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Abstract: The population structure and dynamic characteristics of the typically natural secondary forests in Changbai
Mountain forest region were investigated to reveal the survival status and development trend of the key populations, so as to
provide a basic information and theoretical basis for the protection and restoration of the natural forests in the research area.
Based on the survey data of 24 fixed plots of 1 hm®, the population structure and dynamic characteristics of 4 constructive
species in 2 typically natural secondary forests were quantitatively described by establishing a static life table of the

population and drawing a survival curve of the population. The development trends were researched by survival analysis,
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population quantitative analysis, and time series analysis. The results showed that all the survival curves of four populations
tended to be the Deevey- Il type, but the subtypes were different. The population mortality of Abies nephrolepis fluctuated
greatly, with the multiple mortality peaks occurred in different age classes. The mortality of Picea jezoensis var. microsperma
and Quercus Mongolica increased gradually with age class. The mortality of Pinus koraiensis was high at all age classes. The
quantitative dynamic analysis showed that the four populations belonged to growth type, and the growth potential was Pinus
koratensis>Abies nephrolepis>Picea jezoensis var. microsperma>Quercus Mongolica. The four populations were highly sensitive
to the external disturbances, among which Pinus koraiensis had the highest probability of being disturbed. The time series
prediction showed that the number of Abies nephrolepis and Pinus koraiensis increased at different ranges after 2, 4, 6 and 8
age classes, and the growth trend was stable. The populations of Picea jezoensis var. microsperma and Quercus Mongolica
showed signs of decline in young and middle age classes. The conclusion indicated that the natural regeneration of Pinus
koraiensis and Abies nephrolepis populations was better and the growth potential was higher, but the sensitivity to external
disturbance was also higher. The natural regeneration of Picea jezoensis var. microsperma and Quercus Mongolica populations
was insufficient, the growth potential was small, and the community had the risk of deviation from stable state. In order to
promote community succession and development, it is suggested to strictly protect the habitats of Abies nephrolepis and Pinus
koraiensis populations and moderately carry out thinning and tending. Furtherly, we should improve the spatial pattern of the
populations of Picea jezoensis var. microsperma and Quercus Mongolica, and implement artificial promotion of natural

regeneration in time.

Key Words: population structure; static life table; survival analysis; time series prediction; Changbai Mountain

forest region
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R RS =2 508k 200 A RE (Betul aplatyphylla) (11145 ( Populus davidiana) . 3% W # ( Larix
gmelinii) ARME(Acer mono) M ( Ulmus japonica) M ( Tilia amurensis ) 7K MM ( Fraxinus mandshurica) |
PAME ( Betula dahurica ) | fit T # ( Pinus sylvestris var. mongolica ) . 5 Bk Wk ( Junglus mandshurica ) | % 5%
( Phellodendron amurense) %5 .
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2.1 HdEaREL

TEFEST IS A A L TS IX N e BB 25 ¥ A2 R AR IR AE RN Sl AR -2 0 RAR IR AR AR, 43 3l i 12
H 100 mx100 m FIREH ( =AM N YLK- 1—YLK- 12, 55 BR-20MAK ly ZH- 1—ZH- 12) | B i AR 2
24 hm’(FE 1) o RAMAAEFEELL 10 mx10 m R3EA Ay, P A0 SEREHL P g 42 (DBH) =1 em Ay 43R TF A
AMRRYRAAEE, LA AR B RN RN R AR AR RN, T SR A% R b i) st B AR AR | R IR BT A AR BB
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Table 1 Basic information of plots

