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Abstract: [Objectives] A behavioral ethogram is a comprehensive catalog that encompasses the behaviors of
a specific species or group of animals under investigation. Each species exhibits a unique behavioral ethogram,
which aids in the systematic study of animal behaviors. The development of an animal behavior classification
system within the realm of behavioral ecology facilitates researchers in conveniently examining relevant
behaviors. By deconstructing the continuous variations in animal behavior into fundamental units, deeper
insights into the complexities of these behaviors can be attained. The Tianshan Red Deer Cervus elaphus
songaricus, recognized as a second-level national key protected wild animal and classified as endangered (EN)
on the Red List of Chinese Vertebrates, has not been extensively studied in terms of its behavioral ethogram.
[Methods] This study was conducted from July 2019 to September 2021 in Bogda Nature Reserve, Tianchi,
Xinjiang, utilizing infrared camera monitoring technology to capture a total of 4 218 independently valid
photographs and 881 videos of Tianshan Red Deer. Centering on ‘posture-movement-environment’, a
behavioral classification coding system based on ecological functions was established to elucidate the
behavioral ecology of the Tianshan Red Deer. In this system, the letters B, P, A, and E denote the behavioral
set, gesture set, movement set, and environment set of the study species, respectively, while b;, p;, &, and &
represent the elements or subsets of the sets B, P, A and E. The PAE coding classification is defined as
follows:b =p,NaNe; pcP; acA; gcE. This coding system is anchored in the ecological
functions of the PAE framework. [Results] The research documented a total of 11 distinct postures (Table 1),
71 actions (Table 2), and 13 environment types (Table 3) observed in Tianshan Red Deer. By assigning PAE
codes to the various environments, postures, and actions involved, a total of 75 behaviors were identified
(Appendix 1), reflecting the species’ primary behavioral repertoire. [Conclusion] This study represents the
first comprehensive construction of the behavioral spectrum and PAE coding system for Tianshan Red Deer.
Notably, no image data was obtained for mating and parturition behaviors, likely due to the infrequency and
brief duration of these events, as well as the deer’s preference for secluded locations, which minimises
detection by infrared cameras. By establishing the behavioral ethogram and PAE coding system for Tianshan
Red Deer, this research provides a scientific basis for their management and conservation efforts.

Key words: Cervus elaphus songaricus;, Ethogram; Xinjiang Tianchi Bogda Nature Reserve; PAE coding
classification system (PAE)
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Fig. 1 Distribution of infrared camera sitesin the Bogda Nature Reserve, Xinjiang
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Map is based on standard map with approval number GS (2020) 4621, with no modifications to the base map.
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Tablel Posture codesfor the Cervus

elaphus songaricus

%34 Posture Ymfth Codes

¥l Standing 1
1T Walking

il Running

ki Sitting

T Butting
JI€#5 Mounting
Bk Jumping

¥ Lying

I Nursing

O XX 9 N L Bk W

# Slipping 10
& Kneeling 11

AR FEILACFE BRI SR 71 FEnfE(R 2D,
FRAE R S B R A BT, KB ERI S 5
ANEBOL: SREGE (13 FlOL BEEE (15 FO, RS
HHER (12 A0, TUAE (21 B FAERSHE (10 F).,

FRE R LB R I AR DR B (PR 4
8 K LR B M D SRR ISR,
AR FEILIESE R 13 FIIAEgES (3R 3).,
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Table2 Act codesfor the Cervus elaphus songaricus

i i ik i
Acts Codes Acts Codes
KA %<, Inspire 36
Head and neck
& Head up 1 HHi% Ears turn forward 37
8 Scratch 2 | HS7 Ear(s) turn to aside 38
Tii Gore 3 | HJE{K Ear(s) laid back 39
% Rub 4 | BFI¥TK Nose wingopen 40
{3k Lower head 5 | PO Limbs
Hiff Extend forward 6 | Bk Jumping 41
Fi 8k Pick up with 7| il Paw 42
antler
%3k Shaking 8 | %% Support 43
J& ¥ Turning 9 | # Kick 44
Fi3k Swagging 10 | i (#) Stamp 45
[7]3k Turn back 11 #52 Step 46
i ¥3k Turning right 12 | HiZ Step forward 47
JE¥63k Turning left 13 | 32 Running 48
4538 Mouth iG> Step diagonal 49
I Gnaw 14 | HiH2 #h Forelegs bend 50
i Pull 15 | J5M% il Hindleg(s) bend 51
T8 Chew 16 | AT A foreleg bends 52
fi Lick 17 A JE 25 i Forelegs and 53
hindlegs bend
1% Nip 18 | HiR%ff & Forelegs straight 54
M Suck 19 | JERfE Hindlegs straight 55
% Bite 20 frillﬁgﬂiﬁﬂ A foreleg 56
Tl Roar 21 A 462 Forelegs raised 57
"% Bleat 22 | JEMi#fiE Hindlegs raised 58
7K B Open mouth 23 HJ5 45 A hindleg raised 59
- Stick out tongue 24 J& I X337 Stand with 60
hindlegs apart
L HE Salivate 25 | ATAEF Xh0L Stand with 61
forelegs apart
#% 15 Show teeth 26 | MEJEH Hindquarter
[#1¥ Close mouth 27 | ®4 Rub 62
FIH Swallow 28 #} Shiver 63
AR & ELR HEZE Defecate 64
Ear, eye and nose
ML Sniff 29 | HEM Urinate 65
fih Touch with muzzle 30 | 52 Tail raised 66
[41HR Close eyes 31 | 49)% Tail swapped 67
EML Watch 32 FhiE Erect 68
[ H Stare 33 J& T 2 Tail down 69
3 H- Fan ear 34 | A% Turnright 70
-, Expire 35 i & Turn left 71

