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LY (random ) J&/INREE 43 6] b 32 B metacommunity BOH WA R, MR A metacommunity ¥ Jmy HAT BRI M | AT R
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Abstract: A metacommunity is defined as a set of local communities that are linked by the dispersal of multiple potentially
interacting species. Metacommunity theory framework provides a powerful method for the understanding of spatio-temporal
patterns and explaining the underlying processes of a community structuring. Metacommunity framework has been used in
various organism communities (including plant, bat, arbuscular mycorrhizal fungi, bird, and invertebrate communities).

However, few studies have been used to recognize the metacommunity patterns and their underlying processes for soil animal
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communities at multiple scales, especially at small scales. In 2015, an experiment was conducted in two permanent dynamic
monitoring plots in two typical mixed broad-leaved Korean pine ( Pinus koraiensis) forests in the Liangshui (LS) and
Fenglin (FL) National Nature Reserves. Each plot consisted of a 9-hm” area with 300 m X 300 m and was equally divided
into 225 squares by 20 m. Based on a spatially explicitly investigating method, ground beetles were collected by pitfall traps
in July, August, and October in the LS plot and in August and October in the FL plot. The topographic variables, that is
elevation, slope convexity, slope steepness and slope aspect, were measured for each square both in LS and FL plots. The
soil variables, including bulk density, soil organic carbon content, total nitrogen, available phosphorus, total phosphorus,
pH, available potassium, hydrolyzable nitrogen and soil moisture, were measured for each square in LS plot. The
metacommunity patterns of ground beetles were determined by elements of metacommunity structure (EMS). We evaluated
if the Clementsian pattern is common for ground beetle metacommunities at such small scales. Then we explained the
association between the site scores along the first axis of the reciprocal averaging and geographic and/or soil variables by
Spearman rank correlation. Results of the EMS showed that nestedness and random patterns were common for ground beetle
metacommunities at small scales, such as in the two studied typical mixed broad-leaved Korean pine forests. The
Clementsian pattern was not detected for any ground beetle metacommunity. Moreover, metacommunity patterns of ground
beetles were group-dependent. Metacommunity patterns were nestedness for Carabid and Silphidae beetles, while
metacommunity patterns were random for Staphylinidae beetles. At the same time , metacommunity patterns of ground beetles
were seasonal dynamic. The nestedness patterns were formed in warm seasons (i.e. July and August), and the random
patterns were formed in a relatively cool season ( October). Metacommunity patterns between the LS and FL plots were not
significantly different. The site scores along the first axis of the reciprocal averaging were correlated with topographic and/or
soil variables for Carabid, Silphidae, and total beetle communities. Important factors included mean elevation, aspect,
slope, total nitrogen, pH, and soil organic matter content. These variables were suggested influences on ground beetle
metacommunity patterns. However, the influences were relatively complicated and were group-dependent and season-
dependent. This study suggests that nestedness and random patterns are common for ground beetle metacommunities at small
scales in the typical mixed broad-leaved Korean pine forests in the Xiao Xing’ an Mountains. Additionally, topographic and

soil variables may be important factors for formatting these metacommunity patterns.

Key Words: metacommunity pattern; ground beetle; elements of metacommunity structure ( EMS) ; typical mixed broad-

leaved Korean pine forest; Fenglin National Nature Reserve; Liangshui National Nature Reserve

) Y A= ) 22 RS S B G 2 TR VR 2R S SN R 22— X FiA% Jy 5 i e B RO
P BIFEAS R e 23 RUBE 2% HOM SR S s RS T, DXCHURLBE (il A, A BRI S W% 2 8 3 o 7E 4K
FR A 2 JUJE I 42 3 1K JRy ML AHE V% (ocal community ) BRI 5 75 Jr b RUBE , Pt vl e i B 4580 i (A B £ A 5T
T ) R A=y fa) S HAE RSP [F , BEHLAE 7 ( stochastic colonization ) 1K 46 254t fHE 4% U 4= Bt
VEZREMED JUIRAERG A RUE Y B EERAPE A . DL L BT AR 23 e e A T R i s RUBE RO E T, FLYE
A A2 ROBE R Ffd Bex Fikg e S ad e — BRSO ME 25, T 4F K, metacommunity FRSHEZE
BN AU 2 RUEEAR Jay IR I — A58 1342 . — > metacommunity $%7E SCH1E A ) b 2 11
— RIS B — LRSI R A P R A I (assemblage ) ZH A, L3k 86 A2 25 v TR A 19 (fELAN 2
WA ) S A BOMER R . AR metacommunity (AR RIAELL U 2 BN FAR 2 HLICHET i n 26
F2E000 T A E R metacommunity ¥ )R AT LEHLHIASTEAE

