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Abstract: Researching the mechanisms between species with close relationships or similar trophic levels that allow
them to coexist is a central issue of community ecology. The study results are helpful to identify resource use traits and
niche differentiation of sympatric species and to the biodiversity conservation of a region. Syrmaticus humiae, Lophura
nycthemera and Arborophila rufogularis are sympatric species at Nanhua part in the Ailaoshan National Nature Reserve.
Their relationship is genetically closed and their trophic niche is similar. Comparing trophic niche breadth and overlapping
index for 18 ecological factors of spring foraging site among the three pheasants, the results showed that S. humiae held
the least eurytopic factors (value of trophic niche breadth bigger than 0.8) (one factor) and the most stenotopic factors (its
value less than 0.8) (four factors) of the three pheasants. L. nycthemera held three eurytopic and two stenopic factors,
while A. rufogularis showed the reverse of S. humiae with six eurytopic and no stenotopic factors respectively. There were
five factors with a high degree overlap in the niche overlapping index between S. humiae and L. nycthemera , while there
were only four factors between S. humiae and A. rufogularis and two between L. nycthemera and A. rufogularis . Of the
overlapping factors, shrub coverage, leaf litter coverage and seed density were common with a high degree overlap in the

niche overlapping index among the three pheasants. The results of a one-way ANOVA indicated that five factors (aspect,
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tall tree density, herb coverage, seed density and density of edaphic animal) were not significant, while distance to open

fields, distance to road and shrub coverage were significant for the three pheasants. Other factors were significant between

any two species. The results of a principal component analysis showed that the cumulative percentage is 85.6% in the first

7 principal components for S. humiae, is 86.0% in the first 6 principal components for L. nycthemera and is 79.0% in

the first 5 principal components for A. rufogularis . Factors affecting the selection of foraging sites in the three pheasants

concentrate in the first 3 principal components. The factors difference of foraging sites among the three pheasants showed a

state of mosaic, which meant that there was a separation of niches among the three species. The factor combination of each

species prior selection was different as well the importance of each factor was also different.
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(12 A Wy ol 1) 2 /D WA — A AL R b
PUBE IR A 425, A fE B S FP ] 55 4+ ( Munday et
al, 2001; Bagchi et al, 2003; Denoel et al, 2004;
Siemers & Schnitzler, 2004; Tschapka, 2004 ), #X 1fii,
ZHU DL T ARMERS 2 2 2SR U TR ) 52
G2, R UL TAEA R X A B A [ 2R 4L
25 ( Pianka, 1981; Pfennig & Murphy, 2003 )-
[Fi) s A P b 0 0 DM P ) 2 S EAR Pl B 2 A=
SETEE, Wi—BAAER I BRZ A H N
H, — HE R A R Sh e BT IR A ] A7 A 22
S, L UEHTHAE IR A B T ok, AT [
PRI A FZ X AR ) AR B R T
4 Tilman , 1982; Svenning , 1999; Fox , 2004 ). 4% 51| &
BB Z I, R 2 — R A A S ALy
KB May, 1973 ; Chesson & Huntly, 1997 ), Qi3
Wb e, KR YRR A
VLW /D Fifr 6] A= 25 7 9 5 & ( Garcia & Arroyo,
2005 ).

BRI EHE ( Syrmaticus humiae ) H B Fi
HEZE, CARSIE H iz famt (NT) (IUCN, 2006 ),
JREZR 1 HAry sy e E AT T =/ M)
&R, J& T burmanicus W F ( MacKinnon et al,
2000); 7E [l A1 5 A B R B % A0 L 4 e 6
ZEEALER ( Zheng & Wang, 1998 ). Y ( Lophura
nycthemera ) N RBERHER, JBIEZK (| Hiri
s A EA 1SRN, oA TR E L AR
VAR R X s FeESE AT 9 N IERl, T
Z AT T 745 AKX, A i T/ B A
WS JE T rufipes AP ( MacKinnon et al, 2000 ). L0
LS &5 ( Arborophila rufogularis ) /N2 T 35 38
Je, AT E A T PG R AR R T 2 B A Y PG R
W, EAMMETENE | gify ., EHE . BEEERAE
TR ( Zheng & Wang, 1998 ), X = Ff & 2535y 1l
WPEHESS, SR CREBUE, DMYIEEY N E

(Lu, 1991 ).

