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management that aligns closely with nature. From April to September in 2017 and 2018, the research was focused on the
boundary between the natural broad-leaved mixed forest and the young Pinus koraiensis plantation forest, extending 120
meters on both sides, with sampling points established every 30 meters. The ecotone is marked by the central sampling point
and another 30 meters away, with three transects in total where ground-dwelling beetles were continuously captured using
the pitfall trapping method. A total of 6,990 ground-dwelling beetles were collected, representing 30 families, 124 genera,
and 178 species. The species counts were 113 in the broad-leaved mixed forest, 125 in the ecotone, and 134 in the
P. koraiensis plantation forest, with 79 species shared across all three habitats. Hill diversity indexes indicated that the
number of species, common species, and dominant species in the three habitats were ranked as follows: P. koraiensis
plantation forest>ecotone>broad-leaved mixed forest. Significant differences were observed in both the number of individuals
and species of Carabidae and Cetoniidae across the habitats (P<0.05) , as well as in the number of individuals of Silphidae
(P<0.05). There were notable variations in the number of individuals and species of dominant families within the same
habitat ( P <0.05). The individual counts of Aclypea daurica, Carabus canaliculatus, Onthophagus ater, Ampedus
sanguinolentus , and Synuchus orbicollis significantly differed across habitats ( P<0.05). The Margalef and Shannon indexes
indicated that the P. koraiensis plantation forests have significantly higher diversity than the broad-leaved mixed forests ( P<
0.05). The results from PERMANOVA and NMDS showed significant differences in community structure across the three
habitats ( P<0.05), and SIMPER analysis reveals the highest mean dissimilarity between the broad-leaved mixed forest and
the P. koraiensis plantation forest, followed by the dissimilarity between the P. koraiensis plantation forest and the ecotone,
and the lowest between the broad-leaved mixed forest and the ecotone. Species contributing more than 0.01 accounted for
48.18% , 43.16% , and 39.64% of the heterogeneity in each respective habitat. The Jaccard similarity coefficient indicated
moderate similarity in species composition of ground-dwelling beetles across the three habitats. The edge effect index
revealed a slight positive effect among the ground-dwelling beetles in the study area. The community structure demonstrated
heterogeneity in the ecotone between the natural broad-leaved mixed forest and the P. koraiensis plantation forest. The
diversity of ground-dwelling beetles in the P. koraiensis plantation forest was similar to that in the broad-leaved mixed forest,
suggesting a beneficial ecological impact on the plantation. However, the differences in community composition indicated

that the P. koraiensis plantation forest cannot substitute the broad-leaved mixed forest.

Key Words: ground-dwelling beetles; diversity; edge effect; broad-leaved mixed forest; ecotone; Pinus koraiensis

plantation forests
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RIATEEASRGEE " IR LI D AR AL X TR AR 9 FE AP kA B R G de e il
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— B TR AR A S R G T WA R AR A PR, MR T RV A IR
P e R AT PRI IR S Y 8 A AP R AR IR SR R SRR AR PR RE R B
BR3P Tk 2 Y He s ) 3 A A Je S IR LA S22l T AR TP O AR S PR O U, BT R
FRE SRR RE T DR T T AR TR A B i AR A

TEBA RIS A S RIR MG ML B IR B AR Y 35 B L AR TSR | 1 AN 28 R AR bk S it 48 A
TR TR AR ] e T BUREPS S AT 28, TR, AR5 e BOR AR i TR S bR N T ZDAR Ay e AR
FEXAR TR, LA P HOR AT FERT G2, FUB O IR R IR SR AL | ] TR A AR5 N T 2L RA Ry e PRAZ B 1X
VAR N T LT Rl ity 3 F AR PR IR S GO0, S PP N T LTARAR A SRS SR A R 37 A ) 2R
R LR S AR B MR fe i 2%

1 HREXHER

TS IX Ao T35 A8 T MR SR 6 IX T 3 £ (43°26/34"—43°51742"N, 126°2138"—126°56'22"E ) , #ikb K
F L DX [ s BT Do 9 T | - S Ry I s 8 i T TR e KR R Bl PR, AR 3SR 4.4°C AR E R K
i 674mm, RAET-H H BRI AL 2438h , RAET-34 H B 43 55% , TR 744 130d,

