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Quantitative dynamics of Picea crassifolia population in Dayekou basin of Qilian

Mountains
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Abstract: Picea crassifolia, a major constructive and dominant species in the subalpine montane forests of the Qilian
Mountains, plays a vital role in preserving soil and water, regulating regional climate and maintaining ecological balance.
Exploring the dynamics of plant population can reflect the current status of the population and its potential driving
mechanisms, which helps to predict future population dynamics and provides a scientific basis for the conservation and
restoration of the forest ecosystems in the Qilian Mountains. However, despite extensive research on this species, little is
known about its population dynamics. To fill this gap, this study was conducted to reveal the population dynamics of
P. crassifolia based on the community structure data from 10.2 hm®P. crassifolia dynamic monitoring plots. Specifically, we

analyzed the population characteristics of P. crassifolia by preparing static life tables, plotting trail-level structure, survival
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curves, mortality curves, disappearance rate curves, and four survival analysis function curves. Notably, the diameter class
structure rather than the age structure was used in this analysis. Moreover, the population dynamics trends were predicted by
the population dynamics change index and time series model. The results showed that; (1) The age structure of the
P. crassifolia population was roughly inverted J-shaped, with abundant seedlings and small trees reserves. (2) The survival
curve of the population tended to be similar to the Deevey-II type, indicating that the population was a stable one, and the
trends of mortality and disappearance rate curves were basically the same, both reaching the maximum at the second and
eighth age classes. (3) The survival rate curve showed a significant downward trend ; the cumulative mortality curve showed
a significant upward trend; the mortality density curve decreased slowly, while the hazard rate curve showed an overall
upward trend. Therefore, the growth of the population was characterized by a rapid decline in the early stage, stabilization
in the middle stage, and decline in the later stage. (4) The dynamic index of population changes V>0 indicating that the
population was growing, V>0 and it is close to 0, indicating that the population tended to be stable. (5) The time series
prediction analysis showed a stable population growth trend after the next 2, 4, 6, and 8 age classes of time. To conclude,
the study shows that the population is a stable growing one and will keep growing gradually in size as long as it does not
suffer strong disturbances in the future. The high mortality rate of young individuals early in the renewal process suggests
that future management should focus on protecting and improving the growth conditions during the first and second age

classes of the plants to improve the survival rate of seedlings and small trees.

Key Words: Picea crassifolia population; quantitative dynamics of population; life table; time sequence
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Fig.1 The sample distribution map map of the 10.2 hm?’ forest dynamics plot of Picea crassifolia population in Dayekou basin of

Qilian Mountains
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Table 1 Static life table of Picea crassifolia population in Dayekou basin of Qilian Mountains, northwestern China

R Wf o fEyen o L Wl 4 4 LT, e K s,
1 1 <DBH<S5 8283 1000 6.91 368 0.37 816 1824 1.82 0.46 0.63
2 5 <DBH<12.5 5238 632 6.45 400 0.63 432 1008 1.59 1.00 0.37
3 12.5<DBH<17.5 1921 232 5.45 60 0.26 202 576 2.48 0.30 0.74
4 17.5 <DBH<22.5 1425 172 5.15 60 0.35 142 374 2.17 0.43 0.65
5 22.5<DBH<27.5 926 112 4.72 32 0.29 96 232 2.07 0.34 0.71
6 27.5 <DBH<32.5 659 80 4.38 22 0.27 69 136 1.71 0.32 0.73
7 32.5<DBH<37.5 479 58 4.06 30 0.52 43 67 1.17 0.74 0.48
8 37.5<DBH<42.5 228 28 3.32 21 0.75 17 25 0.90 1.39 0.25
9 42.5<DBH<47.5 57 7 1.93 4 0.58 5 8 1.10 0.86 0.42
10 47.5<DBH<52.5 24 3 1.06 2 0.58 2 3 0.92 0.88 0.42
11 52.5<DBH<62.5 10 1 0.19 - - 1 1 0.83 - -

x B Age class; a, AETERL Survival number;/, FRUEAL AR5 5K standardized survival number; d, FET-%L Amount of death; q, JETR mortality
rate; L, x B x+ 1 AEIE GG T3 AZK the average survival individuals number from x to x+1 age class; T, : /775 & 4K total survival number;e, : /&
AR life expectancy; K, :JHSR%R disappearance rate; S, : {711 % survival rate, 375 (-) FRm T « FEJa—MER G TCIE A5 3 1 50

