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Abstract: In order to explore the diversity and its spatial variability of ground beetles in broad-leaved Korean pine forests in
Northeast China, this study investigated the ground-dwelling carrion beetle communities within 36 hm® by 900 pitfall traps in
four large forest dynamic monitoring plots of broad-leaved Korean pine forests (i.e., Shengshan, Fenglin, Liangshui and
Changbaishan) in Northeast China. Based on the indices of species number, individual number and total body length, the
diversity and its spatial variability of the carrion beetle communities were analyzed. The results showed that; (1) There
were twelve species of carrion beetles in the regional species pool of broad-leaved Korean pine forests in Northeast China,
with a density of 0.018 individuals/m” and an average body length of 0.32 mm/m’. Nicrophorus tenuipes was the widespread
species in the broad-leaved Korean pine forests in Northeast China which existed in all plots with a relatively large
individual number. Five species, that is Nicrophorus concolor, Silpha obscura, Calosilpha brunnicollis, Oiceoptoma
thoracicum and Dendroxena sexcarinata, had obvious habitat preference and only existed in a single local species pool. (2)
The indices of species number, individual number and total body length were significantly different among Shengshan,
Fenglin, Liangshui and Changbaishan broad-leaved Korean pine forest plots, indicating that the relatively warm local
species pool (Liangshui and Changbaishan) could maintain higher species diversity, while the coldest local species pool
( Shengshan) only maintained low species diversity. (3) There were significantly spatial autocorrelations of species number,
individual number and total body length of the carrion beetle communities in both Shengshan and Fenglin plots with
relatively higher latitudes. However, the indices above mentioned did not showed significantly spatial autocorrelations in the
Liangshui and Changbaishan plots with relatively lower latitudes. (4) Carrion beetle communities showed significantly
spatial variabilities. The spatial variability of carrion beetle community in the Changbaishan plot with the lowest latitude and
highest altitude was significantly different from other plots. These spatial variabilities of carrion beetle communities were
mainly regulated by deterministic and/or non-deterministic processes based on the results of semivariogram parameters, but
the relative roles of the deterministic and non-deterministic processes were different in the four plots. The results of this
study showed that the diversity and spatial variability of ground-dwelling carrion beetle communities were different at
different latitudes in the broad-leaved Korean pine forests in Northeast China. This study provided theoretical basis and data
support for the maintenance and protection of soil fauna diversity in the zonal climax vegetation, that is broad-leaved Korean

pine forests.
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I{ﬁ”JFQI*A(Pmus koraiensis ) K 2 B 43 A7 AE PN AR AL 58 Lk 2P 307 2 AR M DX a8 L AR 5 A H AR JEER L

DTERRE AR A Mbeﬁlﬁfjlﬁ?%mI:E’Jﬂﬁ”rﬁfimﬂﬁﬁﬁ TR 5K
TLZi‘m@\/J\/\tcﬂlér\%ﬂ* IJJIJJﬂﬁ“ RPN B T BE S R I A5 R RN AR TR 4R AR AL A 25 5 R A E 22 0%
e kR EEEM, 20 ﬂfﬂblﬂéﬁ?flE’J}\*(ﬁdﬂ:ﬂtﬁlrﬂﬂfflﬁwfk (IR N 27 N TR ARS Y E
IR B F AR 23 A1 AU AL DX v 3 — b8k 8 X e S0 DX R R 0 DX 2 32 R X 32 b
RN L) Z FEPER GRAP RN ZAE R R AR 5200

http ; //www.ecologica.cn



7538 xR 43 4

TS YRR S RGN EEAG  TEIRIE Yo AR A R R AR Y A Rl
B MR ZREE TR B REVE RRAE X R AE T i 1 AR T AT AR Ay e 2T A AR 2 R G AR R R
Febr, BHET, AFE2EEE XA E ST R T RG0S, a7 T A [ 2 B - 2D WA AR AE ) Z2 RE PR R A
FHARINRE T (Mo B4 P AR YIRS, X R A 2 RE v T U + 3 3 B 4 A R AR
RiEHE
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Table 1 Basic information of the study area
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Bzt . a . . . . . . .
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Nature Reserve

