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Analysis of the dynamic spatial pattern of adult Coleoptera communities at fine

scale in a temperate deciduous broad-leaved forest
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Abstract; Spatial patterns are an important consideration in soil animal community ecology, as they form the base for
pattern-process research and the mechanism of biodiversity maintenance in the soil animal community. Spatial patterns of
soil animals have been studied over several years, but remain unclear at small scales. Spatial explicit research based on
geostatistics helps to reveal the spatial patterns of soil animals at different spatial and temporal scales. This study was
conducted to investigate the dynamics in the spatial patterns of adult Coleoptera communities in a temperate deciduous
broad-leaved forest at Maoershan Forest Ecological Station, Heilongjiang Province. Three replicates ( Smx5m plots for
Sample A, Sample B, and Sample C) were set up. Each sample plot was divided into 25 squares with 1mX 1m subplots.
Geostatistical methods were used to reveal the spatial patterns dynamic of Coleoptera communities. Pitfall traps were used to
collect the ground-adult Coleoptera beetles. This study was conducted in August and October in 2014 and in June and

October in 2015. Global Moran’s I index was used to explain the spatial autocorrelation of the abundance of Coleoptera
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communities and groups. Spatial semi-variogram was used to determine the spatial heterogeneity of the abundance of
Coleoptera communities and groups. Furthermore, a combination of a cross-variogram was performed to identify the spatial
relationships between different Coleoptera groups, while the ordinary kriging method was used to map the spatial pattern of
the abundances of Coleoptera communities and species. The main results are as follows: the survey captured 1021
individuals belonging to 11 families and 29 groups. Coleoptera adult communities showed significant spatial and temporal
variations at different survey times. The coefficient of variation indicated that the Coleoptera communities had strong spatial
variability at all survey times. Moran's I coefficient results showed that the abundances of adult Coleoptera communities and
a relatively small proportion of the Coleoptera groups at each survey time had significantly positive spatial autocorrelations.
The spatial model could be fitted by Spherical, Exponential, Gaussian, and Linear models. According to the C/C,+C
values, spatial heterogeneities of the communities and groups were mainly influenced by random factors or a combination of
structured and random factors. The structure proportions of some groups showed a pure nugget effect resulting from sampling
errors or spatial variability occurring within the minimum distance interval (1 m). For each community, the results of cross-
variogram showed that the spatial relationships between different adult Coleoptera groups were complex at multiple scales,
and non-existent, positive, or mostly negative spatial relationships were all observed. The C/C,+C values demonstrated that
the spatial differentiation of adult Coleoptera groups were mainly influenced by structured factors or random factors. Maps of
ordinary kriging interpolation showed that the spatial patterns of Coleoptera communities were significantly different at
different survey times. These results showed that adult Coleoptera communities obviously aggregated in spatial distribution at
a small scale (5 m). Spatial relationships between different groups were complex and unstable. In summary, the above-
ground Coleoptera adult community has obvious spatial heterogeneity at the small scale, and the dynamic spatial
heterogeneity is obvious. However, this study was conducted at a fine scale of 5 mX5 m, and studies at both larger and

much finer spatial scales are needed.

Key Words: fine scale; spatial pattern; dynamics analysis; Coleoptera; Maoershan Mountain ; temperate deciduous broad-

leaved forest
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— A S ARG FERT AT AE 7.8 A6y AR R K iRy 629mm ™ SR M R E AE AR 29 60 AR 1 TR
VR RE AR, A2 S 2 18m, 1458 S SR s BRE b AT A B I B BAE ( Corylus mandshurica) i
(Ulmus pumila) . 4 W B2 ( Rhamnus diamantiaca) . B8] 2F ( Padus avium ) . 11 ¥E ( Betula platyphylla) . T 7F
( Syringa oblata) . W F ¥ ( Filipendula palmata) . %% W3 ¥R ( Urtica angustifolia ) . 7x AL 2 1 17 ( Aegopodium
alpestre) FEES L ( Maianthemum bifolium) F111 75T ( Brachybotrys paridiformis ) % .
1.2 FEMBCE S BFAMRA Tk

