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Effects of Incubation Temperature on Duration of Incubation,
Hatching Success. and Hatchling traits in The Gray Rat Snake,
Ptyas korros (Colubridae)
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Abstract: The gray rat snake, Ptyas korros (Colubridae), is a kind of popular oviparous snake in the south-
ern provinces of China. Herein, we established an experimental protocol using the gray rate snake as the
animal model to examine (1) influence of temperature on hatching success, hatching time, (2) influence of
temperature on hatchling traits, (3) influence of temperature on embryonic use of energy and material.
In early July 1999, we collected 11 gravid females from a private peddler at Jiande county, Zhejiang
province, east China. The females were brought to our laboratory in Hangzhou Normal College. where
they were randomly assigned 1~2 to a 50X 50X 50cm® wire cage placed in an air-conditioned room at 28~
30 C. Food (frogs) and water were provided libitum. The animals begin to lay eggs a few days after their
arrival. Cages were checked for a minimum of six times daily for the presence of eggs so that eggs could be
collected, weighed measured promptly. Throughout the reproductive season, A total of 74 freshly laid
eggs were collected. We randomly selected one freshly laid egg, which were then dissected and separated
into eggshell and egg contents (yolkembryo), from each of the clutches. The embryo was too small and
fragile to be separated and therefore was included with the yolk. Egg contents were put into a pre-weighed
dish and weighed. Eggshells were rinsed briefly in distilled water, dried by blotting with a paper towel and

weighed. Egg contents and eggshells were then oven-dried to constant mass at 65 C for a minimum of 24
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h, weighed and stored frozen at —15 C until they could be processed for determining composition. The
remain eggs were put into plastic boxes contained moist vermiculite (—220kPa, dry vermiculite . water =
1:1). The boxes were then placed into the incubators whose temperature was set at 24, 26, 30 and 32 C,
respectively. As soon as possible, eggs from each clutch were equally assigned into the containers at the
four above-mentioned temperatures so as to avoid the family effect. Furthermore. we moved the boxes a-
mong shelves daily according to a predetermined schedule to minimize any effects of thermal gradients in-
side the incubator. All containers were weighed daily and. if necessary, water was added to compensate
for small evaporative losses, so that the water potential of the substrate was maintained constant.

Duration of incubation was defined as the elapse time from egg laying to hatchling emergence. Upon
emergence, each hatchling was measured, weighed, killed by freezing to —15 C, and then separated into
carcass . residual yolk and fat bodies. The three components were oven dried to constant mass at 65 C,
weighed and preserved frozen for later determination of composition. We extracted non-polar lipids from
dried samples in a Soxhlet apparatus for a minimum of 5.5 h using absolute ether as solvent. The amount
of lipids in a sample was determined by subtracting the lipid-free dry mass from the total sample dry mass.
The total lipid in each hatchling was calculated as the sum of the lipids in its carcass, residual yolk and fat
bodies. We determined energy density of dried samples using an adiabatic bomb calorimeter and ash (inor-
ganic material) content in each sample using a muffle furnace at 800 C for a minimum of 8 h and then
weighing the remaining ash.

All variables were tested for normality using Kolmogorov-Smirnov test and for homogeneity of vari-
ance using Bartlett’s test prior to further statistical analysis. and all data met the assumption of parametric
analyses. We used G-test, two-way analysis of variance (two-way ANOVA) and analysis of covariance
(ANCOVA). Homogeneity of slopes was checked prior to testing for differences in adjusted means. For
multiple comparisons, we used Tukey’s test. Significance level was set at a = 0. 05.

Within the range from 24 to 32 C, temperature significantly affected incubation period of P. korros
eggs» which decreased dramatically with increase in incubation temperature. The duration of incubation at
24, 26, 30, and 32 C averaged 99.0, 72.2, 54.7, and 48.7 d, respectively. On the contrast, hatching
success of eggs and sex ratio and abnormality of resultant hatchlings were not influenced by temperatures
involved. The hatchlings showed sexual dimorphism on snout-vent length (SV L) and tail length (T'L), as
indicate that females have larger SV L and T'L than males, but these differences were independent of tem-
perature treatments. Incubation temperature involved in this study could affect snout-vent length and
residual yolk size of hatchlings. but did not affect hatching success and sex ratio, body mass, carcass mass
and fat body mass of hatchlings. Eggs incubated at 24 and 26 C produced larger hatchlings (SVL) than
did those from 30 and 32 C. Hatchlings from eggs incubated at 24 and 32 C contained more residual yolks
than did those from 26 and 30 C.

