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Habitat associations of understorey species spatial distribution in old growth

broad-leaved Korean pine ( Pinus koraiensis) forest

DING Shengjian' , ZHANG Chunyu', XIA Fucai'®, ZHAO Xiuhai'** ,NI Ruiqiang', FAN Juan', HE Huaijiang'
1 The Key Laboratory for Silviculture and Conservation of Ministry of Education, Betjing Forestry University, Beijing 100083, China
2 Forestry College of Beihua University, Jilin 132013, China

Abstract: Recent studies have documented local-scale associations between tree species and habitat factors in forests
worldwide. A 30 hm® plot (500 mX600 m) was established in the Jiaohe Forestry Experimental Zone Bureau of Jilin
province to study the long term dynamics of a broad-leaved Korean pine mixed forest. Within the plot, all free-standing
trees and shrubs with a DBH of at least 1 ¢m were identified, tagged and mapped, and their geographic coordinates recorded
following a standard field protocol. One objective was to study mechanisms of the formation of spatial distribution patterns of
understory tree species and to explore how environmental gradients influence these patterns in a broad-leaved Korean pine
mixed forest. Based on the data from the 30 hm’ plot, all trees with a DBH not greater than Scm were defined as under
storey trees. Only species represented by at least 300 individuals were chosen. 14 tree species representing 94.32% of all
understorey trees satisfied this condition. First, the spatial patterns of the 14 selected species were analysed at scale of 20m
x20m cells, using Morisita’s index (). The results indicate that all 14 species show a clumped spatial distribution.
Second, the spatial autocorrelations of the 14 species were studied at 15 distance classes using the spatial autocorrelation

coefficient Moran’s I. The results show a significant positive correlation at small distance classes and significant negative
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correlations at large spatial distance classes in most species were. Third, the partial Mantel test was used to find the
relationship between the abundance of the 14 tree species and certain habitat factors. The results show a significant
correlation with spatial distances for 6 species which reprtesent 42. 86% of the tested species. 7 species (50% ) were
significantly correlated with habitat factors. 4 species showed neither a significant correlation with spatial distance nor with
habitat factors. 3 species showed a significant correlation with both distance and at least one habitat factor. 5 of 7 dominant
species with more than 1000 individuals had significant correlation with spatial distances. 5 species had significant
correlation with habitat. The partial Mantel tests suggested that the mass effect from neighboring quadrats and habitat
association could explain most of the tree species abundance distribution in a quadrat in the broad-leaved Korean pine forest
community. At last, the Pearson correlation coefficient between species abundance in a quadrat and microtopographic
attributes of the quadrat was calculated to test the effects of microtopography ( elevation, slope, aspect, convexity) on
species distribution. The results showed that Acer mono, Carpinus cordata preferred lower elevations and southern aspects.
Acer barbinerve, Acer ukurunduense and Corylus mandshurica preferred higher elevations, steeper slopes and north-facing
aspects. This result shows obvious habitat niche specialization and confirms niche theory. It is concluded that habitat niche
specialization and mass effect are important factors in structuring distributions of understorey tree species in a broad-leaved
Korean pine forest community. Many tree species prefer similar habitats which indicates similar resource usage and niche
overlapping. Other tree species prefer specific habitat indicating repellency between different species, which may be the

result of long term adaptation to different habitats, different resource usage, and which may explain the niche separation.

Key Words: spatial distribution; topography; environmental heterogeneity; habitat preference
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(Acer mono) | & ¥ ( Tilia amurensis ) MAHE ( Betula costata ) . F1 4 W ( Acer mandshurica) | T 4 i ( Carpinus
cordata) %5, FE TN AKA ST 7 (Syringa reticulata var. mandshurica) \FENET ( Corylus mandshurica) ZRAGIL
A€ ( Philadelphus schrenkii) ZRICIE I3 ( Deutzia amurensis) J TN ( Eleuthercoccu senticosus ) %5, FHEEARAGE
L ( Carex spp. ) MUF 5 ( Filipendula sp. ) \\iiF ( Brachybotrys paridiformis) /N F( Aegopodum. alpestre) 1k
2% (Adiantum spp. ) 252

2 MRFE

2.1 KT

T 2010 45 H #3730 hm* (500 mx600 m) [&EFEH , F 40K Hatk— 223l 4324 750 4~ 20 mx20 m A9
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Fric,

LA 20 mx20 m £y A S K HHE— 2R3 16 A5 mxS m (/NEEDY . KRR N T A 942 DBH=1 em
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K n BARTFRECH [, B i MEFHMENEE VB EBERE, RAASZ RPN 1, =15 A
PSR 1> 15 MR 5 534 ) 1,<1 2

