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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-II 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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Table 1 Community composition and quantity characteristics in different habitats
A B Yrh 475 PRIEE  OPREE PR

R ELE R4

Habitat Species name Mean densi_t%/ Mean Mean crown Mean canopy Important Commu_n_ity
(plants-plot™)  height (m) (m) (%) value  composition
TRt 1. JERLFRTE Ephedra przewalskii 11.02 0.29 1.06 3.20 013  JE m R E.
(2'3;’ ding land 1k Gymnocarpos przewalskii 10.60 0.34 0.74 3.10 0.12 g”er‘)“;’;‘fv‘;;lslzl ﬁﬂii
3. A3k¥E Sympegma regelii 7.31 0.42 0.78 2.23 010 £ s regelii
4. 4L Reaumuria songarica 417 0.38 0.80 1.26 0.07
5. UK A TE Hedysarum scoparium 1.61 0.62 1.18 0.66 0.06
Lhia) s 1. #3kHE Sympegma regelii 13.80 0.43 0.80 3.00 019  A3LE S, regelii + i
Esllél)ly 2. JfI3f4H] Nitraria sphaerocarpa 4.00 0.29 1.35 3.20 0.13 i@ﬁ IJ%%N.Hiph;:rocar;:
3. B Gymnocarpos przewalskii 4.10 0.36 0.85 3.00 012 przewalskii
4. 4IfF Reaumuria songarica 2.80 0.27 0.68 0.80 0.06
5. ¥4 Calligonum mongolicum 0.41 0.56 117 0.42 0.05
SR RE 1. 4T Reaumuria songarica 11.80 0.26 0.75 2.20 0.14 4 R.songarica + il
Ellg; desert 5 stk Nitraria sphaerocarpa 7.02 0.27 0.91 1.81 0.11 1@2;\% sspfhrzzrec:::iarpa
3. A3kHE Sympegma regelii 6.68 0.39 0.60 1.80 0.10
4. YRR Ephedra przewalskii 291 0.37 0.95 1.92 0.09
5. #EAAR Gymnocarpos przewalskii 2.64 0.42 0.81 1.85 0.09

SERIERE S L R o RO RERN RS RS SR, R HEA AT AL IR DO I EAE (V)BTRS IV = (R 86 S+ R 8 P+ X e M+ A1
XV G4 B AR LR A5 T A T = R R, 5 T B R s R R A I A R B

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 (1V); IV = (Mean density + Mean height + Mean crown + Mean canopy)/4; the community composi-
tion was represented by the top three species based on IV; the numbers in the parentheses represent the number of species in each habitat.

R2 AFVESE N HORARIIHR 4 B AR 5L

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

TR S SR H
Dynamic index

#4684 Dynamic index value (%)
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Bl AFEAES NIRRT A5 . R LR (H)
SRR RIS, LL10 emhy ]R3tk 431084, | (H
<10cm). I (10cm < H<20cm)...... X (H =100 cm),
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, I (H<10cm), Il (10cm < H<20¢cm) ...,
X (H = 100 cm).
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B2 ANFEZESS NPT 2. B HE 1.
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

A 85 W i A ay Iy dy Ox Ly Ty ex Inly Ky
Habitat Age class  Height (cm)
KR | A<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 - - - - - 264 -
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 XEENAETEMAEL ay, SITEE IE SR X 20 N IOAEIEMAEL L, xERZTT G IN (AR HEA AT A AR (— AL IE 1 000); Inly, X SRXNTEL; dy, xR 2
X + LIS R IAARAEL BT H oy, XER R BX + LIS ZE TR, Ly, xS BX + LSRRI AE G MAEL, Ty, xS BB I xEE I MA B EL e, JEAXER
WAMRRAE T, Ky, RPN RA . BT 5 ()RR B T XA I a — MG Jovk v Sl . e Im] 1l

Ay, survival number of age x; ax, correction value of survival number of age x; I, standardized number of survivors at the beginning of age x; Inly, natural loga-
rithm of I;; dy, standardized number of mortality from age x to x + 1; gy, mortality from age x to x + 1; L, number of survivors from age x to x + 1; Ty, total indi-
vidual number of age x and beyond; ey, life expectation of individual in age x class; Ky, elimination rate. Dashes (=) represent the incalculable data because X is
the last age class. Age class see Fig. 1.

