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FIGURES

[image: Ein Bild, das Wirbellose, Insekt, Diagramm, Origami enthält.

Automatisch generierte Beschreibung]
[bookmark: _Hlk210728709]Figure S1. Experimental design of the pollen transfer quantification test. 
Pigment deposition on flowers of Saxifraga fortunei by Episyrphus balteatus hoverflies, that were previously fed on sucrose and dusted with a pollen surrogate was quantified in response to flower symmetry and orientation. 

[bookmark: _Ref165994040][image: Ein Bild, das Insekt, Wirbellose, Hautflügler, Bestäuber enthält.

Automatisch generierte Beschreibung]
[bookmark: _Toc166063583][bookmark: _Hlk210728777]Figure S2. Single flower with Episyrphus balteatus and inflorescences of Saxifraga fortunei.
(A) Inflorescences with predominantly vertical oriented flowers. (B) Single bilaterally symmetrical flower of S. fortunei with two differently elongated lower petals in combination with extended interpetal angles on both sides. (C) Episyrphus balteatus on a flower of S. fortunei.









[image: Ein Bild, das Wirbellose, Schädling, Hautflügler, Biene enthält.

Automatisch generierte Beschreibung]
[bookmark: _Ref165994636][bookmark: _Toc166063586][bookmark: _Hlk210728822]Figure S3. Experimental approach to quantify pollen placement efficiency with pigments as pollen analogues and macro-stigmagraphy. 
(A) E. balteatus covered with red burnt ferrous oxide pigments as pollen analogues. (B) Two acrylic glass cages as experimental arenas in a colour-neutral grey box with a vertically displayed flower of S. fortunei each. The left box contains a bilaterally symmetrical flower that was manipulated to a radially symmetrical flower by the reduction of the elongated lower petal, the right box contains a naturally bilaterally symmetrical flower. (C) Macro-photography of a flower of S. fortunei after a flower visitation. Pigment particles on the stigmatic surface are clearly detectable, as well as the distribution of pollen surrogate on the whole carpels. (D) Close-up sideview with a detailed view on the planar stigmatic structure with a distinct delimitation of the style and the receptive surface. 






[image: Ein Bild, das Diagramm, Text, Screenshot, Plan enthält.

Automatisch generierte Beschreibung]
[bookmark: _Hlk210728880]Figure S4. Duration of flower visits to Saxifraga stellaris flowers in relation to shape-angle combinations. 
The y-axis represents the duration of flower visits (in seconds), while the y-axis indicates the shape-angle combinations. Floral symmetry significantly impacted the duration of flower visits. Shared letters are not significantly different according to Dunn-Bonferroni post-hoc test at P < 0.05. 


[image: Ein Bild, das Pflanze, Blütenblatt, Blume, Stängel enthält.

Automatisch generierte Beschreibung]
[bookmark: _Ref165996766][bookmark: _Toc166063608]Figure S5. Optical contortion of a radially symmetrical flower of S. umbrosa. 
(A) Approaching a radially symmetrical flower from the side leads to an optical contortion resulting in a slight bilaterally symmetrical image; the axis of bilateral symmetry is shown by a dashed white line. (B) Same flower viewed from a higher inclination. 


[image: Ein Bild, das Makrofotografie, Wirbellose, Insekt, Knospe enthält.

Automatisch generierte Beschreibung]
Figure S6. Behavioural variations of pollinators through mechanical constraints.
The stability of flowers varies with respect to flower orientation. In vertically oriented flowers the insects have to apply more force to hold on to the bending petals under their weight. Both orientations can lead to contacts with reproductive structures. (A) Non-syrphid fly on a horizontal flower of S. stellaris with contact to anthers. (B) Syrphid fly on a vertical flower of S. cuneifolia with contact to anthers and stigmas. The flower is notably compressed. (C) Non-syrphid fly on a horizontal flower of S. stellaris with contact to stigmas. (D) Syrphid fly on a vertical flower of S. cuneifolia with contact to anthers. The flower is notably compressed.




Appendix I. Fine-scale analysis of landing angles
Following Jirgal and Ohashi (2023), fine-scale landing angle data, transferred from degrees to radians, were used to calculate the circular variance, also known as the mean resultant length (MRL), for each observation. The circular variance is calculated by dividing the observed length of the resultant vector (a measure of the direction of the angles) by the maximum possible length of the resultant vector for the same size of sample. For the calculation of MRL, the rho.circular function from the R package ‘circular’ was used (Pewsey et al. 2013). To analyse the landing angles, MRL values were converted into circular standard deviation (circular SD) using the following formula:

where π is the circular constant. The circular SD represents the dispersion of the dataset in relation to the mean – here mean landing angle, expressed in degrees (Pewsey et al. 2013). Given the bilaterally symmetrical shape of Saxifraga flowers, landing angles might not follow a unimodal distribution. Therefore, Hartigans’ dip test for unimodality was applied. The circular standard deviation was calculated using angles from 0°–180°, instead of 0°–360°, by subtracting any angles larger than 180° from 360° prior to converting the angles from degrees to radians. Levene’s test for homogeneity of variance and Shapiro-Wilk test for normality were applied to verify statistical test assumptions. A visual assessment of the QQ-plot of the residuals and Shapiro-Wilk test indicated that the dataset followed a non-normal distribution. A two-way (factorial) test design was used to determine whether and how floral symmetry and orientation affected the variance of flower visitor landing directionality in S. stellaris by performing a Scheirer-Ray-Hare test as a non-parametric alternative to a two-way (factorial) analysis of variance (ANOVA) (Scheirer et al. 1976; Sokal & Rohlf 2010). The circular SD was used as the response variable. Floral symmetry and orientation were considered as fixed effects in combination with an interaction term between symmetry and orientation. The observed distributions of fine-scale landing angles were visualised in circular boxplots (Abuzaid et al. 2012; Buttarazzi et al. 2018).