R b [ 7} 3 Wer R A EA 2
Plot Area Gradient/ (°) Slope position Altitude/m Crown density
YLK-1 1 hm?( 100 mx 100 m) 3 iy 742 0.59
YLK-2 1 hm?( 100 mx100 m) 5 H 752 0.66
YLK-3 1 hm*( 100 mx 100 m) 15 LA 760 0.76
YLK-4 1 hm?( 100 mx 100 m) 16 S 773 0.66
YLK-5 1 hm?( 100 mx100 m) 5 H 780 0.70
YLK-6 1 hm?*(100 mx100 m) 15 s 792 0.82
YLK-7 1 hm?( 100 mx 100 m) 5 - 771 0.77
YLK-8 1 hm?( 100 mx100 m) 5 T 732 0.75
YLK-9 1 hm?( 100 mx 100 m) 5 iy 749 0.71
YLK- 10 1 hm*( 100 mx100 m) 5 i 759 0.76
YLK-11 1 hm?( 100 mx 100 m) 5 s 769 0.65
YLK- 12 1 hm?( 100 mx 100 m) 3 i 773 0.73
ZH-1 1 hm?( 100 mx 100 m) 8 H 705 0.66
ZH-2 1 hm?( 100 mx100 m) 8 el 738 0.71
ZH-3 1 hm?( 100 mx100 m) 7 oA 721 0.72
ZH-4 1 hm?(100 mx100 m) 8 o 741 0.83
7ZH-5 1 hm?*(100 mx100 m) 10 I 794 0.74
ZH-6 1 hm*( 100 mx100 m) 8 o 639 0.46
ZH-7 1 hm?( 100 mx100 m) 8 oi 637 0.85
ZH-8 1 hm?( 100 mx 100 m) 8 H 635 0.88
ZH-9 1 hm?*( 100 mx100 m) 7 oy 677 0.90
ZH-10 1 hm?( 100 mx 100 m) 7 oy 685 0.77
ZH-11 1 hm?( 100 mx100 m) 6 oA 703 0.87
ZH-12 1 hm?( 100 mx 100 m) 10 ik 705 0.67

YLK-1—YLK-12: =¥ AZHK Picea jezoensis var. microsperma—Abies nephrolepis forest; ZH-1—ZH-12; ZE{HER-ZLFAMK Quercus mongolica—Pinus

koraiensis forest
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TEAESE SR AR IRAE LT, D Fh 0948 0 5 08 GO0 A Ay e O 17 00 LA —B50bE: | S W i AF i i LAV 48
i, RGBT —E R . IR a2 Sl AR MLZIAS 4 S EEFEF Y DBH 360,
24 DBH<5 em &40 1 #3924 DBH=5 cm #%4 5 em A— P, B 5 em<DBH<10 em ¥1434 2 #2910
em<DBH<15 em X|53 0 3 4%, LAZEHE, i brifl, 238073 11 Mg, i = A2 28 0) 500 11 4
WG, ST RIS 30 13 AR, TR IR 53 8 AN, BAKRIE LR 2,

R2 ANMERMHEAXS

Table 2 Division of structure of four constructive species

o B2 IKLED e Tam
Age class Abies nephrolepis chea Jezoensis var. Quercus mongolica Pinus koraiensis
('stems) microsperma ( stems) ('stems) (stems)
1 1458 280 107 2594
2 524 156 666 1378
3 487 237 719 422
4 427 214 705 122
5 339 186 566 50
6 164 131 333 18
7 54 48 199 10
8 29 24 108 1
9 12 14 63 —
10 2 5 30 —
11 1 2 16 —
12 — _ 4 .
13 - — 3 _

DBH: Mfi#% Diameter at breast height; DBH<5 cm X439 1 #$%% ;DBH=5 em #5455 cm N— %%, Bl 5 em<DBH<10 cm %1434 2 #4410
em<DBH<15 em )43y 3 #44%, Lh b 254

222 HESEMFRAE L

H TR A RS BT A X DA S B0 4 o S R B ) e, L I T O PR AR e S0 12 B 2 X RO 3 1A 3
AT SR 25 AR I 18] 9 7 125, RIFIAR GO IR 20, GE it 4% e SRR B, 2 bl R R 2 i =2, 26 T 0 A L 8l 285
AEAE . ARG 4 ASFIRER I IS 1 g 0 S A a3 xRl A 2k, TS AR e R RSB R S IR 8 )7
RN T RS A A R — R R AR e e e AR AR R Bh A T R R AR B A I s i R =X A
LA E A f R GEIR2E AT, 2] BB BB T3 N B AT B0 , PRLIHER T AT R (smooth out) X 52 P
MAEGHAT B AR5 o, sk R e

FETE IR AR BB N, = Noe " R BREL N, = Noa ™ SHAE TG BORIS 906 R AT LA e HiE P 2 2250
R*HF R0 (A 2 SRR, WERIEER U S BOR I AF TG ITZE Rl Deevey- 11 ; % BREUILG BOREF 4715
£ A Deevey-1II
223 HAFHT

