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E Ak (Pinus tabulaeformis) TR TR MBI EALTT RS AP A0 B B ARMEE , R EIL T KX &
FEREMMMZ — KEMRXZENTE R MAZ S, BRI AR KA EEE LR, 22 H A K 78 R 32 8 T Pk
W TERLT AR AR AP AE S RE TR . 2007 457 A FEREARR RE ARG BRI , 8 T —HRE ALY 4hm” 3
ARAREE I, B — I ERFFICT TN PTE AR RT Lem SRR R B4 (DBH) 448 , IR (FIL, R P0) A0RCT &, FF xd 3
AR IC, B FELIIE . Y BERE C, FIPETEE m” FIRBAESEE m ™ /m [ Morisita 15 %5 I, 3 1 AR AR 2=
[BIHS JRIEAT T 00T, EZERIE T AR A ZS (A% R U RUBE AR R ARG 375 LA Rt bs B JEAR, T R ARG S A 25 6]
¥R, AN T EEHAER PR (Quercus liaotungensis) LA FAD B A W& i1 Fh B 25 [0 SRy o B SE 48 SRR - HE b A g
BRTF Lem BFEARFRIL 35 Ff 3561 Bk, s 2583 Bk, i BMARUK 72. 50% , H P& S 2482 R ALK 101 45 AR #F 319
B, R IMARBRE 9. 07% , it b i) T B A ARl 5 AR AR B AR AR o B AR LU IR B 4% o MR A A BB AR
O R HAL A R 10m LA BT AR B b, dihAl LASMR AR B R 5 T 3. 99% 5 10m LAF BT AR b MIBE AR AR T T B
Ao MIRKRF B RIER], PREMAL , ZEEPTE 28—36cm, /MER G5 KEZNAANED . 7E Sm x 5m,10m x 10m,20m
x20m =AREET MRS N RS , B RO SRR B A B R 5 [ A AR SRR A A4S BT R,
BB KR (d >4dem) Sh, HR BB FIEAE N ERHE R, TBARZ ANBEYAEF , RUIFEE £ R EF , MRS (4% 7 i 58
FERR SR 1 FERLAS R 528 s AR B R VTR ARG LA N SRR R 5 2R A R P I AR AR LA B HEAt B A i it A% b B A 4
MR

R AL MR R R4k

Spatial pattern of the trees in a natural Pinus tabulaeformis forest in Taiyue

Mountain
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Abstract: Pinus tabulaeformis is the dominant species in the most widely distributed temperate coniferous forest community
in northern China. The species is resistant to low temperatures, dry conditions and poor soil nutrient status. It is also one of
the most important tree species for afforestation in large parts of northern China. Taiyue Forest Area is famous for its Pinus
tabulaeformis in Shanxi Province, where it is known as the “township of Pinus tabulaeformis”. Since the closing of the
hillsides to facilitate afforestation without disturbance for a long time the forest in Ma Chibei area formed a unique natural
Pinus tabulaeformis climax community. In order to study the community spatial distribution pattern, a 400m’(20m x 20m)
plot of natural Pinus tabulaeformis was established in the Ma Chibei area on the Ling Kongshan Forest Farm of the Taiyue
Forest Area in July 2007. All trees in the plot with a diameter at breast height ( DBH) of 1cm or more were tagged,

