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Diameter class diversity indices for spruce-fir conifer and broadleaf mixed

stands in the Changbai Mountains
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Abstract: Diameter class diversity, as an important part of structural diversity within a stand, affects the
economic, ecological, and social value of forests. The objective of this paper is to evaluate different diameter
indices describing diameter class diversity based on discriminant ability and sensitivity to sample size. Seven
commonly used diversity indices: the Margalef index, Shannon index, Gini coefficient, Simpson index,
Berger-parker index, Pielou evenness and Shannon evenness were calculated for 4 spruce-fir conifer and
broadleaf mixed stands with different cutting intensities (0, 20%, 30% , 40% ) during 7 investigating time
(1986, 1990, 1993, 1997, 2001, 2005, 2009) in the Changbai Mountains. Then, the discriminant ability
and sensitivity for sample sizes of different diversity indices were evaluated. Results showed that with respect to
discriminant ability the Margalef index, Shannon index, and Gini coefficient were superior, but the Gini
coefficient was best as the Margalef and Shannon indices were sensitive to sample size. Based on different
cutting intensities, variation in the index values before and after cutting showed that diameter diversity
increased when the cutting intensity was between 20% and 30%, and decreased when the cutting intensity was
40% . A wide range of applications for diameter diversity indices in forest management include comparing
diameter diversity in different stands, assessing changes in tree size diversity over time in stands or on a

landscape level, and evaluating the effects of different management treatments on diameter diversity in stands.
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A58 DX AL T35 R TEIE MO Ry 89 08 AR 37 , Hb 3R 55 43°22'N, 130°10'E, HiS @Mkl ke, i
300 ~ 1200 m, PEEZTE 5° ~ 25°, XK@ ENB AR, 24 FHSEN 3.9 CAL, =10 CH
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2 8 em MMM, AR ILL 2 em i EARRIBG RN 4042 B, Geit B Moy AR 8, DA g iz
Wit s m AR, B AW A, PR A, SR BRI IE N 1,

F1 BHEMREKAEERS HILE

Table 1 Diameter characteristics in different sample plots before and after cutting

T Hb T HA/em
B/hm? 1986 4 1990 4 1993 4 1997 4¢ 2001 4F 2005 4 2009 4F

FEHL S

X-37  0.16 7.0 ~31.3(13.8) 7.0 ~ 33.2(14.9) 7.0 ~ 33.9(15.3) 7.0 ~ 35.3(16.3) 7.0 ~ 36.1(17.3) 7.1 ~ 37.4(18.3) 7.1 ~ 38.7(20.0)
X338  0.16 7.0 ~35.6(14.9) 7.0 ~ 39.1(15.7) 7.0 ~ 40.0(16.2) 7.0 ~ 43.0(17.4) 7.0 ~ 44.2(18.3) 7.0 ~ 44.9(19.3) 7.0 ~ 47.2(20.1)
X-39 016 7.0 ~36.4(14.2) 7.0 ~ 38.6(15.0) 7.0 ~ 39.0(15.5) 7.0 ~ 40.8(17.0) 7.0 ~ 42.5(18.0) 7.1 ~ 43.6(19.0) 7.6 ~ 43.9(20.3)

) ( )

X-40 0.6 7.0 ~ 41.7(12.6) 7.0 ~ 42.6(13.6) 7.0 ~ 43.7(14.0) 7.0 ~ 43.7(15.4) 7.0 ~ 43.7(16.5) 70 ~ 43.7(17.6) 7.0 ~ 47.2(18.7)
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W 29 50 43 A I RS R RABL . Gini S8 802 8 5 B pg — R 5 ik, el g U 2 X MR VEAR ATTHE A
A& F B, JE R TIPSR th 9 KON, IR EUE AN T 0 ~ 1 Z0H], HILARE ) i
B, Gini F8ECGRAL T B S50 In B9 RR YT MR ELAT [RIRE A /NS 153 21 /M 0, BRI B KA R
1. Simpson 85K E TAEAM 2 kB, fE—DBEVLICTS RFRED , J& TR —2 el AR5,
TR e, FREUERBEE RN, R T 1 WEHEEUEMIEX . Simpon 15 B2 b R R AR B
B RE MR A2, X AR B B AN BURR . Simpson FREUGECR, B £ & R A ML HE B %€ H . Berger-Parker
TEBCE R H A AR T EW— D5, XN EBS RS BRI T R B R KRR R
ARG S 7l Z RIS e, FEEUEWBEE RN, R T 1R EE IR, AR RO R ME R
0, XM AR IE T F—Hr B0, BieE KM 1, 45T W25 o0 A T 5 A 42 B i RO e KME
Shannon 5 £0H Simpson 5 ZCHF AT AARHEACTITAE S —Fh &2 FEX S R 5 i, #8870 ~ 1 Z [, 4f
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Table 2 Mean index values, ranges and range in percent of the mean