Dashes (=) represent the incalculable data because x is the last age class

2.3 HiF S IZFREAAG LR FET- 2R LRI e R ph 28
Z: M8 Hett & Loucks [, R FHFE BRI N =N e " AR BREE RS Nx= Ny ™ XSHAETEBURIE 2% e R b4 T
PG B TR BT BRI BORAE A 1E I Zh Deevey- 1 AL 257 pREIUL A ROR AT, 716 TZEH Deevey- MY, 45

http ; //www.ecologica.cn



17 3] ke A AR LRI Fts 7 1 = A2 Rl R 3 2 6877

RULE AR 2 B8  FRBR R R® A% RPN FE R TR R B0 AL, HASBOB ALY ALC /N T3 s AR
B AR PR AR A BN B KF B B R p i 5 ROR B4y . RUE I s MR MRS
WG IO 43 FR B AL  WIAETE T2 T — 45 BLZR (18] 3) AR Deevey' ™ 71 TR A3 43 %A RE B A7
T HZJR T Deevey- 1 B W10 R BEH A7 S OGS 4715 S ABGZ Wil /D, HLAEAS [R) AR I8 [y BOs R Y SE T
FRZEA R, X ST AL AR 7 85 R A )

R2 BEUXFORBEBZLMHBEFEHRNERNUSER

Table 2 The fitting results of survival curve of Picea crassifolia population in Dayekou basin of Qilian Mountains

e DI

ii deﬁypes i;qfaiif R? Adjusted R? F P AlC

5 R Exponential model N, =2398.4¢ 0637 0.960 0.951 194.310 <0.001 -14.181
T PR BB Power model N, =3280.2x"2%7 0.807 0.776 35.660 <0.001 2.490

R?, ERB; Adjusted R, AR E 2%, F, FIH; P, PAE;AIC, F7iufE BEN Akaike information criterion
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Fig.3 Survival curve of Picea crassifolia population in Dayekou (K,)#i%k
basin of Qilian Mountains Fig.4 Mortality rate (¢, ) and vanishing rate (K, ) curves of

Picea crassifolia population in Dayekou basin of Qilian Mountains
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9 FRER AR T 1%, T RTHFE TR KT 99%, 15 1 2 AZ P RELE I 0 2 5 TF 4R E A A B IR, I
Hh NG 1TSS 11 90 FET % B 2B TR, BN 0, MGk Z8th GaZ i bt 72505 11 W9 588
TR ISR G R, RBUER R TRE) o 56 Bk 4 DA R B EE R  AHE R BT 1 = 42 e LA T4
Py > TR E S BT IR IR AR AR X S MRS IR ST AR AN R R R A A R —E
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Table 3 Estimated values of survival functions of Picea crassifolia population in Dayekou basin of Qilian Mountains

W (x) 29/ em HHE/em

Age class (x) DBH class Mean value St Fe o At
1 1 <DBH<5 2.5 0.63 0.37 0.13 0.09
2 5 <DBH<I12.5 8.75 0.23 0.77 0.05 0.17
3 12.5<DBH<17.5 15 0.17 0.83 0.01 0.28
4 17.5 <DBH<22.5 20 0.11 0.89 0.01 0.32
5 22.5<DBH<27.5 25 0.08 0.92 0.01 0.34
6 27.5 <DBH<32.5 30 0.06 0.94 0.00 0.36
7 32.5<DBH<37.5 35 0.03 0.97 0.01 0.38
8 37.5<DBH<42.5 40 0.01 0.99 0.00 0.39
9 42.5<DBH<47.5 45 0.00 1.00 0.00 0.40
10 47.5<DBH<52.5 50 0.00 1.00 0.00 0.40
11 52.5<DBH<62.5 57.5 0.00 1.00 0.00 0.20

S oy HHETFFREL Survival rate; F ;) R FITFET-3 B AL Cumulative mortality rate; Sy FIFET % JE PRI Mortality density; A, Sk 16 I8 R PR

Risk functional curves

2.5 HilF RS

FHF AP SR TS R R (K 4) &b tr
SRR B ST KT 0, B SR FEE & 0O f o RS,
WU HIRE B A7 M, BB T I S 3R 1~ 3 07 Bl
ST BRI R . RSN AR R AR F 0S| - Je
RERECR A LA ISRV, = 28.00% >0, F W1 F Bt %mf
THR BRI, S IESNE T WV, =0.26%> = o1
0, HLEEIE T 0, BT FHIG 2 A5 R0 BE 2 BUIY R R o

