5541 B 24 1) *E &~ 2 Eild Vol.41,No.24
2021 4F 12 A ACTA ECOLOGICA SINICA Dec.,2021

DOI: 10.5846/stxb202012013072

HhSRAT, RBLL, R, Jan Axmacher. K% 220 1 X 62T AL TR 2 REVEIN (R 3 25 0B A 252441, 2021,41(24) :9910-9919.

Ma M X, Song Y X, Sang W G, Axmacher J. Temporal-dynamics of ground beetles in Larix gmelinii forest in Greater Khingan Mountains, China. Acta
Ecologica Sinica,2021,41(24) :9910-9919.

AARIGH X MR EMH T BEESEERN BN
ST

LEAH RS, ZFTZE"", Jan Axmacher’
1 P B, db5T 100081
2 MBFOR 228 82, Y [E WCIE 6BT

FEE DL TR AMMIE KGRI H X AR RO BB, H A 2R B s . B WM S R M ZHEE I HE 7R
YA, A SRR A A AN A W) 2 FEPERRAE R S . W AIFSE IO W 1 X 22 P A ML IR RE 7 AR R I TR 30 2%, 43
T 25 TR 8 % I 1) 22 Ak g e LR, T 2019 4F 5 R RJ—8 H R R S BRI, A I BA BB EA 7E X e T A bK 5 A FEsh bR
X HRRARIL 15 J& 34 Fh 1149 Sk, FHr R 42204 Hh DX BHUBT 20 S Bl 7 Bl b E BT 20 SR 6 B, TFSE 45 SRR LA
H & ( Prerostichus) A1/ H & ( Carabus ) YIFP=F£ & e s 4 H B K EFP 5 ( Prerostichus eximius ) L FE R, %t i 8] 25 4k
R, DR PRSI RS R 2 RE AR D T ORIR DT (4 e 432 25 PR A PR BSCRN ) e 5 e 1) 2 Ak S LA = £ 2 R
B e A 6 A T A 2R SIS BB 7 A BAR G 8 A T A 2R T REMIY SR It 4R Rz [l AH
CHEBAR, LHEHAE 6 A TR 7 AT aXF S5 B A B A3 I BF K 4 I TE SR B AR R gy 6 A A2 7 AT Al
8 A FaF 8 A FAHRIAARM (1>0.75) o YyFFECE AL FIA: T 52 SREME (14 22 REAL (020 T R 9 45 TR bE I ) AR AL B A
S T RNCE AR A AR 16 s S S2 AT DN T A28 3 S M BOR . RS Y BRMRIRIE 251, A0 YOG RN B I B 4 A AL
FEREE AR R WA B R S AR 5T B8 T — 8 MBI SER , S L2206 1l X 1 T A= 4 A M 1) R AR A 0 50 s ol 2
BT —E B RS

KEEIR  PLLTE AL D 2R N S 2

Temporal-dynamics of ground beetles in Larix gmelinii forest in Greater Khingan
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Abstract: Larix gmelinii forest is the most typical vegetation types with unique biodiversity in the Greater Khingan
Mountains, and its biodiversity is unique. The ground beetle is an indicator species for the environment and diversity of
forest ecosystems, as well as a key species for understanding the characteristics of environmental change and biodiversity. In
order to study the temporal dynamics of ground beetle’s diversity in L. gmelinii forest,and analyze the response of ground
beetles to changes in time, this paper collected 1149 ground beetles of 34 species and 15 genera from 5 large plots of L.
gmelinii forest during the active period from late May to late August in 2019, and the pitfall trapping method was used to
collect the ground beetles. Among all of the obtained ground beetles, seven new species were discovered for the first time in
the Greater Khingan Mountains, six of which were new geography record species in China. The results show that Prerostichus
and Carabus were the most abundant genera; Pterostichus eximius was the most dominant species and was the most sensitive

