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Abstract; Boreal forests retain larger carbon reserves than other biomes. The boreal forests of China are in the Great Xing’
an Mountains region, which contains approximately 24%—31% of the total forest carbon storage in China, and thus plays
an important role in maintaining the national carbon balance. Timber harvest is a major anthropogenic disturbance in boreal
forests, affecting forest structure and aboveground forest biomass over the long term. High—intensity harvest has resulted in
simplification and homogenization of forest structure and composition in the past. Therefore, the Natural Forest Conservation
Policy and the Commercial Harvest Exclusion Policy were successively implemented in 2000 and 2014, respectively, to
balance ecological restoration and timber supply. The objective of this study was to investigate long —term effects of
Commercial Harvest Exclusion on the structure and biomass of a boreal forest landscape in northeastern China. To do this,
we simulated the effects of Natural Forest Conservation and Commercial Harvest Exclusion on forest structure and biomass
using a spatially explicit forest landscape model ( LANDIS PRO).We initialized the model using forest inventory data
(second and third tier data from 2000) and conducted simulations for the Great Xing’an Mountains from 2000 to 2100. Our
results suggested that 1) density and basal area between the initialized modeling results and forest inventory data in 2000
were consistent (P < 0.01), suggesting that the initialized model results could represent the real forest landscape, and
harvest results adequately represented real harvest events. 2) Larch and birch were now dominant, whereas a low proportion
of aspen and spruce was present. Compared to the Natural Forest Conservation scenario, the Commercial Harvest Exclusion
reduced the diversity of tree species by raising the proportion of the dominant species (larch and birch) and reducing the
proportion of protected rare species ( pine and spruce). There was a significant effect on forest composition in the medium
and long—term periods. Overall, basal area was higher and density was lower under the Commercial Harvest Exclusion
scenario than those under the Natural Forest Conservation scenario. 3) Commercial Harvest Exclusion strongly decreased
tree abundance in the early stage and increased their abundance in the late, old—growth stage. 4) Compared to the Natural
Forest Conservation scenario, the simulated biomass and rate of forest regeneration increased under the Commercial Harvest
Exclusion scenario across all simulation periods. Commercial Harvest Exclusion helped to increase overall forest biomass,
but reduced the biomass of pine and spruce, two rare and economically important species, suggesting that greater intensity

of sylvicultural treatments are needed. These results could help to develop a forest management policy for the region.

Key Words: commercial harvest exclusion policy; classification management; Great Xing'an Mountains; forest structure;

aboveground biomass; LANDIS PRO
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FEA ISR FRUBE 1T JR T 19 K SR b 4 T 458 AR BUR STtV 7 AR i 1A 25 18] B WA 2 (LANDIS PRO) 2
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53°24’41"N) (1) . BFFE XA ZY 235km, AR PHFEZY 200km, S EFHZY 2.8x10°hm? , K422 048 b X & T %
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Fig.1 The location, landtype, terrestrial Biomes and management area of the study area
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AR, A A SRS MO R P, R AR 23 2 208 A FRIBOR |, SRAR A P FR B T% i, HER D
WL (R SR AR AR T AT S . Y& IS 120—300, F1HE 60—150, 1145 40—120) . HARRARFIZR S50 3 2,

*1 PARREIERFEELRYE
Table 1 Species life history attributes for the study area

BRAT 4 R R T
S s e TR . e gy
. ~ JFAAE RS i B P RIS . Maximum A % 5
FE AN Tl . . it K A . Maximum .
K . . Maturity Shade . Maximum stand Potential
Major species Longevity/a Fire tolerance . mean . L.
age/ a tolerance seeding . density/ germination
. diameter/cm )
distance/m (#k/hm?) seeds
VEIHA Larix gmelinii 300 20 2 4 150 55 600 10
FETFH Pinus sylvestris 250 25 2 3 200 60 560 20
FA#E Betula platyphylla 150 15 1 3 2000 30 690 30
1145 Populus davidiana 120 10 1 2 2000 50 680 30
=A% Picea koraiensis 300 30 4 1 150 60 520 10
*2 REMRSY
Table 2 The parameters for harvest scenario
FA 77 2 Harvest type AP FL % Removal species/order SRAR T AR L 5] Proportion treated
BHLX TP RAR: /A=K FL R AR HEK TR AR HE K
Management area Commercial Tending Commercial Tending Commercial Tending
harvest harvest harvest harvest harvest harvest