T 2014 4 6 HAEWTFE XN SeBaAH X P 3H iy s B LI & 3 MG IA] B 50m DA E 1Y) SmxSm FEHE , 24>
P RAE BT 5L 95% L | 43 BiiC ke A (B (C, [R]IRKE B AR DL Tm R [RIBG X5 43 1 25 /N ERLITA%
T 2014 4F 8 H CREEMIIRIF-2 RS B KT DL - 18—26°C W5-FEFT) (10 A (0—15°C 2 =-1) #2015 46 A
(13—24°C P - ) .8 A (19—28°C HH-FEHT) (10 A (1—16°C | HE-FE T ) B B AR 2 3 H R ol
I T AT NaCl TS EE TR OR A S 35k, AN 2R Wl T3 8 ) 0 16936 3, B Lk X BRI 75 G 14 [a] i g
ARARAF RO R R S 1R R A S 36 FH 40 (AR Tem ) ZE IR 28 LR AZ — N RNV i
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FEVR 7K T-:2014 4F 10 A FEHL A JC25 ] B ARG, HAR T 0y #5358 H SR 3 6 B2 3 B as ] 1 3 ARODC 1, Horp
2014 4F 8 JFEHL B .C,2015 4F 6 J A3 A (B (C F1 2015 4F 10 HFEHE B 22384 RUEE 3420 35 b 25 8] 1E I AH
KPE(E 1),

BREAR A 2B  2s [H)0E H ARG, Ho 2014 45 8 A AEHE A 1Y Aulonocarabus canaliculatus ;2014 4F

YAB(h) = > V[ ZA(xi) - ZA(xi + h) ][ ZB(xi) = ZB(xi + h) ] (4)
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8 HHR:#h B Morphocarabus wvenustus ., Aulonocarabus canaliculatus; 2014 8 HEEHL C 1Y Prerostichus
maoershanensis . Aulonocarabus canaliculatus F1 2015 4F 6 H ¥EHL A [ Pierostichus maoershanensis . Carabus
billbergt ;2015 6 HEEHDL C 1Y Carabus billbergi .Carabus arvensis TEEEA 2SR R |44 e F i 2s [8] IE | A oG,
XL Ay P A Oy AR H A A A WA R HABAEAE S ) F AR SCHE R ZRRE  AUFE R — 25 R UK |
BA W2 W25 0] 1E F A, sl B 25 (8 RO BN 38 i 2 [a) 0 A A G . & H i S RA B =8
) [ AH 5 SR Lo 20 01 R . 2014 4F 8 A AEHE A (22%) \B(31%) .C(33%) ;2014 4E 10 HFEHL C(0%) ;
2015 4F 6 JIFEHL A(44%) B(40%) \C(46%) ;2015 4F 10 HFEHE A(25%) \B(50% ) .C(67%) (£ 2) .

F1 $PERBBTEN Moran's I R

Table 1 The Moran's I Coefficients of Coleoptera adult communities

T [6] -A0E Hb - E|#E B Separation distance
Time-sample Im 1.5m 2m 2.5m
2014 4 8 H-FEHL A August 2014-sample A 0.2091 0.1996 0.2275 0.2190
2014 4F- 8 A -4 B August 2014-sample B 0.4514* 0.5080 * 0.4996 * 0.4472 "
2014 4E 8 A -#EH C August 2014-sample C 0.3056 * 0.3844 0.3794* 0.3277*
2014 4E 10 H-FEHL A October 2014-sample A 0 0 0 0
2014 4 10 H-#£# B October 2014-sample B 0.2191 0.2739 0.1709 0.1826
2014 4F- 10 H-EEH C October 2014-sample C 0 0.3427 " 0.3655* 0.2284
2015 4E 6 A -FEHb A June 2015-sample A 0.3883 " 0.3542 " 0.3637* 0.3662 *
2015 4 6 H-#£H B June 2015-sample B 0.9621 " 0.9519" 0.9594 * 0.9280 "
2015 4 6 H-FEHL C June 2015-sample C 0.6897 0.7112* 0.6791* 0.6978*
2015 4F 10 H-F£# A October 2015-sample A 0.1361 0.2088 0.3515* 0.3097 *
2015 4F 10 H-EEH B October 2015-sample B 0.5831* 0.6017 * 0.7508 * 0.7035 *
2015 4F 10 H-FEHL C October 2015-sample C 0.4389 " 0.2814 0.1760 0.2558
* TN IH H R RS A () 5 R DT
K2 FEi C BWBERHRIEER Moran's I R
Table 2 The Moran’s I Coefficients of Coleoptera adult groups in Sample C
5[] pisyicd 43 E|IE B Separation distance
Time Group Im 1.5m 2m 2.5m
2014 4 8 A August 2014 QC7 0.1112 0.1390 0.4181" 0.5381 "
QC11 0.8455 " 0.5033 " 0.7629 " 0.5542 "
QC13 0.0625 0.0469 0.0500 0.0625
QCl15 0.2000 0.1563 0.1833 0.1875
QCl17 0.1746 0.1486 0.1331 0.1455
QC18 0.4648 * 0.6409 * 0.8163* 0.7395*
QC20 0.0375 0.0313 0.0333 0.0313
2014 4F 10 H October 2014 QcCl1 0 0 0 0.2831
2015 4% 6 A June 2015 QC9 0.4424~ 0.2287 0.1730 0.1524
QCl11 0.4425 0.7150* 0.1214 0.4574 "
QCl13 0.9020* 0.9281" 0.5836" 0.8133"
QCl4 0.6340 " 0.6847 " 0.5438 " 0.4807 "
QC16 0 0 0.3157" 0.1973
QC18 0 0 0 0.3946 "
2015 4F 10 H October 2015 QcCl1 0.3445* 0 0 0
QCl13 0.3445" 0 0 0