to temporal variation in this study. The main factors that caused the number of individuals and species to show a double peak
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in times were the diversity of habitat types in the L. gmelinii forest and the selection of the ground beetle’s dormant period.
The highest peak appeared in late June. The diversity and evenness index reached the peak in early July, while the diversity
decreased and the evenness increased slowly in late August. The biodiversity indexes of ground beetles were found to have a
low correlation. The ground beetles had extremely significant differences in their adaptability to the environment in different
time periods, among which, they had higher adaptability to the environment from late June to late July. The community
structure of ground beetles was very similar from late June to late July and early August to late August (/>0.75). The
changes of feeding characteristics and life history strategies resulted in significant differences in the indices of ground beetles
over time, while the changes of species feeding characteristics and life history strategies were greatly affected by
environmental factors. The active time of the ground beetle was longer in a stable forest climate, and the ground beetle
community structure was more similar. The results provide a theoretical foundation for ground beetle temporal dynamics, as
well as a theoretical and data basis for the formulation of underground biodiversity conservation and management strategies in

the Greater Khingan Mountains.

Key Words: Larix gmelinii forest; carabid beetles; diversity; temporal dynamics

AW (A R 2R B E D R R —  CE R YR 4 T 2R iR
P UREE G AL NG S ], (825 HOR RIS L B B I SRR ) PR AR I OB AT o B AR 1 S SR i fe
AW TZ AT TAMAESRE JHNEEREZNME T LSRN R ES RGEY 2R
R B AR e DL A AR PR ) e RS 78 A SRV SRy IR 5 AR R g Ao

ZITFER WAL P ZREVERERT RS B B3 22 5, B R] AR 28 R G oAb R AR AT A [R] B s ] Be A
2RI SR 0 FER A RN AR 2 RS T T AR B v AR A e R R
PRI 25 BRREE K LA BT /INA B8 A5 19 28 A% 25 R 0 43 A R B2 BAT 88 255 0 202 AR [R] B 91X 4 B
B 2% RIVHE B 23 R B P T P A8 PR 22 S 50K, MK T W b 2 AR PR TR Sh AR R BN X 22 5, R 2 By 3
DXRIFFEE SR, 25 HP 2 R T 3l 25 B B 20 A D BRI 7 45 2R v e Bl WU AR 272 2 At
AP TARZEAF AR, AN RIS XA R I 1] 30 285 14 e A [

LTE R RABRATE SRy TR 20 3 IX F 4 e A W PR 8, X B [ R et X A= A R T RE A A4 By —
SE B M PR A W S I TR] 2 A Al PR R B 95 P 35 25 11 2 PP 5k 40 1) 30 2577 A CE RE A R
B W A ) 2R U 2 R RGN SR 2R TR TR S A0 AR BB R 20 T A A T35 S SR A L b B 4 4%
VR S HT 2RI 2R, ARSI ARACD B G BRI SR AR, WIROK P78 1748
ZREVERIIT R B2, J AT 1 20 FORT s ] A rg o S5 I, LA A PR 2 Y s ] 8 2 S T 5 B — i Y LI
i, A RG22 W 3 DX 3 T A= ) 22 AR P DR 554 B S (A S R A0

1 HRMXEARTE

1.1 XL

WFFEIX N B VLA V4 b 70 R % 22 e il DX P o [ 8 9 F AR DR 701X, Ml Ak P e DX ), JE &5 1230127 —
123°37" JR4: 51°30'—52°2" Z [] , SR XK 8 FE o 562—671 m, J& &R AT KBhivE Z WA, A K B, 5
FRPET ] 6—8 H, H RIS IK 17 /it BRI 22K, Bk 4245 130 KZEAT, 4 T 2B K & 476 mm
ARMRE RIS 60% LA b, Hualy PR 0 LA S22 3 v o D0 3 9 BA S B I RO 32, 32 2 24 L 98 TR (Larix
gmelinii) FiT#5( Pinus sylvestris var. mongolica) FARE ( Betula platyphylla) 41} 75 4% ( Picea koraiensis) | 11145
( Populus davidiana) % , J&:3% EARICEZL A S SRR E R HFME T X,