In fine-scale analysis of flower visitors’ landing angles neither flower symmetry, nor flower orientation impacted the variance of landing angles significantly in any of the four shape-angle combinations in S. stellaris (between orientations: H = 3.083, P = 0.079, Scheirer-Ray-Hare test; between symmetries: H = 1.275, P = 0.259, Scheirer-Ray-Hare test; interaction of symmetry*orientation: H = 0.071, P = 0.789, Scheirer-Ray-Hare test), when using angles ranging from 0°–360° (Fig. S9). The analysis of the variance of landing angles on a 0°–180° scale didn’t reveal any significant differences between the shape-angle combinations in flowers of S. stellaris either (between orientations: H = 0.322, P = 0.571, Scheirer-Ray-Hare test; between symmetries: H = 0.046, P = 0.829, Scheirer-Ray-Hare test; interaction of symmetry*orientation: H = 2.275, P = 0.131, Scheirer-Ray-Hare test) (Fig. S10). The bimodal distribution of pollinator landing angles with two peaks, one on each side of the flower’s principal vertical axis, led to a larger variance of landing angles as when they are viewed as mirror images of the same angle. Similar results could be found for S. cuneifolia as for S. stellaris, when analysing angles ranging from 0°–360° (between orientations: W = 308.5, P = 0.758, Mann-Whitney-U test) (Fig. S7). Flower orientation had no significant impact on the circular variance of landing angles. The analysis of the variance of landing angles on a 0°–180° scale revealed significant differences between flower orientations of S. cuneifolia (between orientations: W = 487.5, P = 0.003, Mann-Whitney-U test) (Fig. S8). 





[image: Ein Bild, das Diagramm, Kreis, Reihe enthält.

Automatisch generierte Beschreibung]
[bookmark: _Ref165995824]Figure S7. Fine-scale data of flower visitors landing angles in S. cuneifolia using angles ranging from 0°–360°. 
Circular variance of flower visitors landing angles in flowers with different flower orientations as shown by coloured boxplots. Arrows indicating the median. Shared letters are not significantly different at P < 0.05. 

[image: Ein Bild, das Diagramm, Kreis, Reihe enthält.

Automatisch generierte Beschreibung]
[bookmark: _Ref165995847]Figure S8. Fine-scale data of flower visitors landing angles in S. cuneifolia using angles ranging from 0°–180° (landing angles >180° were translated to corresponding landing angles <180°). 
Circular variance of flower visitors landing angles in flowers with different flower orientations as shown by coloured boxplots. Arrows indicating the median. Shared letters are not significantly different at P < 0.05. Flower orientation significantly impacted the directionality of flower visitors.

[image: Ein Bild, das Kreis, Diagramm enthält.

Automatisch generierte Beschreibung]
Figure S9. Fine-scale data of flower visitors landing angles in S. stellaris using angles ranging from 0°–360°. 
Circular variance of flower visitors landing angles in flowers with different flower orientations as shown by coloured boxplots. Arrows indicating the median. Shared letters are not significantly different at P < 0.05. 
[image: ]

Figure S10. Fine-scale data of flower visitors landing angles in S. stellaris using angles ranging from 0°–180° (landing angles >180° were translated to corresponding landing angles <180°). 
Circular variance of flower visitors landing angles in flowers with different flower orientations as shown by coloured boxplots. Arrows indicating the median. Shared letters are not significantly different at P < 0.05. 
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Appendix II. Statistical test results including post-hoc tests.
In the following all statistical test results and post-hoc test results are provided. Statistically significant results at P < 0.05 are highlighted by bold P-values. 
h = horizontal
v = vertical
p = radially symmetrical (polysymmetrical)
m =bilaterally symmetrical (monosymmetrical)

[bookmark: _Toc165920129][bookmark: _Toc165921280][bookmark: _Toc166020902]Flower visitors’ approach behaviour
[bookmark: _Ref165922334]Details of statistical analysis of landing angles:

	Response variable
	Variables
	Test
	Sample size
	df
	χ2/H/W
	P-value

	Saxifraga cuneifolia
	
	
	
	
	
	

	distribution categorial angles
	orientation h–v
	Chi-Square
	52
	1
	4.649
	0.199

	angle categories
	h x m
	Chi-Square
	21
	3
	21.095
	1.006*10-4

	angle categories
	v x m
	Chi-Square
	31
	3
	57.645
	1.871*10-12

	angles 360° scale
	orientation h–v
	Mann-Whitney-U
	52
	1
	308.5
	0.758

	angles 180° scale
	orientation h–v
	Mann-Whitney-U
	52
	1
	487.5
	0.003

	
	
	
	
	
	
	

	Saxifraga stellaris
	
	
	
	
	
