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Abstract: With the increase in human and natural disturbances, and one of the major tasks focused on contribution of
disturbance on community compostions and distributions. Intermediate disturbance hypothesis has been suggested an
important driver for community compositions and distributions, which assumes that intermediate disturbance can maintain
high biodiversity. This hypothesis has been verified in some scientific studies for different communities; however, whether
this hypothesis functions to soil animal communities is still unclear. Few studies have investigated the responses of soil

animals to human disturbance intensity in grassland, farmland, and wetland ecosystems. However, the response
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characteristics of ground soil animals to different disturbance intensities is rarely reported in forest ecosystems. The
Liangshui nature reserve presents a complete disturbance gradient of primary forest-secondary forest-plantation forest, which
provides a good platform for identifying the response of soil animal communities to different gradients of disturbance
intensity. This experiment was conducted in six forest habitats in the Liangshui nature reserve, that is a virgin mixed
broadleaved-Korean pine forest (KY) , valley spruce-fir forest ( YL) , selectively cut mixed broadleaved-Korean pine forest
(ZF) , secondary birch forest (BH) , Dahurian larch plantation (RL), and Korean pine plantation (RHS). KY and YL
are characterized as mildly disturbed habitats with primary forests more than 300-years-old. ZF and BH are characterized as
intermediately disturbed habitats with 200- and 60-years-old secondary forests, respectively. RL and RHS are characterized
as severely disturbed habitats with plantation forests more than 63-years-old, which were planted after clear cutting. To
elucidate the responses of ground Coleoptera adults to different disturbance gradients in forest ecosystems, pitfall traps were
used to collect ground Coleoptera beetles in July, August, and October 2015. One-way ANOVA | three-way ANOVA, and
clustering analyses were subsequently performed for adult beetle communities. This study aimed to address (1) whether the
abundance ( individual number ), richness ( species number ), and diversity indices of the ground Coleoptera beetle
communities were significantly different among six forest habitats and three seasons; (2) whether the abundance, richness,
and diversity indices of ground Coleoptera beetle communities changed gradually across the disturbance intensity gradients;
and (3) whether the diversity of ground Coleoptera beetle communities in Liangshui forest ecosystems was consistent with
the intermediate disturbance hypothesis. The results showed that (1) 879 ground Coleoptera beetles were captured in the six
forest habitats in total, which belonged to nine families and 44 species; 251 beetles were collected in mildly disturbed
habitats (150 beetles in KY and 101 beetles in YL), which belonged to six families and 29 species; 276 beetles were
captured in intermediately disturbed habitats (144 beetles in ZF and 132 beetles in BH) , which belonged to six families
and 27 species; 352 beetles were trapped in severely disturbed habitats (232 beetles in RL and 120 beetles in RHS) ,
which belonged to six families and 29 species. (2) In July and August, Carabidae and Silphidae beetles were numerically
dominant. In October, the abundance of Carabidae and Silphidae beetles decreased, and the abundance of Staphylinidae
beetles were dominant. A decreasing trend in the total number of ground Coleoptera adults was detected across the surveyed
seasons (from July to October) in all forest habitats, and to some extent, community diversity indices also showed the same
trend. (3) According to the results of three-way ANOVA, the main effects of forest habitat and month were significant on
the ground Coleoptera beetle compositions; however, the disturbance gradient had no significant effect on community
structure. The abundance of ground beetles showed a significant difference among the six forest habitats, but no such
difference was observed in the richess of ground Coleoptera adults. Significant differences in the abundance, richness, and
diversity indices of Coleoptera adults were not detected among habitats with mild, intermediate, and severe disturbance,
indicating there was no gradual change across the disturbance intensity gradients. Furthermore, ground Coleoptera beetle
communities classified as having the same disturbance gradient, did not show high similarity based on the results from
similarity coefficients and clustering analyses. The results of this study suggest that the disturbance was not a main factor
driving the composition of adult ground Coleoptera communities in six forest habitats in the Liangshui Nature Reserve, and
the “intermediate interference hypothesis” was not verified in this study. Forest type and time were proposed as important
factors for ground Coleoptera beetle structures in the six habitats. These results provide theoretical support for the protection

