5535 B4 10 1) *E &~ 2 Eild Vol.35,No.10
20154F 5 A ACTA ECOLOGICA SINICA May,2015

DOI: 10.5846/stxb201306201752
INEZE, DM XHLL SR 2R A R K B IE TS TR A i AR 52441, 2015,35(10) :3329-3338.

Sun Y J, Ma W,Liu Y H.Biomass of Larix olgensis plantations based on species diversity analyses in Heilongjiang, China.Acta Ecologica Sinica,2015,35

(10) :3329-3338.

SYMEHEEEXRNRKABENRAIRESN S

=, L2 S 1
FNEFEDT L MR XL
1 AbETMOl K2 I R M B S H M E S L=, s 100083
2 EEM A RIS BE, dbat 100714

FEE XA LA P& AL ( Larix olgensis) N TAKEEE W Fh 2 REME R W i e — B R R PG00 b . S5 SRR . 1) BRI 1Y
K, TR R A SR ZRE MR RRIE & A TARKAS b, Wb o 15 B4 BA S, A 40 45 ) A 2 (8L T R T8 AR D 34t A7 3%
W R R R BB 1) R TR SCRIE RS . BEVE Sorensen AHIPEFE ELFEAR , Shannon-Winner ZAE M HE £« 87 B L |, Pielou 1
BREFRBIER S S BN T W Margalef == 75 3 415 H0 5% R0 il 2R 09 1K R 345 2 ) BEPR 8 15, BT A iy S A8 il R 494 K 34
YT A0 TR B S R BT RAAZ STEARZ S FA 2, 5 R AR W bk LU 81 53501 82.41% (15.10% 1.69% F11 0.81% . K %
WERA A P O T S AR O LIRS N R JE T R R R T AR A A R A LA T, AR R R T B 32 S
BWTE R EARBGTAZ 2L YR Ir o5 LGRS T . MR AR SR R A 2L W L B 2208 1 B 5 3) EV Th R 2 AR M 8 AR 5
A 22 1) B R LR M K A 56 2R B 42, Shannon ZREMERSELL 2 Pielou ¥4) FEHS SIS A VR REVE L W) B LG b AR S
Margalef =& B2 H5 4O B i AH DG HE

KB AR VRS, NTTAR BEVERSH; MR ZAEE; AR

Biomass of Larix olgensis plantations based on species diversity analyses in
Heilongjiang, China
SUN Yujun'*, MA Wei®,LIU Yanhong'

1 The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China

2 Academy of Forest Inventory and Planning, State Forestry Administration, Beijing 100714, China

Abstract: Understanding the relationship between community diversity and biomass is important for restoring the structure
of a community. Larix olgensisis an important forest type in northeastern China and plantations of Larix olgensiscover
largeareas, but a strong need exists for studies comparing species diversity and productivity in this community. The
relationships between diversity and productivity are difficult to measure because the complex, dynamic situations in
plantations make diversity indices and the characteristics of the various layers of biomass of different age groups and
community structures difficult to analyze. Our objective was to study the indicatorsof diversity and biomass as well asto study
the interactions between diversity and biomass in L. olgensis plantations, at a forest farm in Yichun, Heilongjiang Province,
China. We calculated community diversity by several indices such as Sorensen’s similarity, Shannon-Wiener, Pielou
evenness and Margalef richness indices. Sampling harvest and statistical estimation methods were used to analyze the
biomass of three layers: arbor (L. olgensis and other trees) , understory vegetation (shrubs and herbs) , and woody debris

