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(ANOVA- Fg05 =57 .59, P<0.001)
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P<0.001) 24  (74.2 85.7%) 26 (77.3
( 1 91.2%) 32
(OkPa) (30.0%) ( ¢/ o =65/53 )
-220  -12kPa , 11(G6=2.81, df =1, P>0.05),
( (G=3.81, df
24 26 ) =2, P<0.10) ,
(ANOVA- Fog = (G=1.57, df =2, P>0.25) 32
0.08, P=0.928)
2 ,
ANCOV -
, (ANOVA-Fgin A : SVL  TL
=2706 .34, P <0 .0001) ;ANOVA 26 |- (P<0.05) ,
12kPa ( ) ;
(Fsos =67.87, P <0.0001) (P>0.05) ,
(24 :G=0.918, df =2, 3 SVL TL
P>0.9526 : G=0.81, df =2, P>0.75); (ANOVA-

(G=40.81, df =2,

Fs110 =5.00, P<O0. 001)

1
Tablel Initialandfinalmassesof ~ Xenochrophis piscator eggsincubatedindifferentthermalandh  ydricenvironments
( /kPa) (9 (9

Treatment n Initiale ggmass Significance Finale ggmass Significance
24/-220 6 2.05+£0.04 (1.96 2.19) 2.31%+0.07 (2.09 2.57)

24/-12 23 2.09+0.03 (1.90 2.35) F2 3 =0. 26, 2.41%+0.03 (2.15 2.78) Fs 32 =8.15,
24/0 6 2.11+0.08 (1.78 2.44) P=0.771 2.71°+0.12 (2.30 3.16) P<0.001
26/-220 20 2.09%+0.03 (1.90 2.30) 2.33%+0.03 (2.12 2.54)

26/-12 31 2.02°+0.03 (1.75 2.26) F2 65 =3 . 65, 2.41%+0.03 (2.13 2.69) F2 65 =26 . 55,
26/0 17 2.12%+0.03 (1.83 2.40) P=0.031 3.10°+0.16 (2.31 4.62) P <0. 0001
32/-12 15 2.07+0.03 (1.88 2.30) 2.39+0.06 (2.08 2.88)

+ () (Tuke/' s , 0 =0.05) [Dataareex pressedasmean + S. E.

(range) .Meanswithdifferentsu

2

perscriptsarestatisticall  ydifferent (Tukey stest, O =0.05) ]

Table2 Effectsofthermalandh ydricenvironmentsondurationofincubation,hatchin g

success,sexr atioandabnor malit

yinXenochro phis piscator

( /kPa) (d) (%) (¢ 8/ o 7) (%)
Treatment Incubatede ggs Durationofincubation Hatchingsuccess Sexratio Abnormality
24/-220 7 66.1°+0.1 (65.8 66.7) 85.7 (6/7) 2/4 0 (0/6)
24/-12 31 64.7°+0.2 (63.1 65.9) 74.2 (23/31) 10/13 0 (0/23)
24/0 8 65.7%+0.2 (65.1 66.0) 75.0 (6/8) 313 16.7 (1/6)
26/-220 2 49.39+0.1 (48.6 50.1) 90.9 (20/22) 13/7 0 (0/20)
26/-12 34 50.8°+0.2 (48.6 53.0) 91.2 (31/34) 17/14 0+0/31)
26/0 22 49.29+0.2 (48.1 51.1) 77.3 (17/22) 12/5 0+0/17)
32/-12 50 32.2°+0.1 (31.5 33.3) 30.0+15/50) 8/7 100 (15/15)

t (G

areex pressedasmean + S. E. (range) .Meanswithdifferentsu

perscriptsarestatisticall  ydifferent  (Tukey stest,

(Tukey's ,0 =0.05) [Dataondurationofincubation

a =0.05)]
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3
Table3 Bodymass,snout -ventlen gthandtaillen gthof Xenochrophis piscator hatchlings
fromdifferentincubationthermalandh  ydricenvironments
(mm) (mm)
( /kPa) (9 Snout-ventlen gth Taillen gth
Treatment n Bodymass
? d ? =)
1.62+0.03 137.5+1.5 127.5+2.5 44.0 49.3+1.4
24/-220 29 9+4 ¢ 9
(1.54 1.74) (136.0 139.0) (121.0 132.0) (44.0) (45.0 51.0)
1.60+0.02 134.9+2.1 128.2+1.2 43.0+0.6 50.2+0.8
24/-12 109 ¢+13 o ¢
* (1.40 1.79) (121.0 142.0) (117.0 133.0) (41.0 46.0) (45.0 55.0)
1.63+0.06 136.3+2.2 132.7+2.7 43.7+0.3 51.7+0.7
24/0 32943 97
(1.48 1.85) (132.0 139.0) (129.0 138.0) (43.0 44.0) (51.0 53.0)
1.60+0.03 136.5+1.2 130.1+2.0 44.2+0.7 50.0+0.9
26/-220 139 247 ¢ ¢
" (1.33 1.78) (126.0 142.0) (123.0 139.0) (40.0 50.0) (47.0 53.0)
1.58+0.02 135.5+1.0 128.9+1.2 44.3+0.5 50.8+0.6
26/-12 179 9 +14 ¢ &
(.37 1.77) (126.0 139.0) (119.0 134.0) (41.0 47.0) (51.0 55.0)
1.58+0.04 130.3+2.1 127.8+2.2 42.4+1.1 48.0+1.6
26/0 129 245 ¢ ¢
(1.32 1.88) (118.0 139.0) (120.0 131.0) (33.0 46.0) (43.0 52.0)
1.47+0.05 122.5+3.4 124.8+2.6 36.1+1.3 41.5+1.4
32/-12 89 9+7 o g
(0.97 1.77) (102.0 131.0) (117.0 130.0) (31.0 42.0) (37.0 48.0)

