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Appendix 1 
Spatial fidelity in roe deer 
To estimate spatial fidelity in our study population, we quantified the degree of overlap in locations 

of those individuals for which we had spatial information that covered several years. For individuals 

that were VHF- or GPS- monitored over at least two years during their lifetime, we measured range 

overlap using 50% fixed kernels between the post-dispersal range and the adult range, or between 

two subsequent adult ranges (Table A1, A2) (libraries ‘adehabitatHR’, Calenge 2006 and ‘rgeos’, 

Bivand and Rundel 2017). In addition, for those that were monitored only one year, but were 

subsequently recovered when they died, we compared their location at death to the locations during 

the monitoring period, using graphs (‘plot’ function in R) (Fig. A1). When location at death or the 

adult range overlapped with the post-settlement range or the adult range in a previous year, we 

considered the animal to be faithful to its home range. 

Firstly, of the 58 adults that were monitored during two or more years, 54 (~ 93 %) were 

faithful to their core home range. Second, of the 30 juveniles that were monitored by GPS during 

the post-dispersal phase, 28 (~ 93%) were subsequently located within their settlement range during 

adulthood. 
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Table A1. Overlap between the post-dispersal range and the adult range for 15 individuals  

monitored both as a juvenile and an adult – Overlap was measured using a 50 % kernel – ID: 

individual identity; a value of 0 indicates the ranges did not overlap 

ID 

Overlap 

(%) 

378 76.97 

412 0 

444 80.25 

486 31.35 

504 73.28 

516 85.52 

722 59.11 

738 99.04 

858 79.67 

900 7.021 

931 35.75 

955 66.32 

984 30.38 

F1213 0.4541 

F1347 75.17 
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Table A2. Overlap between successive adult annual ranges for GPS-tracked adult roe deer – 

Overlap was measured using a 50 % kernel – ID: individual identity; a value of 0 indicates the 

ranges did not overlap 

ID 

Overlap 

(%) 

252 99 

260 0 

426 44.54 

328 63.04 

504 54.76 

746 66.56 

806 70.96 

820 89.86 

542 69.27 

818 69.41 

F572 84.43 

104 0 

202 77.31 

212 46.06 

390 92.23 

484 0 

572 99.92 

672 90.9 

7 81.15 

778 92.26 

838 75.01 

916 51.68 

932 92.07 

968 0 

47 84.83 
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Figure A1. Examples of overlap between the location at death and locations from GPS devices for 

three individuals (a, b and c). Individual ‘a’ died five years after the monitoring period, and 

individuals ‘b’ and ‘c’ died two years after the monitoring period. The location at death is 

represented by a red point on each figure. All locations at death were clearly within the previous 

home range.  
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Appendix 2 
Generalised linear models and multinomial models to investigate drivers of 

alternative dispersal tactics  
 

Table A3. Candidate generalised linear models in a deltaAICc of 2 describing individual propensity 

to adopt a progressive dispersal tactic (versus a classic dispersal tactic) in relation to body mass, sex 

and landscape structure. We also report the results for the null model. The landscape variable was 

calculated as the coordinates along the first axis of the PCA performed on the landscape descriptors 

(availability of crops and meadows, levels of landscape heterogeneity and anthropogenic 

disturbance). The reference class is classic dispersal and the reference sex is female. Models are 

ranked by order of increasing AICc; we report the DAICc (difference in AICc values between a 

given model and the model with the lowest AICc), the number of estimated parameters (df), AICc 

weights, null and residual deviances, as well as the percentage of deviance explained (ratio).   

