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Fractal structure of dominant tree species in north-facing slope of mountain of

northern Hebei
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Abstract; By using the theory of fractal geometry, five dominant tree species in north-facing slope of mountain of northern
Hebei were chosen to investigate fractal dimension of the crown and box-counting dimensions of branches. The results
indicated that; (1) The widest crown of Larix principic-rupprechtii were in the middle and upper part of the crown ( about
60% —80% of the total height), those of the B. platyphylla in the middle part (40% —60% ), those of the Pobulus
davidiana and Tilia mandschurica both in the mid-lower parts (40% —50% ). Those of the B. davurica of Larix principic-
rupprechtii -B. platyphylla-B. davurica appeared in the upper part (70% —80% ) , while those of the B. davurica of Pobulus
davidiana-B. platyphylla-B. davurica in the middle part (50% —60% ); (2) Fractal dimension of Larix principic-
rupprechtii crown structure was 1.690, which was the biggest, meanwhile fractal dimension of four kinds of trees in Pobulus
davidiana-B. platyphylla-B. davurica were about the same from 0.770 to 1.202, while in the two mixed forest, the fractal
dimension of the B. platyphylla in the former(0.997) was similar to that of the latter(1.149) , about B. davurica, fractal

dimension(1.257) in the former larger than those (0.770) in the latter. (3) Branching orientation of Larix principic-
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rupprechtii of 13.1 in DBH were homogeneous distribution both in every direction and on the whole sample, in addition,
branches of B. davurica 15.8 in DBH of the former were homogeneous distribution in most direction. However, at different
tree ages, branches of B. platyphylla of the former and the four kinds of trees of the latter were inhomogeneous distribution
in every direction. (4) As tree age increasing, branching angle of Larix principic-rupprechitii varied from 85° to 95°, while
those of Tilia mandschurica distributed from 55° to 85°. Branching angles of Pobulus davidiana at younger and elder tree
age were from 40° to 55°, but at middle age from 60° to 80°. Also, the branching angle of B. davurica were from 30° to
65°. 1In the former, branching angle of B. platyphylla ranged from 25° to 90°, while in the latter from 45° to 85°. (5) The
average fractal dimensions of Larix principic-rupprechtii branching patterns was the highest which was up to 1.772, and was
followed by that of four kinds of trees of Pobulus davidiana- B. platyphylla-B. davurica. However, the value of B. davurica
between the two mixed forests were different significantly, which was 1. 476 in the former and was 1. 674 in the latter.
Although the branches of same species were different in shape and size, there were no significant difference between each
other, and their correlation coefficients were all above 0.93, which indicated that the various branching pattern had the self-

similar commonality.

Key Words; mountain of northern Hebei; dominant tree species; crown structure; branching pattern; fractal dimension
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Fig. 1 Crown distribution of different species in different DBH in Larix principic-rupprecht-B. platyphylla-B. davurica
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Fig. 2 Crown distribution of different species in different DBH in Pobulus davidiana-B. platyphylla-B. davurica
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FEAA T L WIASTF G350 03 A 3K T BB H T AR IS /INEE  MOR AR SB BIAR AT, 25 07 a1 2 AR K BE R R Ak S R
Py KRS . TR PSR MRATR BT, AR TR S 4 2578 3% B GRS, 80 19 07 [l WA 47 453 5L
SEAIF MR AR AR 51 5340, EAh , AT A A P RERE 45 5 6 L 35 AN 51 40 A K 22 B i 1 2
HEFEAS I r LY AR ) o0 A A% 15. 8 em A SEMETE L R 2800 (0 LRI 51 A X SRR st il A
RRKR,

®3 EHREARIAAERFMRESHELESFH X RE

Table 3 x*test of distribution of branching orientation of different species in Larix principic-rupprecht-B. platyphylla-B. davurica