A AF 53 B AT LG B AIRE A i 3R S A s e B AR AL . SB HIAEAE I T i 4 D eR R, 20 AT 4 A e
PRI Sh S 2R MG B0, HER B =4 5 R 2

s, =I1», (1)
i=1
Fo=1-5 (2)
S =S g0 S,
. = = 3
L= 3
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HBRER — N IGAE 2 ASFIREREE WG AYIEAN , A= i 01 SR (ELB s/ ] | X 3 W 38 1 4l i I 1) A BT Sl A X i
o RS I EARN SR UV ER TN N 16l o L NI L RS 2 Bl (N PR B e S B I IV A ] o
R 64.10% , 1E5 2—A4 W AR RCE AR RZUE , 765 6 W Ut FE U BAE T e, HLRFZEm R B0 IS, fi
FIAET AR 87.50% , A A I B EAE LU R BN R AR, i T2 2450 RS2 , Sy A2 APt 9 A e U1 2R 1
WA PR, LLRARIEAPE TR — E AR EBGR K A W SRAE T B 0o T 42% , A i ST SR iy 06 1 BRLAE 26
6 WP, LRERAE , VLI SR BE ok, W ASZ BB IR T 2R R

HIZE 4 WA, RS S0 45 R R 4 S EM R EZE UM A9 L5 45 R A B 1 R 2K F, Thi98
BRI R ES TR R BB, B P E /N, 3R 4 A ER AR A A 77 3 i 23 BRI T Deevey- I 2
N TR ] 4 7 T T % B e T R A B3t A AR 3 S R R AR S5 5 4 PR TR 2k (1B 1) it — 2B 4k
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Table 3  Static life table of four constructive species

i 6271 .

Population Age class ax L Int, . 1 L. L. o K,
R 1 1458 1000 6.9078 641 0.6410 680 1902 1.9020 1.0244
Abies nephrolepis 2 524 359 5.8833 25 0.0696 347 1222 3.4039 0.0722
3 487 334 5.8111 41 0.1228 314 875 2.6198 0.1310
4 427 293 5.6802 60 0.2048 263 561 1.9147 0.2291
5 339 233 5.4510 121 0.5193 173 298 1.2790 0.7325
6 164 112 4.7185 75 0.6696 75 125 1.1161 1.1076
7 54 37 3.6109 17 0.4595 29 50 1.3514 0.6152
8 29 20 2.9957 12 0.6000 14 21 1.0500 0.9163
9 12 8 2.0794 7 0.8750 5 7 0.8750 2.0794
10 2 1 0.0000 0 0.0000 1 2 2.0000 0.0000
11 1 1 0.0000 — — 1 1 1.0000 —
A 1 296 1000 6.9078 132 0.1320 934 3885 3.8850 0.1416
Picea jezoensis var. 2 257 868 6.7662 132 0.1521 802 2951 3.3998 0.1650
microsperma 3 218 736 6.6012 131 0.1780 671 2149 2.9198 0.1960
4 179 605 6.4052 132 0.2182 539 1478 2.4430 0.2461
5 140 473 6.1591 132 0.2791 407 939 1.9852 0.3272
6 101 341 5.8319 132 0.3871 275 532 1.5601 0.4895
7 62 209 5.3423 128 0.6124 145 257 1.2297 0.9479
8 24 81 4.3944 34 0.4198 64 112 1.3827 0.5443
9 14 47 3.8501 30 0.6383 32 48 1.0213 1.0169
10 5 17 2.8332 10 0.5882 12 16 0.9412 0.8873
11 2 7 1.9459 — — 4 4 0.5714 —
B 1 685 1000 6.9078 109 0.1090 946 4640 4.6400 0.1154
Quercus mongolica 2 610 891 6.7923 110 0.1235 836 3694 4.1459 0.1318
3 535 781 6.6606 109 0.1396 727 2858 3.6594 0.1503
4 460 672 6.5103 110 0.1637 617 2131 3.1711 0.1788
5 385 562 6.3315 109 0.1940 508 1514 2.6940 0.2156
6 310 453 6.1159 110 0.2428 398 1006 2.2208 0.2782
7 235 343 5.8377 109 0.3178 289 608 1.7726 0.3824
8 160 234 5.4553 110 0.4701 179 319 1.3632 0.6350
9 85 124 4.8203 80 0.6452 84 140 1.1290 1.0361
10 30 44 3.7842 21 0.4773 34 56 1.2727 0.6487
11 16 23 3.1355 17 0.7391 15 22 0.9565 1.3437
12 4 6 1.7918 2 0.3333 5 7 1.1667 0.4055
13 3 4 1.3863 — — 2 2 0.5000 —
FARV 1 2594 1000 6.9078 469 0.4690 766 1274 1.2740 0.6330
Pinus koraiensis 2 1378 531 6.2748 368 0.6930 347 508 0.9567 1.1810
3 422 163 5.0938 116 0.7117 105 161 0.9877 1.2436
4 122 47 3.8501 28 0.5957 33 56 1.1915 0.9057
5 50 19 2.9444 12 0.6316 13 23 1.2105 0.9985
6 18 7 1.9459 3 0.4286 6 10 1.4286 0.5596
7 10 4 1.3863 3 0.7500 3 4 1.0000 1.3863
8 1 1 0.0000 — — 1 1 1.0000 —