TRURGR R B TR R AR Y Fh ] Y
HAEHLH R E S FE R IR Z —
(Begon et al, 1990 ). #RM0, Hi T3 &M% 4
AT AL R, RIS A 5 28 b 1] 56 R A A=
DAL FEALI T2 8 A HE ( Tragopan temminckii ).
KA | B A7 A S HE( Zhang et al, 1997; Gao
et al,1997; Zhu et al, 1998; Zhou et al,2000 ). MK
PR PR R L 2 0 B AR ORI DX R X [R] 3o
AT Y RS FEHE . G 2L 1L 8 = b 2K Sy F
FNE, DT e E A AR S ESMES
5004k SR . BFFTEs SR nT 3 & R A 2R
FASCTIE,  [A) I DX ORgr XIS A 28 AR B8 4 B AR A1
BER B o

1 HRMREFZE

1.1 SRR
FARINERFARRP XEER X (RamHE
Rl A SRR X ) LAGRAP S R e LU 3 %
MRS RGN EEEHAr . S AA S
Fherly JE AR MY AR g P A P DA R SR g 1
B o DRI DX, T AE M P A EL P R (100044
28"—100°57'42"E, 24°43'32"—25°01'10"N ), &hIfl
P25 327 hm?, EI—ARFER, KT 22.5
km, FAEK 31.5kmo FEA 3 MER, BIHEK
1 500 mbA R iR 45 25 Fg A PR K A 1R T AR 5 T 4k
1 500—2 400 m g 118 2k [ i bR L2 2 g H bR
5 MR 2 400—2 714 m LA SR AR
Xl kA BRI KREME. &fLE ( Povo muti-
cus )« WS XS ( Gallus gallus ). 118 5 3G
( Chrysolophus amherstiae ). 21 & ff M. & 200 K
( Phasianus colchicus ) ¥& 3 111 % &5 ( Arborophila
torqueola ) FN£L M5 1L [ % 5 9 Fp HE 2K ( Wang,
2000); HAEMTITIX N AU BLR SR R AE . 1S A
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BPHh T AERTE] 24 2005 4F 3 7 11 H—4 J 16
H, H+ 2005 43 H 12 H—3 A 20 H A AL
W1, WO R se b B A K R HE . RS
CI0E L SRS I AT TE I . AEBR2EAY | 3 S A AR
U (BRI . BRI ZEAE ), FUMWE & B,
BRI A IR A PR IE YT, YR 4—6 cm;
FEAE Ry B AR BEIA , R — B 11 R R4S
M. FRSECEIR I AR YT, IR —MAE 7 em
Db EZEARE, RRIEHEeR, AER R
KEMEM K, AORRLESmYE L, WTEMEER
17, HATR MMM, LIS CEE T, Ak
TEWZIE, A RICE IR, 20 2 R e
AR, BUHESR/DN, FTEIRIRES S 15 Kk 438
(N8

T3 FHESR I AR RS, A A R X
B, FEEMTRE S XIS N 3 4 RT3k i 7K A
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4—6 km/ %% THESS IR 3l =5 H( 6:30 - 9:30;
17: 00—19: 00) WATEREL, WEFICFEAEL M
A HESS RGBSR . DL E S B MR I, 5
TRV E SR (R 28 PE),
i A ] o e 25 ) TR b