WS RE M B BURE BY 7% A MK ( Rhododendron dauricum-Larix gmelinii Forest) | #:4F & I #A MK ( Ledum-Larix
gmelinii Forest) E Fi 1AM ( Coniferous and Board-leaved Mixed Forest) . FHMEZA#K ( Betula platyphylla Forest) |
DL R AT RAEEMK( Pinus sylvestris var. mongolica)5 FFHLAIZRAIRIHY | K BE 78 AT A LIS ZETE 0N Ry 32, T

http ; //www.ecologica.cn



9912 JAE = 41 4

ARIZJFERG A S LT AR M TR AT AR LA PE AR 3 FERG AL R ZEAE AR, i
TRSERTEAR LIS IE S FIHE R 2 VER)ZE F B RGELRAG AT, FIRELlR 2R oy M, R )Z A RS A5
FEF AR RN TP ERZ EZ RS S5

1.2 B SR s e

PEBUIFFE X ELAT AR MEY 5 Fh ARSI T Sy BBORE [X 8, B AR AR TR ik 8 4 IR 50 m DL EA920 mx
20 m KAEHIAE A, LAl G G iy 0 L B KRR E 4 0 G DR L KRRl 4 A4
10 mx10 m FEH 25 B2 B E 10 mx 10 m AEHB P2 B, B AL BRAT , XF A1 20 mx20 m AR LAY
4 A H A R R AR B 025 W EA T i AAR B

AW BB R BT R 13.5 em  HAR 7 em BYEDEIAR B B SRR R 2/3 IIRRIE 36K I AGE
PR FT R AR B F 5K 0 F B W T SRR A AR 0 5 R T 55, ELARRE 55 3 2 (RIS A 4%
B ZEREAR T IE 75 6 em ARBEE 10 emx10 em 42J& 35 AR (LA TE Y75 AM R IR BEZE %

SEURE IS () 255 P AL 4 1 20 W AR IG BRIDT (2019 4 5 A T R1—2019 4F 8 A T ) , Wil & I I iR, &
B 14 JXF 20 B HEA T [mUAC, A o K DTS — K, 20 HY BLARBR AR [ st 8] S 75 B S H FA)CEA BT
LA TR A B A T3 6 IR BT A5 B ERAES i rf MR R 27 s e U S
1.3 oWk

Yy SR FH 1 3 B e £ (40 a0 DR A e R T bR 0, 2 L R e A e 2L AN S e o
JERIA ST HDY | Fext BT RAESIARA IR T R B B 28 A 22 5 A5 B 0 45 v, 2 i 2R R i 5t T
BTN BH ORE BN TE o, S HAA G2 B S A R e 2 AR BT R T 22, W B R & 7 2
XTI X SR A B b A R L,

K Berger-Parker it 3848 B0 46 W Fh b A TR 5B R 403 Al W = N/N, DA ASCR: | 43 4
et 5% K UL FR LR, K KT T 25% ALY R 40T 0.5%—5% Z 18] (15 0.5% ) A WA
0.5% VAT JHeA Pl , K /NF 0.19% A D,

5 F 2R EA P HE B T4 AARBOE TR REAR TP B AR, AR N= N R B R
FEA AL S ) SRR, A 2R < S =i ZHEMEFE BRI Shannon-wiener ZFEVE, AN H' = - Y, Pln P, ;3J%)
FEFRBGEIL Pielou 251 , AKX N . J=H'/InS 5 TEXP N IR Z B, S NWFP I, H W ZAEHETR R T M
WS R E NS« AR AR, PSS | R SR R R g E B LB B P, = N/N

