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Relationship between terrestrial animal community structure and environmental factors in Ganxi cave and

Lasuo cave, Libo, Guizhou

LEI Li-sha', TIAN Da—hai', XU Cheng—xiang"*", ZHANG Si—qiang', HU Bi-lu', DU Wei—feng'

(1. School of Life Sciences, Guizhou Normal University, Guiyang 550025, China; 2. Center of Karst Caves, Guizhou Normal University,
Guiyang 550025, China)

Abstract: Both karst caves and cave animals are abundant in Libo County, Guizhou, and both systems have important value for scientific
research. In the cave ecosystem, animals are an important biological group; therefore, the study of relationships between the community
structure of these animals and their environment can provide a scientific basis for protecting the animals and sustainably develop the
ecological resources of caves. To investigate the community structures of cave animals and main environmental factors that affect
community diversity, the animal species and community structures of animals in Ganxi cave (undisturbed by humans) and Lasuo cave

(disturbed by humans) were investigated and compared. Principal component analysis (PCA) was used to analyze the relationship between
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animal community structure and environmental factors. The results showed that the 536 samples collected in Ganxi cave came from
56 species and the 363 samples collected in Lasuo cave came from 23 species. The highest indexes for diversity, species richness,
evenness, and dominance were from the light zone of Ganxi cave (2.748 6), light zone of Ganxi cave (6.733 8), dark zone of Ganxi cave
(0.841 9), and dark zone of Lasuo cave(0.395 5), respectively. The community diversity and richness indexes showed a decreasing trend
in the order of light zone>weak-light zone>dark zone. There was a low similarity index among the communities and they were very
dissimilar; the exceptions were the E-F community (0.428 5) and C-F (0.272 7) community, which had a medium similarity level.
Principal component analysis also showed that the dominant factors affecting the animal community structure of Ganxi cave were soil
nutrient elements (Na, K) and organic matter, air temperature, and air and soil humidity. The dominant factors affecting the animal

community structure of Lasuo cave were soil nutrient element (Na, K) and organic matter, air humidity, carbon dioxide concentration, and

water drop pH.

Keywords : animal community structure; environmental factor; principal component analysis; karst cave; Libo County

W FUT R i e HT AR b 0 X ) — ol 22 D RE 1) K
SRR, KIS AT N TR < sl CAnsla gt 21 55044
B A B A S ) SNSRI A A S A T
RSN, X R T E TR, J3 A, TR
FOER A —E M EEMED, S RAEBT RS
Eb T R — AN B P NG 55 (R R Bk b A S R 4
SR Z BN, AN Al i LR . TR RS R
e T sh R B R AR R TR RS
RGOV rh P i 2T LR A £, XH 7 sh i SR
AN OR T o TN b= 220 A s R S A O SN OR
NENPER EEEE WA EX R4
B Al 5 S A BRI 5 S A R R TR AR
HEVACSIE 7/l S iid Rl Y1 R AR K/ DI -y RS
TEANUOGE [ A2 3 X5 el o f 2 | W R B R 2R
LR YIRER IR R R AT TiE 2, B/N
X 7 Sl P RV 25 #0 5 PAR T F OC R il R B R
TE 5 R AR o, 0 B B B AR TR~ 32 AT T X
PN s AT B AN B K pH L COL T O 1 15 i | 48
A BT FES  FAE

I AL T BN A R R, BE N 2 44 15 22 R
RARRIIX . KNARR R T R, AR 78
wE MY EE, LA ELWRINE . X750
T /XS 9T AR T HOE 4 R A A 2 4%
PR A, DT F W SR A5 S R
KR WA — 25T, BB P ER H Pearson AH ¢ R 5L
BAHT T 5 DARZ AT AR ORI GES TR
TR 3 22 10 T B3 ) PN sl P R 4 4 5 3 43 A
BHFRER . AFREEEARZ AL T T4
FIE 2 AT PRI AR, AE PR IR ik
B30 11 7 - 0 B AR R , R 32 A4 A