?’:E metacommunity T%ﬁ*ﬂ*@%ﬁ@ﬁ}ﬁﬁfitp, ﬁi%%%%kTﬂ:%%ﬁﬁﬂ/ﬂﬁ/f%lﬂ ”U%ﬂﬁ’%*%
metacommunity % Jay K FLR AL ) o Hor metacommunity LEM S (elements of metacommunity structure,
EMS) J& H 1l & A 300 — Mg 42, % 07 538 5 A0 B F- 34 3% (RA, reciprocal averaging, % R XJ N 73 #1
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correspondence analysis ) X4 FAE REHEATHET | AH 1 23R Bl 0A Sy 2 EU00 4 78 S 0k B B 6 52 e 32 194 e A 48K
e O Y RE , FE T — 30 (coherence ) . W) F ] % ( species turnover ) Fl i1 A 5 4E ( boundary
clumping ) iX 3 AR , metacommunity Z5FZH06 JLRAS JRy HE AT AL, I DA o 5 45— A S 2 AR 7R kA fE A
Ja1o 3XJLFH metacommunity 4% Ja) 60 $5HL 55 FUA% J5) ( checkerboard ) | i BUA% J5) ( nestedness ) , Clementsian #% J&]
Gleasonian A% Ja) , $44) 25 [A] 4% J5) (evenly spaced ) FIFEHLAUAK 5 (random) " o BLEERIAK R34 7 2E 2t T4 b
XiF ( species pairs ) 2Z [ A ELHEF 43 A , 33X LEAI . HE R 09 9 Flowk b Sz HAB g Fpoxt 1120 W Rl % = i R
VE SRR B R 1) T HE I O i A% R Clementsian A% JR) 22 B BR BT 16 B2 5 3500 2 O TEVE L 31X
BERETRE A TE ( group ) FOTE AR M5 # (replacement ) ') Gleasonian % Ja) 2 W #1455 66 BF S B0 b R e (H
e RN IV 2 AR BB E A 212 (arrangement ) SZFRHALAY T ¥5) 25 ) BUAK Je) 2% WA IR BB B S BOR B Sk 11y
FEVE | (H RS2 R Bl (4 L L L AL B (B T 38 51 BEAIL TR A Sy 2 B A Al 1 ot o VAE A o B g LAt 2
R HS eyt , Hr ,/I\i?iﬁ*ﬁﬂﬁﬁg’ﬂ#%fﬁm%ﬂ B"Jiﬁﬁw'lx] o JITLL, 38 SR — metacommunity 1 ¢
PHAEAK Jay , (5 AT LA St A A 2 G fa) 0 SRR A0 B2 A TR 0L 1), 1A B T IRATIR A 75 2 R S8 T A 2 M1k
SEECTINI

UG N AR RGN A ZRE M R TR bl A 2 R G R W 2R PE ) SR, R AR R (L
JEIESIRES ) ZREERS R S R R AR R S bR HUR AR S R G E A SRy, R
B B e R B A )z R T AR R REEAS R S R R AP SRS, A XU
(2x10°—2x10° m’"*" | Clementsian 4% JEy % IA 4 & H B metacommunity f4F DA JEy ), -5 9 DX 388 A< fi i g o2
B (3 gk PSR A AL ) P R IREAE F FE SRR (2% 10°—10* m) ™! Tonkin JD %% & 3
2% B L metacommunity FZH A Clementsian A% Jmy , I-5 P8 PR oo 8 RN L5 25 8] i R ) 1 B8 48 VE FH (andse
S50 BRE) 1 SRTE AT R R AT HARE UL B R s 8] RUBE (A6 SR 5 B BT TP AS T 2 o R R
i) metacommunity A% Jaj 2 3 T/ N RUEE X6 T/ RUEE 23 (] 26 F L metacommunity A4 Jay S FL iR 4% HL I e
I