mapped, measured and identified as to their species. The measurements included the DBH, total tree height, two crown
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diameters ( East-Westerly and North-Southerly direction) and height to the lowest live branch. The spatial distribution
pattern of the trees in the plot was evaluated using four indices; the Coefficient of Dispersion ( C), the Index of Mean
Crowding (m "), the Index of Patchiness (m"/m) and Morisita’ s Index (I;) , The study focused on the sensitivity of the
spatial pattern of Pinus tabulaeformis by changing the sampling scale and diameter range, and on the spatial pattern of the
dominant, the overtopped and the dead standing trees of Pinus tabulaeformis. In addition, the spatial patterns of Quercus
liaotungensis and other broad-leaved trees were evaluated using the four indexes. A total of 3561 trees with a DBH = lcm
were recorded in the plot, which includes 35 species, of which 2583 individuals or 72. 50 percent were Pinus tabulaeformis
(2482 live and 101 dead standing); 319 were Quercus liaotungensis, the main associated tree species of Pinus
tabulaeformis. The other 33 tree species together made up 18.4 percent of the total number, none of them was represented
by more than 4 percent. In the structure composition of storey , Pinus tabulaeformis lies in upper-middle level, all other trees
except Pinus tabulaeformis only account for 4 percent of the total number of the trees with a height = 10m; Lower level
storey is made of trees less than 10m and shrubs. The DBH distribution of Pinus tabulaeformis in the plot is unimodal and
shows a maximum frquency in the diameter range 28—36cm. Pinus tabulaeformis shows a clumped spatial distribution at
three different sampling scales (5m X 5m,10m x 10m, 20 m x 20m). The change of scale had no obvious effect on the
degree of spatial aggregation. However, the biggest Pinus tabulaeformis (d >44cm) were randomly distributed. Thus,
during the development of Pinus tabulaeformis, the spatial pattern gradually changed from clumped to random. The
dominant, the overtopped and the dead standing trees of Pinus tabulaeformis as well as Quercus liaotungensis and other

broad-leaved trees all showed a clumped distribution.

Key Words: Pinus tabulaeformis ;spatial pattern ;sampling scale ;diameter class

TR 25 (A1 SRy 2 HE AN IMATE /K P23 (B O BC B OL B A A RS, R R A 1 2= e M R R R ) 56 R e
WA A VRIS R R MR AR RAE 2 — " o b RhREZS (848 J5 (B 58 70 B B A Bh T 8R At B
A EINIR, IEFRHRARA 23 B4R JR XA E R AR 23 A MU, S 4 L R v Ak e o AR (b i 4R B &
BN IR ERFIFARE Y o A (Pinus tabulaeformis ) g3 E AW B, THKIR T SRR,
FETR E R ST AR A B RO FRAREES , R TR E AL T Ok K B R A A — 1 KRR ILAR X
FEILNTPEE RFR TN Z S 7, RS I —HF MR AR PR HORE AR BT 7 ™) o %ok AR T WA A B8R 25 1B SR AR A 06 4T
WL, BLRMAAAR S AN RE , AT R AT 80 2 B B T E B R 4R i —E BB IRYE
1 HREXBARETR

BESE R AL T L PG IO IR B R AR X R 25 LAk, %t X b B AR g AR 48 112°01'—112°15, J6 46 36°
31'—36°43" , J@ BRI ARG HEZE XA, WZEr . FBSR 6.2°C, = 10°C AR 2542°C , - [F7K & 662mm,
TR 110—125d, PG E AR, R 1150—2088m (SF-X{E N 1760m ) , A5 & K EAR W e = it g o L
TN A ER S EREMMER L, PR LR, pH {H 6.7, %X R IR 2 T B M AR R ( Quercus
liaotungensis ) IRASHRIX. , 28 T B 493 1hm” , EBLFR A FhA AL 3L AR A% . A #E ( Betula platyphylla) | BB At
( Betula dahurica) MMk ( Juglans mandshurica) 1114 ( Populus davidiana) %%

2 MRFE
2.1 HHIREBESHEE

2007 457 H—2008 4£7 A ,#ER %S ILRRHL T 1S 4hm” AR YR A AR 52 A b (200m % 200m) , B b7 F
% 112°04'18" 4445 36°39'8" , ¥4k 1550—1560m , A3k, HERE 10°, FFH 435 1S0RRE H %140 K 20m x 20m
5, Fl PVC B I RIC . A& AR 7324 10m x 10m f/NETT #4607 N B B 42 ( DBH) KT
lem WFEARESEG S , HCFM A MR W& SR (RPG FEALEE) BT m R PTALAeR

