
Migratory connectivity analysis

by EURING Migration Atlas

Branta canadensis (EURING code 01660)

1.1 Connectivity between individuals

The analysis evaluated 4044 individuals (8088 encounters) filtered from a total of 109345 records in the
EURING databank which were considered for the Atlas. The species shows a significant connectivity from
clustering, with a number of first-level clusters = 4 (Table 01660-1; Figure 01660-1).

Table 01660-1. Results from the migratory connectivity analysis. For each cluster, the degree of connec-
tivity (rM), its statistical significance (p-value) and 95% confidence interval limits are shown. When the
p-value is less than or equal to 0.1, the degree of clustering structure (oasw) and the best number of clusters
identified are reported.
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clustering
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Lower 95%
confidence
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Upper 95%
confidence

limit
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number of

clusters oasw
0 0 4044 0.948 0.001 0.941 0.955 4 0.659
1 1 900 0.987 0.001 0.978 0.993 2 0.716
2 1 422 0.955 0.001 0.916 0.985 2 0.866
3 1 236 0.611 0.001 0.534 0.694 9 0.670
4 1 2486 0.632 0.001 0.598 0.667 6 0.567

11 2 634 0.918 0.001 0.862 0.963 2 0.594
12 2 266 0.984 0.001 0.974 0.991 2 0.908
21 2 384 0.552 0.001 0.461 0.714 3 0.586
22 2 38 0.999 0.001 0.963 0.999 2 0.970
31 2 15 - - - - - -
32 2 11 - - - - - -
33 2 23 0.691 0.001 0.398 0.924 7 0.782
34 2 74 0.336 0.023 -0.012 0.781 3 0.885
35 2 36 0.221 0.072 0.089 0.807 8 0.781
36 2 16 - - - - - -
37 2 43 0.068 0.217 -0.010 0.360 - -
38 2 10 - - - - - -
39 2 8 - - - - - -
41 2 545 0.679 0.001 0.604 0.745 2 0.513
42 2 470 0.572 0.001 0.481 0.667 2 0.378
43 2 843 0.710 0.001 0.666 0.758 8 0.438
44 2 315 0.478 0.001 0.422 0.543 6 0.596
45 2 110 -0.113 0.984 -0.155 -0.018 - -
46 2 203 0.522 0.001 0.424 0.640 3 0.575

111 3 237 0.846 0.001 0.756 0.914 5 0.683
112 3 397 0.868 0.001 0.788 0.945 2 0.706
121 3 160 0.425 0.001 0.325 0.539 9 0.627
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122 3 106 0.737 0.001 0.624 0.849 6 0.772
211 3 181 0.543 0.001 0.347 0.730 9 0.792
212 3 88 0.349 0.007 0.059 0.629 9 0.577
213 3 115 0.234 0.001 0.031 0.456 9 0.678
221 3 35 0.956 0.002 0.047 0.989 2 0.906
222 3 3 - - - - - -
331 3 1 - - - - - -
332 3 2 - - - - - -
333 3 13 - - - - - -
334 3 1 - - - - - -
335 3 1 - - - - - -
336 3 4 - - - - - -
337 3 1 - - - - - -
341 3 67 0.403 0.011 0.024 0.688 9 0.774
342 3 3 - - - - - -
343 3 4 - - - - - -
351 3 1 - - - - - -
352 3 2 - - - - - -
353 3 1 - - - - - -
354 3 1 - - - - - -
355 3 11 - - - - - -
356 3 18 - - - - - -
357 3 1 - - - - - -
358 3 1 - - - - - -
411 3 368 0.733 0.001 0.657 0.801 2 0.686
412 3 177 0.318 0.001 0.177 0.461 2 0.578
441 3 99 0.758 0.001 0.455 0.908 3 0.804
442 3 23 0.469 0.011 0.215 0.886 6 0.695
443 3 81 -0.014 0.466 -0.064 0.114 - -
444 3 22 0.048 0.314 -0.101 0.389 - -
445 3 63 -0.086 0.816 -0.129 -0.038 - -
446 3 27 -0.052 0.669 -0.142 0.202 - -
461 3 114 0.914 0.001 0.865 0.948 3 0.692
462 3 5 - - - - - -
463 3 84 0.095 0.109 -0.046 0.236 - -
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Figure 01660-1. Map showing 95% kernel contours of of first-level clusters identified by the migratory
connectivity analysis, if any, or 95% kernel contours of all encounters, in case of no clustering structure.
Solid lines indicate the clusters in the breeding range, dotted lines those in the non-breeding range. Different
contour colours correspond to different clusters, as reported in legend. The species distribution range is
also shown (breeding range: blue; non-breeding range: dark grey; resident range: beige; from BirdLife
International, 2019).

1.2 Sensitivity analysis

Results of power analysis and validation. Analyses at the species level were re-run on subsamples of in-
dividuals of decreasing size (100 repetitions per subsample size), according to simple random sampling of
individuals (Figure 01660-2) and stratified sampling of individuals within the breeding range (Figure 01660-
3) and the non breeding range (Figure 01660-4). For stratified sampling, we selected individuals with a
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probability inversely proportional to the number of observation in each country. Figures below report the
results of the procedure.

Figure 01660-2. Top left: simulated distribution (boxplots) and observed value (red line) of connectivity.
Top right: Simulated power of the analysis (i.e. proportion of times the analyses on the subset of individuals
was significant). Bottom left: Proportion of times the analysis provides the observed best number of cluster.
Bottom right: simulated distribution (boxplots) and observed value (red line) of clustering intensity.

Figure 01660-3. Top left: simulated distribution (boxplots) and observed value (red line) of connectivity.
Top right: Simulated power of the analysis. Bottom left: Proportion of times the analysis provides the
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observed best number of cluster. Bottom right: simulated distribution (boxplots) and observed value (red
line) of clustering intensity.

Figure 01660-4. Top left: simulated distribution (boxplots) and observed value (red line) of connectivity.
Top right: Simulated power of the analysis. Bottom left: Proportion of times the analysis provides the
observed best number of cluster. Bottom right: simulated distribution (boxplots) and observed value (red
line) of clustering intensity.

The comparison between the bootstrapped distribution of rM values from live recaptures and dead recoveries
is significant (p < 0.001); Figure 01660-5).
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Figure 01660-5. Comparison between the bootstrapped distributions of connectivity value for alive recap-
tures (filling lines with angle=45°) and dead recoveries (filling lines with angle=375°).

2. Connectivity between pre-defined regions

The species shows high connectivity (MC = 0.98; MC = 0.98 when adjusted for absolute abundance) between
4 breeding regions and 4 non breeding regions (Table 01660-2; Figure 01660-6).

Table 01660-2. Transition probabilities between pre-defined regions. Estimated abundance (number of
individuals) in each breeding region is also reported.

Breeding region Abundance Non breeding region Transition probability
Central Europe 2920 Central Europe 0.979
Central Europe 2920 North Europe 0.001
Central Europe 2920 West Europe 0.020
North Europe 38040 Central Europe 0.042
North Europe 38040 North Europe 0.953
North Europe 38040 North-west Europe 0.004
North-west Europe 90050 North-west Europe 1.000
West Europe 13838 Central Europe 0.012
West Europe 13838 West Europe 0.988
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Figure 01660-6. Map showing pre-defined regions in different colours, with black arrows linking centroids
of individual encounters in different regions. Arrow width is proportional to transition probability.
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