Nature Reserve

Nature Reserve
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M3 DX A5k
Geographical area

SfFEZEAY Climate type

AR/ C
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AE R K R/ mm
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B2 TR/ m
Average elevation of plot
T3t AR o

Main tree species in plot
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10.76% ;7 175,113 .60 .63 KA i B, Raunkiaer 4578 4 D C BB 4 ; B &K A 18611,3332,3075.3162
mm , 73 9] 5 BER R K 1Y 62.02 11,10 ,10.25 F110.54% , 164 A LA SER R 003 3 WAE: A 2 3 .2 #l
24 TR ACZER 2L EZER AU AE3EH A UL AR 73 50 R 842 777 637 H, i B AR LY 35.41
32.67 F126.79% ; £F 110,89 132 4>KAf &5 Hi I, Raunkiaer 45~ C B .C 2% ; BUA K Jy 14314 1165511785
mm , & FETE BAR R A 40.00,29.30 F129.63% (£ 2) .

L 1 AT LD FEAR DK A P LR H ) SR R A P P g B A A 0 2 5 L v R LA b P g e
AT HAD 3 AL P<0.05) s KM AP B B 2, W3 = T ERE ML (P<0.05) . K LA HLZE
R MARUR Z U2 T UK A LI (P<0.05) 5 i LLRE A AR d5c /b (370 T HA 3 A 5 10K
FEHAREA A 22 T RE I FERL . AR K B 1 3 AN FERBAY ZE B B R 38 KT R LR b (P<0.05)
HiIX 3 A SR K ER AR E,
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Fig.1 Individual number, species number and total body length (mm) of carrion beetle communities in Shengshan, Fenglin, Liangshui
and Changbaishan broad-leaved Korean pine forest plots
SS: JH: 1 fiE] L AP il 5 P« AR P LA M 5 LS < UK i LA BRAE H 5 CBS : A LU P ZEAA KRR M s o b (o d 3R AN TR A M [1] ) 36
RO, A PAOR FLEMA KTETE 3522 5 (P<0.05)

Yy fi e BE iR WY, BT A Rt v W b B i B B A SRAE s B RS T G n | Hh 28588 T 722, B R AR 1Y
e AT DL R AE b 28 F A Al AR L, UARA A 93 7 S8 T Al £ 4 D FEHBZE R R 20 (18 2)

212 REEYR 2N

Shannon-Wiener Z2FEPEFEEUA Pielou Y5 51 P 48 B0 A BB 3 R B0 - K L > UK > FEARS R, Simpson
DB SRR RN A I <K <FEAR < L, ZR B 1 LR b PR AS ] 40 b 8 A0 0 A e 4 5, ek LR
HALHF B I R S . Margalef F= 5 BEFE BRI « UK S F LS FARS R, 2R 22 ] Z2 A P46 4
SRR B S A S, R LA N ZE P R B MAECRE R (B ORI i LR sy Ao
R E E s (B R (£ 3)

Jaccard FEVEAIIPEFE BRI, BrOKAEHE 54 P LRSS vh SR AR B PR 1L AR M 5 =R bR KA St 14 S A
ARARL ; FEAREE D 5 0K A LRI LS5 LR 34 Sy v S AR L AR SR R 4 A il 2 ] A AR R PR A
flR(#%4).

