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Spatial distribution pattern of the larvae of Orchestesalni and
influence factors in Helan Mountains
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Abstract [Objectives] To analyze the spatial distribution of Orchestes alni larvae and identify factors useful for
forecasting and controlling this pest. [Methods] The ratio of infested grey elm trees and the population density of the O. alni
were quantified in the Helan Mountains. The spatial distribution of O. alni larvae was investigated using six aggregation
indices and regression analysis. [Results] The ratio of infested elm trees in the center of the Helan Mountains was obviously
higher than in northern and southern parts. Significantly more larvae were found on semi-shady slopes and more were found
on shady slopes than on sunny slopes and valleys. The highest densities were in the lower crowns of grey elm trees, but height
and aspect otherwise had no significant effect on abundance. There was a significant positive correlation between larval
damage and elm height. Larvae had an aggregated spatial pattern and the basic unit was individual groups. The spatial pattern
was density dependent; i.e. aggregation increased with population density. Aggregation was the result of behavior and
environmental conditions. The abundance of larvae in grey elm forest was significantly affected by elevation and slope; larvae
were mainly concentrated on steep slopes above 1 800 m. [Conclusion] Mid elevation valleys in the central the Helan
Mountains are the key areas for monitoring the occurrence of O. alni larvae. Larval density was higher on sheltered,
semi-cloudy slopes with good water. The aggregated distribution of O. alni larvae can easily cause high local densities.

Key words Orchestes alni larvae; spatial distribution; grey elm trees; topography; Helan Mountains

*BEH)I H Supported projects: FEZK A AREILEIH (317606185 31360511)
*#2f —VE# First author, E-mail: 1179062798@qq.com

=457 JA/E# Corresponding author, E-mail: yang gj@nxu.edu.cn

Wik H W Received: 2019-05-07; 32 H I Accepted: 2019-09-30



24 IR BG4 R 2 [ ARk S 1 oA - 451 -

ik % Orchestes alni Linnaeus J& 3 H
( Coleoptera ) 4 HF} ( Curculionidae ) Bk5: W H}
( Rhyncnaeninae ) E2HL, i@ ( Ulmus ) WFh
\BENL—BMERZ—, 524z, BEANLT
M . BRE s E, BWNTERDL . k. 7
ACFIHEAR R0 ML X 329 4 oA (Sl 5 3555, 19875
ZEIGEME, 1999 ) o AnBk G Ll A v B A 2R 1
R, dER R gL s, A e E, B
B PG R RN R I E , it R
SRR BB E YRR e Mo A,
WA R, AEE 2, i R AR
AR, CEEM B, W E kR, EN
KT MR A Y2k te . Biin (A5 3455,
1987; Wrxk, 1988; wIIRIEESE, 1997; ZEIGEHE,
1999; F A, 2000; 2= EAEFIXIELZE | 2004;
Mk WIS, 2018 ) | 41 #1723 8] 4347 FOXHAR AR b 2t
PR (BEARSE, 19905 BANHRPLRG - SCHEFF
BT ) - YbIE IR, 2018 ) A RIALMGE, H
A SRR A 5 SR Ik T 2 A R B A AR AR S

WK Ulmus glaucescens &% % 1115 MOFE #¢
BEMMZ —, AR R RRIRAELE, 753
=10 1 300-2 400 m AR L XIRI A 70 A1, K%
DA IR7K AR . RS 8= 00 . DL b st
Wy BT RN A A B M A O TR B T R A AR S AE
I CRAFESE, 2012) o T4k, o T8 2L
MAEBAE Y TEVR S —, THIE R 155, AFT
H A 5 O  B A= AE VEAT, RECRh A
b FEORMAARE) & — P FE B Pk EFE HE™
&, EASE TR (Anthaxia quadripunctata F
Anthaxia hungarica % ) S +EFRP AL, B
25 IR R FET o A SO 22 1 A A
Bk 4 dUR AR | A3 [R50 A F R A 32 SRR AT T
RGP, IR0 T e it kS 4l H A o) A A Y
-, B FE A Bk S n0 o) i M 25 6 B T AR
FEALILRE TR

