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Abstract: The diurnal rhythm of an animal indicates a comprehensive adaptation to various circumstances. Study on the
relationship of tourism disturbance and the nocturnal rhythm of Chinese giant salamanders ( CGS, Andrias davidianus)
could shed lights on whether and how tourism disturbances affect its breeding behaviors. Previous studies have shown a
significantly negative correlation between the intensity of tourism disturbance and the content of dissolved oxygen (DO) in
water. In this study, we simulated the water environment as high and low tourism disturbances by controlling the influent
volume (mainly affecting DO content) in the ecological breeding ponds of CGS. By monitoring the dens exit and entry time
of CGS, measuring the dynamic changes of water temperature ( WT) , DO, and the contents of coliforms, we compared the
changes of nocturnal rhythm under different factors of water quality, and discussed the patterns of nocturnal rhythm in
response to different tourism disturbances. The results showed that the dens exit time of both female and male CGS in the
simulated high tourism disturbance waters were significantly later than that in the low tourist disturbance waters. Under these
two water conditions, the dens exit time for females were 19:10+£0:22 and 18:53+0:24, and for males were 18:29+0.20
and 18:13+0.18, respectively. The time that female and male CGS in the high disturbance water exited from the dens were
delayed for about 17 min and 16 min, respectively. However, there were no significant differences between the dens entry
time of CGS (including both males and females) under two simulated tourism disturbance waters. Under these two water
conditions, the dens entry time for females were 24:10+0:13 and 24;18+0;17, and for males were 6:44+0.23 and 6.40+
0:29, respectively. In addition, we also found that the dens exit time of CGS had significant correlations with three factors
(WT, DO and coliforms ). However, there were no significant correlations between the dens entry time of CGS and WT, DO
and coliforms, which may indicate that the dens entry time was mainly determined by the circadian clock. In summary,
changes in water quality under high tourism disturbance had a moderate impact on the nocturnal thythm of CGS during the

pre-reproduction period, which was mainly reflected from the dens exit time.

Key Words: tourism disturbance; activity rhythm; Chinese giant salamander ( Andrias davidianus) ; water temperature ;

dissolved oxygen; coliforms
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Fig.1 The ecological breeding pool of the Chinese giant salamander
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Fig.2 Screenshot pictures show the Chinese giant salamanders’ behaviors of exiting and entering the dens
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Table 1 Paired samples T-test between both female and male Chinese giant salamanders ( CGS) about the dens exit time that under different
simulated disturbances

o s 95

Disturbance intensity Female CGS Male CGS
& High 19:10+0:22A 18:29+0:20C
B Low 18:53+0:24B 18:13+0:18D
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Fig.3 The dens exit and entry time of both female and male CGS
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Fig.4 The dynamic changes of the water temperature ( WT) when Chinese giant salamander ( CGS) exiting and entering the dens

R2 AEFHEETHESHEKE KESKFEHEBENER TR

Table 2 Paired-samples T test of water temperature ( WT ), dissolved oxygen ( DO) and coliform when male and female Chinese giant

salamanders (CGS) leave den under different disturbance intensities
Kidk WT/C K4 DO/ (mg/L) KIFHI#E Coliform/ ( CFU/100mL.)
HE# Female HEf5 Male Ui 52 Female HESS Male Wi 85 Female HE5 Male
¥ High 18.92+1.01A 19.01£1.02A 6.58+1.11A 6.52 £1.16A 313+48A 335+44A
B Low 18.87+1.02B 18.96+1.02B 7.83+1.09B 7.70+1.10B 134+19B 149+22B

[RI B AN [a] 5 7 28 1] A 28 53 A B 3% ( P<0.01)

(2) KEGHEE WT
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SRS ARSI B WT UL 4, AT 205 2 TG TR S, fERRERE T, SR i wT
ST 15.46—20.80°C 5 15:43—20.80°C , iRl BEFE 16—19°C (&l 4) , HEBTHER B WT 43 54 F 15.08—
20.20°C 5 15.10—20.10C , BB AE 16.00—18.50°C (& 4) . H/3ER BT WT “F2{H W3 3, B REA 7 46 5
F AR RSE MEMEBS R WT 225 AN B3 (% 3) .

