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Effects of Incubation Tenperature on Duration of Incubation,
Hatching Success, and Hatchling traits in The Gray Rat Shake,
Ptyas korros (Colubr idae)
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Abstract: The gray rat snake, Ptyaskorros (Colubridae), isakind of popular oviparous snake in the south-
ern provincesof China Herein, w e established an expermental protocol using the gray rate snake as the
animal model to examine (1) influence of tanperatureon hatching success, hatching time, (2) influence of
temperature on hatchling traits, (3) influence of temperature on enbryonic use of energy and material

In early July 1999, we oollected 11 gravid fenales from a private peddler at Jiande county, Zhejiang
province, east China The fenalesw ere brought to our laboratory in Hangzhou Nomal College, w here
they w ere random ly assigned 1 2 to a 50x 50x 50am*w ire cage placed in an air-conditioned room at 28
30 . Food (frogs) andw aterw ereprovided libitun. The animalsbegin to lay eggs afev days after their
arrival Cagesw ere checked for am inmum of six timesdaily for the presence of eggs < that eggs could be
ollected, weighed measured promptly. Throughout the reproductive seaon, A total of 74 freshly laid
eggsw ere collected W e random ly selected one freshly laid egg, w hich w ere then dissected and separated
into eggshell and egg contents (yolkembryo), from each of the clutches The enbryo was too snall and
fragile to be separated and thereforew as includedw ith the yolk Egg contentsw ere put into aprew eighed
dish and w eighed Eggshellsw ere rinsed briefly in distilledw ater, dried by blottingw ith apaper tow el and

w eighed Egg contents and eggshellsw ere then oven-dried to constantmassat 65  for aminimum of 24
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h, weighed and stored frozen at - 15  until they could be processed for detem ining composition The
remain eggsw ere put into plastic boxes contained moist verm iculite (- 220kPa, dry vemiculite: water =
1:1). The boxesw ere then placed into the incubatorsw hose tenperaturew as set at 24, 26, 30and 32
regectively. A s on aspossible, eggs from each clutch w ere equally assigned into the containers at the
four abovementioned temperatures 0 as to avoid the family effect Furthemore, wemoved the boxes a-
mong shelves daily acoording to a predetemm ined schedule to minimize any effects of themal gradients in-
side the incubator. A Il containersw ere w eighed daily and, if necessary, water was added to compensate
for snall evgporative losses, 9 that thew ater potential of the substratew asmaintained constant

Duration of incubation w as defined as the elgpse time from egg laying to hatchling energence U pon
emergence, each hatchlingw asmeasured, w eighed, killed by freezing to - 15 , and then separated into
carcass, residual yolk and fat bodies The three componentsw ere oven dried to constantmassat 65 ,
w eighed and preserved frozen for later detem ination of composition W e extracted non-polar lipids from
dried samples in a Soxhlet gpparatus for aminmum of & 5 h using abslute ether as olvent The anount
of lipidsin a samplew as detem ined by subtracting the lipid-free dry mass from the total sample dry mass
The total lipid in each hatchlingw as calculated as the sum of the lipids in itscarcass, residual yolk and fat
bodies W e determ ined energy density of dried samples using an adiabatic bomb calorimeter and ash (inor-
ganic material) content in each sanple using amuffle furnace at 800  for aminimum of 8 h and then
w eighing the remaining ash

A Il variablesw ere tested for normality using Kolmogorov-Smirnov test and for homogeneity of vari-
ance usingBartlett’ stest prior to further statistical analysis, and all datamet the assumption of parametric
analyses W e used G-test, two-way analysis of variance (two-way ANOVA) and analysis of covariance
(ANCOVA). Homogeneity of slopesw as checked prior to testing for differences in adjusted means For
multiple comparisons, we used Tukey's test Significance levelwas set at x = 0.05

