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Studies on Population Dynamics of An Endangered Plant of Pseudotsuga
gaussenii in Ningguo, Anhui Province

TIAN Sheng-nit, CHEN Xin!, LI Ren-yuan?, GONG Yuan-yuan®, XI Xiao-yu*, REN Yu-ging*

(1. College of Life Science, Anhui Agricultural University, Hefei 230036, China; 2. Forestry Bureau of Ningguo, Xuancheng 242300, Anhui, China)

Abstract: In order to understand the age structure and dynamic changes of Pseudotsuga gaussenii population,
four survival functions were used to discuss the dynamic changes of P. gaussenii population in Ningguo, Anhui
province by replacing age classes with size classes and establishing static life table with smoothing technique. The
results showed that P. gaussenii in Ningguo was declining population. The number of individuals at juvenile stage
was very small, accounting for 3.78% with low survival, while the number of individuals at middle-age stage was
high, accounting for 80.04%. The life expectancy of P. gaussenii decreased with the increment of age. The
survival curve of P. gaussenii population belonged to Deevey-1I type. The seed germination rate was low and
there were few seedlings, which were related to the high canopy density, the insufficient light intensity and the
poor individual competitiveness in the community. The young individuals were insufficient, individuals at middle-
and high-age could not be supplemented in time, and human disturbance was too serious, which caused to
unstable population structure of P. gaussenii. Therefore, it was recommended that small reserve would be
established to protect P. gaussenii population.
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£ 45 #% 12 (Pseudotsuga  gaussenii) A #A £ (Pina-
ceae) S AZ @MY, 43An XA, F B AT
I 6 R DX s s i R X, e 37 O B 5K 1T 2%
RYBSEHEY) . R\ AR R GHEE S A
AR, TSR, 2R RN S AMEL
A TAESEN, A HE, DURE S E KR
K5 RN, SEHL SO . Kk, #F5E
AR BHZ PR IR B0 AR AR AIE I 48 7 AR A LR,
XoF T FU AR AR BEAZ (R SE B A R4 R R B
EEMNE L,

BRI POEF sy A e % Ui U 3
& Z FEPEVRIAE R B AZ ORI A W) R PR,
RAER TN FORE 5 EVE J5 T B0 ST AL T XL
ZAB IR AL VR S5 A 5 WA 22 A ) R E B,
X TP S AR SR AR WARTE . XA
TR BT, ACE R T HE =P r & R
IRAUR R, A TARIAEY) S5 PR 5 AH BAEH
{OEEE U

LR I X R ERELEE MK — 1]
AT ARSI AT, R LR X L I T AR
X A SRR RR TS RS R B %
BAEMR A 48 BB 5 IR S A A A
B, SURERIET ) ORE., SKEERIEEZDI. IR
TR, HERBE D) IR KRBT
V. HAT, e T E R ERE A RAAE — ik
RERHETE, MR BN IARRE R, MERE &
ZINEREN BB R ERBEREE A, Xt
AR WSENH B A EEE L T, A
X T E AR B RIRMONIE T &, LA AE
SEMRE R R T8, R PR AR dn RN A AT
SN, T IRAEIR TS P I BAE IR DRI R T AR AR
ey, RERFZMERNRE . R ERS5E
GG S LA SR