(fine woody debris, coarse woody debris and residual woody debris piles) in ten L. olgensis forest stands. These stands
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included areas with different successional stages such as immature, young, mid-aged, near-mature and mature; two
rectangular plots were randomly established in each stand for the collection of survey data. All survey data from these plots
were collected simultaneously. Space-for-time substitution, community structure, species diversity, and biomass distribution
were all analyzed independently in stands of different ages; in addition, dynamics trends of these forest characteristics were
simulated with allometric regression. Our research indicated that over time, 1) species composition and biodiversity
characteristics of the community changed significantly. The importance value of Ulmus pumila L. initially increased rapidly
and the dominance of L. olgensis declined, indicating the community was in the process of secondary succession from
coniferous to conifer-broadleaf forest. Sorensen similarity index declined, the Shannon-Wiener index showed an “S” curve
growth trend, but the Pielouindex showed reverse “S” curve with a downward trend, and the Margalef index showed a
“hump-shaped” trend. 2) Biomass of the community showed an “S” curve growth trend with the arbor,woody debris, shrub
and herb layers contributing 82.41%, 15.10%,1.69% and 0.81% of the biomass, respectively. Initially, L. olgensis
dominated in plantations, but the proportion of L. olgensis within the community continued to decline over time until the
population itself declined. The shrub layer will replace the herb layer’s dominant position in the understory layer and the
proportion of woody debris slowly declined. 3) Analysis results showed that the diversity indices were linearly correlated to
biomass; the Shannon-Wiener index was better suited than the Pielou index for measuring the regression; the relationship
between the Margalef index and biomass was not clear. In this paper, we analyzed internal and external relationships of
species diversity and biomass of L. olgensis plantations thoroughly at different stages. In particular, under specific habitat
conditions, both diversity and biomass were undergoing dynamic changes, which had great significance in the use of spatial
resources and to the sustainable health and stable development of the community. Thus, we concluded possible curvilinear
relations of species diversity and biomass would supply scientific evidence of forest ecosystem recovery and restructuring as

well as provide useful information related to plantation management.
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Table 1 Basic status of sampling sites of Larix olgensis plantation at different age

7 7 15 19 23 27 32 37 41 48
4K Altitude/m 300 299 308 296 354 304 376 383 312 309
B Slope/ (°) 9 8 7 7 10 5 6 6 10 9
BT Aspect/(°) SW60  SW65 SE62 SW30 SW6 SE39 SE15 SW58 SE69 SE75
Wefii Position T LI T e T T LAl LIl LIS R
+JZJE ¥ Soil depth/cm 40 36 45 46 45 43 40 37 52 55
S M4E DBH/ em 3.0 2.8 11.5 12.7 15.2 15.8 16.1 16.6 27.2 27.4
SF-$45 44 15 Height/m 3.0 3.1 12.4 13.9 15.8 16.0 16.3 17.2 25.4 26.3
AT FEE Density/ (#k/hm?) 1663 1647 1623 1560 1352 1114 936 783 576 520
Hifht R Mortality 0.62 0.67 0.88 2.33 2.60 3.80 5.83 6.72 2.53 2.78
HREAE Coverage 0.16 0.14 0.65 0.76 0.83 0.80 0.75 0.73 0.63 0.57

LIV VARV 235004 i AR TR B QIR P IR AT BRI b 5 i 2

I, I, I, IV and V refered to 5 successional stages such as immature, young, mid-aged, near-mature and mature of Larix olgensis plantations.
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Shannon-Wiener Z 445 %k H' =3.3219(1gN - %i n;lgn,) (3)

Piclou #51EfE M J=(= 3P log,P,)/ log,S )

Margalef F & FEFE 4L D=(S-1)/InN (5)
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Table 2 Importance value and number of species of plantation in different age-groups

JZIK Layers YIfh 4 Species I I i} \% \'
TR AKJZE Arbor layer L/E 4 5 8 13 9
K E &M Larix olgensis 83.06 48.00 68.31 69.53 57.65
AR Quercus mongolica Fisch. 5.84
FAABE A, mono Maxim. 5.63 9.71
KM Fraxinus mandshurica Rupr 13.00
FA Ulmus pumila 1. 21.00 5.46 14.08
FAHE Betula platyphylla 5.37 12.91
8% 75} Picea jezoensis var. komarovii 7.80
FEAJZ Shrub layer L/E 4 7 14 12 9
WIlM-2528 2 Spiraea salicifolia L. 53.81
T35 3% Rosa multiflora Thunb 16.19
G B4 Lonicera Chrysantha Turcz 30.00 18.29
K Z I3k Viburmum sargentii koehne 31.43 27.30
B Corylus mandshurica Maxim 11.52 25.87 11.75 12.94
B ¥k Sorbaria kirilowii ( Regel) Maxim 26.83 18.61 15.90
ZRACINHEAE Philadelphus schrenkii Rupr. 14.44 17.28
FAZ Herb layer L/ 41 34 24 21 20
FEmt 1113 Artemisia stolonifera( Maxim.) Komar. 17.93
HZEWE B IR Dryopteris crassirhizoma Nakai. 4.98 6.06 9.31
W FE Filipendula palmata (Pall.) Maxim. 10.18 6.49 8.96 8.12
FAEREAKSE Cardamine leucantha (Tausch) 0. E. Schulz 3.38 18.52 6.42 12.11
RWKEHE Carex lanceolata Boott 28.92 15.21 32.02 14.71 19.42
IK 4 R Impatiens nolitangere L. 10.58 6.80 15.90 12.32
BT Sium suave Walt 9.99 9.19 9.44
B3 5 Oxalis corniculata 1. 15.91
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Table 3 Sorensen similarity index of community at different age-groups

