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Abstract: The avian eggshell provides a protective barrier for the developing embryo, its traits such as eggshell
thickness and porosity are known to be ecologically importance. This paper studied characteristics of eggs and

egeshells of 7 passerine species breeding in alpine meadow, Qinghai-Tibetan plateau; Horned Lark ( Eremophila
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alpestris) , Oriental Skylark (Alauda gulgula), Citrine Wagtail ( Motacilla citreola) , Tree Sparrow ( Passer
montanus) , Rosy Pipit ( Anthus roseatus ), Twite ( Carduelis flavirostris) and Black Redstart ( Phoenicurus
ochruros) from May to August in 2013, to explore the potential correlation between those characteristics across
species and how different species adapt to the alpine environment from the aspect of eggs. For each egg, we
weighed its fresh mass, then measured its length and width to an accuracy of 0. 01 mm, followed by dividing the
whole egg into three circular observation regions ( the pointed end, the equator and the blunt end) , a sample of
0.25 ¢cm’ was taken from each region, and calculated the mean of three samples'mass of each egg, thickness
was also measured on three shell samples. The shell samples were processed and then placed under a digital
microscope, the pores were counted and recorded respectively. Pores were photographed to measure diameters.
We then investigated differences in egg size, egg mass, shell thickness, pore density, pore diameter and
porosity between different female body masses, nest types and clutch sizes. We examined the influence of these
traits on incubation period as well as regional differences of shell thickness across species, indicating the
primary effect of heredity across species. We found significant interspecies variation ( except between Oriental
Skylark and Horned Lark) in all traits except in egg elongation and pore diameter, suggested that in two closely
related species that have a similar nest environment, there was a convergence in their egg’s evolution. We
conducted Linear Regression and found that shell thickness, egg size were unrelated to pore density (P =0.11,
P=0.09), egg mass and egg size were positively related to shell thickness (r* =0.46, P <0.001; r* =0. 44,
P <0.001) ; egg size, egg mass and eggshell thickness were positively related to female body mass (> =0. 66,
P=0.03; ¥ =0.92, P <0.01), suggesting that across species, heavier females lay larger eggs with thicker
shells. Linear Regression of 6 species (we were unable to obtain Rosy Pipit’s clutch size data) showed eggshell
thickness and porosity were negatively related to clutch size (r* =0.64, P =0.056; r* =0.87, P <0.01),
suggesting besides the hereditary side, different calcium content of food sources across species might also affect
shell thickness, also supported that larger clutch size needed to reduce porosity to keep the rate of water loss
and nest humidity remain constant. Linear Regression of 6 species ( we were unable to obtain Tree Sparrow’s
nest-cup volume data) showed porosity was unrelated to nest-cup index or nest type (P =0.49, P =0.435),
this result may be due to small sample size or the intercorrelation of egg mass and egg size. Principal
Component Analysis showed egg surface area and total pores per egg explained 87% of interspecies variation of
porosity, in contrast to our expectation, egg size and porosity were failed to explain interspecies variation of
incubation period (P =0.77). However, it could be expected that differences in average shell thickness across
all regions were mostly insignificant due to the unique shell structure of Passeriformes and porosities were
significantly lower than the predicted porosities as the adaption to alpine habitat. We also found that porosity
were significantly lower than predicted porosity in all 7 species (P <0.001). To conclude, our findings
indicated that, hereditary factors such as body mass and clutch size decided most of interspecies eggshell traits
variation, but different species might apply the same adaptation like reduced porosity to the cold and hypoxia
environment. In addition, egg (egg size and porosity) alone could not determine incubation period among our
studied species, with combined effects of incubation behavior might explain more of species-specific incubation
period.
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Table 1 Egg and eggshell traits of 7 passerine species of the Qinghai-Tibet Plateau ( Mean + SE)

25, HAF A IR 5T R 0 2 25

XF 7 2 B e S RE L SAL S RE IR AR
G Z AT AR OCHE BT (& 1), DRSE)R
KL IR FEALE(F =0.13, P=0.11),
BB S S ALE B E MM (=013, P
=0.09), PESCIEELG R, EHE
EIEM L (£ =0.46, £ % =0.015, P <
0.001), DRARSESEEELG RIF, SR
EIEM L (F =0.44, % =0.017, P <
0.001)

XT R 5E S AL 5 AH DA B I SRS 0 G g
GiREoR, T RAERBE SN, BRI (=
10.23, P <0.001) s <fLE (¢t =3.82, P<
0.01) LT (1 =8.09, P<0.001) F5X
fLE AR (¢ =3.29, P =0.017) \AAL&HK (¢ =
3.86, P<0.01) B Hi S FL#*E (1 =10.88, P <
0.001) ¥ HA WE 2 (£ 2) ., X LLAFAH
WIRFLRAECRT ¢ A5 45 R BoR, W F Z a2
S (1= -10.693, df=6, P <0.001), =
LR HUHSASLE 8% ~31%