Z M Young et al (1991) WYL, DIECEIR D
FHOARIERFER (10 m x 10 m) AVMER (1m
x1m) &—". AT 15 NRIKERERE
B, 4% 16 /> PG FIZL 0 LB s B ke . DA
FAEITVETRARFIREAR B E BT EE, LAZINEE 7 A 5L
AL FpFA S AR BRI, A 18 A
AT (F£1).
1.3 HiEAE
1.3.1 BFEHA 5 3w o Y. F 8.
PHYE . BHYE; REARJZB[FE S NS, HALS
HFHREm, H/ANEIR, Wik Ko srh 4 5%
K (F£1), GBIt H T 05GP RS

H LR
1.3.2 ASfME RHAELR - B490 ( Shannon-

Weiner ) $8 500 TH 3 i IO M DR 5 1 A 284 98
B, AKX
D) PylgP;
lgr
b, By =i FESALTERE, =i MR T

B =

SR, Py =0 MRy BTSRRI,
= AR T ARS8 B A 728 AL LA
0% 1, 0 FRREAFM, 1 KRN IAEREA IR
FEFIA ( Abrams, 1980 ).

L Schoener ( 1968 ) A4 A &5 5015 3
FhHESR O R AR S S, HALWT .
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C[h:1—?2‘ P[j—Phj‘

K, €y =i BT R Bh2Z 18] B AR 25 B 4R 4L
Py =i FFUET ] SRA0H%, Py, = h MR
¥ R, ARSI E SR AEE N 0
1, ORRAES, | RRELES,

1.3.3 WA 7 RRE R 2 s s iy e
S, AR T (FAARZE ., EAZE, BAZ
FPE M J2 55 B ) AF S IE 5% ek BUR: 485 0 ff B AU TR 5
(Heezik & Seddon, 1999; Bakaloudis et al, 2001 ).
FHHFEA R Kolmogorov Smirnov Z — £ 4543 18
MECF RN TP IESYE (Barbraud et al, 2002 ). X
AFFE IES AT 55 log ettt , FHBOE ST
¥ 5 ( Bakaloudis et al,2001; Fowler et al,1998 )o 4§
BT S IR AT, ORI Z D5 2270 Hr Al o
53 M Fowler et al, 1998; Sun et al, 2002; Ding et al,
2002 ), $% H IR b ) 22 5 K 5 g Bl ) AT ) 2
ZNZR . BisbBIITE SPSS 12.0 for Windows SEiT
B b 5E .

2 #HREHHR

5% XA 4 FhEZRR2ERL, AR KA A
LR R SRR AR (2 400—2 714 m), HO
TRk SRR AR (1 500—2 400 m ) FIAEILFA AT
(2 500—2 600 m ), HM-REMAK (2 300—2 400
m ) RN, BPAME A AN, 775 it i i poRn
T gt o] P AT r 2 IR R S R R A 10 11 S
BUEIRGEAS 1A 78 Ik H S i by e 9 22
HiK BAEMBUIED 14 1, AR 16 14>, 20
FSEGHY 15 4> FEAR IR R A BLX 3 FhAEZR Y
TGRSR 2 A TR F IR R
2T
2.1 ABMNEEMEEEER

XPRL TR R L R AT L S B 18
AR F AL TE R R SRR, AT
KT 0.8 MHEFH, BEKREHA LIENYHEE 1
ANHETF; ARSAEREKIR , FEIE S 2 4 s
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JE3ANA T ZEMRINES R A A . PR HA B
BLOIRERE, EAREEMEARZEE 6 T
TEAE AL SERE/NT ST 0.1 (AT, RIKE
HEA B AR DR (RS 1 ). R
i (ARRTEE 3 ) IR TR (SRR 7ESF 4L
1) 4T ERS A BE AR S R FAS 2 35 % 2
AT ZOMRINES RN (1, £ 2),

TEM PR HER R A SN EREBRTRET

*1

0.5, HXF R R0 A S0 58 /N TF 0.5 BIIA
T, BRI RS PTG B A FE AR
B AR EARIZREAR)ZE AR TRE S
ANRF 5 BEZK A 200 LS B A B AR 2 55 R
FhF25 5 2 AT RSS20 L SRS B . B
RIZREARZ G 4 NMEF (£2), H
BERT UL, AR 2 R AR 52 55 8 RN 2% 5 3
il JS IR b 4 1) AR R R AE AR AL AR EU