2 WRAE

TRL JCQ HSL
——
2.1 FEHhRE 1 mf I
VEIUR A% MR S0 K (R B < BRI ASAR” hom som com 3om om 30m com o0m 120m
“TRL") 5t &8N T LIAA G AR (TR FR M £0 0 N T AR ﬁ H
“HSLY ) W BRSO B, B IR FBEAR 47 57 Heliola il >50m ]
Meiners %6 SEBG I, #4200 B B0 R 1A 7 180 BB A0, LA o
FERR TR A AR PN 6 R I TR 3SR 5 20 N TR S 4 X
(TRIFR M A48 X7 “JCQ™ ) ML N T AR 25, LI E1 HREE
HRAM G AT MR FAL I 1 ST Fig.1 Schematic diagram of the sample plots

R 4350 51 B R S MCRIZT A A T AR 2 120m , 5] TRL: RIK ARSI JCQ : RN HR S S N T LAY Ak ag
5 30m B2 1 ABFIRE A, ST O ABRGERE g T R
FHRASHR SCHE DCRIZIAA N AR 3 MR, S A IX R
HACAE AR ] P U AR AU SE At 30m (R g 710 SRR 8 3 S A REAT BT () FE R T 50m DL £ R B
SEERT R REANRE S A 3 AP AT T A ELIIBE O 1m BEAR, JETT 81 AMAERR . R E AN 1 TR
AT AT HEAE BANR < MR SSAK IR 304.66m, THIFRZY) 30ha , 445 126°43'48"E ,43°73'99"N , *F- K i
3.67m, AR5 5 31.67cm, BTG B 46.67% , W R 2H B 5% i B Quercus mongolica : K M Ml Fraxinus
mandshurica ; ILI#& Crataegus pinnatifida ; =Wl Salix matsudana ; 111% Populus davidiana : ¥ Tilia mandshurica =
3:2:2:1:1:1, EEEARH EANT Polygonatum odoratum . % #5 ¥ Geranium wilfordii . Wi %8 %5 Menispermum
dauricum J B Setaria viridis 421t Rubus crataegifolius E%# Hosta plantaginea & s SCAG DX IR 299.06m , A
PR 126°43'54"E,43°73'99"N , *F- 2R & 2.33m , BOAF-3 55 16.67cm , #E FE T 43.33% AL £00A: 50t
KR K BA: 240 1A = 4:2:2: 101, EE ARG NG ML} Glechoma longituba 2856 Aster tataricus & #SH | p 28 5L
Agrimonia pilosa . [ ZER 5 Trifolium repens , EAT B BHZ: Crepis rigescens 55 ; ZLAS N T MR IR B M5 1 BRA 1]
9 4E N TAHK, HE4K 296.39m, A2 3ha, bR 126°43'57"E,43°73'99"N , F- XM 55 1.17m , BEA -1 5 53.33¢m),
PR E 66.67% SR B O RN AR B R ARG M R MG BB Artemisia scoparia . MEE Artemisia
capillaris BFZ WK Lamium barbatum /N9 Taraxacum mongolicum 35 FHZ: Crepis rigescens JZE Cirsium setosum .
TS kB Commelina communis %5 .
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22 PEERKE
R B AL A 2 T SRR — bk HIRHR — .
SRR, 8 9em, 142 Tem , FEHEE AR LA 5)4T 4 A~ H \ \ \ !
2k 2mm (/L DABH 1E R 7K G R EbR A &K 1155 WIRHE —

— VA

FRHEA M S I B 115 4 T O 55, AR N A T K
150mLL , F AV T0 R PR 457 LA B AR K T 5K 7, 1+
PRASTTAMIE A L5 SC#E 1 AN SR, DAIS 2 44 R
PLKRIK TS5, B E a2 s, Ja AR ) 2 Fig.2 Schematic diagram of the traps
2017—2018 4F  BH4F 4 AR EIRHFATA 1,9 H R4S
o 1 2 PP ke AN SR | B ) B ) 22 HEAT 1 WRBRAR [0, B AR 7 1] 52 6 235 )5 1l BB AR A | AR
P FMATEAT 3L o025 W At iRl s s 7 S 305 Bl S, A AR BAE T AL AR 24 R B
B ST AR AR
2.3 Haabs

