PAGE  
Tabanid-proof zebras                                   Supplementary Material                                              Ádám Egri et al.

Electronic Supplementary Material for:

Polarotactic tabanids find striped patterns with brightness and/or polarization modulation least attractive: An advantage of zebra stripes
Ádám Egri, Miklós Blahó, György Kriska, Róbert Farkas,
Mónika Gyurkovszky, Susanne Åkesson, Gábor Horváth*
* To whom correspondence should be addressed:

Environmental Optics Laboratory, Department of Biological Physics,

Physical Institute, Eötvös University,

H-1117 Budapest, Pázmány sétány 1, Hungary

e-mail: gh@arago.elte.hu

Ádám EGRI, Miklós BLAHÓ, György KRISKA, Róbert FARKAS, Mónika GYURKOVSZKY, Susanne ÅKESSON, Gábor HORVÁTH (2012) Polarotactic tabanids find striped patterns with brightness and/or polarization modulation least attractive: an advantage of zebra stripes. Journal of Experimental Biology 215: 736-745 + electronic supplement

This file includes:

A. Supplementary Tables: Tables S1–S10 and their legends

B. Supplementary Figures: Figures S1–S4 and their legends

A. Supplementary Tables

Supplementary Table S1: Numbers m and surface density n of tabanids trapped by the three different white-framed black trays filled with salad oil (Fig. S1) in experiment 1. n = m ( 1 m2 / Ablack(N), where Ablack(N) is the sum of the black areas of a given tray: Ablack(N=0) = 0.2116 m2, Ablack(N=2) = 0.1936 m2, Ablack(N=6) = 0.1600 m2. n is the number of tabanids trapped by 1 m2 black tray surface. There was a significant difference in the number of trapped tabanids between the three test surfaces (One-way ANOVA test: F 2,24=19.95, p<<0.001).

	date (2008)
	white-framed black tray

	
	without (N = 0) orthogonal

white stripes

(Fig. S1A)
	with N = 2

orthogonal

white stripes

(Fig. S1B)
	with N = 6

orthogonal

white stripes

(Fig. S1C)

	26-27 August
	38
	42
	5

	28-29 August
	34
	33
	6

	30-31-August
	32
	25
	4

	1-2 September
	27
	27
	3

	3-4 September
	31
	18
	4

	5-6 September
	28
	11
	5

	7-8 September
	22
	15
	3

	9-10 September
	19
	9
	1

	11-12 September
	16
	5
	2

	sum of m
	247 (53.1%)
	185 (39.8%)
	33 (7.1%)

	n
	1167.3
	955.6
	206.3


Supplementary Table S2: Species, sex and number of tabanids captured by the three different traps in experiment 1.

	trap
	species
	female
	male
	sum

	white-framed black tray

without (N = 0) orthogonal

white stripes (Fig. S1A)

∑ = 247
	Tabanus tergestinus
	102
	37
	139

	
	Tabanus bromius
	60
	-
	60

	
	Tabanus bovinus
	8
	4
	12

	
	Atylotus fulvus
	1
	-
	1

	
	Atylotus loewianus
	26
	5
	31

	
	Atylotus rusticus
	3
	-
	3

	
	Haematopota italica
	1
	-
	1

	white-framed black tray

with N = 2 orthogonal

white stripes (Fig. S1B)

∑ = 185
	Tabanus tergestinus
	84
	36
	120

	
	Tabanus bromius
	37
	1
	38


	
	Tabanus bovinus
	-
	1
	1

	
	Tabanus autumnalis
	-
	5
	5

	
	Atylotus loewianus
	7
	2
	9

	
	Atylotus fulvus
	6
	-
	6

	
	Chrysops sp.
	5
	1
	6

	white-framed black tray

with N = 6 orthogonal

white stripes (Fig. S1C)

∑ = 33
	Tabanus tergestinus
	13
	3
	16

	
	Tabanus bromius
	8
	1
	9

	
	Tabanus bovinus
	1
	-
	1

	
	Tabanus autumnalis
	1
	-
	1

	
	Atylotus loewianus
	1
	1
	2

	
	Atylotus fulvus
	4
	-
	4

	total
	368
	97
	465


Supplementary Table S3: Numbers of tabanids captured by the five (white, black-and-white striped, and black) traps filled with salad oil in experiment 2 (Fig. S2). There was a significant difference in the number of tabanids trapped between the five test surfaces (One-way ANOVA: F 4,60=5.93, p<<0.001).