= MHEXRESR R M EFER P HImE

Tab. 1 Frequency of three pheasants in different factor ranks of foraging habitats

HBUIR Frequency

BT Frequency

K7 HFER  HFER AT H¥%Eg  HFER
Factor Rank Range S L A Factor Rank Range S L A

1 2347—2388  0.06 0.00  0.06 1 0.47—0.58  0.06  0.00  0.00
VB AL (m) 2 2382430 0.4 0.00 0.0 | mmen o 2 0.59—0.70  0.00  0.00  0.06
3 24312472 0.60  0.44  0.19 3 0.71—0.82  0.14  0.13  0.75
4 24732514 020 0.5  0.75 4 0.83—0.94  0.80 0.8  0.19
(4853 e 0.14 0.5  0.13 I 3.8—4.7 0.00  0.06  0.06

316—360

v 46—90
0161 A5 () Rl 297117133155 L 4.8—5.7 0.14  0.13 0.8
R S 0.14  0.19  0.38 (m) 3 5.8—6.7 0.74  0.69  0.00

136—180
FHI 0.06 0.00 0.44 4 6.8—7.7 0.14 0.13 0.06

181—225
1 11—18 0.00  0.00 0.19 1 17—44 0.00 1.00  0.19
2 19—26 0.14  0.63  0.44 | wgmepe sup 2 45—72 0.53  0.00 0.06
B SL () 3 2734 0.67 038  0.13 i /m2 ) 3 73—100 047 0.00  0.50
4 35—44 0.20  0.00 0.25 4 101—128 0.00 0.00  0.25
1 99—199 1.00  0.94  0.06 1 1.26—1.55  0.00  0.06  0.06
BB B 2 200—300 0.00  0.06  0.25 || wippiymE 2 1.56—1.85  0.00  0.38  0.56
DEL (m) 3 301—401 0.00 0.00 0.25 AHS (m) 3 1.86—2.15 1.0 0.5 0.3
4 402—502 0.00  0.00 0.4 4 2.16—2.45  0.00 0.00  0.06
1 19—89 1.00  0.06  0.69 1 0.06—0.18  0.00  0.25  0.13
B K IR S DSW 2 90—160 0.00 0.44 0.3l - 2 0.19—0.31  0.00 075  0.06
(m) 3 161—231 0.00 025 0.0 | MAEESC 3 0.32—0.44  0.14 000 0.38
4 232—302 0.00  0.25  0.00 4 0.45—0.57 0.8  0.00  0.56
1 4—40 0.4 0.00  0.94 1 0.3—0.4 0.20  0.00  0.06
I M 2 41—77 0.53  0.25  0.06 2 0.50.6 0.53  0.63  0.00
Eﬁﬁoﬁﬂiﬁf 3 78—114 0.06  0.50  o0.00 | EMZATEILLC 3 0.7—0.8 0.27  0.31  0.38
4 115—151 0.00  0.25  0.00 4 0.9—1.0 0.00 0.06 0.56
- 1 0—10 0.00 013 038 | b o 1 0.00—0.00  0.80  1.00 0.8
() 2 11—21 0.20 0.5  0.44 2 0.02—0.10  0.20  0.00  0.19

3 2—33 0.53 031  0.19
4 34—44 0.27 0.06  0.00

1 5.6—8.9 0.06  0.00  0.88 1 0—10 1.00 094 0.8
FAE 2 9.0—12.3 0.14 038  0.06 | pppmpr sy 2 11—21 0.00  0.00  0.06
ABDTT { em ) 3 12.4—15.7  0.80  0.56  0.06 (/m2) 3 22—33 0.00  0.00  0.00
4 15.8—19.1  0.00 0.06  0.00 4 34—44 0.00 0.06 0.06
1 10—28 0.00 0.19  0.13 1 17—29 027  0.44 0.4
Fe AR TTD 2 20—47 0.67  0.00  0.19 | | Hezh#ymir DEA 2 30—42 033 031 0.4
B /m2) 3 48—66 0.27 0.44  0.56 (% /m2) 3 43—55 027  0.13  0.06
4 67—85 0.06 0.38  0.13 4 56—68 0.14  0.06  0.06