ARG 5 INAE KR AR GG H SRR XN, T A BRI 2l A8 W DAL 3 (9 hm? ) |, 38 2o 25 ]
MRE A7 18 7 35 AR A5 ) I 20 A A b 36 Y AUV, 25 T metacommunity 45 ¥4 2 07 1 0 6 #b 36 WY AL ) f 3
metacommunity 1% J&) , KKK Clementsian 4§ Jay & 75 oA /N RUEE 25 [H) H16 FY B8 metacommunity A9 fid i Jmy , 43 B3R
1509 metacommunity RS | IR AR O . A SR ST , 5 78 7N L T2 JE I LT PRI R 23
[i) 2% B B metacommunity 5 J5) , [ BH I | 3D~ X ok 4 )=y R 52 ), ASBIF S0 Ry 22 RUBE 250 T b3 Y
metacommunity 1% J5) -5 S FEAF ST S AL LR B s S 4

1 HRMXEHARTE

1.1 BFgEHLIX

¥ - ZT 8 ( Pinus Koraiensis ) MO B ZR AUAR TS L DX () bty 14 TR AELBY , 4% BB VR RRAE A A 4l i vl 434
FAHBAY X ( LARGERLIAMMR AR ) Rl X ( AR 2T AR A3 ) AL X ( LAJLIRLT A Mo 103 )
A3 DX PN R P 2T A PR K S A A S EL AT B S 0 XS PE R AE , K SR PR DXL T v 3 S X L 780 3 A
X, SRR B AR DX AR H BB DX RN L R0 X 18 58 A7 i, S 5 1 o] I £ A RS 7K A 2R A8 Ak Rl R B AR
PRI S FRAT T 0, 27 7K RN = A S 78 o] b 1A A P 2% B L metacommunity il 4% )5y B L5 HE |+ HER - (9 4
RVERTRE 2 1A B DX Sl 22 5o PRI, AR B B TR0 K (47°7'—47° 147 N, 128°48'—128°55" E) I 4= 4k
(47°54'—48°19' N,129°06'—129°30" E) [H % FH AR IR IXAE NBEFE X, K A SR IR DX HLAL /N 2% 22 06 P 35
K LA A S KRB, M4 280—707 m, A HL A A ARG L Fe B S, 8 A b PR RS R e HL I A IR R B
T A, 46 2 P T T B ZR IR I T, AR IR - 0.3°C 247, AR Y K B 676 mm, HZE e 7—8 A,
o AR B 2 DL 2R o 35 00 B TR A MK, R 2T KRB Fh A 5 4 Bk (Acer tegmentosum ) | 7K I W ( Fraxinus

http ; //www.ecologica.cn



4 A E = 38 &

mandshurica) AN (A. mono) =ML ( Tilia amurensis) ZL i ( Ulmus laciniata) V% 2 (Abies nephrolepis) .
21 [ A2 (Picea koraiensis) A0 272 ¥ (P. jezoensis) 25> FM F SRR X AL T/ 2% 22 05 111 Jpk v B ¥ 3
285—688 m, JE KL IR AL, 3 AR AR L M R 2 U, AR 243 - 0.5°C , AR K i
641 mm, FEAENTE 6—9 F iy, HbA AR BN LAZEAS S D035 B 51 R TR S AR, 2T R Rl 2008 (2L =
12 Ml k2 VA2 (Abies nephrolepis) 7MW H ( Larix gmelinii) \FAME( Betula platyphylla) MWHKE( Betula costata) |
1145 ( Populus davidiana ) . & 1t ( Tilia amurensis ) . ¥ B¢ ( Phellodendron amurense ) . 7K # Ml ( Fraxinus
mandshurica ) 251
1.2 FEMBBEE SR AT ik
121 HME

