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1X 
1Y 
1Z 
2X 
2cX
2Y 
2cY
2Z 
2cZ
3X 
3Y 
3Z 
4X 
4cX
4Y 
4cY
4Z 
4cZ
5X 
5Y 
5Z 
6X 
6cX

6Y 
6cY
6Z 
6cZ
7X 
7cX
7Y 
7cY
7Z 
7cZ
8X 
8Y 
8Z 
9X 
9Y 
9Z 
10X
10c

10Y
10c

10Z
10c

ble 2.4. Means and
values indicate the 

NOVA, * indicate sig

Anser (n = 10)
mean ± s.e.

 77.69 ±1.94
 -0.056 ±0.46
 0.26 ±0.27

65.25 ±1.33
X  65.28 ±1.37

0.48 ±0.37
Y 0.41 ±0.37

-8.98 ±0.48
Z  8.71 ±0.24

31.97 ±0.40
0.19 ±0.38
9.76 ±0.14

31.97 ±0.56
X 32.24 ±0.53

1.21 ±0.31
Y 0.62 ±0.24

7.33 ±0.14
Z -7.42 ±0.15

23.64 ±0.18
-0.03 ±0.26
-0.02 ±0.07
22.05 ±0.35

X 22.23 ±0.30
-15.80  ±0.30

Y -15.83 ±0.33
8.95 ±0.19

Z -8.99 ±0.21
9.66 ±0.31

X 10.12 ±0.32
-20.18 ±0.37

Y -20.07 ±0.36
9.53 ±0.16

Z -9.25 ±0.20
-12.86 ±0.23
-16.91 ±0.53
13.69 ±0.33

2.88 ±0.31
3.26 ±0.14
3.96 ±0.17

X -3.48 ±0.22
cX -2.54 ±0.23
Y -4.35 ±0.34
cY -4.86±0.26
Z 17.63 ±0.33
cZ -17.32 ±0.43

d standard errors o
probability that th

gnificance accordin

) 
.

Branta (n = 5) 
mean ± s.e.

4 69.79 ±1.59
6 0.23 ±0.92
7 0.35 ±0.22
3 58.89 ±1.61 
7 58.78 ±1.62
7 0.50 ±0.65
7 0.46 ±0.64
8 -8.43 ±0.26
4 8.986 ±0.18
0 31.97 ±0.49
8 0.09 ±0.38
4 9.34 ±0.18
6 32.00 ±0.40
3 32.31 ±0.39
1 0.75 ±0.26
4 0.25 ±0.23
4 7.51 ±0.15
5 -7.02 ±0.16
8 23.88 ±0.05
6 -0.70 ±0.23
7 0.08 ±0.11
5 23.05 ±0.34
0 23.39 ±0.28
0 -14.94 ±0.19
3 -15.30 ±0.16
9 8.52 ±0.31
1 -7.82 ±0.27
1 9.61 ±0.37
2 10.04 ±0.35
7 -19.64 ±0.60
6 -20.17 ±0.72
6 9.60 ±0.15
0 -8.99 ±0.25
3 -14.09 ±0.31
3 -15.56 ±0.42
3 14.46 ±0.29
1 1.37 ±0.46
4 1.86 ±0.40
7 3.86 ±0.14
2 -3.58 ±0.63
3 -2.39 ±0.70
4 -2.67 ±0.24
6 -3.18 ±0.30
3 17.65 ±0.11
3 -17.42 ±0.20

of landmark coordi
he samples are stat
ng to the Bonferon

Cygnus (n = 7) 
mean ± s.e.

83.77 ±1.08
-8.67 ±1.43
-0.04 ±0.26
72.28 ±1.17 
71.82 ±1.20
-6.57 ±1.14
-6.54 ±1.14

-10.71 ±0.31
10.81 ±0.17
33.97 ±0.15
-0.01 ±0.30
8.22 ±0.08

34.04 ±0.15
34.13 ±0.18
-0.47 ±0.16
-1.11 ±0.18
7.17 ±0.17

-7.23 ±0.16
24.66±0.33
-1.93 ±0.18
-0.09 ±0.13
26.86 ±0.42
27.06 ±0.33

-14.09 ±0.26
-14.17 ±0.23

7.98 ±0.36
-6.89 ±0.22
5.34 ±0.26
5.36 ±0.28

-17.67 ±0.24
-17.60 ±0.36

8.98 ±0.18
-8.13 ±0.21

-11.65 ±0.15
-13.51 ±0.38
11.57 ±0.18
-0.15 ±0.62
2.15 ±0.22
4.28 ±0.15

-3.90 ±0.30
-3.82 ±0.26
-2.84 ±0.31
-3.36 ±0.28
15.66 ±0.23

-15.47 ±0.29

nates after superim
tistically identical a
i-Holm test (p < 0.0

Sheldgeese 
(n = 7)

mean ± s.e.

