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Abstract: [Objectives] Chinese Alligator, Alligator sinensis, listed as the first level protected animals in China, is
an ancient and rare reptile which is endemic to China. There is no report on the cooling treatment for hibernation
in North China. In this study, the 5 Chinese Alligators reared in Beijing Zoo were artificially cooled for
hibernation during November 2020 to May 2021, in order to understand the characteristics and environmental
needs of hibernation and the relationship between the environmental temperature and the behavior, also to
explore the behavior ethogram during hibernation and establish a suitable way of controlling temperature for
hibernation, which will provide a reference for safe overwintering and feeding management in North China.
[Methods] The simple planar graph of the environment shows in Fig. 1. During the study, the environmental
selection and behaviors of the Chinese Alligators were observed in each hibernation periods, the body
temperatures were monitored during deep hibernation period, and the changes of behavioral indicators and
biological indexes before and after hibernation were analyzed. ANOVA was used to analyze the variance
between different distribution areas. Paired-Samples T Test was conducted to analyze the difference before
and after hibernation and the difference periods. [Results] The animals were in primary hibernation when the
average room temperature were 13.00 = 3.10 ‘C (range 9.4 - 20.0 “C) (Table 1, Fig. 2). The animals were in
deep hibernation when the average room temperature and water temperature were 11.35 +2.60 ‘C (range 7.0 -
13.0 'C) and 9.60 + 2.09 C (range 6.0 - 11.0 C) respectively, when the average room temperature was
12.17 £ 1.95 C, the animals were in deep hibernation, and when 10.54 + 3.01 C the minor reaction to
human and external interference. The animals were in recovery period when temperature were 15.50 = 1.77 C
(range 12.0 - 18.4 C). The body temperature of the animals was 10.9 £ 0.55 °C during the deep hibernation,
and the whole hibernation period was nearly 7 months. During hibernation period, the inactivity behaviors
mainly includes hibernating, piling up and hiding, the activity behaviors mainly includes crawling, diving,
swing tail, open eyes, shaking head, rising head in water, putting head on something, warning exhalation and
roaring. The percents of the inactivity behaviors frequency were 46.5% in the primary period, 76.0% in deep
period, and less than 10% in the recovery period (Table 2). Most of the behaviors have significant differences
between each hibernation periods (P < 0.05). There were individual differences in habitat selection in each
hibernation stage. In the primary hibernation period, most individuals were on the land (89.4%). In the deep
hibernation period, most individuals mainly hibernated in water and occasionally on land (75.8% in water),
while all individuals were prefer to the pool during recovery period (90.4% in water) (Fig. 3). The distribution
sites of the Chinese Alligators in land-area were mainly in the depressions area around the plants, which were

consistent in each hibernation period (Fig. 4). In the water, they were mainly in the area where was less

interference and with the low stones on the edge of the pool, the distribute percent was more than 95% (Fig. 5).

There was no significant difference in of the biological indexes before and after hibernation (P > 0.05, Table
3). After hibernation, they began to eat at 26.0 - 28.0 ‘C. [Conclusion] The results showed that, the Chinese
Alligators were in hibernation when the average room temperature and water temperature were kept at 7.0 -
13.0 'C and 6.0 - 11.0 C respectively in North China. By artificial cooling and enriching the habitat types

of hibernation environment, the animals could be safe overwintering in hibernation, and the environmental
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temperature, humidity and environmental stability were the important factors to hibernation.
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Fig.1 Thesimpleplanar graph of environment
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Tablel Thetemperatureresultsof each stage

% {5 Room temperature ('C)

7Kl Water temperature (‘C)

B BB (E-H-ED — —
Stage Date (Year-month-date) SFIME + bRz Al FHME + brdEE WAl
Mean + SD Extremum Mean + SD Extremum
YINRI Primary hibernation period ~ 2020-12-14 - 2020-12-28 13.00 + 3.10°" 9.4, 20.0 12.17 £2.63" 9.0, 18.0
RHR M Hibernation period 2020-12-29 - 2021-01-28 10.54+3.01" 5.1, 15.7 8.33+2.03" 4.0, 13.0
2021-01-29 - 2021-03-10 12.17 +1.95" 8.8, 16.7 10.70 + 1.77" 4.0, 12.5
JRBEH Recovery period 2021-03-11 - 2021-04-30 1550+ 1.77° 12,0, 18.4 1355+ 1.30° 12,0, 15.5
“Hr RORFI GG 2 WA BEMEZESR, P<0.05. “* means significant difference in the same column, P < 0.05.
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Fig. 2 Thetemperaturesand humidity in the environment
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8
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a =

gl | E 8| | E| 8| »
g5 8 5§ §| 8 5 § | 8
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2|2 |2 8| % |wE| 8| ~
= IR E' = 2 R E‘ = =8
= | B El 2| E| fm|HE
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. - -

