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Abstract: The litter-layer beetle species diversity in Fengtongzhai National Nature Reserve (102°48' - 103°18' E, 30°
42’ —30°54’ N) and adjacent areas, Sichuan, Southwest China was surveyed. Four local sites were selected to represent
the degree of forest fragmentation and coverage of different vegetation. Fengtongzhai (elevation 1 680 — 2 080 m) is locat-
ed in the core of the Nature Reserve and is covered with well-protected native, mixed, broad-leaved forests. Guobayan
(elevation 2 280 — 3 340 m) is a site covered with various native vegetation types, but disturbed by intensive human ac-
tivities. Mahuanggou (elevation 2 430 — 2 525 m) represents a site with a well-developed secondary coniferous planta-
tion. Shuangshizhen (elevation 870 ~ 1 165 m) is covered with fragmented plantations surrounding by farmlands. Using
mainly pitfall traps, we built up 26 plots to investigate how the species diversity of litter-layer beetles was influenced by
factors such as forest fragmentation, elevation, slope aspect and habitat differentiation etc. Field collections were con-
ducted from June 29 to July 5, 2001. During field research, a total of 2 338 beetle specimens were captured, of which
the family Staphylinidae comprised 39.6% , Carabidae 29.3% , and Tenebrionidae, Curculionidae and Chrysomelidae

each more than 5% of the total. These five families can be considered as common in the study area. Of the four local
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sites selected, Guobayan had the highest individual numbers, richness ( S) and diversity ( H’ ). Mahuanggou had the
highest evenness ( J) and the lowest value of richness. Shuangshizhen had the lowest values of diversity and evenness.
Fengtongzhai was much more homogenous in habitat variations and thus did not show any extremes of diversity, evenness
or richness. The beetle community in the fragmented forest of Shuangshizhen was very different from those at the other
three sites. The community at Mahuanggou was more similar to that in Fengtongzhai than Guobayan. Four main types of
vegetation were compared. Coleoptera, Staphylinidae and Carabidae were found to be more abundant in coniferous forest
than in mixed broad-leaved forest. Tenebrionidae preferred shrub-land, and Chrysomelidae preferred coniferous forest.
Curculionidae had the fewest individuals in bamboo. At Fengtongzhai and Guobayan, species and individuals of Co-
leoptera and dominant beetle families exhibited an overall tendency of increasing with elevation. In ten plots at Fengtong-
zhai, the north-facing plots were found to have the greater numbers of individual beetles, richness and diversity than the
south-facing ones. Based on these results, we conclude that forest fragmentation, elevation, slope aspect, and vegetation
variation (habitat types) influence the species diversity of the litter-layer beetle communities in Fengtongzhai National Na-

ture Reserve. Therefore, for forest protection and restoration in this region, efforts to maintain or restore habitat heteroge-

neity will help to maintain or increase the species diversity of litter-layer beetles.
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FNHEP RY R SHERNE W, FRITZHBXY
R B HEHER ARG AL,

1 BFREME S )ik

1.1 FRMA

MR TFHEIEHREEREBARIK
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B, HEHHEEREAR, ARRAMER, R
8E, WHEEILMEN, H Ak (BEMK). HHHE
ARFATH 4 R RER R, (3) IBEWARX (18R
2430~2525 m): (U THRIPXFEHN, HKRE#RER
B, UMATWRAENN T, FrEm~RMZEE2EEH K
GHWMHEITHRAKE, RS R, 8FEHY
AL BRI ATIATAR 3 MR gRAL; (4) WAHA
KX (¥R 870 ~ 1 165 m): i TR X M iE K
BRESLEENRN, FARBRA™E, FHREGEHE
BE/DN, KEMFLRKEDR, SRERGE, &
B3k, BEEAEN. HRIBSHARE M A3
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Fig. 1 Elevation and vegetation types of plots
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investigated at Fengtongzhai and Guobayan
1. FMIBZ A Mixed broad-leaved forest;
I . 474K Sinarundinaria spp.; 1. BAZHK Abies spp.;
V. Bt ESH#E N Rhododendron spp.; @FHE A Sampling site.

1.2 BEFEMEREXELEE

FERABREEE, HSEEMB. AN, B
BEH R £ F ¥ (Martin, 1978; Baars, 1979;
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£, BEYMHBETARABEEEHRRAL KR
EHER (TBRAS, 2001), SHRE#NANRER
50, FEHEEL 1m, EXRBERELY 2~4 X,
HTAXAERPRYFHRET R, IEREE
EHINSER. BRATREERFIZE 2000 £ 6 4 29 HE
TASBZE., AWML EE FEKELE (Brues
et al., 1954; Freude et al., 1964), FHXTHB P EHF
¥RV R EERE A, EEXRER
WETEREE.
1.3 HELESSH

HITHHAG T KB AR EREH#ITIREL
¥, VRS 100 RS RXMEIRH M EREE
AP RBREYHPRENGE T EE. A TRROSA
BEAKRZREB A (WA, BRBITHT
rAret, SRR RGN B AT AR L e e .