	date (2009)
	weather
	traps filled with salad oil

	
	
	white

Fig. S2E
	black-and-white striped traps
	black

Fig. S2A

	
	
	
	12-striped

Fig. S2D
	6-striped

Fig. S2C
	2-striped

Fig. S2B
	

	1-5 July
	sunny
	0
	2
	5
	8
	9

	6-10 July
	rainy
	0
	0
	0
	0
	0

	11-15 July
	sunny
	1
	2
	8
	15
	17

	16-20 July
	cloudy
	0
	0
	0
	0
	0

	21-25 July
	sunny
	0
	5
	12
	17
	19

	26-31 July
	rainy
	0
	0
	0
	0
	0

	1-5 August
	sunny
	0
	6
	10
	25
	25

	6-10 August
	sunny
	1
	4
	17
	32
	30

	11-15 August
	sunny
	0
	3
	5
	21
	22

	16-20 August
	cloudy
	0
	0
	0
	0
	0

	21-25 August
	sunny
	0
	2
	5
	14
	15

	26-31 August
	rainy
	0
	0
	0
	0
	0

	1-5 September
	sunny
	1
	0
	4
	6
	8

	sum
	3
	24
	66
	138
	145


Supplementary Table S4: Species, sex and number of tabanids captured by the five different traps in experiment 2.

	trap (Figure), total
	species
	female
	male
	sum

	black (Fig. S2A),      total = 145
	Tabanus tergestinus
	63
	26
	89

	
	Tabanus bovinus
	3
	-
	3

	
	Tabanus bromius
	2
	-
	2

	
	Atylotus loewianus
	33
	4
	37

	
	Haematopota italica
	5
	8
	13

	
	Tabanus sp.
	1
	-
	1

	2-striped (Fig. S2B), total =138
	Tabanus tergestinus
	67
	24
	91

	
	Tabanus bromius
	6
	1
	7

	
	Tabanus autumnalis
	-
	1
	1

	
	Atylotus loewianus
	20
	3
	23

	
	Haematopota italica
	5
	10
	15

	
	Stomoxys calcitrans
	1
	-
	1

	6-striped (Fig. S2C), total =  66
	Tabanus tergestinus
	32
	9
	41

	
	Tabanus miki
	9
	2
	11

	
	Tabanus autumnalis
	1
	-
	1

	
	Tabanus sp.
	-
	1
	1

	
	Atylotus loewianus
	1
	-
	1

	
	Haematopota italica
	2
	9
	11

	12-striped (Fig. S2D), total = 24
	Tabanus tergestinus
	17
	7
	24

	white (Fig. S2E),         total =   3
	Tabanus sp.
	3
	-
	3

	total
	271
	105
	376


Supplementary Table S5: Numbers of tabanids trapped by the horizontal sticky black-and-white striped test surfaces in experiment 3. There was a significant difference in the number of trapped tabanids between the three test surfaces (One-way ANOVA: F2,51=6.23 p<0.004).

	date

(2009)
	sticky black-and-white striped

	
	8-striped
	4-striped
	2-striped

	
	black
	white
	black
	white
	black
	white

	17 August
	0
	0
	4
	2
	10
	5

	18 August
	1
	1
	33
	12
	52
	16

	24 August
	4
	3
	78
	14
	70
	11

	26 August
	1
	1
	28
	16
	46
	9

	28 August
	5
	0
	29
	7
	29
	5

	1 September
	1
	0
	14
	3
	13
	3

	4 September
	1
	0
	26
	8
	30
	5

	8 September
	0
	0
	5
	3
	4
	0

	13 September
	1
	0
	8
	0
	11
	2

	sum
	14
	5
	225
	65
	265
	56

	total
	19
	290
	321


Supplementary Table S6: Numbers of tabanids trapped by the vertical sticky white, grey and black-and-white striped test surfaces in experiment 5. W: white surface, G: grey surface, Z13: surface with 13×4 black stripes, Z5: surface with 5×4 black stripes, Z2: surface with 2×4 black stripes, Z1: surface with 1×4 black stripes, Bs: black stripe, Ws: white stripe, f: front side of the surface, b: back side of the surface.

