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Within population variation in locomotor performance in the Chinese skink Eumeces
chinensis induced by four internal and external factors”
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Abstract We designed four experiments to study within population variation in locomotor performance in the Chinese
skink Fumeces chinensis induced by four internal (pregnancy, feeding and tail loss) and external Cambient temperature)
factors. Ambient temperature influenced the skink’s body temperature (Cloacal, Th), thereby influencing its locomotor
performance. Sprint speed increased with increase in body temperature within the lower temperature range, and then de-
creased at higher body temperatures. The pattern of the thermal dependence of sprint speed did not differ between both
sexess but the optimal body temperature for sprint speed was slightly lower in pregnant females (29°C ) than in adult
males (30°C ). Sprint speed was greater in adult males than in pregnant females at any given level of body temperatures,
indicating that pregnancy exerts an adverse effect on running performance and, relatively, increases maternal reproduc-
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tive cost. The maximal distance traveled without stopping Chereafter the maximal distance) was shorter in skinks at lower
body temperatures, and it did not differ between pregnant females and adult males. The sex X body temperature interac-
tion was a significant source of variation in the maximal distance. Sprint speed was positively correlated with the maximal
distance in both pregnant females and adult males. When the influence of variation in the maximal distance was removed
using an ANCOVA with sex as the factor; sprint speed was still greater in adult males than in pregnant females. This re-
sult adds further evidence that pregnancy reduces sprint speed. The feeding experiment further confirmed that running
performance was better in adult males than in pregnant females, but it showed that the maximal distance was greater in
pregnant females at the body temperatures of 27°C and 30°C than in adult males at the same body temperatures. The fast-
ed skinks had better locomotor performance than did the fed ones, as indicated by the fact that the former not only ran
faster but also had a longer maximal distance than did the latter. Our feeding experiment also showed interaction effects on
the maximal distance but not on sprint speed, with one exception that the sex X feeding interaction exerted a marginally
significant effect on sprint speed. Tail loss reduced sprint speed, but it did not affect the maximal distance. The tail loss
X body temperature interaction did not affect locomotor performance of skinks at the body temperatures of 27°C and
307C . Post-oviposition females did not differ from adult males in sprint speeds and the maximal distance did not differ a-
mong pregnant females, post-oviposition females and adult males. These results further suggest that pregnancy is the
main reason for the seasonal reduction of sprint speed in E. chinensis females. Our data support the prediction that inter-
nal and external factors may proximately induce within population variation in locomotor performance of lizards [ Acta Zo-
ologica Sinica 51 (2): 222—-231, 2005].
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Fig.1 Sprint speed and the maximal distance traveled without stopping of adult Chinese skinks Eumeces chinensis at

different body temperatures

Data are expressed as mean + SE. The curves in the upper plot are generated from a fit of least squares on the original data.
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Table 1

mance of Chinese skinks Eumeces chinensis

The effects of body temperature on locomotor perfor-

I KPR 3 I 2y
The maximal distance
traveled without stopping

P Bk
Sprint speed

Fi235=197.44

451 Fi,235=0.17
< P<0.0001, i

Sex female<<male P=0.680
A Fl0.235=43.70 Fl0.235=6.33

Body temperature P<0.0001 P<0.0001

5 SE AH A

HRRR N ——

Dex s hody P=0.125 P<0.006

temperature interaction

e TR B J K B2 BN IR B LR 707 22 o i R . B
PEKF P=0.05.