of biodiversity and ecosystem management in forest ecosystems.
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Table 2 Differences for individuals and species numbers of ground Coleoptera adults among different forest habitats, disturbance gradients

and months
o HRAY Forest habits FHeAL ) Disturbance gradients A1 Months
L
Quantity KY YL 7F BH RL RHS R g B 7H 8 H 10 H
Mild  Intermediate  Severe Jul. Aug. Oct.
AMABC Individuals 150a 101a 144a 132a 232h 120a 251a 276a 352a 441a 323a 115b
PFEL Species 2la 20a 20a 23a 22a 17a 29a 27a 29a 25a 28a 15b

Gl —F7 T REAR R R 22 A B3, PR R FROR 2253 .35 (P<0.05)

140 -

. 77 e
120 - [ 8H 20 ACa
1 101
% 100 |aga Aa
'g 3 15 BCa Aa ACa
= . B S Ab
;g Ba 7 I T Ba % Aa As
& y Ba ACa w® 10 A
ﬁ Abc & Ab Ab
& BCab Cab |
Ab
Bbe ABc e 5
) BCc
C
0
YL ZF BH RL RHS KY YL ZF BH RL RHS

kT Forest habitats

B 1 6 MMERE A 7R EE MR MEE IR
Fig.1 Individuals and species numbers for ground Coleoptera adults in different months of six forest habitats
FhE A B .CFRF— A B AEARALR] 22 548 a b o FRRF] —MRAUARE H 4318 22 5t A AH R) 5B 3R 0 35 28 5, P REAR R 3R A 3
225 KY JRLAR I 2L AR virgin mixed broadleaved-Korean pine forest; YL: 7% Hi 25 18 A2 MK valley spruce-fir forest; ZF. [ I £ A1 £ & Ak
selectively cut mixed broadleaved-Korean pine forest; BH: ¥KE FIMERK secondary birch forest; RL: 7% M#4 A T4k Dahurian larch plantation; RHS:
ZIHA N TAHK Korean pine plantation

2.3 HBEREEEH H SORER 2R

7 H ,RL A& DG $6%457 515 YL ZF BH HAG BE 225 (P<0.05) , e phBla o &2 5,8 Ak 10 A
FARBI] DG BT B EZES ; A, 7 .8.10 A BT A BEE 1Y DG 850 2 AR RE B2 FEAIK, JL LA 10
H DG #8353 AR EE T K, 7 H RHS M ZFEPEARE H 435 5 BH (ZF 2257 .3 (P<0.05) , HBE kA 22 0] E
WEXES;8 HE 10 H 6 MMALZW H' ¥ Te R & 2R, BIKE S EEHREC T LA TR E ¢ ARy
KA 6 FRALZ [ JC B 2 5

Xof He 22 RE P BOLE A [RIARIBUAS [6) 7 33 18] 19 2% S50 RL AR 3 A H 6] DG #8509 8 3 2% 5 (P<0.05) ,ZF
MELAE 8 A 10 A8l DG 48 8EAT W35 255+ (P<0.05) . 6 FARELE) HE AR N 7 A5 8 AZRALR
F,10 A5 7 A 8 HRARE XS (P<0.05) ;] $88ERM K ZF . BH 76 7 A F1 10 H Al HA #2257 (P<
0.05) , HeB A 3 S Ay 2] J F853 0 3 25 5 € F8 %503 YL ZF \RHS #k%4 10 A 43515 7 AF 8 H
2530 (P<0.05) , A 3 M HMG R TR EZER(K3),

