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				Reoccupation of European landscapes by native species causes changes in their popula-tion densities and home ranges. To test whether an increase in population density affects home range sizes, we studied the strictly territorial herbivore Eurasian beaver (Castor fiber). Twenty-four beavers were radio-tracked to reveal their home ranges under varying population densities. The mean length of occupied shorelines was 2648.0 ± 1530.6 m. We did not find any linkage between home range sizes and population densi-ties. Our results showed that the availability of resources was significantly associated with the duration of site occupation. Thus, the space use was primarily determined by the availability of food resources, rather than by rising population density.

			

		

		
			
				Introduction

				Space use is a fundamental feature of animal behaviour defining its position in a population. In broad terms, space use depends on (1) social interactions and (2) resource distribution. While interactions with conspecifics and/or predators may restrict spatial activities, an effort to allocate the highest amount of resources increases the space used (Stephen & Krebs 1986). Utilisa-tion of space usually means establishment of territories or home ranges (Burt 1943, Browns & Orians 1970, Adams 2001, Wang & Grimm 2007). However, these terms are not entirely equivalent as a territory is usually considered part of a home range (Börger et al. 2008). A territory 

			

		

		
			
				may be defined as a ‘fixed space from which an individual, or group of mutually tolerant individ-uals, actively excludes competitors for a specific resource or resources’ (Maher & Lott 1995), and where shelters are also located (Lucherini et al. 1995). On the other hand, a home range is usually associated with foraging reflected by spatially heterogeneous activity, but without an intra-spe-cific component (Börger et al. 2008).

				Demarcation and location of mammalian home ranges are affected by e.g., resource avail-ability and heterogeneity (Benson et al. 2006, Di Stefano et al. 2011), sex and age of the occupants (Nagy & Haroldson 1990, Dahle and Svenson 2003), individual requirements (van Beest et al. 2011), season and climate (Wheatley 
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				1997, Saïd et al. 2009, van Beest et al. 2011), and body size and weight (Harestad & Bunnell 1979, Makarieva et al. 2005). Many authors also showed that changes in population density affect the home range size (e.g. Abramsky & Tracy 1980, Herfindal et al. 2005, Benson et al. 2006, Schradin et al. 2010).

				Observational studies confirmed that, in general, increasing population density results in smaller home ranges. When space use is not restricted by conspecifics, then an individual’s spatial activity expands at sites with available food resources (Moorcroft et al. 2006), but when it is, space use becomes limited (Ostfeld & Canham 1995, Mayer et al. 2020). Okarma et al. (1998) found larger home ranges for wolves (Canis lupus) in populations of low densities, while in populations of higher densities the home ranges were significantly smaller. Fur-thermore, Mares et al. (1982) showed that when the population density decreases and food avail-ability remains unchanged, then sizes of home ranges are not restricted. Models developed by Mitchell and Powell (2004) show that resources exploitation increases with an increasing number of home ranges. Several studies pointed out that with increasing population density, the spatial requirements of individuals increase in response to the depletion of food resources (Tufto et al. 1996, Massei et al. 1997, Schradin et al. 2010, Lovari et al. 2013).

				Beavers (Castor fiber as well as C. canaden-sis) are monogamous and live in family groups (Bradt 1938) utilising resources within their ter-ritories (Hodgdon & Lancia 1983). Establishment of a beaver population within an unoccupied area begins with the dispersion of pioneer beavers (most often young individuals of both sexes, age 1–3-years old; Hartman 1997). Dispersal trips (from several up to hundreds of kilometres) are motivated by pair formation (Svendsen 1989, Sun et al. 2000), but habitat quality at sites, that bea-vers search for, is also important (Nolet & Rosell 1994, DeStefano et al. 2006). In the early phases of beaver colonisation, first settlers claim sites in rich habitats (sufficient deciduous woody vegeta-tion on banks) thus forcing later settlers to occupy areas with suboptimal habitat conditions (ideal despotic distribution (IDD); see Fretwell & Lucas 1970, Fretwell 1972). Based on radio-tracking, 

			

		

		
			
				Nolet and Rosell (1994) showed changes in home range sizes after four years when individuals were released. They documented a density-dependence effect within an early established (reintroduced) beaver population: sites occupied first were in rich habitats and larger, while those settled later were markedly smaller and with poorer habitat conditions. However to date, less is known about the effects of different, varying, population sizes on space usage by beavers. Recolonization by native species might be considered a process of population development wherein the population density is regionally rising, i.e. densities increase when the colonisation front moves through the landscape (Šimůnková & Vorel 2015).