A481X. Harvest banned —
FRAXIX Harvest restricted B (M) B/ L, B, A B, L, A 0.13/5 4F 0.03/5 4F
T AKX Harvest permitted PEAR (KRR b AN D) L,B, A B, L, A 0.15/5 4 0.05/5 4F
L. &M larch ; B FI#E, birch; A : 11145, aspen ; B AR AR ST A A 95 4, FIHERIT LS , MR K IRAR (B 7o I s SR £ s T 8 AR S8 I
FEARIE R FARE V5 RN AL A%, D S5/ N A2 A AR o B R AR

2.3 MU S Bk A

ABFFEBC 3 MR (RAEITR AT TERA T 2 BEATEAL, BD KO 5a, 32RAH
D7 BHRIEAEAR X FRAKIX R AR X 1R AK HARBE L 2000—2100 4EFRMRR AR, RARART MR - A
TER(EK2) . 2014 FFLIG  KOGZIETE RINMROP TR FEhil b AT 15 k7 RIRARE L MR £, A 4 T
1A %8 2000—2015 4E LA 2R 2278 T ZE AR IR 1 R ey SR BR AR AR (R R AR+ 1K) , 2015—2100
AT E R, TR PERAR . TeR AT R ARMRTCATAT T 19 1 SRR A (2% S8R LR Ay
FPSE S X BRI At 1 RS20, AR ), S DL A Oy 5286 225 S 1 0l B A 7 B ML AR AT R 1 15
2 PR E L 5 W IR I EAE RHUEE R

%U%¥ﬁ$¢ﬁ$$*%%ME$E(MBA, Mean Basal Area) AT M b A e S AR A MR R 2 A
P SAERASER . SR BN R 220 M1 5 £ 3 HE A ( Duncan K38 19 7 325, 40 4 T 452 4% 7 S8 78 11 (30—
40a) , 11181 (40—60a) 511 (60—100a) H BRAR SO Tl 2 Wl AAE IS 25 M 1 22 5. | TACHIESE A 2015 45
TFAGPAAT A5 1 I R AR, DR AR A2 57 U IS 15 4F (2010—2015) AT % &
2.4 HREIE

TEHUT 2000 4E Rk A £ . K P 70% 1 TREEIR) AL . il PR R AR R A AR Kt 2S5 280, B
ST N7 AT 88 R T AR R AR AR U8 A KO AH ) 5 AT B9 30% B9 AR AR A A S0 T 56 IR A R A 4 Ak
R

PR BLX 2013 45 (B TR RI2P K 5a, AWF506 2010 4£ 5 2015 4ERAUE Y A{EAE N 2013 4
FIREALMED ) ABLADIAR G345 BE R T W 5 2013 AR 10 ARAR I A B A8 LU, ZEAS AR X BRARIX. R i AR X 3 31)
e 1268 1729 952 MHE L, AT A E RABIR S, LR UEA [R1487 BE DXAS LAY - 24 bR 72 2 0
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Fig.2 Scatter plot showing the relation between observed and predicted values for stand density (a) and biomass (b) at year 2000

( Pearson correlation test: P< 0.01)
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K FE  AMRIX PR R AR DX AR LI SE S 5 B A S 25 S AN K, U B AR 28 SR AT AR SR LS L
3.2 SISO b £H B 114 5 )

3.2.1 AP ARORTARTSA AR S M v U T R 3 R R R

BUZE R B PIRICR AT T, - MO 159 1 W T R ( MBA ) 50K 73 %% B8 349 S it 1 AR i L= DA
VAN S FIRER B B FAR R Z 1A 5 A2 F B3 /N AR i 2 Bt Jey (L Bt A48 Ao 1) B | A0 20 i L £51)
B EERR (K 4)