FHIF AR A oA R TP B 22 () 2 R B AR R 22 S AN W38, A [R) - Hedsh B2 AN 5] A 43 22 [
SRR EUAAE 25 BB 10 A5 5 7 A8 H 2R B3E (P<0.05) (£ 3), FMRERN AR A 6
Y ZREEFS S DG( F=26.372,P<0.05) \H' ( F=48.123,P<0.05) .C(F=25.714,P<0.05) fl J( F=3.502,P<
0.05) ¥ HLAT b 2 520, RIS T-PAs B D6 Z2 RE 8 EO i AS f 225 R, =38 22 11 238 EAE T VT RE 7% 2 M1
TR TC B R
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Table 3 Diversity indices for ground Coleoptera adults in habitats with different months, forest and disturbance gradients

P A DY

o

Survey months Forest habitats be H / ¢
7H KY 2.89+0.618ABa 1.79+0.030ABa 0.83+0.028ABa 0.79+0.005Aa
Jul.2015 YL 2.31+0.117Ba 1.67+0.023ABa 0.88+0.028ABa 0.77+0.015Aa
ZF 2.19+1.078Bab 1.5120.289Aa 0.82+0.051ABa 0.71%0.075Aa
BH 2.13+0.353Ba 1.65+0.180Aa 0.76+0.058Aa 0.70+0.067Aa
RL 4.64+0.418Aa 1.96+0.045ABa 0.85+0.007ABa 0.82+0.012Aa
RHS 2.77+1.053ABa 2.1420.180Ba 1.11£0.220 Ba 0.80+0.026Aa
BRET 2.60+0.309ABa 1.73+0.031Aa 0.86+0.021Aa 0.78+0.008 ABa
PR 2.16+0.507Aa 1.58+0.155Aa 0.79+0.037Aa 0.71£0.045Aa
T 3.7120.656Ba 2.05+0.092Ba 0.98+0.114Aa 0.81x0.014Ba
8 A KY 1.71+0.703Aa 1.29+0.007 Aab 0.74+0.058ABa 0.62+0.035Aa
Aug.2015 YL 2.33+0.324Aa 1.67+0.108Aa 0.88+0.014ABa 0.77+0.027Aa
ZF 3.1220.420Aa 1.50+0.034Aa 0.77+0.018 ABab 0.71£0.017Aa
BH 2.55+0.764Aa 1.56+0.133Aa 0.81£0.015Aab 0.74+0.062Aa
RL 2.51+0.819Ab 1.51+0.370Aab 0.77+0.104ABa 0.68+0.136Aa
RHS 2.93+0.449Aa 1.66+0.145Aa 0.91+0.018Ba 0.78+0.029Aa
BETH 2.02+0.373Aa 1.48+0.098Aa 0.81+0.042Aa 0.69+0.038Aa
PR 2.83+0.410Aa 1.53+0.063Aa 0.79+0.014Aa 0.72+0.030Aa
T 2.72+0.0.428 Aa 1.59+0.181Aa 0.84+0.056Aa 0.73+0.066Aa
10 A KY 0.59+0.323Ab 0.81+0.411Ab 0.65+0.327Aa 0.46+0.232Aa
0ct.2015 YL 0.48+0.113Ab 0.51+0.094Ab 0.73+0.136Aa 0.33+0.079Ab
ZF 0.51+0.262Ab 0.56+0.291Ab 0.44+0.223Ab 0.30+0.153Ab
BH 0.78+0.364Ab 0.76+0.098Ab 0.93+0.038Ab 0.51£0.037Aa
RL 0.74+0.236Ac 1.02+0.153Ab 0.80+0.145Aa 0.57+0.111Aa
RHS 0.62+0.527Ab 0.54+0.302Ab 0.49+0.248Aa 0.29+0.145Ab
BETH 0.54+0.155Ab 0.66+0.200Ab 0.69+0.159Ab 0.40+0.113Ab
T 0.65+0.209Ab 0.66+0.145Ab 0.69+0.149Ab 0.40+0.085Ab
GEYI N 0.68+0.260Ah 0.78+0.186Ab 0.64+0.147Ab 0.43+0.104Ab