				We investigated if changes in Eurasian beaver population density affected their home range sizes. To this end, we studied 24 beavers living in populations of different densities. We distin-guished two types of occupancy: early (expand-ing), and saturated (established). We measured the space usage by beavers between autumn and early spring. Our first hypothesis was that home range size would decrease with increasing popula-tion density (e.g. Okarma et al. 1998, Herfindal et al. 2005, Benson et al. 2006, Schradin et al. 2010). According to Schradin et al. (2010), space use must be always evaluated together with the use of other resources (e.g., quality and quantity of food). In modelling, we included presence of deciduous riparian woodland (including willows Salix spp. and poplars Populus spp.), as such veg-etation is considered to be the main food source for beaver overwintering (Vorel et al. 2015). Our second hypothesis was that long-term occupancy would result in depletion of food resources. We, thus, studied how the duration of site occupation affects food availability at the location.

				Methods

				Study area and beaver populations

				Populations of Eurasian beaver in Czechia were established gradually (starting in 1978) and from different sources, thus they are in different phases of population growth (Barták et al. 2013). For this study, we selected six areas in the coun-try (Fig. 1) with different population densities. 
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				The populations at four sites (3–6 in Fig. 1) were at the early stage of establishment (i.e. expand-ing). Based on long-term monitoring data, the sites were occupied at the most for five years from the arrival of first beavers. Populations at the two remaining sites (1 and 2 in Fig. 1) were considered established, as the population den-sity had already reached saturation. These sites where occupied without interruption for at least 20 years from the arrival of first beavers (Vorel et al. 2012, Barták et al. 2013, Šimůnková & Vorel, 2015). We hypothesised that for the expanding group, space use was unconstrained by conspe-cific competition, whereas in the established group it was.

				To account for environmental heterogene-ity, we distinguished two types of freshwater habitats (see Table 1): (1) river (riv), represent-ing linear watercourse (riverbed width > 40 m) with a narrow belt of riparian woodland on both banks; and (2) wetland (wet) located in a hilly landscape with small streams (stream width ≤ 10 m). In most cases wetlands were a result of beaver dam-building activities. Of the 24 individuals selected for the study selected (focal individuals), 13 and 11 represented an estab-lished and expanding populations, respectively.

				Monitoring of beaver activity and home range construction

				The study was carried out between 2008 and 

			

		

		
			
				2012. Study sites were chosen randomly from amongst all recent beaver settlements within an area. We chose sites occupied for at least one winter to avoid tracking of spreading indi-viduals. Beaver trapping for weighing and to install transmitters was carried out from mid-July to mid-September. The Hancock live traps we placed close to beaver lodges and activated during the nights. Trapped animals were handled in situ immediately after capture and without anaesthesia. They were weighted (to the nearest 50 g) in wire-mesh boxes. Animals weighing < 12 kg, 12–18 kg, and > 18 kg were classified as juveniles, sub-adults, and adults, respectively; and those weighing more than 12 kg, were equipped with external transmitters (Advanced Telemetry Systems, model 16M, lithium battery 2.5 kHz frequency stability, weight 38 g) which were attached to their tails following Rothmeyer et al. (2002). To locate beavers, we used three-type Yagi straight element antennae and Icom IC-R20 scanners (range 150 kHz–3305 MHz). Tracking started in the evening (before dusk, around 17:00 hrs) when the focal beaver was located in its daily nest, then the locations were taken at least every hour throughout the night until dawn when the beaver stopped its nightly activity (usually at 07:00 hrs). Tagged individu-als were tracked periodically for three to four weeks. Each individual was tracked during one autumn and winter only, as our goal was to esti-mate space use by beavers during overwintering, a phase most critical for beaver survival and 
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				Fig. 1. Areas where bea-vers were tracked. Empty and filled arrows show areas of expanding and established populations, respectively. Numbers refer to ID numbers of studied areas in Table 1.
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				reproduction. In established home ranges, during autumn beavers gather and store food (mainly woody vegetation) essential for survival during winter (Vorel et al. 2015). Although there may be differences between autumn and winter home ranges (Havens et al. 2013), in our case they were not substantial (Korbelová et al. 2016).