1 MR5ERZE
1.1 BFEXE

P X I A T E PG AL (E105°49'-106°41,
N38°19'-39°22") , ¥k 1 200-3 556 m, S f&/&

H TR AU IX, HAT SR Rt o 2 XU
e, SERRIR N - 0.7 °C, FFHREKE N
418.1 mm, FEKPZTT AR 2 R . A e T
WA, A0 IR S e i s il | LS
MR FEMNAY L BbRAs . ety L
TR A= N 1 - S e v o e ] D)
5520 BH 3TV B8 1 A i AR B 2% 1L e T 2 1)
MAEDE GRS, 2012) .

1.2 PESE

T 2018 4F 4-9 J MR B2l AR AL
MH . KA+, AT FSFH L EBEka .
Wi 7K Y8) L B8 =2 LRI R K VA 8 25 VA I8 IR IR A MRtk A 7
VA o ARBFFER A TE R BIAE T A F 1 1L
e b, BPPHYE ( Sunny slope, SS) . FFHI

( Semi-cloudy slope, SCS ) . B3 ( Cloudy slope,
CS ) FIEIE ( Valley, V) BEALIIAEE , FELK 2 km,
FERRIAIEE R T 100 m, I I 5 28 Fniieds = R
EVRERERRRIE (m) . BT (m) L R

(ecm) FIREEEAE (m) o LA 50 cm B 56 HUR
REEFRE, HHARERZR S b P T34
AZE MR B P, A4 AT TR A, AR
b JZ R R U FE R 50 em FEAL, AR I
Tt Rtk gl e, PR

50em BRAHFE (%) =
50 em BORA MR AL
50 cm K 2% S L

VA, IO SRR B L2 B AR AR | WK

(m) . B (°) F¥gmE (°) SFHIEHE T
R FEAR A7 B Y B A b 3 P33 ( Flat slope,
FS, <5°) . 23 ( Gentle slope, GS, 5°-15°) .
#H¥% ( Slant slope, SIS, 15°-25°) | BEHE ( Steep
slope, SS, 25°-35°) | Z3f ( Steeper slope, SRS,
35°-45°) MIEG Y ( Steepest slope, STS, =45°)
ek g, BRKE 0°-360°0Y 5 o e 46
A 0-1 Z[8] %) TRASP ( Transformation of aspect )

RE (XIBKEESE, 2006) .
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1.3.1 ZESHBENEREFTRE Gtk
far i LRk BE R AR, R O
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Table 1 Geographical information of each valley
i —
L i KA
FREk {Mﬁ Elevation range EE%;@¢ igﬁﬁ
Transects Location (m) Habitat types Main vegetation
2y e E105.93°-105.97°, 1479-1937 VR AR S BB Cerasus tomentosa . JKKG Ulmus
Yingtaogu N38.74°-38.74° M Deciduous glaucescens . 4% Populus davidiana . IFAS
broad-leaved Armeniaca sibirica. ¥ T 7% Syringa oblata .
forest and shrub %B;ﬁg%&d‘ﬁ% Berberis caroli . @th?
Cotoneaster zabelii %
GESC) E105.91°-105.93°, 1 441-1628 JRMTERARRE S KA SRRSRIEL Rosa xanthina . TR
Qingyanggou N38.56°-38.56° Open forest and  Ziziphus jujuba
grassland
M 7K 74 E105.91°-105.93°, 1829-2158 EFVRASHMRG: IR Pinus tabuliformis . =A% Picea
Xiangshuigou N38.76°-38.78° Mixed crassifolia. W#% . PEILHIT . SRIRZH/N
broadleaf-conifer B I T-HE Senecio sp. . kT de
forest edge . e
Thermopsis lanceolata R.Br.%
B4 E106.01°-106.02°, 1450-1650  JOMgibksie  Jeif. SmsbE, moE
Helankou N38.72°-38.74° Open forest and
grassland
TSy E105.95°-105.95°, 1389-1453 TR AR R Py, ¥BE Artemisia scoparia, HITE
Baisikou N38.68°-38.68° Open forest and . T EOE
grassland
KHF E105.94°-105.94°, 1290-1451 JRMTERARRE NS KA B AR E, R T DR
Dakouzi N38.52°-38.59° Open forest and
grassland
JNEF E105.93°-105.94°, 1374-1610 T BE K Ephedra rhytidosperma . ¥ B |
Xiaokouzi N38.61°-38.61° Desert and HIJELE Convolvulus tragacanthoides . FRZE |
semi-desert W RIF Torularia humilis. KEEEE
grassland Lo
Astragalus ellipsoideus
KK E106.14°-106.15°, 1289-1375 BAmEARE L K. i T
Dashuigou N38.89°-38.90° Open forest and
grassland
(m), K2 (S, BEEHRWRA: ()8 PR =0 X[nn-1)/[NN-1)], X O N