iR ¥ JE T /% Eigi ¥ FieN il 31 /%
Margalef 473 3.89 ~ 5.02 23.89 Berger-Parker 0.86 0.84 ~ 0.88 0.13
Shannon 2.62 249 ~ 2.77 10.69 Pielou 57§ 0.92 0.91 ~ 0.94 0.19
Gini 041 0.39 ~ 0.45 14.63 Simpson #4] J& 0.97 0.97 ~ 0.98 0.03
Simpson 0.92 0.90 ~ 0.93 0.10
UL . RO ok (B 22 SRR, PR SR R G R (3 L o S 1 B i) ) ok X 4% AN 48 Bt AT H B
i I B A AR RO A O R BT LA %3 SIEHENELEY
(£ 3), BIERCZE A AR AL, A Table 3 Spearman correlations coefficients between different indices
KRB B E . H Berger-Parker 48 %15 . S Berger-  Pielou  Simpson
Margalef 5 CR1 Simpson 8 %0 1 # 5 ME ik 51 o Shannon - Gini - Simpson e WIS Hy5IE
THE2 . 5 Shannon JEECHIAR G B %, Margalef 0.980° 0.627 0988  0999% 0617  0.939
Simpson 5] B 15 £ 5 HoAh 4 8 £ A 56 Shannon 0.652 0.999" 0986 0630  0.932
YT Gini 0664 0605 0998 0.857
W4 P ITLLE RF 0 & kb se  Simpson 0.991° 0.645  0.944
B 1 B9 A5 R ], 36 od Simpson % DereerParker 0392 0927
Simpson 5] J¥ 0.850

H1 Simpson %] B 45 BB & B 1] (4 72 6 H
EHEARNA | X BIREARFFE IR, T
1990 4¢, HIRfk 3 a )5, & DI BUEAS
K, 1 Berger-Parker 5 EUE /N, 5 H A5 (A 19 2 LA —F,

YT " ONAE 0.01 K ERE R IEARSE, " MAE 0.05 K BB EAMIE,

®4 BEWEREFENE

Table 4  Index values based on different investigation years

B 1986 4 1990 4 1993 4 1997 4 2001 4 2005 4 2009 4
Margalef 4.06 4.16 3.99 4.17 421 4.29 4.37
Shannon 2.30 2.54 2.54 2.60 2.63 2.63 2.62
Gini 0.43 0.50 0.44 0.44 0.43 0.42 0.41
Simpson 0.91 091 0.91 0.92 0.92 0.92 0.92
Berger-Parker 0.86 0.85 0.85 0.89 0.87 0.86 0.86
Pielou ¥J%2] J& 0.88 0.94 0.95 0.94 0.94 0.93 0.92
Simpson ¥ 5] £ 0.98 0.98 0.98 0.98 0.98 0.98 0.97

Zia L EJLETLUE ;. Simpson $8 40, Simpson %) B 45 4 il Berger-Parker 45 £ H| 51| 68 1 ¢ 2% |
Ifii Margalef $§%% ., Shannon #§%{fll Gini #5405 4T,
22 XEARX/NEERGE

B BEA B 73 B D B 75% , 50%, 25%i, FOBT TR AR RUE, MAEAS B /N B AN [R] R0
P8 2% 418 B 55 A5 S0 P D 2 SH A DB 25 i 8O0 AR AR R/ R U v

Wi S FTLAE Y, UREARECR D, BB A — B UL N T5% 0, &
MBI, SRR D B 25% ), FOB 5 R B9 18 B0 -5 DR (e ROfE B0 D 22 0k, 0
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Table 5 Mean index values calculated from the reduced number of the sampling plots

RS TREE
EiRid FEAR KN % I 221 % 5 HEART NP i 25 1%
FEARBR DS B PR G S
Margalef 75 4.54 4.37 3.8 || Berger-Parker 75 0.86 0.86 0.0
50 4.46 4.37 1.9 50 0.86 0.86 0.0
25 3.89 4.37 11.0 25 0.84 0.86 2.3
Shannon 75 2.65 2.62 1.1 || Pielou ¥ 2J 75 0.92 0.92 0.0
50 2.63 2.62 0.4 50 0.93 0.92 1.1
25 2.49 2.62 5.0 25 0.92 0.92 0.0
Gini 75 0.41 0.41 0.0 ||Simpson ¥J%4) & 75 0.97 0.97 0.3
50 0.42 0.41 2.4 50 0.98 0.97 0.5
25 0.39 0.41 4.9 25 0.97 0.97 0.0
Simpson 75 0.92 0.92 0.0
50 0.92 0.92 0.0
25 0.90 0.92 22