The table provides results from two-factor ANOVA for sprint speed and
the maximal distance traveled without stopping. Significant level P =

0.05.
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Fig.2  The relationships between sprint speed and the
maximal distance traveled without stopping of adult Chinese
skinks Eumeces chinensis

Regression lines are adjusted for both sexes with a common slope
(0.66) to facilitate comparison. Adult males: grey dots and the up-
per regression line. Pregnant females: black dots and the lower re-

gression line.
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Fig.3 Influence of feeding on sprint speed and the maxi-

mal distance traveled without stopping of adult Chinese
skinks Eumeces chinensis
Data are expressed as mean = SE. Body temperatures were con-

trolled constant at 27°C and 30°C, respectively
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Table 2 The effects of feeding on locomotor performance of Chinese skinks Eumeces chinensis

YR I KFFLLIZ ) B 25
Sprint speed The maximal distance traveled without stopping

‘ri%lj F],]]g:39.39 F|,||9:34.52
Sex P<0.0001, Female<Male P<0.0001, Female<Male
A Fi110=1.98 Fi119=33.39
Body temperature P=0.162 P<0.0001, 27>30
e Fi,119=8.05 Fi,119=531.28
Feeding P<0.006, Fed<Fast P<0.0001, Fed<Fast
‘l\qb;‘]ljx'fztyﬁ*ﬁﬁ'ﬁ:ﬂﬂ Flvll‘):0'82 F]Y119j8.43
Sex X body temperature interaction P=0.368 P<0.005
P 3% CA H A H Fi9=4.24 Fia=17.01
Sex X feeding interaction P=0.042 P<0.0001
AL < BB AR A Fi119=0.02 Fi19=22.22
Body temperature X feeding interaction P=0.890 P<0.0001
PRI X A < S AR HLAE F119=0.33 Fy119=11.00
Sex X Body temperature X feeding interaction P=0.566 P<0.002

R RPN e R SIS BB R (XU 105 ZE T . K P=0.05.

The table provides results from three-factor ANOVA for sprint speed and the maximal distance traveled without stopping. Significant level is P=0.05.
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Fig.4  Influence of autotomy on sprint speed and the
maximal distance traveled without stopping of adult Chi-
nese skinks Eumeces chinensis

Data are expressed as mean = SE. Body temperatures were con-
trolled constant at 27°C and 30°C, respectively.
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Fig.5 Influence of female reproductive conditions on
sprint speed and the maximal distance traveled without
stopping of adult Chinese skinks Eumeces chinensis

Data are expressed as mean + SE Body temperatures were controlled
constant at 27°C and 30C, respectively.
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Table 3 The effects of tail loss on locomotor performance of Chinese skinks Eumeces chinensis

¥4 0 3 I KFFELIZ B)
Sprint speed The maximal distance traveled without stopping
JE F1,60=20.45 Fie=1.62
Tail P<0.0001, Tailed> Tailless P=0.208
PR Fi.60=0.93 Fi.60=1.30
Body temperature P=0.340 P=0.259
J& x AR UAH AR H] Fi,60=0.09 Fi,60=0.07
Tail X body temperature interation P=0.769 P=0.790

e SR PR B A fe KA A2 B B S RO T 0 22 i . RFE MK P=0.05.

The table provides results from two-factor ANOVA for sprint speed and the maximal distance traveled without stopping. Significant level is P =0.035.
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Table 4 The effects of female reproductive condition on locomotor performance of Chinese skinks Eumeces chinensis

9% B I KFFLLIZ Bl BE 12
Sprint speed The maximal distance traveled without stopping

E YIRS F,90=19.79 Fr0=1.05
Reproductive condition P<0.0001, GKNG=M P=0.356
(ST Fi,0=4.67 Fi,00=9.36
Body temperature P=0.033, 27<30 P<0.003, 27>30
FHIRE X Al AR AR Fr9=1.09 F90=1.06
Reproductive condition X body temperature interaction P=0.340 P=0.351

T R RN e K FFEE B B N 1 T Z T i . MK P=0.05. G: PROUMESR. NG: P EHfEfR. M: REFEHEM.

The table provides results from two-factor ANOVA for sprint speed and the maximal distance traveled without stopping. Significant level P =0.05.