[ —5 8k A B C R AHR A G A R AN R T PO BE ] 22 5 a b o R Al RS/ AH R T P08 B AU AS [R) 5 1) 22 53 , A A ] 7 1 )
AL REER  FRAFRNFERA BE 255 (P<0.05) ;D6 5 FE—IHHEE Density-Group index, H' ; Shannon 8% Shannon-wiener index , J; 5] B
FE%U Pielou index, C. T 5k Simpson index

2.4 BEVRARULIPERIZR IS0

Jaccard RECE WA L EREEY A AL AR, 7 A 6y, RHS YL 20515 RL A H 4R HHLL, RHS
KY YL 5355 BH 8 AAHAL, e AL Z [a] 35 2k v A ARARL, b DL RL FKY AR BE % 51 (0.688) 58 H
By AL RL 5 YL A AEHIML(0.500) , How JLASBRALZ (8] 4 s AR A AH AL 10 A 4y, YL BH 4395 ZF Ry %
AHAEL, RHS YL 43915 BH Sy &8 AL, e R 22 [a] Sy v SR AR RISl AN AR AR, b KY 5 BH 9 AP B
%(0.125) .

FIMANMNEE B K |, Gower REL S, 2% B 25 MR A TR) B9 AR L PE B 2 EE Jaccard REL ¢ K, 7 AL ZF 5
KY [A] AR RIPE e 5 (0.453) , LA RL 5 YL [ AU B 1R (0.240) 58 A1 10 A 43, £ bRALZ [al AR BLPE A
BAG; ATLAE B8 7 H .8 A 10 H, Lk Gower REL S, Fm AR FIARIL[A]AH BIHEEREAR (S, <0.5) (% 4),

REIPTEERRY] RHS 5 YL S WAL, ZF AHUEE R Z , BH RL KY 5 H B AR AR R AL Horh 7 A
PLZF A1 YL S AL, KY RZ, RHS \RL F1 BH 5 H T AR AR RUFE B 41K ;8 H IR B YL M1 BH £ A AH
f,ZF Yk ,RL RHS F1 KY 5 H @R 22 S8k, 10 H LA YL #1 BH SO AHEL, RHS Y2, ZF KY #l RL 5 H
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Table 4 Jaccard and Gower coefficients between ground Coleoptera adult communities in different forest habitats

JHAA

Survey months

L
Plot

RHS

KY

ZF

YL

BH

7 A Jul.2015

8 H Aug.2015

10 H Oct.2015

RL
RHS
KY
ZF
YL
RL
RHS

YL

0.471 (0.282)

0.357(0.217)

0.273(0.189)

0.688(0.378)
0.529 (0.319)

0.375(0.185)
0.313(0.203)

0.167(0.052)
0.200(0.129)

0.600(0.394)
0.533 (0.397)
0.563(0.453)

0.429(0.316)
0.267(0.144)
0.294(0.229)

0.400(0.273)
0.333(0.239)
0.200(0.090)

0.412(0.240)
0.643(0.412)
0.471(0.232)
0.571(0.316)

0.500(0.308)
0.333(0.219)
0.278(0.208)
0.400(0.322)

0.222(0.130)
0.286(0.214)
0.286(0.125)
0.500(0.151)

0.579(0.409)
0.450(0.227)
0.476(0.299)
0.556(0.374)
0.474(0.298)
0.375(0.284)
0.400( 0.250)
0.263(0.149)
0.467(0.334)
0.438(0.302)
0.222(0.125)
0.500( 0.306)
0.125(0.063)
0.500(0.242)
0.500(0.330)

RHS

YL

ZF

BH

RL

KY

YL

BH

ZF

RL

RHS

KY

(=}
W

T ZF

YL

KY

RHS

BH

10 15 20

25

20154E8

BH

ZF

KY

RL

[ 2

0 5 10 15 20 25
T T T T
J 20154E7 A
5 10 15 20 25

20154E10

R bR B AL BB EE (K7 Euclidean HiE)