QC1: Jb 77 16 38 W, Nicrophorus tenuipes Lewis; QC2: ik 5 B 46 38 /| Nicrophorus dauricus Motschulsky; QC3: PU & 1€ 3¢ H' | Nicrophorus
quadripunctatus Kraatz; QC4 ; £1. 3 f£ 2E H' | Nicrophorus vespilloides Herbst; QCS5: % B € 3£ ', Nicrophorus praedatro Reitter; QC6: 7~ & B 3E B |
Dendroxena sexcarinata Motschulsky; QC7: 256 ZE 1 | Phosphuga atrata Linnaeus; QC8: B ZE B, Silpha perforata perforata Gebler; QC9: /)N ZE H |
Sciodrepoides fumatus Spence ; QC10: Pterostichus ( Metallophilus) heilongjiangensis ; QC11 ; Pterostichus maoershanensis, ; QC12 ; Pterostichus audax; QC13;
Carabus billbergi; QC14; Carabus arvensis; QC15: Morphocarabus venustus; QC16: Tomocarabus fraperculus; QC17: 431 4 H | Megodontus vietinghoffi ;
QCI18: Y82 W, Aulonocarabus canaliculatus; QC19:Amara sp.;QC20: Acoptolabrus schrencki; QC21 ; Acoptolabrus constricticollis, * 37~ ¥ 38 B Bl d 2t
23 (] [ RH DGV B3 5 SR A S IR 2 AR B I ST RUBE AR AEAE 25 [B] A AH OGPk
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3 B R I B SR LS BRI A . 2015 4F 6 T REHL A T 2015 4F 10 A AR C A EIREIAY 2015 4F
10 AFEH A B A FEBOBAL, Hof B 2 MY (3R 3) o FTARFE Y Co 3R T 0, BERH S H il dUlE Vg F o B2
()20 7 22 B P S fE e e O 2% RIAETE R AR IR 25 BIURUEE 2 ()48 59 55 R B R I B 3000, BEVE 254 1 ¢/
(Cy+C)TE 2015 5 10 AFEHL C A-F 0.25 5 0.75 Z (8], FBA 0 v SR 1925 (8] B AH G , HLH 2 (] 48 55y B
HLPER Z gsvE I KL AP e 76 2015 4F 6 A FEHL A 2015 4F 10 AAEHL A B ¥k F 0.75, £ %3 18] 4 AH
KRR, G AP PR 25 | A 24 1 5 o 1A o) ok o s Jea e 2 24 s AR VR 30 0, 4l & %000, Ui A 1
s ) AR S5 58 4 R BEAL IR 2 PLE

®3 HBBERHAENFAEREEERENTESRESH

Table 3 Theoretical models and corresponding parameters for semivariograms of adult Coleoptera communities