B K N =P R LA RS 285 i AR 2 v ] AR AR 22 A M 1Y 2 (it = // www. efbiodiv. org ) 1Y B 220 i,
43, UK LI MR T 2005 AREES [ R IHZIAA AR 9 hm? (300 mx300 m) S Wi AEHL P 2, EARSLE
P B 2009 AR (14 R IH-LEFAPK 30 hm®(500 mx600 m) B4 W I RF 1y P, SRy T 6 AR [R] 14 43 ] i HE P9
JrE AT | 25 1) bR AT 2 W DA b PG LS 4 3k 1] 5 KA A R, PRI I A S5 7E SR AR 30 h® B b PG L £ Ay ke
R 9 hm FEHL P IT JE IR A, ARSI 73 5K X PSRRI 231 225 > 20 mx20 m (I EATTHE , 3T 225 A%
LR
1.2.2 MR AR

WFFEIX 7.8 R A v FLIR RS 1 By, b 3R P H A By, T 10 7] TR IAAIR , b FPY o~ ) i)
Hit 7.8 HA110 H H B B 1Y) metacommunity Fedi 4 Jmy il BER AN, PRk, 72015 47 H(7 H 4 H—7
H11H)8H(BH2SH—9 H1H)H10 H(10 H2 H—10 H 9 H) 7E 3K R IEA 2015 4FE 8 HA110 H
AR R A I TR B A AR R A, PR BIF A 2R 3R P | PR A RS 32 S 20 em [RISEAR N A B — NG
BF , UK FN=EARAR 313 675 (225 4~/ 0kx3 UR) T 450( 225 A/ x2 ) ABEBE . 2S43% 70 Bl N 2 A Fe e A I
BFI , EREAEIZ A% A2 S 50 em BEAR N A EFARE . EHNARZY 7 em B RAHZE—A 150, 85 14 em (N1
7 em WEHHANE T LU0 AR EFR D S HUE T, B2 AR A TR 2/3 BT NaCl W, 7668 1 EHSER
BIHTHTZ) 5—10 em AL SGE 1 AS—UCEERAE B K BaBE & T8N 7 K 7 BOF IR, SN TR T A
Mo ORI BT 95% B5 FHWTRE N, K8 225 SO0 s b 2 TP A s e SR iR S5 4h BV il g, T
Ly dxE L) % 52, BT AR SCAUCKE B B T 5 2 Ab PR M1, B IR 3R 5 1) metacommunity #f 7% 1, 25 47 R}
( Carabidae) [z HUB} ( Staphylinidae ) F1ZE ! &l ( Silphidae ) 5 #2780 T B B0 (MR ECE S
R 00% L) 1) T MAEE /DAY metacommunity FEPE (<10 H) F) metacommunity 254 2505 MRk
R HARG AR BT AT BB Beo BB RIZE HRF B HL Y metacommunity 75 J5) . A8 30
FEWIA KPR metacommunity #% Jr) 5 5 PR 5E PR 14 AH S, B 4238 B HORN 2R HE OV, 43
RRRAAR AT AL Besd BRI ZE FE R A A2 SR (total beetles ) , 2B B3 382047 OB | o iy
BEFIZEH B9 3 & BE (abundance )
1.2.3  #IE P F0 LA T 3R

M A0 46 B4 20 mx20 m FRTCHS RO e B8 3 1m) R AN, B, Bkl 23 D B3 (337.5°—22.5°,
22.5°—67.5°) KM (67.5°—112.5°,292.5°—337.5°) VML f FHIE (112.5°—157.5°,247.5°—292.5°) FFH
B(157.5°—247.5°) 5 MAFGL B H<6°,6°—15°,16°—25° FI>25° 3k 4 AAFH ™) UK B M P H 53 51
B AR (463.25+18.19) m, BEFE 15.91°+5.87°, M (0.01+0.30) m, FEAREEH R E 43501 R - VR4 1 3
(438.48+8.57) m, i & 9.24°+4.53° [N (-0.06+0.93) m, F/FEHLIE 1928 SRR, 1 LS % 3
wk'> . M4 BCI (Barro Colorado Island) 50 hm’ #E SR FE T 2, PAFEEA 20 mx20 m HLICHE + HE4:
T UK R A P - AR ((0.62+0.10) g/kg) LA HLITT((75.75+30.76) g/kg) L3
2 (0.82+0.14) g/kg) . 1A 50 ((8.83£6.73) mg/ke) . 1A E ((8.40+£1.56) ¢/kg) . T IEK %A
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((1103.60£157.67) g/kg) . T IEA R ( (332.61+57.43) mg/kg) .+ pH (5.77+0.16) I + 4 &k 7
(91.49%+22.55% ) , BLAKRHYRAET7 S FISL BTN 7 VR PR IS % Sk (50K RE L B M A 338 R 78
FMAE A HTE R T 55080