	

	distribution categorial angles
	orientation h–v
	Chi-Square
	218
	1
	2.231
	0.526

	distribution categorial angles
	symmetry p–m
	Chi-Square
	218
	1
	1.751
	0.626

	angle categories
	h x p
	Chi-Square
	77
	3
	14.481
	0.002

	angle categories
	h x m
	Chi-Square
	49
	3
	27.49
	4.647*10-6

	angle categories
	v x p
	Chi-Square
	59
	3
	18.898
	2.87*10-4

	angle categories
	v x m
	Chi-Square
	33
	3
	5.667
	0.129

	angles 360° scale
	orientation h–v
	Scheirer-Ray-Hare
	218
	1
	3.083
	0.079

	angles 360° scale
	symmetry p–m
	Scheirer-Ray-Hare
	218
	1
	1.275
	0.259

	angles 360° scale
	symmetry*orientation
	Scheirer-Ray-Hare
	218
	1
	0.071
	0.789

	angles 180° scale
	orientation h–v
	Scheirer-Ray-Hare
	218
	1
	0.322
	0.571

	angles 180° scale
	symmetry p–m
	Scheirer-Ray-Hare
	218
	1
	0.046
	0.829

	angles 180° scale °
	symmetry*orientation
	Scheirer-Ray-Hare
	218
	1
	2.275
	0.131

	
	
	
	
	
	
	

	Saxifraga cuneifolia – Saxifraga stellaris
	
	
	
	
	
	

	Landing angle
	species
	Chi-Square
	52
218
	1
	17.607
	0.001






Post-hoc tests of the analysis of categorial landing angles: 

P-values of the comparison of the four angle categories in h x m (S. cuneifolia)
	
	top
	right
	bottom

	right
	0.018
	
	

	bottom
	< 0.001
	0.134
	

	left
	0.008
	1.000
	0.248


Post-hoc test: pairwise Chi-Square test

P-values of the comparison of the four angle categories in v x m (S. cuneifolia)
	
	top
	right
	bottom

	right
	< 0.001
	
	

	bottom
	< 0.001
	1.000
	

	left
	< 0.001
	1.000
	1.000


Post-hoc test: pairwise Chi-Square test


Post-hoc tests of the analysis of categorial landing angles:

P-values of the comparison of the four angle categories in h x p (S. stellaris)
	
	top
	right
	bottom

	right
	0.008
	
	

	bottom
	< 0.001
	0.414
	

	left
	0.131
	0.237
	0.048


Post-hoc test: pairwise Chi-Square test

p-values of the comparison of the four angle categories in h x m (S. stellaris)
	
	top
	right
	bottom

	right
	< 0.001
	
	

	bottom
	< 0.001
	0.405
	

	left
	< 0.001
	1.000
	0.405


Post-hoc test: pairwise Chi-Square test

P-values of the comparison of the four angle categories in v x p (S. stellaris)
	
	top
	right
	bottom

	right
	0.008
	
	

	bottom
	< 0.001
	0.371
	

	left
	0.002
	0.669
	0.637


Post-hoc test: pairwise Chi-Square test




Details of statistical analysis of landing position:

	Response variable
	Variables
	Test
	Sample size
	df
	χ2/F/W
	P-value

	Saxifraga cuneifolia
	
	
	
	
	
	

	distribution categorial positions
	orientation h–v
	Fisher’s Exact
	52
	1
	
	0.043

	position categories
	h x m
	Fisher’s Exact
	21
	4
	
	0.202

	position categories
	v x m
	Fisher’s Exact
	31
	4
	
	0.465

	
	
	
	
	
	
	

	Saxifraga stellaris
	
	
	
	
	
	

	distribution categorial positions
	orientation h–v
	Chi-Square
	218
	1
	1.344
	0.854

	distribution categorial positions
	symmetry p–m
	Chi-Square
	218
	1
	8.64
	0.071

	position categories
	h x p
	Chi-Square
	77
	4
	16.312
	0.003

	position categories
	h x m
	Chi-Square
	49
	4
	23.959
	8.139*10-5

	position categories
	v x p
	Chi-Square
	59
	4
	9.22
	0.055

	position categories
	v x m
	Chi-Square
	33
	4
	3.515
	0.476

	distribution categorial positions
	symmetry*orientation
	Chi-Square
	218
	3
	25.449
	0.013

	
	
	
	
	
	
	




Post-hoc tests of the analysis of categorial landing positions:

P-values of the comparison of the five categories of landing positions in h x p (S. stellaris)
	
	top
	right
	bottom
	left

	right
	< 0.001
	
	
	

	bottom
	< 0.001
	0.307
	
	

	left
	0.669
	0.157
	0.016
	

	centre
	0.637
	0.023
	0.001
	0.037


Post-hoc test: pairwise Chi-Square test


P-values of the comparison of the five categories of landing positions in h x m (S. stellaris)
	
	top
	right
	bottom
	left

	right
	1.000
	
	
	

	bottom
	< 0.001
	< 0.001
	
	

	left
	0.003
	< 0.001
	0.590
	

	centre
	0.002
	< 0.001
	0.724
	0.853


Post-hoc test: pairwise Chi-Square test


P-values of the comparison of landing positions between the four shape-angle combinations (S. stellaris)
	
	h x p
	h x m
	v x p

	h x m
	2.058*10-4
	
	

	v x p
	0.086
	0.205
	

	v x m
	0.397
	0.02
	0.622


Post-hoc test: pairwise Chi-Square test




Details of statistical analysis of the duration of flower visits:

	Response variable
	Variables
	Test
	Sample size
	df
	χ2/F/W
	P-value

	Saxifraga cuneifolia
	
	
	
	
	
	

	duration
	orientation h–v
	Mann-Whitney-U
	52
	1
	340.0
	0.794

	
	
	
	
	
	
	

	Saxifraga stellaris
	
	
	
	
	
	

	duration
	orientation h–v
	Mann-Whitney-U
	218
	1
	5322
	0.303

	duration
	symmetry p–m
	Mann-Whitney-U
	218
	1
	4096
	0.001

	duration
	symmetry*orientation
	Kruskal-Wallis
	218
	3
	11.68
	0.008

	
	
	
	
	
	
	




Post-hoc tests of the analysis of the duration of flower visit:

P-values of the comparison of the duration of flower visits between the four shape-angle combinations
	
	h x p
	h x m
	v x p

	h x m
	0.024
	
	

	v x p
	1.000
	0.014
	

	v x m
	1.000
	1.000
	0.875


Post-hoc test: Dunn-Bonferroni test




[bookmark: _Toc165920130][bookmark: _Toc165921281][bookmark: _Toc166020903]Pollen placement efficiency
Details of statistical analysis of pollen surrogate deposition:


	Response variable
	Variables
	Test
	Sample size
	df
	χ2/F/W
	P-values

	pigment count
	orientation h–v
	ANOVA
	120
	1
	17.266
	6.24*10-5

	pigment count
	symmetry p–m
	ANOVA
	120
	1
	3.643
	0.059

	pigment count
	symmetry*orientation
	ANOVA
	120
	1
	0.811
	0.369

	
	
	
	
	
	
	

	duration
	orientation h–v
	ANOVA
	120
	1
	0.000
	0.992

	duration
	symmetry p–m
	ANOVA
	120
	1
	0.174
	0.677

	duration
	symmetry*orientation
	ANOVA
	120
	1
	0.006
	0.938

	
	
	
	
	
	
	

	pigment per time
(time until visit)
	symmetry*orientation
	linear regression
	120
	
	3.272
	0.073

	pigment per time
(duration of visit)
	symmetry*orientation
	linear regression
	120
	
	0.065
	0.799

	
	
	
	
	
	
	




Post-hoc tests of the analysis of pollen surrogate deposition:

P-values of the comparison of pollen surrogate deposition between the four shape-angle combinations
	
	h x p
	h x m
	v x p

	h x m
	0.892
	
	

	v x p
	0.003
	< 0.001
	

	v x m
	0.389
	0.104
	0.199


Post-hoc test: Tukey HSD test



Appendix III. Raw data.
[bookmark: _Toc165920137][bookmark: _Toc165921288][bookmark: _Toc166020910]Raw data of flower visitors’ approach behaviour
Data of S. cuneifolia horizontal x monosymmetrical:
[image: Ein Bild, das Text, Screenshot, Schrift, Zahl enthält.

Automatisch generierte Beschreibung] 



Data of S. cuneifolia vertical x monosymmetrical:
[image: Ein Bild, das Text, Screenshot, Dokument, parallel enthält.

Automatisch generierte Beschreibung]


Data of S. stellaris horizontal x polysymmetrical 
[image: Ein Bild, das Text, Screenshot, Design enthält.

Automatisch generierte Beschreibung]

[image: Ein Bild, das Text, Screenshot, Karte Menü, Zahl enthält.

Automatisch generierte Beschreibung]


Data of S. stellaris horizontal x monosymmetrical:
[image: Ein Bild, das Text, Schwarzweiß, Screenshot, Quittung enthält.

Automatisch generierte Beschreibung]

Data of S. stellaris vertical x polysymmetrical:
[image: Ein Bild, das Text, Screenshot enthält.

Automatisch generierte Beschreibung]

[image: Ein Bild, das Text, Screenshot, Zahl, Schrift enthält.

Automatisch generierte Beschreibung]


Data of S. stellaris vertical x monosymmetrical:
[image: Ein Bild, das Text, Quittung, Dokument, Screenshot enthält.

Automatisch generierte Beschreibung]


Data of the duration of flower visits:
[image: ]
[image: ]


[bookmark: _Toc165920138][bookmark: _Toc165921289][bookmark: _Toc166020911]Raw data of pollen surrogate deposition
[image: Ein Bild, das Text, Screenshot, Zahl, Reihe enthält.