http ://www. ecologica. cn



18 34 KRE KB RAMMAR 2 145 R 4823

2.2 BRI FREERE
A SRR 3R BIAR AR 2 Fh 7 RO [E)4% Ry . AR 2% H B2 T BF58 R
PAZS (B A% JR 0 , R 3 R 2 i 22 H R AW R & B B BOlm AL A% R 2 A, X R A 8em O 1 A2
Br,4—12cm H%E 1 5% ( ERHSD) K d >44em BhEE 1 MK, —HRIG T 6 MEg, UERRFES K
FER B A4 51% 43 Sm x Sm, 10m x 10m,20m x 20m =AU ROBEFEAT7 48 J7) 734 , 4 5 8043 11 2 1600,
400,100,
2.3 (A )RIE T
ASCRAAY RS C' B m” MR m” /m'Y K Morisita 5% 1, 1R 0 23 [ Ry 4w , 1
W PECREL C R ¢ IR A 2 FENLAR R, Morisita 3555 1, M FENLAS R 25 BE AT F R,
3 £RE5H5m
3.1 RSN R FR R S A 700 -
FEHLSE PR A TR AR R L 35 Fh,3561 Bk, 2R ]
FRFBLINER | R , WA & 72. 50% , A 4% 35, i “or
ARHFBC I EEAEERRN . BRFRAGITFIRFPS, 1l 500 |- —
& A W A5 (Armeniaca sibirica ) , 11i %5 ( Populus davidi-
ana) ,#GiH% (Ulmus pumila) , 7AW (Acer truncatum) , 52
1 ( Tilia mongolica) , 7% (Alnus japonica ) 2 H A F .
MRAT B b E AR R R AL, AR 10m DL 5
FrAS R e, A DASH B HoA R A R 2 T 3.99%
10m LA FBTRAR AR T TR AL M o | H
0

400 | —

300

#E%L Numbers of stem

200 -

BRI (8 1) AT LB S, ARG L4 g A (o

BHAEIEER) , BT ESH M, MEFEEPE TS i 27
HRg% ,28—36em R BB £, T 648 Bk, (5 A T 7 8§ 8 %
BARBE 26% , /INBER G K BRFENAF B 5T B3 DHE classfom
BHRBENRENFERE, KRN 7. 42,12, 35, 1 ERNERSTHE
17.04.18.29.18.70.18. 65m, ] LLF H K8 B2 B3 I, Fig.1 DBH distribution of Pinus tabulaeformis

MR AR EREG SRR R R AR R R R e M
A K F| 24—28em Z AT, 2 J5 AL .

F1 FEBEERMER
Table 1 The general condition of the main trees in the plot

EERFD LA HhisEA REe] e IR &t J 5 el W
Main tree Living standing  Dead standing Average DBH Average height Total Proportion Density
species /¥ /¥ /cm /m V253 /% /(#k/hm?)
YN 2482 101 26.60 15.60 2583 72.50 645.75
TR 319 4 7.55 5.70 323 9.07 80.75
1A 129 1 5.32 4.00 130 3.65 32.5
ZRLMR 79 8 5.05 4.94 87 2.44 21.75
[Sp v 73 6 11.29 7.91 79 2.21 19.75
T 55 0 6.09 5.43 55 1.54 13.75
Bk 44 0 9.48 7.27 44 1.24 11

3.2 A BGMHAARIZE R R
HRAR R T R I ORRE , ZEiHT Sm xSm, 10m x 10m,20m x 20m NEET PSRRI A HRA, 2 of

http ://www. ecologica. cn



4824 B X ¥ WM 30 &

Z5H T BT 10m x 10m,20m x 20m /INVEETT AT M BRAR R, AR 408 A 25 b 9T S5 R AR AR, A8 77 S8 25 3 P9 B9 2
fifB (B 2)o 433 RE, R TR BARE C, FIPBTE m™ , R m ™ /m M Morisita 52K,
GERANR 3 7, U HUR B Morisita 85U E NERHR R, BEH RE KR, ¥ BURBON-F 31 51 9 8
BN, RPAEAE LR Morisita 38808/, (HAMUA B, S8 3 PRI R , T 3R 4R 9 B2 BB R E A9 R/ AR A6 AS B
8,3 MRETHRERKR. BIABTERR, X TR B R AR, B 07 AR 22 RSB HE 71
BRI, T AMA G TERE R, B 07 R/ N AT REXT 5 2R 7 A B3 R, QSRR D7 22 R TR A 20 A RER 14
KN W2 G5 SR — A Y5 50 A6 (O R, B D TELBUAC/ IS, BRORE OB 25 th — BB RIS R o oAb Oy
RTINS LG R AR A A A B o H2,3 R T B N SRS B BT ST 45 R A5 AR
RIBFESIE , B4 K 250 SRR RE AR IR TR B2 43 T A AR M B AL Sy 101170