BURB C=S"/m, 4 C<1 i, A¥ENH; C=1
mF, AL C>1 B, RRES . (2) K
s, K=m*/(S*—m), 24 K<0 B HIE14501 ; K>0
B AR K>8, BRI, (3) Ca
FREGE, Ca=UK, 4 Ca=00F, HBEDLI T ;

Ca<O I, RIHL)oAE; Ca> 0 I, HREM i,
(4) ISR (1) B =S°/m-1, 4 I=0 i,

RFEHLAT ; 1< 0 BF, A5 >0 B,
RENM ., (5) BRERIRIEITFHETE m*
SSXYHEE m WEHE, m*m=1, NP

m*/m<1, NEIE)53A0 5 m*im>1 I REN A, (6)

TR, n S DREAR IR, N OB, Y
I=1 W}, HBENLAG 5 5> 1 I, AR 5 Is<1
B, R (T A4, 1980)
M 5 B A 55 ok L Taylor & ¥4 N
( Taylor, 1961; 258, 1996; #24)1]55, 2013 )

1 Iwao m*-m [FJF453H717: (Iwao, 1972; FE/Nia
5020105 B 2016) , ARINTHIBEES 4

()53 A1 B A TR 59

& H] Bliackth RAEE A (THEK, 1994)
B R AL RN, A=my/2K, m HEEASEIIEL,
K AT I A0 K A8, y A HHE ST 2K 1Y
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RO An A% 4 <2, R IAIE KGR
M5 A=2, RERZHR R AT HESIAEZMT R,
132 #iESMH RHBIEE Sk &k
SRME . B AR W EAR . k.
Py B REAFROC R R FHER R FR Ty 22 L) I Tukey
e e T NE AN =B G R 35593 )
4l UL

BEGE T4 K H Excel F1 SPSS B 4FiE4T,
FtH Origin pro 9.0 fE .

2 HERE5SH

2.1 kR =08 57 R HE

2.1.1 AREPGEMRRKEESHT ME 10,
AN [V S A AR Ak 52 40 U B AN [R] B e 7K
1(32.57% )>/NAT(22.13% >4 20.42% )
SFESFH (16.65% ) > 8 (10.59% ) > KKl
(10.07% )>KITT(9.04% ) >F 211 (4.71% ) .
S50, RN VA TE KA 0 4)) U 25 5