Automatisch generierte Beschreibung]
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landing  45-135 1 3%
angle 135225 1 3%
90° 225-315 3 10%
categorial 315-45 4 13%
landing  45-135 7 23%
position 135225 8 26%
225-315 2 6%
c 10 32%
taxon calyptrate 7 23%
syrphidae 16 52%
other 8 26%
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1 h calyptrate 328 8 p3 8 328 5.725 32 0.559
2 h syrphidae 22 1 pl 5 22 0384 22 0.384
3 h calyptrate 56 2 pl 5 56 0977 56 0.977
4 h calyptrate 313 7 p5 3 313 5463 47 0.820
5 h calyptrate 320 8 p5 3 320 5.585 40 0.698
6 h calyptrate 302 7 pl 5 302 5271 58 1.012
7 h calyptrate 358 8 p5 4 358 6.248 2 0.035
8 h psychodidae 349 8 p3 1 349 6.091 11 0.192
9 h calyptrate 348 8 p3 8 348 6.074 12 0.209
10 h calyptrate 122 3 pS 3 122 2.129 122 2.129
11 h calyptrate 64 2 pl 5 64 1.117 64 1.117
12 h calyptrate 303 7 p2 6 303 5288 57 0.995
13 h syrphidae 29 1 p2 7 29 0506 29 0.506
14 h calyptrate 235 6 pl 6 235 4.102 125 2.182
15 h syrphidae 184 5 p4 1 184 3.211 176 3.072
16 h syrphidae 341 9 pl 5 341 5952 19 0.332
17 h calyptrate 4 1 pl 6 4 0.070 4 0.070
18 h syphidse 4 1 pl 5 4 0070 4 0.070
19 h calyptrate 69 2 p5 3 69 1.204 69 1.204
20 h calyptrate 302 7 p5 3 302 5271 58 1.012
21 h calyptrate 300 7 c 9 300 5.236 60 1.047
22 h calyptrate 232 6 p4 2 232 4.049 128 2.234
23 h calyptrate 216 5 p3 8 216 3.770 144 2.513
24 h indet. 2 1 c 9 2 0.035 2 0.035
25 h calyptrate 312 7 p5 3 312 5445 48 0.838
26 h syrphidae 278 7 p4 2 278 4.852 82 1.431
27 h indet. 62 2 pl 5 62 1.082 62 1.082
28 h calyptrate 46 2 pl 6 46 0.803 46 0.803
29 h syrphidae 348 8 p5 2 348 6.074 12 0.209
30 h calyptrate 281 7 p4 2 281 4904 79 1.379
31 h calyptrate 209 5 c 9 209 3.648 151 2.635
32 h calyptrate 247 6 pl 6 247 4311 113 1.972
33 h calyptrate 236 6 p4 2 236 4.119 124 2.164
34 h calyptrate 40 1 p5 4 40 0.698 40 0.698
35 h calyptrate 297 7 p5 4 297 5.184 63 1.100
36 h empididae 357 9 pS5 4 357 6.231 3 0.052
37 h calyptrate 349 8 p5 4 349 6.091 11 0.192
38 h syrphidae 321 8 c 9 321 5.603 39 0.681
39 h indet. 304 7 p5 4 304 5306 56 0.977
40 h calyptrate 350 8 pl 5 350 6.109 10 0.175
41 h calyptrate 55 2 pl 5 55 0960 55 0.960
42 h calyptrate 68 2 p2 8 68 1.187 68 1.187
43 h syrphidae 55 2 pl 6 55 0960 55 0.960
4 h indet. 356 8 p4 2 356 6.213 4 0.070
45 h calyptrate 286 7 p5 4 286 4992 74 1.292
46 h calyptrate 285 7 p4 2 285 4974 75 1.309
47 h calyptrate 250 6 p5 4 250 4.363 110 1.920
48 h calyptrate 189 5 p4 2 189 3.299 171 2.985
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237
88
205
21
17
18
259
36
347
13
50
65
16
42
328
276
280
150
161
342
28
177
340
21
19
65
175
154
96

4.136
1.536
3.578
0.367
0.297
0.314
4.520
0.628
6.056
0.227
0.873
1.134
0.279
0.733
5.725
4.817
4.887
2.618
2.810
5.969
0.489
3.089
5.934
0.367
0.332
1.134
3.054
2.688
1.676

0.367

53.477

123
88
155
21
17
18
101
36
13
13
50
65
16
42
32
84
80
150
161
18
28
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21
19
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175
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96

2.147
1.536
2.705
0.367
0.297
0.314
1.763
0.628
0.227
0.227
0.873
1.134
0.279
0.733
0.559
1.466
1.396
2.618
2.810
0.314
0.489
3.089
0.349
0.367
0.332
1.134
3.054
2.688
1.676