23 ARRKBEBERKIEZHEHENES

A 2o AN [ SR AR5 JEE P A A R AR AR 2% R BUE I A2 3 T LU I (R 6), X T X kR i X-37,
W% I 1] 1 722 Bl 25 18 BUEFEAR AN ZZ , BR T Margalef 45 %0UHT Shannon $8%L, 4R A58 8 20% 1 30%
AR EAEAB LEXS BRI, TS5 B2 O 409600, 5 BB S 1T e xof B 3 /) o 3 — &5 SRR W% 4t DR A
JERE ORI, AT MR 2 R 2 A

®6 ARAXRKEBERKAEHNEEHHE

Table 6  Mean index values based on different cutting intensities before and after cutting

- X-37 CRAKIREE 0) X-38 CR AL FE 20% ) X-39 CR AR E 30%) X-40 CR A% SR B 40% )

A s R AHI s AR Hi fJm A H fm
Margalef 421 3.96 4.10 4.68 4.09 4.30 3.84 3.86
Shannon 247 2.52 2.15 2.69 221 2.64 2.35 2.52
Gini 0.42 0.42 0.45 0.46 0.43 0.46 0.40 0.42
Simpson 091 0.91 0.92 0.92 0.92 0.92 0.89 091
Berger-Parker 0.86 0.86 0.87 0.88 0.85 0.86 0.84 0.86
Pielou ¥J%4] J& 0.96 0.95 0.84 0.95 0.82 0.93 0.92 0.93
Simpson ¥ 5] & 0.98 0.98 0.99 0.98 0.99 0.98 0.97 0.97

3 it

FH T AR B ZHEVE R B IR R R B 2 e, Horh 3 A4 R B2 HARR R, 2 S L
JEFREL, 2 A NS R, A A RS T8 BUE U [ AS H), Margalef 48 80824 1T e Kayu i, H O
Gini $8ZCF1 Shannon $64%, M oA &R EIAHC R AT LIAE H, Br T Simpson 15) B 45505 HAh 5
B CHEAR B2 DAL, HAR 45 8 BURAE7E B 2 ARG E &R Simpson 5 £UF1 Simpson ¥ 2] FE 540, Berg-
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er-Parker 5§ £ B 6] (149 A8 Sh(E AN AE , FEBH A5 S A4, 1 Margalef #5 %% . Shannon 5§ 201 Gini 45 542
U, B B REAR BRI A ) 25% 0, 1145 2 Margalef 48 5000 i 22 1t K, H R J2 Shannon #8 #Al Gini
8, Ji5h, AT 0~ 1 ZEMFE A, 7ERLE DI B, $52ik 1 RUIRN 2R, #iE 0 RWJL
T R — AR, LR DL LA LA Gini 38 BORXT R SO BOREAF . X — 25 5T AR —
SEREGE—F0, A, ARWESEE TSN R R A R AR T IS A& R EUE R Sh A YR AR R R
B, 40 20% ~ 30%0F, R ZFREVEAR R, T2 SR AR 2 40% 0, AR 2R LRI/ o 33X 030 X
AR E BAT — € R 2 L AR 2 FE P45 KOk B AR 2 (R AR /N 2 FE VA T 1Y 20 WLt Lo
AN ERRIT R B 22, PEAS — i IR [R] P AR 53 B35 OUR 7K ST AR K/ 22 M 728 A DA R A ) ) 428765 4 i
X AR AR i 22 R 1 1) 52 1 55

AW TR A 252 B TP R Z R i 18 BN TPk o o MOR IR B Z e, SXTE R N i B
FEP I, R H T AN [F] R B R AR S A& BB 28 4k, I I S BE T RO A b K
AINBUBE X 25 FRBGHEAT T IEA o SR FH B T R DR TR I A S AR A R EROR 1 3R A B 1 B R O R
RS 3 b S R AR A BRI pl T ARORR A v R A AR R B AR B AR, TR TR 3 A A A
KREA % &, RIARTITEEA % A8 EO T AR B AR GE S, 5341, 3T Shannon $5 %L
(RIAR 0 G5 A0 22 REPEFE bR B0 45 M 78 B AT 20 2R SR B MI B B o191, s e e B B A, A O
By AREYAE, rdli 07 R AR ME B = 50— BARGE 0, ARFSER IR EL 2 em Sy — AR B b AR AR E T
i, I HAME &, U EILSA TS R — e,
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