200 200

4001671959111 4[8]11|8[8]7]|5[6]4[4
180 13]110[ 5|4 2[4 [1420{11|7 | S8 |11|11[7]|0|5|5|7 |4
9[4[2[4[7[10[8[9 [11[9 [12[5([5[8[7 [10[7[8 [4]]
160 15[5[4][6]9]10[6[7 [9]10{10[3 |7 [11|6 (17|02 ]4]3
17[514[3[8]|9[7 9 19[14]16[12{7 |57 [S|5]6[0]0
1a0 LSL713 6] sTufiife Jinfiafieli3)i3[6 8 |7 [3]1]0]4 150
9[S|1[4]6]4[11{78(3[7]|2[7[5]4[3]3|3[2]0
12082345”88|769553432|()
91716(4]7|9(7]6]|5(3]4|5[5]|6]|4[6]4(4[3]0
__—]0074I72I5753236464627I3
' 2512121158 [913[3[|5]|6[6]8]|2[8]8|4[7]|7 100
804337‘)II442()Ii()45‘)67]()3
8[3[3]2[5]5]3[6]6]1[3]3]|5[2]12[13[20]13|4 |8
601I()85399II2I 413(2]16]9[14]10[15]9 |7
81416[4]2]|3[5[8|4[4]7]|2[6]|5]6|[11]12[15]8 |7
40 SI3[7[4[1[3[3[4[3[8[5[6[6[2[10[5[10[12]10[5 50
S|717[714]12[2]412[6]3]4][8[4]13[13[25]10[5 |1
2074()3654873284]]76]69]()
61414[6|4]4[2]10]7]6]|1]5[4]10]7[20[10]13[4 [3
41911(13]3[3]0]4[9]6]0[11]4]5[9[8]15[81]0 [13
0 20 40 60 80 100 120 140 160 180 200 3
X 0 50 100 150 200
St A £
F2 HMAMREREMARNSH E2 HREREMANSSEE
Table 2 Distribution of Pinus tabulaeformisof every sample in the Fig.2 Point distribution pattern of Pinus tabulaeformis in the
plot plot
x3 HRHRAELRERETHZEEEEX
Table 3 Change of spatial pattern of Pinus tabulaeformis with different sampling scales
st 1 . FHPETE RYMEHEE Morisita $5%(
LB HITH #ﬁ’zﬁﬁ . Mean Index of Morisita’s
Block size Number of Coefficient of dispersion . . .
crowding patchiness index
/m the block
C t #% J5) Pattern m* m*/m Is F #% J5) pattern
5 1600 1.48 13.57 c 2.03 1.31 1.31 1.48 c
10 400 2.56 22.02 c 7.72 1.25 1.25 2.56 c
20 100 6.17 36.35 c 29.96 1.21 1.21 6.17 c

ﬁf:r l‘ﬁm%%,c %ﬁ%%,%* Fo,osﬂ%g%klg[ls] %ﬁ%ﬁiﬁi‘l‘%,é’flkzj:soo w%ﬁ%ﬁﬁ,ﬂui&tﬂ Fo,05(1599,°°) = 1-06,Fo,05
(399, ) =1.12,Fy 05 (99,0 ) =1.24 ;7% t S AFFARH tg 05 (0 ) =1.96, t5,45(120) =1.98

3.3 AREFMRARARZ RS R

ARG T BUR ) T A2 5, A AR FAMAR BT R E C, FEFSE m” BRI E m™/m
Morisita $5%0(3£ 4) o FR BN, FREKER (d >44em) A NBEYUE RSL , HERBMAZS 8] 7 its R4
YRR, T B R B C, X B, E 8%, Morisita $5 $0ERBER 5% 34 R TR/, BEAR 2% f 34 K, bk
IR AR BEREAIR, e R TEAR R R i 1) BEALMS R 5522 , TE B KRN IR B RENIAR SR o BT ABIBTFE P, AN [
RE B BRI, s B R BT IR T B B A RS R, RN S SRS U R, 4
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W B B2 (A4S JR B R 3 2 A B R 7 T 52 28 2R 1 | RI R 11 9 48 B LA (R b 22 8] B 32 4 A0 3h 4 B9 52 i
M) Ak BRI S TR T B AR LA S A e R R B R R K B S B
W R, X IR A 2 [ B 7 SR K, AP AISE S, 72 A BB BLAR , TR LR AR JR B R B85 , B T BB AL
Fyo LAFEWFSERI, BEE PR T , A PR5E BER B9 32 = I JR] 1 Ff 3 A ] B9 55 4, AT 2080 74 3E
T AR B T, OB SRR R T RN R AT M A SRR T XS5