1.3 Bl Hor by

1.3.1 Metacommunity 255505011

Leibold 1 Mikkelson' """ 4 Hi metacommunity Z5#4Z 4] LA B — 4> metacommunity P45 )7 , RIS 56 & T
BRI, BLE, Clemenisian, Cleasonian, 1512 IRV RIBGHLILR RS " op BOMS— B JFSTRERE 1 S 28
T o 5 —HFh” (site-by-species ) B =F & B 5 B 54545 A JOHE FE ( presence-absence ) . SR J& , fi FHAH B F- 34 1%
X 3 R R T HE I | A EL TR A A S S A A S T A A 3 0 7 1) AT A5 ) B R e ik 1 Bk
T AR 5, EA AU A 2 1l ) SR AP HE P 25 TR  &T 42 | [T, Hh BRAE AR DR AE S A TR — A
7558 BIHER S e s metacommunity ZEM SR T 3 AR RR R I — A metacommunity 4% &), Rl —
ok R R AL R EN ) MR R AL A RE R A ES BN BN ENA BAE X, BT
metacommunity Z5H S50 e B HA —SEdERRT

— B REAE S T 5 IR BEE B 1 W o A G5 K KT, — B FE 10 2 B iR 512K (embedded absences, Abs)
AR, RITE — D AH B4R R 2 05 R 4 b 0 b o A B0 b s R T e, 78— DR R v
TR AT B SR S 4 R 2K 1 SOA BB IR 2K o A8 AR B TH R IEE TAE— I HE P Rl b Bk sl 2k i B 9K
Je JE T2 004 DB R R AR AT i 2 1) — BOPERIE ( BIEAZEAE, expected by change) , feJ5 i — B
SEOEAH R AT e, AR — B SSE I 5 i /N THH A, SR IE— Bk, Rz, Gk —FpE s
EBA W ) Kk T %{E, R R —E M, R - R R metacommunity H %é*?&‘@, B
metacommunity FY— 0 PE 2 E R 0, X i &0 BN S A B s R, — A B E R — Bk R WK
metacommunity LRI Jy . — A B E A9 — M R WX metacommunity S FEALAIAS SR, — AN IE—B kR
B1i% metacommunity /8 | ¥5) 23 [H] KL Gleasonian B{# Clementsian #8511 | BKJE TWl—FhA% 5 b 75
SR T W0 A R SR X 2 RGP W (1)

FEARATIE — SO S E R B0 T 2 TR SRR R e b, WRh R TS R e — AN HE 7 S B4
KA N — DR RAR ST — DR R, W S A S B A0/ T R (AL, B Sy 35 ) £ e )
e RUINAR A Ry o Y e SN AR B ) TS R AL N B R O IR R R e R B Dy 1 5 s ]
A, Gleasonian I{# Clementsian % J5) , EAAKJE THE— Rk Jay , 41575 28 Bh il AR EEFE pn kil B I (T 1)

NARERRRELE B R YR FE L F R, ] Morista §7 #4545 ( Morista” s dispersion
index ) FlI-R 77 K55 ( chi-square test) FHES G B J7 v, SR A6 90 171 57 5 4R SC DA A B (H = TRl Y 22 5 W& Pk, >4
Morista § S AR AT 1 22 50 5.3, B BEHLIL 404 Y5 i 5L 2B~ Gleasonian #% )5y, U12R Morista § 8 b
KT 1, B RETERE A, KA Clementsian & )51, W15 Morista § HUFE AR B8 /N T 1, B S Y #0E
I B, W By 52 [l AR e

