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Annual Variation in Reproductive Life-history Traitsin
Hypsiscopus plumbea
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Abstract: Reproductive life-history traits of reptiles are the important areas of animal evolutionary biology,
but such studies in viviparous snakes are still scarce in China. In the current study, we detected the annual
variation in reproductive life-history traits in a viviparous snake, Hypsiscopus plumbea, which was widely
distributed in southern China. From 2013 to 2015, we brought 117 pregnant snakes in Wenzhou to our
laboratory in July each year (2013: n=42; 2014: n=46; 2015: n = 29), and measured the morphological traits
of postpartum females and neonates after birth. We used one-way ANOVA or ANCOVA with post-hoc Tukey’s
test to compare differences in life-history traits among years, and used linear regression to assess the

relationship between two variables. Our results showed that females in 2013 had largest snout-vent length (Fig.
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la) and body mass (Fig. 1b) after birth. Body condition of postpartum females in 2015, which year was hot

and dry (Table 1), was worse than those of other years (Fig. 1c). Both litter size and litter mass were

significantly positively correlated to maternal snout-vent length (Fig. 2a, b), but no significant annual

variation was found in litter size (Fig. 3a) or litter mass (Fig. 3b). The neonatal snout-vent length and body

mass were not related to maternal snout-vent length. Neonates born in 2015 had largest snout-vent length (Fig.

3c) and body mass (Fig. 3d). No significant relationship was found between offspring size and litter size. In

conclusion, annual variation in morphological traits of postpartum females and neonates in H. plumbea may

be related to the local climate conditions, such as temperature and rainfall. Moreover, reproductive effort and

offspring size in H. plumbea may have been optimized by natural selection.

Key words: Viviparous snake; Morphological traits; Reproductive output; Offspring size; Offspring number
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Fig. 1 Annual variation of morphological traitsin postpartum female Hypsiscopus plumbea
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a. Snout-vent length; b. Body mass; c. Body condition. Different letters above the bar indicate significant differences (P < 0.05).
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Fig.2 Therelationship between reproductive output and maternal snout-vent length in Hypsiscopus plumbea
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a. The relationship between litter size and postpartum female snout-vent length in different years; The relationship between litter mass and

postpartum female snout-vent length in different years. S Litter size; M. Litter mass; L. Female snout-vent length.
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2.2 WY TE A RE B AF ] 2R 7

WA DA S AR K0k E 35 5 REAA Sk AR K TE
SEHEE (FER P>0.05), HIYFEERE
P2 Chiid: Fy14=7.61, P<0.001;
KE: Fy114=8.69, P<0.001), ZHELELHR
KW, 2015 FYRLA KA E S B E KT
2013 12014 () (B 3¢ M d).
2.3 BAFEALR RN AL

AANERNA TR, PR SAR K FIRE 1)
HEFEILEZEMRIE A P>0.05),

3 W

31 THMATEHRE S SR % H E R R
KBTI, H K R J5 T A 4FAE

TAE T ZIERAR R, 2013 FERMARRIE K,

B I SRR, T 2015 4F 1 BRA PR R 5

AN, BRI E . AHEIE TR A A B S

40

b

W
(=]
T

B {FH Litter mass (g)
®)
S

—_
(=]
T

AT Neonatal mass (g)

2013 2014 2015
AE4y Year

NURFE, T ELAS B4 BERAE S50 % N 197 5%
PEARABL, BRI, X POEAAR 5 3 BR A A K
B AN A GE I FE . A St R SR T
t, 2013 AR EERI B K BCIE S, 17 2015 4F
T s, ER o s B s R AE, FEOK
WAL LN FTPREERT 1/4 ~ 1/3. miR T 54 5
X CAT B BRI & P2 A — e e, i 45
i <256 6 i AE bt%  (Zootoca vivipara) HIHTF AT
HEBH, iR 5 2R A B B P ) B A
Ja BRI (Brusch et al. 2020). 5—J5 1,
AR v i RT3 0 AT e 2 5 BUEY /K e R AL
W R 2 TR, 1 PR K R D T g
SR AIMEKER D, HEZEEYIR
bR IL NN v LS e T s
B UK RN RS, BUE RE R TR
I, B S EAR BN, SRR E .
JCAT B4 BT A HH 3 5 5 AR R 5O