H 2 B SRR Ay R Hill 200 CHILD) 8 S 3BE, IE 3T 50 bR MRS S WA BGIEA T AR S M 73 B
DL LB ) A B LRI S AR A BE 58, PRl = S | THIll = exp(— X0 PInP,) | PHill =
(> lep,?) NI (RR) B TR CGRE ) BOR G SRl (B A RO A AR IX e
PR 22 B KT 3% R PIAE A 43 BT Fe R TR A B Fp A Asi s S5 1) B Rp
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3.1 AFEAEBTHEE R 25
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£ 24 %1 86 J& 125 F 2515 3k LIS N TRk RAE 25 B} 93 J& 134 Fh 2194 3k ; RS AR b 8 S Ry 6
ol £TAA N AR 22 485 DX b B0 T b RS A O B F 5 DX S A Hp PR SRR BE R 11 B s BRI IRSS AR 384 X
LA N TAHARAHE 1 S R300 4 F 5 B 3 F BF5E AR A 1 SRR 2 Fi RE IR MR 28
FEIXREE YRN8 R 18 B IS N TR PRl 27 B R IR 3SR 28485 X R 2T A N TARIEH R4k 8
it £TAS N TR 38 DX A W Ry 20 B, 3 R A= S5 A Wik 79 B ASTR) Az 355 b 3¢ B RIS S5 A0 TR LR 1,
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Table 1 Community structure of ground-dwelling beetles in different habitats

# TRL JcQ HSL &3t Total
Family G S N G S N G S N G S N
L HF} Carabidae 15 32 1075 16 38 1643 14 34 1037 16 41 3755
& F} Scarabaeidae 5 12 410 6 14 298 6 14 445 9 17 1153
NI 8} Elateridae 4 5 352 7 8 234 5 8 141 9 12 727
HEZEF R} Silphidae 7 8 251 5 7 95 5 6 71 7 10 417
4R} Cetoniidae 2 3 12 4 5 12 4 5 230 5 6 254
I-F &L Chrysomelidae 5 5 12 6 8 26 12 14 50 13 15 88
84 f6. B} Melolonthidae 4 4 25 5 5 22 7 7 29 7 7 76
[E# s Bl Staphylinidae 11 15 29 8 9 15 9 11 27 13 19 71
FEH AL Cicindelidae 1 2 3 1 2 30 1 3 36 1 3 69
[& &} Histeridae 3 5 32 3 4 19 3 3 18 3 5 69
U L Tenebrionidae 3 3 7 2 2 21 4 4 30 4 4 58
KR} Cerambycidae 5 5 21 5 5 16 4 4 19 6 6 56
e BBk Crioceridae 1 1 35 1 1 1 1 1 6 1 1 42
% K} Curculionidae 5 6 9 4 4 18 5 6 13 8 9 40
% R} Nitidulidae 0 0 0 3 3 19 2 2 4 3 3 23
T HFl Buprestidae 0 0 0 1 1 20 0 0 0 1 1 20
Al Coccinellidae 1 1 1 1 1 13 1 1 4 1 1 18
AEE R} Cantharidae 1 1 1 2 2 3 2 2 10 2 2 14
% 4 6B} Aphodiidae 0 0 0 0 0 0 1 2 9 1 2 9
AE %A} Mordellidae 0 0 0 1 1 1 1 1 6 2 2 7
B @ F} Trogossitidae 0 0 0 1 1 3 1 1 1 1 1 4
Bz &Rk Trogidae 1 1 2 1 1 1 1 1 1 1 1 4
RN HUBE Cleridae 1 1 1 0 0 0 1 1 2 1 1 3
BRE AL Leiodidae 0 0 0 1 1 3 0 0 0 1 1 3
J 38} Dermestidae 0 0 0 0 0 0 1 1 2 1 1 2
HKHF} Lucanidae 2 2 2 0 0 0 0 0 0 2 2 2
ZIRHF A Elmidae 0 0 0 0 0 0 1 1 2 1 1 2
PR B AL Alleculidae 1 1 1 0 0 0 1 1 1 2 2 2
THEL H Rl Endomychidae 0 0 0 1 1 1 0 0 0 1 1 1
FET5 B} Meloidae 0 0 0 1 1 1 0 0 0 1 1 1
ST Total 78 113 2281 86 125 2515 93 134 2194 124 178 6990

G J&%L The number of genera;S;%?ﬁ]'g’kﬂl The number of species; N AMAEL The number of individuals ; TRL ; KARFH MR 32 #K Natural broad-leaved
mixed foresl;JCQ;f?ﬁ‘ FEH IR AR 5 A T LIS AR FE X Ecotone of natural broad-leaved mixed forest and young Pinus koraiensis plantation forest;
HSL: N TZIA 4 AR Young Pinus koraiensis plantation forest ecotone
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Fig.3 Hill diversity index of ground-dwelling beetles in different habitats