(PCA) ST ISR XS S R 95 2R, LA
TRRAN RIS BLIR X N Sh P v 2 M B T R I 7
PNIIPSEE R EVACZIE /B2 2 S ER 7S TANE Sy e BIES 228
JEAR BRI, o it — RS R /AR 2SR At

1 RAREBREHRFTE

1.1 TR SRR EER

TR T 5 M A8 7 B B T R R A 2 e 2
Hi4b 107°40759.10"E, 25°29752.08" N, &4k 835 m, Il
FUEA Atk 4 350, B BB FEE . AEa K 150
m, W KEZ K L ZEZ 10 eme 55647 70 m,
K Z S 4 )2, BB a R S i
B A DN AR FL . BRI A IR A B 200
m, i KBS G A, IS R b A, TR RE R T A
S, AR A A e EL .

Fr A7 T oo M A8 75 W KR S AR 4, i
kb 107°56'36.9"E, 25°22"12.7"N, 4K 720 m , i 15
WIEPE . %52 NS TR, A6 A A RIS
S KAE S K, (ARG K o A 96 K 100 m, ik
KD AR THA D i/ NMa B FL . 55067 K 80 m, T 7K
Bz, LG/ a RO A WA T, A
TR0 m 2240, A 1038 A PR AT DR AL | I BE 55 A Sty
HHRS T A /D e /N A PRl . PRRE A 210 m, )T
B RAAT RIATBUK IR, K A 55 6 2, 385 4
NIV 2 IR RE I TOU 6
1.2 HmRERRERAE

2017 4E 8 H kb T 40 i A4 4R 1 B AT 52 M U8 A
GPS ) 7 b 30V RNV 4K 1, JD -3 g7 O R
JETHI A SRR

http://www.aed.org.cn



BRI, & - MR TRRRANRERESNMEZFEMERRERFHXR

2021418

FEOGAHT AT By AT S RAE . AR R
JE W B AN 53 AR 43 SR A AT | 55 06 R
AT ARSI A A AT JES FE M AR R A 4 S A AR
J5 AR TN R 5 m?s

BIYIRE SR AR SR AR A 7 8 DA SR B 5 3¢
I A RE T 00k TR AR BB S 1 sl AR T A Rk
RILTEAA  RAEFIRTE . RSP bR A 75% 1
R A RAF Tl B S g0 3 4 R U o O T AR
Tl /AR R G RR eV, R R 2h )R 4R 3~5 5 AT,
HAait st

T AEFNARRE R AR AR T N A SR AR IS R
2 AHE 1 kg FVRE 1L, A 5230 = 460

A8 PR 0 2 - WS2080AT 2 35 6 15 3 I 552 i)
AP R B R R R % pH 1 4RI 22 TR /K pH
{H, PJ-TPH R F-HF 1 38 43 B A0 2 1 558 19 000 J3 TR
1.3 ENHERLE RGN

+ e LB BRI R AT B A
100 H i . FRECFE 0.2 ¢ F 24 /] b 25 R Bk & Al
AgSOL I = A, A 75 mL 0.25 mol - L™ ) K,CrO.
15 mL ¥ HoSO., INARIH 1 h, I & S8 B AR A
DI KA 3~5 AR IE MR R ), FH FeSO0.
PR VR 2 Je T I A LB

13 K Na.Ca BRI : FREX L 4£ 0.5 ¢ T 100 mL
B, A 20 mL Y& HNOs A1 3 mL ¥ HaSO., il
WEFEN A JEE AL LL0.5% I HNO 'E 45 2 50 mL,
FH AAB00 Jit Wz Wi S 3 A 5 4+ 3% v K Na . Ca 75
i o E Ca S EEFFEMAS mLAHIREE.

