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Regeneration structure and dynamics of Minjiang fir in four typical natural forest

types in subalpine area in western Sichuan, China

TAO Qiong, MIAO Ning*, YANG Yuting, LI Maoping, XUE Panpan, YUE Ximing
College of Life Sciences, Sichuan University/Key Laboratory of Bio-resource and Eco-environment of Ministry of Education, Chengdu 610065, China

Abstract: The natural regeneration of Minjiang fir ( Abies fargesii var. faxoniana) plays an important role in the forest
ecology restoration in the subalpine region of western Sichuan Province. Previous studies on the regeneration of Minjiang fir
have mainly focused on the density of seedlings in different forest types, the effects of bamboo abundance and temperature
increase on seedlings, spatial association analysis between young individuals and dominant species trees of different
diameter classes, regeneration dynamics in the treeline ecotone, etc. However, comparative studies on the regeneration
structure, regeneration quality of Minjiang fir, and the survival bottleneck periods of young Minjiang fir between primary
forest with Minjiang fir as the dominant species and natural secondary forest after logging are rare. Therefore, the objective
of this study was to reveal the size-class structure, regeneration quality of Minjiang fir and the age structure, quantitative
dynamics, and development trend of the young Minjiang fir population in four typical natural forest types ( Rhododendron-
Minjiang fir forest, Fargesia-Minjiang fir forest, Betula albosinensis-Minjiang fir forest, and B. albosinensis forest) of the
subalpine forest in western Sichuan. Based on four 1 hm’ plots for each forest type, we analyzed the size-class structure,

regeneration quality, and survival bottleneck stages of young Minjiang fir in the four forest types by height-age regression
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models, the crude density of regeneration, stationary life table, survival curve, and dynamic quantization of age structure.
The results showed that the order of regeneration quality and survival status of Minjiang fir in the four forest types was
Rhododendron-Minjiang fir forest, B. albosinensis forest, B. albosinensis-Minjiang fir forest, and Fargesia-Minjiang fir
forest. The mortality and dynamic index of the population age structure (V, index) of the young Minjiang fir population
fluctuated greatly with the increasing age of young Minjiang fir. The results of the mortality and the V, index showed the
survival bottleneck stages for the growth of the young Minjiang fir in the Rhododendron-Minjiang fir forest and Fargesia-
Minjiang fir forest were from the ages of 21 to 25 (tree heights of 0.66—1.04 m) and the ages of 11 to 15 (tree heights of
0.46—0.73 m). The survival bottleneck stages for the growth of the young Minjiang fir were from the ages of 16 to 20 ( tree
heights of 0.60—0.89 m) and the ages of 11 to 15 (tree heights of 0.19—0.40 m) , respectively, in the B. albosinensis-
Minjiang fir forest and B. albosinensis forest. By comparing the regeneration structure and quantitative dynamics of young
Minjiang fir, we revealed the regeneration quality of Minjiang fir and explored the age bottleneck and height bottleneck
stages that critically constrain the survival of Minjiang fir in the four typical forest types. Our findings provide support for the

targeted care and management of young Minjiang fir individuals in subalpine natural forests of western Sichuan Province.

Key Words: Abies fargesii var. faxoniana; regeneration; survival bottleneck ; stationary life table; structural dynamics
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Table 1 Basic information of the four research plots
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F-A . BiAT-IRYTVR K2R Fargesia- A. fargesii var. faxoniana forest; R-A : ¥ BS-UR VT2 A2 MK Rhododendron-A. fargesii var. faxoniana forest; B-B : 14
MK Betula albosinensis forest; B-A ; ZLME-URITA AR B. albosinensis-A. fargesii var. faxoniana forest; DBH ; 1% Diameter at breast height
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Fig.1 Size-class distributions of the Minjiang fir in the four forest types