R 1 (ERAE , (EBOR, RAESRBEEBOR , I B RENLAY I SO F et R, 7 A N ¢, 7
BRI B E Koo, Morisita 195315 F8 AU S KM SURASSZRE 5 /N W20, SR Hh A (i 7T 3R AN PACHE 25 ) A
MAERERLRREE . PRI, 7T R A A
2.3.2 =[E HARK Y

JR#E Moran's [ G811 & —Fh i A 56748 & JRy il 25 R A e M ge v h &, 25 18] F AH 6 R %X Moran’s [ 1]
M AR
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AR R4 ] L HEAMBT O v, B 5P B SRHE T  AERERERS LT £ B - AU, & SR A
FAE n A2 IEIT ARV, AR RESS 8] FLRISE TR o, R, 23 50 R R A B X235 (1] BT ¢ Al
jERIRREL, x HRREETE n DA BRTC b AYRRECT M, w, ARG AS B BT & I j AL BT ST ARAR
R, 2SR ATT ¢ A j AL TR AT OF B A2 BRI 5 T d, RIZS [R50 ¢ Fj ARESERT, w, =1;

http ; //www. ecologica. cn



11 1 THEEE 55 BRI ZIAAR R 2RSS [0 4040 1 A2 55 B B 3337
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ALLFR) TEAF 5C [7] 25 [R]AH &P AH S5 (8 SAH DG 8 8 (] S o v T LA S B0 s e e — DB b SR s ) | A OG T AE D)
#Eﬁ’ﬁtix S[H] FARDC, B3 iy 2 [8) F ARG /R & — D EAEREALYEZS (8] 73 A i Jm) | RIS s A7 AR S (A% Ry .tk

23 [|) A AHCA A RV A, B35 T s 18] A AHOCA R G B S0 A A Jay o A1 56 Moran's 1 HYTH 7 %
&Iﬁl@%*#ﬂ%%i@( S

AR SCREA: 5 ] i R 5 IEﬂF&EFi% 43015 B R GOP RN 30 m, B 15 15 BRI 420—800 m,, 7E 15
AN IS IR S O AR 14 REF (AMA%>300) 1Y% [H] AR DGR EL Moran's 1(d =1,2,-++,15) , Jfil it 5000 &
A I 1155 Moran’s 1 1) 5 Pk
2.3.3 AR

AR ARSI AT 7 5 53 Bt 22788 B R OGN A I 3 B Herh S A A2 B A GG R (H i T2 A8 i 2 ] 1Y
AHEAE T HE LR B B PSS B Y ELSEAH DG OC 2R o M R — ) R ) i A ol L B A8 s 9 28 4k, RO oA
AR [ E AR R OL T, TR M 19 A2 ek ) P A O R B8, 30 i Al A DG 234, 28 D AH DG 20 A A 1 ) AH SC 2R B0CH i
MR RE, X HH Mantel test F1 partial Mantel test 252 F, Mantel test FH > 46 56 99 55 [ 22 [0] 19 A &4, partial
Mantel test FIRAG 30 L4515 3 ANJHERE C REMAALN T AEFE A FERE B AHSCHE™

N T HOIE R BB B R RS (R BE RS W 22 BE 22 R B I PR 22 ) A AE DG PGB F Mantel test
1 partical Mantel test 523, i JE A 5~ B B9 0 [ i MR A0 B S 0 O Ao 4K BB 32 e 1m0 M1 3 4% RRAIE L T35
Gower FHLZREC™, Wy Fh £ AR A 3 2R H Manhattan B 55, 45 18] B 55 5% H R X B 20 40 500 31 80 R 5 18] 19
PR,

T AL I RN 22 T oA N IREE K F B A7 AR A (8] A ARG, 45 XA AE 135 23 18] A ARG iy Fh A7
partial Mantel test K55 , K 30 9 o3 A 5 Hod — AN IR B IR - (B 78 22 B H B PR 5% B 7 =2 il (R 15 00 T & 5 A7 AE
RN, M T 5000 WYL ESBAG IR . TR R B0E vegan” 50 B,

2.3.4 LRI

Xf ST R 7 5 ARG R R A T AR 2 B S IMOIE R (I MR R R D7) 1Y Pearson
ARG R H, IF o A g i 5k
3 BERESW
3.1 B

750 /1> 20 mx20 m FEJT IR AR B AR BEGETHIE NG 1 i, GRS 1A FRETRREAE 15 M E YL
by Es TR AARDC (L) SR S im) PSR SE BHT A [) 34 HL 25 18] FOAH G 2 880 25 D 9 770 , R I = # 7E /N iR