YiFh Z M 5 7 K FH Shannon-Wiener 2 ¥ 14 15
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HBMNEE N K E, B 457 R A Pielou 15
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¥, J = H/hS; WHELEERXRAYDHE (S) W
B (SRFAEH, 1994),

KF E B 44 ¥ (principal component analysis,
PCA) FERH K bt A R s A5 18] 3t 3% B ol 9 o 2
RRAEE A7 A L BEAT LB (Pielou, 1984),
ARl R ) P b AR R TR A LB, DA KB
BB RS 2B R BOR TR R R A 3 N 43 A B
i, FEESHREEF EZ45H (ANOVA) FiK
NBFEEE (LSD) #HTRK; BMFEA XK E E
YRk 2T & T3S B0 L B o U ¢ K B R 52
Boo XEBRURMELHR MERBMEE EHT
XS, B EHAKE (regression) 3 H

EMZEMEREXR, U ENBIESHEHAEAES
84 SPSS (1997) SERL.

2 WFRER

2.1 FEEBERER
Z3mEEEMB RS, AREFIRERLEK
Hilifr4 23385, URBARMBERE, EHsE
9255, 539.6%; THBKZ, ik 685 5,
H29.3%; RN ABERFEFZT LT, K,
PBEBEA. FFRAHPRMBEERESE S% LU
b, BREBEEROPREH, H 4B 5mk
YEEMHMBFRETH 1%, HFED (F1),

F1 OIRBEEARPERIRERMRARNAR YR
Table 1 Composition and number of the litter-layer beetles captured on
different sites in the Fengtongzhai Nature Reserve, Sichuan Province

DAEHE

REE L2L g &1

Shuangshizh Fengtongzhai Guobayan Mahuanggou Total Lk
[538 B #} Staphylinidae 33 214 495 183 925 39.6
# B #} Carabidae 165 24 455 41 685 29.3
#£15 B # Tenebrionidae 0 3 2%' 0 209 8.9
% B A} Curculionidae 8 45 64 20 137 5.9
BB} Chrysomelidae 21 36 56 5 118 5.1
4 1 F} Scarabaeidae 13 5 9 6 33 1.4
4 FH Bl Pselaphidae 1 11 17 1 30 1.3
i B M B $ Scaphidiidae 5 7 4 0 16 < 1.0
AP FE % Elateridae 1 8 2 1 12 < 1.0
FE##} Cantharidae 0 0 8 1 9 < 1.0
/NEF Scolytidae 1 3 1 1 6 < 1.0
K4 # Cerambycidae 1 1 2 0 4 < 1.0
ot B # Lagrridae 0 3 0 1 4 < 1.0
J& [B # $ Sphaeritidae 0 0 4 0 4 < 1.0
O%F Lycidae 0 2 1 0 3 < 1.0
MR #} Colydiidae ] 0 1 1 2 < 1.0
£ EF Mordellidae 0 0 1 0 1 < 1.0
FIARBH Alleculidae ] 0 0 1 1 < 1.0
# T B # Buprestidae 0 1 0 0 1 < 1.0
FL it B B2 Other beetles 33 47 36 22 138 5.9
&t Total 282 410 1362 284 2 338 100

2.2 ARMARMHEEHSHES
2.2.1 YR EBHEEES. MERPRMINMERREE
HEEEREEESR (F =5.19, P < 0.01), K

PRESWERRERS, BHEMDEEHEE
BP, SMEFEREER. YHEETEERE LB
BRBEER (F =565, P < 0.01), §EEW
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PRBEESTHM 3 M. URSHEEREER
BAERREI MHEAZERABREER (R2),
£2 TAXHAPHERE BB . FEEHY
YRR
Table 2 Comparison of indices of species diversity, evenness,

richness and number of individuals from four sample sites

EKE
8 ZRt 5 2 L I ity
. . , B . mbe
Location Divemity ( H') venness ( J)  Richness { S) individuals ( V)
RAEH
2.23£0.28 0.74+0.12 23+S 94 + 53 ab
Shuangshizhen * i *
HH% i 2.67+0.14 0.88+0.04 22+2a 4117 a
Fengtongzhai
Res 2.79+0.14 0.78 £ 0.03 374 b 17039 b
Guobayan
snen 2.66+0.13 0.89x0.04 21+3 a 57+18 a
Mahuanggou