2.1.3 ZEWZREME SRR BOAE oM

TEME L UK AR, 28 A MARECR: DLW B SR K AR DG PR 1 ik 3] 2 MK

TEFMAEHE , ZEHAMARCE LY R 5 R A DGR B 8 2 A TR R S5 A AR I R 8
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Fig.2 Species rarefaction curves of carrion beetle communities in Shengshan, Fenglin, Liangshui and Changbaishan broad-leaved Korean

pine forest plots

& R BH S04 2R 959% 1Y LA IX [

F 3 BEW L FERR LRI B L5 M DAL AR 2R B B TR M T 2 R fE R

Table 3 Biodiversity indices of carrion beetle communities in Shengshan, Fenglin, Liangshui and Changbaishan broad-leaved Korean pine

forest plots

ZAEPEAREL Diversity index JE1L Fohk K KA
Shannon-Wiener 54 Shannon-Wiener index( H') 0.04 0.44 1.03 1.15
Pielou’s ¥J5] BEFE 4 Pielou’s evenness index(J) 0.06 0.24 0.47 0.59
Simpson F§%X Simpson index( C) 0.98 0.71 0.38 0.30
Margalef $§%% Margalef index(D) 0.16 0.65 1.07 0.77

R4 B FERR R B LG R L AR PR ZE B BEE Jaccard N RE

Table 4 Jaccard similarity indices of carrion beetle communities in Shengshan, Fenglin, Liangshui and Changbaishan broad-leaved Korean

pine forest plots

FHb Plot L Fhk K
Fk 0.14
HK 0.22 0.25
KHE 0.28 0.44 0.60

2.1.4 TR 0HT

PCA J3Hr 4 R 3R, o — Mo MEE — o 3R 1 28.3% M IR A A8 (5 8., ik Ll R AR UK AR
AR FE R AR PC1—PC2 Ao 0 M v B B AR X U D, UL 4 /S i 58 R 7 AL RRE LR AR O A1

(Kl 4),
2.2 HbERFEW 23 () Ar ik
221 ZS[a M

TE M LR 3, 28 HPRE 7 AR5 LA TE 240 m A2 A) RUBE b A7 A 12 3 TE 92 (8] A AE DG 1 s P A i
TE 20 m {23 6] RURE A7 AR 38 IR A s 6] A AHSCE . AE-FARRE ML, 28 HRE 10 AR, Al A BV A
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Fig.3 Correlation between the species number, individual number, individual number of dominant species and total body length (mm) of

carrion beetle communities in Shengshan, Fenglin, Liangshui and Changbaishan broad-leaved Korean pine forest plots

20 m F1280 m (17 [ RUBE bR HH 8 3 1E i 25 1] [ AH DG 5 AN AR LB 7E 120 m 200 m 23 ] KU
340k 3 R S [A] [ AHDCHE , 7E 260 m 23 ) RUEE 35728 i 35 0F i 25 T A OGP s AP 0 7E 60 m (120 m %3 [A]
R F43 50 i 2 A 6 IE A ZS 1) F ARG, FE KRR (LR, 28 R A R8BSO LR K
PIR B W ZS B A (£ S) .

222 CPEJFZEMREL

2R L ZE FRE I AR BOE TR K B e DAL A AR R LA BRIR AR RN Stein [CSEBE RN & | H AR REHL
FEMVETE AU LA 8 S AU BB 5 A ) s W Ah S A R R DL 5 B A BROIR AR A Stein [R S EIAR
RIS AL (R 6) .

B T KA B Ll FEARORIH 1 LR B R RS SRR B A (A R BB AR X A, DI AR AR T AN AR
ARG, TN (NT 20 m) b B2 [E)AR S5 AR 25 1) AR S 9 SR T K, O T ALK A AH S A
ST ZIE RS IR BIRE T RN, B2 FEX/INT 20 m 23 (8] 78 il B ZE H RIS R AT 9 . ARt A B il B
SAEIIAXT AN UL T /N (/T 20 m) b 1472 8] 25 5500 28 H P Fiogic i 2 ()48 53 0 SR AR X IR (2 6)