AL: Altitude; AS: Aspect; SL: Slope; DCL: Distance to cultured land; DSW: Distance to water; DOF: Distance to open field; DSR: Distance to road; ABDTT: Aver-
age breast-high diameter of tall tree; TTD: Tall tree density; TTC: Tall tree coverage; AHTT: Average height of tall tree; SHD: Shrub density; AHS: Average height of
shrub; SC: Shrub coverage; LLC: Leaf litter coverage; HC: Herb coverage; SD: Seed density; DEA : Density of edaphic animal; S: SIS EHME Syrmaticus humiae ; 1.:

FIRS Lophura nycthemera; A: £LMEILESHS Arborophila rufogularis .
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Tab. 2 Niche breadth and overlapping index of factors in foraging habitats among three pheasants
BIK R (5) g (L) LTSS (A )
MRS SN RS
A Factor HEASLTEE Overlapping index AEBHITEE  Overlapping index LRSI TE
Niche breadth y LTI 11 Niche breadth T I 1Ly i Niche breadth
FIBS L) ) 5 (4)
M4 AL (m) 0.77 0.66 0.47 0.50 0.75 0.51
eml AS 0.71 0.60 0.40 0.74 0.38 0.84
e SLL 0.63 0.53 0.47 0.49 0.56 0.92
BRI 2 DCL (m) 0.06 0.97 0.10 0.18 0.13 0.89
HE/K U EE 2 DSW (m) 0.06 0.34 0.47 0.89 0.06 0.46
BEZS W HiEE 2 DOF (m) 0.64 0.10 0.72 0.75 0.38 0.18
BEIABEIEES DSR (m) 0.73 0.59 0.41 0.82 0.75 0.76
ATV Y M4 ABDTT (em) 0.47 0.72 0.22 0.63 0.13 0.34
TR ARZE TTD (Bf/m?) 0.59 0.34 0.53 0.76 0.69 0.83
TeARZ % TTC 0.47 0.13 0.38 0.28 0.13 0.51
TR B AHTT (m) 0.57 0.97 0.22 0.68 0.25 0.34
HEAZ R SD (B/m?) 0.52 0.03 0.53 0.01 0.19 0.85
HEARTFHE B AHS (m) 0.06 0.03 0.59 0.63 0.19 0.75
HEARZHEE SC 0.32 0.60 0.35 0.42 0.75 0.84
IR LLC 0.73 0.78 0.34 0.60 0.38 0.63
TARZ I HC 0.39 0.78 0.97 0.01 0.81 0.36
iy B SD (Fl/m?) 0.06 0.97 0.91 0.18 0.94 0.34
TSP DEA (55/m?) 0.95 0.81 0.71 0.84 0.90 0.77

HF4ERZFE 1 ( Abbreviation is the same as Tab. 1)o

AL TR B TR EUE R T 0.8 IR T, BHAREUE N T 0.1 BT
A AR RO T RILOR BB R THET 0.5, HXAESATTEM/NT 0.5 BT BT RIZRASMESHEMENT

BT 0.1 AT

In niche breadth column, the bold shows factors whose value is bigger than 0.8 and the italic shows factors whose value is smaller than 0.1.