t (

areshowedasthenumberoffemal es

[Dataareex pressedasmean + S. E. (range) .Sam plesizes

plusthenumberofmal es)

(ANOVA- Fg111 =5 .12, P <0 .001) ,
Tukey's 26 /OkPa 32 /[-12kPa
(P>
0.05) ,
32 /-12kPa (P<
0. 05) (SVL+TL )

(ANOVA- Fg100 =14 .92, P <0.0001) ,
(ANOVA' F6,110 =

13.01, P <0.0001) ,Tuke y 32 /12
kPa
(P<0.05) ,
(P>0.05) ANCO-
VA :
SVL TL (P>0.05) ,24
26 SVL ( 9-Fisy =

0.37, P=0.546; - Fi43 =0.13, P =0.716)
TL ( 9~ Fiss =0.44, P=0.512, o- Fy43 =0 .05,
P=0.822) 24 26
SVL (ANOVA- Fig =26 .41, P <0 .0001)
TL (ANOVA- Fig =54.28, P <0.0001)
32 24 26
SVL (ANOVA- Fis =5.93, P =0.019)
TL (ANOVA- Fig =51.32, P <0.0001)

32 24 26
SVL TL : SVL
(ANOVA- Fii0 =30 .86, P <
0.0001) , TL
(ANOVA- F1100 =166 .81, P<0.0001)
4

(ANOVA- Fg110 =1 .74, P =
0.119
(ANOVA- Fg110 =7.21, P<0.0001) ;
(ANOVA- Fgq1 =7.39, P

<0.0001) ,32 /-12kPa
(Tuke' s
, P<0.05)
(ANOVA- Fg111 =7.35, P<0.0001) ,Tukey's
24 (P<0.011) 26 (P<0.002)
32

(ANOVA‘ FG,llO =1. 95, P=0. 079)

( 5 2426 32

74.6% 74.4%  71. 2%,
51.3% 51.9%  53. 8%,
66.6% 66.2% 63.9%



4
Table4 Totaldr ymassanddr ymassesofcarcass, posthatching yolk,andfatbodiesof Xenochrophis piscator hatchlings
fromdifferentincubationthermalandh  ydricenvironments

( /kPa) (9 (9 (9 (9
Treatment n Bodydr ymass Carcassdr ymass Post- hatching yolkdr ymass Fatbod ydr ymass
241-220 6 0. 383 +0. 005 0. 294 + 0. 005 0. 051 + 0. 002 0. 030 + 0. 002

(0.366 0.400) (0.280 0.308) (0.045 0.057) (0.035 0.048)
24/-12 23 0. 365 + 0. 008 0. 282 +0. 005 0. 040 0. 002 0. 043 £ 0. 002
(0.319 0.443) (0.251 0.319) (0.021 0.062) (0.033 0.062)
2410 6 0. 366 +0. 010 0. 285 + 0. 006 0. 043 £ 0. 004 0. 038 + 0. 002
(0.327 0.393) (0.267 0.304) (0.030 0.053) (0.031 0.042)
26/-220 20 0. 381 +0. 007 0. 289 +0. 004 0. 042 £ 0. 002 0. 049 0. 002
(0.320 0.437) (0.232 0.329) (0.010 0.056) (0.036 0.066)
26/-12 7 0. 354 +0. 006 0. 284 +0. 003 0. 033 £ 0. 002 0. 037 £ 0. 002
(0.285 0.420) (0.259 0.320) (0.001 0.059) (0.018 0.063)
26/0 17 0. 372 0. 008 0.271 +0. 008 0. 055 = 0. 005 0. 046 = 0. 002
(0.330 0.456) (0.207 0.333) (0.036 0.117) (0.027 0.067)
39/-12 15 0.352 +0. 013 0. 253 +0. 009 0. 056 0. 005 0. 042 +0. 003
(0.231 0.423) (0.152 0.288) (0.029 0.105) (0.020 0.066)
+ ( ) [Dataareex pressedasmean + S. E. (range) ]
5 ANCOVA F

Table5 Majorcom ponentsandFvaluesof ANCOV Afor Xenochrophis piscator hatchedeggsandfreshl ylaide ggs

