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Tongue morphology

To observe morphology of bee tongue (Apis mellifera L.), we dissected the
mouthpart of workers (n=4 samples). The samples were fixed for 3 h by a 2.5%
glutaraldehyde solution and then dehydrated in an ethanol series of 75%, 80%, 85%,
90%, 95%, and 100%, coated in gold-palladium (50 nm) 2. As shown in Fig. S1A and
S1B, we obtained the morphology of the hairy tongue under a scanning electron
microscope (Hitachi S-3400N, Japan). The geometries, including radius of the tongue
body Rr, length of tongue hair Ly, and diameter of tongue hair dy, were measured and
plotted in Fig. S1C and S1D. The tongue turned thicker from the distal end to the

Rp(x) = 44.17x + 42.81

proximal part as the radius of the tongue body was fitted as pm

(R*=0.96, x: mm). The average radius of the region where the hairs are located (

(Rr) =
mm) is

fRT(x)dx =70
M1 um. The length L# and

x, = 0.02 =119 Y27 h

mm and *2
diameter % of tongue hair also vary slightly along with the bee tongue axis according

to Ln()=4102x+157.03 |,y (2= 99) and @n(0)=080x+246 1 (R2—097).

Therefore, the average length and diameter of tongue hairs in the measurement area can

X X
(L) =x2_x1fLH(x)dx= 180 (dy) =x2_x1de(x)dx= 3
be calculated by 1 um and 1 um,

respectively.
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Fig. S1 Morphology of a bee tongue (4pis mellifera L.). (A) SEM image shows the
full view of the bee tongue. Inset: Schematics for measuring tongue geometry. (B)
Zoomed-in view of the middle part of the tongue with dense hairs bearing on each
segmental ring of the tongue. (C) Variation in radius Rt of the tongue body alone the
tongue axis. (D) Diameter dy; and length Ly of tongue hairs on different locations of

the bee tongue.

Erection dynamics of the tongue hairs

To quantify kinematics of the bee tongue while drinking 35% sucrose solution, we
first recorded the dipping process under a microscope (Olympus, CX33, Japan)
equipped with a high-speed camera (VEO 310 L, Phantom, USA). The frame rate was
1000 fps, and the image size was 1280 pixels x 800 pixels 4. A coordinate O-x was

fixed on the tongue tip, which was motionless in nectar-feeding (Fig. S2A). As shown
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37 in Fig. S2A, we selected the three positions of the bee tongue, namely A, B, and C,
38 which was 450 um, 900 pum, and 1350 pm away from the tongue tip. We measured the
39 tongue diameter D(t) at three positions, as shown in Fig. S2B. The distance between the
40 hair tip and tongue body at three positions was thus computed by d(t) =D(t) - 2Ry

41 where the radius of tongue body Ry was given by Rr = 4417x +42.81 ) (Fig §2C) 5.
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Fig. S2 (A) Snapshot for dipping 35% sucrose solution shot at 60 ms after the
protraction starts. (B) Tongue diameter D(¢) with respect to time ¢. (C) The temporal

variations of the distance d(7) between the hair tip and surface of tongue body during

dipping.
42
43
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44 Table S1. Extended data for body masses and dipping kinematics for six bee species.

Species Samples m (mg) Lt (mm) Rt (um) 7 T, (ms)
1 12 1.9£0.1 31+6 69+2 274421
Trigona 2 13 1.8+£0.2 26+10 68+3  250+20
ventralis S. 3 12 1.6+0.1 3148 68+4 210456
4 14 1.8+0.2 2749 69+3 242453
1 24 2.24+0.2 41+6 66+3 236+34
Ceratina
2 20 2.3+0.1 40+10 67£5 225473
flavipes V.
3 34 2.24+0.2 3545 69+3 222+44
1 52 2.0+0.2 51+7 662 206+24
Nomia. 2 37 2.1+0.1 42+6 63+4 207+64
strigata F. 3 45 2.1+0.1 40+6 67+4 208+66
4 36 1.9+0.1 51+8 5943 195469
1 89 2.2+0.1 49+6 62+3 186+38
2 95 2.3+0.2 58+5 614 177491
Apis.
3 79 2.3+0.1 62+5 60+£3 18666
cerana L.
4 92 2.3+0.2 56+10 61+£2 172441
5 95 2.4+0.1 53+10 60+3 182+68
1 105 2.7+0.3 7448 67£2 153+30
2 113 2.6+0.2 79+6 60+2 114+14
Apis
3 88 2.6+0.1 67+6 60+3 124425
mellifera L.
4 94 2.7+0.3 779 5943 190+62
5 101 2.6+0.1 62+8 564 135427
1 375 3.9+0.1 113+10 5044  92+13
Bombus. 2 307 4.8+0.1 108+9 55£3  100+52
Terrestris 3 435 4.6%0.1 10615 53+£2  112+16
S. 4 492 3.8+0.2 102+8 5243 117426
5 456 4.2+0.2 103+11 61£3 124421

45

5/6



46

47
48
49
50
51
52
53
54
55
56

References

1 Y.Ma, T. Ma, J. Ning and S. Gorb, Soft Matter, 2020, 16, 4057-4064.

2 J.Wu, Y. Chen, C. Li, M. S. Lehnert, Y. Yang and S. Yan, Journal of Experimental
Biology, 2019, jeb.212191.

3 J. Wei, Z. Huo, S. N. Gorb, A. Rico-Guevara, Z. Wu and J. Wu, Biol. Lett., 2020,
16, 20200449.

4 L. Shi, S. W. Nicolson, Y. Yang, J. Wu, S. Yan and Z. Wu, Journal of Experimental
Biology, 2020, jeb.229799.

5 A. Lechantre, A. Draux, H.-A. B. Hua, D. Michez, P. Damman and F. Brau, Proc

Natl Acad Sci US4, 2021, 118, €2025513118.

6/6