1 PRI 7

1.1 rFHRESL
W FEHAE 220808 T I T R BB R A B P, 2

BAFEPNIR. RIIR . MRS BATIIAR . MEMR
BOMEYIIREE X35, HAb R4 118°5729", b4 30°
22'54" Bt , WKk 540~760 m. iZHL XS fR)E T
Py 2R RO AR X, A iR, g, W
Eradli. U5, F1iE 14.4°C ~16.6°C, F¥kF
JKEY 1426 mm, 4FEICHE ] 226 do RS S
i, HREE EE A AENER 650~750 m ()X,
BRI 4 258, —RNBATI, EATHER
PLEAT (Phyllostachys heterocycla) h ¥, R #HZH
SRIRAZHo, KBZEBHEMEIK. 53— N
FE VR A AR, FRARM AP £ A L Fa(Pinus masso-
niana). “EZ<EF##k(Juglans cathayensis var. formo-
sana). #rAE(Torreya grandis). #27<(Cunninghamia
lanceolata) . 2 1€ # (Zanthoxylum molle) . % i A
(Litsea coreana). /M7 [X](Cyclobalanopsis myrsi-
nifolia) . = 4R £ (Rhododendron ovatum) . £ #k
(Lithocarpus glaber). Lix#(Litsea cubeba). #HEZE
(Castanea henryi). “K*2#:(Cinnamomum peduncu-
latum). 1114 (Cerasus serrulata). 7 (Toxico-
dendron succedaneum). i (Vaccinium bractea-
tum) K7 (Schima superba)2%;  EA I 34 R G FEAS
(Rhododendron simsii). Z5#(Camellia sinensis). ZI.
HiA (Swida alba). A% (Kerria japonica). K45
(Ilex latifolia) . Tk b A (Ardisia crenata) F14% 24 1%
(Eurya muricata)5; AR FEABEDN D, RIEMKER
A /D ERAMEY), FEARIESE(Viola grypo-
ceras). J1 % (Woodwardia japonica). & “F-%#(Rubus
pacificus). XU (Tripterospermum chinense). &%
(Rubus hirsutu). %= JL4=(Syneilesis aconitifolia). %
= # (Epimedium brevicornu) . ¥ ## (Polygonatum
sibiricum)Z=4Ft .

1.2 FEHE

E B T ET HEREENSEN, S0
B)E, EEEA BRI D A X IBAEN
PET R, BB 20 m=20 m (KR REHE 10 4, 3Lt
4000 m?, XFFETTIIRTA MR = 2.5 cm FRAREAT
FARAE, eI, k. W, Wi, g,
FHxF H AR R A AT EE AR IS, ST RS T
BARHETRES AN 5m>x5mE 51 mx1 m/h
BT, E/NFET R G Al AR 5 R AR, I
TR HRE. B, b R R T R A A IR
HERGERD.
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Table 1 Status of 10 plots of Pseudotsuga gaussenii population

R R (m) BUZ(9 BuA CHARREE % HEHEE /%

P

Plot No. Altitude  Slope  Aspect Rock coverage  Canopy density Dominant species
1 690 30 SW 10 95 HERTL, BT Pseudotsuga gaussenii, Phyllostachys heterocycla
2 735 30 SW 10 95 HERTL, BT Pseudotsuga gaussenii, Phyllostachys heterocycla
3 740 40 S 15 90 ERFAS, RN, F#k Pseudotsuga gaussenii, Pinus massoniana,
Lithocarpus glaber
4 750 35 SW 10 90 HBIRTELS, AR Pseudotsuga gaussenii, Schima superba
5 680 25 SW 25 95 HBIRTELS, B4 Pseudotsuga gaussenii, Phyllostachys heterocycla
6 730 35 SW 15 90 HERFEK, SR Pseudotsuga gaussenii, Pinus massoniana
7 700 30 SwW 20 95 62 3AZ, YT Pseudotsuga gaussenii, Phyllostachys heterocycla
8 740 30 SW 15 95 RN, A8k, /M X Pseudotsuga gaussenii, Lithocarpus glaber,
Cyclobalanopsis myrsinifolia
9 750 35 SW 15 95 ERTEL, BT Pseudotsuga gaussenii, Phyllostachys heterocycla
10 755 40 SW 10 95 ERTEL, BT Pseudotsuga gaussenii, Phyllostachys heterocycla
1.3 WEEW T &, FUET A R IES, WAy 0 Ui
HEIRERM IR R, @B RS g IR IR