				The animals were followed with a Yagi antenna and hand-operated GPS equipment. To avoid disturbing their natural behaviour, the observer kept a distance of at least 50 m from the focal individual. Each fix of the focal individual was based on at least three-angle detection of the signal. We first searched for the position of the strongest signal from the focal individual per-pendicular to the river; other angles were meas-ured from different positions to be precise about the acquired intersection of the angle perpen-dicular to the river. Then we noted the detected angles and positions of the observer using a Yagi antenna, and transferred these data to a GIS envi-ronment (ESRI, ArcMap 9.0). From the acquired positions and signal angles we created the fixes expressing the animal presence. We tested the estimated error of fix accuracy during daylight when beavers were inside their lodges. Using our three-angle detection, we could locate the beavers with ±20-m precision.

				For an estimation of home ranges, we did not consider distances covered by beavers on land along the river banks, but in accordance with Mayer et al. (2020) the fixes expressed only animals’ spatial activity along watercourses. Because all the studied individuals occupied linear watercourses only, we assumed that spa-tial ranges could be completely determined by upstream and downstream spatial activity (see e.g. Campbell et al. 2005, Graf et al. 2016, Kor-belová et al. 2016).

				To study home-range establishment, we used the minimum convex polygon method. First, from all fixes obtained during the overwintering period (1 Oct.–31 Mar.), we extracted only the inner 95% fixes. Extracted fixes denoted spatial ranges of individuals within a river system in a given period (i.e., Length95, length of shorelines on both banks within 95% of fixes). The area of the home range (HR95) was set as the sum of 20-m-wide belts along riverbanks limited by Length95. A 20-m wide belt was set because we 

			

		

		
			
				Table 1. Study areas and beaver populations used in our study; wetland = habitat developed by beavers on small streams in a hilly landscapes; river = linear watercourse (riverbed width > 40 m) with a narrow belt of riparian woodland on both banks. For the definition of population density see Methods.

				Area	Population	Habitat	Watercourse	Area name	Coordinates (WGS84)	Year of first	Number	Estimated	Territory

				no.	stage	width		colonisation	of focal	population	density*

					(m)	Lat.(°N)	Long. (°E)	by beavers	individuals	size (indiv.)	(terr. km–1)

				1	established	wetland (hilly landscape)	~5	Český les Mts.	49.6944	12.5836	1991	8	180	0.23

				2	established	river (lowland)	> 80	Labe River	50.6672	14.1094	1992	5	50	0.29

				3	expanding	wetland (hilly landscape)	~5	Šumava	49.1247	13.2079	2004	4	45	0.08

				4	expanding	wetland (hilly landscape)	~5	Šluknovsko Mts.	50.9917	14.3450	2004	3	15	0.06

				5	expanding	river (lowland)	~50	Berounka River	49.9600	13.6722	2008	2	20	0.05

				6	expanding	river (lowland)	~50	Vltava River	48.8446	13.9219	2008	2	15	0.05

				* Number of occupied beaver territories within 1 km of watercourse.
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				considered this size a sufficient and effective area where beaver foraging activity is dominant and strongest (Nolet et al. 1994, Haarberg & Rosell 2006, and last author’s unpubl. data). If a beaver pond system occurred within the bounds of activity, we enlarged the home range size adequately to cover the inundated area. Estab-lished home ranges (HR95) were constructed in a GIS environment (ESRI, ArcMap 9.0) as polygon shapes, and their sizes were expressed in hectares (ha).

				Population and environmental variables

				We measured environmental and population vari-ables for each selected site in the same years when the tracking was performed. First, we evaluated beaver’s territory density: for each family, we measured distances from its lodge (located based on daily fixes of tracked animals) to the five lodges in the nearest neighbouring territories. The distances were measured in-between lodges and along watercourses. The territory density for each family was the mean of five measured distances.