0.887

18.521

categorial
landing
angle

90°

categorial
landing
position

taxon

31545
45-135
135-225
225-315

31545
45-135
135-225
225-315
c

32
14
10
21

10
20
27
12

calyptrate 50
syrphidae 15

other

12

42%
18%
13%
27%

13%
26%
35%
16%
10%

65%
19%
16%
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calyptrate 67 2 p2 7 18 0314 18 0314
indet. 6 1 p2 7 317 5533 43 0.750
calyptrate 8 1 pl S 31 0.541 31 0.541
calyptrate 13 1 p5 4 327 5707 33 0.576
calyptrate 345 8 p5 4 339 5917 21 0.367
syphidae 332 8 m 9 354 6.178 6 0.105
calyptrate 357 8 pl 6 337 5.882 23 0.401
calyptrate 111 3 pl 6 16 0279 16 0.279
calyptrate 106 3 p3 1 22 0384 22 0.384
calyptrate 309 7 p5 4 221 3.857 139 2.426
calyptrate 99 3  p3 7 93 1.623 93 1.623
syrphidae 73 2 c 9 18 0314 18 0314
syrphidae 102 3 p2 6 96 1.676 96 1.676
calyptrate 8 1 pl 6 280 4.887 80 1.39
calyptrate 329 8 p5 4 338 5.899 22 0.384
calyptrate 186 6 p4 1 205 3.578 155 2.705
calliphoridae 20 1 c 9 338 5899 22 0384
syrphidae 275 7 p5 4 270 4712 90 1.571
calyptrate 316 8 pS 4 247 4311 113 1972
calyptrate 326 8 p5 4 312 5.445 48 0.838
calyptrate 10 1 pl 5 328 5.725 32 0.559
syrphidae 1 1 c 9 347 6.056 13 0.227
syphidae 79 2 pl 6 53 0925 53 0.925
calyptrate 353 8 c 9 327 5707 33 0.576
syphidae 112 3 p2 7 70 1222 70 1.222
syphidae 57 2 pl 5 15 0262 15 0.262
calyptrate 11 1 pl 6 357 6.231 3 0.052
syrphidae 54 2 pl 5 120209 12 0.209
calyptrate 18 1 p2 7 336 5.864 24 0.419
syrphidae 359 8 c 9 333 5812 27 0471
empididae 277 7 p5 4 266 4.643 94 1.641
syrphidae 134 3 c 9 147 2566 147 2.566
syrphidae 181 5 c 9 196 3.421 164 2.862
calyptrate 217 5 c 9 232 4.049 128 2234
calyptrate 22 1 pl 5 58 1.012 58 1.012
calyptrate 341 8 p5 4 356 6213 4 0.070
indet. 358 1 pl 5 130227 13 0.227
calyptrate 339 8 p5 3 355 6.196 5 0.087
indet. 12 1 pl 6 357 6.231 30052
calyptrate 142 4 p2 7 158 2.758 158 2.758
empididae 17 1 p5 4 2 0.035 2 0.035
calyptrate 49 2 pl 5 342 5969 18 0.314
syrphidae 357 8 c 9 29 5061 70 1.222
calyptrate 76 2 pl 6 340 5.934 20 0.349
calyptrate 51 2 c 9 46 0.803 46 0.803
syrphidae 37 1 c 9 330 5760 30 0.524
syrphidae 175 4 c 9 108 1.885 108 1.885
syrphidae 201 5 c 9 92 1606 92 1.606
calyptrate 353 8 c 9 263 459 97 1.693
0.484 0.710
45.461 31.269

categorial 31545 28 57%
landing  45-135 8 16%
angle 135225 5 10%
90° 225315 8 16%
categorial 31545 2 4%
landing  45-135 1 2%
position 135225 17 35%
225315 14 29%
c 15 31%
taxon calyptrate 27 55%
syrphidae 16 33%
other 6 12%
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1 v syrphidae 314 7 p5 5 314 5480 46 0.803
2 v calyptrate 119 3 p2 7 119 2.077 119 2.077
3 v calyptrate 85 2 c 9 85 1.484 85 1.484
4 v calyptrate 332 8 p5 4 332 5794 28 0.489
5 v calyptrate 68 2 p2 7 68 1.187 68 1.187
6 v calyptrate 302 7 p5 4 302 5271 58 1.012
7} v indet. 355 8 p5 4 355 6.196 5 0.087
8 v calyptrate 79 2 p5 4 79 1379 79 1.379
9 v calyptrate 18 1 p4 2 18 0.314 18 0.314
10 v psychodidae 26 1 pl 5 26 0454 26 0.454
1 v calyptrate 266 6 p2 7 266 4.643 94 1.641
12 v calyptrate 10 1 p2 7 10 0.175 10 0.175
13 v calyptrate 211 5 pl 6 211 3.683 149 2.601
4 v calyptrate 263 5 pl 6 263 4.590 97 1.693
15 v calyptrate 231 6 p5 4 231 4.032 129 2.251
16 v calyptrate 272 7 c 9 272 4747 88 1.536
17 v syrphidae 10 1 p3 8 10 0.175 10 0.175
18 v calyptrate 70 2 p2 7 70 1222 70 1.222
19 v calyptrate 166 4 p5 5 166 2.897 166 2.897
20 v calyptrate 4 1 c 9 4 0.070 4 0.070
21 v syrphidae 10 1 p5 4 10 0.175 10 0.175
22 v syrphidae 1 1 c 9 1 0.017 1 0.017
23 v calyptrate 20 1 c 9 20 0.349 20 0.349
24 v indet. 174 4 c 9 174 3.037 174 3.037
25 v calyptrate 95 3 p5 4 95 1.658 95 1.658
26 v calyptrate 247 6 p4 2 247 4311 113 1.972
27 v calyptrate 358 8 pl 6 358 6.248 2 0.035
28 v empididae 333 8 p3 2 333 5812 27 0471
29 v syrphidae 105 3 p2 7 105 1.833 105 1.833
30 v calyptrate 184 5 p2 3 184 3.211 176 3.072
31 v calyptrate 42 1 pl 6 42 0.733 42 0.733
32 v calyptrate 345 8 c 9 345 6.021 15 0.262
33 v calyptrate 177 4 p5 3 177 3.089 177 3.089
34 v calyptrate 14 1 c 9 14 0244 14 0.244
35 v calyptrate 344 8 p5 4 344 6.004 16 0.279
36 v calyptrate 341 8 p5 4 341 5952 19 0.332
37 v calyptrate 16 1 p5 4 16 0279 16 0.279
38 v calyptrate 300 7 p5 4 300 5.236 60 1.047
39 v calyptrate 300 7 p5 3 300 5.236 60 1.047
40 v calyptrate 212 5 p3 1 212 3.700 148 2.583
41 v calyptrate 337 8 p3 1 337 5.882 23 0.401
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3
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0.855
6.196
1.850
4.852
2.758
0.052
5.760
0.070
0.070
1.676
5.149
5.655
1.798
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0.576
0.977
0.175
2.985