R Fh Az Eifa 7543 Orientation it
Species DBH/cm Index E SE S SW W NW N NE Total
4t A E5 3 5 16 10 1 10 11 11 67
AN 7.8 AHXS B 4.48 7.46 23.88 14.93 1.49 14.93 16.42 16.42 100
X 5.15* 2.03 10.36* 0.47 9.69* 0.47 1.23 1.23 30.63
AR5 b 14 11 5 10 16 14 9 18 97
13.1 AH X H 14.43 11.34 5.15 10.31 16.49 14.43 9.28 18.56 100
X 0.30 0.11 4.32*% 0.38 1.28 0.30 0.83 2.93 10.45
AL Kb 11 18 9 26 6 11 2 10 93
17.5  AxHgR 11.83 19.35 9.68 27.96 6.45 11.83 2.15 10.75 100
X 0.04 3.76 0.64 19.11°% 2.93 0.04 8.57" 0.24 35.32*%
ML K 9 40 7 26 5 23 6 35 151
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R Fh Jatz ki 7543 Orientation it
Species DBH/ cm Index E SE S SW W NW N NE Total
20.2  HAXHEGE S 5.96 26.49 4.64 17.22 3.31 15.23 3.97 23.18 100
X 3.42 15.66*  4.95* 1.78 6.75" 0.60 5.82* 9.12* 48.10"
ME AR 10 24 18 20 4 13 13 18 120
26.0  AAXIHUGE 8.33 20.00 15.00 16.67 3.33 10. 83 10.83 15.00 100
X 1.39 4.50* 0.50 1.39 6.72" 0.22 0.22 0.50 15.44*
e G525 S 0 2 0 5 2 0 1 11
9.3 X 9.09 0.00 18.18 0.00 45.45 18.18 0.00 9.09 100
X 0.93 12.50* 2.58 12.50*  86.88" 2.58 12.50 " 0.93 131.40*
kA 1 16 2 10 0 7 1 7 44
11.6 XA 2.27 36.36 4.55 22.73 0.00 15.91 2.27 15.91 100
X 8.37°  45.56" 5.06" 8.37* 12.50" 0.93 8.37" 0.93 90.08 *
MiE%E o 13 1 2 3 3 11 33
15.9  MxEE 0.00 39.39 3.03 6.06 0.00 9.09 9.09 33.33 100
X 12.50* 57.86 " 7.17* 3.32 12.50* 0.93 0.93 34.72" 129.94*
TEAlE R 1 6 2 4 3 1 2 3 22
10.7  AHXEE 4.55 27.27 9.09 18.18 13.64 4.55 9.09 13. 64 100
X 5.06" 17.46* 0.93 2.58 0.10 5.06" 0.93 0.10 32.23"
s 2 9 1 7 2 3 0 7 31
12.0  AXECE 6.45 29.03 3.23 22.58 6.45 9.68 0.00 22.58 100
X 2.93 21.87" 6.88" 8.13* 2.93 0.64 12.50 " 8.13* 64.00
k% 3 1 0 1 3 3 3 3 17
15.8 AHXTEE 17.65 5.88 0.00 5.88 17.65 17.65 17.65 17.65 100
X 2.12 3.50 12.50 3.50 2.12 2.12 2.12 2.12 30.10"

HIZ% 4 nl A, LA MEATR MR i 1Ay | At M BEARE 4 b ] AR A 2 180, 3 4 B AL AS [) 2 s A5
TERZBOTNE LN X >X0.05= 3. 84, ULBHITEAR R 07 128 5 3% | RIAEA O o A ik AR 2] 00 A
A 4 T ARTEA R AR I SRR X2 (7) > 14,067 , WA R MELAE 45 T5 60 LI o3 A S R EI 0 . 77 AR
JEIA  SRRAS B BB AL R O, AN, SOEIROT LA R KOG R i3k 4 JRAT & 4 BFRERAEZR U5 (2
IR A D IR TR SO IR A A TRRANIIE

F4 WHHEARZSHRERMUEES O ESHEH KRN
Table 4 x’test of distribution of branching orientation of different species in Pobulus davidiana-B. platyphylla-B. davurica

RiFh e 7N J5fi Orientation Bt
Species DBH/ cm Index E SE S SW W NW N NE Total
i A 25 1 2 0 0 1 1 2 5 12
5.3 AR E 8.33 16.67 0 0 8.33 8.33 16.67 41.67 100

X2 1.39 1.39 12.50*  12.50" 1.39 1.39 1.39 68.06 * 100.0*
WAL K i 0 2 1 3 0 8 0 8 22
10.5 xR 0 9.09 4.55 13.64 0 36.36 0 36.36 100