				Historical sources, published papers, and field data were used to establish the duration and phase of occupancy (OccDur and PopPhase in Table 2). Based on the duration of site occu-pancy, the studied populations were classified either as expanding (< 5 years at the site) or established (> 20 years at the site).

				Next we quantified the main winter food sources at each site (deciduous woody vegeta-tion). From aerial pictures (©ČZÚK 2015, WMS Orthophoto) in GIS, we measured the areas covered by crowns of deciduous woody species identified within home-range (HR95) polygons. On the ground we carried out a survey aiming at identification of the woody vegetation (Salix spp. or Populus spp.) preferred by beavers (Vorel et al. 2015). We searched for the trees belong-ing to either willows (Salix spp.; Salix) or pop-lars (Populus spp.; Populus), and marked their positions using hand-held GPS devices, which allowed us to establish their crown areas and proportions in all deciduous woody vegetation within home range (HR95). Descriptions and abbreviations of all the measured variables are given in Table 2.

			

		

		
			
				Data analysis

				First, we used nested ANOVA to study varia-tion in population densities and home ranges in response to habitat type (Habitat: river and wetland) and population phase (PopPhase: established and expanding). The structure of the models were follows: Distance ≈ PopPhase + PopPhase/Habitat, or HR95 ≈ PopPhase + Pop-Phase/Habitat.

				To explain the effects of home range size (HR95) and occupation duration (OccDur) we fitted two linear models (assuming normal distribution). Before model fitting, the con-tinuous explanatory variables (Distance, OccDur, FolArea, TreeCov, Salix&Populus, W, Salix&Populus sufficiency, Forage quality) were standardized to obtain comparable effect sizes. The collinearity issues were checked through the variance inflation factor. If collinearity (VIF > 3) was detected, only one variable at the time was fitted in the model to avoid biased parameter esti-mation. With those models we aimed to find out:

				1.	What factors affect home-range size (HR95) using PopPhase, FolArea, TreeCov, Salix&Populus and W as predictors (see Table 2); Distance was included as an inter-action term to test if responses to these fac-tors changed with changing territory density (see Table 2); and

				2.	whether occupation duration (OccDur) depended on the availability of preferred food (FolArea, TreeCov and Salix&Populus).

				Both models were simplified by stepwise dele-tion of non-significant terms until all remaining terms were significant. All calculations were performed in R ver. 3.1.1.

				Instead of mixed models, we decided to use linear models for two reasons. First, one beaver family consisted of only few focal individuals: of the 21 families, only 3 comprised two focal individuals at one time, whereas in the remain-ing ones there was always one focal individual. Thus, the risk of registering the same individual more than once was very low. Second, we did not follow animals from neighbouring families (space use of each focal animal was not affected by other studied individuals).
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				Results

				The mean home range size (HR95) was 61.52 ± 33.70 ha (ranging from 6.93 to 139.3 ha, n = 24). The mean length of shorelines within ranges of (Length95) was 2648.0 ± 1530.6 m (ranging from 278.0 to 5652.2 m, n = 24).

				Nested ANOVA showed that territory den-sity (Distance) was different in different popu-lation phases alone (PopPhase: expanding vs. established, ANOVA: F1,22 = 33.43, p << 0.001; Fig. 2a) as well as with nested habitat types (Habitat: river vs. wetland, ANOVA: F2,20 = 4.64, p = 0.022; Fig. 2a). However, population phase (PopPhase) alone did not affect individual home range (HR95) sizes (PopPhase: expanding vs. established, ANOVA: F1,22 = 0.052, p = 0.82; Fig. 2b) nor with nested habitat types (Habitat: river vs. wetland, ANOVA: F2,20 = 1.35, p << 0.280; Fig. 2b).

				Linear models indicated that the factors affecting home range size (HR95) the most were the area of deciduous woody vegetations (FolArea: Estimate = 3.084, SE = 0.524, t = 5.882, p << 0.001) and proportion of decidu-ous trees (TreeCov: Estimate = –142.30, SE = 23.050, t = –6.173, p << 0.001). Home range 

			

		

		
			
				sizes increased with an increasing area of decid-uous trees (FolArea; Fig. 3a) and decreased with the increasing proportion of deciduous trees (TreeCov; Fig. 3b). The HR95 sizes did not depend on duration of occupancy (OccDur: linear regression: r2adj = –0.04487, F1,22 = 0.01237, p = 0.9124). Variability in home range size was not associated with population phase either as a fixed effect or an interaction term (see Table 3).