G: gravid females. NG: post-oviposition females. M: adult males.
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JRAAR PR TR W (R THALL 20000, 7R
WE AR ol A de ) FR W 22 S A 707 L P P T
A ZEFRA R L OB A2 B A A
B A1 3 5k R 1717 84 oy 2 B AR 1) e — T BE PR R
I [ AR TG 0 I 0K Al IE A il /) B 45 N s DA A
7 SR PR N B 3] o o [ A T A AR
e ) Jg — M7 I HEAG ), W HEAR gk AN S A9
5 (EH#, 196635 De Fraipont et al.» 1996), X
FPURE 1) AT 4 B BE 92 06k PR 32 50y 8 g FAIC T iy 2K 1) v
LRI R Ty, XRedm e AAE s %,

P P80 E A Tis g T R, 27T M
30°C il B b LA e AR R AR AR B A AN
208 8% ; TR EE FE P EA T BOR Rz g
BoAaRl (B 300 RN g5 Rl W T JL e A i e
T8 Ce. g.» Garland, 1983; Huey et al.,
1984; Shine, 2003). [FIMEAPR G 3 Boz g T
FEAHAL, e MEIEs) RIBEN THE B NE
Y. S ARSI E AT K

F& B VIR i iz 3 R I 5 e AE AN Rl R 2R rp A
RRHIZER, TEERMIIGE (. fEme.
HEHLAT AL HEIRERECE) BRI F RS2 1)
HIRKWZRA R AL, R AVIRHE )R
Wi 3 b5 7 e R S R T R8I ) A7 9% (Zanis 1996
Cp B e WY i b B e 7 AR h e 2 it e (ot
M, 1994, (HizAhubfe AR 2R Y
R EALEIEg) PSR E R R K. W E
Wik CHTAHIEFTAL L) R4 B4 e 1~ 5 A T 223
oy e, R LS R R, TR AR

Gl A B R S A A E (BN PS B2 R &R N TITR P 2X B
FENBE. 27°C A 30°C ML T A I A7 e W R M1
AR I8 B3 L B AT 58 B R B MR AR 17 %
(K 4), AbTHoe W R 5 5 gl 52 B i) 1) 41
KB HE AN (12% — 48%; Ballinger et al.,
1979; Punzo, 1982; Martin and Harvey, 1998;
Downes and Shines 20015 Shine, 2003). #R1f, fE
I3 A — Le g, W R AN AN 52 i s gy i
(Huey et al., 1990), & & & & ia 3) # &
(Daniels, 1983; Brown et al.,» 1995). W ZKFFHE
HATPA R E A 7R LB ik 76%, M
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AP A I BRI AN B AR SR U
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RTINS = Y ER N T PN B e SERYI AL S N 1)
45 R R AL T B ORFF B2 3 Bl 25 15 A 4 AE BRI e
AT R AT R HOUESE o PRid b e KFFEs gl
BB EA DG RA S RNZR B, Ja Bl id B R 1A
A — P AT BT (AN TR) Wiz 5 e

BOOW ENKIIE L R A TR M S I K A S
TR R IRIE AT R E R AL R P 4T RN
SCHE, FEBLRRIE

225 Uk (References)

Andrews RM, Rose BR, 1994. Evolution of viviparity: constraints on
egg retention. Physiol. Zool. 67: 1 006—1 024.

Autumn K, Weinstein RB, Full RJ, 1994. Low cost of locomotion in-
creases performance at low temperature in a nocturnal lizard. Phys-
iol. Zool. 67: 238 —262.

Ballinger RE; Nietfeldt JW, Krupa JJ, 1979. An experimental analy-
sis of the role of the tail in attaining high running speed in Cnemi-
dophorus sexlineatus (Reptilia: Squamata: Lacertilia). Herpeto-
logica 35: 114—116.

Bartholomew GA, 1977. Body temperature and energy metabolism.
In: Gordon MS, Bartholomew GA, Grinnell AD, Jgrgensen
CB, White FN ed. Animal Physiology: Principles and Adapta-
tions. New York: Macmillan, 364 —449.