#3 AETFHEETRHEIHEKE KESXFEBRIER TR
Table 3 Paired-samples T test of water temperature ( WT) , dissolved oxygen (DO) and coliform when Chinese giant salamander ( CGS) enter

the den under different disturbance intensities

Kk WT/C K4 DO/ (mg/L) KIHHERE Coliform/ ( CFU/100ml.)
B Female TiEfi5E Male Mt Female T Male HfEET Female THER Male
i i High 17.66=0:94 17.08+0:89 6.74=1.13A 6.80+1.12A 252+54A 233+58A
RIE Low 17.69+0.:94 17.11£0.85 7.96 +1.07B 8.03 +1.00B 106+18B 92+17B
(3) H¥ WT
ZEHH % WT A T 16.07—21.34°C, F-39 % $2r
<18 20+0.60) °C . M\ WLZE T I 2 ) ) 5 B Rk 3, L gt /'\
LR LI [ an o
222 3t/ DO & i AKUE R g2~V ,X j\ .
(KSR DO Ak, KB DO & 2 [ VAL
HEILI 6, W/ HESLGH DO 7 REREIUTE She TH 2| ; L
KIET W 6, eI TEHMLE 2, RRARG DO & &
K H I E R B AL DO JEF . B REAR T R % fidzgzz2dddddd
A5 00 6 40 380 3 /A B2 3 DO i HJ Date
FIRTRE T T (P>0.01,5£2), Hs BikRE
(2) REEHEI I DO 7 &t W/ Ml S5 T B 7K 4 7 Fig.5 Daily changes of average water temperature

P ILE 6, HOE Y W3R 3 B X REAS T K50 21
B0 T B P05 B T i/ B B DO S i i IR TR T T A9 (P<0.01,3£ 3)
223 KinwfEcE
(1) TR B R VRTAE o /050 1) B PRI DL T 7, 25 SR H A SR I T J B R I, 28k
FEAFARRL , AN R 7K 5T /e 50 P R B R AR 2 I 3R 20 7 H P R B RE R XS RE A T 4G 30 2 T,
TGS TR B R TR FE AP B X S 3 B T X 22 R 3 (P<0.01,% 2) .

(2) SRR B KM RTAE 1 5 B A [ s () B/ A 5 R B85 ) KM DR RE R DL 11 7, %R H K B R AR
SRESHTIA BT, S5 B0 R B, AR SRRl AN RIZK BTN KM PR REERCE - 35O 3R 3 O AR AR TR IR &2 B, K
JV R A H B T XA 8 35 1 TR T X (P<0.01,% 3)

2.3 R TR RSt ] 5 7K A 25 DR R A AH G

FHOEME AT ES R UL 4, 78 2 FPOKBUIRAS T, /M5 H R B 8] 55 R WT, H 2 WT M4 8 35 I AR 56 (P<
0.01) , WT gy, V) VI Fry Bk () 882 e OBfE /e 86 4 30 B 6] 55 10 TR BSF DO 422 B 35 R AH OC (L T HK T P<
0.05, 2 THK BT P<0.01) , 5 KIGHHAE B EAHIE (P<0.05) o 75 2 FOKBUIRAT , K BEHERCS i/ Ik 5
HE I B[] 15 8 2 TEAE G (P<0.05) fHZ A C R VRIS T WT DO 55 50 I 05f ] A A DGV e/ R 5 o 3 Bt
)5 H 5 WT % 23 1EASE(P<0.01,% 4)

HER BT R AU E R TP IX 5 WT, H ¥ WT B2 1EAC (P<0.05) , HiF S [ 5 WT AH5¢ R EUN
(0.36) , HoAl e/ i 5001 Fsf [60] 5 2B B WT DO 55 K T B EAS 8 35 A0 G

PRI T AE T, s it R B K7 T RE S WT DO B SCA TS S 038 5, W] UL, A5t /3630 s g B
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Fig.6 The dynamic changes of the dissolved oxygen ( DO) when CGS exiting and entering the dens
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Fig.7 The dynamic changes of the contents of Coliforms when CGS exiting and entering the dens
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BEYS WT 8 3 1E A6 (P<0.01) , 5 DO # 2 T A5 (P<0.01) . WT 8, DO BRI, KM s Aie ok,
IR A5 ) B ] e

F4 AETHE AL iR ES5KE, BHKE. KE, KFEBE G Pearson 18X RE
Table 4 Pearson correlation coefficients between the dens exit and entry time of Chinese giant salamander ( CGS) and other factors including

water temperature ( WT ), daily average water temperature ( DAWT ), dissolved oxygen ( DO ), and Coliforms that under different

simulated disturbances

Sk _ R A] Dens exit time of (‘ZCS _ YER I E] Dens entry time of CGS
Index W5t Female HER Male ST Female eSS Male