x3 HIRETHG
Table3 Environment codes
28 i
Environment Codes
AP Abiotic (E2)
£ Ak Coniferous forest 1
HRIEFFFE H Open field in the woods 2
/INZ Creek 3
JKYR 1 Water point 4
YeHh Mud land 5
5l Snowfield 6
VKIHi Ice surface 7
HEYIIBE Biotic (E1)
HEME Males 8
I Females 9
%144 Fawns 10
H—AM Single 11
BEFF# Females and fawns 12
WA T Mixed gender 13

AR AL F BN T 75 FAT A, 435 T4
. HEE, IR, R B0, ph. #Ei.
R KR Bk 11 REITHZT, ¥
LG (R 1D, ShfEgwY (3R 2) FIFREigwhd
(£ 3) £Z5H 4 PAE Exid (B 2, s .
EABRARICTFINZZE . RS2 N,
3 W

CLAMENLISIE R B L B AT K
(1) M0 e S5 B ) A 4, B8 S 24 hiZ 2R R
[, 20 AN AHATLFA R 1 B8R AL AT DL A £
IR EE R AT L AMENE AR K
IR S, ek 7 11 B 71 Fi3h
PEv 13 FPEREEHI 75 FRAT N, FEEAHH T ixLeqT
NTEAN[FPE B RTAE AN R AR (R AL
P 1o R RAVEILBRARNAT B B I L
H ST IR SR ) X, AEAT R SRS R
W RS L A AN R 24T 9 B B . X
A5 R T A8 F 2D AN AL R B A
KB WAT RV I A BE W 52 B 4y W 4T N 1 25
(EWHEE 2018, KT AR 2018, XIMHESE
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Fig.2 Behavior of the Cervus elaphus songaricus

a. JRIE: b. J&EE; c. whiaUHES d T e WOK: £ RS

a. Mud bathing; b. Mounting; c. Defecating while standing; d. Sparing; e. Drinking; f. Hindleg kicking.
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ARSI HE EE 45k (MeCullough et al. 1993).
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2004, Barja et al. 2008),
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Appendix 1 PAE coding system for the behavior of the Cervus elaphus songaricus