TERTA FEHL , SR I 58 S B R e, O MR, DA BCR R SR AR, RIS b ZE F BE % S ik
A 25 ()28 S A B e K, IRl A 25 ()R S R B e/ s o A AR MR S (E A X LU 3R W, 3B WY R V% IR B0 A

http ; //www.ecologica.cn



7546 A % M B
FEHD |
KA [
FHk |
10 E HIK |
] M !
|
|
|
|
S st :
< |
= I
a I
<
O |
& [
a I. ol .
7 ML
0 = — =8 = —(—/4 x e — - - - - - — - — - - - - — — — — —
(\deT; 3
|
| [ ]
|
|
|
-5 - |
| I | |
-5 0 5 10
PCA1 (16.9%)
B 4 BEW L EWRFAKFKELEORRERZERBEE TS S ITE
Fig.4  Principal component analysis ( PCA) diagram of the carrion beetle communities in Shengshan, Fenglin, Liangshui and

Changbaishan broad-leaved Korean pine forest plots

PR A 23 ) S AR P T R I K T L > RS UK S R L 5 SR A 25 i 7 S A B R B A > ks L
SR K RIE AR SR PR v A S R B A A I Y 2 ) 2 S A 8 TR L AUK (3R 6)
5 R ERFUKFIK B LRI AR AR 35 BEE #) Moran's 13581

Table 5 Moran’s I indices of carrion beetle communities in Shengshan, Fenglin, Liangshui and Changbaishan broad-leaved Korean pine

forest plots

PT— _ JELL _ BRI _ Bk _ KE _—
Segmentation distance MA O PR SRR, MR PR SRR, MR PR BRK MR R SRR
Bt B mm Bt B mm B B mm ik Ko mm

20 0.001 0.100*  0.001 0.161*" 0.145*" 0.167** 0.072 0.033 0.071 -0.028 0.010 -0.031

40 -0.021 0.020 -0.021 0.019 -0.041 0.022 0.001 -0.027 -0.004 -0.032 -0.044 -0.029

60 -0.014 -0.013 -0.014 -0.002 -0.073* 0.001 -0.020 -0.024 -0.019 0.003 -0.002 0.005

80 0.004  0.029 0.004 0.028 0.004 0.027 -0.020 -0.032 -0.018 0.004  0.042 0.005

100 -0.026 -0.019 -0.026 -0.009 -0.005 -0.009 0.020 -0.008 0.021  -0.019 0.008 -0.019
120 -0.005 0.022 -0.005 -0.057* 0.015 -0.058" -0.024 0.018 -0.025 0.026 -0.023 0.026

140 0.019 0.012 0.019 -0.024 -0.022 -0.027 -0.015 0.028 -0.015 -0.018 0.013 -0.019

160 0.010 -0.008 0.010 -0.030 0.005 -0.031 -0.016 -0.019 -0.015 -0.024 0.011 -0.024

180 -0.014 -0.015 -0.014 -0.023 0.001 -0.022 -0.013 0.002 -0.011 -0.003 0.002 -0.003
200 0.001 -0.028 0.001 -0.058" 0.002* -0.058 " 0.007 0.002 0.010 -0.007 -0.028 -0.008
220 -0.022 -0.008 -0.022 -0.007 -0.046 -0.010 0.003 -0.006 0.004 0.029  0.000 0.028
240 0.039 *-0.024 0.039" 0.034 -0.003 0.032 -0.011 -0.028 -0.011 -0.023 0.015 -0.024
260 -0.012 -0.003 -0.012 0.064** 0.012 0.067** 0.011 -0.016 0.009 -0.001 -0.013 0.000
280 -0.031 -0.042 -0.031 0.053" 0.069“* 0.056* -0.023 -0.012 -0.024 0.015 -0.003 0.016
300 0.009 0.034 0.009 0.025 -0.007 0.024 0.006 0.004 0.003 0.023  0.034 0.023

