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M1 3B SHR T HIE R PAESS R
Appendix 1 Descriptive ethogram and PAE coding system for three hornbill species
= IR ik

1. 34T N (Move behaviour)

BEATNEIEATE . BEER. WATRIREVE, RAEAEE SR BB R b AT ERS, USSR IL A, XU A RERETT; B
BRI XU R e J SE IR B B A 3, WAT I, R XU A B AR T Sy AHE S, R R g 1 AN A

(AT E(Walking): XUBRAE &2 I3, HEsh SR E O, SEHLELEMATHEBIE

(2)BhER(Jumping): XSG B 4, JH UL PR i M WAL 1) S, HES S A0 0 I 2 5 T IRV b, SEILEEAE 1 BhER RS
.

(3)5k Pk (Jump with wings): SBRERBNIEASABL, BRI I8t B R0 2=, (RIS X0 1m) SN 7 R LAXS N 70, B & 44
fE 5.

(4)¥RIE K (Flapping for flight): S HAa i iR &S UL PR A& I WSc4e 1) ERRES, RN XSGRO B /= 42 T 77, 58 ML 3 7
Hh ke

(5) P& 2 €(Dive-initiated takeoff): B A F LT M 48 FV&, RIS XU 70 50 I DU I 2 Bl T 0, SeBl sl ity
AT

(6) ¥ AT (Flying): KIMEREF KT LAl N2 SURE 7, XU 6] J5 A0 B DA4ERR S R4, 5] I XU s e 3h 7= AR 4 77, Sl &%
(R ) AT

(7)¥17(Gliding): 55 KATIAL, RURFI4F R IFORFrER L, RIHZE BT 7 se g, &8sl .

(8)F&7& (Alighting): XUE U R LAE AT A4S, UM RO 3k 7 TGES, RS wEATCCE B AL S TGH A S XU AR, 4 5F 5 (8
52 AT o

2. REAT M(Rest behaviour)

REEAT B G SRR PR AT RV 6 o S IRFRI, R 1 RUBRSE N, WU X B 1A, B8 AR A 3
RS FY, B AU S PR, SKETARAR DA R AR T Oy 42 T PR 00 S PR T LS JSORA LA, P 10 = DO ) R B s 7% 1 il 5 i

()35 ZR T (Perching): XUBENG S 1A &4, XU E AR EL, B AR CREFBOUA A0 FR0AL b, WUR PTRERF T B &, 2
WAL IR EIRES .

(2)8 42K & (Crouching rest): UGS & (A, XU il ABSACE Lo, ShIUMAR R 48, S A TSORA M AR ZE AR 1, SR
W REI T EUA A, RO R ARRURE

(3)f41iB &7 & (Wing stretching): — (U S M5 B4R 54, 55— OSBIB F Jy1e) T AR, B Ao e R UMBURY, (R Sk 5340
OERGEQURZES S

(4)WHfS %) B (Sunbathing): S A KIERTMIIE T, WU ALIF [ AMiRE, M7 P70 8 TR T

3. $&#47 4 (Storing behaviour)

BTN F AR HGRIET S R R A R RS E R O R AR EAT N, HR
FIEHAEES . PiKIR4ER ©AT TR, IR, IR SRR T B3R AR SRB K . BhAh, BT e FI A
TR 2 P B A ) OR PR e v, AR LR R T e

()BT i F](Preening breast feathers): WkHBHRIE 1A, Sk T2 i, MWK RAERIRTH BRI, IR Mf
i BAT Ao

()i HLJ5 75 P (Preening back feathers): WxEIRFFER A, SkBHLIA 525, EMRAELT P B RTINS, EIAAIR
G BTN,

(3)F L K P (Preening flight feathers): Sk A1 525 #h, MR N CHH, did/NMEF& SR H I3, TS L5
A, 4EFE CATThRE.
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(4B EE P (Preening tail feathers): SKaUH A Jm 25 i, W ARG HER (T R PIARES, WP 7 RSN 3, TE 2P B I RS,
Fy, R AT 1A

(5)FI 5P B (Feather shaking): Sk#il A LA, SCHMKGFGKIT, LASTH RO RIER ) Bk, 2 ERPE LAk 854,
YEFE P BAERE.