a,” : TEEMASUE IEfE Modified survivors number; [, : BRIEACAETE IMASL Standardized survivors number; In/_ ; BRIEACAETE MRS A SR
% The natural logarithm of standardized survivors number; d, : FRUELLIET= A% Standardized number of mortality; ¢, : JET-% Mortality; L #5ifEfL
FHFETEEL Standardized mean survivors number; T, : B3 #E AL FE I A A 19 B 4L Standardized total individual number; e, . K4 iy B (H Life

expectation of individual; K, : AMAIE 23 Elimination rate of individual
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Table 4 Test models of survival curves of four constructive species

i Population FEH Model R? F P

Rt y=5908.848x 28 0.726 23.907 0.001
Abies nephrolepis y=4899.463¢ 0700+ 0.928 115.452 0.000
i 2K y=1042.9245 870 0.673 18.525 0.002
Picea jezoensis var. microsperma y=992.579¢ 0489« 0.907 87.680 0.000
ERiy S y=3272.018x 1 0.629 18.620 0.001
Quercus mongolica y=2655.758¢ 0460 0.881 81.728 0.000
FAR /N y=8471.22457318 0.873 41.192 0.001
Pinus koraiensis y=9921.599¢ 072 0.982 323.767 0.000

3.2 FEEAEAT T
HT 4 AFIRERY AR A7 PRBCTZ PTHT (] 2) , A=A S5

SHPET R R I R R e 25 |
WS, BRI SIS MG BT TR E2

CNERIR RS B R CEESE TS CE |

Pt JURLURFITER S BUIES 4 LU I0S 220

IRITE, PSR, 6 i, 88 S MBI ERIB A, 2T

B AP BINBLAESS 8 A 0 Ib%k, BE RS S o

BRI PE T35 B M 3l T2, SR T35 2 () S AR Age clas

T 0.0264 1 0.0220, 7EFWIF B, RS2 LA A 1 4P BRBREGEE RS

7@@5&%} E/‘Jﬁilzﬁ i*ﬂﬁj{ﬁ/ﬂ %Eg J;;F , %‘zlﬂ 2 /l\ﬁ:'ﬁzj]ﬂ{?\ Fig.1 Survival curve of four constructive species

A A K T 4 RSB W B T T W A1 Inl, . SRAEFLAFIGELAY H SR X2 The natural logarithm of standardized
SR LT B SIET RIS B R TR e ’
G I FRE AR f A AR 3 R TR 45 4 T U
Mo MZT RYSAZFIRE A G R AR AR ALK, 32 BREE S M ) 2R A S I 4
3.3 MREshE

M 5 AT, fa i A2 A S ARFPRE S SITE VAV, VBT A, R B 2 SRR I B S B IR Y
BB FR RV ASFNZLRA TP I AT 48 B A R RE S S48 B R T 0, 3R 2 A FhRELE BT A7 e 24 12 B
WK ZEIOCHR . RAE 4 DRI ZWE SR TR AN T4 0 SR B S R BORE |, & R
YR A V>V >0, KRBT 4 DR R TR BRI B I HEP LA > RS2 > i A2 558 Bk, A
BEAIL TP XU A KABFEEORE (P ) o4 AFIHESZ S0 5T 40 0 SO B2 e, b 2D R 32 T IR A A
BOR, RSIZMRER Z , B A AZ RS BRAE 2 BEHL T PE A BER AR RN
34 FRESAST

