50(4) :541- 550, 2004
Acta Zoologica Sinica

*
1,2 2,3**
1. , 323000
, 310036
, 210097
15 2002 6
3 )
13.3 ( ) 332.4g 24.8¢g 0.18 0.13
, (24 27 30 33 ) 21.0- 39.0 ( 28.3 )
: 5d :
24 27 30 33 105.4 78.0 57.8 51.3
58.6d , 24 30
, 27 33 )
, 33 SVL ,
24 30
27 24 , 33
24 30 , 27 9
, 81.2% SVL
( 56.9% ),
( 24.3% ). , 24 30 33
27 [ 50 (4): 541- 550, 2004]

Repr oductive output and effects of incubation thermal environments on hatchling pheno-
types of mucous rat snakes Ptyas mucosus -

L IN Zhi-Hua'?, JI Xiang?®""

1. Department of Biology, Lishui Norma College, Lishui 323000, Zhgiang, China

2. Department of Environmenta Sciences and Naturd Resources, School of Life Sciences, Hangzhou Normd College, Hangzhou
310036, China

3. Ingitute of Genetics Reources, School of Life Sciences, Nanjing Normd Universty, Nanjing 210097, China

Abstract We oollected 15 gravid mucous rat snakes Ptyas mucosus in mid-June 2002 from apopulation in Lishui , Zhe
jiang, to study reproductive output and effects of incubation therma environments on hatchlirg phenotypes. All femaes
laid a snge dutch of pliable-shelled eggs within three weeks of being captured. Snout-vent length (SVL) , tal length
and body mass were taken for each post-ovipostion femade. Eggs were individualy measured for length and width with a
Mitutoyo digitd caliper and weighed on a Mettler balance. A portion of viable eggs were incubated either at constant temnr

2004-01-25 , 2004-04-09
(This research wasfunded by a grant from the loca government of Zhgjiang Province for the Specidly
Supported Discipline of Zoology)
> (Corregponding author) . Email : xji @mail. hz. 7. cn
c 2004 Acta Zoologica Sinica



542 50

peratures (24, 27, 30 and 33 ) or at fluctuating temperatures (varying from 21.0to 39.0 ) until hatching, and
the remaining eggs were rdeased to the ste where the femaes were collected. We cadculated variances in clutch sze and
egg size usng the codficient of variation ( = standard deviation divided by the mean) and rdative dutch mass (RCM)

by dividing dutch mass by the femae pogt-ovipostion mass. Clutch sze, dutch mass and eyg sze averaged 13.3
(egg9) , 332.4 g and 24.8 g, repectivdy. Maternd dze (SVL) isa mgor determinant of the reproductive output ,
with larger femalesproducing more and larger eggs. The codficient of variation was 0. 18 for clutch sze and 0. 13 for egg
gze. Thus, cutch 9zeis more variable than egg Sze in P. mucosus. Tempora variation in egg mass differed condder-

ably among temperature treatments, primarily because incubation thermal environments &fected water excharges between
incubating eggs and their surroundings. Hatching success and hatchling abnormdity differed to some extent among temr

perature treatments, but the differences were not satisticaly sgnificant. Tenperature sgnificantly afected duration of
incubation and most hatchling traitsexamined. Theincubation length at 24, 27, 30, 33 andfluctuating temperatures
averaged 105.4, 78.0, 57.8, 51.3 and 58. 6 d, repectivdy. Eggsincubated at 24 and 30 produced more mae
hatchlings, whereaseggsat 27 , 33 and fluctuating temperatures more femae hatchlings. However , we found no
evidence supporting that P. mucosus has temperature dependent sex determination. Energy expenditure for embryonic
development was gpparently higher in eggsincubated at 24 and 33  than those smilarly incubated at moderate tenmper-

atures. Thus, aprolonged exposure of eggsof P. muccsus at low (<24 ) or high (>33 ) temperatures gopears
to have an adverse effect on embryonic devdopment. Hatchlings derived from eggs incubated at 33  were smaler
(SVL) than those from lower incubation temperatures (including fluctuating temperatures) and had larger resdud yolk
mass but smaller carcass mass and carcass ash reative to initid egg mass. A principal component anayss redlved two
components (with eigenvaues >1) from nine sze (initia egg mass) -free hatchling variables, accountingfor 81. 2 % of

variationin the origind data. The first component (56. 9 % variance explained) had high postive loading for szefree
vauesof SVL , wet mass, dry mass, lipid mass, energy contents, carcass dry mass and fatbody dry massof hatchlings,
and the second component  (24. 3 % variance explained) had high positive loading for sze-free va ue of resdua yolk mass.

Compared with hatchlingsfrom 27  and fluctuating temperatures, hatchlingsfrom 33  had sgnificantly lower scoreson
the firgt axisof aprincipa component analyss but a sgnificantly higher score on the second axis mainly representing egg
dzefree resdua yolk mass [ Acta Zoologica Sinica 50 (4) : 541 - 550, 2004].
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Fig-1  The linear regressions of clutch size,
clutch mass and egg mass on female SVL in the

mucous rat snake Ptyas mucosus
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Fig.3 Tempora changes in mass of Ptyas mucosus eggs
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Table 2 Hfects o incubation thermal environments on duration of incubation, hatchirg success, and sex ratio and abnor mality
of hatchlings
() (d) (%) (22 ¢ ) (%)

Temperature Incubated egas Duration of incubation Hatching success Sex ratio Abnormdlity
24 10 105. 4%+ 0.3 (103.8- 106.3) 90 (9/10) 2/8 40 (4/10)
27 15 78.0°+0.2 (75.7- 79.2) 100 (15/15) 12/ 3 6.7 (1/15)
30 11 57.8°+0.3 (55.8- 59.2) 100 (11/11) a7 18.2 (2/11)
33 14 51.39+0.4 (50.5- 51.8) 78.6 (11/14) 11/ 3 14.3 (2/14)
F 12 58.6°+0.3 (57.3- 60.0) 83.3 (10/12) 9/3 8.3 (1/12)
+ « ) , (Tukey stest, O =0.05) ;

Data on duration of incubation are expressed as mean+ SE (range) . Means with different superscripts differ sgnificantly (Tukey stest, o = 0. 05) .
Dead embryos are taken into account when caculating the sex ratio and the percentage of abnormality.