				Linear models also revealed that proportion of deciduous trees (TreeCov) was affected by the duration of site occupancy (OccDur) (TreeCov: Estimate = –13.360, SE = 2.94, t = –4.542, p << 0.001) (see Table 4). The proportion of decidu-ous trees (TreeCov) decreased with increasing occupancy duration (OccDur) in expanding and established populations (Fig. 4 and Table 4). Similar was not found for the area of willows (Salix), poplars (Populus) or the total area of deciduous trees (FolArea).

				Discussion

				It seems that beaver home ranges are not affected by the population phase. Although we used two 

			

		

		
			
				Table 2. List of variables used in the study design. For details on how the variables were measured see Methods.

				Factor	Abbreviation	Description	Unit

				Distance	Distance	mean of five distances of the focal-animal lodge to five	km

					lodges in the nearest neighbouring territories measured

					along watercourses

				Population phase	PopPhase*	Established or expanding	–

				Habitat	–	River or wetland	–

				Duration of occupancy	OccDur	Number of years from the first occupation of	years

					the site to the year of tracking of the focal animal

				Foliage area	FolArea	Area of deciduous woody vegetation	ha

					within HR95 polygons

				Tree cover	TreeCov	Proportion of cover of deciduous woody vegetation	–

					in the area of focal-individual activity (FolArea100/HR100)

				Salix spp.	Salix	Area of willow crowns in HR95

				Populus spp.	Populus	Area of poplar crowns in HR95

				Salix&Populus	–	Sum of willow and poplar crown areas	ha

				Salix&Populus sufficiency*	–	Proportion of willow and poplar crown areas	–

					in home range (Salix&Populus/HR100)

				Forage quality*	–	Salix and Populus area divided by the area of	–

					all deciduous woody vegetation

				Weight	W	Weight of focal individuals (proxy for animal age:	kg

					juveniles, sub-adults, adults)

				* factors not included in linear models because of their high multicollinearity.
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				quite contrasting stages of population phase (both in two habitats), no changes in mean home range size were observed. Modelling revealed that there was no effect of territory density (Distance) alone, nor together with other fac-tors. Although home range (H95) size increased with the increase of deciduous woody vegetation area (FolArea), proportion of cover of decidu-ous woody vegetation (TreeCov) decreased with the increasing of home range size. Furthermore, proportion of cover of deciduous woody vegeta-tion (TreeCov) decreased as the duration of site occupation increased. In general, beaver home ranges are more affected by the amount and proportion of resources in the area, rather than territory density.

				To date, spatial requirements of beavers during population growth have rarely been stud-ied in detail. Nolet and Rosell (1994) found that home ranges of introduced beavers stead-ily decreased during several years after release. Thus it seems that after release beavers search for optimal habitats and adjust their sizes rather than rapidly select space as a result of com-petition with conspecifics. Although it has not been confirmed for beavers that proximity of the established territories reduce either family size or reproduction success (Rosell & Nolet 1997), Mayer et al. (2017) reported that individual life history predicts the spatial requirements of the whole family.

				In general, social interactions with individu-als from neighbouring territories are the most important factor regulating local population dynamics. At high population densities, con-tacts with conspecifics may increase, or home ranges may either begin to overlap or their sizes decrease (Taitt 1981, Ostfeld 1990, Hubbs & Boonstra 1998, Erlinge et al. 1990). Herr and Rosell (2004) showed that in beavers, there is little evidence of neighbouring home-range overlap (see results in Bloomquist et al. 2012 and discussed in Korbelová et al. 2016).