© 540 ¢ =24 Chinese Journal of Zoology 56 4%

A% (Bleu et al. 2013, Zhang et al. 2016), A&
WIS AL, 53 AFHON 53 A1 1 35 5 BE A Sk A
KEIEMAR, HEMXR=FRR 8. &
FATFREHRN—EMIRER, EERKM BRI
REREEZ, TURAZHENEERRES
(Wang et al. 2017); 55—7J71H, BHAEREEN
BRMREICAT s B B (B A
KN E YRR, MR R,
MERE AR, B K (Qualls et al.
1995, Du et al. 2005a). A5, =4E[i]HE
LA ZE e, (BT A R B2
ZE5t, X—J7 ] B2 HARE R, P
i E ARG G, K BRSO 548
MEERE T RE S B S — AT Rk B X
FERIR AL, Bl 2013 RS K BAR B 2
T 2014 5, (HFEANAHZ 24.5 mm (2013
fF: 417.7 mm; 2014 4F: 397.2 mm), BHAJE
A X PR ) 22 5 AT RS 2 LS B B
B E R . RN RIS JE ) —Fh
YR AR AR5 55 44 e T (Niveoscincus ocellatus)
R G KB (Wapstra et al. 2001). #R1fi, A
ARSI AT Bl S B i R A7 TE A R AR S
tean, XHBEOCRE — 4 15 i (Tropidonophis
mairii) FIZE AR, FoKkFEE HIRER
BIES, e —ER RS, X
FEA U E SIERRK (Brown et al. 2007); 3
w, ERRAWG T, BOKEEREDE S
FE AT EREK, 17 L P A ) A o) L e
HE2mI%/N (Bleu et al. 2013 ).
32 WIAEYMRTE AR R 2R F
KW AE YRS AAEF AL R, A
T I ot S5 F e 3R K e R T 265 () 42 ) A S
I, 2015 FF P RHAAARTER N, HY)
YRR TY AR o TRAT B Bk B 2
AL R 2 ARG & WA 2 00 R R 58 26 A L )
B4 (Stearns 1989, Booth 2006) . 38 & 4144
PRPRTY 5 R 2 IEFADE (Du et al. 2005b,
Bleu et al. 2013), {HAW R FIX A A
T, R\EEKIEH]AE YA T W] BE 2 BRI

ZApNt BAZE (R B S5 A s BE R, REAR 32 B0E
R AR O R s B R, X 5 RR
= i 5 g E ( Sphenomor phus indicus) AHAEL (it
S 20000) . 5P i A4 ICAT Bh W 4 A4 Y 15 B4
AR RS, iR G R Y], HH
TARMFREREREA. MHENES, Bl
A AN thin, PRZ AR 7R SE a8 =
28 [ AN IRV F5E 2% A () B A b B AR BT 7 S AR A
RUAEAL (Bleu et al. 2013), TifESA —FOIfGAE
1% (Sceloporusjarrovi) HHINA& B, 21 Ha]
BEE (28 C) WIBHMART ™ 5 E, & iHE
e FE I REA BT = f5 AR % (Beuchat 1988 );
B Z [ S N B a5 F AR T A4
—ERM, L —FPOE G Az iEdE (Mipera aspis)
TEEYI 7 B B e RAMATE R (Bonnet
et al. 2001), SR I8 48 il S0 0T 51 6 A= i 5
S5 SRR (Eremias multiocellata) FRAIF 7T R |
R, BN EIEA WG AR KN
(Wang et al. 2017). TEABFLH, 2015 FE3FE5E
BE R, ATRES SEOZEE F AR
1M 25 R BN AF B BRI/, P RE P B IR AR XS
=, (4R RIMER, Ftayim N Ex 4
SV AW NN AL N S S SR 4l )
B S A ] SO PR AT I L PR O A K
Lo SEAWNGAN AR
33 ik R/NEHEZ A AU

FH T BEA A T S0 0 R A R, BTbA
IAE JE AR /N R 2 T AT AU A, BP0
iKW JEAREZ M /NG (Smith et al.
1974) . Ja AR/ ISR 2 (8] AU FE IR AT B
AR, AEE R EE R E 2 A
ANITJEAR, T AR A 16 R AR A 7 i /D 1 K
MEAR, BN G R B A BRI 554
73R ) AR K 2R R 475 2 (Sinervo et al.
1996, i+ #1%% 2000b, Cruz-Elizalde et al. 2016) .
SR, AHIF TR —Le XA R B AL, s —
Se g A FIGRAG AR b2, FEA SRR MR (i
F4 2000a, Ford et al. 2015). ML H)
E, XRHTEG NEFEMAFERAAIEA



4 34 WA 55 B € /K e B TR A 3 S AL P £ R AR 57

. 541 -

RN, o FRILERERT, Bk
X JEARKNAT AL, A7 RN AR IS
A BRI 5 AR N, T HE I R GE
F1%5 2000a) .

i LRTR, KR RHATESYFIE. 5
RFHESAEAEAE AR 5, X MAR T AT RE 5 AN A
SEIREE . BEKEER A G, T H
TR B AR 5, SRR/ NN 2 (A AN
EAER BB, R ETHREER AN LG
RR/NATRETE B ANE R ) N A5 21k,
AW 7T A X A 7K e BEAAR 22 75 (3 85 TR 3k
TR A, R TR il e, Fi,
IAEE DRI 7% B € 7K s P S0 A= i SRR AAE 1) 52
WA g — 0 SIS I0IE

Z ¥ X W

Beuchat C A. 1988. Temperature effects during gestation in a
viviparous lizard. Journal of Thermal Biology, 13(3): 135-142.

Bleu J, Le Galliard J F, Fitze P S, et al. 2013. Reproductive allocation
strategies: a long-term study on proximate factors and temporal
adjustments in a viviparous lizard. Oecologia, 171(1): 141-151.