B3 ZHREI A X B
Fig. 3 Thedistribution area of the Chinese alligator individuals

TR 7 RN ZERRE (P<0.05); 7 FpRiimi S b zER 2% (P<0.05)

“*7after animal tag means significant difference between the hibernation periods (P < 0.05), “**”after animal tag means significant difference

between the recovery period and the other two periods (P < 0.05).
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Fig. 4 Thedistribution results of the Chinese
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Fig. 5 Thedistribution results of the Chinese
alligatorsin water-area
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el S, (warning exhalation): Z7E/F L
NG FEIRERES, BAART), HHREK 12145 .

5K WL (roaring): & F-FB, HEK
TR R, SRR A, AN A
DN
223 ZREBAT AR HHFEEITAK
PRI BV LR 2. WIHRI o5 bhoR AT K
URBAR (26.5%) 165 (22.9%) HEFL (17.1%)
MR (16.3%), HAWESIAT NG 16.5%. H
H, RNIEEAT ARG 46.5%, WEEITEIT N
53.5%.

RIRIAATE B AT NS B 76.0%, Horf,
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% 12.0%, HAMITHAE 1.9%.
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Fak A LEIE N A 29.0%, WK, AT RIFEE &
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Bk o5 bL 2 E > (P<0.05) , W&EBhIEAT A
FEIIR . JB K. Te4T. Hak LU AR EAT N EL
SEWI (P<0.05) . MYARIAEMR. T,
A Sk AR} B0 Sk B HIAT A ELAP AT I AR S AN 5 R
Wiz, SRR B A REER (P<
0.05) , AT iE BN A T IRARIA .
23 WHESPEXREER

ARRATE X BT A MR A K PRE R
Febril L B IE 3. ARG 5L IRATMHLE,
ARKIEKE 0% ~3.2%; RE R, Hd, 1

R Y % 10.7%, HAAT 0.1% ~ 4.5%; [
EA2RERMY TR, 2 S B /NEHE.
FHEAIRET LB E ER (P>0.05) .
RIRHA 5 BAMERFINTE (109 +
0.55) C (Jul 10.0~11.5 C) , MEELE
FHHZER (P>0.05) .
24 BEITHKE
S AR g L a2y 25 C, FFuHIE,
TRLIER A SRR RS, 5 R TSR
SR R EMRE AT A, R ET N

R2 KRREWIBATRERTHGEH
Table2 Thebehavioral index in hibernation periods

(BT Ll IRARHA T A
Behavior index Primary hibernation period (%) Hibernation period (%) Recovery period (%)
#4k Hibernating 26.5+8.6 633+9.7 6.4+14"
HEFH Piling up 17.1+£2.7" 124+48" 33+1.9"
R Hiding 29+32" 03+0.3" 0.0+0.1"
BUE AR Open eyes 163+3.9 1.8+0.9 47+1.1"
7K Diving 23+18 24406 99+28"
€T Crawling 1.9+1.0" 1.1+1.0" 44+2.1"
JK ¥ 3k Rising head in water 229+85" 10.1+2.7 29.0+9.2"
22 Swing tail 77474 87+28 38.3+10.4°
#1334 ¥ Shaking head 0.8+0.2" 0.0+ 0.0" 3.0+32"
453y <, Warning exhalation 0.8+0.5 0.1+0.0" 0.6+04"
7k [l Roaring 0.8+0.3 0.0£0.0° 0.6+0.2
“x” RoRGRATEIEZ A B 2R, P<0.05, “*” means significant difference in the same row, P < 0.05.
£ 3 XIRATE SR
Table3 Thebiological index of the Chinese Alligators
i Stage ¥E#45 Index S R G B Y
4K Total length (cm) 170.0 156.0 154.0 154.0 159.0
Pre_isiizﬁon & 5 Body weight (kg) 20.38 16.85 13.24 14.36 18.46
FHIJ¥ Circumference (cm) 54.0 55.0 51.0 53.0 57.0
4K Total length (cm) 170.0 157.0 159.0 156.0 160.0
RS K& Body weight (kg) 19.95 16.10 12.79 14.34 16.49
After-hibernation
FHIJ¥ Circumference (cm) 55.0 53.0 51.0 54.0 55.0
4K Total length (%) 0.0 0.6 32 1.3 0.6
o 1R & Body weight (%) -2.1 -45 -34 - 0.1 -10.7