Bartholomew GA, 1982. Physiological control of body temperature.
In: Gans C, Pough FH ed. Biology of the Reptilia, Vol. 12.
London: Academic Press, 167 —211.

Bauwens D, Thoen C, 1981. Escape tactics and vulnerability to preda-
tion associated with reproduction in the lizard Lacerta vivipara. ].
Anim. Ecol. 50: 733 —743.

Bennett AF, 1989. Integrated studies of locomotor performance. In:
Wake DB, Roth G ed. Complex Organismal Functions: Integra-
tion and Evolution in Vertebrates. Chichester: Wiley, 191 —204.

Bennett AF, 1990. Thermal dependence locomotor capacity. Am. J.
Physiol. 250: R253 — R258.

Beuchat CA, 1988. Temperature effects during gestation in a
viviparous lizard. J. Therm. Biol. 13: 135-142.

Brana F» 1993. Shifts in body temperature and escape behaviour of fe-



230 | )

S 51 %

male Podarcis muralis during pregnancy. Oikos 66: 216 —222.

Brana F» 2003. Morphological correlates of burst speed and field move-
ment patterns: the bevavioural adjustment of locomotion in wall
lizards Podarcis muralis. Biol. J. Linn. Soc. 80: 135 —146.

Brana F, Ji X, 2000. Influence of incubation temperature on morphol-
ogy> locomotor performance, and early growth of hatchling wall
lizards Podarcis muralis. J. Exp. Zool. 286: 422 —433.

Brown RM, Taylor DH, Gist DH, 1995. Effect of caudal autotomy
on locomotor performance of wall lizards Podarcis muralis. J.
Herpetol. 29: 98 —105.

Carrier DR, 1996. Ontogenetic limits on locomotor performance.
Physiol. Zool. 69: 467 —488.

Chen XJ, Xu XF, Ji X, 2003. Influence of body temperature on food
assimilation and locomotor performance in white-striped grass
lizards Takydromus wolteri (Lacertidae). J. Therm. Biol. 28:
385—-391.

Cooper WE, Vitt LJ, Hedges R, Huey RB, 1990. Locomotor im-
pairment and defense in gravid lizards Eumeces laticeps: be-
havioural shift in activity may offset costs of reproduction in an ac-
tive forager. Behav. Ecol. Sociobiol. 27: 153 —157.

Daniels CB, 1983. Running: an escape strategy enhanced by autoto-
my. Herpetologica 39: 162 —165.

Daniels CB, 1985. The effect of tail autotomy on the exercise capacity
of the water skink Sphenomorphus quoyii . Copeia 1985: 1 074 —
1077.

De Fraipont M, Clobert J» Barbault R, 1996. The evolution of
oviparity with egg guarding and viviparity in lizards and snakes: a
phylogenetic analysis. Evolution 50: 391 —400.

Downes SJ> Shine R, 2001. Why does tail loss increase a lizards later
vulnerability to snake predators? Ecology 82: 1293 -1 303.

Ford NB, Shuttlesworth GA, 1986. Effects of variation in food intake
on locomotory performance of juvenile garter snakes. Copeia 1986:
999 —1 001.

Garland T> 1983. Effects of a full stomach on locomotory performance
of juvenile garter snakes Thamnophis elegans. Copeia 1983:
10921 096.

Garland T> 1985. Ontogenetic and individual variation in size, shape
and speed in the Australian agamid lizard Amphibolurus murica-
tus. J. Zool. Lond. 207: 425—439.

Garland T, 1994. Quantitative genetics of locomotor behavior and
physiology in a garter snake. In: Boake CRB ed. Quantitative Ge-
netic Studies of Behavioral Evolution. Chicago: University of
Chicago Press, 251 —276.

Hu JR, DuJZ, Ji X, 2004. Annual variation in gonads of male Chi-
nese skinks Eumeces chinensis. Acta Zool. Sinica 50: 103 — 110
(In Chinese).