Hatchlings (n=7)
F3 121
24 (n=35) 26  (n=68) 32 (n=15) Eggcontents

(9) b b . a

Wetbod ymass 1.64°+0.01 1.62°+0.01 1.50°+0. 05 2.043+0.02 54.04
Drybod ;2& 0. 375" +0. 005 0. 374" +0. 003 0.358°+0. 012 0.503%+ 0. 010 42.09"""
Lipidmass @ 0.081°+0. 002 0.082°+0. 002 0. 085"+ 0. 003 0. 1582+ 0. 006 74.85"""
(KJ b b b a

Energy 8.43"+0.13 8.38°+0.09 8.09°+0.28 12.66%+0. 26 68. 46
shalldr ymass(g) 0. 0437°+ 0. 0005 0. 0427° +0. 0005 0. 0419°+ 0. 0009 0. 05192+ 0. 0014 13.337

+ ’ = : 7 P<0.0001
(Tukey's , 0 =0.05) [Dataareex pressedasad justedmean * S. E. ,withinitide ggmassasthecovariate.S ymbolsimmediatel yafterF

*hkk

valuesre presentsi gnificantlevel: P<0.000LAd justedmeanswithdifferentsu  perscriptsarestatisticall ydifferent (Tukey stest, O =0.05) ]

3 :

26 /OkPa
, [ Chrysemys picta ( Packard et al.,1981,
, 1983;Gutzke et al.,1985;Gutzke et al.,
( 1 1987b) | [ Callisaurus draconoides Packard
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05
et al.1980 )] [ Pituo phis melanoleucus TL, 32 TL
Gutzke et al., 1987a) ]
(Morris et al .,1983;Packard et al., , SVL , TL
1986;Packard, 1991 ) , TL SVL
32%, TL SVL  39% ( 3)
TL SVL (7%)
, (8%, ,1990 ) ,
( 2
(Packard 32
et al.,1980;Snell et al.,1985;Trac y et al., 32
1985;Packard et al., 1988 ) ,
(Muth,1980;Trac Y,
1980; Packard et al.,1987;Plummer et al., (Kraemer et al.,1981;Tro  yer,1983;1987;Wil -
1988) hoft,1986;Con  gdon,1989 ) ,
(Plummer et al.,1988;Packard,1991 ) , 1 2
' (J et al.l1997a ) 32
, (63.9%) 24
, (66.6%) 26 (66.2%) ,
32
32 100% 32
32
(24 ) (26 ) 24 26
(32 ) ,
(vanDamme ¢t al ., , 26
1992;J et al.,1999;Bra na et al.,2000 ) ,
SVL , ,26
( Gutzke et al.,1987b;Packard et al.
1989) ( Gutzke et al.,1987a;Bur ger,
1990) ( Podarcismuralis;van
Damme et al.,1992;Ji et al.,1999;Bra na et al .,
2000) ,
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(Abstract)

INFLUENCESOFTHERMALANDHYDRICENVIRONMENTSON
INCUBATINGEGGSANDRESULTANTHATCHLINGSINACOLUBRID
SNAKE( XENOCHROPHIS PISCATOR ) -

JXian g DUWe -Guo XUXue -Feng
( Department of Biology, Hangzhou Normal College, Hangzhou 310036, China)

Influenceofthermalandh  ydricenvironmentsonincubatin ~ ge ggs,embr yonicuseofener  gyandhatchlin g
characteristicswerestudiedinacol ubridsnake, Xenochro phis piscator .Allviablee  ggsincreasedinmassover
thecourseofincubati onbecausethesee ggsabsorbedwaterfromsurroundin gsaandmass  gaindurin gincubation
wasde pendentoninitialle  ggmassandsubstratewater potential .Durationofincubation,hatchin gsuccess,em -
bryonicuseof nutrientsandener gyandsexratio,sizeandmassofhatchlin gswereunaffectedoverawideran ge
of substratemoi sture.Durati onofincubati ondecreasedasi ncubati ontem peratureincreased. Therewasastron g
famil yeffectonincubationlen  gth.Incubationtem  peraturedidnotdeterminesexofhatchlin gs,but  profoundly
affectedhatchin  gsuccess,embr  yonicuseofnutrientsandener gy,sizeandmassofhatchlin gs,carcassmassand
post-hatching yolkmass.Therewasnosi gnificantdifferenceintotallen  gth (SVL plusTL ) betweenfemaleand
malehatchlin gs,butthenewbornsdidexhibitsexual dimor phisminsnout -ventlen gthandtaillen gth,withfe -
maleshavin glon gerSVLandshorterTL thandidmales.32 wasnotasuitabletem  peratureforincubatin g X.
piscator eggsfortworeasons: (1) eggsat32 producedhatchlin gswithlessdevelo pedcarcass, greateramount
ofunutilized yolkandabnormaltail; (2) embryosex pendedmoreener gyat32 thanatlowertem  peraturesto
completedevelo pment.Giventhate  ggsat24 and26 both producedwell -develgpedhatchlin gsofwhichthe
measuredvariableswerenearl  ythesameforthenewbornsfromthetwotem peratures,weconcludethat26 is
thebestincubationtem  peraturefor  X. piscator inthisstud .

Ke/words  Xenochro phis piscator ,E gg,Incubation,Hatchlin g

* Thisworkwass ponsoredb ytheZhe jiangProvincialNatural ScienceFoundation