I FIEANTTEL, T R AR R SRAF R 2R A AR )
SRR R X IR R R Rk, AR SCRA SR
SERHUAR S 25 1), R — b 2 AR I 8] 1) 7
VEUO2) VR B 2 2 R R /NG R SEAR IR 47
FEH T AN A AR v (13241 A SRR A AR B AL A
SR RIESFE AR, Rl 8 MR, AHAR
B A R 5 cm. 75 FF Hh 1 75 31 (1 R AR AL A 7R I
B /NA 6.8 ecm, Bl 25 KN 47.3 cm, B4R 4y
2¢H: 5~10 cm A 1 A4 10~15 cm N 2
", LAEHE, 40~45 cm NS 8 424k, 4 Wi H
[ ~ VI g3, PR shas 16 70 i LIX 8 MR gk
£

1.4 PhRESHE AT
SR FH R 158 2 ) b e s A5 AL 7 V0, JF AR Al
Leak ST B Rl 73 HE AR B2 FRE S MR T . RAE

S,-S

Kb, § =—"0 "0l ,100%, V. =
" max(S,,S,.) P

B 1
1 k-1
Zn:lsn
k-1
(S, xV,) + R, Vo FR M L TR T — 4%,
n=1

BV 202 8] PR AR AR B A R BRI A2 A, Vi RO P £
ZNATEEL . Sn RN U BRI SIAREL: S R
N N W SEARREL

EEF ¥ P IS SUE S p e L iR
P, ZFIRAEEECE S SN Vi '=Zn=1(Sn X
Sn)/[K><min(S1,52,S3,**,Sk)*xZn=1Sn], Z0HT, K AR W
P H Vi NIEE, UIHRIR BRI 2K

1.5 BEAEMmRRmH

FRAE A FIRE R AR, Jwfi e AR A PR EE I
FRASE TR . ax RORTE X RN BLE IMAZL 12 7E
X W& G T 4R I 10 b 78 AL A7 1 AR (— AR AL
1 000); dy &M x B x+1 B ] PIARAELL AR T 3L gy
FEM X B x+1 EEAIIFET. R, Lo x B x+1 7%
R AIAFIE IAMAREL, T2 = x W ZRIAME LB e 2
HEN X WRARR A oy R B R A kol
FhBETE R R (B E) o BARTTF R AW : k=ay/ao
1000; dx=k— b1} Oe=0h/ b Lx=(le/ k+1)/2; Tx= jj L

ex=Tx/lxo

RIEEF MR AR, R B Sl 4R 7R s
&R IR HIFS A mR, MBI T N
TUERITE DL, X E5REEEBCHIRONEART. 2%
VLB I7%, SR SR ac#b 47 4b 2,
R MRS A A ar R NARIE S b 2 5
PIEHE a2 (GR 2)

AR F SRR S HA S g e
4 TR MM R AR M A, THKIE Hett S48 1
(1) 2 FfE AR08, B Ny=Noe ™ Hll Nx=Nox®, 4
A Deevey- I AU FI Deevey-TTTH A7 viE 1 25 .

1.6 AEFEHT

N T S b o SR R AR A AR AR, A A R
ik, SINEAE TR 4 DR Rl A
FERAS(t) . FRRIET R REL F(t). FET % B R AL
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f(t). BRERH M), AAETEAXWT: S=
P1P2-++Pi; Fi=1-Si; f(ti) = (Si-1=Si) /hi=Si-10i/ hi: A(ti) =
2qi/hi (1+P5), =UH, PiNAETEAIR, qi NFETAR,
hi A9 X A B