R AR R .
2.6 WG ZASFIRER )T 5 B

[ 3BT B R4 91 (1 6) , 7 Ak 2,46
FI 8 ARG 2 R | 1 2 SR I 5 R T
W1 B 9 PR o 4G o B I O3S /1

E5 BELUAFORESESLMBEETRRS(S,). Bit
REREM(F ) FTEEER (/) MERESR(A,)
gk

Fig.5 Survival rate (S, ), cumulative mortality rate (F,; ),

3 A G Ak RAr 147 EL
)m N EF'*XT ﬂ]j(*xj Hﬁﬁﬂj}ia bﬂ%ﬁ‘o mortality density (f,, ) and risk functional (A, ) curves of
3 3% _J_ i Picea crassifolia population in Dayekou basin of Qilian Mountains

3.1 FHilEs ARSI R

FEYI RS540 32 R ) 26 (LR I RPRISE 4 0 B E R T35 SR N (38 fe e i <
BRI RRAE ) BIZRGSEIR , S BT RN E S R B T 1 SRR e 0 A A7 IR 2 2R P R BT SR 2 7 T 00 11
S A AR R A A A A 2E ML 2 ATIF I & BT W 2 AZ IR A AT A0 S 80« T R0 A, 4 RN A
BRI R B TR BIRRE  FEEA AR B 2 A7 7 0 1 I AN 02> | R 1 4 v R/ AR B B A
B N Mt W AT SRR, S BOP R KA AR D X S 2R A A LR
W AR RE VR Y X AR KR X 35 1 = A2 R BE RO BT I 45 51— 30, X T BEJ2 th 5 W8 = A2 Fh A 4 2 vk
SRR R ILRE RS R, AR, 2 oy BOR AR A i B b fe o F S AR A B B AR
A R PR AN 2 R AR R BRI AR BT BB R R 5 o AR R B A O B R AR, AW
KRG KB ER T T R, B T AR G AR X W URUR 4 [ A 75 SR 78 SR 9 0, S SORP AN ] SE
el ISR E A F BT BRGE , FR A SE B R I B A MM AR T, AT I BES 1) R — i
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A, RIS R AP R SRR R A MR N SR 2 AR Pl R B, U S AL A R R A
TARE T EBIAIME T, B AR SE TR A2 R e & S R AR i Ty d i sb . SR,
PRI SR S Ay B A AR A B A BRI AR e ) 2 A S S o 6 SR X T 2 2 4y i SR PR AL R i A
B, AT RARDE . BEAh BR T EIR A=A P S R N 3R AN BEHERR Dy st b AR £ s AL 38 AR 3 X <
SEDIR ISR, AR GORMC BB T DT AE AT 1 1L TG KPR X RS 200 A KR AR AR R AR S 80%
I AP B AR, B IR ORI TRE B S0 , i M A bR AR 34 0, &1y ARl A A
T BRI FRER LUK
£4 WEUAFOREEEZLHBDTER

Table 4 Dynamic index of individual number change between adjacent age classes of Picea crassifolia population in Dayekou basin of

Qilian Mountains

ek . V. V.
Age class 1 2 3 4 5 6 7 8 9 10 1 pi pi
EisR s ¢IE]

36.76  40.05 5.99 6.02 3.22 2.17 3.03 2.06 0.40 0.17 0.12 28.09 0.26
Index value/%

V5 n 5] n+ 1 B2 B AR BCR AL Bh A58 HL V, is the dynamic index of the individual number of the population from age class n to n+1; VPLI'_I%/@
W MR DU R A R R AL SIS V,; is the dynamic index of population change when external interference is ignored; V,,"J&7% AN LR 1R

P

IS A 5 AR AL B A 5L V,;" is the dynamic index of the population age structure when external interference is considered in the future
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Fig.6 Time sequence analysis of age structure of Picea crassifolia population
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FEFREAE S 2 WO BET R q FNH AR K B 1 e (L, 3 T BRI e A B A/ AR BE R, Bl 2
Rt e POt B R 2 TR) T SR AN w1 A R ) 5 4l IR R R o R 200 5 |
AORPRE A BB IR, SRR REPE T R m , RA 05 1 9 174 B RAMATAIE IR EA BT — 9L, It
Hb AR L XA TR S8 FEWTFE IX I A Y R B RSN, 12 3 9~ 2 U R A - 12.5°C, JefIl Al T
B=-30°C A, FER R Ut 2RI Zl e AT . BEE IZRIRESEA TP B B ST o MR R K B AR E
28 1 BRI B 7 1 o A2 A E BAT AR R A Ak i ) M BLRE T, MREESS AWl TR RS . (HRER 6 4t LA
Ja  FRERYBET A ¢ IR R K R BT 7E50 8 WP B R, X T RE S AR B A o, T HLZEE A 32
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MAFTE LT LU 58 2 AP E T Deevey 11U, Jyfee BIRMRE , 3 5 704 AR LI AR S X P HiAth 7%
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