A
m

67.91 ±1.51 9
1.96 ±0.89 -1
0.38 ±0.14

58.95 ±1.04 8
58.89 ±1.11 8

1.63 ±0.69 -
1.60 ±0.67 -

-8.41 ±0.45 -1
7.87 ±0.46 1

33.63 ±0.63 3
0.86 ±0.49
8.25 ±0.25

33.62 ±0.65 3
33.64 ±0.66 3

0.57 ±0.25
-0.16 ±0.30  -
7.21 ±0.19

-6.68 ±0.30 -
23.88 ±0.30 2
-0.79 ±0.32 -
0.17 ±0.05

25.74 ±0.29 2
25.85 ±0.25 2

-14.10 ±0.40 -1
-14.42 ±0.36 1

7.29 ±0.23
-7.05 ±0.24 -
6.65 ±0.45
6.95 ±0.36

-20.19 ±0.69 -1
-20.10 ±0.63 -1

8.73 ±0.18
-8.08 ±0.18 -

-14.89 ±0.28 -1
-14.91 ±0.59 -1
13.97 ±0.44 1

0.19 ±0.54 -
2.10 ±0.22
3.75 ±0.20

-5.61 ±0.22 -
-4.41 ±0.30 -
-2.92 ±0.34 -
-3.47 ±0.36 -
16.56 ±0.21 1

-16.38 ±0.31 -1

Cha

mposition for each 
according to a univ
001). 

Anas ( n= 6)  
mean ± s.e. 

 
p-val

98.11 ±4.59    0.000
10.51 ±0.88   0.000

0.35 ±0.27  0.705
82.93 ±4.06   0.000
83.04 ±4.25   0.000
-7.93 ±0.82   0.000
-7.94 ±0.85   0.000
15.96 ±1.47   0.000
15.68 ±1.56   0.000
33.09±0.52   0.011
0.24 ±0.25  0.609
7.77 ±0.27   0.000

32.87 ±0.47   0.022
33.00 ±0.48  0.053

0.17 ±0.30   0.002
-0.80 ±0.25   0.000
6.90 ±0.16  0.172

-6.51 ±0.21   0.027
25.23 ±0.45   0.002
-0.80 ±0.28   0.002
0.11 ±0.06  0.193

29.66 ±0.67   0.000
29.70 ±0.62   0.000
13.61 ±0.27   0.000
13.70 ±0.28   0.000

5.99 ±0.14   0.000
-6.19 ±0.57   0.000
4.41 ±0.64   0.000
4.30 ±0.60   0.000

18.60 ±0.58   0.013
18.83 ±0.37   0.005

7.41 ±0.16   0.000
-7.10 ±0.36   0.000
17.84 ±0.19   0.000
14.55 ±0.39   0.000
11.54 ±0.44   0.000
-0.67 ±0.52   0.000
2.15 ±0.50    0.006
3.00 ±0.24   0.001

-6.65 ±0.28   0.000
-6.22 ±0.48   0.000
-3.97 ±0.35   0.005
-4.48 ±0.24   0.002
15.35 ±0.31   0.000
15.06 ±0.41   0.000
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anial morphometri

Anser (n = 10)
mean ± s.e.

X -0.85 ±0.26
Y 0.95 ±0.12
Z 2.20 ±0.06
X -6.82 ±0.23
cX -6.96 ±0.20
Y 3.05 ±0.12
cY 2.80 ±0.12
Z 2.55 ±0.08
cZ -2.63 ±0.11
X -9.22 ±0.25
Y 8.64 ±0.14
Z 8.87 ±0.17
X -8.07 ±0.34
Y 0.50 ±0.36
Z 5.96 ±0.41
X -21.81 ±0.13
Y 2.14 ±0.10
Z 11.07 ±0.11
X -19.75 ±0.15
Y -0.26 ±0.13
Z 13.63 ±0.21
X -10.51 ±0.23
Y 10.05 ±0.17
Z 10.26 ±0.18
X -11.76 ±0.20
Y 11.49 ±0.17
Z 14.93 ±0.26
X -15.96 ±0.12
Y 10.31 ±0.13
Z 16.24 ±0.17
X -21.20 ±0.38
Y -23.45 ±0.47
Z 5.60 ±0.25
X -33.88 ±0.61
Y -13.12 ±0.33
Z 1.26 ±0.26
X -26.83 ±0.22
Y 2.25 ±0.19
Z 12.25 ±0.11
X -35.14 ±0.56
Y -6.27 ±0.15
Z 1.44 ±0.19
X -24.87 ±0.13
cX -23.89 ±0.16
Y 11.08 ±0.16
cY 11.21 ±0.16
Z 11.83 ±0.09
cZ -11.80 ±0.28
X  -10.85 ±0.21
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Branta (n = 5) 
mean ± s.e.