FETURVTVRAZ AR IR 1 w2 B F0AF 8 B5cH0e , 7 17 JHL v B — AR Y [l RS R (] 2) 4 FiobRORL v 4 i
PRI o1 B R B UL G B 5 S RO AL 005 S 8038 3 3 K7 (P<0.05) , RIS ROREST . 7E 2972
PRIV AZ G AR T AU 3 MRS EE/NT 2 m AR AR AT 8 5 40 4F AR 99.9% M4l Al MR AT 1 7
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Fig.2 Regression equations between tree age and height of young Minjiang fir in the four forest types
R2 4 MME AT EERIER
Table 2 Crude density in the four types of forest
AAY 4/ (Bk/hm?) YR/ (Bk/hm®)  BERE/ (BR/hm?) ik
Forest types Seedlings Saplings Parent trees Crude density
LR RIT S
MAMRILOTH , 5024156 b 350468 b 179+18 a 4.8
Fargesia- A. fargesii var. faxoniana forest
HERG-IR LY F2 HKk
7+807 16192 211+2 26.1
Rhododendron-A. fargesii var. faxoniana forest 3887807 a 6192235 a £25a 6
LTHE-IRTT IS 2
LA E{ ?*;% .. . 45583 b 337+63 b 7713 b 10.3
B. albosinensis-A. fargesii var. faxoniana forest
LIHERK B. albosinensis forest 650+113 b 565+99 b 49 +10 b 24.8

AN /INE A R R I ] () 22 57 ( P<0.05)

2.3 4 FhARBS R IRYL S AZ 4R AR 14 A A7 i e

R E AN R BRTY [TV AZ 2l i AR A AR I S A AL, B D ARTY A4 SE PR A7 SR (A,) il 56% 14
BRI AL 1 — e (1—15 4F) (] (3 3) o 4 PRI A WRTT& A2 DI AR PR PR AR E A AT 15 2 (1, ) Bl
B GG KM T Wb LT (¢, ) FIHRR(K,) IR WP R B BER

A PRBL R TV AZ 2 I AR A A 6 A B 2 A Y S R I « BB 2 I A 3 B i T R e
PGB HE AR IR < Ak B - VTV AZ AR > LT MRS ET HE-IRVT IS AZ MRS T AT-IR VLIS AZ AR (B 3) o 25 pRAL TR &yl
FERR O SE T BB I S R AR RIZL (P 3) | B TRV AZ b/ INAFE R G 545 Fo 00 e 20 ) ST R
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R34 MHRBIRTREZHRERNERSE
Table 3 Stationary life tables of the young Minjiang fir in the four forest types

FREL Forest types 9 Age classes A, a, I, d, q, L, T, Lnl, K,
FEBY-IR TS K I (1—5a) 59 96 1000 135 0.135 932 3693 6.908  0.146
Rhododendron-A. fargesii var. I (6—10a) 94 83 865 135 0.157 797 2760 6.762 0.170
faxoniana forest I (11—15 a) 77 70 729 135 0.186 661 1964  6.592  0.205
IV (16—20 a) 82 57 594 135 0228 526 1302 6.386  0.259
V (21—25 a) 41 44 458 83  0.182 417 776 6.128  0.201
VI (26—30 a) 36 36 375 219 0.583 266 359 5927  0.875
VI (31—35 a) 15 15 156 125 0.800 94 94 5051  1.609
VI (36—40 a) 3 3 31 — — — — 3.442 —
HiAT-UR VLI AZ AR I (1—5a) 448 448 1000 596 0.596 702 1276 6.908  0.906
Fargesia-A. fargesii var. I (6—10a) 181 181 404 230 0.569 289 574 6.001  0.842
faxoniana forest I (11—15 a) 78 78 174 38 0.218 155 285 5160  0.246
IV (16—20 a) 61 61 136 107 0.787 83 129 4914  1.546
V (21—25 a) 17 13 29 9  0.308 25 47 3368  0.368
VI (26—30 a) 0 9 20 9 0.444 16 22 3.000 0.588
VI (31—35 a) 0 5 11 9  0.800 7 7 2412 1.609
VI (36—40 a) 2 1 2 — — — — 0.803 —
FAR B PARLY 2N I (1—5a) 204 204 1000 235 0.235 882 2027  6.908  0.268
B. albosinensis-A. fargesii I (6—10a) 156 156 765 363 0.474 583 1145 6.639  0.643
var. faxoniana forest I (11—15 a) 82 82 402 206 0512 299 561 5996  0.718
IV (16—20 a) 40 40 196 88  0.450 152 262 5279 0.598
V (21—25 a) 22 22 108 74 0.682 71 110 4.681  1.145
VI (26—30 a) 9 7 34 15 0.429 27 39 3.536  0.560
VI (31—35 a) 4 4 20 15 0.750 12 12 2976  1.386
VIl (36—40 a) 0 1 5 — — — — 1.590 —
EAR LN I (1—5a) 199 400 1000 158 0.158 921 2956 6.908  0.171
B. albosinensis forest I (6—10a) 388 337 843 158 0.187 764 2035  6.736  0.207
I (11—15 a) 294 274 685 158 0230 606 1271 6.529  0.261
IV (16—20 a) 215 211 528 320 0.607 368 665  6.268  0.933
V (21—25 a) 83 83 208 53 0.253 181 298  5.335  0.292
VI (26—30 a) 62 62 155 120 0.774 95 116 5.043  1.488
VI (31—35 a) 14 14 35 28 0.786 21 21 3.555  1.540
VIl (36—40 a) 3 3 8 — — — 2.015 —