B PAE %ifiY PAE code
1Th MOEHEME BAEREE A0k EE]
Behaviors Adult males Adult females Fawns Sequential code %% Mk 28
Posture (P) Act (A) Environment (E)
1T N Ingestive behavior
7K Drinking ++ + + 1 1 6+ 5. 19 3. 4
FAUK Licking ice + 2 1 5,17 3.7
##% Searching ++ ++ + 3 1.2 5. 6. 8. 47 1. 2. 3. 4. 6
NHIE Chewing + + + 4 1 16 2.6
liieig:gﬁwhile standing o i * 5 ! " 623 1620l 41‘815\ 2. 6.4
[P 7R Feeding while lying + 6 4 1. 6. 14, 15, 15 2
|72 K A Feeding from a crater + + 7 1 14, 20, 42 2. 6
7R e ++ ++ + 8 2 5. 14, 15, 16v 1.2, 3. 4.6
Feeding while walking 20, 47
HEW AT )9 Eliminate behavior
3 70 HEZE Defecating while standing + + 9 1 51, 64, 66 1
3t 3 HEJR Urinating while standing + + 10 1 65 1
AT N Thermo-regulatory behavior
% Huddling + + 11 4 31 13, 2
#i#} Shivering + + 12 1 63 2
R ERE Lying under trees + + 13 4 16, 31 1. 6.2
Je i Lying in mud + 14 4 31 5
447 A Estrous behavior
i s v : 15 ! 72 1. 2
L0y Roaring + 16 1. 2.3 1. 6. 21 1.2
B Licking genital region + 17 1 11, 17 2. 6
JBIZ Chasing + + + 18 3.7 47 1.2
)% Tail raised + + + 19 1. 2 66 1. 2
##37. Standing + + 20 1 1. 2
7 Mud bathing + 21 4. 8 2. 54, 55 5
HJE Antler swags mud + 22 1 5. 8. 7. 61 5
H 447 A Parental behavior
fRT Licking the cubs + 23 4 17 1
#~7. Mammary licking + 24 1 11, 17, 24, 59 2
#E Licking + + + 25 1.4 11,5, 17, 59. 62 2.6
T 7L Nursing + 26 9 2
fifi & Licking the nose + 27 1 17 2. 12
4T M Conflict behavior
“FAT Parallel walking + + + 28 2 5 1
IXEE Driving + 29 2 3 6. 4
A} Fighting + 30 1. 5 13. 12. 3. 6 1. 2.5
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B o ) PAE %#fi3 PAE code
17H MAEHEE  AEREYE Ak EC)
Behaviors Adult males Adult females Fawns Sequential code rS E 78271
Posture (P) Act (A) Environment (E)
JBIX Chasing + ++ 31 3.7 5.6 1. 2.6
T ffi Sparing + 32 1 3. 6 2
#J67E Fleeing + 33 3.7 8. 70 2
T i B Foreleg kicking + 34 1 57, 44 3.7
J& It % Hindleg kicking + + 35 7 10. 58. 70. 71 2
MH-J5 R Ears back + 36 1.2 39 1. 2.6
JBIAT A Communication behavior
5L Grass rubbing + 37 1 8. 7. 4. 2 2
Wi JK Urine anointing + 38 1 65 2
7% Tongue flipper ++ ++ + 39 1 24 4
1%k Head shaking + + + 40 1.2 8 1.2.3.6
RHEAT N Aggregation behavior
VER Attention ++ ++ 41 1. 2 13, 12, 32, 38 1. 2, 6. 4.3
My, Alert ++ + 42 1 32, 37. 38 1. 2. 6. 4
WEM: B Female grouping + 43 P A 9
HEVERE Male grouping + 44 P A 8
BE{T#f Mother Fawn grouping + + 45 P A 12
VB4 Mixed grouping + + + 46 P A 13
H—/MAERF Single grouping ++ + + 47 P A 1
R IEAT N Resting behavior
B>k S Kneeling and sitting + + 48 4, 11 53 1. 2
B i =
Sitting with a single foreleg + 49 4 56 2
stick forward
1221474 Locomotive behavior
Pk Jumping + + 50 7 2. 41 2
R Following ++ + ++ 51 2 47 1. 2. 3. 4.6
1T Walk aside + 52 2 49 2
J5 iR Retreating ++ + 53 1. 2.3 1. 2
2245 Walking + 54 2 47 1.2
B Alert jumping + 55 3.7 2
#Z & Standing up + + 56 1. 4 43 2
/Nl Trotting + + 57 3 48 I. 2. 6.3
T Skidding + 58 10 3.7
#%5 Stepping ++ + 59 1. 2 46, 45 2. 6
1% Half squatting + 60 1 51 2
HI1T Walking forward ++ ++ + 61 2 47 El
7% Galloping + ++ 62 3 48 1. 2. 6.3
$21E Approaching + + + 63 2 47 2
B J Departing + + + 64 2 47 1. 2.6
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PAE %% PAE code
TH BAEMENE O RUEREME 2k GEE!
Behaviors Adult males Adult females Fawns Sequential code %% ME 28
Posture (P) Act (A) Environment (E)
42547 N Miscellaneous behavior
M Antler sharpening + 65 1 2 2
J& JBi#% Scratching with handoff ++ + + 66 1 59 1. 2
JEI4E 3k Scratching head with foot + 67 1 11. 59 2. 6
B4/} Imitating + + 68 P 12
J€#% Mounting + + 69 6 2
)5 i Hindlimb licking + + + 70 1 11, 17. 59 2
H#5BF Licking hoof + + + 71 1 1. 17 1.2
S). 0 A
lilﬁ)ﬁjhead against the trunk * 72 ! 6. 62 !
JEFBHI4H Tail swapping + 73 1.2 67 2
PLEE Playing ++ ++ 74 P 2. 12
#% 15 Showing teeth + + + 75 1 26 4

+ RATHWRERE, ++ FoRKAESURE R KT PAE §illh TS NEIRRZRER 1 ~ 3 bR ID G AR LS SEMIER

Hor g

+ indicates the behavior is likely to be occurred, ++ indicates higher frequency of the behavior. Individual data under the PAE codes in the

table represent the numerical coding of different postures, acts, and environments of the Tianshan Red Deer in Tables 1 to 3.