Huey RB, 1982. Temperature, physiology and the ecology of reptiles.
In: Gans C, Pough FH ed. Biology of the Reptilia, Vol 12.
London: Academic Press, 25-91.

Huey RB; Bennett AF; John-Alder H, Nagy KA, 1984. Locomotor
capacity and foraging behavior of Kalahari lacertid lizards. Anim.
Behav. 32: 41—50.

Huey RB, Dunham AE, Overall KL, Newman RA, 1990. Variation
in locomotor performance in demographically known populations of
the lizard Sceloporus merriami. Physiol. Zool. 63: 845—872.

Huey RB, Kingsolver JG, 1989. Evolution of thermal sensitivity of ec-
totherm performance. Trends Ecol. Evol. 4: 131 —135.

Huey RB; Niewiarowski PH, Kaufmann J, Herron JC, 1989. Ther-
mal biology of nocturnal ectotherms: is sprint performance of geck-
0’s maximal at low body temperatures? Physiol. Zool. 62: 488 —
504.

Huey RB, Pianka ER, 1981. Ecological consequences of foraging
mode. Ecology 62: 991 —999.

Ji Xs Du WG, Sun PY, 1996. Body temperature, thermal tolerance
and influence of temperature on sprint speed and food assimilation
in adult grass lizards Takydromus septentrionalis. J. Therm. Bi-
ol. 21: 155-161.

Ji Xs XuYG, Zheng XZ, 1994. Major energy reserves in the Chinese
skink Eumeces chinensis. Zool. Res. 15 (3): 59 — 64 (In Chi-

nese).

Ji X, Zhang CH, 2001. Effects of thermal and hydric environments on
incubating eggs, hatching success, and hatchling traits in Chinese
the skink Eumeces chinensis. Acta Zool. Sinica 47: 256 —265 (In
Chinese).

Ji X5 Zheng XZ, Xu YGs; Sun RM, 1995. Some aspects of thermal
biology of the skink Fumeces chinensis. Acta Zool. Sinica 41:
268 —274 (In Chinese).

John-Alder HB, Bennett AF, 1981. Thermal dependence of endurance
and locomotory energetics in a lizard. Am. Physiol. 1981:
R342 — R349.

Klukowski M, Jenkinson NM, Nelson CE, 1998. Effects of testos-
terone on locomotor performance and growth in field-active north-
ern fence lizards Sceloporus undulatus hyacinthus. Physiol. Zool.
71: 506 —514.

Lin ZH, Ji X, 2000. Food habits, sexual dimorphism and female re-
production of the skink Fumeces chinensis from a Lishui population
in Zhejiang. Acta. Ecol. Sin. 20: 304 —310 (In Chinese).

Magnhagen C, 1991. Predation risk as a cost of reproduction. Trends
Ecol. Evol. 6: 183 —186.

Magnusson WE, Junqueira de Paiva L., Moreira da Rocha R, Franke
CP, Kasper LA, Lima AP, 1985. The correlates of foraging
model in a community of Brazilian lizards. Herpetologica 41:
324 —332.

Marsh RL, Bennett AF, 1986. Thermal dependence of sprint perfor-
mance of the lizard Sceloporus occidentalis. J. Exp. Biol. 126:
79 —-87.

Martin J, Harvey RA, 1998. Effects of tail loss on movement patterns
of the lizard Psammodromus algirus. Funct. Ecol. 12: 794 —
802.

Mathies T, Andrews RM, 1997. Influence of pregnancy on thermal
biology of the lizard Sceloporus jarrovi: why do pregnant females
exhibit low body temperatures? Func. Ecol. 11: 498 —507.

Miles DB, Sinervo B, Frankino WA, 2000. Reproductive burden,
locomotor performance, and the cost of reproduction in free rang-
ing lizards. Evolution 54: 1 386—1 395.

