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Abstract

Aims  Gymnocarpos przewalskii is a relict plant of the Tethys flora, which is also one of the constructive species
in stony desert. Our objective was to determine the structure and dynamic characteristics of G. przewalskii in dif-
ferent habitats.

Methods Based on the equal-area plot investigations in three habitats of G. przewalskii, the static life table was
established, survival curves and the function curves derived from the survival analysis were also constructed to
evaluate the population characteristics. The population dynamics were predicted by a time-sequence model.
Important findings The survival curves of G. przewalskii appear to approach the Deevey-I1 type, which indicate
that the mortality rate in different size classes was similar, and the population fit in with the growing type in all
habitats, but sensitive to environment disturbances. The population size of G. przewalskii was largest in flooding
lands, medium in gullies and smallest in the flat desert and the age structure showed that the flooding lands and
gullies are better habitats for the growth of G. przewalskii. The survival analysis and the time-sequence model
demonstrated that the lack of young individuals could be the major cause for population declines of G. przewalskii
in all habitats; moreover, a decline is likely to occur in the flat desert earlier and quicker.
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R ARFIEEEFRIDIRE 20 1 SO R
Table 1 Community composition and quantity characteristics in different habitats

AN WA 2R SR SFEmE PR PR HEH R
Habitat Species name Mean densit%/ Mean Mean crown Mean canopy Important Community
(plants-plot™)  height (m) (m) (%) value  composition
TRt 1. WERLRRTE Ephedra przewalskii 11.02 0.29 1.06 3.20 013  JE m R E.
Flooding land , B przewalskii + #H AR
(20) 2. B Gymnocarpos przewalskii 10.60 0.34 0.74 3.10 0.12 G. preewalskii + 413k
3. A3kEE Sympegma regelii 7.31 0.42 0.78 2.23 010 = S regelii
4. 4I7) Reaumuria songarica 4.17 0.38 0.80 1.26 0.07
5. MBI A Hedysarum scoparium 1.61 0.62 1.18 0.66 0.06
L)y 1. #3k% Sympegma regelii 13.80 0.43 0.80 3.00 019  A3LEL S regelii + i3
Gully N WHl N. sphaerocarpa
VA ] 4.00 0.29 1.35 3.20 0.13
(18) 2. | Nitraria sphaerocarpa OB OE A G
3. B Gymnocarpos przewalskii 4.10 0.36 0.85 3.00 0.12 przewalskii
4. 4LRY Reaumuria songarica 2.80 0.27 0.68 0.80 0.06
5. WA Calligonum mongolicum 0.41 0.56 117 0.42 0.05
PR EE 1. 4% Reaumuria songarica 11.80 0.26 0.75 2.20 0.14 4% R. songarica + L
Flat desert [N o WHll N. sphaerocarpa
(18) 2. YR Nitraria sphaerocarpa 7.02 0.27 0981 181 011 + AL S, regelii
3. &3k Sympegma regelii 6.68 0.39 0.60 1.80 0.10
4, WWESREKTE Ephedra przewalskii 2.91 0.37 0.95 192 0.09
5. B Gymnocarpos przewalskii 2.64 0.42 0.81 1.85 0.09

SERSERE S L R o RO RERN RS RS SR, RS HEA BT AL IR DO A (V) BT RS, 1V = (RE 8 S+ R 8 A X e M+ A1
XY G4, B AR LR A5 A T = R R, 5T T B R s R R AL I AL R

Mean density, mean height, mean crown spread, mean canopy cover are the average values of all the plots in each habitat; the descending order of the top five
species in the community was based on the important value (/V); IV = (Mean density + Mean height + Mean crown + Mean canopy)/4; the community composi-
tion was represented by the top three species based on 7V; the numbers in the parentheses represent the number of species in each habitat.

2 RS R RRRARIER R 45 BN AR e

Table 2 Dynamic indices of Gymnocarpos przewalskii population and size
structure in different habitats

TSNS TR RR
Dynamic index

#4684 Dynamic index value (%)

(3R3)o WAL T AR R AP AT 1 2k (K2)
P LU HH, 7K M S R L ) v R e A R RO AR
FAe ) A7 i 2 R LRI, | VYIRS

TR [T ImRE A LR
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" 2007 o ~0000 FALEIRI A P A — 8, VIR 5 T Bt
; e o T B I 5 R HORIER BB LR BT 0,
N o oo o0 PR (400 A 65 SRR R 3k 31 5 K P
" 178 w667 000 ELHE KO0 1) RAE 20 S ) A R 94K T o K
Ve 60.47 31.25 71.43 T, HpfER/NERA), PRI R 3R A= 55 T AR A Ff
z 3.29 3.36 75,00 A7 125 5 7% 4 Deevey-1 , AET 2RI %
Va 273 8571 000 12k (B3) AT AT HY, oL 1 2 R A B
& eoe7 o667 2000 (1158 12 56 B30 2 e AR 4 140 8 I T TH 75, C e
" e B BT T KPR R SRS ATR 07

