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Abstract: W e incubated eggsof Takydranusw olteri at four costant tenperatures to assess influence of in-
cubation temperature on size,morphology, and locomotor performance of hatchlings A Il viable eggs incu-
bated in mass over the course of incubation due to absrption of water from surroundings, and mass gain
w as dependent on initial egg mass and incubation temperature T he duration of incubation at 24, 27, 30, and
33 averaged 41 9, 30 6, 25 8, and 22 6 d, repectively. Incubation temperature significantly affected
hatching success and body w et mass, carcass dry mass, and residual yolk dry massof hatchlings, but it did
not affect sex ratio, total dry mass, snout-vent length, and tail length of hatchlings Compared to those from
33 , hatchlingsfrom 24 and 27 were greater in wet body mass and carcass dry mass,w ith a snaller
quantity of yolk remaining unutilized at hatching Incubation tenperature affected ssme norphological traits
of hatchlings,w ith hatchlingsfrom 24 and 27 having larger size-free head length and w idth than did
those from 33 , and hatchlings from 24  generally had snaller size-free tympanum diameter than did
those from higher temperatures Sprint peed w as positively correlated w ith hatchling size (S/L ), but it
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w as independent of tail length and hatchling condition L ocomotor performance of hatchlings from low er
temperatures(24 and 27 ) was gpparently better than that of those from higher temperatures (30 and
33 ). Between-sex differences in the row number of ventral scales, tail length, and hind-limb length w ere
found in hatchlings, but these sexual dmorphisn sw ere not related to incubation temperature

Key words L acertidag Takydranus w olteri; egg; incubation; hatchling; morphology; locomotor perfor-
mance
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,  Kolmogorov-Smirnov  Bartlett (Statistica )
y LOge y
(one-factor) (two-factor) (ANOVA) (ANCOVA)
Tukey G-
* , o= 0.05
2.1
0.9
(ANOVA, Fzs= 028, P = Q 842 os
(D '
0.7
(1) 24 27 ,30 33 Z 0or
) g 05t
5d ; &
(ANOVA ,F3 4= 2.95P= 0.043), s 041
24 27 33 & 03 —o—24°C
—0—27C
(1 02 —A— 30°C
2.2 01k ——33C
- 1 | | | 1 1 1 1 1 ]
(woway ANOVA) © 0 5 10 15 20 25 30 35 40 45
test) (both P > 0.75), ¥4k X% Days of incubation(d)
(L oge transfomation,
Fs»= 1452.15, P < 0.0001), 1
27 24 11.3d, 30 Fig 1 Temporal changes in massof incubating
27 4.8d, 33 Takydranusw olteri eggs
3.2d( 1)
1
Table1 Influence of incubation temperature on duration of incubation, hatching
success, and sex ratio of hatchlings in the grass lizard, Takydranuswolteri
() (d) (%) (¢ 9/53)
Incubated eggs . . . . .
Tamperature Duration of incubation Hatching success Sex_ratio
24 18 41.9+ 0.3 (40.5 43.8) 66.7 (12/18) 8/8
27 14 30.6+ 0.2 (29.6 31.2) 71. 4 (10/14) 10/3
30 12 25.8+ 0.1(25.5 26.2) 58.3 (7/12) 4/5
33 17 2.6+ 0.2 (21.8 23.6) 41.2 (7/17) 6/4
* Dataon sex ratio including individuals that died at the late stage of incubation
24 33 , (G= 28.05 df = 3, P < 0.001),
(G=283df = 3, P> 025( 1) 1
1(G= 3.08, df = 1, P> 0.05)
2.3
(ANCOVA, Fszu= 4.53, P < 0.01), 24 27
30 33 ( 2 SVL (ANCOVA, Faz= 2.85 P = 0.054) TL
(ANCOVA, Fsa= 1.33, P = 0.282) ( 2