T 7 COL F i A AL (GC-16A ) K
1.4 BIES TS LR

& H Shannon—Wiener ZAEPEFEEC(H' )  Pielou
SIBEFEEL(J') \Margalef & FEF5 40 (D) . Simpson
FEEFRELCC) A3 BT ST Z AP R Jacca-
vd AR RUEHE 55 () 3BT T 5 S 0 A v AR ARLEE 2, )
JEAAT

H' =—2Pi InP; (1)
D=(S-1)/InN (2)
J'=H'/InS (3)
C=)(n:IN Y (4)
g=c/(a+b-c) (5)

A PORER i RO AMALE 5 S eV N PRI R N o T

http://'www.aed.org.cn

7% NI A PRI A AECZ F 5 n R BRI U5 3 i A4
TR 5 ¢ N PRE T IO LA WY R0 A o b 23 301 S A

LV B RO FP S

F 3BT (PCA ) % FH SPSS 25.0 883143 4
AT,
2 #R511E

2.1 iR Eh AR E R AN 5T T

PR AL 4R35 7l 4 899 5 (3% Gt K L 1 70 Fb
(B KHE) , JB4TTTHMI9H 3856 B (K1) H
AR 536 %7, 3 56 il SRR 363 5,31 23 %1,

RN 7 ) Sl R 2R AT, T AR Y
PR Fh A 7N BR A W8 Chalepotaxis infantilis F1 22 % 12
Opeas filare , 53 3] 5 130 S AR A1 17.91% F113.06% ,
PR TR LA FP AT TN B8 Sypna sp. kL &5 Diestram-
mena sp. . 1 ¥ H Wk Phalangiidae sp. F1 = 7 I J& 1Y
Culex tritaeniorhynchus , 533 b1 1231 S AREL Y 26.17% |
18.18% . 13.77% F1 11.02% o M4 Bt 3413 1) S i )
MR, T A0 FORL AR T 35 S A5 5 > 55 00 > PR g
X HOKVLIRE 2 R AT AR
B AR B oA ) S ECRE R T AR A
i (380)> R AT (67) , THLAR R Wy MR AT (140) >
A (85) o I AT AR : ORI A LA A
TAE A A TG UK KA , S G 5 BRI 8 B iR
FEE I T 20 S o3 A i s QBRI R T
SRR 22, 32 A 3 0 R IS PR Y TR i i
T B ARE 22.87% . BAATE , Z NE TR BRI
) I BRI A BN TR 32 THER T A LA & 2
BB A 7K 2 5 AR 7
2.2 RN EETE A

R A [ 7 HAS 5] 56 217w 3l ) B 26 A 2
18 20 18 DA B 3 5 TR B A 116701 A A iR
TR R sh %) 73 6 A~ Sh eV

eV A /N A R+ 22 BRI o o A A T At
AT G, P S LR, 235 Zot i B ARy
25.26% F118.42%

FETE B BRA: s+ 22 IRV IRV o J0 A e T4
TR 955 5617, W B D A3, 349 o5 3206l AR
16.85%

FETR Co BRAL s+ I I 1 RIS o 0 A 7E T 48 )
ARSI A, P 8 S DL AR, 23 ) ol SR AR
29.85% #134.33%.



KA FREMEFH-E385 -5 14

R 1 FRRMERE R E TR KR B RAXNKE

Table 1 Animal species(groups) composition and relative individual quantity in Ganxi cave and Lasuo cave

F4Hild Ganxi cave

HiARA Lasuo cave

A Families Tl e R Species or groups

Lz WLZ DZ P% LZ WLZ DZ Pl%

016 B I iRl Ariophantidae /NFEA U2 Kaliella munipurensis 11 2.05

A8 B WEIT 8 Macrochlamys sinensis 1 0.19

L2 #} Bradybaenidae SR KW 2F Aegista initialis 2 7 1.68
[R5 2 Bradybaena similaris 15 280 2 0.55
KB4 Bradybaena ravida 23 429 17 4.68
INBEAIR Chalepotaxis infantilis 96 17.91 20 7 7.44