Olsson M, Shine R, Bak-Olsson E; 2000. Locomotor impairment of
gravid lizards: is the burden physical or physiological? J. Evol. Bi-
ol. 13: 263 —268.

Pan ZC, Ji X, 2001. The influence of incubation temperature on size,
morphologys and locomotor performance of hatchling grass lizard
Takydromus wolteri . Acta Ecol. Sinica 21: 2 031 —2 038 (In
Chinese).

Pan ZC, Zhang YP, Ji X, 2003. Diel variation in body temperature,
thermal tolerance, and thermal dependence of locomotor perfor-
mance in hatchling Chinese striped-necked turtles Ocadia sinensis .
Acta Zool. Sinica 49: 45—52 (In Chinese).

Pough FF, Andrews RM, 1985. Use of anaerobic by metabolism by
free-ranging lizards. Tail autotomy and running speed in the lizards
Cophosaurus texanus and Uma notata . Physiol. Zool. 58: 205 —
213.

Punzo F, 1982. Tail autotomy and running speed in the lizards
Cophosaurus texanus and Uma notata. J. Herpetol. 16: 329 —
331.

Qualls CP> Shine R, 1998. Costs of reproduction in conspecific
oviparous and viviparous lizards Lerista bougainvillii. Oikos 82:
539 —551.

Qualls FJ, Shine R, 1997. Geographic variation in ‘costs of reproduc-
tion” in the scincid lizard Lampropholis guichenoti . Funct. Ecol.
11: 757 —-763.

Robson MA, Miles DB, 2000. Locomotor performance and dominance
in male tree lizards Urosaurus ornatus. Funct. Ecol. 14: 338 —
344.

Shine R, 1980. ‘Costs’ of reproduction in reptiles. Oecologia 46:
92 -100.

Shine R, 2003. Locomotor speeds of gravid lizards: placing ‘ costs of
reproduction”  within an ecological context. Funct. Ecol. 17:
526 —533.

Sinervo B, Hedges R; Adolph SC; 1991. Decreased sprint speed as a



234 MRS DU A A1 B 3R S B0 A e T s sh R DL RO AR R 231

cost of reproduction in the lizard Sceloporus occidentalis: variation
among populations. J. Exp. Biol. 155: 323 —336.

Speedy ED>  Mumme RL, 1994. Effects of reduced food intake and
loss of body mass on sprint speed in Anolis carolinensis. J. Her-
petol. 28: 395—399.

Sun PY, Xu XY, Chen HL, Ji X, 2002. Thermal tolerance, diel
variation in body temperature and thermal dependence of locomotor
performance in hatchling soft-shelled turtles Trionyx sinensis.
Chin. J. Appl. Ecol. 13: 1161 —1 165 (In Chinese).

Swoap SJ» Johnson TP, Josephson RK, Bennett AF, 1993. Temper-
ature, muscle power output and limitations on burst locomotor per-
formance of the lizard Dipsosaurus dorsalis. J. Exp. Biol. 174:
185-197.

Tosini G» Avery RA, 1996. Pregnancy decreases set poin tempera-
tures for behavioural thermoregulation in the wall lizard Podarcis
muralis. Herpetol. J. 6: 94 —96.

Van Berkum FH, Huey RB, Adams BA, 1986. Physiological conse-
quences of thermoregulation in a tropical lizard Ameiva festiva .
Physiol. Zool. 59: 464 —472.

Van Damme R, Bauwens D, Castilla AM, Verheyen R, 1989a. Alti-
tudinal variation of the thermal biology and running performance in
the lizard Podarcis tiliguerta. Oecologia 80: 516 —524.

Van Damme R, Bauwens Ds; Verheyen RF, 1986. Selected body tem-
peratures in the lizard Lacerta vivipara: variation within and be-
tween populations. J. Therm. Biol. 11: 219 —222.