* R 0.05 KT LEE; « « FIR 0.01 KF L EF
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Fo6 B FEHR FAMKALAHIRREMZEREELTRABSH
Table 6 Semivariogram parameters of carrion beetle communities in Shengshan, Fenglin, Liangshui and Changbaishan broad-leaved Korean

pine forest plots

N — NIV
Pty o %ﬁﬁ v wa VTR s
Plot Model vaviance variance sill Range of squares Proportion
C, (€o+C) (49) (RSS) (C/Cy+C)
JE L AR BRORA AL 0.00 0.57 21 0.000715 1.00
YR Stein [RSHILAIHY 0.07 0.07 55 0.000096 0.00
FSYENS BORA AL 2.30 2.70 34 0.003373 0.15
FHk A ARHCE BRARAR R 0.10 1.80 33 0.003920 0.94
YR BRA A 0.04 0.24 34 0.000177 0.83
JSYEN'S BRRA A 2.10 6.20 39 0.062310 0.66
K A Stein [RSHILAAY 0.00 0.93 13 0.006373 1.00
YR [ 0.00 0.22 14 0.000265 1.00
JERLNN Stein [RSHLAHY 0.00 2.60 14 0.088649 1.00
K A ARHCE Stein [RSHfLAHY 2.00 3.20 644 0.163694 0.38
YR Stein [RSHLAIHY 0.42 0.66 680 0.010557 0.36
JSYENS Stein [CSEILARA! 6.00 8.00 587 1.417375 0.25

PR L BE R, 28 H RV A AR I S5 48 FE R T 75% , 150 BH L2 [a) A G PR AR 5k, HE s () A8 5 32 28 ply e 2
SRR YCE s YRR FLEAR R IS5 H FL /N T 25% , 2 B 23 T AR DG PR30 55, 33X R /1> 18 5000 225 [a) A48 S 32 2y B
HUERZR SR, 7E AR, AR A gl LB AR i 41 e 43 e, (B A0 A A3 1 23 il A
DR B db TR LS [ AR S5l B A FR R TEUKRE b ZE W BE VR AN RS R B | SR K 45 L
BIRTF 75% , Ui AT IR A8 E 25 [l AH DG PR AR 5, H 25 1] AR ﬁi%mﬁﬁm@ﬁﬁﬂimo T{tlélﬂﬂiﬂﬁ ZEH
BRI DR ECE  RAR K 254 FUAE 25%—T5% YW Y, 8 B T 48 2509 2 18] AH D6 Ak 1 rh 250K F
s (8] 48 S5 i ff e PR R AT REAL P A R e Rl e (3R 6) o
223 ZEHAESMH

P LR b B8 R AR AL AR K 35 B R B SRR BB, — 38 1 23 (1A S ik A AR R AR B s
FhECRAEAE A T 7 Af O B AR R SRR BE Y 76 FARRE -, 28 HRE V% A SR B0 R s SR
KB 2 /N R AR B A ARBS R FLSAH 1423 (8] 28 S e B AR R B AR |, P b i i i) 2 1) 2R 4 B B
AT FEWOKAED AR PR BCE AL AR KA R 2 /NSRS BB AL AR 1y 23 (] 22 5
PEARARARL, WA it (23 () RAE BE VAN &2 2% . 6K FILAEHE, 20 m—300 m (9725 (B RUEE bR & 30 3E H #E VR
W4 ) SR AL B, 28 H R IR (0 MABRE IR RS AR A B 5 (81 5)

3 it

3.1 ZRACEE LI R FE I Z R PRI

ARSZEE L 14 KAGEFAMAARE ], Ui T 7—8 H ZR LA LA AR X S ) JE (regional species pool ) £
R 12 DR R 0.018 H/m? HUECPEAKGE 0.32 mm/m® . HRT7ERR B AR JLH X0 S 38T 29 1)
RS LD AR KR FT X 4 AR LORARR IR, 28 H PR o AR L b X 3R R Y 41.38% , B
BEESIF Z R,