2 g5 AT

2.1 FHEERIERS RGN

PR 22 % 7 B Tl % s 2 AR R T2
BOEHE, [BRERBEME R R (E 1), %
RESFIREILE 476 ¥k, PRy 217 em. 26 1
W RIE AR 18 fk, i FERLE AR BT 3.78%,
YIS WIRIARES D, 4l SR Z — 5 A A%
X ] 85 AR IR TEAS B TE 0 DA S e RO b 1 R R A
HRFEA R SCHOAAR, BEE AR IR AR
Eahi(fE< 2.5 cm), (NIEREE AN ER L
(9718 B 3 5%, BHOG T RER A0 A8 DL SR R BEAZ S
EI~VBgmtkiiRz, A 381 tk, HFEHLARE
$1 80.04%. £ VI ~ VIS R MR A SR R 1%, (U
77 Bk, HEEHLERREN 16.18%, UiHAHh IR
FAZZ BB R R AN TIRER, FEER
TS RKERIET. . HULAT A, BRI SR
oA, (HFSRBRATE S, RIS R IR 2,
SR RARE D, Rl RS M D . Fh
TR RN, RV AER AN
BR, X SRR DR, AR RTRA
BrHE RS K. B DM AR
MR R, B R AR TS e 43 21 70 2 I BH Ok,

R 2 BRI SA R

Table 2 Static life table of Pseudotsuga gaussenii population

VI
Vil
é Vi
;E;” v
IV
55
L= |
Il
1
0 20 40 60 80 100 120
FRET Number

K1 AR REASAI RN SRR 451

Fig. 1 Age structure of Pseudotsuga gaussenii population

BRAEKZE] - E R R EREASHERAR
TEBEBAT RS, R RARME A A A
[F S FREER /N . PR R A T R B A
TR EE, I ESEER, WS
BRI BRI IR REBEIRES.

R, ERESMEENEES ST
H (Vo) 75 WL 4R 1R 188 2 1) 23 531 A—-79.55% —22.12%
9.73%. 23.53%. 37.18%. 57.14%7% 66.67%. %
TSR RAA AT EL Vi N 15.40%, 32 T3]
AFEE Vo8 0.107%. LRI WL, BEIREERTIEIE
FRECHIEE, FIEATEREMAMRAS, H Va'tk
%, FrUAMBEASR IS KGR S, [ IR IEH
X 5 E AN PR g R

22 MEBSEWNR
ZE A AR e A2 PP EE R RS AN R TE KSR
KU AEIERE 708, AR S AR (K 2)]

it DBH g

Ageclass  (cm)  Median x a’ Ix gl dx Ox Ly Tx ex Ky
1 5~10 75 18 118 1000 3.00 161 16.100 920 3554 3.554 0.08
11 10~15 125 88 99 839 2.92 161 19.190 759 2634 3.139 0.09
[11 15~20 175 113 80 678 2.83 161 23.746 598 1875 2.765 0.12
I\ 20~25 225 102 61 517 2.71 161 31.141 437 1277 2.470 0.16
\Y% 25~30 275 78 42 356 2.55 17 4.775 348 840 2.360 0.02
VI 30~35 325 49 40 339 2.53 119 35.103 280 492 1.451 0.19
VI 35~40 375 21 26 220 2.34 118 53.636 161 212 0.964 0.33
VI 40~45 425 7 12 102 2.01 - - 51 51 0.500 -

ax: X B N BUE AMNMAEL L x BB AOFREAL TS ANMAEL die M x B x+ 1 IS FAFRUEILIE T3 g M x B x+ LIS ZRAIFET 2K, L M x B x+ 1 R A7
IR T = x RRIAMEREG e HEN x IR T I B 4, ke FREET R,

ax: Survival number of x age class; Iy Standardized number of surviving individuals at x age class; dy: Standardized number of mortality from x to x+1 age

class; qx: Mortality rate from x to x+1 age class; Lx: Number of surviving individuals from x to x+1 age class; Tx: Total number of survival individuals of more

than x age class; ex: Average life expectancy of individual beginning x age class; ky: Vanish rate of population.
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DAE 7 B AR AR TS I A i S 28 A 0 20 g 38 A
TEWBEG. Ho s 1A LR R R A
A iSEE SR, RN 3.554 F1 3.139, AIRES 4
WA A A= i 738098 S Pl 75 3R ) A A 25 TR LN 5
R A K. BAEREIIIGR, BREETRNER
RAEAZEAR R, 58T DREMSMFEMYRE
S, MESEGHIIE K S E T R EAZ I TR
EEFEE N, SBIVATV B0 A dr AR, W]
REE BRI BIIATAE, e I A dn 1.