(6)FE 3k 8 (Head shaking): Skl LASUHE A Ad O RIE LS, FIFT S0 REHE LRK Y. RABsEF AR, (REFF B
MIHETEHE

(7)VE % (Beak grinding): SH ORI, S0 1 25, 15 I B T O DRk T s R, S BRI AT O KR AL A R,
YEFFR IRV I DI RE -

(8)K T T-(Tree pecking): YRR, SUAE A 25, Wil S & ) NKT R, il w7 DR BRI AR A G

(9)5¢7¥ (Scratching): Sk [ 2 sfy TR ih, UUINE folt ) Jm A2 20, BRI FTCIIUEE L A6, G ol 2 BB B ) 3 42
L:: 8

(10)f13k % 24 (Head-throwing rubbing): k250 e i 25 il BL 22 Hefi 15 355, 03k /I 8 7 A e S B8 G 15 300006, T 38 Sk A5
PE R SESE .

4. W4T N(Vigilance behaviour)

JBR S B AT AR R M L SRCE A R AR BRS AR R PR EAR RN 6 S S S R, R ISR
HH AR M ] i BRI A ) B A BT o5 s N AR

(B (Fixed gaze): B AW B I ORIFHE I, SRARBOR IRRREEM T I0UR, SO AT, LIPS TE B IF
HEA N o

(2)f# Sk BERL (Head-extending gaze): SRS, SKEHS A LA IR ORAFER L, SR BOOUIR Bl 00, S0 B
TRAT 9 A DAL T L S -

()1 B BERL(Crouching stare): “SHARHTA, kB ) T 2 TR IFORFFES L, SRR BRI G T PR, APPAG B 7E
JB o

(4) 3 B ZLNR (Wing flapping display): SRR Sk 30305 5 B HE ST, XUIR 56 42 JE IT I3 1F) T IRV D b 2, it gvh 47 9 0kt
AR BLRAF i

()Mt (Alarm call): AMASZBEHUN, TGHIA Sk IR H RN BB A G L 7 DU () fF ol R T 7 B«

(6)FE X BLIT (Aggressive beak display): E AN Sk 3R ] FHF 77 HH&, BB RIS 5K A & W e e 75, i 2L
AT R IR TE L U -

5. ETEH4T H(Breeding behaviour)

AHIE S T EE B B S BREAT R IR AL BRI AV EARRCH . BREAT AR I & A A &5 8, iR 2, Ry
AT R S Sl A M S T8, A MR A AR U I AR B AR 12 B, S SREC AR R AL S A . AT N
BT SAE T, 3 TR 5 5 Ak AL 4 LB A BB SR

(1)¥R 5 (Nest inspection): JHIF % EIUEE Qb %k, SR SHAESSL, KBRS ITNH, AR AE R AL, Fils
T 2 A AE B

(2)EF 1 (Mounting): WL ST BEACE O, (FAE S BEMS AR E WL AE LTS B, M N DA S ICAT A, 1 DR B0 Rk
.

(3) B AP (Mutual preening): MAHK LI, 40k AT 50 B b, Ve B SR IR FOR R, B R R

Fhex .
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6. M HEMEAT A (Feeding time)

IR HRI T AR AN REAT R, SRR e BRI, I S B E R A s R S A S
WAT O FEHE RIS, @ R BT AT Rl i . HRVRA, o S 380 M b R LA PRI TV xR S — o) HE 1, HEVE)
EAGBRR)SHRACEE)RE.

(3K fr (Trophallaxis): kB A 25, G WL SCAR K B DR BE ikt S )i s T 0 R4 BRTEME 2R, dE#%
M At 5 B

(2)103k 3k fr (Head-tilting feeding): SkEHE 1A J5 00, H5 BV HIMMAL, BE)S TR RBHE: BV E R NRE, 58
B S B A A

) ErifAE(Food transfer): 355 Sk BHE R BT A, BAKEHESRFF &Y, Wil S ik B IE N A, HifREA
RIS RIS R L E R

(43 At (Standing defecation): MUBETE A E, S RF.O FEEIFRATHK, BT E RS, 200800 1 HHE %

(5B A (Squatting defecation): XUSRZS IS RAERI B b, B A FOBE TS 2 0F m) LA, JRRES T H DAFRMESEAE .

7. #2217 N(Society behaviour)

AHE TS B AL AT ELFR G Y | BRI RS UL . W Y 4T T AU B R B AR A VA8, LR IR 1)
LA AL Y, H TR ECR TR, COnsR st o AT, RS A e, T R BB R A . IX
AT R T R G BRIt H ).