Jii FEIRBIR Plectotropis applanata 1 2 0.56

JHAIZEL Clausiliidae KRR Phaedusa bereviplica 7 1.31

REAEIR Euphaedusa aculus 2 0.37

R ILAS A Euphaedusa fitzgeraldae 8 1.49

WEAEME Euphaedusa gemina 6 1.12

i G IR Euphaedusa lantenoisi 2 0.37

K EFWE Euphaedusa tau 3 0.56
75 U FAE I Euphaedusa libonensis 2 0.55

P IR Hemiphaedusa pluviatilis 1 0.19

7 RAUAF I Hemiphaedusa moellendorffiana 15 2.80

fEfLEA A4 FL Corrillidae ISR Plectopylis stenochila 3 0.56

IR YR F} Canaenidae 2147 IR I% Camaena haematozona 10 1.87

BT HHIRRL Pupillidae MR Boysidia strophostoma 2 0.37

PRI IR Pupilla cupa 1 1 0.37

Al 18R} Subulinidae NEGIZ Opeas gracile 2 0.37

SBUERIZ Opeas striatissimun 30 14 8.21

RILARE Opeas funiculare 6 1.12

25K Opeas filare 70 13.06

IRHIREL Cyclophoridae ¥l R ITUR Cyclophorus martensianus 16 2.99
i RIRCZ Cyclophorus exaltatus 3 0.83

VA2 Dioryx sp. 3 0.56

MERIFIR Lagochilus tenuipilis 1 0.19

[FIRE TR Prychopoma cycloteum 5 0.93

K8 1182 Prychopoma expoliatum 1 0.19

K4 I8 Prychopoma sp. 4 0.75

HFAHE T2 Prychopoma tortile 1 0.19

HHIEARL Triviidae JNERRE Pupinella sp. 1 0.19

HIRE}L Viviparidae FTE I WZ Bellamya quadrata 1 0.19

5 4R Amaurobiidae ARG Bk Coelotas luctrosus 10 1.87
FMBR Coelotes guizhouensis 5 2 1.93

VMR Taira liboensis 1 0.19
il R Agelenidae MU - Wk Agelena difficilis 1 0.28
E BRI Platocoelotes icohamatoides 1 0.28

iR Clemdae FH B} 220k Anahita fauna 1 0.19
MKEE Linyphiidae PREESGIE Neriene nigripectris 1 0.28
BEak R} Salticidae LBk Spartaeus platnicki 1 0.28

http://www.aed.org.cn
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Continued table 1 Animal species(groups) composition and relative individual quantity in Ganxi cave and Lasuo cave

T4k Ganxi cave

FIHIM Lasuo cave

B} Families 2B Species or groups
LZ WLZ DZ Pi% LZ WLZ DZ Pl%
FIEBEF} Sicariidae TRELF-F K Lowosceles rufescens 1 1 0.55
SEH R Loxosceles sp. 1 0.28
g iRl Sparassidae HHIE WK Sinopoda sp. 1 0.19
K FH WAL Phalangiidae H W Opilio sp. 1 23 448 30 15 5 1377
FAFES R Camblidae f 98 Sk Podoglyiulus sp.1 1 0.19 1 9 9 523
8¢ il Podoglyiulus sp.2 13 6 354
W TR Cambalopsidae B S i Podoglyphiulus sinensis 13 243
21 AL Paradoxosomatidae FE I it Kronopolites svenhedini 7 1 220
21 htRE 1Al Paradoxosomatidae sp. 1 0.19 1 0.28
HERTERAY Sh b Owidus grasilis 6 1.12
4% T FERE Paracortinidae 7 B SR T il Uniclavellus cavicolous 1 5 112
£ Sk H B AFE Mecistocephalidae KSR A Mecistocephalus sp. 1 0.19
£ WRBAEL Lithobiidae LT A IR Bothropolys asperatus 3 0.56
R} Scutigeridae KUNYE Thereuopoda clunifera 2 0.55
1 HUBF Oniscidae HURE FUICT Porcellio scaber 5 1.38
W B} Carabidae FIRETTH W Sinaphaenops wangorum 1 9 2.75
% R} Curculionidae KIKG: Sympiezomias velatus 1 0.19
# A} Lampyridae Jiii 4% Lampyrigera sp. 1 0.19
BB Culicidae MRS Culex tritaeniorhynchus 40 11.02
KISF} Tipulidae KL Tipula sp. 2 0.37
R} Formicidae 21 )L B Pachycondyla rufipes 1 2 0.56
ISR Z HIWL Polyrhachis vicina 1 0.19
TR} Labiduridae WS Labidure riparia 1 0.19
IR Myrmeleontidae SIS Myrmeleon sagax 2 0.37
IR} Noctuidae Nk Sypna sp. 12 224 12 83 26.17
3¢ 55} Rhaphidophoridae M55 Diestrammena sp. 8 15 20 8.02 11 30 25  18.18
Ei 85 %} Megascolecidae B Pheretima tschiliensis 6 1 1.31 2 0.55
Wi Rl Microhylidae JNIRBELE A Microhyla heymonsi 2 0.37
MK Rt 380 89 67 85 138 140
LiiESs8as 41 20 6 15 12 8