Fig.2 Clustering figures ( based on square Euclidean distance) for ground Coleoptera adults communities in different months
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9 H FRBEDE  AF /L L2 ZRAR M F 3 A O AN [a] THI 2 F i 1 11

3 e

3 YA AR H A 879 H 41 JE 9 B 44 WyRh KPS A MRV B i B AS AR S R 2 /0 HEF RL>KY
>ZF>BH>RHS>YL, RL ARASA ARSI 5 TR E AR, YL ARBRIAN R By 6 PR i i, BB TP A 5 4t
AR 251 H (6 B 29 Fh) 8 TR TR A 800 KY F1 YL AR 25 R 385 b B T 28 85 40 3 i ot
276 H.(6 B 27 F) JE T HE A S ZF A1 BH MRS BT, 25 58 W38 5 50 4 A 1% A )l il
352 H(6 B} 29 Fh) , FREE THAER RHS 5 RL MR 2R BE, —HE 200 RAME A 7
XoF 3 R R V& 2 R AT S RS T T B X A B R S5 4 TE B E M O B — 2P LSD £
AR BN 6] A0 B AL B P S BB O R 25 5, R RIS SO [R] A 03 22 () 53 H 95 S (8 P ol
B AEVEAFAE B3 22 52 UL R A 2 5 e b 2 3 A R VR A A i) T L R 3 MR RN BT sh S A
SESCR I H OB A R R

HE— 20X ZREEARFRIEAT 8T, 32 N8 TR B e )RR AR (KY FI YL) AR R G B 5% A 2
M, AR 2R BEIE R R Y (HSEPR 3 YRIEAE T KY YL AR i 2 3 H Al A 2R A 1
DG FHOF A 6 MMAE iR &, LI YL B DG F8 80K 456 3 DM H Y Jaccard 25X, Gower RELVL K
BRI E , HA MR TPeB B 09 KY YL ARE B AR U BE AR . BH R Zd P TR KRR BB
WA RAFIRAEMAES RS, H7 A0rAn 8 A i H A £6 3 10 A 28988 A 7, 24
PEFE U SRR | [8] hy vh BE T HRE BE 9 ZF ARAEIAE 8 10 H i 2 REVEFE 505 BH B R K25 Sk A PESS
BT LS 3 B AL T BE (U A= bk ZF F0 BH 767 A 8 HEL 10 H rhi%a 30 45 v i A A
PEZF F1 BH J& T TR A, (0 5 3 H i A A e TR T A I E
ENH NTHMAREREZ NI TIB T ESRG, XS RER AL — S5H R 85 Y 2
PSR AEXF UK X P A A TAR(RL) FFA A, 76 B A7 2 v RL A S R A i 22k
PEFRECS T B LA RHS B A THAES RS (AH MR8 H il RS RLAFER K ES  JFHE
TRl — 4R LAY RHS A RL 78 3 /N H 4 th i 2 30 h i AR PR R B A . D3 41, B AR LMK /) BH  RL A0
RHS(62a—63a) MR 53 B L BB IFAFHRL, HAAH R 9 KY T YL(300a DL_L) HiZ 83 B al BT
SERA AR, F2HA S HEV (B AR LR BE S5 AR I A TR LI OE R 3 IR Ay, & PRI 3 H Al 2 4
PEBAT U HH B TP B T i s R AR 0 A SR, AR AR AT LR S A 25 SR AN R AR R TP B2 i i H
BB U —25 , T R SR 0 B35 5