A, AFTEMEEL Survivor; a, : SIWHE G AEEMMAEL Survivors number after smoothing treatment; [, ; FRAEALTE TGS A%L Standardized survivors
number; d_:FRMEALFETMEEL Standardized number of mortality; g, : JET-# Mortality; L, ; b Yﬁthzl"/‘]#ﬁ B9 MAEL Standardized mean survivors
number; T, FREELAEHG K B8 Standardized total individual number; Lnl, : 55 HE AL A7 3% AN 14 B9 4K %% The natural logarithm of standardized
survivors number; K, : V2% Vanish rate; T —VI. 55 1—8 2 1st to 8th age classes; “—" /R LR

2.4 4 FPAREI A RYT A AZ LR AR AR 1 i B 2

Bifi 5 4 R 3G, Ak B DR VTV A2 PR ZEMERR R VTV A2 A A MR B 8 R 2549 Bh S AR R 5 v 7858 1 #%
R E (=37.23% F1-48.71%) , T Fi T -WR VLIS AZ AR ZIAE-IR VTR AZ AR B v 385D 43 AR5 T IR 90
55 1SS R B IE (B (59.60% 71 36.27%) o BRES 1 W2, 7EFERS-IR VLV A2 AR RN ZLAEAR T ) vV F8 BBl o i
I A I SR, FLX AP RIS i i R R AR 26 T 268 VIR G AN 28 VIS 92 10 V38 BUN TR — i g, fifT-UR
TR AR SRR SE TTS FNSE V ) V%Eéﬂtd\?ﬁwﬁ(\‘& U VIS R A IS 9 % 21 eI
VLRI ARG R R V, H8 E0E 50 T 2 Hh 0B )5 , BE B B G R3S I, v, 18 805 /0N (B 3 4L 5 e 1TE (H
(F4),
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Fig.3 Survival curve and mortality curve of the young Minjiang fir in the four forest types
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Fig.4 Dynamic index (V,) of quantitative changes of adjacent age—classes of the young Minjiang fir in the four forest types
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Fig.5 Dynamic index (VPL- and V") of quantitative changes in the age structure of the young Minjiang fir in the four forest types
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IR X I R I R SIRTISAZ AR PR AR T 3 AF0C R, B 55 A )| VG I S 1L Y Rk
RFFIT K BR, %E A BY ( Rhododendron phaeochrysum var. agglutinatum ) FAAE/INREE JE N ST IR VTS A2 2 B
JEEYEFH , S IRTT A A2 A 4730 R A T B — s A B LA A BS 1 IE D AN RH . Germino %5 78 36 [
Medicine Bow [E 5 ZR M T 5Tt & B, 5 LLUARER IR S T AL BS AOAB P VE A HE TR = A2 (P. engelmannii) il
ERBHZ (A. lasiocarpa) YT I & X TE (55 LR ARARHE 7% i ol 7 rhle 5 2R