R4 MRBEERAEFRARETHZEARSEL
Table 4 Change of spatial pattern of Pinus tabulaeformis of each class size with three different sampling scales

. . T Bk
Tk R ke Gl o e o
. Class size K . Mean Index of Morisita’s index
size of the dispersion R R
/m /cm block crowding  patchiness
C t 1% J7) Pattern m* m*/m I F 1% J7) Pattern
5 4—12 1600 1.55 15.54 c 0.76 3.61 3.75 1.55 c
>12—20 1600 1.46 12.97 c 0.71 2.84 2.78 1.46 c
>20—28 1600 1.35 9.86 c 0.67 2.09 2.06 1.35 c
>28—36 1600 1.26 7.38 c 0.66 1.65 1.62 1.26 c
>36—44 1600 1.00 0.13 T 0.27 1.00 0.98 1.00 T
>44 1600 1.01 0.16 T 0.11 1.10 0.96 1.01 T
10 4—12 400 2.71 24.22 c 2.54 3.06 3.06 2.71 c
>12—20 400 2.29 18.19 c 2.27 2.32 2.31 2.29 c
>20—28 400 2.10 15.59 c 2.35 1.88 1.88 2.10 c
>28—36 400 1.80 11.27 c 2.42 1.49 1.49 1.80 c
>36—44 400 1.21 3.00 c 1.28 1.20 1.20 1.21 c
>44 400 1.11 1.67 T 0.5 1.28 1.29 1.11 T
20 4—12 100 6.83 41.05 c 9.47 2.60 2.59 6.83 c
>12—20 100 5.02 28.29 c 8.22 1.96 1.95 5.02 c
>20—28 100 4.68 25.87 c 8.83 1.71 1.71 4.68 c
>28—36 100 2.75 12.35 c 8.53 1.26 1.26 2.75 c
>36—44 100 1.46 3.26 c 4.78 1.11 1.11 1.46 c
>44 100 1.20 1.44 T 1.75 1.13 1.13 1.20 T

3.4 WA EJRAR T RARIAE AR 2 [ 4 R

A YBIFEARYE T34 5, DAARA A R Ao 2 3 e B T Ak AR EP 10% B AR B JRAFI 10% i
ITEAR, BT T HAE R (R S) SR ER MBARPEALI LR o RHAMGEA b B
JR e i T RER IR E AR, 138, KA, BRSO T 5045 T8 B 3R BT 1T 3 20, ZERR PRI T b, — AR 35
PEBARE SLHFEEL , PN IHARYE IS AT A B 20 A BT LAZA PR 20 BOHE 7 18] 48 i 48 = A

x5 R EER TEAMBEIRHZEEE
Table 5 Spatial pattern of the dominant, overtopped and dead standing trrees of Pinus tabulaeformis

. . T Bk
pork K R B Morisita #5§t
3 . Number Coefficient of o
Block size . . Mean Index of Morisita’s index
Type of the dispersion . .
/m crowding  patchiness
block
C t 1% J7) Pattern m* m*/m I F 1% J7) Pattern
EEXK 5 1600 1.44 3.12 c 0.60 3.75 3.85 1.44 c
Dominant 10 400 2.94 13.61 c 2.57 4.08 4.10 2.94 c
20 100 8.32 51.53 c 9.82 3.93 3.91 8.32 c
TEAK 5 1600 1.38 10.99 c 0.69 2.23 3.49 1.38 c
Overtopped 10 400 2.30 18.29 c 1.46 9.13 3.07 2.30 c
20 100 4.82 26.88 c 6.32 2.53 2.52 4.82 c
MisE A 10 400 1.57 4.02 c 0.85 3.04 3.12 1.57 c
D
cad 20 100 1.78 5.47 c 2.96 1.36 1.36 1.78 c
standing
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WRIEFA AR Fric RGO, WL AR —30F 101 %, AT & 2 T RAEMAA AR, B FHSLAKRE R A
101 #, g A AE 10m x 10m,20m x 20m BIANBEE T 2047 1T HZ IR, G5 R W3R 5 78, 7R 2L C Al Morisita
B RE S RII N EREE 7 , F IR BE I R AR IR S8 AN, — B8535 ) 2 A RSB T,
BE R AR 2, LN 3570, Ko, JE B EEA AN B A AR K P BB AR MF T S B 3B T
3.5 ILZRMR(Quercus liaotungensis) FRACFIELAth R - 75f ) 23 [ 4% /)

