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Fire history of Mongolian pine ( Pinus sylvestris var. mongolica) forests in

Mengkeshan of Tahe, China

HU Haiging ', ZHAO Zhikui', WANG Xiaochun "* , ZHANG Yuandong *

1 College of Forestry, Northeast Forestry University, Harbin 150040, China

2 Key Laboratory on Forest Ecology and Environment of State Forestry Administration, Institute of Forest Ecology, Environment and Protection, Chinese
Academy of Forestry, Beijing 100091, China

Abstract; Daxing'anling region is not only one of the major forest zones but also one of the fire-prone forest areas in China.
Forest fire, a major disturbance factor in this ecosystem, can influence the progress of an entire forest ecosystem. Pinus
sylvestris var. mongolica Livt is a variety of Mongolian pine, and is found mainly in the Daxing’an Mountains. Frequent
forest fires have recently caused a sharp decrease of Mongolian pine forest area. Therefore, we are now using tree-ring scars
to reconstruct forest fire history and place current wildfires in a historical perspective. Eleven fire-scar discs were collected
and used to create a fire chronology for the past 258 years. Sample preparation and crossdating took place at Mengkeshan of
Tahe, located north of the Daxing’an Mountains. In the samples taken, the lowest number of fire scars was three and the
maximum was seven. There were a total of forty-one scars recorded from the samples. Most of the scars came from the
earlywood (61% ), and the rest came from the latewood or could not be accurately determined. The earliest and latest forest
fires in this chronology occurred in 1862 and 1987 respectively. Fires in 1883, 1925 and 1944 showed higher coherence
among samples, which indicated that those fires were widespread, and could have been triggered by climate or by human
factors. The biggest forest fire in the instrumental record was in 1987. This occurred right after the foundation of the P. R.

China and was only found in one tree-ring sample. This gave evidence that not all violent forest fires were included in
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sampled tree-ring fire scars. The grand mean of individual tree-ring fire scars was 32.5 years, while the longest fire-free
interval recorded for all trees that were sampled was 61 years in this area. Using the FHX2 software, mean fire interval
(MFT) and fire return interval in the Mongolian pine forest of Mengkeshan were 24. 8 and 33 years, respectively.
Composite fire chronologies were tabulated on four levels. The 32.5 years composite MFI of this study is similar to the 37
and 37.2 years MFI from A’longshan in Daxing’an Mountains by Xu et al. and from northern Daxing’an Mountains by Hu
et al. and the 21.7 years composite MFI in this report is a little longer than the 19. 8 years MFI reported by Wang et al.
The Mongolian pine forest fire history of Mengkeshan can be roughly divided into three historical periods depending on fire
frequency distribution. During the mid-Qing Dynasty (1723 — 1859 ), there were few fire occurrences because of a
“Closure Policy” and few human activities. During the period of late-Qing Dynasty and the Republic of China (1860 —
1949) , forest fire numbers increased rapidly due to the “Open Policy” , huge crowds flocking into this area, and frequent
wars. After the foundation of the P. R. China (1950 — present) , forest fire numbers decreased sharply because the new
Chinese government implemented a strict forest prevention policy in Daxing’an Mountains region. This research provides

basic data for studying forest fire spatio-temporal regime and its causal mechanisms in Daxing’an Mountains.

Key Words: Daxing’an Mountains; fire scars; Mongolian pine; tree ring; fire history
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SERAE AR E T RMZ LRI £ 52 T 1L Ak37 (50°10° —53°33° N, 121°12° —127°00° E) , 25 LLIAk
Bfr T H5 T B PGL 66 km FIBOAREL b, & B Rk R AR . %X 8 IR XSAE, FHRR -2—
4°C,1 A HEARSIR -52.3C,7 A& &ESIR39.0C, 4EREKE 350—500 mm, [EKEH T 7.8 A, FHXS
1B 70% —75% . VK 837 m, TFEHI 70 d, REFHILS M, HRNFH 30—50 em, FRAEEINFEHET
MR, FEEAREL R L -2 T AR R - D6 7 AP RS- DL TR AR R RAR 2 B I FA- T
MREHEME . HELBR A AR LRy 3 . 2 X ILH BT, IR AE 300—1400 m A245,15°L)
B2 5 80% DA |
1.2 RH5HiE

