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: ( ) :
1/2 , 800 8 h
- 220 kPa, , Kol-
(vermiculite) =11 mogorov- S mirnov Bartlett (Statistica
, 23 24 27 ) ,
28 30 33 34 (0.3 (
) (ANCOVA) (ANOVA)
30 cm, Tukey’ s
6:00 12:00 18:00 ,
22:00 ( ) , 1 * , a =
0.05
’ 2
) (P<
0.01) , ANCOVA
, 1lh , ANCOVA
( ), (dry mass of
, egg content , DMC) (wet mass of
65 egg content , WMC) (1998 DMC
, =0.2811WMC- 0.1851, r?=0.912, P<0.0001;
55 5.5h , 1999 DMC = 0.2658WMC - 0.0601, r* =
GR-3500 0.815, P<0.001)
1
Table 1 A comparison of componentsamong hatched eggs incubated at different temperatures
and freshly laid eggs in Chinese soft-shelled turtle
Dry mass Energy Lipid mass Ash mass Shel dry mass Ashin egg shell
() (K3) (mg) (mg) ) ()
(Freshly laid eggs) (n=29)
1.10+£0.01*  29.3+0.31  315.2+6.1°  76.5+1.9° 0.588+0.008% 0.318+ 0. 004°
(Hatched eggs)
34 (n=4) 0.86+0.01%  19.1+0.1% 183.9+5.9°  91.6+3.9®  0.572+0.021° 0.303+0.011°
33 (n=32) 0.86+0.01° 20.1+0.3% 184.7+5.3°  91.4+0.9®  0.534+0.004" 0.289 +0.002°
30 (n=29) 0.89+0.01%  20.7+0.2™  197.3+3.7"  90.7+1.0®  0.539+0.008" 0.291 +0. 005"
28 (n=26) 0.91+0.01° 21.6+0.2° 211.0+4.5°  92.5+1.08° 0.545+0.012" 0.290 + 0. 006"
27 (n=28) 0.90+0.01° 21.2+0.2% 201.8+4.1®  93.7+1.2*  0.535%0.007° 0.283 +0.004°
24 (n=16) 0.89+0.01%  20.5+0.2™  202.1+5.3®  89.9+0.9®  0.526+0.008" 0.276 +0.008"
23 (n=14) 0.83+0.01° 19.4+0.4° 189.5+5.6°  85.8+1.2°  0.564+0.010° 0.300 +0. 005"
(n=24)
(Fuctuating temperature) 2+0.01° 21.7+0.2° 205.8+3.2°  93.3+1.3®  0.534%0.011" 0.284 +0. 006"
F (s 192) 57.49"" 119.53" 72.49" 16.73"" 4.49" 5.07""
+ , (Tukey' s ) F

[Data are expressed as adjusted mean+ SE, with dry massof freshly lad egg contents as the covariate. Adjusted means with different

superscripts on each column are statigticdly different (Tukey' stest) . Symbolsimmediately after F vaues represent sgnificant level ]

** P<0.001
***P <(.0001
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(27 28 ) ( 2
(33 (27 28 )
34 ) (23 ) ( 1) : :
, 27 28
(D (23 ) (34 )
) , 23
; , 34
(1
, 84.1% 74.1%; 3
28 , 66.99%; 23
, 75.7%; 34 (27 28 ) ,
, 65.2% 58.3%
) , ( 34 33 ) (23 )
, 23 ;
122.0% 112.2% , (D 7 (2)
(1
5 ( , 1990; Deeming et
(KJ) al., 1991)
Table 2 Allocation of energy ( KJ) among three major (Booth et al. ,
components of the Chinese soft-shelled turtle hatchlings 1991 ; , 1999; Ji et al. , 1999) ,
incubated at different temperatures ,
Carcass Resdud yolk Fat bodies ,
34 (n=4 14.3+0.3°  0.95+0.20® 4.20+0.31%
33 (n=32) 14.3£0.2°  1.00£0.13® 4.81+0.14%
30 (n=29) 14.6+0.2® 1.18+0.22® 4.86+0.20™
28 (n=26) 14.7+0.2® 1.47+0.20° 5.53+0.14°
27 (n=28) 15.2%0.1* 0.69+0.08" 5.42+0.13%
24 (n=16) 14.1+0.2° 1.04+0.12® 5.53+0.17% ’ 27 28
23 (n=14)  13.2+0.2° 1.48+0.33% 4.44%0.13° ’ 27
(F|uctu(art]ir_1§4) 15.2+0.1*  1.12+0.08® 5.49+0.09% 28 (1) 27
temperature) ,
ANCOVA , ANOVA , *ANCDVA o 28 ( 2): (2) 27
Faen =9-37"" Faes =218 F(7 16 =5. 61 ’ 34 23
t ) t ¢ )
( ) '
(Tukey' s ) F 34
[Data are expressed as adjusted mean + SE (range) or mean + SE ; 23
(range) (for resdud yolk) , with dry massof freshly laid egg contents : (1)
asthe covariate. Adjusted meanswith different superscriptson each col-
umn are gatigticdly different (Tukey’ stest). Symbolsimmediatdy &- . (2)

ter F vaues represent dgnificant level ]
*P<0.05 ***P<0.0001
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(Abstract)

I NFL UENCE OF INCUBATION TEM PERATURE ON EMBRYONIC
USE OF MATERIAL AND ENERGY IN THE CHINESE SOFT-SHELL ED
TURTL E ( PELODISCUS SINENSIS) *

DU Wei- Guwo JI Xiang
( Department of Biology, Hangzhou Normal College, Hangzhou 310036, China)

We had eggs of Chinese oft-shelled turtle ( Pelodiscus sinensis) incubated at seven constant temperatures
ranging from 23 to 34 and one fluctuating temperature regime (22. 3 32.8 ) to asessinfluenceof in
cubation temperature on embryonic use of materia and energy. Our results reveded that more dry matter,
lipids, minerds, and energy were transerred from the egg into the hatchling when eggs were incubated at
moderate (27 and 28 ) and fluctuating temperatures. Hatchlings from these temperature treatments corn-
tained more ash and higher energy contentsin carcass as well aslarger fat bodies than did those from extremely
high (33 and 34 ) andlow (23 ) temperatures. Incubation temperature sgnificantly affected embryonic
allocation of energy among carcass, resdua yolk, and fat bodies, resulting in hatchlings differing in energy
contentsof these compartments. Hatchlingsincubated at 27 and 28 were dmilar in tota energy contents,
but hatchlingsincubated at 27 contained less amountsof energy in the resdud yolk. Smilarly , hatchlingsin-
cubated at 23 and 34 did not differ in tota energy contents, but hatchlingsincubated at 34  contained less
amounts of energy in the resdual yolk. These observationsimply dgnificant influence of incubation temperature
on tranderence of energy during embryogeness. Constant temperatures rarely occur in nature, < incubating
eggs at fluctuating temperatures could provide more ecologically relevant data. Our results showed that hatch
lingsincubated at fluctuating temperatures did not differed from those incubated at constant temperatures rang-
ingfrom24 to 30 , athough these eggs were once exposed to temperatures close to 23 and 34 for a
brief period on a daily bass. Therefore, we conclude that eggs of P. sinensis can be incubated over a wide
range of constant temperatures without sgnificant modifications to energy contentsof hatchlings and the range of
suitable incubation temperatures can be substantialy widened when eggs are incubated at fluctuating tempera-
tures.

Key words Chinese soft-shelled turtle ( Pelodiscus sinensis) , Egg, Incubation, Hatchling, Materia and en-
ergy Uutilization
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