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Community structure and diversity of ground-dwelling beetles in
typical subalpine forests of Southern Gansu
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Abstract: [Objective) This study researched the distribution and diversity of ground-dwelling beetles
in five subalpine typical forests of Southern Gansu and explored the selection of forests to provide basis for
area environmental monitoring and protection of ground-dwelling beetles biodiversity. [Method] The pitfall
trap method was used to collect ground-dwelling beetles in Picea asperata plantation (RPA) , Pinus tabuli -

formis plantation (RPT), broad-leaved plantation after clear-cutting (CPB), coniferous plantation after
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clear-cutting (CPT),and natural Picea asperata forests (YPA) in 2018 —2019. Then, the beetles were clas-
sified and identified in laboratory,and their dominance,diversity and similarity were analyzed. [Result) In
2018—2019,a total of 2 418 ground-dwelling beetles were collected and identified, belonging to 33 species
in 16 genera. Among them, five dominant groups of Chlaenius, Pterostichus, Straneostichus, Cychrus and
Carabus accounted for 23.16%,16.33%,13.19%.,12.00% and 10. 42% ,respectively. RPA had the largest
number , which was significantly higher than other forest types,and YPA had the least. In genus and species
level, YPA had the largest number and RPT had the least. The Shannon-Winner diversity index (H') and
Peilou evenness index (J) were in the order of YPA™>CPB>RPA>CPT>RPT. The Margalef richness in-
dex (D) was in the order of YPA>>CPB>CPT>RPA>RPT. The Simpson dominance index (H) was the
highest in RPT, followed by CPT,while the lowest was in YPA. Similarity analysis showed that the simi-
larity in structure of ground-dwelling beetle communities between CPT and RPA was the highest, while
that between RPT and YPA was the lowest, which was extremely dissimilar. [Conclusion) The composi-
tion and diversity of ground-dwelling beetles were affected by habitats,and those of plantations and secon-

dary forests have not recovered to natural level. Therefore, protecting natural forests from damage is an im-

portant measure to protect ground-dwelling beetle communities while advocating forest restoration.
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1.1 SMEREXHR

F 58 DA T 1 48 H g 0 R 3% B A
i EL 8% 4 (32°56' — 34°20" N, 102°30'— 104°45" E),
M 2 100~2 800 m, J&§ F 7 il = JR AR HB L & 5 74
Z U by R R Al R AR A L BRSO I R 1Lk
HSURRAE o %M S TR IR | FE IR R FE R A
AXFEFEALTHR . EFREEZW. FREAKE 10231
mm,4EZE K& 918. 8 mm,AEWRIE 4.3 C, W iwE
I 29.1 °CL RGN IR — 28.5 CL &ML AW 100
d' L BT XN AR MRR B R 2R B 2 X R o R A
FEFGIRILE ¥ (Abies faxoniana). B 1% 12
(Abies fargesii) WA =¥ (Picea asperata) .75 ¥
(Picea wilsonii) VBRI K (Picea purpurea) I
(Pinus tabuli formis) 285 & f, DL 1l #% (Pop-
wlus davidiana) LI ¥E (Betula albosinensis) F1 [ HE
(Betula platyphylla) 5 @ iR A, iR () 27 bk
AR A N L =2 (RPAY N Ll #4 AK
(RPT) YK AE B AR (CPB) ¥k A= £ ik (CPT) Fi 5
R 2R (YPA) 5 Fifr B8 R AR A= 553 1) A {5 B, 4
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Table 1 Basic conditions of different forests in subalpine of Southern Gansu
e gy AT , - Eilis FEEE R /¢
e TEBRM sl FARMEHEH g MHE R
Average L Dominant species Canopy Coverage of shrub
Forest type . Slope Position . Forest age .
elevation in tree layer density and herb
74 R aikd ot
RPA 2450 Southwest Middle slope Picea asperata 40 0.5 461
VAL 7PN i
RPT 2 410 Pt l‘l"ﬁ Pinus tabuli formis s Populus 40 0.6 35.2
Southwest Middle slope .. . .
avidiana s Betula albosinensis
. - il A
CPB 2 530 4 South Middle slope Betula platyphylla 60 0.6 63.7
< [k il Py AR/ - - -
CPT 2 360 Southwest Middle slope P. asperata,P. tabuliformis 50 0.9 50.4
4 3 SHAE '
I~ 1~ C
YPA 2750 South Middle slope P. asperata,Abies faxoniana 150 0.7 90

I :RPA. N TR AZHGRPT. ATl M s CPB. AR [ b CPT. AR ST AG YPAL RIS = #2 6k T,

Note:RPA. Picea asperata plantation; RPT. Pinus tabuli formis plantation; CPB. Broad-leaved plantation after clear-cutting; CPT. Conifer-

ous plantation after clear-cutting; YPA. Natural Picea asperata forests. The same blow.