OHIll AR, P HIL SR LR, 2 HIll A S R, BRSO 959% A IX 1A

3.3 AREAB R BRI

TE AR RAR B B9 3R Y o AR Hill 224 P 0 C i) B E BF S DR ARIAT 4 B, 235010 0 20 BB
4B} Scarabaeidae M} Elateridae FIZEHI B} Silphidae, A PRI E], Hr b HR 4R
IR 3 AR B AT OL 3R, $ 38 FRE ] iR SS MR AT DL AR, FE 8 fa P} Cetoniidae S £1HA N TAKYFAT

SR MLH R Z BRI 4,

Fig.4 Relative abundance of dominant families of ground-dwelling beetles in different habitats

184 fF} Cetoniidae | 0.01 0.00 0.10 0.04 04 g
4xfF} Scarabaeidae | 0.18 0.12 0.20 0.16 03 &
"R} Elateridae | 0.15 0.09 0.06 0.10 0.2 =
BIZERIA Silphidae | 011 | 004 | 003 | 006 | !
TRL  JCQ  HSL it

4 TRERMRARAEREN S E

AP EAEAR R A rh 22 5 ULE 5, B BH(F = 4.888,P=0.017) fE&fFH(F ,,, =5.439,P=
0.011) FMHRFEHEL(F 54 = 3.957,P=0.033) MAAEA [F) A 85 6] 22 5 . 2, Horb 2D ORI (ARBTE A B IX b 2
F i THABESE AEE R EELAA TR B35 8 T HAB AR BT R 58 VRIS B i iR 58
T HABASE . HR(F = 1.105,P=0.348) FI& B (F 5, = 2.859,P=0.075) MAETEA [F] 4 B3 18] TC
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WERER,

FEHRAEAR (F 4 4= 29.39,P<0.001) SEHEIX (F 4 4= 95.12,P<0.001) FILLAA N TAHAR(F 40, = 11.98,P<
0.001) A FPLARALE S W3, 3 FhAEBE IAMARCR = 34 20 R, B 2 T AR, i R AS Ak
FSSEE DX AR R AR A 1 S A6 4 fa Bk, i TR S AR S AR T I AR, 28 4 IX v B 21K T B 1 28 F BL M L
TR, 200 N TAR P AMABCRAR A A M ZE R} H W TP R 4kl
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AMAE%L Number of individual/3k
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20
SR 1esfaf A R Skt RZE IR
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5 AREEEMRPRABRAEECEYEARER)
Fig.5 Number of individual of dominant families of ground-dwelling beetles in different habitats ( Mean+SE)

RRIRE TR Al — A AR RMARIE 0.05 K B2 5 B3 A R/NG TR AR A B R — B R E7E 0.05 KF 2R R

AR EAEA R S T 225 LA 6 2L HFL(F 0, = 5.010,P=0.015) fEEAFH(F ,,, = 8.914,P=
0.001) WyFPECLEAN[R) A= B8 7] 22 5 8 3, FL v 2L FRRH A BSO2E 28 5 DX b B 35 o T BRI TR 3SR A6 4 fa B Al 8
TELIAS N T AP B T H A 5, VR RL(F (5, = 0.547,P=0.586) & f0RF(F ,,, = 1.101,P=0.349) I
HEZERRL(F 0= 1.411,P=0.264) YRR AR [ A B3 0] TC 1 35 25 5%

” Aa

20
18

PyAhEL Number of species/Flt
=

BB TEdfaft Y ER Efaft HAERIR
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6 AEEEMR P RRBRIE CPEARHEDR)
Fig.6 Number of species of dominant families of ground-dwelling beetles in different habitats( Mean+SE)
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FER SR (F 4 49,= 55.73,P<0.001) SZEEIX (F 4 4, = 279,P<0.001) FIZLAS N TAHR(F 4 4, = 68.63, P<
0.001) AR FRIPLHRH DRI 2E 5 .35 . 3 P A ST a1 WA Rcdme e 249 O 20 TR L8 35 e T AR el 3R S MR
S IX P RBP4 S AL 4 ) A R S AR 8 AR TR M FR RSN AR | S8 X rp i 2510 T HAB Y
ZIAN N AR Y P (R D B ZE R, H 2R T 20 R B faft
3.4 ARG EE MR RS