I ] 27 T 2 WY (I 3) JTEACK 24,6 8 MR GRS, RV A2 FNZLAN TP RE &0 0 10 A8 i 34 52 B K
B Horh TEARK 2 4 NRRGUS 2 ASFIRE AR 1 1 BE I 28 0 1 28 Ak Sl T — 2, BIBE R 20
AR G i S B LT B TE 6 .8 MR WA BT IXU , SRV AZ I (I (AR 4 Rt B 1 2 1 34 o
SN . X TR TE 2,416 .8 DRSS RZAZZ, 2 A FIIE R 2 B A I 18] 85 R RS A K8 e 1 i
%, MR MG ARF RS IR I TR g, Hoh SRR ETEARCK 2 MRS 5 3 IR
A ARES R IR s TEAROR 4 MBS 5 4 IBGUREE 5 I AMARBCR AR L T AR 2 MR 9 A%
HIA T, SN BRRETERSE 2 MIRUS 5 2 IS 3 1 A AR B B s R AR OR 4 IR
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J5i 5 A4 IR AR R B D  TER R 6 MRS RS 6 IR R 8 ISR HYER 8 WS iy AR
PIHOH b — R G AR A BIrdib . (HE:, B I 6] (4 RS FRH RIS S A MOOR S B R A 30

—o— 4B —e— Riux B HUEE M X
1.20
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[
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Fig.2 Survival rate, accumulated mortality rate, mortality rate, and hazard rate functional curves of four constructive species

RS ANERMITTLIEH
Table 5 Dynamic index of four constructive species
FVEESIAFEEL Dynamic index value/%
iR

R e

Index . A . Picea jezoensis var. Sk ) ) i o

Abies nephrolepis . Quercus mongolica Pinus koraiensis
microsperma

Vi 64.06 44.29 -83.93 46.88

v, 7.06 -34.18 =-7.37 69.38

V3 12.32 9.70 1.95 71.09

Vy 20.61 13.08 19.72 59.02

Vs 51.62 29.57 41.17 64.00

Vs 67.07 63.36 40.24 44.44

v, 46.30 50.00 45.73 90.00

Vg 58.62 41.67 41.67 —

Vy 83.33 64.29 52.38 —

Vio 50.00 60.00 46.67 —

i — — 75.00 —

Via — — 25.00 —

Vyi 41.68 23.60 16.41 56.44

V., 3.79 1.07 0.42 7.06

Piex 9.09 455 2.56 12.50

Vi—Vi,: FHAB IS G B E 3 4 78 Ak 5 %k Quantitative dynamics index of adjacent age class; Vpi; PR B A A b 35 %K Quantitative dynamics
index of population; V', Z AR R A 2 A7 6 F5 %L Quantitative dynamics index of population by external interference; Py, : LT X
B HE 84 KA The maximum of probability in random disturbance
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Fig.3 Time sequence prediction of number dvnamics of four constructive species