FERLE R fH T Jaccard AHUEE, AR 1= C/(A + B - €) 2, A F1 B 4351 W el £ 55 25 280 (54 4 Fel
B,C R 2 AR R A IR R, T4 0.00—0.25 I, AN ARAL ;T 24 0.25—0.50 I, S &R AR L ; 1
4 0.50—0.75 B, A HhAEAARL 1 24 0.75—1.00 B, S ARAEAL . X5 I A3 Ak A% B AR S R A WA FESS
URIBURE B[] P 7 5 3 | AR AT A (A 1) A8 A 3l 43 Ay BRI A0 £ 2 o A XL A2 Ak A o3 S 6 A T 50 #T
1.4 HdEabi

FIH Excel 2019 #AF X} E GG BE HE1 T AL B, Py Fh R SR 26 F R 444 vegan " 1 [ “ specaccum” PR
B, ZREMEFREG A R 8 “vegan” fH Y “ diversity” PREL, AS[RIAH ] B 2 REVE 22 5 400 FL 35 PEAG:
55 Pearson AT LA KT R B3 HE SPSS B A it 47, i Origin A2 )25 B Z2 6145 B8 A ity
2%, {dH Photoshop A5 & #E 47/ WAL B

2 HRE5HS

2.1 DLLVE I RAMOD T 2K
1.2.1 A HYF R R

W 1 BRI AR R ot , 2R o L #3081 22, R UCR AR 2] 128 H Y Fh g
S AR I I X SR 25 B A, S mT AT 0 — 25 43 #T

http ; //www.ecologica.cn



24 4] HhSRHT AR ROGZLN Ml X D20 R MR BB v 2 A PRI ) B 25 00 B 9913

1.2.2 DRk A Mol R 20k

ARPWHR AL H 1149 3k SRJE T 15 J8 34 Fh (&
1) o KM Berger-Parker {348 EO0 20 4 A HE AR 47
e Rl o5 . 25 WoR  FEAR AR R (RS
Fe=5%) 4L 5 B, 5 SRR 14.71% , Hopa g0
JEREFT S(Pr. eximius) NI EF W WY F LTS :
Wi 2 5 ( Pt. interruptus) | Jg 2| ( Ca. hummeli) i 0 ' A . A A | |
14 ANl 5 IRNECY 41.18% , T PRI 3 P 4 ¢S B 0

KAk AN Numbers of sampling plot

W (Ca. kruberi) 55 15 DMFN, b7 SIFIELHY 44.12% ,
TR MR 9 Fift E1 SRYMAR L

Fig.1 Species accumulation curve of ground beetles
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Table 1  Composition of ground beetles in Larix gmelinii forest