(L)Y (Vocalization): S AEM L b, kI, BIEETKE H R AR, H T80 B 85 iR 2T 85

(2) HIE(Allofeeding): SkFHM H AR, MRty it iTas TEUIERZ, & N T EARK 'Y FI1T 8.

(3)fE MR A (Beak clashing): WS FHE S M HIAC 5 4, ST PO R SRR, AT AP S IR, DAINSREC i 0¢
REUMLIEAL RS R
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“. PAE iSRG, +HHUERRAERIIIERE R 10%), +HARR AL FIIE A5 (5%-10%), +ER K AE R BUR(< 5%). EREEN I, E ARG AAEE R, M AR AEAEE S, LA
KRAMEHEI . ++ indicates a relatively high frequency of occurrence (>10%), ++ indicates a moderate frequency (5%-10%), and + indicates a relatively low frequency (<5%). During the

observation period, E represents the early sealing stage, M represents the sealing stage, and L represents the fledging stage.

R 1 XSRS PAE %l
Table 1 PAE coding for Buceros bicornis

1T NRTY M e MG 1A Sty PAE 4wt PAE code
Behavior types Male Female Observation period Code %3 Posture (P) F1E Action (A) ¥4 Environment (E)
BTN
177 + + E,M,L 1 Pl 5,11,17,21,27,28 E2
Bk -+ + E,M,L 2 P4 5,11,17,21,27,28,32 E2, E3, E4, E5
EIS 21 3PN + E 3 P1,P4 11, 20, 24, 29 E2, E4
PRIAF K ++ + E,M,L 4 P1, P4, P5 4,11, 17,20, 26, 28 E2, E3, E4, E5
NV ++ ++ E.M,L 5 P1,P5 2,11, 17,21, 26, 28 El, E2, E3, E4, E5
AT +++ -+ E,M,L 6 P5 5,11,17 .26 E6
AT ++ -+ E,M,L 7 P5 5,11,17,24 E6
(%523 N - E,M, L 8 P1,P5 2,11,17,21,27, 31 E2, E3, E4, E5, E6
RE8AT N
PR N -+ ++ E,M, L 9 P1 4,11,17,27,28 E2, E3, E4, E5
PE AR + E,L 10 P2 6,11, 19, 23,27, 29 E2, E3
s &Y f + + E,L 11 P1 6, 11,17, 20, 24, 28 E2, E3
B PP 6 + + M, L 12 P2 6,11,17,21,24,29 E3, E4
HIATA
T AT 2 ++ ++ E,M,L 13 P1 2,10, 11,17,21,27,28 E2, E3, E4, ES
i 51 M ++ ++ E,M,L 14 P1 9,10, 11, 17, 20, 27, 28 E2, E3, E4, ES
LS + + E,M,L 15 P1 7,8, 10,11, 17, 20, 24, 28 E2, E3, E4, ES
T ) + + E,M,L 16 Pl 5,9, 10, 11, 15, 20, 27, 28, 32 E2, E3, E4
B3 E + + E,M,L 17 P1 11,17, 20, 25, 28 E2, E3
Rk ++ + E,M,L 18 Pl 7,8,11, 17,27, 28 E2, E3, E4, E5
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1T NRT TN e MG 1A St PAE %ifiy PAE code
Behavior types Male Female Observation period Code %95 Posture (P) I Action (A) ¥hi Environment (E)
BE ++ -+ E,M,L 19 Pl 2,7,8,17,21,27,28 E2, E3, E4, E5
W o T + + E,M,L 20 P1 1,2,13,17,21,27,28 E2, E3, E4
RFE + M 21 Pl 2,6,11,17,21,27,29,30 E2
{3 P + M, L 22 P1 3, 11,17, 20,27, 28 E2, E3
BWAT A
BER ++ -+ E,L 23 Pl 4,11, 18, 20,27, 28 E2, E3, E4
i KR + + E,L 24 Pl 1,5, 11, 18, 20, 27, 28 E3
115 B HEAR + + E,L 25 P1 2,5,11,18,21,27,28 E2
iy + + M, L 26 P1 1, 5,12, 18, 20,27, 28 E2, E3, E4
PR + + E 27 P1 5,10, 11, 18, 21, 27, 28 E2
BIEATA
B + -+ E 28 P6 5,11,21,26,27,31,33 El
] + + E 29 P7 2,11,17,22,23,27,28,29,33 E2
HARARH + + 30 P1 5,7,8,10, 11, 17,21, 27, 28 E2, E4, E5
A HEAT Y
skt £ N + E,M,L 31 Pl 2,6,10,15,17,21,27,28 El, E2, E3, E4
skt £ -+ + E,M,L 32 P1 1, 4,15, 16, 17, 20, 27, 28 El, E2, E3, E4
(v HH + E,M,L 33 Pl 5,15,17,21,27,28 El
v A HEE + + M, L 34 P1 4,11, 17, 20, 27, 28, 33, 34 E2
8 A HE + L 35 P2 4,11, 17, 20,27, 29, 33, 34 E2, E3
AT A
LAY ++ + E, L 36 Pl 1,4,12,17,20,27,28 E2, E3, E4, E5
Hg + + E, L 37 Pl 5,10, 11, 15, 16, 17, 21, 27, 28 E2, E3