Model df AICc detaAICc AICc 

Weight 

Null 

deviance 

Residual 

deviance 

Ratio 

Landscape 

+ sex 

3 64.1 0.0 0.35 

66.74 

57.73 
86.50 

Landscape 2 65.0 0.9 0.23 60.78 91.07 

Landscape 

+ body 

mass + sex  

4 65.2 1.1 0.20 

56.48 

84.63 

Landscape 

+ body 

mass × sex 

5 65.4 1.3 0.18 

54.39 

81.50 

Null model 1 68.8 4.7 0.03 66.74 100 
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Table A4. Candidate generalised linear models in a deltaAICc of 2 describing individual propensity 

to adopt a multi-range tactic (versus a classic dispersal tactic) in relation to body mass, sex and 

landscape structure. We also report the results for the null model. The landscape variable was 

calculated as the coordinates along the first axis of the PCA performed on the landscape descriptors 

(availability of crops and meadows, levels of landscape heterogeneity and anthropogenic 

disturbance). The reference class is classic dispersal and the reference sex is female. Models are 

ranked by order of increasing AICc; we report the DAICc (difference in AICc values between a 

given model and the model with the lowest AICc) and the number of estimated parameters (df), 

AICc weights, null and residual deviances, as well as the percentage of deviance explained (ratio). 

Model df AICc detaAICc AICc 

Weight 

Null 

deviance 

Residual 

deviance 

Ratio 

Landscape + 

body mass × 

sex 

5 45.1 0.0 0.33 

50.06 

33.95 67.82 

Landscape 2 45.4 0.3 0.23 41.14 82.18 

Body mass × 

sex  

4 46.1 1.0 0.20 37.39 74.69 

Landscape + 

body mass 

3 46.5 1.4 0.17 40.03 79.96 

Null model 1 52.1 7.0 0.01 50.06 100 
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Table A5. Candidate generalised linear models in a deltaAICc of 2 describing individual propensity 

to adopt an aborted dispersal tactic (versus a classic dispersal tactic) in relation to body mass, sex 

and landscape structure. We also report the results for the null model. The landscape variable was 

calculated as the coordinates along the first axis of the PCA performed on the landscape descriptors 

(availability of crops and meadows, levels of landscape heterogeneity and anthropogenic 

disturbance). The reference class is classic dispersal and the reference sex is female. Models are 

ranked by order of increasing AICc; we report the DAICc (difference in AICc values between a 

given model and the model with the lowest AICc) and the number of estimated parameters (df), 

AICc weights, null and residual deviances, as well as the percentage of deviance explained (ratio).   

 

Model df AICc detaAICc AICc 

Weight 

Null 

deviance 

Residual 

deviance 

Ratio 

Landscape 2 48.6 0.0 0.50 

50.06 

44.41 88.71 

Landscape 

+ sex 

3 50.1 1.5 0.24 43.69 87.28 

Landscape 

+ body 

mass 

3 50.6 2.0 0.1 44.13 88.15 

Null model 1 52.1 3.5 0.09 50.06 100 
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Table A6. Candidate multinomial models describing individual propensity to adopt one of the four 

alternative tactics (versus a classic dispersal tactic) in relation to body mass, sex and landscape 

structure within a deltaAICc of 10. We also report the results for the null model. Philopatric 

individuals were combined with explorers. The landscape variable was calculated as the coordinates 

along the first axis of the PCA performed on the landscape descriptors (availability of crops and 

meadows, levels of landscape heterogeneity and anthropogenic disturbance). The reference class is 

classic dispersal and the reference sex is female. Models are ranked by order of increasing AICc; 

we report the DAICc (difference in AICc values between a given model and the model with the 

lowest AICc) and the number of estimated parameters (df).   

 

Model df AICc deltaAICc 

Landscape 8 374.69 0.0 

Landscape + sex  12 380.44 5.7 

Landscape + body mass 12 382.13 7.4 

Null model 4 386.43 11.7 
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Table A7. Summary statistics from the model averaging procedure based on multinomial models  

discriminating all dispersal tactics (classic dispersers, aborting dispersers, progressive dispersers, 

multi-rangers and philopatric individuals, i.e. a combination of strict philopatric individuals and 

explorers) based on landscape, sex and body mass – classic dispersers constitute the reference class 

and the reference sex is female. Models were run using the function multinom from the library 

(‘mgcv’ – Wood 2011). We report estimates, standard errors, null and residual deviances, as well as 

the pourcentage of deviance explained (Ratio). 