JZIK Layers I—1 I—1II I—V I—V n—I n—wnv n—v n—Iv n—v N—V
FrAJZ Arbor layer 0.667 0.500 0.353 0.273 0.615 0.444 0.429 0.571 0.588 0.636
H#EAJZ Shrub layer 0.364 0.222 0.250 0.000 0.571 0.421 0.375 0.692 0.609 0.571
HAJZ Herb layer 0.400 0.400 0.387 0.341 0.517 0.473 0.407 0.578 0.545 0.634
HEVE IR Community  0.421 0.379 0.358 0.230 0.543 0.457 0.405 0.609 0.571 0.619
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Fig.1 Changes on diversity index of different layers
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Fig.3 Biomass of community layers in different age-groups
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Fig.2 Diversity index of communities in different age-groups
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Table 4 Distributionof different age-group communities of Larix olgensis plantation

SH o F*AK Arbor/ (t/hm?) # T2 Understory/ (t/hm?) RIFEPFRAR)Z Wood debris/ (1/hm?)
Ttems Samples RN HERF HEAR R HIAR B TR A
Larix olgensis ~ Other trees Shrub Herbr CWD RP FWD
EEL7/i I 4.158 0.756 0.027 4.808 5.258 0.005 0.054
Biomass I 64.925 15.545 0.796 1.353 15.49 0.045 1.042
I 77.727 20.421 2.405 0.92 18.435 0.118 4.642
I\ 106.636 67.058 4.121 1.357 25.18 0.324 6.964
\ 209.087 179.861 9.206 2.147 28.679 1.011 13.596
H B IRAEY) I 84.62 15.38 0.56 99.44 0.10 1.01 98.89
Ll Pl I 80.68 19.32 37.04 62.96 0.27 6.30 93.43
I 79.19 20.81 72.32 27.68 0.51 20.01 79.48
I\ 61.39 38.61 75.23 24.77 1.00 21.45 77.55
Y 53.76 46.24 81.09 18.91 2.34 31.41 66.25
AT B I 27.55 5.01 0.18 31.86 0.03 0.36 35.01
Yyt LA Pe Il 65.47 15.68 0.08 2.08 0.05 1.05 15.59
I 62.35 16.38 1.93 0.74 0.09 3.72 14.79
I\ 50.39 31.68 1.95 0.64 0.15 3.29 11.90
\ 47.14 40.55 2.08 0.48 0.22 3.06 6.47

FWD. 40K 5 Y Fine Woody Debris, CWD . HHA T Coarse Woody Debris, RP . TP HEFRH Residue Pile; PL; BHREYE & EZREY R
1] Proportion of layer, Pc: KA SR B AR ) Proportion of community