2
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Table 2 Body mass siout-vent length and tail length of Takydramuswolteri hatchlings
fran different incubation temperatures
Hatchling size and mass
() (mg)
Temperature Initial egg mass (9) (mm) (mm)
Body mass Snout-vent length Tail length
24 12 191.4+ 5.0 239.02 + 6.3 21.7+ 0.4 38.8+ 0.8
(158.0 221.0) (202.7 293.0) (18.3 23.0) (32.0 42.3)
27 10 198.8+ 7.1 244. 7% + 7.8 22.6+ 0.3 40.8+ 1.2
(152.0 228.0) (204.3 278.0) (21.2 24.7) (35.0 45.6)
30 ; 199.0+ 7.5 222.5® + 13.4 22.4+ 0.5 30.7+ 1.5
(178.0 225.0) (179.7 281.3) (20.1 24.4) (33.8 44.5)
33 7 193.6 + 4.0 212.0° + 10.3 21.1+ 0.3 37.2+ 1.7
(178.0 209.0) (173.1 246.1) (19.8 22.4) (29.8 43.5)

, Tukey's test, = 0.05 a > bM eanswith different superscripts differ significantly,
Tukey'stest, o= 0.05 a> b

(ANCOVA, Faa= 2.77, P = 0.058),
(ANCOVA, Fsa= 6.73, P < 0.001) (ANOVA, Fzx= 4.83, P < 0.007) 24
27 33 , 30 33 ;24
27 33 , 30 33
(3
3
Table 3 Total body dry massand dry masses of carcassand residual yolk of Taky
dranuswolteri hatchlingsfram different incubation temperatures

() . (mg) (mg) (mg)

Tamperature Hatchling dry mass Body dry mass Residual yolk dry mass

24 12 41.8+ 0.9 (35.9 47.5) 41.4* + 0.8(35.8 47.4) 0.39° = 0.24 (0.10 2.90)
27 10 42.3+ 1.5(34.2 49.2) 42.12 + 1.5(34.1 49.1) 0.26° + 0.10 (0.10 - 1.00)
30 7 40.3+ 2.1 (33.5 47.9) 39.7®+ 1.8 (33.4 47.0) 0.67®+ 0.36 (0.10 2.70)
33 7 38.0+ 1.5(33.8 43.0) 35.5° + 1.9(28.0 42.9) 2.51* + 1.00(0.10 6.30)

, Tukey’'stest, x= 0.05 a > bM eanswith different superscripts differ significantly,
Tukey'stest, x= 0.05 a> b

(4 , (24
27 ) (33 ) (4 24
(4
(Eigenvalue > 1) 57. 7%
, ( 33.1% ):
( 24. 6% )( 5
(ANOVA, F3zz= 6.45 P < 0.002),
(ANOVA, Fzz= 0.09, P = 0.965)
4
Table 4 M orphological phenotypes of Takydramuswolteri hatchlings,
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according to sex and incubation temperature

()

Incubation temperature Effects
Hatchling traits Sex )
24 27 30 33 Sex Tenperature Interaction
F1,27 F3 27 F3 27
(mm) M 213+ 0.6 225+ 07 218+ 0.7 213+ 0.8
Swout-vent length F 22 0% 0.4 227+ 0.4 231+ 0.7 210+ 0.3 - 8MS 2.43ns 0-62ns
+ 11 + 10. + 16. £ 20.
(mg) M242 0+ 11.0 2409+ 19.7212 3+ 16.4 200 8+ 20.2 0 55 ns 1.94ns 0.70ns

Body mass F236 7+ 7.1 2463+ 8.6 236 1+ 23.4 2204+ 10.6
(mm) M 386+ 1.3 427+ 20 403+ 23 373+ 4.0 6.32"

Taillength F 320+ 1.0 399+ 14 390+ 20 372+ 15 M>F 0-51ns L7ins
(Mm) M 59+ 0.06 60+ 0.02 59+ 0.1 55+ 0.1 6.08"
1.16 ns b " p 2.06ns
Headlength F 60+ 0.06 58+ 007 59+ 0.2 56¢% 0.1 243, 27 30, 33
(Mm) M 39+ 0.06 39+ 0.02 37+ 0.05 36+ 0.05 9.78" "
. 0.48 ns b " 0.51ns
Hedwidth F 39+ 0.03 38+ 0.03 37+ 0.1 37+ 0.04 243, 27, 300, 33
M 278+ 0.2 268+ 0.4 275+ 0.7 293+ 1.0 19.63° " 051 ” 0
Ventralscale  F 301+ 0.4 303+ 0.5 303+ 1.1 292+ 0.7 F>M oL ns NS
(mm) M 54+ 0.2 57+ 0.2 55+ 0.2 56+ 0.2
Foreleg length F 56+ 0.2 57+ 0.1 57+ 01 54+ 01 O%ns 0-48 ns 0-39ns
(mm) M 63+ 02 66+01 66+02 64+03 544
Hindleglength F 64+ 0.2 65+ 0.1 65+ 02 6102 M>F 0-04ns 0.57ns
(m) M 083+ 003 093% 0.03 092% 0.05098% 0.3 2.96" L5
Tympanum length F 08+ 0.03 Q99+ 0.03 10% 0.05 084t 0.06 ' 240, 278, 30, 33D '
(mm) M 15+ 003 16+ 006 16+ 0.04 15+ 0.04
Evelength F 16+ 0.04 15+ 0.03 15+ 004 16+ 005 O OMNS 0-31ns 1-49ns
ANOVA ( ) ANCOVA ( ,SVL ) F