L LZ A 6T, WLZ A 5996HE , DZ N BG4 . P E A EE, 10% UL E AR SR, 19%~10% 5@ fl, 19% LUR A Fl

Note: LZ: Light zone, WLZ: Weak light zone, DZ: Dark zone. P: Percentage, species over 10% of the total are dominant species; Species between 1%~

10% of the total are common species; Species below 1% of the total are rare species.

FEVE DA B R+ K L A BE S o A FERLRR
T B S, W B AR, 43 ) 206 EREL
[ 35.29% #120.00% -

FEVR E: il A S R o A TERLRR
Tl B 55 0637, W B R LA, 430 5 206 SRR
1 28.99% F121.74%

TEVR F o N M+ A s e I o 0 A 7E H AR TR 1Y
R N E R S E ) R & N | I ) o 5 7 4 )
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Table 2 Richness, diversity, evenness and dominance index of six animal communites in Ganxi cave and Lasuo cave

A Cave T . 45‘7%’&?5%&(0) Zﬁ‘ﬁf‘éﬁm’ ) 1"9’2@2?5&(1’ ) 1)"5?%“_@?’53&‘5_((6)
Community Richness index Diversity index Evenness index Dominance index
411l Ganxi cave A 6.733 8 2.748 6 0.740 1 0.117 1
B 42329 24284 0.8106 0.1175
C 1.189 1 1.508 5 0.8419 0.252°8
HiAR1 Lasuo cave D 3.1513 2.0226 0.746 9 0.1953
E 22325 1.952 3 0.7857 0.177 8
F 14165 1.309 8 0.629 9 0.3955

R BON Z R AR SO TR A T 5906 R Al
BT I A X SRR, R
T O S B sk R A B Pk IR 9 A=
7R GREW)) EE A e A el FRIE T LT oA Y 43
A1 @A 6T ALY AR S e AR AL T R A
(RIS EREE s A JEHF B3I 113, S B A 3 783 11 ]
Pl a8 B ) 11 50 i S e b R ), 25 RO b R R BE 1Y
AR AR A TR sl i SR T R

Hh 2% S W) HE VR S5 R AT R BEVE DL A 5 1
57BN ZAEPE B A AR AL B S I PR
5 2 FALFF A BTN L34 B S8 5] AR AL B
FEARE o PRI AT BB 4 PN AR 8 22 (8] 40 ol 20
25 SERR (N Ay 41 R, T ZAREHF AL 6 ) , 3 A i
SRAT A 1 PRI BORN A AR B 5 323 1 B A1l AR
TRBCAE SRR ] A A AN 5] A2 BB R B sk o A
i S BCR Y 18.4%

Y 2% 3 WAL, AH AL PE 48 B0k & 19 A BEVR E-F
(0.428 5) JEV% C-F(0.272 7) . #EIK D-E(0.227 2) .
AEARLE F8 B AR A BE VR A-C(0.021 7) HE% A-E
(0.0392) BE7% A-F(0.042 5) . FHALTF [F—iF /A
LB AN [R5 R — Sy 08 A 0 1) AR AL 3 e
177 ALk ] — 1] 7R R A Y B AN [T 7 R ol A
ST BORETR ARG, X S AT A s 25381
— 3, (R AU S AR AR, BR T E-F .