In overlapping index columns, the underline shows factors whose value is bigger than or equal to 0.5 and corresponding value of niche breadth

is smaller than 0.5; the bold and underline shows factors whose value is smaller than or equal to 0.1)

TEEET 0.1 (AT, BIUKREMES AR A RE
MRS R B WER B RIE AR BE 3 A
BHUK R HE S 200 1L S S A PR R B 1 A T
F1IRG 5 210 LS A K IR B 1 N (3R 2.
2.2 BREARAESWER

FHER R 2 Ty 22 73 A i Je /N i 25 2515 ( Least Sig-
nificant Difference, LSD) TTH45RFEH, FEIREH
18 NAE T, 3 FAERTEY ) . FRAREE . AR
s R A LS S AN E T IeE R
TEFEZS PR B | BRI PREE 2 RE R 2 55 B 3 AN
TR 25 MHAR R TR TEA R #74 Fh 2
A 255 H AT DL, 3 e (A B s ] 5 22 57
RERZEERARE (F3).
2.3 EHSOWMER

PRHUK AR AT 7 D F R B HE B
ik 85.626%; FIHSHUEHIRT 6 > 3y RiHE B
A 86.028% ; ZLME I ESHES R Hu AT 5 > T Y

FIHEEEIE 79.005% . HAJGUL, TEX 3 RS
HA S 5—7 A~ 32 o B AT f B 5 i B T B
RN R BT 80% s A I (R 4). FrLL, X 3 Ff
IS A b DR A 7 ) 8 040 4 W R AR I R 8 S i
ARG

K R HERT 3 A TR B ST R R
46.728% , FARSIA R 57.070% , £1 M5k 1L ES &S i K
60.536% , BIFEMIX 3 FhvefE 28 BOE M vk £ 19 R 7 3
BUERFIL, BT, MKERETE 0.600 L
FWETFATRARZ R I, 1RG5 00 R A
HD; AT MR RT3 R 00 2 4 %) B
(ARBTG5 m AL ); Hatl
KABGE L 0.600 E FHAERZ. 5 F s
b, AERZS I AR R i R T I PR K R
HES LR LS HS 2 A S PEHFHLIE 2 R K R
HES AR ERES, E58 - F8aP, 3 M
HERTOHI S R EGB L 0.600 N FES (£ 4),
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Tab. 3 Multiple comparisons of One-way ANOVA among three pheasants
e FHEE
HF Factor e i {?ié PRt AT Factor i mi {iﬁf il t
1 rence (T—]) Std. error 1 rence (T—]) Std. error
s L -25.00 1071  0.02 S L -6.03 1.50 0.00"
WER AL A -32.56 1071 0.0 || PR TIC A 1.84 1.50 0.23
L A ~7.56  10.53  0.48 L A 7.87 1.47 0.00"
s L -3591 3620  0.76 L 0.05 0.24 0.83
Hiby As A -47.16  36.20  0.33 FEATHY R AHTT A 1.24 0.24 0.00*
L A -11.25 3561 0.9 L A 1.19 0.24 0.00"
s L 4.65 1.98  0.00" s L 38.88 6.33 0.00"
B SL A 4.53 1.98 0.18 HEAREE SHD A -9.37 6.33 0.54
L A ~0.13 1.95  1.00 L A 4825 6.23 0.00*
S L -20.47 2545  0.18 s L 0.15 0.06 0.02*
FEBFBIEES DCL A -260.47 2545  0.00% | WEARTIHEE AHS A 0.16 0.06 0.04*
L A -240.00  25.03  0.00° L A 0.01 0.06 1.00
s L -18.6 1782 0.00" s L 16.71 1.91 0.00"
HKIEHE DSW A -17.05 17.82  0.37 HEARJZTEL sC A 6.53 1.91 0.03"
LA 101.56  17.53  0.00* L A -10.18 1.88 0.00*
S L -45.66 6.96  0.00" S L -2.43 1.97 0.22
B2 S DOF A 28.15 6.96  0.00% | P& LLC A =950 1.97 0.00*
LA 73.81 6.84  0.00% L A -7.07 1.94 0.00*
s L 9.83 2.49  0.00 s L 3.69 2.20 0.23
BRI BB 25 DSR A 14.21 249 0.00% || FAEFE HC A 0.23 2.20 1.00
LA 4.38 2.45  0.08" L A -3.46 2.16 0.23
s L ~0.68 0.68  0.32 s L -2.74 2.67 0.31
FEACY- Bt ABDTT A 4.53 0.68  0.00% | FTFEESD A -2.68 2.67 0.32
LA 5.21 0.67  0.00" L A 0.06 2.63 0.98
s L ~8.21 551 0.14 s L 3.87 2.16 0.08
TEAHIEL TTD A -2.02 5.51 0.72 LY DEA A 1.99 2.16 0.36
L A 6.19 542 0.26 L A -1.88 2.12 0.38