WS AR BIABPA AR B RETE LR 5 5 R TR 2 > R BT AR 2 STER )2 > B 2 ] BV A 1 1) LG 131
5300 82.41% 15.10% ,1.69% F1 0.81% , P UL, TR A JZAE Wi o 08 3 b Az, XAV A ) s i 2K, R L)
FRARZ M STRRIR TFRAZE , Wi AR At b2 H B 0w /0, 5 B IR G oe 4 AR 7 T 4Ll TR AT
A RATG B, T SRR RGN 22 A 2 R ARG, LY ARAS ), R AS AR R AR AR A &2 R TR R AR 2
HEYE 2 TR AR ZA Y e & TR, SERAM B A 225 B, ol B &2 YA 2
)RV H 50 B ELA B0 o A 7= 1 R (4 348 2002 (R v 2 40 i PRI 9 i 38 > o RIS 95 AR T
Fb A1) S S B AIG , LA FRIE AR L] L T AR 2 MR TR )2 LU 208 TR, X R e T N TAREEE A
ML A P= 5 A B A K i B AR i 5N TR 2k 1 M B AR 2 AR S A A B R A AR G
2.4 FEE ZREE S AR R DG R R A AR

KA R B AT AR Z R R 50 S A B A DG (3R 5) , WA G R B0 B BE X 2F — 25 819 43
Br A5 B AR (R 6) , WFFTRM, BEMES I, TR ZWFI I 2 | IEHRE A LTS R B 7% ot
FASP LT RIRAE RN, A= Py 21N (76 V S AL 5 B V5 A2 1 LU 49135 3] 40.5% ) , —H KR E D),
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Table 5 Correlative coefficient of species diversity and biomass (B) at different age-group communities

ZREMEAS R TeAJZ Arbor layer JEAJZ Shrub layer HASJZ Herb layer BEY4 Community

Diversity Index ~ AGB BGB  AB AGB  BGB  SB AGB  BGB  HB AGB 0GB  BGB CB
u 0.959 0956 0959 0271 0503 0320 0.849 0.98 0.907 0982 0919 0.987  0.982
J 0.463  0.502  0.469 -0.713 -0.966 -0.777 -0.606 —-0.871 =-0.693 —0.988 -0.948 -0.985  —-0.989
D 0.582  0.534  0.576 0228 0480 0.280 0.899  0.630  0.847 -0.534 -0.285 -0.554 -0.517

AGB. #i FAEY & Above-ground biomass, BGB . R A Below-ground biomass, AB: TR Arbor biomass, SB: HEARZ Y& Shrub
biomass, HB: FAZ4 Y Herb biomass, OGB: MWt Over-ground biomass, CB: #7544 Community biomass

R6 AIMBEDPEVMSHEEHEHSENMENBXXRSH

Table 6 The relationships between species diversity and biomass of Larix olgensis communities

JZIK Layers 2[4} Components [F1J5 75 2 Regression equations R? Sig.
FEAJZ Arbor layer i bR AGB AGB =105.021H'-248.168 0.919 0.002 *
H T APy BGB BGB=17.116H'-40.797 0.914 0.011
Fe ALY AB AB=122.137H"-288.964 0.919 0.001 **
HEAJZ Shrub layer i EAY)iE AGB AGB=-11.556]+6.724 0.508 0.077
A Y BGB BGB=-3.373/+2.030 0.934 0.007 *
ALY SB SB=-14.930/+8.755 0.604 0.034
FAJZ Herb layer YR AGB AGB=1.310D>-19.155D+70.543 0.979 0.021
T A E BGB BGB=-0.524H"'-3.260 0.971 0.002 *
FALEY & HB HB=1.416( H')2-20.271H'+73.612 0.993 0.007 "
REV% Community AR AGB AGB=149.545H'-126.664 0.976 0.002*
WREY T OGB 0GB =-509.740]+89.396 0.898 0.014
R AR BGB BGB=24.715H'-20.680 0.975 0.002 *
REVE Y& CB CB=190.070H"-150.570 0.978 0.001 **

# NI, x o« NREF

FEEKF L 5 A e 5 HEZ LA S SOEA S, 5 T E AR, 5 D (E 2 W W38 A ] Y
FAOCAE R HMEDRAIT S —# A C R S, P B i B4 (AGB) U A= W) i (BGB) 45 J2 ik
AR R A R A A S EE H RIS IS N, bR AE YR (OGB) B RY R 22 | A Wi bl J {F3
R, WESERB, BERAS R ORI SR R Z RIS O R B, 5 UG RO PRI TS O8AR  HL
AR A2, 0T LAAS AR DX N A v R o (CB) Bl H{EDIE DR T30 ) i i 5 | BB PR % 384 O Wl RE )38
R BE, 10 BT A Jry PO, SRR RS ) AR v S S IO %, AT LA T 22 b S B A )
T Z IR 5 AR AR AR R TSR AT O TR A5 )2 SO AOKCE LR SR AN TR Y B 45 R ok
T A P AN TS