=2

W& (F=16.54, P<0.05) . &L HE b, H
H i 7K YA AR 1) 4y HUEE B R 2 e T At Y
(P<0.01) , RPrpEIa T8 S AR M Bk 5 i % A AR
FEI & TR .
2.1.2  AEI EFNT5 8 7R 46 78 2 46 Bk R 4h R 2
B B 1 AR ) 4 2 B oA B R 2B
PR 50 em B4 HURTE 2.82%-52.67%,
50 cm A A HURS10%FERR LB 91.83%; FH
PRAGAR 50 em KA HURTE 0.35%-18.76%,
A HURS10%FERE LA 20% ; FA3 KA AK 50 cm
Fe 5647 HURAE 9.53%-46.69%, A 41 H>10%FEHk
LLBISh 90%; YAIE AR 50 cm k54T HURLE
0.10%-20.78% , A HUR>10%FERR L] 15.38%.
A1 2 AT DU Y 2K BRI Mo Bk 52 )y
BRI, R 24.60%, BB AR 2,
H18.92%, H-FHEFARE (P>0.05) ; FH
Sl 00 T AR MR Bk 52 4 o R AR, ok
7.67%F1 6.76% , FH AT B3 FIB3 ( P<0.05 ) .

BREWAEPIER MM R R EE

Table 2 Larvae density in different mountain valleys in Helan mountains

i [ BREEL S R TR 50 cm Fi S A R (%)
(hm?) Total number Total number Number of leaves Pest rate of 50 cm
Valley .
Area of plants of leaves with larvae branches

H 14 Qingyanggou 17.2 9 28 255 3390 10.59+2.02cd
K [1F Dakouzi 16.5 9 13 882 1149 9.04+1.49¢d
/INEF Xiaokouzi 13.9 15 27231 5773 22.13+2.33b
FEF M Baisikou 18.2 12 24 493 3965 16.65+2.02bc
PEBES Yingtaogu 13.3 14 27961 5569 21.41+1.81b
7K 74 Xiangshuigou 18.3 20 30 054 9429 32.56+2.51a
%422 [ Helankou 14.4 8 8 683 347 4.71+1.01d
K 7K {4 Dashuigou 16.5 15 18 632 1935 10.07+2.65¢d

TR VB D . R SVEEEF AR A AR F R R R 2 Duncan FOBT A 22 K IR 7E P<0.05 K- F- 2257 3% .

Data are mean+SD, and followed by different letters in the same row indicate significant difference at P<0.05 level by

Duncan’s new multiple range test.

HIPEL 3 R, AN R385 ) AR AT AR el o
NE e L1 S0 NG £ PN W F: ] o[ B S Ry N T S
SOV | F T A AR T R
Jrra), P RO R Z AR E R T EE AR,
ACFNAR ) 3 B2 2250 AN Ko BHBR L B 10 4
HUE R TG R J7 18], b E 4 R R AR,

R RREOR, P g7 1 4 U Al EOE R 2
SR o FHSEANR] 7 15 Al VB AN 25, P LAY
i NREERR, FEMERRZ . WIE N K
LAV ) 4y BB BER), ELP 1 e B 2 3 N T
IR AR AR R Al H R R T
ELRE, mHbEARE TR E R,
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Fig.1 Histogram of density for the larvae density in different aspects
SS: FH¥E; SCS: EBI¥: CS: B v: WiE. FEIFE.
SS: Sunny slope; SCS: Semi-cloudy slope; CS: Cloudy slope, V: Valley. The same blow.
?“" . 2.1.3 WBIRYBRZESHE R 3 KHE
%w— a EEIRARE ), MR R EIRAR I 7T & AR
2 s0! SRS BRIE, B >0, m*/m>1, Cx>0, C>1,
.l W K0 i 151, VI 10 8 26030 Bk 40 s 2
g ) . [ 50— B, 9 A4 . A5 Taylor B
%2“ " : W75 1g 2= - 0.099+1.603 1g m ( R=0.861) ,
gw- J T b=1.603 >1, ULHItHEG 4 d A 18] 731 2k J 4
= == T, LS B B85 M TR 2