X 12.50* 0.93 5.06" 0.1 12.50*  45.56*  12.50"  45.56" 134.7*
WA K i 2 2 5 1 2 2 5 4 23
16.5  AIxELE 8.7 8.7 21.74 4.35 8.7 8.7 21.74 17.39 100

X 1.16 1.16 6.83" 5.32° 1.16 1.16 6.83" 1.91 25.52"
e A Kb 0 10 1 6 0 6 3 9 35
7.4 AR E 0 28.57 2.86 17.14 0 17.14 8.57 25.71 100
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R Fh Mgtz Eifa 754 Orientation it
Species DBH/cm Index E SE S SW W NW N NE Total
X 12.50*  20.66" 7.44" 1.72 12.50 1.72 1.23 13.97* 71.76
Mk E R 1 11 2 10 1 13 1 9 48
12.6  AxECE 2.08 22.92 4.17 20.83 2.08 27.08 2.08 18.75 100
X 8.68" 8.68" 5.56* 5.56" 8.68" 17.01°* 8.68" 3.13 65.97"
%3 . 1 7 7 0 4 7 3 36
17.5 X 19.44 2.78 19. 44 19.44 0 11.11 19. 44 8.33 100
X 3.86" 7.56" 3.86* 3.86° 12.50" 0.15 3.86" 1.39 37.04"
MEHE 1 11 4 12 3 10 4 10 55
20.8 FHXTEEE 1.82 20 7.27 21.82 5.45 18.18 7.27 18.18 100
X 9.13" 4.50* 2.19 6.95" 3.97" 2.58 2.19 2.58 34.08 "
THAE MkEE 4 4 6 2 1 0 4 2 23
7.5 AHXTECE 17.39 17.39 26.09 8.7 4.35 0 17.39 8.7 100
X 1.91 1.91 14.77" 1.16 5.32" 12.50 1.91 1.16 40.64
E5% o= ] 0 0 4 1 6 3 3 17
1.2 HHxi%E o 0 0 23.53 5.88 35.29 17.65 17.65 100
X 12.50*  12.50*  12.50" 9.73" 3.5 41.57* 2.12 2.12 96.54
ME%E o 2 0 6 0 9 0 6 23
16.5  fHXEE 0 8.7 0 26.09 0 39.13 0 26.09 100
X 12.50 " 1.16 12.50 14.77*  12.50*  56.73*  12.50*  14.77* 137.4"
Bl R 1 0 1 4 3 2 1 2 14
7.5 X 714 0 7.14 28.57 21.43 14.29 7.14 14.29 100
X 2.3 12.50 2.3 20.66 " 6.38" 0.26 2.3 0.26 46.94
kKR 3 7 3 2 1 5 1 7 29
10.5  AHX4UE 10.34 24.14 10.34 6.9 3.45 17.24 3.45 24.14 100
X 0.37 10.84 * 0.37 2.51 6.55" 1.8 6.55* 10.84* 39.83"

3.3.2 WA A o3 A AR

Ry T AE TR AN [RIAR A [ o A A AR 8 A A6 £ A7 EGIEE KA R LA 22 50 — X AT Ge i, 25 SR &
3.4 PR,

FH L 3 AT A [RIAR ol K ] — R oA [ o 2 (A0 £ 4 A #1025 S, by AS (] B8 1 e b o e A A s
fBUAA ] 40—135° , F B3 A TE 70—110°Z 8], B 38 K i #3248 th 7E 85—95° Z [A], iIX i W A db I it
A B ARS # 18 RAASE FEAS AR AR A3 A, AR I AR 1) MM AL A6 £ 915 T 25—90°, L il 45 A % 18 O, i A s
Bl 2 348K, 3 U I B B I 1 A, A ) A A R B | T SRR A U S B AR FE 35—65° 2 (A,

P L 4 BT LLAGAEATR SR AR A NS 01 A = 290 A 7E 45—85° 5 PAME B/ A 78 30—65°; LA
B /N 5B I 32 B3 A 7E 40—55°, T RLR 2 1 43 A 7E 60—80° 5 BB A 1R BH S 1) 43 1 17 D0, %% i /1N B 43
e 40—55° Bl )5 /A 7E 55—85° , 3X 043 Ut BH B 45 Bl A T | R 2% i b AR IR 34 55 , FLAR A A % i
AHRE IR, EE AR R A win ok