 
Coefficients 

Null 

deviance 

Residual 

deviance 

Ratio 

 Intercept SE 

(intercept) 

Landscape SE 

(Landscape) 

378.15 357.65 

 

94.58 

Progressiv

e 

dispersers -1.00 0.33 0.62 0.26 

Multi-

rangers -1.52 0.41 0.82 0.27 

Philopatric 

individual

s 0.52 0.24 0.71 0.22 

Aborted 

dispersers -1.47 0.40 0.75 0.27 

 

Reference  
Wood, S. N. 2011. Fast stable restricted maximum likelihood and marginal likelihood estimation of 

semiparametric generalized linear models. – J. R. Stat. Soc. B 73: 3–36 
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Appendix 3 
Classification results – descriptive approach 
 

Figure A2. Additional examples of individual trajectories for each movement tactic exhibited by roe 

deer, as assigned by our classification: (a) strict philopatric; (b) explorer; (c) aborted disperser; (d) 

multi-ranger; (e) progressive disperser; (f) klassic disperser. Each dot represents a GPS location, 

and successive locations are linked by a straight line. Successive segments identified by the 

segmentation approach are coded in different colours and numbered chronologically. x- and y-

coordinates are expressed in kilometres.  
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Table A8. Mean duration (± SD) of segments for each dispersal tactic identified (n classic 

dispersers = 49; n progressive dispersers = 14; n explorers = 62; n multi-ranger = 9; n strict 

philopatrics = 4; n aborted dispersers = 9) – n (sample size) is the number of individuals used to 

calculate the mean durations for each dispersal tactic and segment. 

 

Dispersal tactic Segment 

Mean duration 

(days) SD 

n (sample 

size) 

Classic disperser 

1 75.7 33.4 49 

2 92.5 92.1 49 

3 134.5 86.9 33 

4 95.8 85.5 5 

5 17.0 NA 1 

6 15.0 NA 1 

Progressive disperser 

1 76.4 45.4 14 

2 133.1 76.8 14 

3 105.1 75.1 8 

4 13.0 17.3 2 

5 101.0 NA 1 

Explorer 

 

1 87.9 49.4 62 

2 60.7 51.4 59 

3 81.5 55.4 50 

4 42.5 32.8 27 

5 70.1 52.3 14 

6 22.0 8.5 2 

7 37.0 NA 1 

Multi-ranger 

1 71.1 39.4 9 

2 48.2 28.3 9 

3 61.6 50.9 9 

4 45.6 30.8 6 

5 106.5 46.0 3 

Strict philopatric 

1 66.8 36.3 4 

2 60.5 57.1 4 

3 169.8 NA 1 

Aborted disperser 1 79.3 29.6 9 
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2 58.0 50.2 9 

3 114.0 40.8 9 

4 33.2 28.6 5 

5 118.0 NA 1 
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Table S9: Mean departure date (± SD) from each segment for each dispersal tactic identified (n 

classic dispersers = 49; n progressive dispersers = 14; n explorers = 62; n multi-ranger = 9; n strict 

philopatrics = 4; n aborted dispersers = 9) – n (sample size) is the number of individuals used to 

calculate the mean durations for each dispersal tactic and segment. 

 

Dispersal tactic 

Departed 

segment Mean date SD (in days) 

n (sample 

size) 

Classic disperser 

1 20 April 28.3 49 

2 25 May 57.8 33 

3 8 June 44.5 5 

4 7 November NA 1 

5 

24 

November NA 1 

Progressive 

disperser 

1 14 May 76.1 14 

2 25 June 69.6 8 

3 14 July 78.0 2 

4 30 July NA 1 

Explorer 

1 2 May 59.0 59 

2 9 June 66.7 50 

3 15 July 57.7 27 

4 12 August 48.3 14 

5 20 July 16.8 2 

6 6 August NA 1 

Multi-ranger 

1 01 April 42.9 9 

2 20 May 56.6 9 

3 4 July 58.3 5 

4 

23 

September 8.0 2 

Aborted disperser 

1 2 May 25.1 9 

2 29 June 63.5 9 

3 

26 

September 46.5 5 

4 25 August NA 1 
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Appendix 4 
Environmental variables and their representation in each dispersal tactic 

 
Figure A3. Plot of the first and second principal components and the proportion of the total variance 

explained from the PCA of landscape structure in the natal range. The PCA contains three centred 

and scaled landscape descriptors: nutritional quality indexed as the proportion of crops and 

meadows in the natal range; level of landscape heterogeneity indexed as the mean Shannon index 

value in the natal range; and level of human-related disturbance indexed as the mean distance to the 

nearest anthropogenic feature (road or building) within the natal range (high values of the descriptor 

‘disturbance’ indicate a high distance to roads or buildings). 