Oﬂéfiﬂiiéz SCS PFE¥% SS Fﬁbﬁz cS WHEV
A[FPE [ Different aspect

2 FEEKERGHRRRR R EE
Fig. 2 Larvae density in different
aspects in Helan mountains

AR F B R RZE Duncan [T R 2515
KigeAE P<0.05 K225 % . &5, 156 [,
Different letters indicate significant difference at P<0.05

level by Duncan’s new multiple range test.
The same as Fig. 5 and Fig. 6.

m*-m [FIA53H14E (Iwao ) 15 m*=4.486+1.059 m
(R=0.927) , a=4.486>1, p=1.059 >1, Uil#i
BE G AR EN S|, 4347 B ASARRE, 25 1]
G A B R AR S A

WcHiE Bliackth FEEESIEL A s Hrkin g 52 4h 2R
LR, kT JE A A R EH R >2
(F3), RUIRES MR BIT el A5 5%
HHHE
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B SCS Y% Cs
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T —o— /12 Middle layer —o—H1 2 Middle layer
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'
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Ny —o—_I"J2 Upper layer —o— )2 Upper layer
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B3 WHRRTREE. FrRE R RS ESE
Fig. 3 Radar chart of density for the larvae in different aspects, direction and canopy
x3 TEPIEMBRRNATE S HERSIIEIRME
Table 3 Index values of spatial distribution patterns of the larvae of Orchestes alni
in different valleys in Helan mountains
FH 4 N, D )
Wz m THETE ME S RS PR o AR
bapicl Variance > Mean Tebr  Aggregation C, #5841 Diffusion a3 K {8 Aggregation
Valley Megn crowding  Clumping index C, index coefficient Po_pulagon Kindex average
(§$*)  density « . « diffusion
(m*)  index (1) (m*m) c) . (1)
(m) index (I;)
HEWN 623.694 31.389 50.259 18.870 1.601 0.601 19.870 1.663 1.663 22.361
Qingyanggou
KO+ 17.088 10.731 11.323 0.592 1.055 0.055 1.592 1.352 18.115 10.468
Dakouzi
/INEF 135.185 32.072 35.287 3.215 1.100 0.100 4215 1.309 9.976 31.089
Xiaokouzi
FEFH 173.008 27.535 32.818 5.283 1.192 0.192 6.283 1.340 5212 24.673
Baisikou
kS 148.152  33.500 36.922 3.422 1.102 0.102 4.422 1.248 9.788 33.095
Yingtaogu
e 7K 74 221.204 48.133 51.729 3.596 1.075 0.075 4.596 1.860  13.386 47.355
Xiangshui gou
e 3917 3.615 3.699 0.084 1.023 0.023 1.084 1.658 43.272  3.564
Helankou
KKA 145.891 10.750 23.321 12.571 2.169 1.169  13.571 2.523 0.855  8.737

Dashuigou
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22 WRkR=ESHREWETF S

22.1 HMRRGBZESKEEKEKRPORXR
IR YIREE y (%) 5K E x (m) |
WTE x (m) . B2 x3 (em) FAMRGEEE X,
(m) AT ZICmIE 0T, A5 R R y =13.284+
4.795x, (R*=0.074, F=7.958, P=0.006) , 7]
Bk 4 B y SHRH T x (m) B3IE
Ao A R IABE 2 L L A 3E 35.3% R0 T
TE 0-0.6 m (<0.6 m) , Bk L) R F-2% 5 N
14.03%; 24%MHT=7E 0.6-1.2m (=0.6m) ,
Bk 4 O3 18.71%; 31.4% 090 T =
fE 1.2-1.8 m, HiBkg4) RV-H% 5N 19.12%,
9.8% MM T 7E 1.8-2.4 m, Hibkg4) i 15
FEN 22.18%. AN B B T R 4 RUB 2
HARE (K4) .