#HE High I Low #HE High I Low #H¥ High B Low #H¥ High 2 Low
K WT 0.66** 0.85%* 0.69 ** 0.81%* 0.14 0.25 0.36" 0.23
H ¥7Ki8 DAWT 0.67"* 0.87%* 0.72"* 0.82%* 0.21 0.21 0.45" 0.23
K4 DO -0.26" -0.61** -0.26" -0.64** -0.06 -0.23 -0.24 0.08
KA ERE Coliform 0.49" 0.48* 0.51" 0.55* 0.15 0.13 0.43 0.40

* % P<0.01, * P<0.05

3 it 54R

3.1 RS G B R

S HO AL E YT B K BT A A DR IR P 8] AR B2 T ALK BT R/ HEF- X1 17 min
5516 min, X FER RIS AL A2 E R P2 T SOME R H I i [ 458

(1) DO F5 X RS 2 H e, H BRI 140 DR e hn 1 R A S K DO & i A
FERR KB E M WT DO 435 5 8/ B T K BUR M/ 85 1 I I ) 35 5 A O, DO 5 i, K
5 R S TRD R FEAR R RE 26 PF R, K R B DO 5 i 5 R B £ 4 2 TE A5G, R 1R DO 35 K B3
TR L FHRAEY . WT TR oI IR K A A B 04 8 ORI 3 i HE AR THAESRAEOK P i) DO, WT 5
mF, DO K, PR B TR IX K o DO ey, B3 I A ] 5 g o B ik i 8 R 7K DO KR, JRH5E 3 {17 452 e
ETHREY, M/ MEBER RS BER T DO AN B AE,

£S5 ABHEERKXEE RS K H R FKE, K SE Pearson 18X 1
Table 5 Pearson correlation coefficients between Coliforms and other factors including water temperature (WT) and dissolved oxygen (DO) at

the time of Chinese giant salamander ( CGS) exiting the dens

LB B K TR BER RN R R
etr Coliform when the CGS leave the den Coliform when the CGS enter the den
Index RS Female RS Male MRS Female TERS Male
EJE High BB Low EJE High R Low EJE High R Low EJE High BRI Low
KR WT 0.88*" 0.85*" 0.89*" 0.89 %" 0.91*" 0.85*" 0.86"* 0.87**
7K4 DO -0.82** -0.55** -0.81"* -0.64** -0.92"* -0.64** -0.92** -0.75**

# % P<0.01, * P<0.05

RAGIE PR S YY) , FZAE TR AR IR0 (RN AN 2 ik, 75 2300 ik B SRR Ay B v i, DRI e, AT 6 19
IR FFEA R DO K DO KT 5 mg/L, RESS ORI KBS IEH ALK DO AFE225) 2 op
el SEE YLK DO BIRT 5 me/L, R AP E B2 TP K B A BB T A M/

(2) R BRRRE Xt M5 P95 S 1 S R TR e — S S S e PR A o 2 ER B G 28 AT 1, 3o ik T
N AR K A KRV B 7—49.5°C , il AR KR 37°C , 7E 7—37°C 2 IA) , bt % 1 B Y b T
TN, PR, 7R R4 BE K BT b K TR RO 2 5 WT B 38 TE AR DG, DRI, B ) I A 5 6
R v, DR M R A e , R S A A ) 55 2R T KRG, R ARG . Y DO it /K A L o0 i
PRI RIAPL C AN E R, O R TR, S DO B2 0ORISG . 5 MM L 3 325 IE AR G
5 e 5 i ) G A OG (2R 4) o R, WT i, DO AR, K B R K, R TR TR 0o 5 M I 5 o
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T AE ARG, R B -5 60 TR S T] (4 A DGR WT DO 5 A5 b ) B[] 7 A DG T K M o
5 WT 5 DO i 402G, AR AR bR I R BB S o R, X Tl Ui S B0 7K B A8 Ak, AT DAAS Wil ok
A B REE, A WT 5 DO BT,