HBEEREERRRERBE(P < 0.05),/5F . Means followed by the
different letters are significantly different (P < 0.05) . The same for the following tables
and figures.
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B2 #ERPAERFESOYRBEMEESHHF
Fig. 2 Ordination plot (PCA) of the range of
pitfall catches at investigated sites
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2.2.2 YMMENBESHNHF: RAEHKNY
HARMBEBSAFEASHMLI M EEREX,
BE AL ZAL; 3 E A 5 0 8 4 1) 4
HREXNENMNRSTESRE, AEE HAMEEEERK;
EHMEMBEBEINYHOAXBEEEREER
B, AREHRHELE (B2), X—ZRHUHAT 4
A i 5[] 3 3% B B P R AH R R BB A TR E R OK
FEELRAEHE ML, KBRS RN E R
FEMMBEHREERBRUBEENESR,
2.3 MHNESHSEREBNXA

AR R RENMERANBESGE
BEER (F = 3.49, P < 0.05), fEHHHANE
Z, AARARD, SREXBHEERIHHER
KRER, RGBS RN EABENBEBREREE
(F =17.73, P < 0.01), EBEUEARNKEES
EZTHMAR,; RELBNLFRMEEESH
HKABHERE, AAkAES, BERIEZEREE;
FRAHERN BB ELERENERADE
(A 3),
2.4 PHBHBENEBIFTESBHENXER

ST MR E AR A, WA
BEMMBESBREEZRNXR, RAEES
ROAR, BHABRMAEEPREHYHLANBER
A LEEHE (F4), BHEE (FrK: 7= 0.957,
P<0.01; B&: »=0.70, P<0.01) IRZHE
(F2%: /£ =0.57, P<0.01; HL8: ~=0.53, P
<0.05) WHEHPESBREEEEENERMEX
% (A 4A, B); BEAF (7=0.33, P<0.05).
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Fig. 3 Abundance of litter-layer beetles in different habitats

bl: broad-leaved forest; ba: bamboo; co:

coniferous forest; sm: shrubs in mountain.
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£BH (£ =055, P<0.05) UERBIEFHR (F
=0.59, P<0.05) I TMEBESHBRREEEE

Mt XE (H4C, D, E); HFEMWBENHER
5%KRMEIAXEAEZE (F 4F),

1571
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wEH A 2FR B
24t Coleoptera 12 | Curculionidae
’ logN=2.96l0gE-8.23 ) .
18t ‘”QQ 0.9 logN=1.9210gE-5.88 2
........... 6.,..0-“0 O ~“"8
< L2y ] logS=1.18l0gE-2.51 06 1 6 8 g O
> 0.6 03| o)
§ s .
T o0 0.0 . °
3
w5 25 mEan c 251 peEn D
® g Staphylinidae Carabidae [
£w 201 iy ®
= logN=2.13logE-5.84 °
% 4 °»
< 151 [} Y
§=10 ° ° ®oo
or e
1 g o o 0 o0 ©
%Vur L
B
S 0.0
c
B 201 Elﬁiﬁﬁﬁ E 151 ll‘rEPﬂ F
] Tenebrionida ;
%6t enebrionidae ° ! Chrysomelidae
3 .
12}  logN—4.87l0gE-15.84 o 0.9 ° 4
o o]
08| 06 8 e o °
% . ¢
[
04| 03 o o)
e O ° o
0.0 - 0.0 *— . e
3.2 33 34 35 32 33 34 3.5
WR T
Log elevation (E) (m)

B4 SMEARCEBRRTFRBPLEABELSASERBENXER
Fig. 4 Species richness (S) and number ( N) of litter-layer beetles from Fengtongzhai and Guobayan

in relation to elevation gradients
L0 B O B4R R R R R TR R 3
Solid and open circles indicate individual numbers and species richness of beetles respectively.

2.5 HAMSHEMEERERMNXR
FESME R AL A FAFTX T, JERRA
EHENYFE (FEE) HEEE, SHEEEK
WA TR, mHEMESCE A3 8] X ek B8 E
EZ5 (P < 0.05); HEHHEHMBEHES
k., mE T, BERARE (R3).
£3 WHEREES HOEEN. FEEREERN
Ak 35 IR 7 R (5] 4% 1) 1) A Bl B
Table 3 Indices of species diversity, evenness, richness and
number of individuals on south and north facing slopes