A A R E (AR 25 R G b F 0 BV 45 P T 2 B v EE AR | AR TR] T HIebh i A4 355 i
HAEA L2 5 AN e, T HEXTREA Wb S AR Rl B N 2 R 0 W 3 52 ), SR B TPk B AN 2
T B AR ) 3 A SRRV A 25 S ) SRR R 2R RDIRUK M XS5 E A U AR E AR A T
B, AR R R 2R (YL) Bz TR A 2R AR E 8 R AR MORABIA B85 5, oz AR5
SbF AR A A 1, R I 7 8 A 2 W, FEdb 2 N R RE B oK e, H I sh W AE A A AT, ™ &
SR T H R KT SRS 2R AR B R R VE 2 RE PRI SRR R LD AA AR (KY ) A
Ui 75 It B R B R B ) L 6, ARG A 22 1 N D Hh A BT 43 b R AB AN (R FE BB IR | T Rl 45 4360 ok e
TR R, R TR BE AU AR FIMERR ( BH) Al o 7 5 B A s, 30 7 T 8 AW FpAs o 5 0 10 A 4y
SERCFER NI 2T B IR | M R N A M B AR, AR ECR A R A B B kAR FREAR
LN BRI (ZF) B T [ —Fh TPl i IR AR bR (H SERBR 35 0 i N B AR IR 0 e | - S i B I
FrK 22 AR 3T BB B AR S 2T W PR AR R R RV A A 22 S BRI R TR A
TAR(RL) A2 F/INT 2500 ) FEARRE b AR P SR Fb o — (H R FAS IR 25 I, FLBRUEE K, 1+
EHEACROL R AT, A7 T FHYE , M2 38 B, HLVE SRRV e =E 5, A R 3 K - S Sl ) i A S,
%A, i R KA + SR A ARBOR SRR . X SR AR5 5 A 9 45 SR 2L, R 4k 5 S ot
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ZE A PO L M YA AR N AR AR - 3 Sh W BV A A BIF I 22 B0, SA AR AN AR A A T AR - 3 sy %
3 R TR RS B, HARTE T RAAK B N TR (LR TS YR R | 1500 i A - AL 1Y
B, N A IES W A AR A LD N AR (RHS) MR 8533 H R R I 2 FE AR T 9% i A XAk, J5t
A RETE T L0 R N TR LI IR A T A 9 7 26 PG, B b P b e R 8 T B K, AR e s v

ARSZEA R 10 A 325 WRHZE R BHOAARS R LR EER 2z 7.8 A KR T K IR EEREAR AT B2 i
B 10 H 45325 RN ZE R R B A E b e e P T 10 A 4y 6 ASRETE TP od R ME— 1 £
PR BOE R 7.8 AR AT BTG, UEBA A A (IR IR A5 0E T, e BB D FRL  ZE RS LA A LA
WRERAESNL . BAF TR EE 6 FhARBURE M A PR B 2 | (B A Lo A7 Wy R (%) R AR B50RE 22 ¢
K, I, T RS DRl AR A9 Jaccard FHIME R 5L ¢ BA 5 HU SO BB 400 Fl S AR 80 A0 AR AU 1)
Gower %K Sg%%} , 7 WS [R] A5 ] s 2% B 3 H 8 B AR Y S B L Ee RO i, Jaccard AHARIPE &R
B g WZBALIEE S 0.1250—0.6875, Gower FHAITE AL S, AL FIY 0.0522—0.4525 , BEBTIZ X 6 /bR
FEH H BRI 6 bR B L AR DA WA TR AR DL R B A
PIFP A 29 B (5 SRR EL 65.91% ) 3K UESE T REVE 1Y S B PE B R, R - S S Y R b R A R B A
ZX— M

4 it

ARSI XK FARORPX 6 FfobR L i) i 2 5 3 F i U 7 2L EA T I I, — Ui £ 3 I b 3R B ) i o
TSN PR EORVIE 7 22 BEEAS B AT T DIE i B2 A2 A 12 fH B A6 BE AR ML, 00 Ml 3 1 e e v
ZREMEIFA SRR TR . AT H0B A2 B R 12 DXl 23 BB P A A B 28I R T Ak
TR a] (H A ) W2 52 me) i s SO v 2 U B B I R

Bt R L0 B R TR kol XM Rl “E AR SR P 4 T RO RS B BRI AROL R SR e PR I
HEp AR B AN SR P 45 T (0 BRI SRS TG RUK AR 7 DX AR 25l £ B/ S2 g 4R LA fE )
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