Bonnet X, Naulleau G, Shine R, et al. 2001. Short-term versus
long-term effects of food intake on reproductive output in a
viviparous snake, Vipera aspis. Oikos, 92(2): 297-308.

Booth D T. 2006. Influence of incubation temperature on hatchling
phenotype in reptiles. Physiological and Biochemical Zoology,
79(2): 274-281.

Brown G P, Shine R. 2007. Rain, prey and predators: Climatically
driven shifts in frog abundance modify reproductive allometry in
a tropical snake. Oecologia, 154(2): 361-368.

Brusch IV G A, Gavira R S B, Viton R, et al. 2020. Additive effects
of temperature and water availability on pregnancy in a
viviparous lizard. Journal of Experimental Biology, 223(19):
jeb228064.

Cruz-Elizalde R, Ramirez-Bautista A. 2016. Reproductive cycles and
reproductive strategies among populations of the Rose-bellied
Lizard Sceloporus variabilis (Squamata: Phrynosomatidae) from
central Mexico. Ecology and Evolution, 6(6): 1753—1768.

Du W G Ji X, Shine R. 2005a. Does body volume constrain

reproductive output in lizards? Biology Letters, 1(1): 98—100.

Du W G Ji X, Zhang Y P, et al. 2005b. Identifying sources of
variation in reproductive and life-history traits among five
populations of a Chinese lizard (Takydromus septentrionalis,
Lacertidae). Biological Journal of the Linnean Society, 85(4):
443-453.

Ford N B, Seigel R A. 2015. The influence of female body size and
shape on the trade-off between offspring number and offspring
size in two viviparous snakes. Journal of Zoology, 295(2):
154-158.

Luiselli L, Capula M, Shine R. 1996. Reproductive output, costs of
reproduction, and ecology of the smooth snake, Coronella
austriaca, in the eastern Italian Alps. Oecologia, 106(1): 100
110.

Ma L, Sun B J, Li S R, et al. 2014. Maternal thermal environment
induces plastic responses in the reproductive life history of
oviparous lizards. Physiological and Biochemical Zoology,
87(5): 677-683.

Qualls C P, Shine R. 1995. Maternal body-volume as a constraint on
reproductive output in lizards: evidence from the evolution of
viviparity. Oecologia, 103(1): 73-78.

Seigel R A, Fitch H S. 1985. Annual variation in reproduction in
snakes in a fluctuating environment. Journal of Animal Ecology,
54(2): 497-505.

Shine R. 2005. Life-history evolution in reptiles. Annual Review of
Ecology, Evolution, and Systematics, 36(1): 23—46.

Shine R, LeMaster M P, Moore I T, et al. 2001. Bumpus in the snake
den: effects of sex, size, and body condition on mortality of
red-sided garter snakes. Evolution, 55(3): 598-604.

Sinervo B, DeNardo D F. 1996. Costs of reproduction in the wild:
path analysis of natural selection and experimental tests of
causation. Evolution, 50(3): 1299-1313.

Smith C C, Fretwell S D. 1974. The optimal balance between size
and number of offspring. The American Naturalist, 108(962):
499-506.

Stearns S C. 1976. Life history tactics: a review of the ideas. The
Quarterly Review of Biology, 51(1): 3-47.

Stearns S C. 1989. Trade-offs in life-history evolution. Functional

Ecology, 3(3): 259-268.



- 542 -

FIW4E Chinese Journal of Zoology 56 %

Uller T, While G M, Cadby C D, et al. 2011. Altitudinal divergence in
maternal thermoregulatory behaviour may be driven by
differences in selection on offspring survival in a viviparous
lizard. Evolution, 65(8): 2313-2324.

van Noordwijk A J, de Jong G. 1986. Acquisition and allocation of
resources: their influence on variation in life history tactics. The
American Naturalist, 128(1): 137-142.

Wang Y, Zeng Z G, Ma L, et al. 2017. Food restriction affects
maternal investment but not neonate phenotypes in a viviparous
lizard. Zoological Research, 38(2): 81-87.

Wapstra E, Swain R. 2001. Geographic and annual variation in
life-history traits in a temperate zone Australian skink. Journal
of Herpetology, 35(2): 194-203.

Zhang Y P, Ping J, Hao S L, et al. 2016. Temporal and spatial

variation in life history traits of the Japanese gecko, Gekko
japonicus. Herpetological Journal, 26(4): 305-311.

#2009, WIS GNARA. ALV B, 34(7): 5-T.

FAWIAT, TEEDL, MIEfE. 2013, SRRV /N B BREOR
GRS R, AR, 33(6): 1778-1783.

T3, AL TE. 2000b. WESESL L AR/ TE ST FME IR B, B)
PIZEWT AT, 21(5): 349-354.

TR, NFER, WS, S 2000a. WYL TR R A VRiE L Eh
AR S INERIG KD Z ISR, SR, 46 (2):
138-145.

TgRE, XA, IREOT, S 2007, FPAETE SREG S
JE. AR, 27(10): 4267-4277.

BURES, R, i 1998, hEBEMMEG: RN H=% Hik
H W H. Jbxnt: BRE b, 60-295.