UARBRETAREE 9. 07 % , RAMFAMKH 9 EZAE LR, F M4 7. S5em, 23R (3R 6) , ILARHEH
FAbRE R TE 3 NRETT SN R R R, BER B B30, 37 BOR B € AP S 3 B BE3 oK, R 15 5o
Morisita $§ 8080/ REM KA T _EHREI K RAE S, BRF ] A E AR MA KR

F6 THRHFMEMBHMMAZEER
Table 6 Spatial pattern of Quercus liaotungensis and other broad-leaved trees with three different sampling scales

. TP Rk
ik HO #%ﬂ‘[%ﬁ B Eizp e Morisita 35 %%
3l . Number Coefficient of o
Block size . . Mean Index of Morisita’s index
Type of the dispersion . .
/m crowding  patchiness
block
c t #& J5 Pattern m* m*/m I F #& J5 Pattern
L ERBR 5 1600 2.45 40.89 c 1.65 8.25 8.09 2.45 c
Quercus 10 400 5.69 66.21 c 5.50 6.79 6.77 5.69 c
liaotungensis 20 100 15.3 102.24 c 17.52 5.44 5.48 15.3 c
At
i 5 1600 1.96 27.02 c 1.37 3.34 3.27 1.96 c
Other
10 400 3.24 31.69 c 3.89 2.36 2.34 3.24 c
broad-
leaved 20 100 5.17 29.34 c 10.78 1.63 1.63 5.17 c
4 ZHig

4.1 e PR AL LA R B, R pu SR B B AR MU, R SR LA A S P R A A
(HHARG MR B IERL, Bk D, FE) 22, BT BTAR S i AR 3 0, B AA-F- 2 A2 26. 6em, F X9 15. 6cm,
BEMAEZ , JB T 2T BB R

4.2 3ARET, KELRHARAMR MR ARE LT R , BREE R K, RERBELAAE, LA
FERIBIFIE T4 S SRR , KB H AR SR RREAS SR 1) e A % T R ZE AR
TEOLT X R AR F7E AR ST 455 IS B MR A AF 20 SR B G5 2R, SR PO FIRH (8] 58 4 LA R A 5 AR 358
MIE VR P L RIS SR, B T FBE ) — R RLALH % o BEE MRS AR AN, B A S Es , T LB L
)R, BN & & G B AR RS A, S 4R SR AR A I, A LU B 8. i ABIBEEH , ARAE
BB RS R AR e A TR A B T R RE AR 10202  Wb A KRR SR AR AL B R S H R T B
A5 AT B RBE LU B HE A ST BURE , TR BEE AR A B, XM REE R, RS AR,
RETT 7= A2 T b E) 3 4 , PR A0 3R SR 5 BE k55 , WR R Y HIOR , S0 A R EU R AT BB & A B3 , th R BEG R B T
BRHERLAR R, O RS , WA R R BUN SRR R , S SR A B A T HAIR T B AR K A B U 1R ER,
Ty AR BB LR , KT ARt B SR AR AR R AR A

4.3 FEHUATIARIEEA , BUEARE NSRS , AT RER AR /NRSE S i, 3T RS AR A B 5
HEAR R TERRPREE i R, AT LR PR & FIE RS 1 , TR & RS B TR K R o 350, ML
AP o B EL BN PR o B AR BROIR 0 R, N RBER D

4.4 RN FEAARIFILRSR DR R , AT TR R R d o SRS R, LR R S A T B o O
HE W R Rl ) 56 2R A BT 22 A K
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