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Abstract; Spatial heterogeneity is the basis of spatial pattern for a community, as well as the coexistence of a community.
Many studies have uncovered the spatial heterogeneities of communities at relatively large scales, but it remains unclear at
small scales, especially for artificial ecosystems. To determine the spatial heterogeneity dynamics of a community at a small
scale, a study was conducted to investigate adult Coleoptera community in a Pinus koraiensis plantation at the Maoershan
Ecosystem Research Station. The study site comprised a permanent plot was of 20 m X 20 m and was divided equally into
100 squares. Pitfall traps were used to collect the adult Coleoptera. In 2013 and 2014, 100 traps were set at the bottom-right
corner of the 100 squares, with traps in 2013 containing 4% formalin solution, and traps in 2014 containing saturated salt

solution. This study was conducted in June, July and September in 2013 and in August and October in 2014. Global Moran’
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s I index was used to explain the spatial autocorrelation of the abundance of Coleoptera community and species. Spatial semi-
variogram was selected to reveal the spatial heterogeneity of the abundance of Coleoptera community and species. A
combination of a cross-variogram and a simple Mantel test was performed to identify the spatial relationships between
different species. Ordinary kriging method was used to map the spatial heterogeneity of the abundances of Coleoptera
community and species. In total, 2,721 individuals belonging to 10 families and 42 species were collected. Community
composition showed significant spatial and temporal variability at different times. In 2013, significant differences (p < 0.
01) in abundances among June, July, and September were observed. And significant differences (p < 0.01) in abundances
between August and October were detected in 2014. The results of Moran’s [ coefficient showed that abundances of adult
Coleoptera communities, and a relatively small part of Coleoptera species in each season, had significantly spatial
autocorrelations. The abundance of adult Coleoptera communities and some of the Coleoptera species in each season, showed
spatial heterogeneous patterns, and those communities and species formed spatial aggregations at certain spatial scales.
According to the values of ( C,/C,+C), those spatial heterogeneities mainly were controlled by structured factors or
combination of structured and random factors. The structure proportions of some species showed pure nugget effect resulting
from sampling errors or spatial variability occurring within the minimum distance interval (2 m). For each community, the
results of cross-variograme showed that the complex spatial relationships among different adult Coleoptera species existed at
different spatio-temporal scales and were positive, negative or random spatial relationships. The values of (C,/C,+C)
demonstrated that the spatial differentiations of adult Coleoptera species were mainly controlled by structured factors or
random factors. However, significant spatial relationships between Coleoptera species were observed through the results of a
simple Mantel test. The maps of ordinary kriging interpolation showed that the spatial patterns of communities with gradient
distribution were obviously different in different seasons, and the strength of gradient distribution weakened from summer to
autumn for each community. This study indicated that adult Coleoptera communities were obviously aggregated spatial
distribution at a small scale (20 m). Spatial relationships between different species were complex, and the spatial
relationships were seasonally variation. The results of this study will help us to understand the temporal and spatial variation

mechanism of adult Coleoptera communities.

Key Words: adult Coleoptera; spatial heterogeneity; spatial relationship; dynamics variability; small scale; Pinus

koraiensis plantation; Maoer Mountain
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N) o X RFAHCT S ] 5K ) A 0 3k 8 A L Fr B b X 358 & & o AL () b s PE S AR e R AR TR IR K
Btk 2 Ve, & ZR 9808 T, B ZRIRAE T oK 2P AE 7 .8 0y AERIR: i b P TOUZ A o o - 2408
(Pinus koraiensis) FRZE N T4 JG T LU A K, SEIGAE M 1% B AEARIR 208 60 a RUZIAA N TARPY, P33k
120, YL 1], P4 HIAR 12 em, BRS3 35 BE 3145 A/hm?, 25 (50 7% AW RN G ZL0S ( Pinus koraiensis) | [1HE
( Betula platyphylla) 7K #i#l ( Fraxinus mandshurica) W HE ( B. costata) | 11145 ( Populus davidiana ) F17H #k #k
(Juglans mandshurica) , ™ A )z F % A (Ulmus japonica) FLUZEL ( Pyrus ussuriensis ) A