2.3 FHEERIAETE HI LR FE T 42

AEE M 2R AT Hh 248 2 S WP B B 2 B A
A B BRFAEE DO, AW 5T DALAE IR B A & 8 2 1) b
AT B PR AESE T B AN AR, LIS S ot Al
B, Gt AR AR BEAS P AR A7 7 M 2 A bR A T
2k (& 2).

—=— Trid £k Survival curve
1000 —e— FETHHZE Mortality curve

FRET Number

T 0 m N v v W
4% Age class

2 SEARIEAS PN EENAT G I 2 BT 2%

Fig. 2 Survival curve and mortality curve of Pseudotsuga gaussenii

population

SETRFEASFPREN T ~ VIS BB T3 RE TR B
mK, TRES AR B S AR, YIsH B
IR B AS IR MEAE BAT AN MM N RS 7 2 1
FHR S IR0 15 VI A8 T2 8 i K B PRI,
FiGER 2, U PR R IR AL A0 R
He VIR 5, ST HuE NI m, e+
FEIE

W% Deevey X173 M & 104 4, AR A7 il
Loy 3R, B2 o] I, HERELZFEE
HIFEE - 267 T Deevey- 11 LAl Deevey-I11%5! 2 8.
AR FH 2 oA YA 2R A P I A 0 i 2R gk
1T, 12 SPSS Guit o M B X AR B A A7
M2 FEATI S, 53 15 2] Nx=1335.11e 0924 (R=

0.989)F1 N,=1095.65x %64 (R=0.926). A LAELWMHE
H, BT RER B R R R KT REEIR, A
I, RIS FRENI A0 M 26 56 & T Deevey- 117,

24 MBILT-RHE SHARML

AR AS AR i 22 TP (B0 T2 3 F0H 2R N AR KR,
LS SN AARR, 22t AR AR SRS R A B T2 AN
R ML (E 3). AT, AR IIET RS
THRE M R WA, T ~ IV SRR (58 T2 R A 2
HIGHT LT, Ok I A AR A KA AT I 2
RIS BTG £ TR 20 V e ISR T R SRR
SRR BE AR RAR AL, R XA B SR AR B
HEBONRSE, AAEREE . IS VIRSUE, e
SCRURI TR IR BUIA e s, AT BE R B R EIE N A

WMWFMF,E%IﬁEEﬁw%@%,@ﬁE
EHT .

0.60¢
, 050}
"E 0.40}
E 030}
% 020}
=

0.10}

" 1 i IV v VI VI

#4% Age class
3 TEREAS PO FE T S M 2215 1 e 3 il 2%
Fig. 3 Curves of mortality rate and vanish rate of Pseudotsuga gaussenii

population

2.5 FHBEELZST

PAAEAE BT 4 A sRBUS BAE N bR, LLAE
RGNS LTS SR A bR, 53 T2z ] HE A 2R
TR FORE 1 A A7 26 oR 05 R R 00 T 3 ok B it 46
(B Q) FIBE T % R R 4 e e sk At 26 (] 5). 4F
Fﬁ#ﬁﬁ%l%ﬁ%éﬁ??ﬁﬁ%o&gﬁﬁ

W2k 0.678, BEWSIIE M, A FRREHZ
ﬁ?hohmﬁM%m,ﬁ%%tzﬁﬁ®ﬁLﬁ
Tt BEES LR N, AETEE R R B ARG R R R
ﬁmﬂ%mﬁ%TMFLﬂMQ%%%,%Vmﬁ
A%, 43514 0.003 F10.009. 4 1FF Rk E 2 5
FIET R R At 2% IR I AR, HT B
PR TR, o B B IBERT B AR
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—=— HA7FEE AL Survival rate function
—e— FETEE R S AT Cumulative mortality rate function