 
 

 

 

Table A10. Principal component analysis scores and proportion of variance explained by the three 

axes of the PCA on landscape characteristics of the natal range for 146 monitored juvenile roe deer. 

Variable Axis 1 Axis 2 Axis 3 

Shannon index 34.4 15.5 50.1 

Crop and meadow 

proportion 

34.3 15.8 49.9 

Distance to nearest 

anthropogenic feature 

31.3 68.7 

 

3.95. 10-4 

Eigenvalues 2.55 0.29 0.16 

Cumulative explained 

variance (%) 

84.9 94.7 100 
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Table A11. Mean phenotypic and landscape descriptors in the natal range (with their standard 

deviations) for each behavioural tactic identified during the dispersal phase – Classes: CD: classic 

dispersers; PD: progressive dispersers; E: explorers; MR: multi-rangers; P: strict philopatrics; AD: 

aborted dispersers. Descriptors: Bd_mass: body mass; Crop: Proportion of crops and meadows in 

the natal range; Shannon: mean Shannon index value based on the proportions of different habitat 

types in the natal range; Anthro_dist: mean distance to the nearest anthropogenic feature in the natal 

range (road or building); sd_x : standard deviation associated with a given descriptor, x. Female 

proportion = Proportion of females in a given class. 

Clas

s 

Bd_mass 

(bm) 

sd_b

m 

Crop 

(c) sd_c 

Shannon 

(s) 

sd_

s 

Anthro_dist 

(ad) sd_ad 

Female 

proportion 

(%) 

CD 17.02 1.70 0.90 0.23 1.75 

0.3

1 183.21 71.10 61.20 

PD 16.67 2.33 0.75 0.31 1.46 

0.4

4 232.32 97.71 35.70 

E 16.28 2.12 0.72 0.36 1.42 

0.5

4 270.03 

156.4

3 51.60 

MR 15.56 2.33 0.61 0.37 1.30 

0.6

7 277.14 

145.1

1 44.40 

P 14.78 2.13 0.57 0.32 1.45 

0.5

2 237.03 

127.1

0 75.00 

AD 16.72 1.96 0.72 0.43 1.39 

0.6

8 287.32 

155.9

6 55.50 
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Appendix 5 
Assessing the robustness of our classification 
To evaluate the relevance of our classification, we conducted an exploratory post hoc analysis of 

inter- and intra-individual variation in movement behaviour across tactics using continuous-time 

stochastic movement models (CTSMM, see Calabrese et al. 2016). The objective was to assess 

whether individuals were consistent in their spatial behaviour over time within and across tactics. 

First, using the Ctmm package developed by Calabrese et al. (2016), we fitted Ornstein-

Uhlenbeck models to individual monthly tracks and extracted three movement parameters: tau 

measures the position autocorrelation time and is interpreted as the home range crossing time (or 

the inverse of the attraction force) and D is a diffusion coefficient representing the rate of increase 

of the mean squared displacement over time. Sigma measures the movement variance (scaling to 

home range size) and is estimated using the values of tau and D through the following formula: 

sigma² = D² × tau / 2 (see Calabrese et al. 2016 for more details).  

Then, to evaluate the degree to which individuals were consistent in their spatial behaviour 

over time for a given tactic, we estimated individual repeatability of these parameters for each of 

the dispersal tactics (package ‘rptR’ in R – Stoffel et al. 2017). The repeatability models included 

month as a fixed effect as well as the identity of the individual as a random effect on the intercept in 

order to measure the adjusted individual repeatability (Stoffel et al. 2017). Movement behaviour 

was significantly repeatable for most of the 15 parameter-tactic (5 tactics × 3 parameters) 

combinations (12 out of 15), with repeatability values that ranged from 0.10 to 0.56 (Table A12). 