, Tukey'stest, x= 0.05. a> b nsP> 0.05, * P< 0.05 * * P< 0.01, * * * P< 0.001L F values
corregpond to single effects and factor interactions in two-factor ANOVA (for snout-vent length and ventral scales) or
ANCOVAs (with SVL as the covariate, for all other traits). M eanswith different superscripts differ significantly,
Tukey'stest, o= 0.05 a> b nsP > 0.05 * p< 0.05 ** p< 0.01, ** * p < 0.001

2.4 5 8
SVL (r =
0.46, F1»= 6.00, P = 0.023) Table 5 L cading of the first two axes of a principal canponent
(r= 0.15, Fiz»= 0.48, P = O0.498) analysis on eight morphological var iables in Takydranus wolteri
(r= 0.08 Fiz= 0.14, p = 0.713) _etchings
SVL V ariable PC1 Factor lI;JCa;ilnq
(r= 0.16, FL2= 0.58, P = 0. 456) Body mass 0. 646 0232
Tail length 0. 200 0.613
— — Head length 0.774 0. 167
., ANOVA (F22z= 0.24, P = 0.789) Head w idth 0. 889 0.005
ANCOVA (Fz2= 0.12, P = 0.888) Foreleg length - 0.159 0.798
( ) Hindleg length - 0.033 0.835
Tympanum length - 0.795 - 0.346
Eye length 0.373 - 0.231

(ANOVA, Foz —Variance explained 33.1%  24.6%
= 0.35, P = 0.706) ,

Size effects are ramoved in all
(ANOVA, F2z= 1.04, P = 0.371) ) ! . )
cases by using residuals from the regressions on snout-vent

( 9 length V ariablesw ith themain contribution to each factor are in
bold face
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6 ( 30 ) (
)
Table 6 The effects of incubation tenperature on locamotor performance of Takydramuswolteri
hatchlings tested at 30 Performance var iablesare print seed,

maxinal distance between stopping, and total number of stops in a single trial

(mm/9)
() Frint peed (mm)
Temperature M aximum distance N umber of stops
Observed value A djusted value
2a 408.2+ 46.7 423.6+ 44.3 655.6 + 56.8 2.3+ 0.3
(185.2 625.0) (229.7 634.3) (500.0 950.0) 1 4
27 434.9+ 31.8 410.1+ 34.7 603.1+ 63.1 2.3+ 0.3
(312.5 583.3) (265.4 543.0) (375.0 900.0) (1 3
30 33 391.2+ 51.2 395.7+ 33.8 571.4+ 98.7 3.1+ 0.7
(238.1 625.0) (299.4 576.4) (400.0 1150) a7
3
24 33 , )
(1) . (2) . (3) : (4)

(Podarcis muralis)

(Calotes versicolor)

tus)

egg)

[10]

(Erenias brenchleyi)

(T akydranus sgptentrionalis)

(X enochrophis piscator) [

(L acertidae)

[4 6 14, 19, 20]

[4 6 10, 14, 19, 20, 27 30]

33

(30

[10, 20, 23, 32, 43]

33

24

27

1l 33

[10]

[10, 14, 26]

[18, 42, 43]

30

33

[25]

(N aja atra) ™

(Takydranus sex linea-

(pliable-shelled
[14, 19, 20, 31]
[4 6 14, 19, 33 35]’ 33
) 24 27
[10, 23] [20]
[22, 34 38]

, 24 27

24
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