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Experiment 1: Absolute conditioning

Table S1. Repeated measures MANOVA for the effect of olfactory, visual and
bimodal signals on performance of bees in an absolute conditioning task.

Comparison | Trial | Treatment [ Trial x Treatment
Odour: 1-Hex, Colour: Green, Bimodal: Green/1-Hex
Green vs. 1-Hex vs. F758 = 18.88 Fo64 = 6.96 F14,116 = 1.55
(Green/1-Hex) P <0.0001 P =0.002 P=0.103
1-Hex vs. F738 =18.37 F144 =157 F738=0.77
(Green/1-Hex) P <0.0001 P=0.217 P=0.618
Green vs. Fr37 =11.47 F143=14.01 F737=2.92
(Green/1-Hex) P <0.0001 P =0.0005 P=0.016
F735 = 8.87 F141=5.91 F735=1.29
Green vs. 1-Hex P < 0.0001 P =0.0195 P=0.282
Odour: 1-Hex, Colour: Blue, Bimodal: Blue/1-Hex
Blue vs. 1-Hex vs. F758 = 29.82 Fo64=4.18 F14,116 = 1.62
(Blue/1-Hex) P <0.0001 P=0.0197 P=0.082
1-Hex vs. F738 = 23.76 F1.44=5.36 F738 = 2.00
(Blue/1-Hex) P <0.0001 P=0.253 P=0.081
Blue vs. Fr37 =22.52 Fi43=7.52 Fr37=215
(Blue/1-Hex) P <0.0001 P =0.009 P=0.062
F735 =13.07 Fi41=0.16 F7.35 = 0.368
Blue vs. 1-Hex P < 0.0001 P =0.70 P=0.915
Odour: Lin, Colour: Green, Bimodal: Green/Lin
Green vs. Lin vs. F757 = 14.81 Fo63=6.20 F14114=1.88
(Green/Lin) P <0.0001 P =0.004 P=0.036
Lin vs. Fr37=12.99 F143=0.60 F737=0.93
(Green/Lin) P <0.0001 P=0.442 P =0.493
Green vs. F738=9.71 F1.44=13.03 F738 = 3.27
(Green/Lin) P <0.0001 P=0.0008 P=0.008
. F733=7.00 F139=6.20 F733=1.39
Green vs. Lin P < 0.0001 P=0.017 P =0.24
Odour: Lin, Colour: Blue, Bimodal: Blue/Lin
Blue vs. Lin vs. F755 = 16.6 F261=0.62 F14110=1.40
(Blue/Lin) P <0.0001 P =0.54 P=0.163
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Retention

Table S2. Comparison of retention after 24 h for bees receiving an olfactory, a visual
and a bimodal signal in an absolute conditioning protocol. Hypothetical population
assumes that the bees that were not available would have a chance of conditioned

PER of

50%

Comparison

Hypothetical 50%
PER for bees not
tested at 24 h

Survivors only

Odour: 1-Hex, Colour: Green, Bimodal: Green/1-Hex

Green vs. 1-Hex vs.

Chi-squareze7 = 2.85

Chi-squarezss = 9.34

(Green/1-Hex) P=0.24 P =0.009
1-Hex vs. Chi-square1,3s = 4.55

(Green/1-Hex) — P=0.032
Green vs. Chi-square1,29 = 7.50

(Green/1-Hex) — P =0.006
Chi-square1,2s = 1.147

Green vs. 1-Hex . P =028

Odour: 1-Hex, Colour: Blue, Bimodal: Blue/1-Hex

Blue vs. 1-Hex vs.

Chi-square2e7 = 3.99

Chi-square2,43 = 8.00

(Blue/1-Hex) P=0.1362 P=0.018
1-Hex vs. Chi-square1,32 = 6.58
(Blue/1-Hex) — P=0.010
Blue vs. Chi-square127= 4.18
(Blue/1-Hex) — P=0.041
Chi-square1,27 = 0.075
Blue vs. 1-Hex _ P=078

Odour: Lin, Colour: Green, Bimodal: Green/Lin
Green vs. Lin vs. Chi-square2es = 4.25 Chi-squarez44 = 12.35
(Green/Lin) P=0.12 P =0.002
Lin vs. Chi-square132 = 0.13
(Green/Lin) — P=0.72
Green vs. Chi-square1,2s = 9.56
(Green/Lin) — P =0.002
. Chi-square1,2s = 11.32
Green vs. Lin . P = 0.0008

Odour: Lin, Colour: Blue, Bimodal: Blue/Lin

Blue vs. Lin vs.