Growth rate
[ Circumference (%) 1.9 -3.6 0.0 1.9 -35
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HILE IR 26.0 ~28.0 C, &HRJG 4 H#BAMAMK
S, WEITAFERICY 2, —M o
BTN, SKESHKIRIR, B, B8
FEYIT, MEYER SN2 10 ~
30 cm B, PREEERIMEY, [R5 DA R
RA—FNEETHN, N TEENKT, B
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3 Wik
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T, B STEERA AR, AR 2
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T X TCVEAE B AR T IR TS, AT
BN AR B AR FRFR R, TR B
TR AR 4 7 SR LA D o - it T R B,
PRIEE S 5 %5 (A mississippiensis) )42 F
WIS, 76 5~15 CRMRJLFEE,
25 CHMRIREE A &, it 25 CREERE
2k I F+ (Coulson et al. 1983) . Ak R EIR,
KR TS S S AR, PRARIA AR AT
10.0 ~ 11.5 “CZ[a], BEFERF 2 AR A (Coulson
et al. 1983, FHREEMEE 2003) . AT SS
FARE R, A R AR A TR AL, XA T
A AT B AR T, DL T R BE IR FE AR A
(PR S L REFER AL o T4 T B A 1 4 (1)
AFPLRERIBE A T, AN, 43
5% U FEE ARG B A S IR A 114 O S A e k2> T 55
Pz, SEURR TR, REREIK X%
IR E 2B (BREERESE 1985) o A#FTH,
Y PSR AT e A . PRI AN FE SR AR i 3
ZE 5, 22 B HAHUARACU 2 A REFEAIR
ARREER TR, ENIERETER 9.4 ~200 C,
KR 9.0~ 18.0 CHf, gt ANWIARIH, S5k
TE PP IR FE VO Bl B2 A F4% 1998) 5 24
FHiRNTF 7.0~13.0 'C, K 60~11.0 'C,
FHZALT-IRARIA, S 3 Bl vy T4k 3 R R AR
IRETEE(RIE 3.4~6.6 C,Ki®3.2~7.0 C)

(AP 1998); H=ERFAEE 120 ~
18.4 C, /Ki& 12.0~15.5 C, # g NI HE
1, % s R O (SR 8.6~ 16.4 C
K 8.8 ~ 15.8 C) (BB 1995, 1T
& 2005). ARTEN LIRFEEAIE TR
TS AR, M H AR T AR R R AR e .
DR 3 U F 7 T 358 PR R ik P L S sl A A A I i
DR, SRR P8 o 2 ol B IRV L, AR IR A
BN 40 C, DUHBENIER T, &5
KHIRTE, AR5 T4 IRETE
26.0 ~28.0 CHIMARRIH AT R, HAi&1T
A AR R AR O B R . AT
NERERIRZ DT T AN
AR B A AR &5

RIRGERWN, EEIRERRF 6.0~ 13.0 C,
FIF4 705 40%, 1 B AR R — e R e
M B T8 S At NRIRIR S . AR AL 5T
HAR IR, T EEr A AR i 7
MH, WIRFAEREARLREK 1 M (R
WS 2004) o EIEHIX AR T 10 H A
BREEERAR, BRIREKR, NTFREMT:
AR RS 25 CUL L, Kt
B[R], 48 AR AR o i PR 7R A B R
fE, T N AR
32 ZHRHFBEFR