6 -1.78 ±0.30
2 0.34 ±0.22
6 2.14 ±0.15
3 -7.67 ±0.17
0 -7.75 ±0.12
2 2.57 ±0.22
2 2.31 ±0.29
8 2.52 ±0.07
1 -2.71 ±0.15
5 -9.02 ±0.14
4 7.92 ±0.05
7 9.28 ±0.12
4 -8.04 ±0.21
6 0.70 ±0.32
1 6.31 ±0.28
3 -22.02 ±0.11
0 2.61 ±0.11
1 11.77 ±0.12
5 -20.10 ±0.21
3 0.03 ±0.13
1 14.08 ±0.11
3 -9.95 ±0.15
7 9.59 ±0.08
8 10.55 ±0.04
0 -11.18 ±0.15
7 11.00 ±0.12
6 15.04 ±0.15
2 -15.23 ±0.15
3 10.16 ±0.17
7 16.68 ±0.20
8 -20.65 ±0.47
7 -24.33 ±0.65
5 6.13 ±1.07
1 -35.60 ±0.65
3 -11.94 ±0.68
6 2.69 ±0.40
2 -28.01 ±0.20
9 3.15 ±0.34
1 12.62 ±0.09
6 -36.93 ±0.34
5 -5.18 ±0.31
9 1.98 ±0.26
3 -24.92 ±0.22
6 -23.39 ±0.12
6 11.12 ±0.19
6 11.17 ±0.20
9 12.36 ±0.17
8 -12.61 ±0.22
1 -10.92 ±0.26

Cygnus (n = 7) 
mean ± s.e.

-2.65 ±0.29
0.27 ±0.22
2.07 ±0.13

-8.29 ±0.25
-8.44 ±0.25
2.59 ±0.13
2.29 ±0.23
2.00 ±0.07

-2.10 ±0.12
-10.12 ±0.13

7.57 ±0.20
8.49 ±0.09

-8.83 ±0.38
-0.13 ±0.53
6.90 ±0.17

-21.40 ±0.18
1.40 ±0.13

10.65 ±0.15
-19.49 ±0.21

-1.03 ±0.15
13.62 ±0.14

-11.15 ±0.08
9.66 ±0.21
9.71 ±0.08

-12.71 ±0.08
11.05 ±0.20
14.31 ±0.13

-16.06 ±0.18
9.68 ±0.10

15.86 ±0.05
-18.88 ±0.76
-18.19 ±0.21

5.33 ±0.41
-30.66 ±0.23
-10.19 ±0.55

0.53 ±0.27
-26.09 ±0.20

1.72 ±0.20
11.00 ±0.17

-32.46 ±0.24
-4.85 ±0.44
1.10 ±0.22
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-2.41 ±0.09 -
-9.68 ±0.21 -
7.65 ±0.17
8.77 ±0.17

-8.22 ±0.26 -
0.80 ±0.34
6.25 ±0.31

-21.00 ±0.13 -2
2.54 ±0.09

10.92 ±0.17 1
-19.38 ±0.11 -1

0.21 ±0.17
13.04 ±0.17 1

-10.35 ±0.16 -1
9.33 ±0.16

10.40 ±0.14
-11.51 ±0.11 -1
10.28 ±0.18 1
14.66 ±0.20 1

-15.17 ±0.10 -1
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10.47 ±0.33 1
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1.35 ±0.15   0.001
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-9.89 ±0.10   0.001
7.55 ±0.22   0.000
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-9.74 ±0.40   0.005
1.02 ±0.19  0.430
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21.03 ±0.22   0.000
2.44 ±0.29   0.000

10.75 ±0.15   0.000
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0.04 ±0.15   0.000
12.22 ±0.20   0.000
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9.37 ±0.24  0.056
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11.58 ±0.24   0.000
10.13 ±0.43   0.003
13.59 ±0.27   0.000
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8.70 ±0.55   0.002
15.31 ±0.13   0.000
24.18 ±0.50   0.000
19.05 ±0.69   0.000

4.40 ±0.74   0.393
36.14 ±0.24   0.000
-7.78 ±0.45   0.000
1.65 ±0.93   0.034

26.74 ±0.18   0.000
4.23 ±0.19   0.000

10.16 ±0.18   0.000
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1.37 ±0.32  0.740

24.30 ±0.23   0.013
23.60 ±0.20  0.097
11.10 ±0.09  0.757
10.95 ±0.17  0.130
11.13 ±0.20   0.000
11.32 ±0.17   0.000
13.63 ±0.33   0.000
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Anser (n = 10)
mean ± s.e.