Embryonic use of energy and material differed in some degrees among embryos developing at different
temperatures, although the differences were statistically not significant. During incubation, approximately
74.5%~79.2 % dry material, 59.8% ~67.0 % non-polar lipids and 72. 2% ~77.9 % energy in egg con-
tents of the freshly laid egg were transferred into the hatchling. Unlike most of embryonic reptiles stud-
ied. P. korros embryos could obtained all inorganic matter needed for development from the yolk, as there
were no significant differences in ash contents both between newly hatched hatchlings and egg contents of
freshly laid eggs and between eggshells from hatched and freshly laid eggs.
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Table 1

hatchlings in Ptyas korros

The effects of incubation temperatures on incubation length, hatching success and sex ratio and abnormality of

[q(ep) Incubated () % (£$/8 0 (CZD)
Temperature eggs Duration of incubation Hatching success  Sex ratio Abnormality
24 12 99.040. 7(96. 5~102. 0) 75.0 (9/12) 2/7 8.3 (1/12)
26 15 72.240.4(70.0~74.8) 86.7 (13/15) 6/7 6.7 (1/15)
30 21 54.740.4 (50.2~58.0) 90.5 (19/21) 12/7 4.8 (1/21)
32 15 48.740.4 (47. 6~50. 2) 53.3 (8/15) 4/4 20.0 (3/15)
R 30.5% 10.6%, 9. 6%~
10.1%; 22.3% 22.4%~24.0%C 3), 24~32 C s
C 3.
, o s R 74.5%~79.2%.59. 8% ~
67.0%.72.2%~77.9%C 3),
2

Table 2 Morphological phenotypes of Ptyas korros hatchlings, according to sex and incubation temperature

( C)Temperature Effects
. . Sex Temperature S XT
Hatchling trait 24 26 30 32 X , .
Fia0 F 3.4 Fi.0
(g) F 8.9+2.4 10. 1£0.4 8.7£0.4 8.2£0.2
Initial egg mass M  9.240.5 9.440.5 8.9+0.5 9.74+0.3
(mm) F 231.5+12.5 247.5+3.2 229.04+5.1 230.0+7.3 6. 69" 4.21" 85
5 ns
Snout-vent length M 232.941.8 237.6+3.4 219.543.7 222.04+5.2 F > M 24%,26%,30",32%
(mm) F 96.0£9.0 102.0£1.6 94.742.5 95.044.5 8.02"" _
0.41 ns 0.95 ns
Tail length M 92.1£2.5 94.4+1.8 94.1+2.7 90.8%+2.8 F>M
(mm) F 327.54+21.5 349.543.9 323.8+7.4 325.0+11.4 8.51*" _
2.42 ns 0. 45 ns
Total length M 325.0+£3.9 332.0+4.9 313.64+6.2 312.8+7.3 F>M
(g) F  6.3+1.5 7.040.2  6.440.3  6.040.1 )
1. 28 ns 1. 34 ns 0.18 ns
Wet body mass M  6.340.3 6.4+0.3 6.3+0.4 6.9+0.2
(g) F 1.6840.47 1.81+0.08 1.6240.10 1.56+0.07
0.23 ns 0. 63 ns 0. 20 ns
Dry body mass M  1.67+0.10 1.7140.07 1.654+0.12 1.84+0.13
(g) F 1.1640.25 1.31+£0.07 1.1840.05 1.04+0.06
0.07 ns 1.17 ns 0. 05 ns
Carcass M 1.1640.06 1.23+0.04 1.2040.07 1.18+0.13
(g) F 0.3140.12 0.20+0.01 0.21£0.04 0.2840.04 6.26" "
0.55 ns 70 ns
Residual yolk M 0.2740.05 0.2240.03 0.232£0.05 0.4440.12 24,26, 30,320
(g) F 0.224+0.10 0.2940.01 0.24+0.02 0.24+0.02
3.08 ns 0.47 ns 1.55 ns
Fat bodies M 0.24+0.01 0.2640.02 0.22+0.02 0.2240.02
ANCOVA ( ) F .F. ;M. .ns P > 0.05, * P<<0.05, % x P <
0. 01. .a > b F values correspond to single effects and factor interactions in two-way AN-
COVAs (with initial egg mass as the covariate). F: female; M: male. ns P > 0.05, ¥ P<C0.05, % % P < 0.01.
Means with different superscripts differ significantly. a > b
3
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Table 3 Major components and F values of ANCOVA for Ptyas korros hatched eggs and freshly laid eggs

Hatchlings (n=1D Fis
24 C (n=9) 26 C (n=13) 30 C (n=19) 32 C (n=18) Egg contents
(g)
& 6.21°+0. 06 6.23"+0.07 6.51°40.12 6.51°40. 04 7.32°40.08 17.13***
Wet mass
(g)
& 1. 644-0. 05 1.61°4-0. 04 1. 67°40. 04 1. 71°40. 04 2.16°40.04 25.38" % *
Dry mass
(g)
. ® 0.397°40.008  0.399"+0.012  0.373"40.013  0.418"40.008 0.624°+0.015 58.13* * *
NP Lipid mass
(g)
& 0.19540. 007 0.19440. 006 0.19740.010 0.20740.009  0.189+0.005  0.78 ns
Ash mass
k] I I ! b = P
38.7°+1.1 38.1"+£1.0 37.6"+0.7 40.6"+0.9 52.1°40.9  39.02* **
Energy
(&) 0.8940. 02 0.9040. 02 0.9140.02 0.86=+0.02 0.9540. 02 1.76 ns
Shell dry mass
(g)

0.20540.007 0.216£0.008 0.20440. 007 0.201+£0.004 0.21240.005 0. 66 ns
Shell ash mass

+ s ( 9 g) =T :ns P>0.05, *
* % P<0.001. (Tukey’s test, a=0.05). Data are expressed as adjusted means +SE,
with initial egg mass (set at 9 g) as the covariate. Symbols immediately after F values represent significant level: ns P >

0.05, % % x P<C0.001. Adjusted means with different superscripts are statistically different (Tukey’s test, a= 0. 05)
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