	Date (2010)
	W
	G
	Z13
	Z5
	Z2
	Z1

	16 – 21 July
	32
	6
	Bs=0

Ws=0
	Bs=0

Ws=0
	Bs=24

Ws=3
	Bs=89

Ws=80

	22 – 29 July
	20
	3
	Bs=0

Ws=0
	Bs=0

Ws=0
	Bs=9

Ws=4
	Bs=23

Ws=16

	30 July – 5 August
	10
	2
	Bs=0

Ws=0
	Bs=2

Ws=0
	Bs=30

Ws=9
	Bs=58

Ws=25

	6 – 17 August
	f=23

b=7

f+b=30
	f=7

b=7

f+b=14
	fBs=3

fWs=2

bBs=1

bWs=0
	fBs=0

fWs=3

bBs=2

bWs=1
	fBs=4

fWs=1

bBs=6

bWs=3
	fBs=49

fWs=40

bBs=43

bWs=8

	18 – 26 August
	f=2

b=1

f+b=3
	f=3

b=1

f+b=4
	fBs=4

fWs=3

bBs=1

bWs=0
	fBs=2

fWs=2

bBs=1

bWs=0
	fBs=5

fWs=6

bBs=1

bWs=2
	fBs=21

fWs=12

bBs=2

bWs=1

	Sum
	95
	29
	Bs=9

Ws=5

Bs+Ws=14
	Bs=7

Ws=6

Bs+Ws=13
	Bs=79

Ws=28

Bs+Ws=107
	Bs=285

Ws=182

Bs+Ws=467


Supplementary Table S7: Statistical comparisons between the numbers of tabanids trapped by the different test surfaces used in experiment 5 (see Table S6).

	comparison between

test surfaces
	(2 test
	one-way ANOVA test

	Z13 versus G
	df=1, (2=5.38, p<0.02,

significant
	SSeffect=22.5, dfeffect=1, MSeffect=22.5, SSerror=153.6,

dferror=8, MSerror=19.2; F=1.17, p=0.31,

not significant

	G versus W
	df=1, (2=35.13, p<0.0001,

significant
	SSeffect=435.6, dfeffect=1, MSeffect=435.6, SSerror=720.8,

dferror=8, MSerror=90.1; F=4.83, p=0.059,

not significant

	Z13 versus Z2
	df=1, (2=72.08, p<0.00001,

significant
	SSeffect=864.9, dfeffect=1, MSeffect=864.9, SSerror=582.0,

dferror=8, MSerror=72.75; F=11.89, p<0.009,

significant

	Z2 versus Z1
	df=1, (2=225.78, p<0.00001,

significant
	SSeffect=12960.0, dfeffect=1, MSeffect=12960.0, SSerror=14770.4,

dferror=8, MSerror=1846.3; F=7.019, p<0.03,

significant


Supplementary Table S8: Statistical comparisons between the numbers of tabanids trapped by the black (Bs) and white (Ws) regions of the different test surfaces used in experiment 5 (see Table S6).

	test surface
	(2 test
	one-way ANOVA test

	Z13
	df=1, (2=1.14, p<0.285,

not significant
	SSeffect=1.6, dfeffect=1, MSeffect=1.6, SSerror=32.8,

dferror=8, MSerror=4.1; F=0.39, p=0.55,

not significant

	Z5
	df=1, (2=1.67, p<0.7,

not significant
	SSeffect=0.1, dfeffect=1, MSeffect=0.1, SSerror=20.0,

dferror=8, MSerror=2.5; F=0.04, p=0.85,

not significant

	Z2
	df=1, (2=24.55, p<0.00001,

significant
	SSeffect=260.1, dfeffect=1, MSeffect=260.1, SSerror=474.0,

dferror=8, MSerror=59.25; F=4.39, p=0.069,

not significant

	Z1
	df=1, (2=22.77, p<0.00001,

significant
	SSeffect=1060.9, dfeffect=1, MSeffect=1060.9, SSerror=7691.2,

dferror=8, MSerror=961.4; F=1.1, p=0.32,

not significant


Supplementary Table S9: Number of tabanids captured in experiment 6 by the horizontal and vertical test surfaces. H: horizontal test surface. V: vertical test surface. Z9+: test surface with 9 linearly polarizing stripes of alternating orthogonal transmission directions. Z17+: test surface with 17 linearly polarizing stripes of alternating orthogonal transmission directions. Z17_: test surface with 17 linearly polarizing stripes of parallel transmission directions. The statistical analyses of these data can be found in Table S10.