T 10 31 0 85 B 8 (3R 3) XL 5

W, B A K 8 E L4 48 B ( principal
component analysis) 25 5 | 5 & AR A1 S K FLEL
fif B T RALRM 87 %

XoF 7 i K 2 ) fE 1 A TR 5 B R B9 e JE
HATEMERS, MEBCR R, 2R FEEMX
(rF =0.66, £#% =0.097, P=0.03) (A& 2a),
e 15 1A 5 B0 5% TR A B Y IE A G (=
0.92, £}% =0.002, P <0.01) (& 2b), X} 6
FEE(MAR /DadE BN RRRE
WE R TOUAE L 21 2 09 ) 1Y 5 B 4K 5 B0 5 IR B RN
SALRPYLPER S G528, IR E S OS2 )2 L
B A =0.64, #R = -0.011, P=
0.056) (Kl 2c), wORECS AL A B E D
Al (rF =0.87, &% = -0.038, P<0.01)
(F2d), SRS LR Z LTS
iR, HmoLk FEMEH (7 =017, P =
0.49),

XF 6 By 2 (21 it 2 553 O 0 AR A ik =)
7 D S0 RH OGS B 2R R LA A R, DR <AL
#(r=0.32, P=0.25), WO 500 (=
0.16, P =0.44) , BEIH 5 FL=R (" =0. 068,



-846- W2t Chinese Journal of Zoology 49 %

1 EHEEERATHERBSENENEHIENEXXRE
Fig.1 Associations between egg and eggshell traits of 7 passerine species of the Qinghai-Tibet Plateau
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a. Linear Regression between shell thickness and pore density; b.

Linear Regression between egg size and pore density ;

c. Linear Regression between egg mass and shell thickness; d. Linear Regression between egg size and shell thickness.
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X2 BHEEEATHERBSENPESIIERBAXEE
Table 2 Eggshell porosity and variables of 7 passerine species of the Qinghai-Tibet Plateau

R3 FHEEEATHERBSXNFMNEAXES

Table 3 Incubation variables of 7 passerine species of the Qinghai-Tibet Plateau

WV A T R 51 XA 2013 5 5 B M O DR BT KON 51 A sk bR 2 19825 BERYMCHE 51 A 5K DE & 4F 20065 ©—" R i

Female body mass adapted from Liu et al. 2013 ; Clutch size, Incubation period adapted from Zhang 1982 ; Nest type adapted from
Zhang et al. 2006; “ - indicates data were unable to obtain.
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Fig. 2 Associations between egg (shell) traits and incubation variables of several passerine

species of the Qinghai-Tibet Plateau
a. WESIRTE SO0 MAYLMEM R KR b MELIRTE 500 72 [ LR MEAR SR SE R s e BT BRSO 72 TR O 2R PR AR 5%

KFs d EINECS AL RAILMEAR R R

a. Linear Regression between female body mass and egg mass; b. Linear Regression between female body mass and

eggshell thickness; c. Linear Regression between clutch size and eggshell thickness; d. Linear Regression between clutch

size and porosity.
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Fig. 3 Difference of shell thickness taken from different part of egg in seven

passerines of alpine meadow
a. /NEAHE b AT R o WLLRHY; d BLE o BIZLIZY, £ MRS, o WWIRTIE., ESMAKRMARE

a. Alauda gulgula; b. Eremophila alpestris; c. Phoenicurus ochruros; d. Motacilla citreola ; e. Anthus roseatus; f. Passer

montanus; g. Carduelis flavirostris. Asterisk indicates intraspecies significant differences.
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F 5 1995) , i HAA T R AN E 5 IR
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B A 52RO 58 AL B B IT I
24 % (Birchard et al. 1980), {H 2109 #F 5%
A BB A B A () AN [+ S5 30 5 S AL 8 22 TR A7 A AH O
KFR, ATREH THA AR /N, DI ES
BRARFR Y 52 B2 o 6 T B AN [) X3 (4 s
Hh AR A B S ) B B 5 JEE RE R ARCAL R B 22 S F
5, RANCEFAEREZE R, B RTESF
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TER ISR 2 5, HAb S Fh 5285 R &
MR EER (K 3), BAEIES, REEL
H 5 AT IR e A i) DX R JE B 22 5, ARy
#IE H 5K E iy pLl 5 Ak 2 H 5
FANTE, #IE H 528 00 72 A7 R 0 AR T 19 Al
F2JZ 73 A (Mikhailov 1997 ) o 78 R R #F 58
AT e EAE N5 0 B AR B B S F T IR A
At AR v TR R A Y H 52K
f BN 7 2548 5 T RE o

b e JE B e AL B, IR Ry B e AN AT
IS RS (Ar et al. 1974, 1985) , {HiE
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IRTC B ERRPE (K 1a, b) o 534, SALEF
BURA AL R Z M 2 5 B3, SILRIOh B S
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P [ i A7 7, SO S R AR AR IR e R, AL
AR, AH T AR SR A F T K o R
( Rahn et al. 1977, Carey 1994, Deeming
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