®3 THRIEMEAR R R BRI S EZH B LIRS
Table 3 Similarity index of six animal communities

in Ganxi cave and Lasuo cave

pizav2 Community A B C D E
B 0.129 6
C 0.0217 0.1818
D 0.0769 0.0606 0.1053
E 0.0392 0.1034 02000 0.2272
F 0.0425 0.1200 0.2727 02105 0.4285

HEVE C—F A0 F o S R AR UK LASR , AR 22 )3y
Ab ~F A AN FEARL K S, 15 BH R A1 P B T S o
KX AT BE PRI S TP 5, SR A KT
BUKIREE A 61 A N TAE R /K, 8 PR 4540
BEZ IR IR EE RN sh W 4 A R 22 5%, S B, 2
[ AR LA

2.4 MRS BE R EMRIMEE FER S S

Xt ] B 5 W) 20 3 AN AR TR Bl 4 R T 4 A 1) FR
B R (3% 4) 4T KMO Al Bartlett 4656 , KMO {84351
490.727.0.673, Ut A ¥ 45 7T LLEAT PCA 23 B . AR
FRAEAR T 1, 40 AR 43 B FEEC T 24> F2 AL
SRIANFE AT (FR5), BFRTTHREE 5351 88.74% Fi1
89.56 %,

A5 AL, FANIRER 1 E R A BTk h 48.65%,
139 Na(0.991) 53 (0.895) .25 KB JF (-0.868) . 1
A ML (0.834) 118 48 X6 i A i, FL b - 38 Na S0
- A LT A 2 oy o EAE, A SR R . 2R 2
F AT B TR 2 40.09% , 1 5 K (0.982) Fl 1- iR
JE (—0.872) 1) 465 XL Dt 5, 284 1t 43 ) Ay 1F AL ¥ 71
. Uil EHEE IR (Na K)  EHEA PR SR
25 5 R R A MR R S T AR s R S5 R Y
FHHE T FRIEE 1 E RSB BTER R 50.00%, 1
HENa(0.979) .25 S HBJ¥ (0.885) , + 3 K(0.842) , + 3
A LT (-0.804 ) 4 268 Xof {6 fid 5 , FHe v 38 Na 28 il
FE K AT N B, A MUR . AR
2 AT B TTRR R N 28.98% , CO» & i (—0.850) 1 4t
XA e =, B 1o (. 57 3 32 A ) Tk Rl
10.58% , it 7K pH (0.819) 114 &t Xif (B fi 55 , 28 faf 2 4 1E
B, VL3830 % (Na K) L HHEA HLR 2500
JE . CO, 75 2 FITH 7K pH 2 52 M 17 4% T 3h 9 T 7 245 4
()BT

- A MU I BN R, % R
A MY BT B R A g
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Table 4 Average value of environmental factors of three light zones in Ganxi cave and Lasuo cave

BT T4fiili Ganxi cave HIHRI Lasuo cave
Environmental
factors 4767 Light zone 555617 Weak light zone  BAR§HT Dark zone 4367 Light zone 557677 Weak light zone  BAI 7 Dark zone
SCa/(mg-kg™) 200 928.41 202 087.56 208 599.40 67 076.97 83 436.82 96 969.64
SK/(mg-kg™) 6171.98 5502.39 6609.19 5555.20 4 868.06 5839.72
SNa/(mg-kg™) 851.25 544.35 506.06 574.68 523.95 1126.95
SOM/% 3.10 2.54 1.07 4.05 2.69 0.59
ACOY/(mL+m™) 631.86 691.04 1016.74 498.26 589.54 519.64
AT/C 18.2 14.0 15.0 16.5 15.5 14.4
AH/% 70.4 83.5 80.1 90.5 87.4 92.5
SpH 6.6 6.2 6.4 6.6 6.2 6.8
SH/% 6.1 6.6 6.1 6.4 6.5 6.5
WpH 7.0 7.5 6.8 6.8 6.8 6.5

