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Abstract: The dramatic decline of the global amphibian population has become a key issue in conservation biology. Ovipo-
sition site selection is a crucial process in the life history of amphibians, which is strongly affected by a range of environmen-
tal factors. The process directly affects the survival of offspring and the fitness of parents, which in turn impacts the conser-
vation of endangered amphibians. Hynobius amjiensis, a national level | protected wild animal, has a narrow distribution
range and a very small population size. Currently, there has been a lack of research on the microhabitat selection of ovipo-
sition sites. From November 2023 to March 2024, we monitored the oviposition and hatching conditions of H. amjiensis in
the only 14 potential breeding pools within the Anji Salamander National Nature Reserve, Zhejiang Province. Using princi-
pal component analysis and generalized additive mixed models, we investigated the main factors of the oviposition site pref-
erence, egg hatching success rate, and hatching duration of H. amjiensis. The results indicate that H. amjiensis selects
nesting sites based on various environmental factors. Among these, the relative position within the breeding pond (water
depth, distance from the water surface, and distance from the shore) and the water quality of the breeding pond (water
pH, total dissolved solids, and oxygen content) are key factors affecting the microhabitat selection for H. amjiensis spawn-
ing sites. The water temperature, oxygen content, and depth of the water have significant impacts on the hatching success
rate of egg; the hatching duration of egg is significantly influenced by water temperature, pH levels, and surface humidity.
The study reveals the reproductive site selection preferences of H. amjiensis for the first time and provides fundamental data

for the conservation measures for the species.
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A. Anji Salamander National Nature Reserve, Zhejiang Province; B. Breeding pit site of Hynobius amjiensis in the core zone.
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Fig. 1 Research sites for Hynobius amjiensis
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Tab. 1 Measurement methods for microhabitat of Hynobius amjiensis oviposition sites
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Tab. 2 Measurement methods for egg of Hynobius amjiensis

=N
A

Variables

7%

Measurement methods

YRASHt ) Egg sac attachment
IR Egg sac length
PRAS T Egg sac width

YL Clutch size

TR, GASHE R AR, 153 ORIARZE , R 1, QIR AEH A
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KA A (97. 10 + 13.16)em, {HIE, HAE 1142553
PRI 2] T 71 A2 NS I A% 18, 31% (13 1)
IR AR FEAE K AL , 5. 63% (44) IR AR P2 A T K 2
N L, 40. 85% (29 4> ) BY B4R 7 7 K JZ H #K
35.21% (25 4~ ) BR 4% 7= 76 K 2 &6 47 &, 1 2
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(134> 1 B AR B 5 AR ] A4, 0 42 7. 04% (54>)
() IR A IR 25 70 SRS 55 N T b BEAROIASAI K
£ 4(430. 37 + 14. 36)mm, T4 (32. 98 + 0. 49)mm,

TR M B s KRR BE I K T B
P 30 B RK AR pH A5 J2 52 e 28 5 /N B 17
PRI EZRBE R - 223 /NI D A S R R 1)
2 B B RRAE AR KR B DTk WL 3, AT 3 A &
B RFAEAE B R F 1, 4R BUAT 5 A E s, Rt ot
Mk %3k 85. 90% , VLIRS 4~ FE M & T 8 AR it
Febr B FEAE B (R 3) o X — E R R K )
JE KRR BE KR pH FIHIE K i BE 8, HE BT mk R N
19.43% . 18. 64% K1 13. 91% , =B ) W 1 22 75 /Mg
TE ST L PN ) 77 IR R B K AR R ER . A
5 F R R AR R M R KRR
HTTHR AN 25. 61% .24. 48% , -5 i W ) S22 75 /]
551 % 7 X R RE AR L A = FE R TR KR TDS
FUAEER, H TR A 44. 67% , B2 W27 55 /N5 B sof
TRV ) B e R oK 55 U 32 A3 rh B K IR IR
SEWRATK, Ho TRk R N 28. 93% , [ W22 75 /NS AR B¢
B PN A P BRASE o R A T S A e R K
AR S, HTTRCR N 42. 30% , 328 e W22 75 /N
IR B R I U (B 2) o