TERTEARITE T KA B THS A2 110 MBA AU B] (19 4E K 720 7 48 K5 (e S LLAZ PR HEL T 60
ERRRE (A /MIBEERS R ,60 4 J5 A BT i R H (I 4b) . TEBLLATHET 15 45 i TR MR A, 23
Tk 43488 10 B Sk () 18 R 5 AL B o 4 TS R S, AR 55 LU A R o33 BE U/ N | Vi A S5 T P bR o0 i
Kk = ARS8 B RCRRE (18] 4d) o Duncan K30 KW 25 R MBA 7EALHL 1915 v 91 JC W St iy
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Fig.3 Mean values of density (a) and biomass (b) by harvest banned, restricted and permitted area for the observations and predictions

at year 2013

weth [ Jwl [ A

REE

e X ¢
LR

200 , 20
PRS- E//m
T 15 L 15
=g
8|5 10 10 F
g g
=
@ 7/
- 7 / y
0 0
2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100
450 ¢ 450 4
2 300 300
.2 —
@v
L2
i$_§ 150 150
=
5 /
5}
0 0
2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100
BLLAt ] Simulation year

E4 HEZES2AEEMETARNMESHARE RS T EHTE

Fig.4 Predicted basal area (a) and (b), density (¢) and (d) by forest Classification Management and Commercial Harvest Exclusion at

landscape scales over 100 years

EIAL (R ) AR R IR ) g P R 2 5P R TR AL (P<0.05) /N T =25
AR - R o B 1 AR (29 J0 B R 2257 P>0.05) 5 B T BT R (G bk 234 B2 i LAz R s 2 AN A 1 3
A WL TR, HARMAITE 3 DRI A BETEFRE(P <0.05) (14,323 .4)

http ; //www.ecologica.cn



8 S % 38 &

£3 AEAEDNRESEZLZESEEEEMN SN SHERLNE RS (m?/ m?)
Table 3 Species mean basal area dynamics for forest Classification Management and Commercial Harvest Exclusion under three simulated

scenarios ( different letters indicate significant difference at o = 0.05)

513548 Classification Management AT E 4K Commercial Harvest Exclusion
R Species ] i K Ty il (37
Short-term Mid-term Long-term Short-term Mid-term Long-term
JEWHS Larix gmelinii 7.37¢ 7.84b 8.39a 7.55h 8.19h * 9.34a"
FI#E Betula platyphylla 7.44a 7.309a 6.41b 7.98a" 7.93a" 6.57b
114 Populus davidiana 1.67a 1.48a 0.93b 2.00a * 2.05a* 1.50b
FEFHs Pinus sylvestris 0.73b 0.92b 1.36a 0.68b 0.82b 1.15a
K2 Picea koraiensis 0.26b 0.30b 0.40a 0.24b 0.28h 0.36a

ab.c(a’ b’ o) FRERMF TR RAZ T FHNAHBEZEF I P<0.05, « FRBISE 1 5HIE 2 27 P<0.05

F4 TEAEMHPSELESLEERESZENERMELILE (10 #/hm?)
Table 4 Species density dynamics for forest Classification Management and Commercial Harvest Exclusion under three simulated terms

( different letters indicate significant difference at « = 0.05)

4y 2 Classification Management 4= THI#E 4% Commercial Harvest Exclusion

1 Species 0] b K41 41 i K31

Short-term Mid-term Long-term Short-term Mid-term Long-term
&AL Larix gmelinii 111.79b 117.54b 131.13a 81.75b"* 82.69b" * 107.40a" *
FI#E Betula platyphylla 182.10a 155.02b 145.83hb 110.34a’ " 67.60b' * 57.48b"
114 Populus davidiana 6.04a 3.64b 2.23¢ 5.94a’ 3.44b' 1.87¢"*
BT Pinus sylvestris 7.98¢ 10.92b 17.42a 5.40b" * 6.97b" " 12.70a" *
ZA% Picea koraiensis 1.03ab 1.01b 1.07a 0.92a’* 0.83a"* 0.91a"*