2 MIRAE
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WRE T M BHE IR S (BRI 100 A4S ZEAR T ESBEEHBTA 10 om A0S 1 AS— R PR £, DL 1R V& B ek
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Table 1 The statistical characteristic of adult Coleoptera community in different survey months

. - MEE YA R TR o AR R
A b WA PIREC PR B Bkt A
. Individual Mean+Standard L. . . Coefficient
Survey months Species number Standard deviation Minimum Maximum L.
number error of variation
Jun.2013 33¢ 1178* 11.78+1.059 10.592 0 37 0.899
Jul.2013 27° 710" 7.10+0.682 6.825 0 25 0.961
Sep.2013 21° 467¢ 4.67+0.442 4.425 0 23 0.947
Aug.2014 234 330% 3.30+0.291 2.911 0 19 0.882
Oct.2014 78 368 0.36+0.578 0.578 0 2 1.605

[RIBAR 7] 7 1) R 22 538 B3 (p>0.05) | [RIFIA R 70 22 53 | 3% (p<0.01)
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0.473) , FIHIZFERS 2923 8] F ARG/ T4 Rt — L Ui W AE 0—10 m 1% (8] RUBE E 3533 H A0k 49 b 10 2
[B] B AR P FERE SR B A AR R R (32 2) , BRIEAE Bl Carabus billergi maoershanensis 2013 4F- 6 H Y Scepticus
griseus 2013 -7 H 19 H ) Aulonocarabus canaliculatu hailiniensis #1 2014 4F- 8 H f) Pterostichus chenpengi 3¢}
R 3E RS AN E A AR SCHES L, HABAF 7R 25 18] A AR SCHE RO )R RS — 23 () RUBE b B 2 35 1 2 ) FAH DG B
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Table 2 The Moran’s I Coefficient of adult Coleoptera species in different months

