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Table 1 The effects o incubation temperatures on incubation length, hatching success, and
X ratio and abnormality of hatchlings in Dinodon ruf ozonatum in a 2 x 2 factorial design
() (kPa) (d) (%) (s 9/ @) (%)
Temperature Moisture Incubated eggs Duration of incubation Hatching success . Abnormdity
Sex ratio
24 - 500 25 76.1 = 0.3 (73.0 77.8) 92.0 (23/25) 14/9 4.0 (1/25)
24 0 18 75.8 + 0.4 (72.8 78.1) 88.9 (16/18) 719 11.1 (2/18)
30 - 500 23 46.5 £ 0.2 (44.7 47.3) 82.7 (19/23) 9/10 4.3 (1/23)

30 0 16 46.2 + 0.2 (45.2 47.5) 93. 8 (15/ 16) 8/7 6.3 (1/16)




38 48

2 2x2
Table 2 Szeand mass o Dinodon ruf ozontum hatchlings from eggs incubated in
different thermal and hydric environments using a 2 x 2 factorial design

Temperature () Efects
Hatchling sze and mass 24 30 (Moisture) (Temperature) (Interaction)
F168 F168 F168
(9 DS 5.12+0. 17 5.05+0.19
. 2.49™ 0.01™ —_—
(Initid egg mass) WS 4.73+0.19 4.83+0.20
(mm) DS 207.3+2.8 202.9+2.6 7.33"7
0.18™ 1.74™
(Snout-vent length) WS 204.8+4.8 207.6+£3.2 WS>DS
(mm) DS 49.3+1.0 49.6+1.5
. 1.20™ 0.08™ 0.002™
(Tal length) WS 48.9+1.7 49.7+1.3
(9 DS 4.63+0.20 4.54+0.22 4.94°
0.52"™ 0.13™
(Wet body mass) WS 4.31%+0.23 4.38+0.23 WS>DS
(9) DS 1.30+0.06 1.31£0.07
0.56™ 0.27™ 2.05™
(Dry body mass) WS 1.20+£0.07 1.22+0.08
(9) DS 0.84+0.03 0.80+0.04 5.22°
1.64™ 0.33™
(Carcass dry mass) WS 0.79+0.05 0.80+0.04 WS>DS
(9) DS 0.21 + 0.02 0.28 + 0.02 7.66" .
_ 2.28™ 5. 60
(Resdua yolk dry mass) WS  0.19 * 0.02 0.21 * 0.02 30 >24
(9) DS 0.25+0.02 0.23+£0.02
0.46™ 3.26™ 0.28™
(Fat body dry mass) WS 0.22+0.02 0.22+0.02
(KJ) DS 32.3%x1.2 30.2%x1.1 6.19 "
. 0.005™ 1.41™
(Hatchling energy) WS 30.5+1.1 28.7+1.1 24  >30
(mg) DS 32.3x1.2 30.2+x1.1
_ N 0.03™ 0.84™ 0.90™
(Hatchling NP lipids) WS 30.5+1.1 28.7+1.1
(mg) DS 150.8+5.8 156.0+7.8 11.08™
_ 1.79™ 0.18
(Hatchling ash) WS 138.5+7.3 160.9+6.3 30 >24
(mg) DS 129.1+4.8 126.8+5.7
3.15™ 0.99™ 0.50™
(Carcass ash) WS 119.4+6.9 126.2+6.3
(mg) DS 21.8+1.6 29.5+2.3 5.89 "
. 0.75™ 0.30™
(Reddud yolk ash) WS 19.2+1.7 34.7£1.9 30 > 24
(mg) DS 39.8+2.3 41.0x2.5
1.35™ 0.03™ 1.06™
(Hatched eggshell ash) ws 35.4+2.9 34.9+2.6
ANOVA ( ) ANCOVA ( ) F [ Fvauescorrespond to sngle effects and factor interactions
in two-way ANOVA (for theinitid egg mass) or ANCOVASs (with initid egg mass as the covariate) |
DS: (Drier substrate) WS: (Wetter substrate)
ns: P>0.05 * P<0.05 ** P<0.01
) 0 kPa
( 2 ; - 500 kPa , 30
( , 1999d) y 24 ( Fl 39 =
( 2 18.22, P < 0.0001) ; 0 kPa ,

ANCOVA - 500 kPa 24 30
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Table 3 Body shape of Dinodon ruf ozontum hatchlings from eggs incubated in
different thermal and hydric environments using a 2 x 2 factorial design

() (kPa) (n) (mm) (9
Temperature Moisture Sample sze Hatchling tail length Wet body mass
24 - 500 23 48.8+0.7 4.54+0.10
24 0 16 48.6+0.8 4.36+0.09
30 - 500 19 50.2+1.0 4.69+0.14
30 0 15 48.2+1.2 4.28+0.13
(Moisture) F 69 0.77™ 5.97 " WS<DS
(Efects (Temperature) F 69 0.84™ 0.08™
(Interaction) ) 0.39™ 0.95™
+ , ( 205. 7 mm) [Data are expressed as adjusted mean + SE, with hatchling
SVL (set at 205. 7 mm) asthe covariate]
DS: (Drier substrate) WS: (Wetter substrate)

ns: P>0.05 * P<0.05

(F12=0.42, P=0.522)

( -500 kPa ) : ;
, (24
(svL SVL + ) 10d ; 30 1/2 ,
: ) ; (24 )
, (30 ) ,
( , 1999d, 2001c, ( 1
2001d; Ji et al., 1997b, 1999a, 1999b, 1999c, ,
2000, 2001a, 2001b) (1999d) 24
30
(- 12 kPa) ( Pituophis melanoleucus , Gutzke et al. , 1987)
, ( Naja atra, Ji et al., 2001a)
0 kPa ( Elaphe carianata, Ji et al. , 2001b)
( Xenochrophis piscator , , 2001c)
. 4 2x2
( , 2001c, 2001d; Vleck,

Table 4 The maximum distance of continuous |ocomotion

1991; Ji et al. , 1999a, 2001a, 2001b) o Dinodon ruf ozontum hatchlings from eggs incubated

in different thermal and hydric environments using

( ) a 2 x 2 factorial design
(Packard ,
() «Pa (m (m
1991; Vleck, 1991) , A The meximum dstance of
Tenperature  Moisture Sample sze ) .