FF4EERZ 1 ( Abbreviation is the same as Tab. 1); “FIMEZEM B2 /K4 0.05 ( The mean difference is significant at the 0.05 level )o

3 3 it
3.1 &SMEESENG

A S G B 22 R o W 5 R R B 2 R Ak B
g, —aRE U YR EIE N BE ST (Zhu et
al, 1998 ), AAALTEEAE SR FERZE , 2P Fha]
R 4 8 U8 R - 2 R 3 Y PR, H vy R
WEtiam, Rz, ESMREEENIETFEZE, %
Wy A aT R R A AR S TR R — o A i R 7
FOX ISR e U5 A A iU . PR B A IS I
HWF (CESMREEERT 0.8) W (14), HKS
WZ (34Y), aMpliigisiz (6 1 ); BIKE
it — MR R 7 (A0 58 B /N F el % T
0.1) % (31°), AMGKRZ (24), ZLME LSS
MEAT (F2). HILATIL, HAFUK AT BCE e
SHEF SR oW Z), RS B B 75
ez, WAER VeI . RS A TR IS
I B A, A A i B I Y R T S e ) A S

MSEREYIR T 0.8, UL, Xas A 45 9% I 25 9 A
ARREEFE 5, HHCE M0 FEI AR . £ 1L S S
B b3 . YR . BEARER B . RAREE .
R FEFVEAR 2 56 BE 34 R Tl PR R, WX SRR
PR A TE o 200 LB S %o B £ b 1) T K 4%
HESRORNE, B TR I B, e e
(I M BB Bl R
3.2 ABNEESESHE

AL E ST BUE, U a] X % 5 1 A
P XA BRBANE s Sz, D36 B 4 ot 9%
A 7 SRR /N PR EK R AHE 5 1 8 A= A7
FSIEBERWHAFE (51 ) Z2F 5200k L ES 5
(24) FIERs Szl sy (4 4) (F2), BK
AR EHES AR EA ST S R oL, [F
B, 3 FIHESS I8 78 v R S B 22 56 B R %5 ) 3
MHEFHATEBEEES (£2), HIHENZ
(i) B £ Hb Y 5 4 2 B N HRE R L AR
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B, RN BRI AE AR B R B R JR( Shi
& Zheng,1997; Yang et al, 1999; Ding et al,2002; Xu
et al,2002 ).

M)A SO B, XS BTy AR,
TR ST, (HIPARER—E RS . WARE
PG IR R B, (RIS AT B R T RE S R WV IR A
o EUREYREREE, AR ST IIE
RIF AR —P, FFBORMAESAES, HASG
X ki (Zhou & Fang, 2000 ). KA ##aE]
A PUE S S A, SR 2R E e
[P LA sk B A 2507 19 56 42 H ( Jennifer & Ben-
jamin, 2001 ; Garcia & Arroyo, 2005 ), 1 AT DA 22 B
X (RIS B9k, BRI T i 704k
i3 a BN VA I Ee= S ST rons O I s ey
oA, ELER R Ry 22 00 T4 R s R ] B s I
TR BRI AT (3R 4), BRI RSO 01k
R

BRI A RS TR s P R KRR
JEE . REAR 2 o R AR 2 R TR ) A 25 B SR A
&, HUNT 0.5, A SALE SR BUE R T
0.5, FIEBRIVESMES (£2), WHAMNHETE
X 4N H AR SE A s E S B A AR S
PLBEEN 0.82, HKIRETE A AL 5ERE N 0.89,
BRIKEMERTE (£ 2). X—HRNEY, A
IR T BE X I b A UK IR AR RN L T A
FN TR Z . WIERKREE (PP EM 2
9.83 m) ARG ATl K (PP X (EAR 22
118.61 m ) FUMRIXAE AL (3 3), fE—ERE
kS T R BHERY S S