AR T AEFE PR IR E AR AU LA AR N BT A Y ZE R LS 18 NERFERY 1998 km (1)KL
D5 XA 43 A HAE PR UK A A L MBS R 38 600 R T J2 45 R ) A 22 (local species pool ) N
WY S ) LA, T 20 B oo () B LLURE b RS A/ AR B 3 HUiiR . DA 25 SR UL Ty A6 3R T BAR W]
UG TEAE IR 223K 5.6°C (=2—3.6°C) WYHLIX (£ 1) ,B7E 7—8 A M HE B 4ERR & T -0.5°C (£4K) L
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Fig.5 Kriging interpolation diagrams of carrion beetle communities in Shengshan, Fenglin, Liangshui and Changbaishan broad-leaved
Korean pine forest plots
SS_Num; P ILAEH ZE I ANAS ; FL_Num : EAREHZE AN ASUR ; LS Num : BOKEEHBZE I AMASRL; CBS_Num. 1< 1 ILEHLZE I AN A8
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P 14 DX 5, 4R 13RS —2°C (I LT ZE (9 49°40" N, A5 AT REHE30T FE b 38 4345 (1 L , 40k 00360 F T RS2 3% i 4
AT T 7202 Qe R AE R E AR I =4 AN 52 i X A 4RaE  7E H AR fneh Y
Sy A, TEFR FE EAR A 78 = ARRA IELT AR AR 3t bR o i 2 A BK T i JL L S o R AR L LT
AN TR AT — A5 R ) AEZE T 0] LA A 75 S8 S VT4 B i 2T WA AR AL 30 X, 138 A RS 13
FEVS Z 7 (1 U R AT AR (0338 o (5 X 725 2 B s X A AT 149 R R KA W 2 A MR I e, o
S, A7 AEZE 1 8K T B A AR (38 1 e 0 | R % B A S I R TS5 ST (6d I ) AR
WS | P LIRS o B AT R s B S BT SE TRUS I (11d S5 ) | AR RE S Rk 5 ) L4 e
A S BRI E A AL 2R P AE TR E AR L R IR AR I )02 40, — 5 T A5 25 T WL E BR FA e F3 1 7
Bl U345 26 T HL XL FEE DR 3 34 R 50 1 R P40 (038055 I B 1 R LA . 49K, IR 1 IRLEE 2 4, Wk (A
PHEE AR R PR REA SRS ) MW (VIR S R MRS ) AR IR 2 AR 2T R SR
77 ARSI R R A 1 T3 — B AT

HAZEH Silpha obscura U TTZER I SE FF TS0 B 6 R 10 49040 0 Pl A 20 W 60 10 IX ol 0, A4
A2 R R PR, S M T | E 0 B VB e R SR B T Bl B A A () ER R 22, SRR A
AL B UM X BP9 R R M) il 22— e i [ b e 4 A T L AR ST 1 ) L 2R
SR FE 2R L R LT R — 5 O e, 40 B B8 I IR 1P . Silpha obscura 153 [ ZRAK T il 45
e IO A BT YA RGE L AR I ZE Silpha obscura RN LR 2 FL ( Mordovia ) F) 2 FiAE 55 N =F & B =
AP A FERR E AL MLI AR X S FhZE T 040 A 52 51 5 R R R 4 B RR . 249R L H
Hi FORFF ST 0t 2019 4F 7—8 I BE T 10V 25 25 L | o LA VS W i3 5 b 3 F J2 785 S R [l IXC 391 14 A4 B8 5 A o
(habitat specialists ) , % F 2R HA N 3 A B0 G ) 3 22 P e R AN AR A S e i i o IR
X AT 400 o J ik — 25 (1 98 5 R
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3.2 NIRRT LD AR N SR 2R TP 22

JELL FEAR UK RIS X 4 AN Rl Fh e, 28 F R AN IRBie: | SAHRK R i SR 405 18 14 ) 4 L
AR, HEARTE Ok, 76 i 403 B b X R FH A b i AR LS AR A8 B EAR X 5 AR TTAER 65 82 et DX DU AH
XFRE o 4 AN SRt A A PN ZE T A e RSB A R 25 S X B 4 A SRy S e 2 1 2 R T ) A
AR EARR BAFAEROR A 22 5 . 3 b, A ORI 7 205 J32 s vy A Pk L J 0 e 2 1 R B R AL, 7 445
AR LR S A R B e (e T HL PR LD BRI 3 LR 2 AR AL A 22 o] B A
B S AR S | X S B IMARBCRE R AT R A DX 23 A i S AR — B0, Z2 R 48 Bl 2 It 28U 0 A
FRIE, X 5 HEHH E R R0 A AL Z AL, anfa 5 RN E T B S B2 R & B T s 4 X
BER , CRATRAT IR SR, i — AL A T I 14 SR S B (K K L) SRR TR R SRR R £
FEPE T V8 1Y SRy s o 126 (kL) R RB R B ) 28 HT b 2 61