				The fact that in our study varying popula-tion density did not affect sizes of beaver home ranges could be explained either by the process of population establishment during the popula-tion growth, or by the spatial requirements of beavers. Several long-term studies on beavers showed that their population growth is logistic 

			

		

		
			
				(Heidecke 1984, Busher & Lyons 1999). Hart-man (1994) and Barták et al. (2013) showed that it has two main components: (1) expansion caused by the spread of the population; and (2) progressive filling of space within the exist-ing population structure, i.e., gradual filling of the inner spaces during the population struc-ture formation. According to Adams (2001), in 

			

		

		
			
				Fig. 2. Box-and-whiskers plots of (a) means of five distances of the focal-animal lodge to five lodges in the nearest neighbouring territories measured along watercourses (Distance), and (b) home range (HR95) sizes of established and expanding populations. Each stage is further divided according to studied habitats: large rivers in lowlands (rivers, white boxes) and small streams in hilly landscapes (wetlands, grey boxes). Horizontal lines are medians, black dots are means, circles are outliers, and whiskers extend to 1.5× the interquartile range from the top (bottom) of the box to the furthest datum within that distance.
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				Table 3. Linear model results explaining variation in home range size (HR95); p values indicating significant results are set in boldface.

					Estimate	SE	t	p

				HR95 full model

				 Intercept	54.63	9.14	5.97	<< 0.0001

				 FolArea	3.08	0.52	5.88	<< 0.0001

				 Salix&Populus	0.01	0.01	0.63	0.5390

				 Populus	–0.01	0.01	–0.77	0.4540

				 TreeCov	–142.30	23.05	–6.17	<< 0.0001

				 Salix × Distance	0.00	0.00	1.03	0.3190

				 FolArea × Distance	0.00	0.00	–0.94	0.3630

				 Salix&Populus × Distance	0.00	0.00	–0.78	0.4480

				 TreeCov × Distance	0.00	0.00	–0.58	0.5720

				HR95 reduced model

				 Intercept	55.83	5.05	11.05	<< 0.0001

				 FolArea	3.13	0.28	11.27	<< 0.0001

				 TreeCov	–146.70	14.60	–10.05	<< 0.0001

				 FolArea × Distance	0.00	0.00	–1.96	0.0642
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				Fig. 3. Dependence of home range size (HR95) on the (a) area of deciduous woody vegetation (FolArea) in a home range, and (b) proportion of tree cover of deciduous woody (TreeCov); see Table 2 for variable definitions.

			

		

		
			
				Table 4. Linear model results explaining variation in site occupancy duration (OccDur); p values indicating signifi-cant results are set in boldface.

					Estimate	SE	t	p

				OccDur full model

				 Intercept	7.751	1.961	3.953	0.0011

				 FolArea	–0.094	0.096	–0.978	0.3426

				 Salix&Populus	0.001	0.001	2.093	0.0527

				 TreeCov	–6.730	5.169	–1.302	0.2113

				 Distance	0.000	0.000	0.690	0.5003

				 FolArea × Distance	0.000	0.000	0.386	0.7049

				 Salix&Populus × Distance	0.000	0.000	–0.476	0.6405

				 TreeCov × Distance	0.000	0.000	–1.083	0.2949

				OccDur reduced model

				 Intercept	9.877	1.368	7.222	<< 0.0001

				 Salix&Populus	0.001	0.000	2.235	0.0370

				 TreeCov	–13.360	2.940	–4.542	0.0002

				 Distance	0.000	0.000	–2.572	0.0182
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				one scenario, home range size is the outcome of interactions between residents and potential newcomers attempting to establish territories. In case of beavers, during the phase of population growth, home ranges of new settlers are limited by already existing once. In the end, this process results in the spatial population structure close to the saturation point with some unoccupied gaps (as also demonstrated by Adams 2001). This may explain why home ranges of established populations were to certain extent comparable to those of expanding ones. We can hypothesise that in established beaver populations downsiz-ing home ranges is quite uncommon, which — as shown by Busher and Lyons (1999) — forces some animals to occupy sites in suboptimal habi-tats (streams with steeper banks, non-preferred woody vegetation, etc.).