Y  -6.15 ±0.40
Z 12.27 ±0.29
X -29.25 ±0.21
Y 5.27 ±0.27
Z 0.02 ±0.15

order to detect c
riables of the dat

om the correlatio
the variation in s
plained 13.8% of

C3 explained 12.4
ecimen in princip

ble 2.5. Loadings o
mponents after va
dicate high loadings

and
ark 

PC1 (15.4%) P

1x 0.047
1y -0.173
1z 0.184
2x -0.022
2y -0.205
2z -0.128
3x ‐0.723
3y -0.210
3z 0.587
4x ‐0.775
4y ‐0.566
4z 0.191
5x -0.310
5y 0.643
5z 0.084
6x ‐0.457
6y 0.651
6z 0.396
7x 0.493
7y 0.591
7z 0.190

) 
.

Branta (n = 5) 
mean ± s.e.

0 -4.42 ±0.10
9 12.66 ±0.16
1 -30.47 ±0.22
7 5.59 ±0.09
5 -0.18 ±0.12

co-variation amo
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shape (table 2.5)
f the variation of 
4% of the variatio
pal component sp

of Procrustes fitted
rimax rotation. Per
s on that axis.  

PC2 (13.8%) PC3 (

‐0.927
‐0.869
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-0.914
‐0.857
‐0.794
-0.068
-0.078
0.232
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-0.263
0.054
‐0.506
0.089
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-5.98 ±0.39
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rimax rotation. T
. PC1 accounted 
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on. In figure 2.5 th
pace is shown. 
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-0.153  14x 
0.041  14y 

-0.093  14z 
-0.143  15x 
0.031  15y 

-0.398  15z 
0.102  16x 
0.088  16y 
0.166  16z 
0.099  17x 
0.136  17y 
0.036  17z 
0.045  18x 
0.216  18y 

-0.202  18z 
-0.371  19x 
0.261  19y 
0.525  19z 
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-0.170  20y 
0.410  20z 
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mean ± s.e.
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0.326
0.041

-0.078
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0.116
0.064

-0.037
0.201
0.264
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‐0.702
0.100
0.050
‐0.688
0.296

-0.257
-0.461
0.199

-0.057
0.574
0.034
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Anas ( n= 6)  
mean ± s.e. 

 
p-val

-4.30 ±0.33   0.004
11.24 ±0.16   0.002
27.43 ±0.38   0.000

7.22 ±0.19   0.000
-0.11 ±0.08   0.382

e the number of 
nents were calcu
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variance, PC2 
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ch measured 

hree principal 
brackets. Bold valu

2 (13.8%) PC3 (1

0.467
-0.118
0.108

-0.225
-0.317
0.394

-0.134
-0.352
0.345
0.204

-0.056
0.445
0.166

-0.163
0.336
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-0.228
0.214
0.178
0.564
0.159
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PC1 (15.4%) P

8x 0.065
8y 0.793
8z 0.113
9x 0.747
9y -0.302
9z -0.188
0x 0.432
0y 0.831
0z 0.641
1x 0.799
1y -0.154
1z 0.119
2x 0.831
2y -0.152
2z 0.325
3x 0.468
3y ‐0.703
3z 0.176
traction Method: P
tation Method: Va

cs 

PC2 (13.8%) PC3 (

0.225
0.220
0.694
0.220
0.002
0.106
0.166
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0.517
0.243
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0.217
0.069
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0.479
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Principal Componen
rimax with Kaiser N
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0.871  21x 
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0.258  22x 

-0.172  22y 
0.448  22z 
0.636  23x 
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0.277  24x 
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0.287  24z 
0.194  25x 
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0.042  25z 
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0.148  26z 

nt Analysis.  
Normalization. 

 

PC1 (15.4%) PC
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0.545
0.005
0.056
0.283
0.327

-0.164
0.424

-0.057
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0.240
0.485
0.114
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0.016
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2 (13.8%) PC3 (1
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0.235
0.192
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0.645
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0.491
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0.128
0.004
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0.380 
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-0.114 
-0.084 
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0.028 
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Dankwoord 

 
 
Hoewel onderzoek doen een eenzaam proces kan zijn, zeker in het geval dat de groep 
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Ina Dobben, Rebekah Tauritz en Manuela van Leeuwen hebben mij een luisterend oor 
geboden. Bedankt voor jullie geduld en meeleven.  
Mijn ouders ben ik zeer erkentelijk voor alle ondersteuning die zij geboden hebben. Ze 
hebben me alle vrijheid gegeven mijn eigen weg te gaan en hebben op alle mogelijke 
manieren bijgedragen. 
Martijn, bedankt voor alles wat je hebt gedaan voor mij. De ruimte om mijn eigen 
carrièrepad in te slaan en vervolgens de vele weekenden en zelfs vakanties die je 
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