B NG 0 7R B g e A R T 2R A LR 4
KA pH K 6 ~ <7 (P*=0.33) , KIKFHEH ~ <
28 wS/em (P* = 0.42) , JKAKIRFEE R 0 ~ <8 C(P* =
0.21), Wb FIRE R 4 ~ <15 C(P*=0.15) , Hi B
K 75% ~ <97% (P* = 0.23) , KIKEH S B HNT ~ <
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12 mg/L (P* = 0.23) , KAK VR FEE R 71 ~ <128 cm 0.21),FF/KRIHE N0 ~ <44 em(P* = 0. 41) , 15
(P*=0.15) , B AKJE BB N 64 ~ <122 em (P* = THEEES N4 ~ <26 cm (P*=0.27).
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Tab. 3 Principal component analysis of microhabitat factors in the breeding sites of Hynobius amjiensts

sy FAIEE TR 1% ST BTk /%
Principal component Eigen value Contribution rate Cumulative contribution rate
PC1 2. 606 32.58 32.58
pPC2 1.578 19.72 52.30
PC3 1. 364 17.05 69. 35
PC4 0.765 9.56 78.91
PC5 0.559 6.99 85.90
PCo6 0. 537 6.71 92.61
PC7 0.375 4.68 97.29
PC8 0.217 2.71 100. 00

TE: PC1EPC8 O HIFIRG— T B AT T,

Note: PCI to PC8 represent the first to eighth principal components, respectively. The same below.

- N o om0~ w oo = =
v U VUV U U U U O O O O
£E & & & & & & & & & &
54.87
JK4A&pH Water pH .
49.38
JKAK T LK Water conductivity . .
43.89
JKIRTDS Water TDS . .
JKAAIELRE Water temperature . . 38.41
HiZEE Ground temperature . . 32.92
ML Ground humidity O 27.43
IR £ 5 Water oxygen content . . 21.95
AKPHEE Water depth Q® .
I 7K 4 Distance from the bottom . . L 10.97
7K T 5 Distance from the surface . . 549
i 31 24 Distance from the shore 2 o
Lo

152 VT i I /IN I €0 3 705 A8 X 44> 2 0040 B4 DR AR/ o DA €8 8358 €0 7 8 e B ko3 MR 2 Tl Pl K, 371222 e 0 T i 4 ) T iR %
MR
The size and color of the circles indicate the contribution of each variable to the principal components : from light to dark colors represent increasing

contribution rates, and the larger the circle, the greater the contribution of the variable to the principal component.
2 RENERGRERET XA RS RRE
Fig. 2 The contribution of various habitat factors in the microhabitat of Hynobius amjiensis spawning sites to the principal components

2.2 FHARAESIR 5 ERRI AR AR A 8RR L KA pH KA 3 R IARIRLE |

ARG 22 T /N ST R T AR A AR 7000 RIS 3R KA i KRR I
WA 2RSSR, RIS T AL B9 sl DAtg s ST ALY i 4 R Ry 0. 988, fi
WK A oK A A WIS . R EEME B 99. 6%, W eI ZREdE o HI 8 IF &
WU CATC) SE 4% 19 f5e 32 SCRF M e JEAR L (AATC < 2) 7 SAULE RN 45 H 9 P23 7 8 2209 0. 092, X K
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Tab. 4 Microhabitat preferences of the oviposition sites of Hynobius amjiensis

