mention that big congregations of non-

breeding cranes could cause effects not investigated in their study. 

 

More studies are needed and my own findings would benefit from incorporating multiple 

wetlands and increasing the amount of observational data. An additional suggestion would be 

to start the time budget recordings earlier in the season, preferably in May. This could 
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increase the potential for observing crane predation on eggs and chicks, because chicks, such 

as those of Black-headed gulls were quite mature during my time of observation. 

 

I suggest three directions for future research. First and foremost, more studies need to 

investigate the composition of crane diet. Methods in these studies could include diet 

investigation by fecal samples (Hunt and Slack 1989) or looking at habitats in combination 

with video analysis to determine which food is being consumed (Dong et al. 2016). Secondly, 

future research should explore in which category of cranes this predation on eggs and chicks 

is most prevalent. Possible categories could be breeders, non-breeders and specialists 

(individuals specializing on consuming bird offspring). Stationary cranes breeding in wetland 

(Månsson et al. 2013, Leito et al. 2005) maybe deplete other food resources around the nest 

and would then have to resort to consume other bird species’ eggs and chicks. The mobility of 

non-breeding cranes makes their habitat selection indicative of a benefit that they receive in 

that given habitat, so one potential benefit of them being in wetlands could be the option to 

predate on non-conspecific eggs and chicks. If this is the case, the local effect could be 

massive because non-breeding cranes tend to congregate in big groups (Fraixedas et al. 2020), 

as is exemplified with the hundreds of cranes found at Kvismaren during May and June. The 

birds in my study were non-breeders and foraged in groups while pairs that breed are 

territorial and do not overlap with other pairs’ territories (Månsson et al. 2013). With respect 

to the last category, individual specialization in terms of predation behavior is a well know 

phenomena in birds. For example, in Shetland different individuals of the Great Skua 

(Stercorarius skua) specialize on either predating seabirds, feeding as generalist or feeding on 

fishery discards (Votier et al. 2004). In another study it was found that several individuals of 

Ruddy turnstones (Arenaria interpres) in Scotland specialized in one of six different 

techniques to acquire their prey (Whitfield 1990). If this phenomenon occurs among cranes, 

the effect on egg and chick survival depend on the amount of individuals implementing this 

behavior. 

 

Lastly, the effect cranes have on bird populations need further studies, as these effects could 

be different with variable crane abundances. Methods used by Fraixedas et al. (2020) are good 

because they cover both other bird population trends and crane abundances. The effects are 

may not be limited to birds, but can include other wetland species, such as rodents, 

amphibians, fish and invertebrates (Nilsson 2016, Nowald 2003, Swanberg 1993). 
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Given the low number of studies on crane predation on eggs and chicks and that the cranes 

are currently increasing (Harris and Mirande 2013), the scientific community needs to fill this 

knowledge gap to prevent a possible conservation issue emerging in the future. There are 

already conservation goals taking biodiversity in consideration, such as “Thriving wetlands” 

and “A rich diversity of plant and animal life” (SEPA 2020) and furthermore in some goose 

management plans, which are to mitigate the impact the geese have on biodiversity (Madsen 

and Williams 2012). Therefore, more information on where, when and to what extent crane 

predation occurs is required to promote current and future conservation goals. In conclusion, 

crane predation is an exciting new field with more research being required in order to map out 

the possible consequences that an increasing crane population could have on ecosystems, 

leading to improved adaptive management plans. 
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