3 e

T 2R 5 A R 1 5C AR AT T R, A 3 10— P o S LR iy DR 3%, S 2 ) 22 R F 5
TR e . HEvR 22 B AN A Wyt )28 T S B IR T A 35 A B AL 00 7 P, T A 358 78 A SO e e AR D )
ZREPEREAE A S R ROR B Rk, FEANTIEE A AR E A T 3 Y B bk o2 BE LT AR g
P A R BEAK M ABCE AT AT G T Rl . S OR B R AR TR AR 2 A M T ARE SR
G AT, R P ) SR PR AL AR Y AN R R TR R I A R I S R B T
KA AN N TG AR AR Y 2 HLARUE PR s A B R TR SSPR , X sde N TR AR 25 8% 5 A9 & B oA
HEEY

F AT, Eaf%%*ii'ﬁi%mlﬂ?é?lﬁ S B 5 A —BURSSIE , EATZ AR 5 & A AL i
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SERTHIE . WAESEM A EETE, — B R B A7 A SR BRAE , ASREAU AR PRV N TR AT, 30 e 20T 4 3 A VL FY)
PRA5 DA I 5 HEA TR ABHFE . AR SCHABH T 45 55 8 R AN DGRBS R S AR R £ A 1 1)
ASCERG AR B —fd IR 42 5 B 38 2 M SRRSO RV B R AR b 5 2) AR S 18 T A T4 4540 3)
PR3 Z2 AP AN A ™ A (P AT AR AR R SN 5 3) AR SCLASE BE A M b R R AR My iV O A e 4
b, AR T A B AR A R AR  4) 2RI DR B — I s X O BIFTE RS 4 i AR 3C
RGBT T 5 DARSHN TR RE R SRR, B2, 524 AShSZ A, N TR 20k S
A OGRS I  FE SN /NS PRl AL ARV S e | 00 A 57 11 5 et , AT 2 IR BRI I ST

4 %t

AR SCEE XA 1 88 B N TS RIS FE VR R A TRIF SR, DA R 114 728 A S B RN A ) b 2 A 1 R A
TR YIRS

(D) BEE YR Z R b BEARIR I N, 4 V& TP TR T W Fl 2 B /D | D30 28 AN B B, 454
T A W 2SR FETR SR, BN RIS LRI A AE — e AR E R 22 5 vk . N ARV P 28 s R A
P R A SR F A AR AT EAE T, TR R )2 TR IS A O S 57 D55, PR R 2 PP R B A R, AR 2
BTEAR R LR AE T T, BEVE B RS A2 F Tt s, g HER R S” AU 2R 1Y T a3, D (B R BH i
) PRI i 2R AR AL , U BB TE Ak TR I B, IR B — 2 (R RS R B I T K A R ]

(2) BRI ARl K VR TS T AR AR P& AR D AT, BRI S RV A s i, &% 2
HEYEFIN R TR B SREYFRIR)ZSHEARZSRIA R | R AR 1 L9 53900 8 82.41% ,15.10% ,1.69%
F10.81% ., HEH AW NS SR AR A0 IH & | 1 F P8 A BT o L f3) D) Sk 3 AR AR, JFL 22 Il P A ) A AR RE AR L A1) 1
Tb, BAZE MR A TR LI B8 TR, Zoad — 2 iR & Y A ) &2 A IR R |, BB A5ORI TGN
IR SR 5, A B R 3 AR S TR

(3) AH G AR AS 2 A AN TR 2P 48 505 AR i AR St DR ZE IR ST 06 52 i N IR FRRE , TR AR Rl R
IR, H 20N R TP s (A& [ 4%) IS0 T, 2RS4 Y 8 AR Bl e KR,
Shannon Z TR Z Pielou 5] BEFRECH 16 SR M RF IS AE W e W B2 e 4ehs , A2 5 D HZ R T 48
AMEH,
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