s} ] PFh /r#EIEE B Separation distance
Time Species 2m 3m 4 m S5m 6 m 7 m 8m 9m 10 . m
Jun.2013 QCO01 0.0421 0.0000 0.0263 0.0283 0.0725 0.0000 0.0000 0.0000 0.0000
QCO06 0.4578 " 0.3703 " 0.3627* 0.3563 " 0.2026 0.3665 * 0.2006 0.2720 0.3125"
QCOo7 0.0946 0.0000 0.2264 0.0419 0.1537 0.0479 0.0351 0.0716 0.1537
QCO08 0.0000 0.0000 0.0000 0.0000 0.0000 0.1364 0.0000 0.0679 0.1282
QC09 0.3550 0.3153* 0.2183 0.1737 0.2085 0.1663 0.1750 0.1241 0.1612
QC16 0.7438 " 0.7114~ 0.7568 " 0.7521" 0.7250 " 0.7285" 0.7059 * 0.7188 " 0.6816"
QC19 0.0000 0.0000 0.1102 0.0000 0.0000 0.1315 0.0000 0.0348 0.0000
QC21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1483 0.0000 0.0000
0C24 0.0000 0.0000 0.0734 0.0000 0.0438 0.0000 0.0683 0.0232 0.0877
QC25 0.1447 0.0000 0.0000 0.0000 0.0000 0.1033 0.0000 0.1029 0.0000
QC27 0.1135 0.0000 0.0638 0.0709 0.1143 0.0811 0.1485 0.1615 0.1525
QC28 0.8160 * 0.9414" 0.8355" 0.7796 0.8060 " 0.7758 " 0.6500 0.6919" 0.6830"
QC32 0.0000 0.0000 0.0000 0.0000 0.0000 0.2025 0.0000 0.0000 0.0000
0C33 0.2560 0.1896 0.0000 0.1067 0.1146 0.0000 0.0000 0.0000 0.0573
QC38 0.1875 0.1805 0.2109 0.0640 0.0857 0.0304 0.1922 0.2063 0.2233
QC39 0.0000 0.1170 0.2025 0.1592 0.0000 0.1286 0.0000 0.0266 0.0000
Jul.2013 QCO1 0.0000 0.0000 0.2290 0.0000 0.1367 0.0000 0.0000 0.0000 0.0000
QC02 0.0000 0.3149 " 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
QC06 0.0000 0.0000 0.1628 0.0904 0.0000 0.0000 0.0000 0.0515 0.0972
QC07 0.0000 0.1272 0.0000 0.0000 0.0444 0.0945 0.0346 0.0878 0.1778
QC09 0.6158 " 0.5397" 0.5789 " 0.5459 " 0.5507 " 0.5876 " 0.5388 " 0.5419" 0.6357"
QC12 0.1909 0.0000 0.0000 0.0000 0.0000 0.1364 0.0999 0.0000 0.0000
QC16 0.5478 * 0.4928 * 0.5337" 0.4863 " 0.5610" 0.5708 0.5310" 0.5457" 0.5897 "
QC24 0.0000 0.2498 0.0000 0.0000 0.1186 0.0000 0.0000 0.1133 0.0000
QC28 0.2957 0.3208 " 0.1866 0.1180 0.0836 0.1010 0.1116 0.1054 0.0671
QCo1 0.0000 0.1094 0.0000 0.0616 0.0662 0.0704 0.0000 0.0350 0.0662
QCO03 0.0289 0.0000 0.0325 0.1336 0.0775 0.0915 0.0000 0.0859 0.0581
QCO06 0.1809 0.1244 0.1656 0.1295 0.1357 0.1128 0.0842 0.1429 0.2407
Sep.2013 QCOo7 0.0000 0.1233 0.1504 0.0000 0.1118 0.1514 0.0290 0.0790 0.0000
QC09 0.5699 * 0.4490 " 0.3920 0.3862 " 0.4341" 0.4339" 0.3511 0.4313 " 0.4045 "
QC19 0.4152" 0.4055 * 0.1362 0.1655 0.1299 0.0447 0.0879 0.1227 0.1511
QC24 0.0000 0.0000 0.0000 0.0000 0.0000 0.0588 0.0000 0.0586 0.1106
0C26 0.0000 0.0000 0.0000 0.1808 * 0.0000 0.0000 0.0757 0.0972 0.0515
Qc27 0.0617 0.0000 0.2083 0.1543 0.1658 0.0882 0.0646 0.1098 0.1658
QC33 0.0000 0.0000 0.0000 0.1671 0.0000 0.0000 0.0000 0.0000 0.0000
QCO1 0.1105 0.0719 0.0000 0.0573 0.1789 0.0983 0.0677 0.0690 0.1485
Aug.2014 QC06 0.0000 0.0000 0.0000 0.1462 0.0000 0.0000 0.0612 0.0832 0.0000
QC09 0.3804 " 0.2158 0.1413 0.1526 0.1821 0.0847 0.1100 0.1340 0.2209

http ; //www.ecologica.cn



6 S % 378

Fif 1] Yyl A BB Separation distance
Time Species 2m 3m A4'm S5m 6 m 7m 8 m 9m 10 . m
QC13 0.0000 0.0000 0.0000 0.0000 0.0662 0.0704 0.1546 0.0350 0.0000
QCl16 0.7194 " 0.6060 * 0.5518 0.6363 " 0.6509 * 0.6018 * 0.5379" 0.5562" 0.5837"
QC19 0.4840 " 0.3583 " 0.3761" 0.4107 " 0.5585" 0.4448 " 0.3606 * 0.4009 * 0.3974"
QC20 0.0934 0.0000 0.1434" 0.0966 0.1764 0.0820 0.1480 0.0613 0.1045
QC24 0.1344 0.0000 0.3645 " 0.0840 0.1650 0.0563 0.0994 0.2026 0.1541
QC34 0.1447 0.1608 0.0000 0.1808 0.0000 0.1033 0.0000 0.0515 0.0000
Oct.2014 QCl16 0.4910" 0.3701 " 0.2627 0.3949 " 0.3102* 0.4342* 0.3028 " 0.3451* 0.3690 "