HHEH T Py B dilk HIFFRE PPk
Habitat factor Type Frequency Percent P* Selection
4~ <6 13 0.18 -0.29 NS
KAk pH
6~<7 47 0. 66 0.33 S
Water pH
7 ~<8 11 0.16 -0.37 NS
9 ~ <28 pwS/em 58 0.82 0.42 S
KRR 28 ~ <48 pS/em 8 0.11 ~0.49 NS
Water conductivity
48 ~ <68 pS/em 5 0.07 -0.65 NS
3~<6 24 0.34 0.01 RS
JKIRTDS
~< 22 .31 -0. 04
Water TDS 6~<8 0.3 0.0 RS
8 ~<l11 25 0.35 0.03 RS
0~<8°C 36 0.51 0.21 S
S RE
o 8~<15°C 27 0.38 0.07 RS
Water temperature
15~<23°C 8 0.11 -0.49 NS
-6 ~<4C 22 0.31 -0. 04 RS
L vyE [
P,'E%%{"“E 4~<I5C 32 0.45 0.15 S
Ground temperature
15~26C 17 0.24 -0. 16 NS
32% ~ <53% 11 0.15 -0.37 NS
fth & i
WEREE 53% ~ <15% 2 0.31 -0.04 RS
Ground humidity
75% ~ <97% 38 0. 54 0.23 S
2 ~ <7 mg/L 17 0.24 -0. 16 NS
V=N
GRSLES 7~ <12 mg/l. 38 0. 54 0.23 s
Water oxygen content
12 ~ <17 mg/LL 16 0.22 -0. 19 NS
14 ~ <71 em 17 0.24 -0. 16 NS
VR RE
AR 71 ~ <128 em 32 0.45 0.15 s
Water depth
128 ~ <184 c¢m 22 0.31 -0.04 RS
6 ~ <64 cm 26 0.37 0.05 RS
e O
EE.7KJE§EE.% 64 ~ <122 cm 36 0.50 0.21 S
Distance from the bottom
122 ~ <180 ¢m 9 0.13 -0. 45 NS
0~ <44 cm 56 0.79 0.41 S
: o
Eh,mﬁﬂi% 44 ~ <87 cm 13 0.18 -0.29 NS
Distance from the surface
87 ~ <130 cm 2 0.03 -0. 84 NS
4~ <26 cm 41 0.58 0.27 S
I L HE
P 26 ~ <48 cm 2 0.31 -0. 04 RS
Distance from the shore
48 ~ <70 cm 8 0.11 -0.49 NS

VE: NS, REEFE;S. PEFRRS. BANLIER.
Note: NS. No selection; S. Selection; RS. Random selection.

BT B 08 76 AN [R50 45 b O Ap A oy o DDA (P <0.001, & 3C) Xf BR 4k R R B IE A OG . A
SRR, B ) E 5 R 28 R 3 A OG J, M RIEE (P < 0.001, € 3E) MK (P < 0. 001,
AR pH(P = 0. 099, F 3)BRAM. KA TR 3k & 3G) MIE R LR ES (P < 0. 001, K 3H) 5 BRI AL %
TRRE KPR i KR b S R R I R s o A, HFEEE (P <0.001,K3D) JKiEES
I Ak 23R ELAT A 5 T K AR R X B Ak R LA (P <0.001, & 3F) 5 R Al AR &R
BEEW, FHEP <0.001, & 3B) FlK A E
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C D
1.0F 1.0

-

SRR

Reproductive success rate

-1 0 1 2
JKAIRERE Water temperature

es]

E

YR

Reproductive success rate

3 2 o 0 i
M1 Ground humidity

Q

IR

Reproductive success rate

-1.0 0 1.0
JKIRTRRE Water depth

SR

Reproductive success rate

-0.5}F /\/\J
-2 -1 0 1
23R Ground temperature

T

1.0p

sl M

- -1 0 !
IR 75 Water oxygen content

L RYES

Reproductive success rate

T

Reproductive success rate

1.0f

-0.5¢

RS

-1 0 1 2
{1 % 71 2 Distance from the shore

LRI BA G EE X REE (P <0.05), BEFRIRTCREZEE(P > 0.05) 0 KAKIBRITRBEIA Y 95% B X T,

Solid lines indicate statistically significant interpretations (P < 0.05), while dashed lines represent non-significant model fits (P > 0. 05). The

gray area represents the 95% confidence interval of the model fit. The same below.
B3 FREEENLH/NIEERIIENRIN

Fig. 3 The impact of environmental variables on the reproductive success rate of Hynobius amjiensis

2.3 EHIRA B Y- A ARG R

TE 424 Bp4Eh A — SR N4 IR S DIAE KR, 3L 1
JITA I I8 R B BRI AT T AR TR A% 41 D48
AT O M 25 5, SR FH ATC AR e 15052 S R A
RI(AAIC < 2) ™ A 4448 5t H B KA pH KRR
JEE b FK AR o ZEAR T G L 1) 5 )

Ji » VA ST RS SR I R0 0. 770, ff FE
JEh 84. 0%, Z5HFRI, IIIEAL T 5 R 8 mi A
TR FEHE KRR (P =0. 071, [ 4D)BRAL. K
R (P < 0.001, & 4B) 5 B iz Ak i K 522 1 AH G
KR pH(P < 0. 001, K 4A) HFIEE (P <0.001, &
4C) 5O I R ARLR R
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