1 SCa hy 1845 1

dioxide in air, AT=Air temperature , AH=Air humidity , SpH=Soil pH value, SH=Soil humidity, WpH=Water drop pH. The same below.

JSK g - HEHR Ok, SNa oy L HEBN 5 i, SOM Ry 1 3EAT HLTT % 1, ACO Rl /s S,
T2 SR, SpH A -3 pHL, SH 2 3BT, WpH hiiiK pHe T 1A

Note : SCa=Content of Ca in soil, SK=Content of K in soil, SNa=Content of Na in soil, SOM=Content of organic matter in soil, ACO,=Content of carbon

5 FRRMARARERFERSHHTESTHE

Table 5 Load quantity and contribution rate of principal component of environment factors in Ganxi cave and Lasuo cave

CO & B, AT il

AR AR

IS K F T2 Ganxi cave HIHRIA Lasuo cave
Environment factors F1 F2 F1 F2 F3
SCa -0.663 0.635 0.700 -0.693 -0.061
SK -0.089 0.982 0.842 0.490 -0.024
SNa 0.991 0.113 0.979 -0.137 -0.091
SOM 0.834 -0.511 -0.804 0.564 0.068
ACO, -0.748 0.626 -0.459 -0.850 -0.024
AT 0.895 0.417 -0.693 0.617 0.231
AH -0.868 -0.449 0.885 0.410 -0.068
SpH 0.642 0.573 0.763 0.569 0.066
SH -0.266 -0.872 0.216 -0.497 0.354
WpH 0.011 -0.715 0.300 0.027 0.819
TR/ % 48.65 40.09 50.00 28.98 10.58
EFTTHCR % 48.65 88.74 50.00 78.98 89.56