FEW AT + + E,L 38 P1 5,10, 11, 17,21, 27,28 E2, E3, E4
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2 R RS PAE Y
Table2 PAE Coding for Rhyticeros undulatus

17 R H i M MEEIS 1 Yty PAE %@t PAE code

Behavior types Male Female Observation period ~ Code K Posture (P) ZI1E Action (A) £ 5 Environment (E)

BTN
1T + + E,M 1 P1 5,11,17,21,27,28 E2
Bk N - E,M,L 2 P4 5,11, 17,21, 27,28, 32 E2, E3, E4, E5
CIS 2T 30N + E 3 P1, P4 11, 20, 24,29 E2, E4
Pt K ++ ++ E.M,L 4 P1, P4, P5 4,11, 17, 20,26, 28 E2, E3, E4, E5
UK ++ + E,M,L 5 P1,P5 2,11,17,21,26,28 El, E2, E3, E4, E5
AT +H +H E,M, L 6 P5 5,11, 17,26 E6
WAT ++ + E,M,L 7 P5 5,11, 17,24 E6
(/3 N - E,M,L 8 P1,P5 2,11,17,21,27,31 E2, E3, E4, E5, E6

RE8ATH
Sl AR R + ++ E,M,L 9 P1 4,11,17,27,28 E2, E3,E4,E5
FLERZY N + ++ E,L 10 P2 6,11, 19, 23,27, 29 E2, E3, E4
&Y 2 + + E,M,L 11 P1 6,11, 17, 20, 24, 28 E2, E3, E4
N 1 B + + E,M 12 P2 6,11,17,21,24,29 E3

BT A
i 22 T 16 2P ++ ++ E,M,L 13 P1 2,10,11,17,21,27,28 E2, E3, B4, E5
Wi 5 1 2P ++ ++ E,M,L 14 P1 9,10, 11, 17,20, 27, 28 E2, E3, B4, E5
I ++ ++ E,M 15 P1 7,8, 10, 11, 17, 20, 24, 28 E2, E3, E4, E5
) + E,M,L 16 P1 5,9, 10, 11, 15, 20, 27, 28, 32 E2, E3, B4
B E + + E,M 17 P1 11,17, 20, 25, 28 E3, E4, ES
LIPS ++ + E,M,L 18 P1 7,8, 11,17,27,28 E2, E3, E4
T + E,M,L 19 P1 2,7,8,17,21,27,28 E2, E5
UG + + E,M,L 20 P1 1,2,13,17,21,27,28 E2, E4, ES
RFE + M 21 P1 2,6,11,17,21,27,29,30 E2
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1T NRT T P MG 1A Sty PAE %@t PAE code
Behavior types Male Female Observation period ~ Code K Posture (P) Zh{E Action (A) ¥£¥E Environment (E)