23 BREAMEHTSEGRRFEREZ

AR T R R, B SRR RS (8,
A B (L)Z WD, AR ITE TG i (e) 721 N
AR 3P RS M ARSI 20— i8N
P, SARRIUI L NGRS D, BB 24
BCHIANE, FEIV VIR SRS R B [ w0

IR AR R AEAFREL 55, HART92 it
PEBE NIV S R TP, B AN [ A2 58 T 1Y
PREGIEFE I T BRER AP AL TR A KRR A EA
ELEATE
24 REARFEMEFESH

WA AP AT G5 R, Ll AR A5 R AR R
TR R 2B A7 3 (S) A1 R THIET 5 (F) it £k (181 4) L K&
SET 8 L (R RGBS R (1) HH 26 (F5) - 4T LU
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Fig. 1 The age structure of Gymnocarpos przewalskii popula-
tion in different habitats. The age structure was replaced by
height-class structure (H), totally 10 age classes were divided in
intervals of 10 cm, | (H<10cm), Il (10cm < H<20¢cm) ...,
X (H = 100 cm).
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Fig. 2 Survival curve of Gymnocarpos przewalskii population
in different habitats. Age class see Fig. 1.
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Table 3  Static life table of Gymnocarpos przewalskii population in different habitats

B W 2R =753 Ax a, L d, 9x L, T, e InZ, K.
Habitat Age class  Height (cm)
KR | H<10 44 71 1000 70 007 965 4876 488 691 007
Flooding land -, 10 < H<20 60 66 930 71 008 895 3911 421 684 008
1l 20 < H<30 67 61 859 70 008 84 3016 351 676  0.09
Y 30 < H<40 71 56 789 71 009 753 2192 278 667 009
v 40 < H<50 63 51 718 281 039 578 1439 200 658 050
Vi 50 < H<60 43 31 437 113 026 381 861 197 608  0.30
Vil 60 < H<70 17 23 324 113 035 268 480 148 578 043
Vil 80 < H<90 1 15 211 12 053 155 212 100 535 075
IX 90 < H<100 3 7 99 85 086 57 57 058 460 196
X H = 100 3 1 14 - - - - - 2.64 -
Al ! H<10 16 28 1000 107 011 946 4661 466 691 012
Gully I 10 < H<20 27 25 893 107 012 839 3714 416 679 012
1l 20 < H<30 16 22 786 107 014 732 2875 366 667 015
Y 30 < H<40 21 19 679 108 016 625 2143 316 652 017
Y, 40 < H<50 30 16 571 107 019 518 1518 266 635 021
Vi 50 < H<60 16 13 464 107 023 411 1000 215 614 026
Vil 60 < H<70 1 10 357 107 030 304 589 165 588  0.36
Vil 80 < H<90 7 7 250 107 043 196 286 114 552 056
IX 90 < H<100 0 4 143 107 075 89 89 063 496 138
X H = 100 3 1 36 - - - - - 358 -
PR | H<10 2 38 1000 158 016 921 3408 341 691 017
Flat desert I 10 < H<20 5 32 842 158 019 763 2487 295 674 021
1 20 < H<30 22 26 684 158 023 605 1724 252 653 026
Y 30 < H<40 35 20 526 158 030 447 1118 213 627 036
Vv 40 < H<50 28 14 368 157 043 289 671 182 591 056
Vi 50 < H<60 28 8 211 79 038 171 382 181 535 047
Vil 60 < H<70 8 5 132 53 040 105 211 160 488 051
Vil 80 < H<90 2 3 79 26 033 66 105 133 437 040
IX 90 < H<100 2 2 53 27 051 39 39 075 397 071
X H = 100 1 1 26 - - - - - 3.26 -

A, P NAAENELG a,, SIME IR RN RARHAAEL 1, xBTS IRARHEA ARG AR (— I IE R 1 000); Ind, IXIR) EHSRXTEL d, xi 203
x + VAR IR UEAL BE T 50 g, xEE R Blx + LIS RIFINFET 3, Ly, xR By + LSRN AEL T, xR EBNBRAR A EREL e, HEAXEE
PARRIAE T, Ky, SR RA . BT 5 ()RR B T XA I m — AN i Jovk v SRl . e Im) Il

Ay, survival number of age x; a,, correction value of survival number of age x; /,, standardized number of survivors at the beginning of age x; In/,, natural loga-
rithm of /; d,, standardized number of mortality from age x to x + 1; ¢,, mortality from age x to x + 1; L,, number of survivors from age x to x + 1; 7., total indi-
vidual number of age x and beyond; e,, life expectation of individual in age x class; K, elimination rate. Dashes () represent the incalculable data because X is
the last age class. Age class see Fig. 1.