FERG-UR VTR A2 AR IR VLY AZ W HE R AH SB I SECE R A B Bh TR EL (V) A TR e P S i T AR Y
B2 KM B SRR A A2 B T PRI L TE 22, HLHMESE R B 0 (v, ML V) 78 4 bk v 2 B
A, 3P BE A R IO b T AR IR B, &0 il ik 52 S st 2 B (4 Jh 3 RS F e K0 BB VIR G (56
21—25 4F W 0.66—1.04 m) iz bRB IR T v A2 Al AR AR AT 176 BRSNS i B Be Al AR S T3 18%
TrUG 208 BT 2 VIR LY 80% , R WA V IS I 4 KR 4 4l W A AR ME LAAE 1% 22 N — B Be . 7E4hi%
B Be 2 VI— VI 2, UR VYR AZFE T3 S BT Be st 42, T e 55 850 AR 22 1 AL RS Hh REXTIR VY8 A2 /MR iy 41
il HE R AR A
3.2 FIAT-URVTAAZ AR AR YTV 2 B4 3 o o A S v )

[7) Sy AR JELER AR AT -UR VLY AZMRK AP IRV TV A2 B AR 285 B 5 L B -UR V¥ AZ AR BEARE 25 82 1) 22 S AN
3 UEHTHRRR S AR IR A BE ) KB . SRT, B AT -UR VT A2 AR TP R VT8 AZ 0 HEL 25 J3 R 4 s AR A 25 1
P R AE I B A LG A =R B SEARR, TR B R A AR R A T RS R O e 22 . AR IZAMR B 4 i
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({9 R
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AT FE AR B LLHEAR T IR VLY AZ SIS AR RRA S DI (55 11—15 4F 755 0.19—0.40 m) %%
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UM REA TS S AR SRR SECE MBS LL E (10 4E L0 ) M SET- R 53 B T), ik AU T
Vo A2 PR B HE MM AR AR 3 > SHIRYT A A2 Gl AR R (ARl < 21 4R, W< 0.66 m) 1)
P AA AR IRTTA AL ST (14 5 J3 07305 AR Xe-RJAR b i 54 A 37 207 4y 300 Ja AN &l i el 3
MR E B4 I E 8 PRV ) O BR AR A AR 5 B 25 IR VTV A2 A1 I TR 35 A B, B v R B A R
Chn WA T R G ) R IR (n WRITIAAZ T HETHE ) M SO AT A K s [ 4y A e

http ; //www.ecologica.cn



10 34 PR A PG i L R SRR T v A2 ) ST 4 4 A5 M Bl 25 4119

A H R
4 g

AMFFEXS LEATHT T )1 PG 5 LU 1 DX 4 o LT SR SR AAORATRY i A A2 1 B 30 45 1 T390 o o R 4 A R 1
REEFIRECE B AR o A [FARTY rP YTV A2 KRR TE T 4 AR I B T (R BT SRR A0 2 22k
KB By LR, 4 FlvRORL [ IR 7T ¥4 A2 0 B I et RN 8 A MR A7 T IR S R B UON < R RS -IR VTS A2 MRS 41
FEMRS LLHE-URVT IS IS TIAT- IRV A2 AR, SRt AR STAT -UR VTV A2 AR WA R A 16 PRSI (56 11—15
A W 0.46—0.73 m) HEAERS-IRVT A AZ AR (5 21—25 4F B3 0.66—1.04 m) BRI, RARW A kb, 4
WA LR A 195 118 R S5 30 LA: S -R T4 A2 SR B b i 1) 0t A A B R o 0 5 A I b R I B 1) 21 MR v 0k A o
FEIEHRATUN (55 11—15 4FA 57 ,0.19—0.40 m) HoAb T4 TR MR M B 2T ME-IR VTR AZ AR (5 16—20 4, W4 i
0.60—0.89 m) HE LI, 4 Fl LR G SR AROAMRTRY i) () B 22 S5 NSO B TR 35 B FVEAR 2 W 3e 22 5, 18 5
TR B VIAR G, I ELTRR 3R AR At [R] e 5 RS VR AR D IS B FL 56 B 1) AR Ak X BB PR R A U — S, X UR VTV A2 I B BT
& JR L[] = AL R E XIS AR FR YT A2 004 T N T AR SR SR T A, ] 8 U A MR P IR YT 2 4l A 1A 5]
TR T =2 T R B ¥ 85 L 3 2 BRI R 5 A B L M b IR IRy s Y AR i 3 e , AR T 25 4R LU 4
FERRBAF G %