W ithin the range from 24 to 32 , temperature significantly affected incubation period of P. korros
eggs, w hich decreased dranatically w ith increase in incubation temperature The duration of incubation at
24, 26, 30, and 32  averaged 99.0, 72.2, 54.7, and 48.7 d, regectively On the contrast, hatching
success of eggs and sex ratio and abnomality of resultant hatchlingsw ere not influenced by temperatures
involved T he hatchlings show ed sexual dmorphisn on snout-vent length (SVL ) and tail length (TL), as
indicate that fenales have larger SVL and TL thanmales, but these differencesw ere independent of tem-
perature treatments Incubation temperature involved in this study oould affect snout-vent length and
residual yolk size of hatchlings, but did not affect hatching success and sex ratio, body mass, carcassmass
and fat body massof hatchlings Eggs incubated at 24 and 26  produced larger hatchlings (SVL ) than
did those from 30and 32 . Hatchlingsfrom eggs incubated at 24 and 32  containedmore residual yolks
than did those from 26 and 30

Embryonic use of energy and material differed in some degrees anong enbryosdeveloping at different
temperatures, although the differencesw ere statistically not significant During incubation, approximately
74.5% 79.2 % dry material, 59.8% 67.0 % non-polar lipidsand 72.2% 77.9 % energy in egg con-
tents of the freshly laid egg w ere transferred into the hatchling U nlike most of enbryonic reptiles stud-
ied, P. korros enbryoscould obtained all inorganicmatter needed for development from the yolk, as there
w ere no significant differences in ash contents both betw een new ly hatched hatchlings and egg contents of
freshly laid eggs and betw een eggshells from hatched and freshly laid eggs
Key words Colubridag Ptyas korros egg, incubation tenperature; duration of incubation; hatching suc-

cess hatchling traits
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1
Table1l The effectsof incubation tenperatureson incubation length, hatching successand sex ratio and abnormality of
hatchlings in Ptyas korros

() Incubated (d) (%) (28/50) (%)
Tenperature eqas Duration of incubation Hatching success  Sex ratio A bnomality

24 12 99.0+ Q 7(96 5 102 0) 75.0 (9/12) 2/7 8.3 (1/12)

26 15 72.2+ Q4700 748) 86.7 (13/15) 6/7 6.7 (1/15)

30 21 54.7+ Q 4 (50 2 58 0) 90.5 (19/21) 12/7 4.8 (1/21)

32 15 48.7+ 0 4 (47.6 50 2) 53.3 (8/15) 4/4 20.0 (3/15)

30. 5% 10. 6%, 9. 6%
10. 1%; 22.3% 22.4% 24.0%( 3) 24 32 ,
( 3

, , 74.5% 79.2% 59.8%
67.0% 72.2% 77.9%( 3)
2

Table 2 M orphological phenotypes of Ptyas korros hatchlings according to sex and incubation tenperature