2008 4E 8 A i@t FEYLRARNE T WM B2 7 1ILARIg 11 848 45 ( Pinus sylvestris var. mongolica Litv. )
KR A, RGN A IC R AR ARARME . KBRS 8 A KOEIR IR R AR EOR , ZEA37 3 TR BT A
THPERE JOEAR (A5 B A5 HACREIR B @A) B 10em B[R £, [A] B 45 41 1B 8% 1F R T 0 5% w5 (n
MKSP06 ) , #R J5 36 A g2l 48 iz [FIE B, BB 3T B AR AU AL R 2 MR AR AR 48 SE 00 2 DA i — 2P Ab 3

FESLIREE , SO R AR I B 25 P 2 PR S B A J 1 < , DA B IR A8 28, SRS TE BA AL AR i BRI T
FeA e BB T W T A RS HLEIDE TR SO BRI 2, B0 4R B 80z il K, B3 B £ 58 48 717 38 SUE 4F M 2
KR TEBAE T X KO8 B BT EF RPN . EERF AR AR A KB, L
e KB A S E e SO AR o R BHAR R R A A 40 B 07 B 0 R O & 2R I FE A, IR R AT
(40 MKSPO6-2-E) o Hbr sl B KB B SAE R AT 6, Z )5 FNE K Windendro £E%8 4347 {X
B9, il COFECHA RBF R0 Y B ARG R, Il AT MR TR, 7238 X AR AR5 v AR AR5 e 1 9F
PRIC KA
1.3 BdEgEitatr

o P AL 6 OB BV B FHX2, B JORER MG SRR N JOEZR A E 1 B e FHX2
S BRAE (mksp. fh) H AR IGE GRAE HA R EARBEKE, AW ASE &K EBEIE, ik
JEAE T R BESAE W AR, 7E FHX2 GEtAith X iR R e Gt i (R 3.8 4) , IE
Geit43 t e 1] B RE i TR B HE B O B AT FIC SRR K BORE A R A R4 . B FHX2 HR4
SR AL B /N R KR TR , LA [ B2 B AR RUKSF T 1 KR (8] RS A BT , Rl KB4 R
Gtk Wk 117, [ A FHX2 8002087 Kk R 2545 1, AR 38 KO 78 4 56 P9 T2 B B 43 31 3L
i D(RBRZETT KR ) , KIEAL TR — 3 B B E — 3 M, KR EPR BRI RER R ZERT —4EAE KT

£1 FHX2 RRFES ST ERER D
Table 1 Descriptive statistics output by the FHX2 Statistics Module for analyzing fire intervals!'6]

AR Statistc Sk Deseription
185k JE FIBF Y] Mean Fire Interval BT e e B B

T3k RES Y Average number of years per fire L AR (UK — ARG KIAE + 1)/ KIS B T4
KRAET 433 Percentage of years with fire KRR AR KR x 100%

To K KA E 3% Percentage of years without fire Tk RAER KAE R K FE % 100%

KK AIRHIAET 534K Percentage of years MFI KK R AR JIEAER K x 100%

T K% RIBE3 Maximum hazard interval AT B i R K R LB
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35a, MKSPO8 #¥ i B(J%ﬁ,bﬁi{ﬁ% 1723 ﬁi’ {E‘ 1723— Fig. 1 Mongolian pine fire scar chronology of Mengkeshan,
1862 EH‘&J:%EL@E@J(?Z%E( @ 2) ° *ﬁ%*’&k Tahe, Daxing’ an Mountains
JEAESR H BRARIT R AJEB/NECR 3, BRRIC SRR R KIE B R KK P R — AR i O SR i, A0
Bk 7 WEES HA 1 A~ (MKSPO8, [&2) , 7] L R4AERE T VR, ANEEmeh f— R E B o, B
WAEA SR 9B K BE /7. MKSPOG6 7 i0 5 F 7 1987 4 XEREERE I KR . THEEK LN R & KEFERFI], E &
JOMBIA S, 6 B ZE M A K it A 1 R A R PR AR /N KIS 1 A /MR IR 1
(MKSPO6, [ 2) , AT T8 5 K K .2 5y e BB A B SO i, T AR 5 B R KD . L, AR K I SR
HEEE AT FRE KK .