JL4 Leibold 1 Mikkelson'"! F 41 42 H i metacommunity 2528005 ¥ fEE R ] — 1> metacommnity Y
JR ARIZ T R N FH AN 3 , LA 5 8 R BEAE IR B — B SE metacommunity F 504 5™ o 7= B 1% 0
LR =" H— Leibold I Mikkelson" " A4 i ) 6 Fft BELAE S J5) I VA 38 — Bk W 8 % Fnh
?‘?%é‘%ﬁi/l\?‘éﬁﬁ@%ﬁﬂﬁ%éﬂ%o ﬁ:,ﬁ%fﬁﬂﬁ*ﬁ%‘ﬁ%ﬁﬁgg&iﬂ";@ metacommunity 7%%}%@3/‘3—4\
LUk L5 — R (continuum ) B—HR5> , FEARERS IR T 26, H =, metacommunity 4% Jmy 43 Mrid B2 b 14 Z 00
A RBEREL, DL R R S BRI 2 1R B 4% metacommunity 5 J5) i R BT B | 0k DA tE— 925 9 76 4
EASIA R B R B ALHTY O TR e X A ) B, Presley 45080 35F Leibold #1 Mikkelson'"! 42 M 19
metacommunity ZEH SO LTI ERISE 3 . SET A YRR R R A  Presley 25118 1 Jo it T
IR SR 3 FhAEBEALAS 5y, RV ik SR AR W Fh 3% 2k (Nested clumped species loss) | Btk BT 3% 2% ( Nested
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Fig.1 Diagrammatic representation of the hierarchical approach based on analysis of EMS and combinations of results that are consistent

with each idealized structures!'"18]

EMS: metacommunity 2SR , elements of metacommunity structure ; + 2 3 ) IE A 25 R ; — N B I 45 R 5 NS NTES , non-significant

IR o FE A IR 2 2K (Nested
hyperdispersed species loss) (Bl 2); ARG E X T 5
Clementsian . Gleasonian Y 5] 23 [A] 44 i 73 A5 B MR & 3%
il — 7S FR Quasi 4% J71 (8] 2) ;3 J Presley S5 i 8 X}
metacommunity % Ja ()45 2 F A B T o0 7 RUEE, O
TEW 785/ NAs TRV B (A% Jy 40 G AR Ae] SR AR T TR A K
23 [H]E B B9 Clementsian 4% J5) 5 1 26 2g 1 41 4 F& A1 e BH
metacommunity P 55id 4 Ry B 5 % Jm A OC I A8 AL
WA B FIAT & AR 7R L Rk I A3l RS
N, 454 Leibold Al Mikkelson''" 1 Presley 2 L181 gy
metacommunity 5 S EUHE SR | A< OB R 1 15 7K R 3= 4k
AFEZET AR H L metacommunity B9 &R R o

ASCHE R (3.2.2) A6 P R vegan'
metacom " FEIFAL |, 1S54 ¢ decostand’ PRET ( S50k
BN method =" pa" ) W5 J& T “ Hu S —W P 19 F & AR
Wtz 45 Ry A TG HE [, SR )5 8 metacom 8 A2 Y
‘ Coherence’ . © Turnover’ Fl * BoundaryClump’ PR B 17
ERL R S G [ e R G 7
R R B, i ¢ Coherence’ F ¢ Turnover’ 15 —
EHEANY R e R

stochastic species loss )

metacommumty

Quasi- .
g
a -
%ﬁé NS Cleasonian G]S;?,S;ian Quasi-GIREE | RIKBEAL
-3 K e | DR | Rk
g
2
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| s |ousiss | Erw | 5 e
)R ) BUH% SR etk etk
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B2 ETFYHERNLRREE X metacommunity 7 12 F
BEEE.
Fig.2 Twelve coherent metacommunity structures defined by

species turnover and boundary clumping
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