3.2 KERAYIE ST A

(1) R R, Ead%F 6 e/ HEfs 5 6 B2 M G 1F H R s ] A K 241G WT DO 5 i 5K i b i
B B W | S I E f58 0 SR B TRT A T 17 :39—20: 18,44 19032028, i WG 7E 18 :30—19 .30 , Affi i 17 H 3
BFE AT 17:15—19:21,F3) 18.20+0 .24, I 7E 18.00—18 .45, MEEGTE s @4 4y 21.00—23 .00, Ml 5
9 21:00—% 3 1:00, MBS HER B AT 23.01—K H 1.21,F3 24.13+0.31, E I TE 23.45— % H
0:30, MESFIERET ] AT 4.28—8.38, MUEFE 6:00—7:30,°F44 6.42+£0.34, 65 1 B (a) i T 1 65 30—
45 min , FER B ] LT T HESS 6—7 h,

Luo ZEHE 7 1 XoF i Al #5331 Pk i) 25 0663 51 Ky 182 15—18:35 5 18.:00—18: 15" | U IR BIF 5% 45 JL
BIE AT 51 15—55 min 5 0—30 min, Pb/NW 25 F 02N REASERZE S BEAh, AN RIAE DS 3 P9 e i) 22
S AT RE S B R AT ) 2251, Coatney )18 , BRE A5 F1 AR /D H R IE 3h, B R KBS 2 h 1§ sh 40 &7 A
OO e s ) g U R LR G 3k mT B R ) K B R A 1 1 S BRI 22 1, TR R AR RGE , R
19:30 FF4A R 1% 3l , HOG 8 iy 21:30—1:30,6:30 J5 & 3R 710 A9 b A5 L 3R i ) A R 3 4
S 1—2 h 5 0—1 h, ATRERSE i T 5 b DXAS ], 552 56 37 b 14 <008 2 25 ok, (L2 09 Bl v e 1 5 7R S
i,

2SI SR TR S50 %) 1 )35 N ] T E B2 6.0—7.5 b, T Al PRI Sy B 40 1) e o5 9 S B ROR H 0
AR, — 7 BB Sl A o T s e B LB 325 008 SR I AR RE , Jf ok ™= B0 54 B it & . ek, %
B i SR 5T 135 B A RIS, 25 T HOT S DA O 1 S5 S B A P PR AT R B9 AR EE K, PRI I 3 3
Lz

(2) WT X Kt /BRI FR] R, KB EGE B WT O 16—23°C 1% FE AN WLEEH | Kot i WT 4k T
VLAl MRS R 16 S (R] S WT 238 M E ARG, BRI [A] WT s, B (RDER . WS A 4b F = i 2
7 AN RE = TR P TR A R s R AGR AR TR AMER AR TR P, HAH S R RE R A O, WT
1o RIS [ R A5 S 3R] B ) 5 YL A AR G Tl BB Z T MR AR Ak e/ S R R B WT 7R R K R
TR E AR TR K BT WT, 24 0.05°C ,J& H T E B THK BT DO BN, K65 H R g TR K BT, AE 5K
A A 853 I BT ] 17—20 522 B, Bk WT BRI

WS B TR WT o kb T B0 558 BT WT(16—23C ) 2 FEREAS WSS | e/ et 14 31 1) () R
WT DO 5K e Xt R M /N, 3 B (0] 0] 5 P A ez 0

TP PR SR, R TG B A BCRS WT A DG 3, WT 2 e o T 36 2 i 6 00 0 2 IR 7, 7
16.7—16.8°C H [m] 3 B '), AR SCULI A WT (BB TSP 9E 25 21 . BR AR5 KN AR IR 3h W, H 3G
ST AR RIS A% WT AR M A k> 3230 AR5 AS ] (4 2 K 860 4 S st (] 45 WT RS I 35 M 5%
Jit Ui BT AR R S AN S 2 DR LRt U B 6 R B0 sl s R
33 5

I A7 S S IRAEASADUB Vi R 0 A T A (DR A5 SR TR R 4R S [RIACR 17 min
5516 min 247 KEGHETR B 0] 32 L2 ma A 3, FERT RE R 232 B AE W B 52 ikl T4t S B0 K A2 1k
Xof A5 BB 301305 B 15 A M 0N, I X A ) 7 B R R e R K

K 5 ST R0 i U S o B E R R W T (U A B> 50 7 AR /a) FEAR T AR IR R f: |, (H =K AT e
JE A A RO X KA BT R R 0N Bk A it I T LA K B i I S B A s AR R
J& . ZSCRGICFE T 12 M/ M E S SR 09 /28R B s 1E], DL B WT DO 55 2 5 K g 1 L
iR TR A A AT R B T
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