PAFU{H Function value

I I ] IV \ Vi Vi VIl
W5 7% Age class

&l 4 HEIRTAZ TR A A7 2 BR ORI R0 1T 3 o il 25
Fig. 4 Curves of cumulative mortality rate function and survival rate

function of Pseudotsuga gaussenii population

0.25

—— fGI %Y Hazard rate function
—e— SET 4 5L Mortality density rate function

ni

<
[
(=]

${H Function valne

I Il [l IV v Vi VI
4% Age class
5 HETRETAZ TR IS T8 32 B 0 1 o 2 o B 25
Fig. 5 Curves of mortality density function and hazard rate function of

Pseudotsuga gaussenii population
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BREUEARIT : FESEIVAIV B, AR RS R
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(e % pR BAa 2D b R SR T B R S PR FF AR
xR E IR 5 Ve I S 6 4 o K e B 21 o
R, [RIN SE T 5 B o B th s AT R B, 22 ) e 4 )
JER R ECRTE . 4 DNEFA IR BCRY], AR
MR AT B, £ I IR R AR E, AT
JE SR T S I S AR SR AR SO R A A A
R A A A 2 SR Tl 2 RV TR A SR
#ﬁo

3 Zhie M ie

XTI I A REE A — B R
BRI YR A 2 8] BAR G R K &R I

PRBLEATTAE R VA A (04 B A S A7 (200, 3 3o S 22 280
7 AR AR B RS P R A S A AR A 3R IR AR G i
2, SEREREREAPREEA AT I,
Fase . FEHIEEIR MRRAE . H A i oA I3 A b X
IR TS PP B8 25 M R0E , (AR 5 gk SOME A5 2
X PEAE YR RERPRS AL, MW fE ) — &
TN R AL 2T EAR R AP
REMMGIEI, ik B ER AR D,
BARFOEE H BT AL TERERPIRTS, R 5 ffEfR e
7K 22 1) B2 i V0 e AL 400 K A6 A A2 TV P2 ) 4 18 45 )
3 BFPAMSEHEA R, R A
5 IR, N TN, Fhif 2t el
B E M o PR S () KAV T AR T
e DR LR AR A 1) PR A1) 52 21 7™ 1) £, AR ERL
HHIEIR M AT REME IR . WERIEASBE A 2T 2
ORI, HRIRBEAZTEVE 1B Ak 0 AT e M A DLBE f
HEREIAFTE M Z T Deevey- 118, X5
R AN 23] R Oy 4T A AR AR G VR A [29]
SERREEAT TS M2 2R — 5. SRR LRI
TR, TR . EERNBERART, 4
RIS B S AR RIS N T 1
AR R BB S RBEIE G50 . 5l R RS WI
fE R =AM E S AR, RN A E T
VRCIR . SRR T, — TR E 15a 4
RETTAESE RO, TFEE R R F a2 W INE, 455K
BAL, TEMTEZ, AREREMFERNAS, 1]
ZARpF il D), 2 W R AR AR AR B B AR 1
HHATHIRRES, RN LRMFIER, XAl fESH
TBA AR I Ko HRIRFEAS TP R SRR
M LT R R A AR — D 7. SRR T &
BTG, —SAMEAR K E B AAE T,
B RS M EITER M, T EAER SRR ZBN
54k, AR B LAY Y (1) =37 1 A A P
BUTE, TR R R R AT — g B R, R A R
HERIIBE Z R, SUETFR T A KBS v R B
(IE R 22 . SRR BEAZIEH AT TN . N
PIRFRIA S, R BRI A S0 MR
IR, BT SAH A S — B TR
WA, mTAaERSENARL, CO B, R
B BT BUTREIE N, sk 0 A (8] 4 A kg R
A KRS AAETE L 28, S R, B
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