F1 HNETEHR

Table 1 Characteristics of micohabitat varibles used in this study

s AR — v
Eﬁiimal variables F/1ME Min. FARAE Max. A Mean Stan?l{f;ition Coefflcir)lt' j imnon
MM Convexity -4.36 5.71 0.03 1.42 55.98
4K Elevetion/m 577.80 780.70 663. 40 52.50 0.08
YR Slope/(°) 4.78 40.86 19.59 6.35 0.32
HREH B Canopy closure/% 0.00 100. 00 94.00 13.17 0.14
Cos (3 1A] Aspect) -0.99 0.99 0.01 0.51 100. 54

http ; //www. ecologica. cn



3338

A E = 32 &

B LA S A IR AR . T MIBE AP B2 2 R AR L L s 8] AR O R O R /)N, e ] 3 AR 2 ]
REVEAW, W partial Mantel test #2560 1AL & PN IREE A 1 [ 75 L BRES 3 AN F82 00 1 AAH G (3=
2) , A HIB IR T ( Gower AL AR K0) I 18 5 o M1 2 [ B 8 4 P A 5 BRMORESE R A1 000 T, /s o k2% 9 A

Kbk,
1.0 e
0 w
=2
oS -10hH 1 1 1 1 1 1 -1.0 &= 1 1 1 1 1 1 1 -1.0 1 1 1 1 | 1 1
= 30 90 150 210 270 330 390 800 30 90 150 210 270 330 390 80 30 90 150 210 270 330 390 800
oS = . .
g g 0.4 o U] 04 L A 254 Distance class/m
=3
0 ~ = - 0 W—e
-04 -04
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B B5 4% Distance class/m

E1 FERFH=EAMEXE
Fig. 1 Spatial correlograms of Moran'’s I statistics per distance class for microhabitat variables

250 B N ZL 500 B 73 IR AE P<0. 05 K EAFAEAS 235 R 35 A9 25 8] F A2 (5000 YK H9 L HeAsr 46)

F2 HERFERHEXRY
Table 2 The partial mantel correlations among microhabitat and spatial matrices

Hil% B Matrix B HEF4 C Matrix C #5225 Partial Mantel r

HHFE A Matrix A

HIE Topography 7S [A] i 25 Spatial distance AR BE Canopy closure 0.3939 ***
H1I¥ Topography AR JE Canopy closure 25 [B]FE S Spatial distance -0.0177
25 [ BE 25 Spatial distance AR BE Canopy closure HIE Topography 0.0248

#* %+ P<0.001

3.2 Yshasial oA

AICH 1 em<DBHSS5 em AR E LN TR, Gk 7 MAE>300 19 14 ADSHFP BTEE 14 44 Fl
AEELE T EARBAAELN) 94.32% 14 FFP R AEY 2R RAIE N 3R 3 PR, Geit T & MR 2 5 GHRT
AR TR R FE L (Morisitaly ) I FYC K 30 AT B 25 MR 30 (24) 14 FIZE20mx20m (1 R 135 SR

R3 MTFEEYEHE

Table 3 Biological characteristics of species

- MIZE Tiif BT 1 L 5 X
Il Species Canopy layer Shade tolerant Dispersal mode
FRTEM Acer barbinerve T2 it B Wi
EEY 3 Corylus mandshurica T2 it A whH
AWk Acer mandshuricum )2 [ 5E] Wil
T4:Hii Carpinus cordata )z i EA Wil
BT T Syringa reticulata 22y = = Wi
KB Acer mono 2 i EA Wi
AEREBK Acer ukurunduense Iz i A Wi
Z4 4T Ulmus laciniata LR)= B R
2N Pinus koraiensis T2 LRk EILY)]
WAZE Prunus padus iz it B Eiv)}
THEHR Acer tegmentosum iz i 7 Wi}
SR Euonymus pauciflorus T2 it B Eiv)}
¥ Euwonymus macropterus Tz it B Eiv)}
IKATAEMK Sorbus alnifolia Tz it B3 Gyl
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RFERRER A . XS 14 ADREFH A 8923 6] QAT A& 2 PR, 2500 R I A 2 DA — N R
P b1 R IE S 8] A MG, 48 R 2 X0 AP R B e /NI RS U (d=1,2,3 BEE ) 122 BB i IE=S 8] [
ARG TE IR RO | 52 25 4 £ 2 (6] A AH DG R 3, T B 246 DR 2 0 ol 22 SR AR PR 25 ) 0 A . X 5 M TP 7
R SCMRH ol 23 [RIAR SR IE ST A A TR AR — B, WA 2 8] A AH O BRI TR AR I A FE BB
T T AR LU S8 S sl A8 55 A Wy ad B A 23 Rt R AR W R I 18025 1] SR A PS5 A8 1 — > T AL

#4 14 B % E R Morisita I; 1551

Table 4 14 species abundance and Morisita I; index

. 2 PHORE R R TER
Wy Species .. X L.
Abundance Morisita I Maximum value Minimum value