1.2 #HHigE

WA BIF 5 DX I P 3 B R AR A 85 28 AU Y O3 A 1
UL EFEMEIRAE 2 160~2 720 m, e FE B 1] I + 43¢
S5 PR 5 A B AR — B R SR T M R RORE R
53300 m X400 m Y HEHE . XA T A2 AR A Tl
FAMR U AR ] AR AR B i AR AL BLG S A2 6K S 5 Fb
R A b EAT M 320 BBV 20 A AR DL I A
1.3 WmARESLTE

FIH G RE R R M R D W e A
HuFE X A P AT A B 5 25 30 m YRR L A ] R
100 m; 7EREAR N AHIE 2 m A 1 D IER, SR
15 NFEM IR Ge it ss . AR PP A BT —
WSRO AR & 9 om, 42 7.3 cm, B~ 75 H f3]
A 50~60 mL 75 (29 5 AT 2/3) 5155 5 i
SPNFBEEE R 2 s 1 s 1 20 RO LORE L R AR 2> B
75040 B RS MK (TR & . SR AE B [E] 2 2018 F
2019 4y 6 A BA)Z 9 J bA) SRAERS ][Rl [ 15
d, HoRAE 14 K. BRUCRER AL B 15 DFEA
FR 5 il 245 SR G JF A 3T ] S 3 =L 8 R A 1 R L ol
BLET SR AR A TR B8 75 IR IR AR A . B2 H T
HH R A 2% 2 B HRURH O 0 S OB BEATARAS 1 73 28 48
AR GE I JR AR A b [ RE 2 e 3h W F 5 BT 2
TR U P B 2
1.4 MRAZE
L4l EBARHEX o MR AR n 0 35 5
X Berger-Parker $§ 8 (W) %] 43, Hit B AL K.
W= (N /N) X100 %6, Fo it N A0 SR RE R A
RBLN AR S E, Y W =102 BF Ry L 34 2K B
AW <T1000 08 WAHE . W <1 Vo A 2
1.4.2 %A K454 FH Shannon-Wiener Z M

T % (H') \Margalef £ 5 FF %50 (D) Pielou ¥ 4] fF
FE () F1 Simpson 43 F8 5 CH) XK [6] 28 7Y 2%
MR A 85 v i A BB VR R AT Z R AT

H'=—= %Pl P,;

D=(S—1)/In N;

J=H'/In S;

H=1-XP:,
K :Pi=n/Non, AT NE D EBFEHAKE
BN A BTN T A R0 R BB S S R
NS
L4.3 AAMES A R Jaccard MBI S HOX 4%
AR 355 28 B op i 5% 0 BRE I B AR AL 2R AT 0 A
Jaccard ABIEFES = C/(A+B — O, Hir CH 2
A FRARA BT IATSERERC A A B 5390y 2 AT ke
AR H R SERE R, AL 1 B S WA TR A
B AY 2 [] My 3% 2D HY 2SR A9 AH LR B AR 4l Jaccard
AR R BB, 2 T R 0. 75~1. 00, R 78 HF V& Z (8]
SIARL 2 T R 0. 50~0. 75, KoxFEHE Z 8] K h 4
FARL; 25 T 2 0. 25~0. 50, R 7n HE V& Z 1] 2 48R
AHAL s 24 T 2l 0~0. 25, R HE % Z 8] g iR AS AH AL
1.6 HiEamE

% H Excel 2010 F1 SPSS 21. 0 #4170 42
SEFRFNAYHT . R Origin 9.1 &, RJUHAH Z )y
25 HT (One-way ANOVA) Xt 45 26 7 27 A4 355 v 4
0 MR S5 Fn Z R VE R AT 22 5 BB R R I, 4
Wz 7 2 WA /D B 3 22 15 (least significant
difference, LSD)#47 £ 5 L #, 18 35 MK 15
P<0. 05 ; G5 A ik N IE 5 43 A1, W 4T Kruskal-
Wallis H 28K 5 .
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2.1.1 AT FHEAELZM 2 THL AR
AW 2 418 KL Jm T 16 J§ 33 Fl. 7EJm K
S ELEFEA W E (Chlaenius) B 2 W g (Pterosti-
chus) M & W J&§ (Straneostichus) . Wi 4 W J§ (Cy-
chrus) F1 W & (Carabus) } iz X B0 #2388, H
A B 43 ) o AR OB By 23, 1604, 16. 3300,
13,1996 .12, 0026 F1 10. 4226 .5 A& 1y 25 Y B 3t
A AR B RO 75, 1000 UL R B 1L e 2 )R
(Aristochroa) \#i # H Jg ( Trigonognatha) | % # H
J& (Andrewesius) . 40 iz & W Jg& (Agonum) | 8 Z¢ 4
H & (Archastes) B8 W & (Synuchus) 3525 H
J& (Harpalus) 5% 7 28,36 il 4R G5 22. 62005 K
# W& (Dolichus) J2# W& (Notiophilus) JHM#
& (Poecilus) X 4E A4 W )@ (Prositosia) % 4 NJ@ M
A 2, 2 A AR BB 2,27 %0