Van Damme R, Bauwens D; Verheyen R, 1989b. Effect of relative
clutch mass on sprint speed in the lizard Lacerta vivipara. J. Her-
petol. 23: 459 —461.

Wang PC, 1966. Studies on ecology of four species of lizards in
Hangzhou. [l . Breeding. Acta Zool. Sinica 18: 170 — 186 (In
Chinese).

Wang PC, Xu HF, 1987. The influence of ambient temperature on
body temperature and heat energy metabolism of Takydromus
septentrionalis. Acta. Herpetol. Sinica 6 (2): 10 — 15 (In Chi-
nese).

Wapstra E; O’ Reilly JM, 2001. Potential ‘costs of reproduction” in a
skink: inter-and intrapopulational variation. Austral. Ecol. 26:
179 — 186.

Webb PW, 1986. Locomotion and predator-prey relationships. In:
Feder ME, Lauder GV ed. Predator-prey relationships: Perspec-
tives and Approaches from the Study of Lower Vertebrates. Chica-
go: University of Chicago Press; 24 —41.

Xu XF, Chen XJ, Ji X5 2001. Selected body temperature, thermal
tolerance and influence of temperature on food assimilation and lo-
comotor performance in a lacertid lizard Eremias brenchleyi . Zool.
Res. 22: 443 —448 (In Chinese).

Zani PA, 1996. Patterns of caudal autotomy evolution in lizards. J.

Zool. Lond. 240: 201 —220.

Zhang YP, Ji X, 2004. The thermal dependence of food assimilation
and locomotor performance in southern grass lizards Takydromus
sexlineatus (Lacertidae). J. Therm. Biol. 29: 45—353.

Zhang YP, Hu JR, Ji X, 2004. Ultrastructure of spermatozoa of the
Chinese skink Eumeces chinensis. Acta Zool. Sinica 50: 431 —
441 (In Chinese).

Zhang YP, Pan ZC, Ji X, 2003. Thermal tolerance; body tempera-
ture; and thermal dependence of locomotor performance of hatch-
ling red-eared turtles Trachemys scripta elegans. Acta Ecol. Sinica
23: 1048—1 056 (In Chinese).

BAEE, ALARY, T R, 2004, AT M A B I I 4T R
k. ZWFR 50: 103 - 110.

WO, SRR, ORTR, 1994, HE A R 1 Bk B A 1 BF
5¢. I 15 (3): 59— 64.

b, EEAME, 2001, AKRIREEN A EA KT IELOY . WL
R SRR 52 . SR 47 250 - 259.

O, R, AR, Ahnl, 1995, pEA e TR EY A1
. SR 41: 268 -274.

MAAE, T F, 2000, WIVLNEAKH E AR TR PR IER
WEVEZH . AR 20: 304 - 310.

WAESE, F F, 2001, WEARIR RN A O HE 4 RN . RS
RUIZENRIMM M. L% 21: 2031 -2 038.
WS, KAKIE, T M, 2003, HhAETERAIRIAIGZ M. RIS
BRWRIE SR IR 2% 49: 42— 53,
IR, DRIBET, BREWE, b OFH, 2002. PAREEH A0 0 A
2Pk AR R A RS Bl BE g R M. R AR A AR
13: 1161—1 165.

T, 1966. BUM VYR LA EWER . BA. ik 18:
170 — 186.

TR, ARZER, 1987, BRI X b S ah A e AR S . A
JRATENYER 6 (2): 10—15

VEIUE, WRIHE, v A1 2001, Ak b BRI IR BE AL ARt 32
PRI B £ W 1) A6 R0 S8 ) R I S . B ) 2 WE AT 220
443 —448.

sk, WMEGE, TF . 2004, E A e CGEORS TR EE T 4G
M. B 50: 431 - 441.

gkok i, RS, UF B, 2003, 40 HE A A A B2 . A
i A T TR IS ) 2R B IR R . AR A R 23:
1048 —1 056.