Z G AR BRI I A (R5) . TAEMEER  H T AR RERRI S =, PP R M DLLERE, BTLA3
JEMET A, SR GCNMABCE I T AT R ARSE R R R AR R EAR RATI AR S A [T RE R i T
RS, IV MRS 2. 4 FiR.

W 0] 2 )5 4393 R B T 14.1% (K pPdERb) . 5% (11 3 e

[ HV4)) . 54.3% (L2 EE), 3R AL T AR A

ARFPREANFIFLE MG = 40 AR . 25 g, N 31 FARERTREAMBFHNEHNSERM

B AFRERI AN KRB BCR G, AR H AT 2w FERIREAE N PRI AEAE IR A Ay, LRy
B B MR BB AR BLAT (R JERE B8R e, B AR REN A SRR B A ) 4R A4 B (Gurevitch
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R AFVEEE FHRATIIEARIE 2 H R g R 2
Table 4 Test models of survival curves of Gymnocarpos przewalskii in
different habitats

AE3E Habitat

Ji & Equation R F P

JK PR Ny = 8.718¢7097 0.660 15.52 0.004
Flooding land N, = 8.409x7°2%° 0432 6076  0.039
)by Ny = 7.9866 0057 0.745 23.42 0.001
Gully Ny = 7.858x0%7 0521 8711 0.018
LR RE Ny = 8.223¢ 0081 0.935 115.6 0.000
Flat desert

Ny =8.216x70%% 0.724 21.02 0.002

et al., 2002). LIASFAEE N IR A PO RERAE A
W1 T I — b 2 0 F A 5 HAAF 52 A] 1)
TEATE. SRR, WFFT DR AR R (1 4
gE R RILPAE (AE IR S I . AR R/
G, SFMAESE T BRAATI R A A E 53 ) S 7K
P> L) phya > 28 S ke . RS E5RR G, AR IH]
A ISR AR AR R Y LA AR B (R
LA NG ARTE 7K I ¥ - R L i) ) A 5 e e
7 LA A, Bt i T AR S 48 R AR BT R BT o LE
il o BRI B 2 4ERERT RS e PR SRl (2 &
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WO AR 0y SR g e SR AR, AP G ek AR B T 1
g ) AR A A7t 1 — 20 S it S AR B K 4% 1 1R
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FEDK WL AT AR AN ], BRI ACH AR BT K 7 4%
LRINE I S =
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YO (P 5k R AR E BT AR AR T, M v
JES 1 DXy A A B R, B A VAT S A A X
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BT R e A A A PR T R )3 — 204
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WAMEEAT Pt S A K SRR EY) . &)
BRI RS, BRI R B N b i T
LIRS, (RIL A B0 AR R K A A A IR A
PEAE— e R UL S IR A BB A B 2
[ R P22 Y0 AR A B 7 (S A 4%, 2010).
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przewalskii population in different habitats. Age class see Fig. 1.

LRSI A g, IK B E AR A TR
PRI, WRREE T B, SRH NN
i, FREEARRSE, NGB L, g MARA
WAL R, (HBE GRS 39 0032 T B fIK (Deevey,
1947) . AWFFUERW], ANFAEST FHRAPREIAATE



EALEEE AR WS A BRA R RS sl R E 987

1.2
:‘- A b Flood land
g 10t s
2-.\ [ )
= i 1
% £ 08) T
1 g Tu o
22 06 o )
EE \ oo —w— RS
S E a o BRFETRF,
el 9] 04 .
; g‘ Nel '\\\__
e 02} < B
=)
g LN
Z 0.0}k ) —_—
Is 1 1 L L 1 L 1 L 1 1
7]

I nmm v v v vwm X X

e bl
Y i [E1 744 Gully
g
£ 1O F . O
= .
= N -
=3 ", i
b 508 - s
4] E . o
Eay L .
- 1 ~ o
% F06r a7 ekt
Bk = N2 o
=~ E Tu o BEIBFT-Z F
#3504} N x
= -
H L?: v
2024 c N
o
g . -
= N .
g N
200} -
=
t.g L 1 1 1 1 1

1 1 1 ]
I 1 o w v v vi v IX X

—
(]
1

g‘ T42 KBE Flat desert
g0} -
2 o
# E08F N .
- N
%‘f z 0.6 .\‘- o
g g0or N . RS,
3 E N o BHFCTE F,
it =04} ; \ ’
S ; N
Cyl 23 ™
202} LY
w .
E L
= -—
Z 00} -
E% 1 1 1 1 1 1 1 J