AR, B 3 & 4 BTN, PR SSAR 53 (4 L REA ) 43 A AR AN SRR TR] AT BE A Jirt PR 55 b A B 17 A e
AN, SBR[ 5 G AR, LA HEATRASHA T I8 Ry [ AR o8 T ARAS B8 2 1 B 2 S B0, e 1
A I R FSETI 0Ff AR X /DN | 3K A R PR B — ol o M B
3.4 MBHIEHRS R
3.4.1  A[FRIBF AL TE R

SR FH A 7 55 1%, A T A ST 545 B B HORE A [RI AR R A4 sy 1 o I e, I 5 f, il
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Fig. 3 Branching angle distribution of different species in different DBH in Larix principic-rupprecht-B. platyphylla-B. davurica
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Table 5 Box-counting dimension of branching patterns of different species

FE bR R Fp Eiztan SFHE
Forest type Species Index Average
TR RAREA AEdbiE AL 7%/ em 7.8 13.1 17.5 20.2 26.0

TH&E4E(D,) 1.769 1.757 1.772 1.788 1.774 1.772

MLERE(R) 0.969 0.954 0.959 0.968 0.956 0.961

SFi3 72/ cm 9.3 11.6 15.9
THE4EE(D,) 1.565 1.500 1.620 1.562
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B IS W Fip kit A
Forest type Species Index Average

HHFEZEB(R) 0.957 0.940 0.979 0.959
JRHE 72/ em 10.7 12.0 15.8

&8 (D,) 1.430 1.479 1.519 1.476

HMXKZEF(R) 0.952 0.960 0.953 0.955

ILiAHEAR [ir7} M9t/ cm 5.3 10.5 16.5

H&a48(D,) 1.559 1.579 1.584 1.574

HXZEF(R) 0.966 0.954 0.953 0.958
Itk W4/ cm 7.4 12.6 17.5 20.8

HH&EE(D,) 1.620 1.691 1.684 1.647 1.661

T REL(R) 0.947 0.950 0.972 0.930 0.950
JRHE 7%/ cm 7.5 11.2 16.5

HEMH(D,) 1.689 1.698 1.635 1.674

HXKZEF(R) 0.947 0.955 0.948 0.950
MR Mt/ em 7.5 10.5

THE4EE(D,) 1.622 1.642 1.632

HHFEZRE(R) 0.947 0.959 0.953
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Fig. 4 Branching angle distribution of different species in different DBH in Pobulus davidiana-B. platyphylla-B. davurica
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Fig.5 Self-similarity of different branching pattern of different species in Larix principic-rupprecht-B. platyphylla-B. davurica
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Fig. 6 Self-similarity of different branching pattern of different species in Pobulus davidiana-B. platyphylla-B. davurica
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(1) PAFRIE A MRy AN [RIRR Fof 1) e T A7 7E 22 57, ELAH [RIAR b AN [) A1 8 A AR ] A7 7 25 57, (EL ) — AR A
Sl A5 DAL AFAE LA AR 43 A, AEAGT& IR AR 56 i i A Ak T v 13 (A VT 68 153 1) 609% —80% ), LA FI g
HBE DU AR AL = A T (R S 13 1) 40% —50% ), 75 AR HEATR SS AR H I ME A AR 52 e i Ak A Hp s (A X
SEEH 50% ), BBAENEEA L T 30 (R R R 70% —80% ), 1B 2 LI A MEA TR A2 bk rbr 1 M FR A 5 % 9 Ak ek
TR A AT (AHXT IR 5 1 40% —60% ) , FEAE AR 5 B 5 Ak A T A b (CRRL 6 96 15 7 50% —60% ) o AT UL,
PR SR I3 HH  FAHE | SEAE AR S8 05 S A A7 AE — R I 25 5 7™ A 1A D R 32 2 5 0 Py o 2L A ], 5 8000 o
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SYIE AR R U2 B R 5 i s 1R B 5 R RE SR A I R R SRR, AE S L e R S b b T AR S
e, oAb IR AN B TR IR AT AR R (1. 690 ) K TFZ TR S PR FLAb A Bl | BB - e A 30 70 8 B AR ) 4
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B} 2B A 40—55° , rPEAR 2 1) 23 A1 7 60—80° 5 MR-t A3 AR BH 8 119 20 A3 155 B0, AR iy /INBS AT FE 40—55°,
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