B A= T I L A e KV N &
BT DX, W T o B VR AR Bl AT T 1)
EMEFZM R CT S 2001 , HrAmEH
(IR /N E A BRI X 35 SRS A A AE B 2
A R A MM EFTNER (R
42004, VEAPEE 2005) o AFFRIEEAE
ASEIX I, 45 5o 25087 715 B m i K
M4, YRR RN AR (] R AR X
FERHK (25% ~ 45%) A%, AIREINN,
A RIS A Y 7K 43 (D 7 2 AR S B A5
J IR ST AS 2 ARK B M7 5 R A R 7
FHR TR IA 85% ~ 95% (BKIEZ%E 1990) .
H S (2006a) B FiRkiE, 725 X VU 1)
T DI, 80% 47 FHEAE K il . 74,
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I ERSEARX B AR, 37 5 AR J5 A 4%
378 B8 22 A [V RE R BRI 1 IX
W, NTHFRZM4T, S20The™HEm
WS 2 A& (AR RESE 20000 o AHFFT
SR, BTFiEENEAK, ATREANE
KA, PRUEKRAL B ST 5~ 10 em BIH].

AT 5 A 4 - % 4 R U 1) 35 45 78 il H 4y
RTINS W = (A VA =R o2 = ) B AR Y Rl
X3, VTR, FREAME R, WA
ToKRHATE A X, ZAT NS BREZL TS
T SRR IE B A K UR IR X — 30 (R %5
2006b) o« HHFFCINS, T E5H IR A E A
TR, B A3 80 7 B A R) 24
BN 75% (FREEFESE 2003) o MRAEAH
G5, T esrEk i B AR, R
MRRE, At X A2 7RI NmEK AR BCR iR
FEPSHIE %, PRIFIA R B ARIRIE,  [RI Rife
PN TR 7t gk .
33 XRTAH

ARG AT RESE TR R Z,
BFEX TR ERAT N BT N BEAT
REFAT IR TR (IR TT 2004) . 74451998
X 4715 1) A 3 21 1 FA B IR R O R AT
I, g TR AR AR T A AR PR A, 5K
RS (1999) XA (Crocodylus porosus)
(55 B FHR B 2 1] 56 REAT TR . A RE K
W T8 AT S RS S A I 0t F ik aE
(5KT7%5 2005), 1M A AR HATE] (AT A T 352>,
KMRIGAT N AR AR IE . A KIS E ST N T4
TR T A MRIA 4 F 05 14T i, TR
ety R, AT AEEKETA
I, HRBUARME G4 2005) .

AW SR AR T AR e, S 47 Ll
T BRI, VRS AT R I T 1R R AR
R, KRR R BN, KA AEA 1
B, AT AAIIRIA 4% 7 55 A IR A SR 1%
PRI, 76 EAIK R SRS B AR SRR
Ao TRARIA 6 AT N 5 10%, R HILIRFIR
TR, S P T &R AT T R AR T

BE— BT PRHRIAS 7 05 1Y) e IR A5 A TS 3
AT AR, 2 B ARG, 2 B R A 40 B Sk
AN, HERAE 10 CUURR, 718540 TR
W, UhEEIR. R RIESEAT N, X
54 4715 DR AR 58 A AR 3 A i 22 5l
(R 2004). HFMSE (20062) WA,
IRIRIE FE (R FRTE 5 ~ 8 CI 7 T A A E
A, £ 8 ~12 CHT5EzBINE . At
W IS CE VR A 2 N AT R,
gk P B, B RIS (2006a) IR
W AT . AEFFLH, T 8555
WISAT R R AR BB AR, TEENVEAT N TE
PSR AR IR B 3 g, HAT R
AT BT R, R B AHR 5 Pk
2 RCRET

i sE AR, HIZMITASH
SRIERAAT BRI, WHERRAT 2 H SRR A 1)
AT N, BT R EE TR T (PREERESS
2003), A 9 N Tra| SR B AR PR G I T AR 25
TAERMEEES % . AT R MR 162
YR 75 2 SR B AT 3 o B ARX — A7 N
BARENE, BUCiEE (1983) Xf# FHE51HAT
IR, BRI A e T\ B G, ok
) T P M e B (R SRR T G

AW T 35 R AT RIS R R
% (1985, 2003) ks, MIFRENRE
PER B M B AT, XRASIRE RS
1T RIRE T AR, E5 HRFEINE
TV P 2 A ARARUE At 25 AR AH 2 AR KN 3R
B ARG, e A BT, HEA
Je s TEANTH R A S ARy S i th, #1
BEARBE I ZHE (R4 P45 2005) , XKk
2
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