Although these repeatability values are moderate, averaging around 0.3, they are consistent with 

previous estimates for repeatability of movement and, more generally, most behavioural traits (Bell 

et al. 2009, Garamszegi et al. 2009, Hertel et al. 2019). Note that temporal repeatability was much 

lower for classic dispersers (0.02 to 0.10) due to the short-lived and abrupt modification of 

movement behaviour during long-range dispersal transience. These results, hence, indicate that, for 

a given tactic, individuals are consistent in their movement behaviour over time. 

Second, we assessed whether our classification reliably discriminated between alternative 

dispersal tactics by evaluating inter- and intra-tactic variation in these three movement parameters. 

For each individual monthly track, we computed a measure of heterogeneity for each parameter. In 

other words, we wanted to see if there was any consistency in among-tactic differences of each 

parameter across the monitored months. We used a z-value measure for this purpose by applying 

the following formula: z.mvtpar = (max(mvtpar)-mean(mvtpar)) / sd(mvtpar) (where mvtpar is tau, 

sigma or D, max(mvtpar) is the maximum value of the parameter reached during the individual 

monthly track, mean(mvtpar) is the mean value of the parameter across the same track and 



23 
 

SD(mvtpar) is the standard deviation of the parameter across the track). Hence, a low z.mvtpar 

means that there is no significant fluctuation (or peaks) in parameter values (homogeneity) across 

the monitored months, and a high z.mvtpar means that there are some high fluctuations of values 

(heterogeneity). We then tested whether these z values were repeatable within a given tactic. 

Repeatability models contained the assigned tactic as a random effect and considered individuals as 

repetitions (package ‘rptR’ in R – Stoffel et al. 2017). We found moderate but significant values of 

repeatability for sigma and tau (0.24 ± 0.13 – p < 0.0001 and 0.36 ± 0.16 – p < 0.0001 respectively), 

but not for D (0 ± 0.024 – p = 1). Indeed, D represents the mean squared displacement which does 

not encompass any notion of home range, but rather is based on distance travelled and hence likely 

poorly discriminates between alternative dispersal tactics (several alternative tactics had very 

similar straight line distances between the initial and final segment centroids – see Results section). 

On the contrary, tau and sigma are related to home range size and stability, and thus might better 

reflect behavioural changes in space use. Thus, according to these statistics, the tactics we identified 

appear moderately robust (with respect to two mechanistic movement parameters) and individuals 

are classified into ecologically meaningful groups.  
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Table A12. Repeatability models for each class and each movement parameter (tau, sigma and D). 

Strictly philopatric individuals and explorers were pooled in these analyses. Each model includes 

month as a fixed effect as well as the identity of the individual as a random effect on the intercept. 

Repeatability values above 0.2 are highlighted in bold. 

 

Dispersal tactic Parameter R ± SE p-value 

Classic 

dispersers 

Tau  0.03 ± 0.026  

 

p =0.11 

Sigma  0.02 ± 0.025  p = 0.248 

D  0.10 ± 0.037  

 

p = 0.000663 

    

Explorers 

Tau  0.17 ± 0.036   

 

p = 4.06e-09 

Sigma  0.32 ± 0.057  

 

p = 5.12e-25 

D  0.14 ± 0.038  

 

p = 6.05e-07 

    

Progressive 

dispersers 

Tau  0.23 ± 0.096  p = 0.000485 

Sigma  0.35 ± 0.1  

 

p = 8.04e-08 

D  0.29 ± 0.09  

 

p = 2.12e-05 

    

Multi-rangers 

Tau  0.33 ± 0.155  

 

p = 0.00445 

Sigma 0.56 ± 0.162 

 

p = 4.18e-07 

D  0.25 ± 0.136  

 

p = 0.00911 

    

Aborted 

dispersers 

Tau  0.04 ± 0.054  

 

p = 0.335 
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Sigma  0.13 ± 0.107  

 

p = 0.0421 

D  0.27 ± 0.118  

 

p = 0.000552 
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