Hule (i HEY - Mg EF
. . R 3 st P AR ear
Sk 1] - b, A Nugget Structure . Residual sum Coefficient of
. . . . Proportion o Range
Time-sample Model variance variance sill [C/(Cy+C) ] of squares determination A/
m
(Cy) (Cy+C) 0 (RSS) (R?)
2014 4 8 A Bt A
Lin. 1.004 1.004 .012 . 2.2
August 2014-sample A in 00 00 0 0.0123 0.388 36
2014 FEHL B
014 4 8 A-FE b Lin. 0.959 0.959 0 0.247 0.081 2.236
August 2014-sample B
N =gt]
2014 4 8 1R C Lin. 1.246 1.246 0 0.534 0.023 2.236
August 2014-sample C
2014 4F 10 A -#EHb A
October 2014-sample A Lin 0.123 0.12 0 <0.001 0.105 2.236
2014 4% 10 H -#ith B .
October 2014-sample B Lin. 0.284 0.284 0 <0.001 0.882 2.236
2014 4F 10 A -FE4b C
Lin. .1 .1 .001 . 2.2
October 2014-sample C in 0.190 0.190 0 <0.00 0.067 36
2015 4 6 A -FEi A
Sph. 0.097 1.116 0.913 0.0176 0.406 1.430
June 2015-sample A P 0
2015 4 FEHL B
015 - 6 J1-HE b Lin. 0.758 0.758 0 0.029 0.002 2.236
June 2015-sample B
2015 4 6 A -ﬁéf@‘ ¢ Lin. 1.376 1.376 0 0.690 0.049 2.236
June2015-sampleC
2015 4F 10 H -FEHb A .
October 2015-sample A Exp. 0.049 0.313 0.841 <0.001 0.098 1.041
2015 4 10 H -#£3th B
October 2015-sample B Exp. 0.007 0.316 0.977 0.977 0.338 1.374
2015 4F 10 H-#E#b C
10 A-HE0 Sph. 0.104 0.363 0.713 0.01 0.325 2.177

October 2015-sample C
Exp : 88U 7Y | Exponential ; Sph ; BRIRAEHY | Spherical ; Lin ; ZE AR R | Linear

KB % 2014 4FE 8 A FEHEL B 2015 4F 6 HFEH B 2015 4F 10 AAEHL A C 4b, SV E R IH —F X
DL SRR A M SR PRSI e HRE ML € 7F 2014 4E 8 H 1 2015 4F 6 H X PR HH A 100% F1 76.92% 12
TG MR PERIRL (R 4) 25 LR 0, 2084 A0y 3 MRS TR /N T Tm AYZSHE HUH BLZE 2014 4F 8 A M
2015 4F 6 HiX i Ar v 8RR T 4m B9ZERE U BT 2014 4F 10 H #2015 4F 10 H X RHA
2.3 B E B Y 2 ] OGP

R ] RS e A 2 T DG IBC  PRT s () 2 () AR ki A BT 28001, 330 1 A 3 97 1 A A7 A 2 ) SR I
AR e 2 o] HAT AN 9 28 (B VR FHOC 2R |, P 2SR 1R] 79 25 (] SCIEPEZE AR TR JE 2 3 4 RS [R) ) A A b I F R
LA — SRR, (A 55 0 E R FE R U R AN [ b oo Uy 2 30 R A ] 1) 28 [B) SCIC . 2544 LL R
AR Z A1 2 () DI T A o B 25 A0 1k R R sl Bt L PR 3R o — R s I 45 51, &5 H D 7 e — S R
FETEZS (B SCHRYE  FEH C JU WS (R 5) o A HEHbAE BRI A A A I —F 80— A2 Z a2 A
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K, SRR FE 735310 0 :2014 4 8 A FEHL A (63%) \B(43%) \C(50%) ;2014 4 10 J C(100%) ;2015 4 6
AR A(36%) B(50%) .C(36%) ;2015 4F 10 AFEHL A(33%) B(83%) .C(50%) .