ST IR TN JOE AR DRI BT /NI K R Be i R S B0 5 B A, it R AR
i KRB ARMAEBIAR LA L (J& 1) 5 KRR 5 B T JOEIE . BRIy, [l —4 N kEH %
T BRAR BRI 2 2 A A M 1 3 X S LAY, SR B 32 OB S B I X o TG ) — 4 P9 2 B K R A
AT AN A /N K, A IR B B T BRI KRB, R F K K AT 0, FE A K I
BeRE R Tk JE™

TEAR i (ORI BMR JOB B R 4 KJEECE 2 FUIf 28 ) JOBMRR (3R 2) HFal L, B dh 3 JOE N 4
AP KK E R 24. 8a, KR4S BN 332, RAEASCE# A 2 TARM AR X EFHA, I BRI

MKSEO06 . Y g MKSPO6

[sited |

E 2 MKSP06 f1 MKSPOS A Ji5 [B] 5 [ K
Fig. 2 MKSP06 and MKSP08 fire scar-disc pictures
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Table 2 Summary information of Mongolian pine fire scar samples in Mengkeshan of Tahe

B 845 B (24 ) Sample information 277 11] Mengkeshan
/M HLIR4E Beginning year 1723
BARMFELIRAE Last year 2007
WHSAEFR K BE Length of fire chronology 285
FE 4 BB Total number of samples 11
O R B A4S Total number of recorder years 1354
KI5 B Total number of fire scars 41
KRG Average number of years per fire 33.0
14k K B ] Average all sample mean fire intervals 24.8
KR AE BB Total number of years with fire 23
KIRAEETH 433 Percentage of years with fire 8.1
To K KAEH 53R Percentage of years without fire 91.9
KR AT REIIAE H 435X Percentage of years MFI 12.3

MK IEAE R TSR 50a RBE K KGRI LAE H (B 1,38 3) , 78 1723—1860 4EiX — B [M] Be A — B BT
K1, JE R 5 3 R < AR e bk A6 7 A5 i i B B BUR R . 1689 AEIFBUN THRE &I e i &
29) , BEBURF AL S AT . M B e e B — P R X A0 5247 S48, BRI B, A B3 3
B MR KRR T KR EAEZR . 19 tE28 i BAFF G5 B AT WL KR B 7, D 58 B BT IE R VR IF iR R A
BRTLE KW RT3 X BT, PR A KRB EFESNMAREA . B kKRR MK, ~BE3#E
B KCRIAAF FTREAR. M 20 48 50 EARTF i K R R A R BOE WAl W — 1 TREEH(R3) , X 58K
E & E G AT IR K BUORA 6, B E 5 R K 2RI H . 3B B 55w IR 8 F IR X
1987 4ELLRT 23 30a TR EARARM K R A, T LAUG 241 20 FART KR KR A, FaR 3 BERILGRE
TR RSB KRB 3 A s i B - w6 0 P A (1723—1859 ) 1B AR R E B 3 (1860—1949 ) i H J5
(1950 £ E4)

#3 50a RETENRELEFRHAARELAE
Table 3 Mongolian pine fire temporal regime in Mengkeshan of Tahe under the half century scales

KRG Bt Statistics segments 1723—1859 4F 1860—1900 4E 1901—1949 4¢ 1950—2007 4E
KRAEFKE Length of fire chronology 137 41 49 58
K E B AE % Total number of samples 9 11 11 11
K S %K Total number of fire scars 0 12 27 2
KRAEE 5380 Percentage of years with fire - 17.1 28.0 3.5
KRES B Avg number of years per fire - 17.8 19.8 25
v B ok K ]3] Median fire interval - 4.3 2.0 -
/KK [EIBE ] Minimum fire interval - 1.1 1.0 -
R KR EIBF R Maximum fire interval - 10.6 7.0 -
ARG EEIRF R Maximum hazard interval - 5.4 3.1 -

SOLIRE TR KK — T -5 A S S MBS BORA ERAKR , 75— IR KR TRA ERRHEKR,
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MK B AT LA (18 1) ,1883 19251944 F2 kK B B8 B — Btk , SR KRR T R AT R T &
XK RE A BT TERERTRNR , AR —B 0.
2.2 BEFARMRCK R ET PR