0.361

53.904

49
d
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82
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3
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4
4
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36
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0.855
0.087
1.850
1.431
2.758
0.052
0.524
0.070
0.070
1.676
1.134
0.628
1.798
0.297
0.576
0.977
0.175
2.985

0.632

36.152

categorial 31545 29 49%
landing 45-135 12 20%
angle 135225 8 14%
90° 225-315 10 17%
categorial 31545 5 8%
landing 45-135 8 14%
position 135225 18 31%
225315 14 24%
c 14 24%
taxon calyptrate 40 68%
syrphidae 10 17%
other 9 15%
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1 v 340 calyptrate 202 5 p2 8 222 3.875 138 2.409
2 v 334 empididae 203 5 p4 2 229 3.997 131 2.286
3 v 326 symrphidae 355 8 p5 4 29 0506 29 0.506
4 v 27 symphidee 20 1 p5 4 353 6.161 7 0.122
5 v 27 calyptrate 346 8 p5 4 319 5.568 41 0.716
6 v 327 calyptrate 41 1 p2 7 74 1292 74 1.292
7 v 29 calyptrate 268 6 p5 3 239 4.171 121 2.112
8 v 326 calyptrate 47 2 m 9 81 1414 81 1414
9 v 327 calyptrate 316 8 p5 3 349 6.091 11 0.192
10 v 327 calyptrate 323 8 p5 3 356 6.213 4 0.070
11 v 29 calyptrate 51 2 p3 8 22 0384 22 0.384
12 v 29 calyptrate 197 5 p4 1 168 2.932 168 2.932
13 v 327 calyptrate 1 1 pl 5 34 0593 34 0.593
14 v 326 calyptrate 281 7 p2 7 315 5498 45 0.785
15 v 29 calyptrate 341 8 p2 6 312 5445 48 0.838
16 v 291 calyptrate 70 2 m 9 139 2426 139 2.426
17 v 291 calyptrate 73 2 m 9 142 2478 142 2.478
18 v 14 calyptrate 338 8 m 9 324 5655 36 0.628 categorial 31545 14 42%
19 v 291 calyptrate 128 3 p2 7 197 3.438 163 2.845 landing 45-135 7 21%
20 v 291 calyptrate 4 1 p3 8 73 1274 73 1.274 angle 135225 7 21%
21 v 291 calyptrate 73 2 p4 2 142 2478 142 2.478 90° 225315 5 15%
22 v 115 calyptrate 226 6 p4 1 111 1.937 111 1.937
23 v 52 empididae 126 3 m 9 74 1292 74 1.292
24 v 306 empididae 340 8 pl 5 34 0593 34 0.593 categorial 31545 5 15%
25 v 115 indet. 351 8 pl 5 236 4.119 124 2.164 landing 45-135 6 18%
26 v 345 symhidae 1 1 pl 5 16 0.279 16 0.279 position 135225 10 30%
27 v 228 calyptrate 5 1 m 9 137 2391 137 2.391 225315 4 12%
28 v 356 calyptrate 6 1 m 9 10 0.175 10 0.175 c 8 24%
29 v 37 symphidae 9 1 m 9 332 5794 28 0.489
30 v 5 symphidee 7 1 pl 5 2 0.035 2 0.035
31 v 37 symhidae 333 8 p5 4 296 5.166 64 1.117 taxon calyptrate 23 70%
32 v calyptrate 54 2 pl 5 49 0.855 49 0.855 syrphidae 6 18%
33 v calyptrate 295 7 p4 2 290 5061 70 1.222 other 4 12%
n =33
MRL 0.244 0.639
mean
circular SD 63.393 35.746
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 duration [s] 
S. cuneifolia S. stellaris 



no. h x m v x m h x p h x m v x p v x m 
1 126 50 273 123 11 46 
2 71 10 46 6714 70 65 
3 346 44 161 120 281 28 
4 22 17 12 112 82 20 
5 363 113 47 45 7 60 
6 184 101 1194 14 185 176 
7 37 106 46 111 201 59 
8 50 70 90 113 366 26 
9 92 36 185 160 366 40 
10 650 544 252 43 500 217 
11 45 262 98 372 118 113 
12 11 221 77 5 1596 48 
13 9 280 21 6 252 145 
14 35 997 40 39 100 122 
15 42 785 61 14 236 143 
16 135 17 24 76 155 110 
17 124 65 78 2 24 23 
18 1135 2 38 32 124 3 
19 108 42 330 47 101 36 
20 420 22 116 60 50 2 
21 3 92 330 27 50 18 
22  72 51 12 73 4 
23  210 70 3 139 123 
24  107 33 53 1185 78 
25  265 136 6 8 138 
26  36 31 15 346 20 
27  43 227 11 76 294 
28  10 360 14 858 8 
29  481 171 54 93 3 
30  93 155 13 93 37 
31  39 31 49 105 10 
32   95 11 220 240 
33   220 15 7 52 
34   149 36 41  
35   23 2 363  
36   18 26 14  
37   16 80 57  
38   37 24 22  
39   134 137 6  
40   90 30 92  
41   28 20 36  
42   89 58 47  
43   4 15 16  
44   417 108 96  
45   93 137 553  
46   71 6 4  
47   120 2 140  
48   233 44 95  
49   37 308 30  
50   4  65  
51   78  295  
52   7  20  
53   68  73  
54   270  78  
55   143  24  
56   107  2  
57   22  1  
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duration [s] 