MON"3 8

4o EHE bl 3 FEE Nomber of
Slope aspect  Diversity ( H') Evenness (J)  Richness (S) individuals ( N)

dt 3 North 2.73:0.19 0.84+0.06 26+3 55:10a

BE 3 South 2.60£0.22 0.92+0.04 1723 27+5b

3 itig

milgEmERXBRARPXEBERT LA YRA
BB B & i 5 R &8 A SR X = m i AR
LA (FBRAS, 2001), REBETXBWAER
BB WA st X FE ) FP A B AR S0 A 19— AR
#, BT XBERFEWEFR R R
FE, MEXWAXBNBESHRER, W%
WERPRXEBEAITASL BB 69%, =mrEit
MHX K 67%; % FH A WAHERGE, )i
MERP X EFARNBERR . ZBR MR
B, cEAELHEX h&af, KPR H
B, BEER, BANBEXERMBILEHEE, it
Al S 20% (TRARSE, 2001),



58 FTRAS: NIERERKARRP EBERT AP ESHHE 615

A T b, 25 ] 49 F 25 B 1 53 A LA B 0 o 4 R S
WL RE, BRRBALMASKEXN YR Z
KEmtoHE. NAHRKBIKEYHAREC S
TEWE THBOAX, WHRNFEEE. SHEER
BSEREYRMK, XWURHTAEBXEREK
K, ZAHBEC L™ ERF B, NEDEHSF /D
R, mMEKHFESE(LRES, SER
HERFE ALK, BAR TR
o MEAMRRBERMENES, BAZIATLTY
BP0, ERE B 28 AN AR OE M H A B AKX
B, wEHEENHE, ERRAUERES, BB
M XY NIRE, SHEUEEORE. B
ERXEERP XA, ERNSRER
XEWN, URMERZHARNE, HEERHENR—,
W EEEREZS —EmmE, REER
MTXFEEHYMN., BBREARRMETHEEIREK,
EAEH#HTATIRE, BABEELNEZE, FHER
REE, BILFHAATRAEMNK, REERHTHE
Hdiafi, BHSERER; MHAANERERFXH
W HEEERNERE, BEBMERSE EEL
FrRMBELSKMMTARERSBE (B1), rUaA
HESKE KRB Z MR EANTH A, Hib
FAZHEBE ARE, R 0 1S 22
TR RMYAARSS, RNt n58mEaR
MR ERE K, [EFH S XD RYFHRY
HPHREE S, X—58R5PRPPEBEMRR
L, BN ZRERS KRR R HKE
B B R B AHBARAEL (Magura et al ., 2000),

Bl %52 i A 2R RN 4R 12 8 T A SR 1 R AR DR AR 4
e, ATLES, MEBKRNWASE, BIMEIEHRK
RABPFHRBERLEMPERZHF A, X5UERH
REBRER, BHRTYRFFED G0 — B2
pElg, FEHBREMESERNIERFTRE,
PEBIRIEME RS (Rosenzweig, 1995). M A HF
RUERE, "MEBEASBREKEERFAX
F, HERTHZERSS, HAMZEH LR E 8 {EE
HHEFEBEK (3080 m), HFAERFERL,
EWZATERMEY, HERZEFHTRE, 2H#
BRI, MAYMKMESERZE DA
HEHMZPAHNZEERMERANXR, HMAHY
TAEARNHME TR, BRERLETEE
® ALK BN,

AN, TEABR T, BRSNS E S
MM SRR EMEL, BRERKRE L

RETHB KBS, FERITABR M
X, HPRRAEA FUREHIRH. 1Ak, # ik
ME LEANE NGB RBEERTES ., MR
F, BTRENRRRSE, rgBFrEREeER
AN, AU 400 m, BB S, N IRH
—FPHEBRA . XKL, BESEEREREE
BA, B8 7T SHEEEE, SFRABBWETHES
M. EFHEAESE M, " LA iz X H R
KBERALRE S5 PR KB BB S SR
6] 5340 T m AR B B AR AT LA BT DU B
SR Y AL 2 A R W AT DA R IR R AR
BT R,

MU EERE TR, BHERP X
HKH R P AR AR BT R E A
KERAXRZRHARMBED RS DFSHEEZE
BB, WBIREE ., BEEEMURK N EL R
HERMEWE, Nit, XREHEEPHE. #TES
PR RGBT, S A B A A SR R B B L R R R
H, BRSZBXBERF AV SEMENERET
B, o, MESRMKAT AL EHELHE
HBERGE /N T R P R s 6], T X AP
REPRAMEFAMENBERFENXR, A
LI R IT 8 & sh ks AT, BT EANRP XY
ZHEMETETENRE,

HM AHAHIFISLEFH N EEREELA
RBEFRHX A3, HikTEH,

2 ¥ X ®
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