4 Z5ie

FORELS I Z 2 A Py AR AR DR BRI S 2 BFFEIX 4 A @ RERD PR A K 3 S R IE 2 R A= 4
PR AR R HAE AR . PSR B IX A IRV AZ M A2 St MR RN ZIAN TR A0 77375 it 2k
IR T Deevey- I B, SR W] 552 MHELSHE G AAL TR IRAS (BN R M REAF(E—RE 22 5 1k . Al AR
(1028 A L 22 2 R BRI A DL AT A A 73 175 L AR 2 ), 558 i M R 0 085 2 A2 e 0 i S AR X AN A Bt 2 6 R
MREGR A 5t BT S, H TSR EOR SO0 78 2 B s MR ZERF MO AN A2 (HR IR E 2 i
AFAE i B A E RS I AU . R BF AN I 88, RS MR AT AR W R A 1, SR I 2 B0 T R AR AR S kA
BE, AR A BRRN IR B Y 8 32 BB >, B AR 58 BROA A i AR T 52 A AN, R e T
RERC BT, RIS AZ LI RA TR E AR TRl I 1t B 1 AR B9/, WA 5008 2 AN Fhre ) 45 1 A
A BRI, X ] fE-5 MREE R AEAF 2 MU FR e o BRI R A O, R R 2T T
R R R B ol B R T A (A 4 e IS A BRAH FLSE 4 LASL i 5 ZE Rl e AR R BG4, 3L
HPETREG R, b W B R E TR AR & FVRI R ot 33 A2 AE 2 FErh I B B, RS AZ R RE R 3L
HARXIERE |, BB B RS AZAERETS T G 6 1 — 5 B0 2 TR PR BT BT, B LRI 1 B SR B TE I RE D, 3k 5 T
ST RSSO — B, RS A TR 2 2 B A A R A R Y AR ORI RS A
REA BRI AT ST, ZURN I fe i A A T B (R BRAE 5 6 W, R WIS I 8 R I £ A 32 8] 1 B 07 10 1 5 <
FETA BN, T340, i TOFSE X ZLRA RS = IR G A 3 T RERZ MR B LLARFIRE A S5 RRAIE

http ; //www.ecologica.cn



13 1 WiBhliz 55 1 LB R AR U A AR RS TR B B R 45 4 B 3 25 R AIE 5151

4 AT RS R 7R | SV A2 RN LE QI i [ B AR B R 8 i A, R I B AR i 0
IR, WA ASE BRI REE AT PR R AP AR e 0 IR . AR sh S AR A
PR LB RS B TG (E6 S S B8 T I me SRR BURR , A SR A R R I A ), st 2 R e R A IE A
Ko 4 AFPRE P DA RE RO SRR AR R PR A5 2 R 2 25 W I R B, 11 Ll D ] v T AR AR P 2R 5%
HEAF UL R AR A2 2 T AT, PR S A 18] 5 B0 20 A 2 W], SRV A2 MIZLAA I EFE R K 2.4 6.8
AW GE R RO T RIS R R EE O3S, B3 R EEBONRE , B R A2 S AR RETES) P ik gt
T IR R B 5 I R B R A I i TR A K R AT LSO 2 5 i 2l A i 4, 2l A 1A
Bk o U AR ISR B 0y TR A SRR RE (1 S A AR R R SRR 2
B RR , JCHOR SO PRA R, A AR N L R RS RIS [ G HAT, S S A2 S AR
R R AL 75 R S B I A AR DR A A 78 A2 A PP i R

BEXS 4 AR RERY AL AR DL, A B — AP IR AR AR 2 B A T, B T R A LA IR AL, FLAE AR
OYRIEHR . HHT, WFFE BN G H R AL LA RE R A AF RIS ARAL T R A HE RS 648 AP A 1
DL 2 AFRREREAS S BL A AR R , NI BEOT R LR BAK, S A AR ZE A | EARRE S, R
B AAZ MG BRI IR R A RSO0, A7 A B T F AR E A BLr TH R AMRIE &, B R BR - %
ER FGFRA 38R /N T BT, DU ACPK A AR A7 PRI, i 2 Fof e R 9K BT LA R SR I A1) 2 AP
JZ R TR Z SEARR R SR AT W EEIN R B R S Rl IR AT, TF AR TR 4R, AE AR 7T iy I JR N T AME b
T BN RS BRA ARG . AN I AR DR S R AR AR AR P TR A B DI, A R P R St Ak
ARMA BT 32 BELF R, 2017 ARBIF5E X SR AARAE BE A FE 5228 B, 2% BRAR AT 92 AR b PR 50 [ 2 8 el vt
BRI, AW 4 56 36 TR 5% Pl A BRI 38, ks DRAP S , 988 A M B A SO B ER G kAT 3l In D fr 4
BRE S BL, VISE R - RARAR BT, RIS i 322 58 73 AT 1 I B3 RAR AR [ SR BT 2 M- &5
DEF i R ARARER AP E S 1) BRIE FERIAIE N PSR FE | B A M A S B o g A B L R ORI B P22
IBAERIRMRAE SRR AR I A AR 25 W A S SR IRV, IR IR OR I B R R ORI A2 e 4k,
s AR S fE
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