	date (2011)
	horizontal
	vertical

	
	H-Z9+
	H-Z17+
	H-Z17_
	V-Z9+
	V-Z17+
	V-Z17_

	27 June
	16
	6
	20
	6
	5
	8

	30 June
	7
	3
	15
	1
	1
	3

	4 July
	6
	4
	10
	4
	2
	6

	8 July
	6
	1
	21
	3
	1
	9

	10 July
	10
	3
	15
	3
	2
	7

	12 July
	9
	4
	17
	6
	4
	11

	14 July
	0
	0
	3
	0
	0
	1

	16 July
	8
	5
	22
	5
	3
	10

	18 July
	10
	6
	25
	7
	4
	12

	20 July
	14
	8
	23
	5
	3
	8

	28 July
	34
	24
	45
	1
	0
	3

	5 August
	18
	14
	25
	4
	4
	8

	7 August
	16
	9
	22
	5
	3
	8

	9 August
	13
	8
	19
	2
	1
	5

	11 August
	3
	1
	7
	1
	0
	3

	13 August
	8
	6
	14
	3
	1
	4

	15 August
	20
	10
	33
	10
	6
	13

	17 August
	26
	16
	41
	7
	4
	10

	22 August
	28
	14
	45
	6
	4
	9

	24 August
	29
	16
	48
	9
	5
	15

	26 August
	30
	17
	56
	12
	8
	18

	28 August
	21
	15
	32
	3
	0
	7

	30 August
	17
	11
	23
	8
	3
	14

	1 September
	12
	7
	19
	1
	0
	3

	sum
	361

(30.9 %)
	208

(17.8 %)
	600

(51.3 %)
	112

(30.2 %)
	64

(17.3 %)
	195

(52.5 %)


Supplementary Table S10: Statistical comparisons between the numbers of tabanids trapped by the different test surfaces used in experiment 6 (see Table S9).

	comparison between

test surfaces
	(2 test
	one-way ANOVA test

	H-Z17_

     versus
H-Z9+
	df=1, (2=59.439, p<0.0001,

significant
	SSeffect=1190.02, dfeffect=1, MSeffect=1190.02, SSerror=6156.96,

dferror=46, MSerror=133.85; F=8.89, p=0.0046,

significant

	H-Z9+

     versus
H-Z17+
	df=1, (2=190.178, p<0.0001,

significant
	SSeffect=487.69, dfeffect=1, MSeffect=487.69, SSerror=2796.29,

dferror=46, MSerror=60.79; F=8.02, p=0.0068,

significant

	V-Z17_

     versus
V-Z9+
	df=1, (2=22.440, p<0.0001,

significant
	SSeffect=143.52, dfeffect=1, MSeffect=143.52, SSerror=647.96,

dferror=46, MSerror=14.09; F=10.19, p=0.0025,

significant

	V-Z9+

     versus
V-Z17+
	df=1, (2=13.091, p<0.0003,

significant
	SSeffect=48.00, dfeffect=1, MSeffect=48.00, SSerror=330.67,

dferror=46, MSerror=7.19; F=6.68, p=0.0130,

significant


B. Supplementary Figures
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Supplementary Figure S1: Rows 1-3: Colour pictures, and patterns of the degree of linear polarization p and angle of polarization ( (clockwise from the vertical) of shady white-framed black trays filled with salad oil without (A), and with 2 (B), and 6 (C) orthogonal white stripes used in experiment 1 measured by imaging polarimetry in the blue (450 nm) part of the spectrum. Row 4: Areas detected as water by polarotactic insects (for which the degree p and angle ( of polarization of reflected light are in the following intervals: 10% < p < 100%, 80o < ( < 100o). The optical axis of the polarimeter viewed toward the antisolar meridian with an elevation angle of (35o from the horizontal. When the test surfaces were sunlit, their polarization patterns were quite similar.
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Supplementary Figure S2: As Fig. S1 for the black (A), white (E), and black-and-white striped (B–D) trays filled with salad oil used in experiment 2.
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Supplementary Figure S3: As Fig. S1 for the linearly polarizing test surfaces used in experiment 6. In the (-patterns the short bars represent the transmission direction of the stripes of the linear polarizers.
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Supplementary Figure S4: Regions [1: head, 2: neck, 3: abdomen-side, 4a: back-side, 4b: back (if any), 5: front leg, 6: hind leg] of the body surface of zebra coats (A, Equus grevyi) and zebra models (B, E. burchelli), where the width of the black and white stripes were measured on 13 coats of E. burchelli, 5 coats of E. grevyi and 1 coat of E. zebra.
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