3.2.2 AR R T A i Y 5 e

ATAR T ARSI (2000 4F) Ji7 , RARTHE S HOGR MM A= 52 R RFERa S, 3] 2015 4F ZRpkib |- A8 9 1 45
2 6.24t/hm’ (CGRAXJ7 % 65.590/hm® , C T % 71.831/hm?) , (E4 W50 5 29 10 4EmFA], iR S 8k
FyHh b A AR AR B, T T 2090 4F 22 A7 AR AR A W S TR AT, U HAE F 9 E B ad T
PR (B 5a) , 2015—2060 45, FRARAE W Bt 8 RN S HHE T B> TIMBE S REETE,
2060 4F )5 , AP UG 2 R B H (B 5b) o

AN[RIR A A P i 0 A TSRO R R ANR] 9 A 5 M | LLAG 3 R SR AR B 78 St 45 AR5 AR
Praeslhn, BHAGEHRA 2R (X 5HASEWEA L) WE TR BIERI L W3 22 21 (P<0.05) . FALH
R A 7 ks 1 A A S R R T T RS LA 0 A e e R AT S R A R TR Y R
J i TR (P<0.05) , a2 Y EWA TR HTREEHEAYE (P>0.05) (K 6,8 7).
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Fig.8 Predicted density and basal area by forest age distribution at landscape scales over 100 years

®5 WFEARIS (a)

Table 5 Age cohorts classification of forests

B Ff Species YHEM Young A AK Middle-aged I Ak Immature AR Mature 1R Overmature
FEMHS Larix gmelinii <40 41—80 81—100 101—140 =141
FI# Betula platyphylla <30 31—50 51—60 61—80 =381
114 Populus davidiana <20 21—30 31—40 41—60 =61
R TH Pinus sylvestris <40 41—80 81—100 101—140 =141
ZKZ Picea koraiensis <60 61—100 101—120 121—160 =161

*6 AREMFAHSELESLEMEEMNT TS R ERNE RS (m?/hm?)
Table 6 Different ages trees mean basal area dynamics for forest Classification Management and Commercial Harvest Exclusion under three

simulated scenarios ( different letters indicate significant difference at a = 0.05)

732227 Classification Management A5 tX; Commercial Harvest Exclusion
IR Age group i ) K I ) ki
Short-term Mid-term Long-term Short-term Mid-term Long-term
HIHEMR Young 2.35a 1.56b 1.81b 1.99a 0.81b* 1.12b*
FA AR Middle-aged 5.95h 7.17a 5.55b 5.93a 6.84a 3.66b *
AR Tmmature 4.71a 3.87a 4.04a 5.08a 4.38a 4.50a
3 #AK Mature 3.18a 2.97a 3.52a 3.78a 3.82a" 5.12a
Z B Overmature 1.28b 2.27a 2.57a 1.67¢ 3.42b* 4.52a*
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Table 7 Different ages trees density dynamics for forest Classification Management and Commercial Harvest Exclusion under three simulated

scenarios ( different letters indicate significant difference at o = 0.05)

Sr2455 Classification Management 454X Commercial Harvest Exclusion

41 Age group ] i K ] I K

Short-term Mid-term Long-term Short-term Mid-term Long-term
KM Young 249.87a 222.45h 241.06ab 142.57a" 96.94b * 135.54a"
R AR Middle-aged 71.64a 71.72a 53.67b 71.14a 61.63a 29.75bh*
J AR Immature 11.72a 9.20a 12.11a 12.56a 10.24a 11.75a
JL B Mature 7.89a 5.58a 6.00a 9.37a 7.10a 8.32a
WK Overmature 2.30b 4.33a 3.67ab 3.03b 6.50a " 6.43a"
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