QCOL1: Nicrophorus tenuipes, QCO2: N. quadripunctatus, QCO3: Phosphuga atrata, QCO4: Silpha perforata, QCO5: Catopidae ptomaphagus
stbiricus, QCO6: Prerostichus heilongjiangensis, QCO7: Carabus granulatus telluris, QCO8 ; Acoptolabrus constricticollis, QCO09: Aulonocarabus canaliculatu
hailiniensis, QC10: Asaphidion semilucidum, QC11. Harpalus rubefactus, QC12. Megodontus vietinghoffi bowringi, QC13: Morphocarabus hummeli
smaragdulus, QC14: Morphocarabus venustus dekraaizi QC15: Notiophilus impressifrons, QC16: Carabus billbergi maoershanensis, QC17: P. audax,
QCI18: P. microcephalus, QC19: P. chenpengi, QC20. P. adstrictus, QC21: Bembidion lissonotum, QC22: B. chemidotum, QC23: Elaphrus punctatus,
QC24. Cymindis vaporariorum immaculatus, QC25: Poecilus lamproderus, QC26: Amara simplicidens, QC27: Bagous kagiashi, QC28: Scepticus griseus,
QC29: Poiyaumbus gebleri, QC30: Rhinoncus sibiricus, QC31; Ambrostoma quadriimpressum, QC32: Morophister jakeli, QC33: Philonthus nudus, QC34 .
P. oberti, QC35: P. longicornis, QC36: Agelosus carinatus, QC37 ; Sepedophilus marshami, QC38: Caccobius christophi, QC39: Chromogeotrupes auratus,
QC40: Maladera ovatula, QCA1: Ampedus sanguinolentus, QC42: Melanotus legatus; * /<538 B B AU Rh 22 18] [ A Gk 5.3

3.3 5 E AR SRR ) 2 ) S

i R RIS B REAY 2013 4 6 H4LA NP RS 2013 4F 7.9 F Hi1 2014 4 10 H A N ERIREL
R 2014 4F 8 HALG N E iR IS ILAH 2013 4E 6 H (4.192)>7 H (2.294)>9 H (1.378),2014 4 8 H
(0.769)>10 /1 (0.256) , BREIKEEHILE Co/ (Cy+C) 11>0.75 , BB REYS HAT B0 1Y 23 [a) A e P B 23 ) 20 5 %
SERPER R (B 1) o 0 ] Bz £ 2 T — 2 i Y RO B BRI & o 2RISR, 25K Lk 0 3
TR AR, — R ZEA L o/ (Co+C) AT 0.25 5 0.75 Z 1a), P64 A Y 23 ] 25 55y BE AL IR 25 A
SERPED R AL [ P, FLA Y Bl i) 23 ) AR S5 A7 45 R 1 DR 28 3 30 R R0 1 25 1) S5 o 1, O e R T BORE RUBE (2
m) 9 2.01 m—>5.64 m %5 [0 R FE B ERE T (£ 3) .

#3 BEERMWMEYERYELERNS RRLESH

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

B HG{H AT PERE R iz

SR IVE =)
15 [] Yy Fh i A Nugget Structure Range Coefficient of ~ Residual sum ij%%fionioj E
Time Species Model variance variance sill Ay(m) determination of squares c,/ (pC )]
(Co) (Cp+0) (R?) (RSS) oo
Jun.2013 QCol Sph. 0.001 0.103 2.01 0.378 <0.001 0.999
QC06 Exp. 0.001 0.281 2.10 0.247 <0.001 0.973
QCo7 Sph. 0.002 0.084 2.36 0.023 <0.001 0.998
QC08 Exp. 0.002 0.029 2.49 0.207 <0.001 0.939
QC09 Exp. 0.001 0.257 2.31 0.253 <0.001 1.000
QC25 Sph. 0.008 0.047 3.11 0.694 <0.001 0.815
QC27 Sph. 0.004 0.098 2.24 0.102 <0.001 0.996
QC28 Exp. 0.921 1.865 11.19 0.561 <0.001 0.504
QC30 Sph. 0.006 0.012 18.76 0.504 <0.001 0.501
QC32 Sph. 0.017 0.033 23.30 0.729 <0.001 0.729
QC33 Exp. 0.004 0.066 4.53 0.527 <0.001 0.942
QC35 Exp. 0.004 0.024 2.76 0.125 <0.001 0.815
C36 Exp. 0.001 0.008 3.00 0.058 <0.001 0.999
p
QC37 Sph. 0.007 0.016 7.67 0.922 <0.001 0.503
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L . AR [ .

it BN s Smewe e ool R /A
Time Species Model variance variance sill Ag(m) determination  of squares | CP;U(pg"fg) ]