TEFK P B 58 W7 20 W (Straneostichus vig-

nai Sciaky). T il Z & W ( Pterostichus gravis
Jedlicka) 3R & 75 26 H (Chlaenius pallipes) Jy L3
Pl i AR BB 37,01 %6 5 UL AR AT IR 1L 83 A5
(Cychrus minshanicola Deuve) .18 3¢ 35 £ H (Ch-
laenius virgulifer) JH N K#EH (Carabus gansuen-
sis Semenov) | ¥ 2 1L W 25 ' (Aristochroa reginae
Marcilhac) ., 4 % # B (Andrewesius rougemonti
Movan) . [& Kl k25 B (Trigonognatha straneoi
Sciaky) . K Mg 2 H (Cychrus kalabi Deuve) . |5 $i
S8 & WA (Carabus formosus) . 118 Z 25 H
(Pterostichus oreophilus) . /N8 2 % 2 W (Chlae-
nius circumdatus) B H B (Chlaenius costiger) |
Ta K25 H (Carabus latro Semenov) 28 16 Fr, 5 48
MBI 56. 08% ; KB4 W (Harpalus ussuni-
ensis) KW (Carabus exiguus Semenov) . i i
KW (Dolichus halensis) ¥ & 4 B (Poecilus
gebler:) B W (Chlaenius allipes) \WpAe3E 4 H
(Harpalus sinicus) .33 H (Harpalus coreanus) |
IG5 38 2k 2 B (Pterostichus haptoderoides) &5 14 A~ F
LA A 2 o A R AR 6. 9104
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Table 2 Number of individuals of ground-dwelling beetles in different subalpine forests of Southern Gansu
25 Categories AME%L Number of individuals
J& Genus Fh Kind RPA RPT CPB CPT YPA
W g Carabus MR C. exiguus Semenov 0 0 12 4 4
Gilg KW C. latro Semenov 63 53 2 6 6
Hilt KA C. gansuensis Semenov 0 0 19 10 0
[B R e 4 WRE C. formosus 30 32 5 0 6
/Nt Subtotal 93 85 38 20 16
T WG Chlaenius RIEFLH C. pallipes 130 83 38 23 5
INEGFH LW C. circumdatus 0 0 26 25 3
HEAH C. costiger 29 0 4 5 0
ERH LW C. virgulifer 70 72 3 23 4
EHLW C. allipes 0 0 0 6 5
HAih Other 0 0 0 0 6
/Nt Subtotal 229 155 71 82 23
Wi W@ Straneostichus LB S, wignai Sciaky 72 88 84 50 25
1 FH A2 W & Aristochroa I A H A, reginae Marcilhac 0 53 29 15 26
H Al Other 0 26 0 9 5
/Nt Subtotal 0 79 29 24 31
KW E Dolichu KW D. halensis 0 0 8 5 6
#I W@ Harpalus KELH H. ussuniensis 0 10 0 2 10
i AES B H. sinicus 0 0 0 0 6
AW H. coreanus 0 0 0 0 3
/il Subtotal 0 10 0 2 19
14 W)@ Poecilus WAHMEE P. gebleri 0 0 3 0 9
Hi W@ Trigonognatha MG KEZ AW T. straneoi Sciaky A7 10 19 3 13
HiAh Other 7 0 5 0 2
/it Subtotal 54 10 24 3 15
WA W@ Prerostichus FEZ AW P. gravis Jedlicka 141 105 0 37 14
B Z AW P. oreophilus 0 0 by 10 3
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24l Categories AMA%L Number of individuals
J& Genus  Kind RPA RPT CPB CPT YPA
W2 AW &/ Pterostichus 5 2 P, haptoderoides 0 0 0 0 7
HAl Other 0 0 0 12 9
/Nt Subtotal 141 105 57 59 33
Pz A0 )/ Agonum MHIRANR A A, buchanani (Hope) 0 0 0 0 2
HAlh Other 41 0 0 0 21
/Nt Subtotal 41 0 0 0 23
WA @ Cychrus I 183 25 B C. minshanicola Deuve 104 0 27 61 23
KRR C. kalabi Deuve 54 0 0 0 21
/Nt Subtotal 158 0 27 61 44
2B Andrewesius AW A, rougemonti Movan 31 0 47 0 19
* g W@ Notiophilus 0 0 13 0 4
* 5 WE Prositosia 0 0 5 0 2
* NG AW & Archastes 35 0 0 0 12
* BN A W & Synuchus 29 0 0 8 2
4 it Total 883 532 406 314 283