JF5 MR ey P MR

Species  Number of % . Species  Number of %
Species name

W%,

Species name

number  individuals number  individuals

T T R o S KR
. %J " E*Eﬁ . Sp34 302 26.68 - ﬁ%JEﬁ x Sp33 178 15.49
Pterostichus eximius ™" Prerostichus dauricus
HHW Carabus canaliculatus Sp32 164 14.27 BB Prerostichus adstrictus Sp31 106 9.23
Y4B Carabus vietinghoffi Sp30 88 7.66 Wil B Prerostichus interruptus Sp29 54 4.70
JBH Carabus hummeli Sp28 49 4.26 RIAH Carabus billbergi Sp27 36 3.13
LA FBAEFN 1 Nebria gyllenhali Sp26 27 2.35 2 R AE RN 2 Amara brunnea Sp25 25 2.18
B EFh 4 b
= %imﬁﬂimﬂ s Sp24 18 1.57 Kﬁ%q} Sp23 14 1.22
Prerostichus saxicola ™~ Leistus niger
s S5 411
TR RATER 1 $p22 12 1o || FASTEAERI Sp21 1 0.96
Cymindis vaporariorum Poecilus lamproderus
N 2 o 3 e Y 22
ﬁ%i‘zﬁ)ﬁi/{ﬂ] . Sp20 10 0.87 %Elﬁiﬁ%iﬂf‘ . Sp19 9 0.78
Prerostichus discrepans * Prerostichus morawitzianus
BLHIEARERM 1 By S
1 7 .61 17 .52
Bradycellus glabratus Sp18 0.6 Carabus arvensis S 6 03
2% SEF 2 }
L%?WE*M{J Spl6 6 05 | EEE ‘ Spls 5 0.44
Pterostichus cancellatus Carabus krubert
WRkagLm WA m AR 2
Spl4 4 0.35 Spl3 3 0.26
Prerostichus jankowskyi P Notiophilus breviusculus P
BAHRAERM 1 . WA B ASER 1 .
Badister bullatus Spl2 2 0.17 Amara magnicollis Sl 2 0.17
4 /i SERI
PR Spl0 2 017 | EALHEAER Sp09 1 0.09
Carabus macleayi * Bembidion elevatum
1 JE A e sz
Tachyta JRAKER 1 $p08 I 00 | ERAHIEAER I Sp07 1 0.09
Tachyta nana Synuchus intermedius
WA T RAER 1 A SER 1
B AER 06 . 000 || EETIEAER 8905 1 0.09
Pterostichus sp.1” Notiophilus fasciatus
) o ok )
S MBAER 2 Sp04 1 0.09 LP+,}‘$EP Sp03 1 0.09
Harpalus sp.2 Harpalus sinuatus
s = BT
LW RAERM | $p02 : 0.09 Tl A B ASE R 1 5901 : 0.09

Harpalus major Agonum sp.1

(1) REE = = PN E PR, « A RMSZISHXHZLFIF; (2) Sp:HFHHEF Species number; (3) sp.: A& A YIFT5 undefined species number;
(4) RELWFNTZHIENHT
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(15 M@ PR (22 Fl) AR (244 k) 5 MK, 5051 33.33% ,35.29 f112.01% .,
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Table 2  Composition of ground beetles in Larix gmelinii forest during June-E-August-L in 2019

Py 6 LAl 6 A T4 7H A 7THATH 8 A LA 8 HTA
Species June-Early June-Late July-Early July-Late August-Early August-Late
B YRS MK MK AMAK MK MK MK
Genus name Species Number of %  Numberof %  Numberof %  Numberof %  Numberof %  Number of %
number individuals individuals individuals individuals individuals individuals
e 2L Sp34 88 5269 76 3115 59 25.99 18 11.61 12 5.50 49 35.51
Pterostichus Sp33 56 2295 45 19.82 50 322 17 7.80 10 7.25
Sp31 26 1557 26 1066 32 1410 11 7.10 7 321 4 2.90
Sp29 1 0.60 8 328 30 1322 5 3.23 4 1.83 6 4.35
Sp24 15 8.98 2 0.82 1 0.65
Sp20 3 1.23 3 132 2 1.29 2 0.92
Spl9 6 3.59 2 1.29 1 0.46
Spl6 3 1.80 1 0.65 1 0.46 1 0.72
Spl4 1 0.60 2 0.82 1 0.46
Spo6 1 0.72
KA Sp32 109 50.00 55 39.86
Carabus Sp30 2 1.20 6 246 19 837 31 2000 27 1239 3 2.17
Sp28 3 1.80 13 5.33 14 6.17 3 194 11 5.05 5 3.62
Sp27 7 419 26 10.66 3 1.32
Spl7 1 0.60 5 2.05
Spl5 4 1.64 1 0.65
Spl0 1 0.41 1 0.44
B HE Sp04 1 0.65
Harpalus Sp03 1 0.44
Sp02 1 0.65
g Sp25 5 2.05 8 3.52 9 5.81 2 0.92 1 0.72
Amara Spll 1 0.60 1 0.41
A Spi3 1 0.65 2 0.92
Notiophilus Sp05 1 0.60
02 H I Nebria Sp26 9 5.39 10 6.45 8 3.67
A HE Leistus Sp23 1 0.60 2 0.82 3 1.32 7 3.21 1 0.72
A RS Cymindis Sp22 1 0.41 6 2.64 3 1.94 2 0.92
HHEWIE Poecilus Sp2l 2 0.82 3 1.94 4 1.83 2 1.45
B HE Bradycellus Sp18 2 1.20 2 0.82 1 0.44 2 1.29
H R Badister Sp12 1 0.41 1 0.44
HEZR: I8 Bembidion Sp09 1 0.4
SRR E LIS Tachyla Sp08 1 0.41
WA H & Synuchus Spo7 1 0.46
AR 8 Agonum Sp01 1 0.41
A1t Total 167 100 244 100 27 100 151 100 218 100 138 100