F4 M CHOUBMHEEBENEFTERYERERNTHRRESH
Table 4 Theoretical models and corresponding parameters for semivariograms of adult Coleoptera groups in Sample C

Yol AL mE MERER

A
Fisf [61] - HHE FEi7 Nugget Structure i l.t Residual sum Coefficient of

N . . R Proportion L. Range

Time-sample Groups Model variance variance sill [C/(Co+C) ] of squares  determination A/
ol ~ m

(€Co) (Co+0) ’ (RSS) (R*)

2014 4F- 10 H October 2014 QC10 Gau. 0.041 0.124 0.666 <0.001 0.872 4.971
2015 4 6 J June 2015 QCo Sph. 0.022 0.218 0.896 <0.001 0.999 2.120
QC14 Sph. 0.010 0.529 0.981 <0.001 0.000 1.000
QC15 Exp. 0.000 0.050 0.998 <0.001 0.016 1.554
2015 4 10 H October 2015 QC11 Sph. 0.000 0.077 0.999 <0.001 0.886 2.166
QC13 Sph. 0.000 0.058 0.998 <0.001 0.732 2.147
QC18 Exp. 0.000 0.025 1.000 <0.001 0.016 1.545

Exp: #5505 | Exponential ; Sph : BRI Spherical ; Gau. ; 25 WK | Gaussian , , 885 7 {5 A AEFEH 1 H IO SERE 10L& W LORBETY | 454 [
A0 ZEFEACAS L2 2.

F5 2014 &£ 8 AR C $BE B RAEHFHZ BR = H KBS
Table 5 The spatial relationships between adult Coleoptera groups in August 2014 in Sample C

g e DERE g g g e DERE g A
Groups SRatlal  determination Proporllofl Range Groups bp.atlal  determination Proportion Range
relationship (R?) [C/(Cy+C)]  A(m) relationship (%) [C/(Cy+C) ] A(m)
QC3xQC7 i 0.353 0.999 8.556 || QC11xQC15 iE 0.983 0 2.236
QC3xQC10 1 0.034 0 2236 | QcrixQc17 i 0.203 0.999 1.567
QC3%xQC11 7 145 0.999 1.643 QC11xQC18 il 0 0.005 2.236
QC3%xQC15 1 0.518 0.997 2.31 QC11xQC20 iE 0.067 0.999 1.594
QC3%xQC17 il 0.522 0.999 10.407 || QC13%QC15 i 0.15 0.999 1.732
QC3xQC18 iE 0 0.982 1.152 QCI13xQC18 iE 0.608 0.856 5.51
QC7xQC10 i 0.121 1 1.479 QC13xQC20 il 0.62 0 2.236
QC7xQC11 t 0.285 0 2.236 | QC15%QC17 il 0.796 0 2.236
QC7xQC13 iE 0.755 0 2236 | Qci5xQc18 il 0.726 0.999 5.786
QC7xQC15 i 0.563 0 2.236 || QC15%QC20 il 0.522 0.999 10.407
QC7xQC17 iE 0.038 0.792 1.402 QC17xQC18 i 0.161 0.974 1.406
QC7xQC18 i 0.162 0 2236 | QCc17xQC22 i 0.179 1 3.37
QC7xQC20 7 0.457 0 22336 | QC17xQC24 iE 0.074 0 2.236
QC10xQC11 i 0.085 0.605 9.558 QC17xQC29 il 0.62 0 2.236
QC10xQC15 1 0.522 0.998 10.407 || QC18xQC20 iE 0.989 0.999 10.407
QC10xQCI18 il 0.193 0 2.236

CIETFORIEMIZENE:, 517 FOR ORISR, 702 P oA B SR 2 [ B AT A A S

2.4 SR RO SR LA 25 8] A A R
S T SRR 1) 2 T 3 A1 4 J ol 2 AR A 052 1) A8, B ol vy {0 3R B 15 A1 150 B R 0 A ) 23 ) 4% Jm) (T
1), AR AT FE A B C =S [ A iy I AN sE a— 8, 3 IMFEHLTE 6.8 A BATE ZR 1y 2 6] 7 A
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Fig.1 Spatial distribution patterns of Coleoptera adult communities
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LA H 0 2 FEHAAAE 0 3 FAHDCPE R SR LU A M IA) E7 23 AR E AN [e) (A B 0 e e ) ) 22 57 5 2014 4
10 AHEHE C /2 0% ,2015 4 10 7 WIAER A AR B0 1 AT 3 2EAS TR AR Bt i) BEAFAE 22 5 5 W) —RE b, 4 YR
A RN TR] PR T SEREAS 18] AR ORI AT I R] Sh a1k, 32 BB 29 TR i 25 ) F AR DG M4l SRR ), wl
ABJE A2 B L0/ N RUBE Pl a5 ] S P S 802 0] AR SCHERY Rl A Ak, 52 2 i 72 Al S e 1 i3 H i R 2 () 4544
AR LA B i R 71 52 e
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