Chi-square2es = 5.82

Chi-squarez,40 = 7.01

(Blue/Lin) P =0.054 P=0.030
Lin vs. Chi-square129 = 0.04

(Blue/Lin) — P =0.837
Blue vs. Chi-square1,24 = 5.91

(Blue/Lin) — P=0.015
. Chi-square127 = 5.49

Blue vs Lin _ P=0.019
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Experiment 2: Differential conditioning

Table S3. Repeated measures MANOVA for the effect of reward on performance of
bees in a differential conditioning task

Comparison Trial Treatment | Trial x Treatment
G+ vs B- B ore | P looes B0
aeve.G | oo | Plocor | Peooio

Lin+ vs. 1-Hex oo | B oot P 00001

o | Sialt | Siagy | blose

(GHex)+ vs. (BLin)- | 2/ =sds | Free oS P 00079
(BLin)+ vs. (GHex)- ’73’32 ;_(1,86213 F;;'4<2 ;_326414 %’Z ;.336219
BHex)+ vs. (GLin)- | 37000 | B0 0001 5% 0.0001
@Liny+ vs. BHex- | 2% 0000 | 5% 00001 5% 0.0001

Table S4. Repeated measures MANOVA for the effect of olfactory, visual and
bimodal signals on performance of bees in a differential conditioning task.

Comparison | Trial | Treatment | Trial x Treatment
Odour: 1-Hex, Colour: Green, Bimodal: Green/1-Hex

Green vs. 1-Hex vs. Fe47=10.83 F252 =6.02 F1294=1.11 c
(Green/1-Hex) P <0.0001 P =0.0044 P=0.36 °
1-Hex vs. Fozo = 9.15 Fra4 = 3.22 Fo20 = 0.80 T
(Green/1-Hex) P < 0.0001 P = 0.082 P =0.581 £
Green vs. Fe28 = 4.03 Fi33=1.92 Fe.28 = 0.65 RS
(Green/1-Hex) P =0.005 P=0.175 P = 0.691 i
Fe32 = 8.53 Fi37=13.11 Fe32=2.20 -
Green vs. 1-Hex P < 0.0001 P = 0.001 P'=0.068 g
Odour: 1-Hex, Colour: Blue, Bimodal: Blue/1-Hex (7]
Blue vs. 1-Hex vs. Fost = 25.79 Fass = 2.57 Fiz,106 = 1.22 £
(Blue/1-Hex) P <0.0001 P =0.09 P=0.28 a
Odour: Lin, Colour: Green, Bimodal: Green/Lin 2
Green vs. Lin vs. Fes4 =16.73 F259 = 9.50 F12,108 = 2.20 wn
(Green/Lin) P <0.0001 P=0.0003 P=0.016 '>,
Lin vs. Fe3s = 17.30 Fi141=4.02 Fe3s = 1.38 8’
(Green/Lin) P <0.0001 P =0.052 P=0.25 o
Green vs. Foza = 12.37 Fi30 = 22.42 Foza = 3.94 =
(Green/Lin) P <0.0001 P <0.0001 P =0.004 "g
. Fe33=5.73 Fi138=5.02 Fe33 =2.29 -
Green vs. Lin P =0.0004 P =0.031 P=0.06 £
Odour: Lin, Colour: Blue, Bimodal: Blue/Lin o
Blue vs. Lin vs. Fe34 = 8.50 Fi39=0.03 Fe34=0.87 n
(Blue/Lin) P <0.0001 P =0.86 P=0.53 "'5
‘©
=
5
5]
2




Journal of Experimental Biology: doi:10.1242/jeb.220103: Supplementary information

Retention

Table S5. Comparison of retention after 24 h for bees receiving an olfactory, a visual
and a bimodal signal in a differential conditioning protocol. Hypothetical population
assumes that the bees that were not available would have a chance of conditioned

PER of 5

(V4
/0.

Hypothetical 50%

Comparison PER at 24 h for Survivors at 24 h
bees not tested
Odour: 1-Hex, Colour: Green, Bimodal: Green/1-Hex

Green vs. 1-Hex vs.

Chi-squarezss = 12.97

Chi-squarez241 = 10.4

(Green/1-Hex) P =0.002 P =0.006
1-Hex vs. Chi-square13s = 12.96 | Chi-square1,29 = 9.38
(Green/1-Hex) P =0.0003 P =0.002
Green vs. Chi-square1,35 = 6.81 Chi-square1,26 = 1.59
(Green/1-Hex) P =0.009 P=0.21
Green vs. 1-Hex Ch/-sclyauzrg? 23,; 1— 1.49 Ch/-sc;)u:rgj 02; 5 3.83

Odour: 1-Hex, Colour: Blue, Bimodal: Blue/1-Hex

Blue vs. 1-Hex vs.

Chi-squarez62 = 1.034

Chi-squarez.46 = 3.39

(Blue/1-Hex) P =0.60 P=0.183
Odour: Lin, Colour: Green, Bimodal: Green/Lin
Green vs. Lin vs. Chi-squarez62 = 1.69 Chi-squarez,44 = 5.20
(Green/Lin) P=0.43 P=0.074

Odour: Lin, Colour: Blue, Bimodal: Blue/Lin

Blue vs. Lin vs.

(Blue/Lin)

Chi-squarez62 = 1.80
P=0.40

Chi-squarezs2 = 3.87
P=0.14
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