AT X1 PGV 5 111 S BRI g VT8 A2 LI R MR A0 S0 A A R DR AT T 0028 A, e X i A
PR AZ ] 24 B BE 1 G HE R ) [N B A R AUIA A T FIRAER . AE RS 5T, SR e i
FECHOIR O AR AL Fa SNl A Rt — 2 | OGS TR B8 3 285 A R e 1k S R BTy R 5 Db B

22 3CHf ( References)

1] xUEge, SRR, B, BE, skt &k, XI4R. KT ERRR A RARMIR Z B AL B3R, MolkB#, 2009, 45(2) : 120-124.

(2] RS0, £44, HLW, G4 JPEREZ H DX S bR A0 LTI s 2 il R BT 5E . R A 252 S MR 22430, 1988, 12
(4): 306-313.

(3] SRR, XUHLZR, B WY, J1 PG L AR R AL 1 25 [ RS Sy oA, AR5 4i, 2005, 16(9) : 1706-1710.

[4] TKIZAK, NSHE, BUES, S, 27, XIS )G TR AR R AR M 34, 4824, 2019, 39(2) : 502-508.

(5] Shzmy, e, AER, KB, 27 )V R LS ARR A2 e H R v A2 R AR SRR B0 SRR IR 7. R A= 252441, 2009,
33(4): 646-657.

[ 6] ZelE, MECE, kM, A/NL, JiE—. BEAHHAR P EAT ( Fargesia nitida) STIRTTYS 2 (Abies faxoniana ) 4RI REShAS B0 0. 2E
AR, 2007, 27(3) ; 1041-1049.

[ 7] Taylor A H, Qin Z S. Regeneration patterns in old-growth Abies-Beiula forests in the Wolong Natural Reserve, Sichuan, China. Journal of Ecology,
1988, 76(4) : 1204-1218.

[ 8] Taylor A H, Qin Z S. Tree replacement patterns in subalpine Abies-Betula forests, Wolong Natural Reserve, China. Vegetatio, 1988, 78(3) .

141-149.
[ 9] R, B, BAM, B3, BRIE. LW AR XIRITIS 25K (Abies faxoniana ) BHT XILFESS 700, IO AL, 2011, 32
(1):31-37.

[10] BREMG, BE31-, ®H3C, XVEEL, MoK, B, MEIRILR AZ LB AR A RS2 . AR 352% 4, 2016, 36(20) : 6475-6486.

(11] BREMG, S5, 257, ARE IR AZ A B RO S K 5 R R sh s, B SR BE A4, 2018, 33(9) : 1542-1551.

[12] #iH, W&V, XImE, T4, BilF. B A AR A R SOMOMBUE B HE. AP A= 5254, 2007, 31(3) : 425-430.

[13] Kang W, Tian C, Kang D W, Wang M J, Li Y X, Wang X R, Li J Q. Effects of gap microsites and bamboo on Abies faxoniana regeneration in a
subalpine forest, China. Journal of Plant Interactions, 2015, 10(1) . 59-64.

[14]  Efk, FdF, HI8L, 225008, RREE. AETHATRTIRTLYE A2 Pk TR AW b4 i 540 S A i R s m. Mol B2, 2007, 43(1) ; 1-7.

[15]  Fkfd, MESE, 2208, RN, IE—. SEPEFEAT T RN T 5 L0 AR AR R B BE A 2L S5 70 RSB RS2 . Mol FL27, 2007, 43
(2): 1-7.

[16] Taylor A H, Jang S W, Zhao L J, Liang C P, Miao C J, Huang J Y. Regeneration patterns and tree species coexistence in old-growth Abies-Picea
forests in southwestern China. Forest Ecology and Management, 2006, 223(1/2/3) : 303-317.

http ; //www.ecologica.cn



4120 JAE = 43 4

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]
[30]
[31]
[32]
[33]

[34]
[35]
[36]
[37]

[38]

[39]

Taylor A H, Qin Z S. Tree regeneration after bamboo die-back in Chinese Abies-Betula forests. Journal of Vegetation Science, 1992, 3(2):
253-260.