TR OB R B AN 41 DN IOEIL TR, 2 IOER N M B 2T E RS, BB TR KK
HIZETT A (B 3) o BT HARY KO T 2R R A KB A IR AT, A KO i OB R i — 2
PAL(61%) , Bt KOE 5 BB AL 9 22% o BRAR A4 JOB A B AF JOE 550 5 7. 1% 1 5. 5% , RAfRE KB
PRBR KIS 15 2. 4% 70 2% , Hor B S AMRBRZE T K RBOAE N R Ko TERE IR, 8K K —
PN REEES A RFIRITIRZ AT, A RER —FRAERKZTZ/G. Baisan Hl Swetnam Xf 3¢ [ I
FZT X IR NG AT S T R KR K I I R SRR AR, R e R B2 1 SEailibksg
9 JIEZ AR RACAI X LR R (B 3) , EBR f Tzt K g TR F NPT, 4.5 AR RITHRE
W, I S PR AT FE B LAFTAE A, B A KOS B LA K 22 5, R o B bt K il B e 51 K s vk
BRPLE T8 A4y, HRTHARI , sV A K IR SRR AN E MR, £ F RS R, B LUK AT K AR
HRZETT KX D
2.3 BEKKERGEI T

B KRAERBE SRR KR E TR R O,
R KRAFFGET A B T s~ o KRB WK B
s 161 6] , R A 4R A BEMISE 15 GE T2 AT K R i [ A 2 1]
BB TR = . BA K RERGH K41
LLANT : (COL) B i 2 KB 0 4 5 (CO2) =/ 2 AV
ol [ Bof 252 A O 5 ((CO10) 222> 2 AN i [R] Biof Jz A KO

KIEHEE
Percentage of fire scars
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Fig. 3  Seasonal occurrence of Mongolian pine fire scars in

RIS Tk, CO33 A KIFHATR AR, e ® S ¢
RBEAREFRARAIEIREIRIERICERE . p ik By BEBIIK M, RBHAIGL; B
A FERHERAOE) o CO10 B A KRAERATERERD  Jogea; wobt ko U kasein ko

SEMUELICR A, g3k 4 AT UL, B 8] B S0 B O e e it

{EHEE S UE SR B (E ] s o PRI 5 o LU AR T FA bR rp S MU K R SR ) - g [ R 0 O 26a, K IX 3
Pk KRBT R 32. 5a, % 4 7 CO1,CO2 Fi1 CO10 % 3 -4 2045t RIBE A B/ K K BT BGA 1a, T
C02,CO10 1 CO33 & 3 A3 2H 45 i [RIAR AR R KK [t 61a,

x4 SENRERGIHESA
Table 4 Composite fire chronology statistical classification grouping

bR IR 1 AR 2 TR o RN a AR a
Composite scale Fire intervals Median Mean Minimum Maximum
co1 23 4.3 6.2 1.0 27.0
co2 6 16.5 21.7 1.0 61.0
co10 5 19.0 26.0 1.0 61.0
CO033 4 30.5 32.5 8.0 61.0

AL AR AW TSR LR R (9 — 8K X, T Rk A2 T 96 MRSt R KA, 18t ke
SRR 37a, KBS EIIIZY 30a 573 CO33 4h41F # 32. 5a B[ BRI . B IE )l ad Xt ok
FEAR RS0 H, BTFE T RN IR A AR X 2R K] BRI 37. 2, 8¢ CO33 [ 32. Sa {1716 &
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IR REE . EBRERE i PR AR A K 22 T HA PR e A b (30 AR , 7K % 2204 FF 4G DUJR BB/
B AKX AR AR PN 3 BREEH B 1887—1976 4R [E] 3L 2 2B 10 RARK, FIIM K B R 257 19. 8a 55 CO2 1
21.67a Z5RAR L
3 #ig

F AR A TR AE RS LI IR B S S IR R T 11 M7 SO B8 , R 58 XE 4R, I
57 1723—2007 SIS SE IR TAAR R KIEAER o X KIEFR NG AR IS0 IR TAA BRI KK
(5] P A0 [ 050 g 24. 8a 133, A K RAFR I AE [EIH I PR 5 A DI RS R & o SEoTilite
TR K 52 N a3 3l BURF BOR AR R0, A A& Sh MBUF BRI R, 5e 1l K Ry 52 7E 50a RUE
EREIY D 3 4 s A W AP (1723—1859 4F) (7E R R E I (1860—1949 4F) Fis [ J& (1950 4=
A) o KREFiIHEM, FZR IR T IMR KR EZ R EEFZE, HAFT WA KRR EEF & RN,
AT T TS S0 AR T AAARE R T 52, B2 T F A A RS R I IX B KK B 25 1 Jiy R L B R R R 3b
o BE— 2 IR KT B B B 2 0 A 45 B o
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