2 ZE T 2RI AE 2R AL A I ZEAN RS [R]85 A b 1) 0 A1 ML, 5 e R B R LD PR e AR P v 22 R K
FEERD A EEAR - 5 EYM N T EEERSERX (FHR) 55 T a5 R (F
)T BRI T RE AR Bt XUR B e e K TE AL, BB AR B MR 5 SR S 2% T e 4 B b X
TeARBETE AL B SR B — ) ARBIFSE b R SR B B T R G, i — L U IR | K S
PR 7~ 7] BB AR L R i ZE A AR SR HY AR AN [ 445 B 23 A1 0 B S5 i PR 7~ . ASBIFE R AR U R i ZEAM BRI i R 2R
AV S E IR PR 26 B O A ks Ry AT — i BORHARURRAE | 285 190 DX A s Jmy T BB A2 B AR ALV TEAIL 1
(TS E— 2L W M —H R AR SRR T RE R B IR R Y e b R AR ) 2 RS R
FNLESRFAIL] , N 322 T 2R AL R 2D AR A g ARV R P IR SR i — N BB N A

AR b ] I 20 A b 3 28 AR ST 58 28 B, 7 Ik L 7K R = A I 2 R bR P 43 ) e BRFE R 1T
QLTI SUOIASY Rl FLA RS 10 8 R AR S AR AR ] (H Bl O T AR R AR DCRIF ST, BRI T
ZEHZE W IR A3 A RRAE ) 20T 1 38 A P 0 ] A (A AR L) R 3T MARE DX B30 i £ TR Y R
PEZR AT LG ARG T M R ZE 20 1 1 DX SR R I X AR R 40 /0 | b RAb A7 U AR S R 8 22 W)
VIVE NS5 AR, FEERROCRE P | DA ] g 78 21 B L v 7 258 2100 ke AU 7 AR A, 3R 2647 HL i
Wy ZREVENT 45 BE 6 1 PO 14 A% J5) (hump-shaped distribution ) , X 38 R RUBE 72 A A 46 B ml fig 2 252
Wi ) X TFARK A AT IRl Prerostichus niger WS 3 Bl 25 25 E 38 I I AR, TR AR R
2T AR P 398 28 P R HC B b e 5 IR gl W i 0 T2 b B RO I 5 B S AN 3 Ty TR PO 5 0 4 7o Tl e AR pAOR A A
G NN 7L I o
3.3 ZRACRE M ZIRA MR R ZE TP RV 2 () A8 S

25 1) [ AR MR R Ay B~ 5 — e T REA A A5 SA M SC IR A A TIE B 3R IS A K I A VR -
AR R LOAAAR AR I S 1 2s [] ARG, ASEIFIE i — A A 255 ) R DG M RS IR 1 — A~
BERHIE . TEZR BEERURIY K AN LR b, 28 FHORF 7 1S R8s A e A AR 4R Hh B e 35 i == R
AHOCPE  TIT7E 24 B8 o P FE L R = AR | 3497 22125 ) RUBE 52 00 10 385 ) 25 R AR G PE . BRAR 4 A FERbY O
22 PR S U UL G A R B ACRH [] , B 1 LR =R AR PN 38 TR O AR K | W b 8 AR S AR 1 2 () 78 S
FERE S T L ATRUK , His A R 25 R WA R L EARAIUK AR HZE T RET A AR W Rh B AR AR
K BUR 2 B IR B M H LA AR A S 0 A SR A B, 2 B2 AR AR A 11 L ] e £ TR MR b Vi 4
S e, AR v AR AR RN e VA () S 2 AR AR AT B 380 1 IR M 5 LAl 3 A b A 1Y S A ) ) 5 ]
Gk o