I I I v v VI v IX X
4% Age class

B4 AFES T SRRAMR A AL BV TIET 2. RGIR]
K1,

Fig. 4 Survival rate and cumulative mortality rate of Gymno-
carpos przewalskii population in different habitats. Age class
see Fig. 1.

iHh £ ¥ 58 #4 1) T Deevey- 117, 0 W AR SREAFHREAT A1
XIRGE AT 2, [N, FhREECE S A& Tt s
ANFEBS N B AP B o B A . b H i
JRI, AR B TIAEIV. VIR AR ARAN A%

=
el

=
1

i Flood land

= 0.20F .0
2
]

# E 016

2 s ’

m o> 012 F -

& 2

]

=3 0081 o —a— FETERE S
£ o fElsE A
£ 004
= oA

0.00 L D'--"'“.]_./ . - | E— D

I I m v Vv T W v X X

0.24 -
L E P Gully

= 0.20 - e
g e
pl 2
= §ol6f )
@z _
=N S00210
1 g o
RS 0081 T e rERES
‘-_E o’ .. ré.[;'%?* .5.‘_
S 0.04+
= 5
o '. - - L] L] - -
0.00 | S

1 1 L 1

I T I v v VI Vil IX X

=

)

=
1

T4 L BE Flat desert

e
%]
=

O

[s]

o

e
=)
T

=

=

oo
T

: —a— JETE L S
o 0 fE R A,

o
¥

FET-SE R / fa b %
Mortality density (f)/Hazard rate ().‘_)
=
=

e

=

S
I

1 1 L 1 1 1

I T m N v v v v X X

W54 Age class

BE5  AFAEETERR AT RIL T A R GRA W4k [m] 1.
Fig. 5 Mortality density and hazard rate of Gymnocarpos
przewalskii population in different habitats. Age class see Fig. 1.

SR AR AT A AT I PR IR ) A 205 i 62 20 1) BE
HETY PR FF AR AR E M, X5 I8 1R 471 F 1) 4
R RN, W FA T R, d sz 2hig

doi: 10.17521/cjpe.2015.0095



988 HHW A &Z4R Chinese Journal of Plant Ecology 2015, 39 (10): 980-989

R AFVEEE N BRSNS AL LRI 8] P 51153 7

Table 5 Time sequence analysis of age structure of Gymnocarpos przewalskii population under different habitats

e JKpfEdl Flood land Al s Gully STPLE L EE Flat desert

o T T B Y e A B A 7 B VA T T R AL B VA B VL R VY
Primary data Primary data Primary data

| 44 16 2

1 60 52 27 22 5 4

11 67 64 16 22 22 14

v 71 69 61 21 19 20 35 29 16

\Y 63 67 65 30 26 24 28 32 23

VI 43 53 61 58 16 23 21 21 28 28 28 20

VIl 17 30 49 54 11 14 20 20 8 18 25 21

Vil 11 14 34 45 47 7 9 16 17 18 2 5 17 21 16

IX 3 7 19 52 42 1 4 9 14 16 2 2 10 17 16

X 3 3 9 23 35 3 2 6 11 13 1 2 3 12 16

(1), —IRBBEV1Y; Mo, Ma, Ms, Mg} 5313 7R 05221732, 4, 6, 8UE LIRS 0] J5 BRI AT FHRER /N TIGI S ab et 4 BF S SE BRI A i . 2R R 11
(1), single moving average; Ma, M., Ms, Mg represent the predicted population size of G. przewalskii through 2, 4, 6, 8 age class time, respectively. Primary data

represent the field survey data. Age class see Fig. 1.
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BRI AT 2 T 53 A PR AR 85 O A B bR
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Aol AR MIEA T PR P S IV S
3.3 TRRAMBLARIA R RE XK
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S RRFAIE SR Y S K 7 A s R .
AR, BRI PRI 45 9 R AR, 7ERE
IKEART-45 mmEG L RATHE, et %o
BEM S AERF ST S IO D0 AR AE A7 % (K
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e B K AZE R ICRI A (0 A JiE o [FDINF, WP BT
BRI R R B AR A A R b — BARAE TR
P HERE S B2 A RIS )L (K 73, 2006). L4, 5
WFFERCH LIRS BAE MIAT B, BRERACH 7 p 8 1 5
ANRWT & 28w, BIR R, SRRt
KA (FEZ PR 7] %, 2010). [RIE, 7 4 il TS
SRIE i EARGAT T 4l (R S BROR AR K
SIREE, W LAERK TS 4R N TREERRARA
(R IF SRR A K 0 AP AR B N o RIS, R
SR D AR BRI IC A A BRI, e b v B AR
TEB ARG A LR R
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