TE % 7 g B %5 B (0 AR 5 30 FhOR S8 2 A4

Note: The genus classification with “ % ”

2.1.2 AT FPHESA S AL 5 FRFEZSE
RIRMASR DR LW om0 ER 2, &k 2
AL AEN T = A2 AR (RPA) rp L4 35 36 48 /883
HLsRJE 10 J8 15 ASFh, b B gl B 85, SR 8k
(9 A5 43 00 A 36. 52% .62, 5% 145, 45% ;5 J& 7K F-
HEBE I F LG WP S GBS B g fip
J& o o5 % AR BE A AR BB 700 32% . 7E N T AL AR
(RPT) thdbdfi sk b 2 A0 B 532 HL k@ 7 J& 10 A4~
IS N NS - NS N - O A 1
22.00% ,43. 75 % F1 30. 30 % ; J& A A 52K B h
AWE Gl LW g b W g g Kl 2 B
J& .+ o5 % AR B AR BB 96, 25 % . TE YR A= A K
(CPB) 3t ffi gt A 406 H,HRK)E 12 )8 19
Tl 2 ) g AR B 16, 79% L MR B 75 %0 .

1000 A
a
-
800
b
K=}
g
g2 600F b
S 400F
£ L
N H H
0 1 1 1 1 1 1 l 1 L l 1
RPA RPT CPB CPT YPA

AR
Types of forest

was identified to the species level, but the characteristics were not completely consistent with exist-

FRECHY 57. 58 6 R KPR H KB N WL W R & 4
g a2 g S D W A SEfiak s 80w
63. 80 Y0 o FE UK A £F AR (CPT) Hp S 4l 3 3 32 45 H
314 H L SRJE 10 J& 19 ASF, o BASRE B 5 B
RhE B B 23 591 fg 12, 99% .62, 5% F1 57. 58 % ;)@
AN F LR E WL HE B H R M
Wi W o5 i B AR BB 80, 2500, FE R LR
BZAZARCYPA) i ALk i #2201 283 HL sk g 16 /&
3T AN, o5 B A ARE R B B RO L4y
11.70% ,100 % F1 93. 94 %6 5 J& 7K -0 B S0 0 i A
W)@ GBS W Solmn 20 W a7 ik B Ak B8
1 38.16%

5 P[] 26 78U AR AR A= B o 6 20 TP (% 5 [R) 3 A
FEAEANE 1 s,

35- B B %, 0 8 3 .

o 25} b b —
27, L E
ﬁg 'i é — —,
o — — — T
K2 5P Hp 4 =T—— =
i BE &, Bh B E
— =R — — —
S — — — —
RPA  RPT  CPB _ CPT  YPA _

AR R

Types of forest

BIHE B 6] /NG 2 ) 3 3R 7R A [R) 8 B 3R bR A B8 22 5 b 3 (P<<0. 05)
Different lowercase letters indicate significant differences among types of forest (P<C0. 05)
B 1 N [R] 28 8 FRR AR 355 v i 2 28 B S AR R 80 2 () 43 A R A

Fig.1 Individual number and species number of ground-dwelling beetle communities in different

subalpine forests of Southern Gansu
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R RIS P LR N ¢ N B 7 N
e FE R = 2 M i s N T s A2 AR T
ARFNR A= bk 3 b AR v it 22 25 BN IR RO A 1B
R (F=21.942,P<<0.05) (& 1-A), ML H
KRR Ui AR K ) LR IR = A2 pkrb e . AT
AR P B 0 s 7 b K P b i e 28 2R BRI I
W b AR K 2B T I bR ) T B3 25 5 (P>>0. 05) {0