AR 2R B A S R G iR 1 IR Z 5
P W] - ST AL 5 X A1 Sl W e v Al AT T
S, Hasegawa ™ IF 5 A B AT BILJo 35 3 52 01 1%
YIRS, o A A COE T fs LSh i
JE RS LA LTS B B ARG L
SEPIIE SR W] LR T S W) RO A S
AT IEASG . BN 5 K B 55 5 A
TR 7 AT A R IR, A LTS X X
SYIRETE SR BT R 18] 520 , 3% S A IS T AR 25 3R
— 8 MR , A ML s Hsh Wi
£y ol S S I R (E N € S W 972 o D = i /S
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{EL, IX AT RE T AR TR AR sl i v 5 h 5 i
R, R ILTCS AR AL iR s, A e A
B A A R 1R X S Z O e ) 2 18] A
T A5 A5 HIL 5 55 0 i i 114 6 3 A A B o A
Ao BT EEA LR LIS, 235 IR 0K (K Na)
Xt I A MR S AV SR HAT TR I, X
TR AME 25 R GE RO TR 5 0 — B0, W/ DS 05 jbk
ARG L KM Na 5+ Sh W) IR R (%
WK JBE B R, ek B AR SRS o e W] L 3 S AR
JE RS 4 K R ARG
AR L (R /K i) B 28 Al v 2 B3 ] 4 5
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Wil S0 I 0 A= A7 PR B A A8 Ak, AT X Sl R 4 7
AR R OGRS 3R B IS W SRR A AR
& 2R B AR RN S IR AR O, st
T2 T, AR R B AE A 1 A P SR 8
R TRk B 2 er o IE, SR IAR ( H R S oY A R —
B, AR B AT A O SR, AT BB R AR oA RO
AERR A0 B, — R R B R TR E R s
O3 o PIRRIA N A SR EEAESS 1 F R sk AR K
ELZ o 200 1F , 3/ PR T SRR A A A T R A K O fef
AR, B P I P05 1) DN 082 ke S P G Y 43 A A
Z R U A 6 43 A0 () S R R E
BT 2 BRI A AT 2 8 T AT, RS T
T 7 S R R A A, DT (23 1) sh P e v 45 4
TIE CAn sl 4 AH 6 B ) 22 80 A 0 B 65 v 1) PR B e v T
BRI AT Sl R o 3 A, BRI AR A
JERC M S REIE 25 0 3 5 R, AT RE S R T %
ANETHK, FHORE XS B S5 52 ma A 2%
e AME S R S, Eisenhauer 5T R KA
CO W E TF iy a0 7 27 & L o1 i sh s & 5
I B A T RS (T EPI R R
W COMR BT i e H =F & By, A RS
CO, XA 1 s ¥y 45 1 1T 5% it A B i g o e 40
TR AR ARIR T 5, A COL MR BE R 7 S R V& 45 7
HLA 70 TH 5 W, 2% 45 5 K R S5 i A g 4
JRe— g n] RS R 7T S R CO MR EE L
T s, 1 24 28 S COL 7% f 3k R ), 5 HE 3l 4 1 I
W2 R, — 26 B 2k AR, 3 H. COL ¥R BE T 5
Xif B ) (R Wi 3 32 A5 A DA R - 358 TR 755 2 T 2R R T
VR, 5540, 40 o 3808 B 7E 55 2 o I
TR R K, B O UM . ARSI L
(6.1%~6.6% ) 1% T B Ve 75 1 b 1- 1 7 7K 1 (19.44%~
30.11% ) F T P4 PR VL% HrRe A= A8 IR O A B 1 et
(8.9%~16.4%)"", Jrh | 5 Je 75 0 /N Y + 38 5 4
AN RS K R R B O G T
VY PRV 0 R A 2 A2 A B v - SRR Sl i A 1R
BORBE L FEE SRS A A
Ko BLAN, 2R A2 A o R B LA L XK
R+ e S W SRR B T - B B L IR R L,
/NI - ST D SRR T S R AT 2 1 )
o BT UL NI S RIS AN 8] AR DX sk 1 48
T F oy A P AN TR T L Sh ) B A A AR AR AN S B
— R s A i a2 A | R T T
FZHNEMLGEEER . B Sh i 454 5 5%

¥

15 PR F- 1) B 0 B/ FA LR A 5 4 5 i — 2B 5T
3 #ie

W TR O — N BB R 55 A R AR S R
g5, — Bl )RR, ARMEVK S, WAL TR S Y
SRR 53 A L S s ) TR G AR S5 7= K
(R REI o X2 U 1 A (R 32 A3 A (2
Z NETH) W SRR T4 25k B R B 56 R G 9T 45
WR

(DFRIE i F 52 TR, HLREE shi i wh
BRSNS ARBEI EE T 402 o AT SR P R s
WA AT ST | I S I

(2) T 40 Fn R a2 5 430 6 A HETE , HEVE £
B TR HOM 2 FEEAR SO 6 56T R
B . BEE A ERS BRI, R T RS
E-F(0.428 5) I C-F(0.272 7) hb T P 2 A HR LK
- HATRETE Z AL TR AR HI UK o IS A1 AR )
PERUHE R BN 43 A 22 [R]— 0 AR S s [R)I /¢
[Fi) — s A TRV TR AL 5 0, A 7 (8] — T A Bl
A8 T BN [R5 O B 58 Sty 1 & T R AL
BAR,

(3) F AT 5B (PCA) 25 T B, 52 1 T 2031 5
PIREE S £ S N7 o £ 88 00K (NaK) L+
A ML R 2SR R R R S AR T
SIYIREIE LS R0 B T8 B IR0 R (Na K) |
AP 2 SIRE L CO & = AIH K pH.
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