(_ ) Temperature Effects
X
Hatchling trait 24 26 30 32 Sex Temperature ~ ST
E140 E 340 E1.40
(9) F 8.9+214 10.1+ 0.4 8.7t 0.4 8.2+ 0.2
Initial egg mass M 9.2+ Q5 9.4+ 0.5 8.9+ 0.5 9.7+ 0.3
(mm) F 231.5+ 12 5 247.5+ 3.2 229.0+ 5.1 230.0+ 7.3 6.69" 4.21" 0.85 ns
Snout-vent length M 232.9+ 1 8 237.6% 3.4 219.5+ 3.7 222.0+ 5.2 F> M 24% 267 30b,32%
(mm) F 96.0+90 102.0+ 1.6 94.7+25 95045 8.02""
0.41 ns 0.95ns
Tail length M 92.1+ 25 94.4+ 1.8 94.1+ 2.7 90.8+2.8 F> M
(mm) F 327.5+ 21 5 349.5+ 3.9 323.8+ 7.4 325.0+ 11.4 8.51""
2.42 ns 0.45ns
Total length M 325.0+ 39 332.0+ 4.9 313.6+£ 6.2 312.8£ 7.3 F> M
.31 7.0+ 0.2 .4+ 0. .0+ 0.1
(@ F 6.3 5 00 6 0.3 6.0+ 0 1.28 ns 1.34 ns 0.18 ns
W et body mass M 6.3t Q3 6.4+ 0.3 6.3x0.4 6.9+ 0.2
.68+ .81+ 0. .62+ 0. . 96% 0.
(9) F 1.68+ Q 47 1.81+ 0.08 1.62+ 0.10 1.56+ 0.07 0.23 ns 0.63 ns 0.20 ns
D ry body mass M 1.67+ Q 10 1.71+ 0.07 1.65+ 0.12 1.84+ 0.13
1.16x 0 25 1.31+ 0.07 1.18+ 0. 1.04% 0.
(@ F 6£0Q25 1.31+ 0.0 8£0.05 1.04+0.06 0.07 ns 1.17 ns 0.05ns
Carcass M 1.16£ Q 06 1.23+ 0.04 1.20+ 0.07 1.18+ 0.13
.31+ .20+ 0. .21+ 0. .28+ 0. .26" "
(9) F 0.31+ Q12 0.20+ 0.01 0.21+ 0.04 0.28+ 0.04 0.55 ns 6. 26 0.70 ns
Residual yolk M 0.27+ Q 05 0.22+ 0.03 0.23+ 0.05 0.44+ 0.12 24% 26, 30°, 322
0.22+ Q 10 0.29+ 0.01 0.24%+ 0.02 0.24+ 0.02
(@ F 3.08ns  0.47ns 1.55ns
Fat bodies M 0.24+ Q 01 0.26+ 0.02 0.22+ 0.02 0.22+ 0.02
ANCOVA ( ) F .FE M .nsP > 0.05 * P<0.05 ** P<
0.01 .a> b F valuescorrespond to single effects and factor interactions in two-way AN -

COVA s (with initial egg mass as the covariate). F: fanale M: male nsP > 0.05 * P< 0.05 * * P < 0.01

M eansw ith different superscripts differ significantly. a> b

3
24 32 )
24 26 SVL ,
(8 1] 24 32 , , (24 ) (32 )
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(32 ) : ,
[10, 16 18] oy

, 24 32 ,

3 ANCOVA F
Table 3 Major canponentsand F values of ANCOVA for Ptyas korros hatched eggsand freshly laid eggs

Hatchlings (n= 11) Fa,54
24 (n=9 26 (n=13 30 (n=19 32 (n= 8 Eggcontents

@ 6 21°+ 0.06 6 23°+ 0.07 6 51°+ 0.12 6 51°+ 0.04 7322+ 0.08 17 13" "
W et mass

@ 1 64+ 0.05 1 61°+ 0.04 1 67°+ 0.04 1 71°+ 0.04 2 16% 0.04 25 38" "
Dry mass

) .(g) Q 397°+ 0.008  0.399°+ 0.012 Q 373°+ 0.013  0.418°+ 0.008 Q 624°+ 0.015 58 13" **
NPL ipidmass

(@) Q 195+ 0.007  0.194+ 0.006  Q 197+ 0.010  Q 207+ 0.009 Q 189+ 0.005 Q 78ns
A shmass

kJ .

(k) 38 7+ 1.1 38 1°+ 1.0 37.6°+ 0.7 4Q 6°+ 0.9 52 1%+ 0.9 39 02
Energy

(@) Q 89+ 0.02 Q 90+ 0.02 Q 91+ 0.02 Q 86+ 0.02 Q 95+ 0.02 1 76 ns

Shell dry mass
(@

Q 205+ 0.007 Q 216+ 0.008 Q 204+ 0.007 Q 201+ 0.004 Q 212+ 0.005 Q 66 ns
Shell ash mass

+ , ( 99) . F :nsP>Q 05, *
* * p< 0.001 (Tukey’s test, o= 0.05). Data are expressed as adjusted means + SE,
with initial eggmass (set at 9 g) as the covariate Symbols immediately after F values represent significant level: nsP >
0.05, * * * P< 0.001 A djusted meansw ith different superscripts are statistically different (Tukey’s test, o= 0. 05)

, (T akyd ranus sep tentrionalis) ™!

(Podarcismuralis) ™!
, JJi o 30
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