60
2 a a
2 50}
3 a
Q 40} a T
g
g 20} [
X 20+ =
10|
8 I i T
.H.’l 0_ *
R
_10 1 1 ! 1
0-06m 0.6-12m 12-1.8m 1.824m

AF#TF5 Different tree height
4 TEMFEMRRIBEE

Fig. 4 Larvae density of grey elm trees
in different tree height

[fl— 7R F£ /R4 Duncan B & i 221
K8 e P<0.05 KF2EHA R,
Same letters indicate no significant difference

at P<0.05 level by Duncan’s new
multiple range test.

222 MIKRHHFBESHEEFRXR W
Bk 5 &) W08 B 5 R A RO R S A B 2 T A O
(R*=0.438, P<0.001) ([ 5: A) . 7EHHK 1800
m R oA R4 RN 29%, S KAE
52.67%. FEMAKIEEEAR 2 089 m, 1400-1 800 m
TR B 15.75% ), 1 400 m LA R ER( 8.22% ),

firBk G 4l U KU, H22 5 1835 ( P<0.05)
([g 5! B)o

55,
50|
45)
!
35|
30|
25|
20!
15}
0l .7

A

R*=0.438 F=79.63 P<0.001

50 cm A4 AR
Pest rate of 50 cm branches (%)

0 . 1 L L 1 )
1200 1400 1600 1800 2000 2200

% Elevation (m)

60 -
. B a
& 50 ‘{
2
§ 40 b
5 30 T
E 20 .
M 1() L
H ol
R

-10

1400 mPAT 1400-1800m 1800mli Lk
Below 1 400 m Above 1 800 m

A[F)¥#3% Bk Different elevation
B 5 WMkRSHAZESERMNERNXR

Fig.5 Larvae density of grey elm trees
in different elevation

A. Rk G4 HUE S AT AR AR RO 2R PE I ) 5 2R 5
B. A[R]HHK BB 5 4l Hos B2 LR
A. Linear regression relationship between larval

density and altitude of grey elm; B. Comparison
of larval density at different altitude.

Tk G 4 8 B 5 AR 17) TRASP 484X
BRI R U 6 R?=0.01, F=2.095, P=0.151 ),
WA b 52 &y ST i) TR YR 1] 43 A o kS
4 B S5 (R*=0.097, F=7.48, P=0.007)
S ARG, A (35°-45°) Mk g4l du s
EaK, A 24.08%, Ry ( =45°) | R

(15°-25°) | BEPE (25°-35°) FIZEd: (5°-15°)
R, (H22 5% AN 3%, SF3E (Flat slope, FS)
(<5°) mfik (Kl6) .
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FS GS SLS SS SRS STS
A[F3%FE Different slope

6 TREINEXBMPRNDER
Fig. 6 Larvae density of grey elm trees in different slope

FS: Flat slope; GS: Gentle slope; SIS: Slant slope; SS:
Steep slope; SRS: Steeper slope; STS: Steepest slope.

3 g

B2 1L R YA T K A M Bk 5 &)y R R
5 TR ACTAIE o IATEMOR B 22 1 FE B A A
KA, FEEMALE 1 300-2 400 m TS Ly, LU
TR YR F, FERARER A0 T2 I3 sk
B AR, BE 1L R EK AR BT
LB, AR TRBkE R LA . kg sh iR
WM . e L2 TR T REEAR,
> [P35 R 191 33 A 8k 5 &0y e 28 B Y Sl 55 T BH 33 R
WA, RO KA Y . BT AR R T 2 4
FEd R, ISR BE N 2R, AN E
4 R BN 3, YILIE TR R, T
T PN B LAY ) &)y %8 BRI kG 4 L AE K
A b BT B0 A AR Bk TR 0 7 O e
(F/IMESE, 2011) o FHBEMDGRRSR, 28k &K,
IR AERAG U 2% , 1 T8 PN B 11 A 32 1 XUse
T N e | g R S S 61 B St T
B4 AR5 AVIXTIK, i i E 2 mg
I, Ak e nl R R [ s R KUK A AR K
BT B3 RN 35 7 1) 7 B, A 32 T s
K HICAR S A 6 T 27781, n] 824 H it ik
B —E R, A SRR R R, U4
SIS FPNSE S | MR ISR SRS (FE—
IG5, 2012) o A KBS 4 e i A
[F) J7 ) RN IRE 2 ) o0 AT 22 S AN 13, i R R 4
ANV P XU B TS T A R A AR A, R