( ., 2000 , 2001c, continuous locomotion
2001d; Ji, 1992; Ji et al. , 1996, 1997a, 1997b, 24 - 500 16 1.35+0.24 (0.24 3.84)
1999a, 1999b, 1999c, 2000, 2001a, 2001b) , 24 0 14 1.05£0.16 (0.24 2.16)
30 - 500 8 1.62+0.15 (0.77 2.07)

30 0 8 1.34+0.17 (0.38 1.90)
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( Podarcis muralis, Ji et al. , 1999a)
( Eumuces chinensis , , 2001d) ( ,1999d; Ji et al. , 1997a,
( Calotes 1999a, 1999b, 1999c, 2000, 200la, 2001b) ,

versicolor)
’ 1 y WL
? SVL ,
, (Ji et al., ,
19993 ( , 2001d)
( Eremias brenchleyi) (Ji (Packard et al., 1989; Ji et al., 1997a, 1999b,
et al. , 2001a) (Ji et al. , 2001b) 1999c, 2000) , 30
( ,2001c) 10
, 30
; , ( 2
( , 2001c, 24 30

2001d; Vleck, 1991; Ji et al., 1999a, 2001la,
2001b; Brafa et al. , 2000)

, , (24 >30 )
, (24 <30 ) ( 2,
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(Abstract)

FURTHER STUDIES ON EGG INCUBATION OF AN OVIPAROUS SNAKE,
DINODON RUFOZONATUM (COL UBRIDAE) , WITH COMMENTSON
THE INFL UENCE OF HYDRIC ENVIRONMETS®

ZHANG Yong-Pu JI Xiang

( Department of Biological and Environmental Sciences, Wenzhou Normal College, Wenzhou 325003, Zhgiang, China)
( School of Life Sciences, Hangzhou Normal College, Hangzhou 310036, China)

We incubated eggs of redbanded wolf snakes ( Dinodon rufozonatum) at 24 and 30 on substrates with
water potentialsof 0 and - 500 kPa usng a 2 x 2 factoria dedgn, paying particular attention to the influence of
substrate moisture and itsinteraction with incubation temperature on hatching success, embryonic use of energy
and materia and hatchling traits. All viable eggs gained mass during incubation due to absorption of water , and
both therma and hydric environments afected water exchanges between eggs and their surroundings, thereby
afecting the hydric conditionsinsgde the egg. Eggsincubated at 24  gained more mass than did eggs at 30
but at the same substrate water potentia ; eggs incubated in wetter substrates (0 kPa) gained more mass than
dideggs in drier substrates ( - 500 kPa) but at the same temperature. Incubation temperature sgnificantly
afected duration of incubation, but substrate moisture and its interaction with tenperature did not. In our
study, both incubation temperature and substrate moisture did not affect hatching success and sx ratio of
hatchlings. Deformed hatchlings were found in each treatment , the frequency being independent of treatments.
Substrate moisture significantly affected sze (SVL) , wet mass and carcass dry mass of hatchlings, with those
incubated in wetter substrates being larger in SVL , wet body mass and carcass dry mass than those in drier
substrates. Variation in hatchling wet body mass among treatments semmed mainly from variation in water
contents, because there were no dgnificant differences in tota dry mass among hatchlings from different
incubation conditions desgned in this study. More yolk remained unutilized at hatching when eggs were
incubated at 30 . Hatchlingsincubated at 30 contained more ash than did those incubated at 24 |, largey
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and Hangzhou City
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because they contained more ash in the resdual yolk. Hatchlingsincubated at 24  contained more energy than
did those incubated at 30 , suggesting greater energy expenditure for embryonic development at 30 than at
24 . Of dl hatchling traits examined, only resdua yolk dry mass was dfected by interaction between
temperature and moisture. In al treatment locomotor performance (the maximum distance of continuous
locomotion) was not correlated with hatchling SVL. A two-way ANOVA indicated that there were no
dgnificant effects of incubation temperature, of substrate moisture and of their interaction on locomotor
performance of hatchlings. Taken together , our results revea that the efectsof substrate moisture on incubation
of D. rufozonatum egg are of minor importance, and therefore support the concluson that variation in hydric
environments over a wide range does not have important efectson incubation of pliable-shelled reptilian eggs.

Key words Red-banded wolf snake ( Dinodon rufozonatum) , Colubridae, Egg, Incubation, Therma and

hydric environment , Hatchling trait
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23rd International Ornithdogical Congress will be hdd in Bejing, China, August 11 - 17, 2002, under the augpices of
Internationd Ornithologicad Committee. The Congress features ten plenary lectures, 40 symposa, ora and poster presentations, and
round-table discussons. Thereisa Chinese evening on the ornithologicad development in China and an evening on the origin of birds.
In addtion , there are severa hirding tours to the variousplaces of China.
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