3k B + M 22 P1 3,11, 17, 20,27, 28 E2, E3, E5
BWAT A

HEAL ++ ++ E,L 23 P1 4,11, 18, 20, 27, 28 E2,E3

fip Sk BEA + + E 24 P1 1, 5,11, 18,20, 27,28 E2

s B BEAR + E 25 P1 2,5,11,18,21,27,28 E3

Jeep2iF TN + E,M 26 P1, P4 4,10, 11, 18, 20, 26, 28 E2

riny + + E,M 27 P1 1, 5,12, 18, 20, 27, 28 E2

I RLT + + E,M 28 P1 5,10, 11, 18, 21, 27, 28 E2
BIEATA

R ++ + E 29 P6 5,11,21, 26,27, 31, 33 El

] + + E 30 P7 2,11,17,22,23,27,28,29,33 E2, E3, E5

HARARH + + E 31 P1 5,7,8,10, 11, 17,21, 27, 28 E2, E4
A HEAT Y

Skt & . + E,M 32 Pl 2,6,10,15,17,21,27,28 El, E2,E3

skt £ -+ + E,M 33 P1 1, 4,15, 16, 17,20, 27, 28 El, E2, E3

HEIHAL -+ + E,M 34 Pl 5,15,17,21,27,28 El, E2, E3

v A HEE + E 35 P1 4,11, 17, 20,27, 28, 33, 34 E2

8 A HE + E,L 36 P2 4,11, 17, 20,27, 29, 33, 34 E2,E3
AT A

s ny ++ + E,M 37 P1 1,4,12,17,20,27,28 E2, E3, E4

HE + + E 38 P1 5,10, 11, 15, 16, 17, 21, 27, 28 E2

FEW AT + + E 39 P1 5,10, 11, 17,21, 27, 28 E2




MBE, B, &%, Lo, ZHAK, BEFE (20260) =B BIT3ME S EHBPMAT NG RPAESM IS R A M BT, £ £ FE 1, 34, 25250. https://www.biodiversity-
science.net/CN/10.17520/biods.2025250

* 3 EH R L PAE 4wl
Table 3 PAE Coding for Anthracoceros albirostris

17 R H i MedE WLEZ S i PAE %@t PAE code

Behavior types Male Female Observation period ~ Code %3 Posture (P) IE Action (A) FA5E Environment (E)

BTN
Bk NS - E,M, L 1 P4 4,11,17,20,27,28 E2, E3, E4, E5
Pt K + + E,M, L 2 P1, P4, P5 5,11, 17, 20, 26,29 E2, E3, E4, E5
TYEH + -+ E,M,L 3 P1,P5 6,12,17,21, 26,28 El, E2, E3, E4, E5
AT ++ + E,M, L 4 P5 5,11, 17, 20, 26, 28 E6
WAT + + E,M, L 5 P5 5,11, 17, 20, 24, 28 E6
Rk + + E,M, L 6 P1,P5 2,11, 17,26, 31 E2, E3, E4, E5, E6

RE8ATHN
Sl AR R S S E,M, L 7 P1 4,11, 17, 20,27, 28 E2, E3,E4,E5
PR + E 8 P2 6,11, 17, 23,27,29 E2, E4

BIATH
i 2 T 1 2P ++ ++ E,M, L 9 Pl 2,5,10,11,17,20,27,28 E2, E3, B4, E5
Wi 512 ++ ++ E,M,L 10 Pl 2,5,9,11,17,20,27,28 E2, E3, B4, E5
I + + E.M 11 Pl 2,5,7,8,10, 11, 17, 20, 24, 28 E2, E3, E4, E5
B E + + E,M 12 Pl 4,11,17,20,25,28 E3, E4
RFE + E 13 Pl 3,11,17,21,27,29, 30 E2, E4

BWAT A
BER - ++ E,M,L 14 Pl 1,7,8,11,18,20,27,28 E2, E3, B4
LIEN-Z)) ++ ++ E,M,L 15 Pl 5,11, 18, 20,27, 28 E2, E3, B4
ig=g2) ++ E, L 16 Pl 2,5,11,18,21,27,28 E2, E3, B4
T RLIR + E 17 Pl 1, 10, 18, 26, 28 E2
ey + + E 18 Pl 1,12 E2, E3
Jo I RLITR + + E 19 P1,P6 5,18,21,27 El

FIATH
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(W T e MER I ] ity PAE %ify PAE code
Behavior types Male Female Observation period ~ Code 434 Posture (P) IE Action (A) ¥A5E Environment (E)
R +++ +++ E 20 P6 5,6,21,31,33 El
B + -+ E 21 P7 2,11, 17,21, 24, 25, 29, 33 E2, E3, E4
M HEHEAT Sy
3kt £ N + E,M 22 P1,P6 2,15,21,27,28,29 El, E2
skt £ ++ + E,M 23 P1,P6 1,4, 16,22, 23,27, 28,29 El, E2
HEIHAL -+ E 24 P1 5,15,17,21,27,28 E2, E3
AT A
| ++ + E,M 25 P1,P5 1,4,12,17,20,27,28 E2, E3

A + + E 26 P1 5,10, 11, 15,16, 17,21, 27,28 E2
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