B wn

(=) (=)

&
—

N

o

[\ (O8]

(=] (=]
T T T

a ——
s

—_
(=]
T

I

4B Larvae density (%)

(=]
T

L
S

SIPEBEAEAN [ 1] ()5 KUy 1) 7 B

ARSCHFFEAE R IR, kg 4 A 22 1K
MR 2R, 3 R AR X A R Ay
LG W5 LU AR AT R i R SR TN TR AR
AR ATk G 12 (8] G A 45 R — 3 BEARSE, 19905
FAIANER FURG -3 P ARl b g - VR85 R, 2016 ) o 4
{ELASE 000 A Bk 5 2R 4 43 A 1) Ji A W] i ol B AT
R IR SRS R . Taylor T3 WAl Iwao m*-m
(1B B VR R TR 18 B N TR A N
T, RIS B 5], FAE R RFR 2 B
p: NIRRT S V=S 2/
kg B0 Tt T MK L, BB 1-4
e, BUREFEM R RZE 10 M, — A
W20, PEINIE 29 1 R8T, A IR
b, 4y AL S AR Bk A RISV,
M 32 3oy Bk 2 BRIk B B A, AR
e, LAl HUo3 A 55 O o3 A Y B A oG
(JiF 55, 1987; W/MESE, 2011) , THiBIEY
1A AR BRT R Y1 /I SR RO )
o J35h, MU 32 3 FEAEY KA AR AR B
me (/MRS 2011) , ABF5E R IR S 4 H
H R SRR R ARG, 4 U A BT
T G K, X AT e R BkER g
TR R OGH0E TR 7 RO E R R
Ko MBkGIEMR L — e, ZF EMYH
22 1 SR A Bk 5 19 434 ( Hespenheide,
1991; Kang et al., 2009) . Bt4h, 2F FHEYMT
FHEEAE . W Kb BleMERKEEH
FE TR Vs P T A B I B S, DT S i)
4y W% 25 1] 43 A FN 2§ =38 1Y ( Cornelissen and
Stiling, 2008; #/NMEZE, 2011) . HHFFTEM,
AF EAE Y FIRE Y RN 5 W A & A A
% (Bafiuelos and Kollmann, 2011) . k%5
o AR 0 e M 3 N M 5 BT AT PR 2 R Y O
RARFTFHE— L5,

AL 7 IR MR TR AR 3 B 3 R e
frBb R Al A AR, 4K 1 800 m LI K Ady
MBS 4 U K TR Lol R A
FRIGE IR 2 S E ST (B5ESE,
2016; Mt a5, 2017) o BEIa) a2 ma b i 20k
IR S5 %) i 2 ST ], ;0728 R A AR A B8 1 D' R A
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S, AT RE MR A Bk S 7 N TR 38; 1] 25 EHEA)
R, Mk G )T B3RV Y 0 3% ) A A
RIRAE o FEREBE BB ) 0 AR MO IR FE 43, o
AR TRk g RORAE . IR RHE 2R A AE
FH 52 m0 % A BE SRR K (1) 28 [ P B, BEAS
Xof v 5 A8 TN ) b 22 RE P 43 AT TR B I 3 R )
(Lewis et al., 2004 ) , ANFJAERSIR . FEK .
K PR S S5 S0 7 25 57 T RE S R i A Bk 42 4h
A A, B, foso N AR - nT g
MRS A R kA R R E
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