PRIEING , BE3R1~, AT, AR XTURVIVRAZ B4l AR R A i BUR 54 E RS2 . ZEAS243I, 2021, 41(14) ; 5685-5694.

TRIREE, WIEEXS, SR, BEIR(", FIFIE. I VYV A5 LR SC R Rl B MEFIDRYT Y A2 401 8 W10 15 A 1 RSO I oy o oz e A 22
%, 2008, 32(5): 1061-1071.

RERER, BXHEAS, BEIR(T, BREMG, X%, B, DR, FF. KWIEX WL ACHH IRV A2 4 B R i /N5 i 58 G R R
M. AR, 2021, 41(14) ¢ 5782-5791.

BEI, B E, XV L, PREMS, SF5R1. I PEARE SRR U Vv A2 4 S 0 B 28 X DL 08 8 i o 137 A 2574l 2018, 38
(11) . 4008-4017.

VEBEH, A, TWR, 250, XME, WL, T WE, Hd. BRI TBERE R X IRTT R A2 4 AAs AR K I . A=
A%, 2018, 29(3) : 687-695.

i, TR, s, KB XU A2 A A K S AR R M IR, ARSI, 2010, 30(21) @ 5994-6000.

7, KA, SRR, BEEK, ML, T RO R GARER AL BS -RTT Y AZ UG AR 25 1A% Jm. A2 Z554, 2011, 31(1) ¢ 1-9.
IR, BT, i, M. TR R LA IR T A2 A bR R ARG B B AR X HAUAMOR 952 R R A 25 2440, 2014, 38(12) -
1263-1272.

Miao N, Liu SR, Yu H, Shi Z M, Moermond T, Liu Y. Spatial analysis of remnant tree effects in a secondary Abies-Betula forest on the eastern
edge of the Qinghai-Tibetan Plateau, China. Forest Ecology and Management, 2014, 313, 104-111.

RUSCHE, BRWT, FIRAS, 277 DIV L5547 -MR VLA AZ AL S Tl () 23 [0 4% S G0 A7, ARl BEIREER, 2014(6) : 85-90.

Zhang Y D, Miao N, Liu S R. Has tree density increased at alpine treelines on the eastern Tibetan Plateau? Environmental Research
Communications, 2021, 3(12): 121005.

HOEAR, BRI, XIS JHTER T Z AR X BRI SE AN 75047 Mol B, 2005, 41(4) : 189-193.

2, XIS, SRR, Bk, X6 R VYR LD LA MR T A2 AR DL SRR 0 2 (R A% SR 20 M. B AR 25241, 2009, 20(6) : 1263-1270.
Tt AR duat. PEML R, 1992 11-12.

WRIGETE. RIS B S Sl S BAL T IT AT, RS, 1998, 18(2) : 214-217.

Germino M J, Smith W K, Resor A C. Conifer seedling distribution and survival in an alpine-treeline ecotone. Plant Ecology, 2002, 162(2) ; 157-
168.

T, B, 57 WRTE LW IR T AZ I RE (Abies faxoniana Rehd.et Wild) B9 254545 5. 0 F S5 3RBEAE W24, 2005, 11(3) .
300-303.

fh, =T, BME. URTL FWEARLE BT IRTLI AZFIRE A A A7 04T . A AR S 4, 2005, 29(3) : 349-353.
By, BRI, SRR, KL IRVLV SR oS YO RER ST A 2R IO B A, A2 22l 2014, 34(13) : 3661-3671.
27 AER, ERKAL, XIDER, A PR R LRy AZ R A S TS SR 40 A. MRl BR2#, 2008, 44(12) ¢ 1-6.

FK, BEVRAL, BH, EESC, X, B, ki, TR, TEE. HE S IWARLIRIIS 2 —FE SRR ZS 1 5 303, imot, 2019,
39(5) : 664-672.

TRKEL, THILR, 22800, BRERDE, XIGR, Wi, BEAows, BRIE. i FRAEAS PG 5 LR T YA + AR SRR T IRV A2 BT Y 5
WSS, PIARLRNE, 2018, 39(3) @ 35-39.

http ; //www.ecologica.cn