H RITAIFIE 3= 2L AR B RS R B0 W8 b, 78 24 OB T 1 32 28 1 eV 19 2 128 S MR AR AE L ) AR
WS 38 R I8 00 SR RAE D — AR AR T8 8, KI5 A ARBCE MR ECR A L, BV A e 4 (8 R
FE A EY R, X — 5 T OC T S A AR DG AT 53 7 13 S R 4 1 e/ RE 7 TEIRRL, 10 7853 7% S /N T 20
m 23 [AYE N AR S AR 5 0 — 0 T, LU T 3R FP RV A 110 2 () 78 S A B T R B R K S5 A g i A
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SR LTSS SRR TR 25 B fo e B0 JEE LA M, 28 PP MRS 10 2 A e T B8 ph i M R DR E 1
W bR R 9 25 ) AR S 32 o B LA AR 5 1S £ 245 P52 Jo v () I R = AR, 8 PR REE A R 4
ol 2 R AR A 2 1] A Sy G P e TR DR 5 P B e e B9 I 1 LR, R R RV AR WA B
FIEACK 1423 1AL S b 1 s PE ANV S R Rl phe . TR N AN OGHIE S SR T, 3 P IR o 2 ) A e P o
it PE AN B P AL R PR A S5 SO R LI RA b i 2 S T B o 1 2 TR A S TR 32 A e L
ol A A e AR A S O R e e ] B G o B Y 4 ] A S 5 I AN T 8 R A S
SEMER R RE LA W 7 ARSI IS S b R X A R O R LA R b 22 5 e A
B A e e A 2 R AR X A e AR AR 4 DX I R A T, A 43 P s v ) DXt s Pt e VR T RT RE S W
R SR T AR R A ) AR T R A S R Y A OGBS 1 TR SR AR

e S B, AOETE DGR R T UCRIERY IR % 18 21 - HESh W) 24 1k B HL 2 () A8 S FL s [R] 3 25
T R 2 YR B MR AR IR AR ST, LB 7 AR AL Rl i 2R bR it 26 58 Y 20 R B HL s ) A S P 1 3 35
FHAIE

4 Zit

ARSI A T IR E AR A RE LD AR IR 23 A X b 3R SR RV 22 P B s ) A8 S b 25 SRR B . (1) T—
8 H AR s W LA AR X S R R AL S 2R 12 R, %88 0.018 H/m?, HU B A K G 0.32 mm/m?, b
i AEZER R R AC R LL AR N 1) A5 b, BRZE W Silpha obscura KUELTRZE R 8% M 4% 28 FH RIS 4 W 2E T EL
A A G A B R A AR FE A SR SR AR R, (2) R BCER: ASPRERE AR R L AR KR
K L RS o B AR R A 7 08 25 00 22 5, AR TR D2 1) J B o P (/K L P ) AT 4 T 3 1 4 o 22
PE TR TEV B S s A P (kL) AAE R AR M R 2 . (3) ZEHI R 0223 8] AH SCPE IS Qi) 22 (9 R
BETIZ R 30 , ANFF 6 B 450 v DX 3ok (i LU RN =R ) A7 78 8 38 A 25 1) F ARG ME . (4) ZR AU IR 20 A AR FE FEVR 11
23 () AR Stk HL A A B el P 25 1) S B MR A, (0 e 5 A e 1 ) 1T LR e D) P e AR [ 3 2 i) A8 S
FE A2 A PR AR P RR R (E 3 RO VE PR Y X ST S, AR R R GRS T IR E AR AL R 4
PRI 2 ZE F 22 B L2 () A8 S5 P AR A Ay IS P TR A 90 I 2T A PR N - 38 s ) 22 R b R R 2 4t
T HS SRR S
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