®3 HBEISWLAREEEKZ

B G HAL 3 R KA 25 5 AR K E
H 22 A F 2 RE A AT 2 A A 5 A b )
B R (P>0.05), {0 =% 5 H A 3 F MR 77 7
BEHERE 1B,

2.2 FEEBHRALE DRSS FH SN
2.2.1 BAEMEAEECH TGRS LA [ 5 bk
S5 b 3 2 E 2 REPE SR BTSSR N 3 TR

HEERBRSFHNSHEN

Table 3 Indexes of ground-dwelling beetle communities in different subalpine forests of Southern Gansu

AR

Forest type N S H’ Y H b
RPA 176.60421.38 a 9.20+0.84 ¢ 2.901+0.121 ¢ 0.84240.014 b 0.158+0.014 b 1.10040. 106 ¢
RPT 106.404+17.46 b 6.0041.22d 2.24540.246 e 0.761+0.037 b 0.23940.037 a 0.74240.175d
CPB 81.20+5.97 b 11.6040.55 b 3.094+0.034 b 0.860=£0.005 a 0.140+0.005 b 1.67140.066 b
CPT 62.80+9.39 ¢ 8.20+0.84 ¢ 2.615+0.089 d 0.8097+0.007 b 0.191+0.007 a 1.20740.126 ¢
YPA 56.60+3.05 ¢ 14.40+1.34 a 3.596+0.114 a 0.906=0.006 a 0.102+0.007 ¢ 2.303+0.243 a

W N ANMEE S, 8K 268450 H'. Shannon Winner Z FEME$5 %0 J. Pielou %14 B8 %4 H. Simpson {5 #Ji 45 %4 ; D. Margalef 5 #5 5.
[7) 3 B84 5 AR AN W) /N - B3 3 R AN ) 28 0 AR bk A= 355 1) 26 5 1 38 (P<<0. 05)
Note: N. Number of individual; S. Number of species in genus level; H'. Shannon Winne diversity index; J. Pielou eveness index; H. Simpson

dominance index; D. Margalef richness index. Different lowercase letters indicate significant differences in habitats of different forest

types(P<C0.05).

2% 3 1] A1, H R S LA [R] 2 R AR B h
3 A B 28 B £L. Shanonn-winner £ F£ P $5 %0,
Pielou ¥4 %) B 48 $0 fl Margalel &£ & BE 48 503 DL i

6 F2 MR I ey U A I I PR 22 s N TV P R
i s Simpson 5345 5 B A T by Mofe 5 kA &
AR Z s SR 2= A2 MR I 5 b 3R 25 AR B LA T
=ASMREE s N TSR Z L R IR s M k. 4
AT 45 R BoR  JRUIG = A2 bk 3 20 TR RE 22 4 1
FEE(F=66. 175, P=0. 000) f1 F & 15 % (F =
74.808,P=0.000) ¥ i} 3 &5 T U A= @ bR kAR
1 NN NS /A 51 BN B 2 7 R . L Sl 2 3
Piclou ¥ 5] AR BER MM IR b = 2 AR 28 T AN L
ZAZMR N TS PRRTIR AR AR (F =7, 654, P<<
0.05), ATTJM#A KM % 25 HUE V& Simpson I #5 Ji
RS N TR A2 MR R A= i bR G 2 A2 K ] A7

1E 8 2% % (F=40.522,P=0.000),

2.2.2 Aafihde . ABEAMELIMEE - ERE L
P E 5 M 3% A5 BRI AL A A LR L AR L o
BTt R (3 4) R W, A 55 A I 19 AR 53 1 3% 20 W B Vs
SR RARRL AR R 5 N T a2 B TR K
W 1m) TR A SRR A R A A B8 A% 44 T T AR AL
b 2 25 FHRE Vi 245 A8 A R DU e 8, S AROAE BL. IR
Az A bR 5 TR R 25 A2 bR b 2% A0 FEORE VR AR AL 8 B0
0. 66,y i 5 AR 5 YR A= 1 i MO 7 I 0 = A2 MR AR
0 1A A S AR R R A A A A AL
S EOR Y ) 3 T BB TE AR R . N Tl A BR
FNUR A [ K5 56 2 42 bR b 2 25 FRE Vi 0% A fRL P
TR R 0,32 F1 0. 44, R R ZE R AL . B 16 @
VIS s ey o NSNS B A W71 o L o N R
MWL R MW EAI R ER.

F4 HEISLAREEGRERET RS PHENBMUEER

Table 4  Similarity index of ground-dwelling beetle communities in different subalpine forests of Southern Gansu
2 LI 7]
AR RPA RPT CPB CPT YPA
Forest type
RPA 1. 00 0.71 0.68 0. 88 0. 54
RPT 1. 00 0.83 0.77 0.32
CPB 1.00 0.76 0. 44
CPT 1. 00 0. 66
YPA 1. 00
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