TERENWFFEIX A AN 22 R T 3% 85 1y 2 E A g e FH R AT 9 Fof, 2 S8 Al MR B A [R] AR 555
A WL 7, Hoik B B3R W Aclypea daurica (F ;4= 4.022,P=0.031) 542 Carabus canaliculatus
(F (554 = 30.02,P<0.001) MAETE [ MR AR B 35 T H AW AEBE, RIBIERE Onthophagus ater (F 5, =
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Fig.7 Number of individual of main species of ground-dwelling beetles in different habitats( Mean+SE )
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Fig.8 « diversity index of ground-dwelling beetles in different habitats
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Fig.9 Correlation coefficient of o diversity index of ground-dwelling beetles in different habitats
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Fig.10 NMDS of community structure of ground-dwelling beetles in different habitats

SIMPER £ 5 3 B ] M- TR AS AR A B IX. | o] YR S ARRIZ A N AR ZEAA N TR RN B2 i DX 1 244 57t JEE

K 58.72% . 70.87% .66.02% , 5% 2 HAXF R 45 #4225 5 STRR B R W AP ( BTk >0.01) 40 A A B 1 ) i TR 32 R R
AEE X A IR ASARFNZLAN N TR ZER N T AR SE 4 DX RS S5 H 2 39.64% 48.18% 43.16% 1) 57 it

K2 TREEMERPRBEEENERYHREE(TH>0.01)

Table 2 Species and contribution to differences of community structure of ground-dwelling in different habitats( contribution>0.01)

= YyFh TIHk Contribution FIXT £ Relative abundance
Family Species TRL-JCQ TRL-HSL  HSL-JCQ TRL JCQ HSL 43t Total
LHE TR A Chlaenius suvorovi 0.05204  0.03418  0.05359  0.0596 0.1356 0.0816 0.0938
Carabidae W Poecilus coreanus 0.03964 0.03386 0.02913 0.1175 0.0926 0.052 0.088
B F B B Synuchus orbicollis 0.01911  0.01853  0.02939  0.0482 0.0759 0.0328 0.0534
M Amara orienticola 0.02076  0.03021  0.03285  0.0281 0.0513 0.0524 0.0441
VW Carabus canaliculatus 0.02394  0.02956 <0.01 0.0658 0.0179 0.0073 0.0302
HH! Nibria coreica 0.01697  0.01492  0.02082  0.0044 0.0354 0.0415 0.0272
L Prerostichus procax 0.01203 <0.01 0.01164 0.0149 0.0274 0.021 0.0213
5 Wy 5520 B Licinus setosus <0.01 <0.01 0.01167  0.0114 0.0274 0.021 0.0202
W Carabus wulffiusi 0.01131  0.0113 0.01129  0.0254 0.0247 0.0055 0.0189
INKARBEH I Prerostichus microcephalus 0.01168  <0.01 <0.01 0.0158 0.0207 0.0087 0.0153
RIEE LT Chlaenius pallipes 0.01137  <0.01 0.01166  0.0066 0.0211 0.0164 0.0149
k3525 W Harpalus crates <0.01 0.01129 0.0112 0.0088 0.006 0.0196 0.0112
INEEAE R Carabus tuberculosus 0.01039  <0.01 0.01 0.0018 0.0219 0.0068 0.0106
FESH Carabus kruberi 0.01224  0.01138 <0.01 0.0254 0.0012 0.0032 0.0097
S fp SRR NS WERS Onthophagus ater 0.01853  0.02499  0.01738  0.0596 0.0457 0.0155 0.0408
Scarabaeidae % WEHD Onthophagus fodiens 0.01791 0.03075 0.0289 0.0399 0.0215 0.0638 0.0408
FHABIS R Onthophagus sinicus 0.01044  0.02525  0.02612  0.0114 0.0163 0.0529 0.0262
AR WEUE Onthophagus lenzi <0.01 0.01886  0.01923  0.0145 0.0119 0.0392 0.0213
TR IS WE M Onchophagus atripennis 0.01693  0.01935 <0.01 0.0399 0.0127 0.0032 0.0186
R SREBEHENINTH Ampedus sanguinolentus 0.04778  0.06069  0.03048  0.142 0.0636 0.0292 0.0784
Elateridae MR FESEN T Agrypnus bipapulatus <0.01 0.01225  0.01218  0.0101 0.0207 0.0242 0.0183
HEZE R " s .
Silphidae K5 BT ZEH Aclypea daurica 0.04334  0.04436  0.01387  0.0916 0.0282 0.0173 0.0455
w4 fap M2 AE 48 Protaetia brevitarsis <0.01 0.02735  0.02762  0.0039 0.0028 0.0488 0.0176
Cetoniidae /N B4, Oxycetonia jucunda <0.01 0.02274  0.02262 0 0.0004 0.046 0.0146
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