FEEML Acer barbinerve 6053 2.3297 1.0250 0.9762
EH% Corylus mandshurica 5256 2.2550 1.0405 0.9615
FH 4Bk Acer mandshuricum 3107 4.4898 1.2293 0.7819
T4 Hi Carpinus cordata 2618 12.8560 1.1469 0.8602
BOTH Syringa reticulata 1920 2.6377 1.0128 0.9878
AN Acer mono 1560 3.8498 1.1350 0.8716
AEREBK Acer ukurunduense 1066 4.1963 1.0730 0.9306
Z4MAT Ulmus laciniata 677 3.8348 1.1150 0.8906
ZIH Pinus koraiensis 577 5.2437 1.2130 0.7974
ZE Prunus padus 530 4.0075 1.0148 0.9859
HHEMK Acer tegmentosum 404 3.6729 1.0297 0.9717
SR T Euonymus pauciflorus 366 4.9382 1.1929 0.8165
¥ TF Euwonymus macropterus 340 2.5059 1.0499 0.9526
IKHMTAERK Sorbus alnifolia 311 3.7029 1.2508 0.7615

Xt 14 ARBIE AR SC T EE RANZE 5 Fr7R |5 A5 2 [ 5 1 35 A OGP, RIVAF 7 Il 25 1) SRR A0
B ERR FH Y 42.86% ;7 DN SEREEIN A AR SN, MIAE7E 25 RO A B D 4 55 50% 54 D FPEIR 2
71N S B AR A, RIVRRS Fof ) SR B SO R A 58 A4 i 220 AN .35 5 28. 57 % 53 ARl R] IR 5 25 i) B R A B8 [R5
2 S RH OGN RIVRR Ao 23 [+ P 52 SR AR 500 0 A 358 i 4 B R L o 21 439%  REBR NMACEOR T 1000 1 7 A3
Ty 5 AR S IA] 3 S5 A5 ARG, 5 A5 23 (A1 FE S 38 AH G . DR IHg ml 0, RS o o) A 353 ) i 44 K A o
FI B B SR AR ARV B MR R o 2 (8] A ) R BN R

% 5 Partial Mantel test }:36 41 53> 77 5 I [F F 0 = 8] BE B8 A9 46 6 1%

Table 5 Partial Mantel correlations of 14 species abundance matrix with spatial distance matrix and with microhabitat matrices

B Fh Species ’Tﬁl‘EﬂﬂE%‘ HIE Mo
Spatial distance Topography Canopy closure
FEEML Acer barbinerve 0.0416 " 0.0474 " 0.0138
EA% Corylus mandshurica 0.0164 0.1353 *** 0.0707 *
H 4Bk Acer mandshuricum 0.0327" -0.0089 -0.0230
T-4:Hi Carpinus cordata -0.0137 0.1248 *** -0.0566
T HF Syringa reticulata 0.0842 *** 0.0159 0.0266
AR Acer mono 0.0287 " 0.0591 ** -0.0612
TEREBR Acer ukurunduense 0.0470** 0.0796 *** 0.0263
ST Ulmus laciniata 0.0729 *** 0.0274 -0.0288
2K Pinus koraiensis 0.0139 -0.0405 -0.0115
BAZ= Prunus padus -0.0029 0.0241 0.0253
FHEBK Acer tegmentosum -0.0158 0. 02569 -0.0193
SRR TP Euonymus pauciflorus 0.0105 0.0439 " -0.0149
A Euonymus macropterus -0.0337 -0.0154 -0.0162
TKAAERK Sorbus alnifolia -0.0031 0.0702 ** -0.0570

#* % % P<0.001, = % P<0.01, * P<0.05
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Fig. 2 14 tree species spatial autocorrelation coefficient Moran’s I index
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Table 6 The results of correlation analysis between 7 species abundance and microhabitat variables

FF Species ‘E‘ Mrg *}i ﬁﬁ el
Convexity Elevation Slope Aspect
A Acer mono -0.0039 -0.2118 *** -0.0388 0.2281 ***
FETH Acer barbinerve 0.0225 0.3146 *** 0.1302 *** -0.1054 **
IKHGHEMK Sorbus alnifolia 0.0946 ** 0. 0405 0.1137** -0.0278
T4 Carpinus cordata 0.1044 " -0.1991 *** 0.0072 0.2370 ***
FEREMR Acer ukurunduense 0.0867 * 0.3095 *** 0.1554 *** —-0.2451 ***
FEHE Corylus mandshurica 0.1190 ** 0.4055 """ 0.2271 *** -0.1732 "
A TIF Ewonymus pauciflorus 0.0894 * 0.0538 0.0402 -0.0736 "

#* % % P<0.001, = % P<0.01, * P<0.05
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