(Cy) (Cy+C) (R?) (RSS) om0

0C38 Exp. 0.024 0.149 4.53 0.656 <0.001 0.836

Jul.2013 QCo1 Exp. 0.007 0.069 2.58 0.271 <0.001 0.918

0C02 Exp. 0.004 0.023 2.67 0.134 <0.001 0.810

0C08 Sph. 0.006 0.012 18.71 0.561 <0.001 0.504

0C09 Sph. 0.001 0.418 2.48 0.149 <0.001 0.998

QC10 Gau. 0.003 0.013 2.63 0.295 <0.001 0.743

0C13 Sph. 0.006 0.036 3.29 0.466 <0.001 0.838

QC14 Sph. 0.015 0.031 7.71 0.922 <0.001 0.502

QC15 Gau. 0.003 0.013 2.63 0.295 <0.001 0.743

024 Exp. 0.021 0.108 5.64 0.326 <0.001 0.808

0C28 Exp. 0.071 0.143 5.60 0.874 <0.001 0.504

032 Sph. 0.002 0.012 2.58 0.026 <0.001 0.847

Sep.2013 0C0s Gau. 0.004 0.014 3.10 0.242 <0.001 0.703

QCo8 Exp. 0.008 0.045 4.50 0.571 <0.001 0.823

0C09 Exp. 0.010 3.648 3.21 0.369 <0.001 0.997

0c12 Sph. 0.006 0.012 18.76 0.561 <0.001 0.504

0C19 Sph. 0.123 0.514 3.80 0.998 <0.001 0.998

024 Sph. 0.015 0.083 2.61 0.392 <0.001 0.821

0C26 Exp. 0.034 0.068 32.82 0.501 <0.001 0.704

Aug.2014 QCo1 Exp. 0.001 0.114 3.27 0.226 <0.001 0.979

0C04 Exp. 0.001 0.008 3.00 0.058 <0.001 0.999

QC09 Sph. 0.001 0.261 3.99 0.570 <0.001 1.000

0C13 Exp. 0.006 0.058 3.48 0.344 <0.001 0.898

0C16 Exp. 0.005 0.058 2.91 0.116 <0.001 0.918

0C18 Sph. 0.015 0.840 3.16 0.542 0.016 0.942

0C19 Sph. 0.041 0.575 2.81 0.214 <0.001 0.929

0C20 Exp. 0.002 0.305 2.58 0.153 <0.001 0.986

Q24 Sph. 0.101 0.153 2.52 0.030 <0.001 0.929

0C28 Sph. 0.008 0.016 7.57 0.929 <0.001 0.503

0C34 Sph. 0.025 0.054 6.30 0.904 <0.001 0.533

0C3s Exp. 0.001 0.024 2.01 0.732 <0.001 0.998

0ct.2014 0C16 Sph. 0.011 0.204 2.91 0.420 <0.001 0.947

0C19 Exp. 0.013 0.026 22.62 0.854 <0.001 0.514

Exp., Sph., Gau.J}ill F/RF8 8RR | BRORBERIFIEIREEAY A5 O AR AEFRAE P i SR R 2 D5 R AR Y

3.4 B H Rl S ) S Bt R AR ek

S S R ) el ) 2 18] SRIB M PR P ) R 2 [ T BT 22 51) , 7R 18] RUBE b 3R B0 0y Z2 A0 1 19 245 ] SE R 1, AR
Pt F R SR T 2 0] 52 S5 22 bR RO TR 4 R (PRI 15 R0 S 10 b =2 18] B9 2 TR DG 2R | a2 44 LU
Wfeh s [ SCHRPE R D E R (L3R 4) o #958 F R M Rh e 23 ) RUBE B LR B TE A s 67 28 A SCIR 1, A
[5] ) 4y o 22 1) A A ) A 2 TR FH S 2R (A ] 0y b 7 [ A 3 A SO 1] -5 JHC A 1y o 2 22 38 B DA A ] 119 23 [ 5%
WRVE 45 LE SR b 22 18] ) 23 (8] SRR i 32 2RSSR DR 2R sl BEALE N 3R B — P O SR & & H 1
YA — SO AN AE 23 (B DG, 2014 4F 10 HJEWWIE , fi 52 Mantel #2460 45 R W], #5 H S 2 1]
IENEPS/SESIRNTE
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Fig.1 Theoretical models for semivariograms of adult Coleoptera community
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&4 2013 £ 9 AF02014 £ 8 A3 E B R 2 B HY = B KBS
Table 4 The spatial relationships between adult Coleoptera species in September 2013 and August 2014

PesAh/ e FRAL YAt/ PeiE REL
it 8] b HEME Coefficient of s8] Yy H*E Coefficient of
Time Species Proportion determination Time Species Proportion determination

[Co/(Cy+C) ] (R?) [Co/(Cy+C) ] (R?)