3
Table 3 Hfects df incubation thermal environments on size and conposition of hatchlings

Temperature ( ) ANCOVA F Tukey s
F vaues of ANCOVA , dgnificance
levds and results of Tukey's mutiple

24 27 30 33 F

(n=9) (n=15) (n=11) (n=11) (=100 rparisons

Srout-vent length (mm) 332.4+4.3 337.3+#3.6 328.7+2.9 309.0+4.0 33.46+2.0 10.50°"", 242, 272, 30%, 33b, F?
Tail length (mm) 97.7+2.0 103.6+1.1 95.9+3.5 99.5+2.1 106.4*1.7 3.15", 24% 27® 30° 33% p2

i ab a ab b a
Hatchling wet mass (g) 15.0+0.5 16.5+0.2 15.5+0.4 14.7+0.5 16.6+0.2 4.59 , 24%, 27°%, 307, 33°, F

*xk

b a b a a
Hatchling dry ) 3.65+0.09 4.34+0.06 3.94+0.09 4.30%+0.10 4.31+0.05 8.24 , 24, 27%, 30°, 33, F

Hetchling energy ( KJ) 80.1+2.1 97.2+1.8 84.5+1.8 93.5+1.9 94.8+1.3 9.63"", 24°, 272, 30°, 332, F?
Hatchling lipids (g) 0.87+0.03 1.10+0.02 0.94%0.06 1.09%+0.03 1.090.02 4.967, 24", 273, 30°, 33%, F?
Hatchlingash (g)  0.42%0.01 0.47+0.01 0.44%0.01 0.43+0.02 0.46%0.01 2.19™
Carcass dry mass (g) 2.67+0.05 2.93+0.06 2.70+0.07 2.51+0.04 2.89+0.05 8.53"", 24 272 30%, 33°, f®

.59+ 0. .77 £0. .57+0. .66 £0. .74 £0. r24°, 272, 30°, 33%, F*P
Fat body dry mass (g) 0.59+0.03 0.77+£0.02 0.57+0.03 0.66+0.02 0.74+0.02 8.277"7, 24°, 272, 30°, 33™, F

.37+0. .66 +0. .65+0. .21+0. .69+0. c b b a b
Resdudl yolk dry mass (g) 0.37x0.06 0.66+0.05 0.65+0.05 1.21+£0.06 0.69=x0.04 27.06 , 24°, 27°, 30°, 339, F

Carcass ash (g) 0.40+0.01 0.42+0.01 0.39+0.01 0.35+0.02 0.42+0.01 5.52°", 24% 272 30® 33° F2

.9+4. . 5+3. . 3+4. 2 +4. 4+3. o c b b a rhe
Resdudl yolk ash (mg) 25.9+4.1 47.5%3.9 43.3+4.2 85.2+4.8 44.4%3.1 21.06 , 24, 27°, 30™, 33°, F

e c C ab b a
Hetched eggshell dry @ 0.92+0.01 0.94+0.01 1.04+0.01 1.00+0.01 1.06+0.01  26.53""", 24°, 27°, 30, 33", F

c be ab ab a
Hetched eqashell ash (d) 0.21+£0.01 0.24+0.01 0.28+0.01 0.26+0.01 0.29+0.01 6.99", 24°, 27™, 30®, 33®, F

+ , ANCOVA ( 24.39) F ;. *P<0.05, **
P<0.01, ***P<0.001 (Tukey stest @ =0.05, a>b>c)
Date are expressed as adjused mean + SE. Initid egg massis the covariate (set at 24.3 g) in dl ANCOVA modds. Symbolsimmedately after F
vaues represent sgnificant levels: ns P>0.05; * P<0.05, **P<0.01, ***P<0.001 means corregonding to temperatures with different su-

perscripts differ sgnificantly (Tukey stest, o =0.05, a>b>c).
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Table4 Loading of the first two axes of a principal compo-

nent analysis on nine variables of hatchling traits

Factor loading
PC1 PC 2
Snout-vent length 0.712 - 0.616
Tall length 0.538 - 0.303
Wet body mass 0. 803 - 0.218
Dry body mass 0. 805 0.514
Hatchling lipids 0.773 0. 546
Hatchling energy 0. 909 0. 367
Carcass dry mass 0. 886 - 0.367
Fat body dry mass 0.883 0.143
Resdud yolk dry mass - 0.213 0. 905
Variance expla ned 56.9 % 24.3%

Sze effects are removed in dl cases by usng resduas from the regres-
donson egg mass. Variables with the main contribution to each factor
in bold face

in the space defined by the first two axes of a principal
component analysis based on nine egg size-adjusted hatch-
ling variables

Efectsof egg Sze were removed usng resduds from the regres

donsof corregponding variableson initia egg mass.
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