S. cuneifolia  S. stellaris 

no.  h x m  v x m  h x p  h x m  v x p  v x m 

1  126  50  273  123  11  46 

2  71  10  46  6714  70  65 

3  346  44  161  120  281  28 

4  22  17  12  112  82  20 

5  363  113  47  45  7  60 

6  184  101  1194  14  185  176 

7  37  106  46  111  201  59 

8  50  70  90  113  366  26 

9  92  36  185  160  366  40 

10  650  544  252  43  500  217 

11  45  262  98  372  118  113 

12  11  221  77  5  1596  48 

13  9  280  21  6  252  145 

14  35  997  40  39  100  122 

15  42  785  61  14  236  143 

16  135  17  24  76  155  110 

17  124  65  78  2  24  23 

18  1135  2  38  32  124  3 

19  108  42  330  47  101  36 

20  420  22  116  60  50  2 

21  3  92  330  27  50  18 

22    72  51  12  73  4 

23    210  70  3  139  123 

24    107  33  53  1185  78 

25    265  136  6  8  138 

26    36  31  15  346  20 

27    43  227  11  76  294 

28    10  360  14  858  8 

29    481  171  54  93  3 

30    93  155  13  93  37 

31    39  31  49  105  10 

32      95  11  220  240 

33      220  15  7  52 

34      149  36  41   

35      23  2  363   

36      18  26  14   

37      16  80  57   

38      37  24  22   

39      134  137  6   

40      90  30  92   

41      28  20  36   

42      89  58  47   

43      4  15  16   

44      417  108  96   

45      93  137  553   

46      71  6  4   

47      120  2  140   

48      233  44  95   

49      37  308  30   

50      4    65   

51      78    295   

52      7    20   

53      68    73   

54      270    78   

55      143    24   

56      107    2   

57      22    1   
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58   20  15  
59   56  32  
60   26    
61   104    
62   35    
63   224    
64   6    
65   77    
66   490    
67   22    
68   303    
69   30    
70   130    
71   91    
72   144    
73   15    
74   14    
75   16    
76   11    
77   57    



mean 190.9 168.8 119.8 194.4 174.5 76  
SD 273.1 234.9 162.3 953.6 281.6 74.8  



 










58      20    15   

59      56    32   

60      26       

61      104       

62      35       

63      224       

64      6       

65      77       

66      490       

67      22       

68      303       

69      30       

70      130       

71      91       

72      144       

73      15       

74      14       

75      16       

76      11       

77      57       

mean  190.9  168.8  119.8  194.4  174.5  76 

 

SD  273.1  234.9  162.3  953.6  281.6  74.8 
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horizontal x polysymmetrical horizontal x monosymmetrical vertical x polysymmetrical vertical X monosymmetrical
no. approach duration pigments approach  duration  pigments approach  duration  pigments approach  duration  pigments

[s] [s] [n] [s] [s] [n] [s] [s] [n] [s] [s] [n]
1 286 77 0 163 91 64 521 381 24 202 345 12
2 96 176 ] 431 114 3 601 263 5 862 172 0
3 119 330 22 14 279 9 472 275 17 465 229 22
4 125 131 2 904 177 1 393 148 28 411 41 8
5 161 137 0 841 187 0 206 111 17 712 59 10
6 11 299 30 672 313 1 111 172 51 178 87 8
7 340 68 4 34 98 23 300 307 11 233 90 6
8 533 194 18 377 105 2 46 60 29 319 292 59
9 74 152 1 188 1 0 28 128 46 843 186 0
10 100 84 32 12 364 9 566 71 2 331 86 3
11 351 45 843 390 3 715 233 5 821 206 0
1= 713 24 0 740 294 0 580 229 30 604 255 1
13 136 112 0 314 18 1 861 99 66 35 269 30
14 821 163 1 550 422 1 173 280 39 838 226 7
15 646 69 0 83 182 0 165 418 20 96 68 8
16 36 204 0 527 117 7 728 112 16 532 119 0
1y 43 106 11 167 169 6 125 438 2 59 240 4
18 137 99 29 32 98 27 224 156 44 801 281 2
19 752 513 2 132 289 14 23 62 29 310 84 2
20 653 180 25 379 12 1 56 136 67 650 243 44
21 827 179 0 65 51 24 771 267 0 316 187 68
2 864 183 14 135 177 5 174 127 26 739 112 19
23 289 324 2 96 103 32 283 114 30 803 226 93
24 450 184 43 601 128 0 309 116 87 778 63 18
25 9 a7 65 60 251 4 762 52 25 375 96 43
26 13 229 13 148 103 1 375 46 49 798 122 9
27 372 254 1 354 83 0 594 130 19 745 155 10
28 670 47 0 153 14 0 294 40 8 415 S 11
29 190 53 12 693 36 0 309 61 1 859 22 11
30 198 105 0 648 108 15 79 74 8 211 160 2
n =30
mean 3224 170.1 12.6 345.2 166.1 8.6 361.5 170.2 26.7 5114 159.1 17.9
SD 291.0 109.0 16.9 287.3 11158 13.8 253.7 113.1 217 276.7 875 22.7

median 3 2.5 24.5 9
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