Sep.2013 QCO1XQCO3 * 0.932 0.616 Sep.2013 QC16xQC38 0.095 0.000
QCO1XQCO6 = 0.999 0.151 QC17xQC24 0.610 0.097
QC01xQC09 0.000 0.055 QC19xQC27 0.000 0.012
QCO1XQC16 = 0.999 0.025 0C24x0C27 0.000 0.020
QC01xQC19 0.996 0.184 Aug.2014 QC01xQC16 0.998 0.686
QC02xQCO6 = 0.998 0.000 QC01xQC19 0.998 0.288
QC02x0QC09 0.501 0.099 QC01xQC20 0.000 0.216
QC02xQC16 = 0.748 0.000 QC01xQC35 0.000 0.002
QC03%xQCO4 0.997 0.136 QC02xQC06 0.976 0.170
0QC03xQC0O9 0.996 0.000 QC02xQC08 0.000 0.343
QC03%xQC16 * 0.000 0.030 QC02xQC08 0.000 0.343
QC03%xQC17 0.000 0.292 QC02xQC16 0.999 0.684
QC03%xQC19 0.877 0.301 QC02xQC21 0.000 0.343
QC03%xQC24 * 0.999 0.033 QC03xQC12 0.000 0.713
QC03%x0QC25 0.000 0.047 QC03xQC16 0.000 0.613
QC03%x0C38 0.000 0.047 QC04xQC13 0.999 0.108
QC05%0C09 0.000 0.229 QC04x0C20 0.998 0.032
QC06x0C13 0.993 0.009 QC06xQC13 0.999 0.002
QC06XQC16 * 0.000 0.136 QCO6XQC16 * 0.997 0.000
QC06x0C19 0.998 0.218 QC08xQC12 0.000 0.343
QC06x0C28 0.999 0.047 QC08xQC16 0.998 0.314
QCO7xQC09 0.000 0.071 QC09xQC16 0.000 0.023
QCO7xQC19 * 0.000 0.153 QC09xQC24 0.909 0.756
QCO08xQC16 * 0.999 0.278 QC09%xQC35 0.000 0.165
QC09%x0QC12 0.999 0.278 QC12xQC16 0.999 0.041
QC09xQC16 * 0.000 0.409 QC16xQC35 0.999 0.032
QC09x0C24 0.000 0.089 QC19xQC34 0.000 0.335
QC16xQC17 0.000 0.007 0C24x()C34 0.999 0.000
QC16x0QC25 0.000 0.001 0C28x()C34 0.604 0.816

et S BUAGSE 2013 4 9 J1RN 2014 4 8 1A 4r% 1E 075 91 FFL G RO e e o ek LBV 2 o 62 L PTG 7 40 5 A
T FR AR T 0 BRI FLA AR 2 PR

23 6] A PR AFAE S 25 8] 53 BT 43 B AT 4, Moran's 1 R A0 B 8933 B B OB V& B30 o0 0 Rh B 3%
(23 ) AR A SCRIFSE 30 B T DU AR I /0 ) 6 288+ JE 6 T v R 2 506 2 1) R B L 3 1Y
Z3 (8] [ ARG, W B T RESE R i ) s (] ARG R I B B2 N 3R, 5 S AT U 0 R SR A T Y
TSNS TR B R, e —E R IS5 1 A5 8] [ AR G PE . 320 B 29 SR A 2 () 1A DG 3 M & SR 3R T, T g
252 B R/ N RO 0 A% 1) Pk S B0 18] A A SRR SR B AR At , S 2R A A S e 1 883 ) ol oR 2 TR 2544 114
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Fig.2 Spatial distribution patterns of adult Coleoptera community
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