				Variation in beaver home range size has been already and commonly documented (Campbell et al. 2005, Schradin et al. 2010, Bloomquist et al. 2012, Mayer et al. 2020) In our study, home range sizes also varied considerably. This variation was, however, smaller among home ranges grouped according to habitat or popula-tion growth phase (see Fig. 2b). In particular, home ranges around small streams varied less than those around rivers, which may be related to differences in woody vegetation between the two environments: in stream system there was less clumped and suitable woody vegetation than in rich heterogeneous habitats of floodplains of larger rivers.

				We also showed that resources within home ranges are related to home range size and the duration of site occupation. Larger home ranges and those occupied for longer had less woody vegetation than the smaller ones with shorter occupation, as beavers deplete their main food resources with time. According to our observa-tions, as a result of long-term occupation, bea-vers tend to either enlarge or shift their home ranges seeking food resources within or outside the boundaries of their home ranges.

				The structure of a dense (saturated) beaver population is a mosaic of occupied and unoccu-pied sites (Boyce 1981). In larger home ranges, there is more resources which are also more spatially heterogeneous. Stephens and Krebs (1986) pointed out that during formation of a 

			

		

		
			
				home range, its holder has to balance energetic costs of maintaining the range and available food resources (see also Campbell et al. 2005). Fryxell (1992) indicated that beavers tend to shift their foraging to more distant locations when food resources nearby become scarce. In summary, availability of food resources depends on the extent of a home range, but it decreased with increasing duration of occupation (Johnston & Naiman 1990). This especially true in poorer habitats (e.g. high altitudes in central Europe) where vegetation regeneration is slow (Johnston & Naiman 1990).

				Conclusion

				We can conclude that beaver space use is not affected by density-dependent factors. The exist-ence, size and location of home ranges depend on sufficient amount and quality of resources and spatial requirements of animals. In beaver popu-lations (1) food depletion results in enlargement of home ranges during the population growth, and (2) rising population density controls the number of beaver families, but not their spatial requirements. Since the spatial behaviour of bea-vers provides sufficient spatial gaps within a sat-urated population, the home ranges of residential beavers might expand. Such spatial organisation allows for occasional changes in home range size, and also helps to maintain sufficient food resources and site occupation for longer. We, thus, showed that territorial mammals exhibit a 
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				Fig. 4. Proportion (%) of tree cover of deciduous woody vegetation (TreeCov) in the area of focal-individualde-pending on the duration of site occupancy.
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				flexible population structure, which allows shifts in home range sizes and their locations.
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Reoccupation of European landscapes by native species causes changes in their popula-
tion densities and home ranges. To test whether an increase in population density affects
home range sizes, we studied the strictly territorial herbivore Eurasian beaver (Castor
fiber). Twenty-four beavers were radio-tracked to reveal their home ranges under
varying population densities. The mean length of occupied shorelines was 2648.0 +
1530.6 m. We did not find any linkage between home range sizes and population densi-
ties. Our results showed that the availability of resources was significantly associated
with the duration of site occupation. Thus, the space use was primarily determined by
the availability of food resources, rather than by rising population density.

Introduction

Space use is a fundamental feature of animal
behaviour defining its position in a population.
In broad terms, space use depends on (1) social
interactions and (2) resource distribution. While
interactions with conspecifics and/or predators
may restrict spatial activities, an effort to allocate
the highest amount of resources increases the
space used (Stephen & Krebs 1986). Utilisa-
tion of space usually means establishment of
territories or home ranges (Burt 1943, Browns
& Orians 1970, Adams 2001, Wang & Grimm
2007). However, these terms are not entirely
equivalent as a territory is usually considered part
of a home range (Borger ef al. 2008). A territory

may be defined as a ‘fixed space from which an
individual, or group of mutually tolerant individ-
uals, actively excludes competitors for a specific
resource or resources’ (Maher & Lott 1995), and
where shelters are also located (Lucherini ef al.
1995). On the other hand, a home range is usually
associated with foraging reflected by spatially
heterogeneous activity, but without an intra-spe-
cific component (Borger ef al. 2008).
Demarcation and location of mammalian
home ranges are affected by e.g., resource avail-
ability and heterogeneity (Benson ef al. 20006,
Di Stefano ef al. 2011), sex and age of the
occupants (Nagy & Haroldson 1990, Dahle and
Svenson 2003), individual requirements (van
Beest ef al. 2011), season and climate (Wheatley
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