TR R 5 £k L) IR 7E REAS 2 55 B AR T
BT ER RS EEEBEE 0.9 KL E (%
2 )0 P HUR HUER 2 Ve REAS 2 55 E R 14 RS
REAEE, BRI P oS IR e & AR s B
IRE st Al N 5 A AR S AL S A R, JUHAERE
B Y N T A RS EUEN 0.1, TREST T
TERE P TEIR EAss . Ah, 2okl S
A DU A A, JE O TR (AR ST
JEAERE T8 ¢ 50T A9 DXCI0 ), s s I b AR M A
AORRZR XA B L (5% 3), AT akEfp 5 R ik
MR P IR BT

PG S L0 IS S FE RO R S . A A
IS RS B SRR RO H
e 3 L7k ol =L S AN R NI A D I

P IR ERAIRTET, W e FEAEREA)R
IR T2 B BRI FAE R RS, T
HI B E A T (IR 5200 LS S 53 5
K 3AF6 ), BRI S IR 1 R - A A A
ARIERRE R £ . TS5 AL TR T T X B b
BYIEIRIIES

3.3 BRSNS REEERTF

AR 3 RIS IR 25 S S A A A, B
Rl A S0 RS (36 3), [EARRE R BEATR
FREAECE PR, PLoEsE B 75 Mk, &
BLAY A HTRT DA, (AR S, PR 2
M CE SR T, T BE N A 7R B bk
EEINE I 2) W vt e 0|

TESEAT R 40T 17 AN F R, FSE R AL
1£0.600 LA B+, FERT 3 N FEB P AT
16 1 (BREARZTE ). AKX FIELEA L
L2 SRl X L N R el o 1
BIH B, ARAERE— P HES Ak AN [ A 3 oy
RPZMARRRE AR — . FrLA, 3 Bl S A0 BUE A7 1
SALE), RICHE TR G R4S R T i R
EA—,

X i 3 ( Crossoptilon auritum ) WIS 2,
TRAGEE FE TG B | AR R 5 B S B SR e
M FLAT 2 M B A EE 229 F (Liu et al, 2005 ). ¥
TR ATEE R, BRE REHE WG ZT 0 L S
BIRERE N TN RN BRGRE SR A 5 i 1) X AR
i (£ 4), R yn] DU i v B4 SO i 2
(AT EL PR B A B AR & 19 XU ( Houtman & Dill,
1998 ), (H'EfTFEMRB LR AFfE 22 5, DALt
RS B2 (Rl A SE 4 o

MK R B L, B R R 5 A
WK, WKIEEE I, THsm /N, Hik
TR, BRI b IR B, YRR S R
FRUCREA- Y By, EI RN, X 3K e e
IR 220, AR AOUEA 2t Pl AR AR — 5 A Bl
%M, T AR X 7 K2 B9 225K ( Ding et al,
2001 ). WREL KB, Y RBHHK R TP H A2
T kit , Tt B S B AR AT, K
HREFF TP, SXAE BT AN TR 2k 3% o 75 A5 i 1Y
B

PRSI RE AR T Se R A Y ey,
WA M TZ R (Z7E 80% LA ), BEZS W™ Ml 25
e, TERAEAG; YRR B S R, PRIE K

and
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i, BEARMIT, RN FRROER TR R FIHG
AR, REEEH, A5, B HREUL .
MEPRA R SIS T G, FiE i i
HAWPIFI S, ATk . R TR 55
AR AR R BRRRPE , BRI AR & 2 R 28
EJLE (Liu et al, 2005 )-

1M 1L 8 35 45 116 TR 3t 1 G 7 A 238 D 5
FER, (R NS FEAR, MEARG R, PRE %
FRESIT, R RN HUORIE SR T, 7
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