A REA T B & (Prerostichus ) MK AW & ( Carabus) F 5 e, WA HE MNMEAEAE6 AT
Ak i IR ECE 7 A AR 8 A E A iR (KA H B AMAREE 8 A Ak m g Wi EtE 6 H
THAE W, WL W IR R EM 5 (P eximius) MEEE 6 H FAKESE, XS HELE P H
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Fig.2 The temporal dynamics in individual number of ground Fig.3 The temporal dynamics in species number of ground
beetles beetles
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Fig.4 The temporal dynamics in Shannon-wiener diversity index Fig.5 The temporal dynamics in Pielou eveness index of ground
of ground beetles beetles
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H A A BRI, BB

2
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THTA
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Fig.6 Correspondence analysis between single peak species of Fig.7 Correspondence analysis between double peak species of
ground beetles and sampling time ground beetles and sampling time
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PR R H 22 FE Y 4 75 W i A0 5 SO i R A7 135 A0 T R 5 L 2D H A R B i 5 0 1 S TR =2
—o XA EFBFTEL AL % X R A PR LR, o B L 44.15% , TTRERY
JEIRUR , P2 P A AR B Z RV B AR B AR ARG I IO REAL B AR /NA S5 X RS 26 A AT e i e —
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Table 3 Similarity coefficient of ground beetles in Larix gmelinii forest in different months

el 6 H 14 6 AT Al 7 H LA 7THTA 8 H 14 8 HT I
Sampling times June-Early June-Late July-Early July-Late August-Early August-Late
6 A I-fi] June-Early 1

6 J T4 June-Late 0.77 1

7 A 1-A] July-Early 0.70 0.90 1

7 A FA] July-Late 0.25 0.67 0.73 1

8 H If] August-Early 0.05 0.11 0.15 0.22 1

8 A T ) August-Late 0.59 0.53 0.50 0.23 0.78 1
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SEAE T SRS SN, 22 v T RA MRS (4 A W) AR PR AR T A B BN AR AL, 254>/ A B8 PN 28 F A 2R 36
AL AARTR] , S R0 I BRI B — 5 14 2 S 202 IR, 6 /A0 A% 1205 P A X, — AR e 7
G R B AR 1) T ARSI IR, 258 AR 005 3 LURERIR BRI 17 P A 20 g (R L PR BIR Py —
AROSE AT AR BRI, R AR 436 ol 12l DX A PP ) 78 B0 02 A BS0 H IR 25 ORI, 3 B0 22 v A AR
AR AR 7 AR R 8 A b A)H BER T/ i

B Z R RS B S SRR 7 H Ak R g, 8 H T ) SRR SR RCEURI R I A BE RS RO 22 1
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HAR R SR 22 S PR 2 BTG BRI IR S W A B AR AL 2 RS2 3 X 8 TR ARSI B T 4R A
THYAEIIEAZE AT S PR X AR BORE I T e B =2 1) | S BOZ 20 F AR B AR S 2 REPERRAIR,
MY~ N8 ETt .
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FHAL, 25 HOR BR e W1 B i 7 IR 8
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