Z G WA BRI I A (R5) . TAEMEER BT AR RERRI S =, B SR M DALERE, BTLA3
JEMET T, SR GCNMABCE I TR TE FPARSE R R R AR B REAR RATIR S A IR R T
RS, IV MRS 2. 4 iR,

WA RN TR 2 )5 430 T % T 14.1% (ZKihidiRb) . 5% (1l 3 e

(714 54.3% (P28 IkE), 1t B3R AELE N IRARR

ANFPRE AR R MG = 4K . 25 Bng, N 31 FRERTREAMBFHNEHMSERM

PR AR HEA R B BCR G, BAR H AT 2 FERIREAE N PRI AEAE R IR AR Ly, LRy
B B ANMR B BE M AL BLAT (LR B8R e, B AR REN A SRR A ) 4R A B (Gurevitch
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R4 AFVEEE FHRATPIEARIE 26 H R g R 2
Table 4 Test models of survival curves of Gymnocarpos przewalskii in
different habitats

AE3E Habitat J7FE Equation R? F p

JK PR Ny = 8.718¢7007% 0.660 15.52 0.004
Flooding land Ny =8.400x°%% 0432 6076  0.039
)by N, = 7.986e %7 0.745 23.42 0.001
Gully Ny = 7.858x 027 0521 8711 0018
LR RE Ny = 8.223¢ 008 0.935 115.6 0.000
Flat desert

Ny = 8.216x %% 0.724 21.02 0.002

et al., 2002). FLEASFAEE N BRI RERHE A
W1 T i3 — b 20 F A 5 o AAE 852 A] 1)
AT SRR, WFIT DR R AR R () 4
SR R AL AR L G IS T . AR/
G, SFMAESE T RRAATIRE A E 43 0 S 7K
WEHL> L [A) phya > P 2 KRE . MRS 45k A, AN
A SR AR SR AR R 1Y LA AR B (R
LA A AR 7K ¥ T 1L i) e ) A 35w il
7 LA 40, B i AR S % R AR BT R BT o LE
il o BN B 2 4 RE RIS E PR Al () &
MFAE, 2013; filtlsslissds, 2014), W44 Bifa sk
Vi 5 2 Tt (U 539 4%, 1999; VL4, 2004). Kt
PRI T I B AR K AE 7K 23 25 A AR BE L (1 7K sy
AL ) A A 35 8, AR I P R AR 55 R AT A A A
FAELE, AT 4 Re SERR R E VR T IR e ko T4l
WOV 0y SR (g SR A ), AP G ek AR B T 1
i 6p O B8 b A7 A 1 — 20 i it S AR B K 0 4% 1 1
tho GFEKE, HEKE BRI, IR S5E0T
FEDXH WL T A AN ], #RRAO A 58K 4 4%
PR EER T

Iy T RG] BRI R R £ R S A
S [l s 5k R AEAE BT AR AR, I vE
JE DX A R, B AT A A A X — ] R
VE PR A O [ 4%, 2006), T3 AR A R I I B
BT RS A S A R T LA R — 2y
J#(Ma & Zhang, 2012). [Fltt, BRIAALE K+ B FieE
PR RS HAESE K S R R ). 4
BRI RS, BRI REE I8 N AR i1
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Fig. 3 Mortality rate and disappearance rate of Gymnocarpos
przewalskii population in different habitats. Age class see Fig. 1.
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Fig. 4 Survival rate and cumulative mortality rate of Gymno-
carpos przewalskii population in different habitats. Age class
see Fig. 1.
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Fig. 5 Mortality density and hazard rate of Gymnocarpos
przewalskii population in different habitats. Age class see Fig. 1.
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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 R R Y B B VX VT R VAL B VP B VR VA
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), —IRBET1; Mz, Ma, Mg, Mg 73532 7- X5 221712, 4, 6, 8GRI 0] J5 AR AT FHRE /N TG S ab et S BF S SE B T A i . 2R R 11
(1), single moving average; M, M4, Mg, 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.

AR RN 7S, 3FIAEBE T IVES A A Bl A R OR
B ANFRIREREH N B, 2E M0 BURRE A BRI . 45
R RRABIHE LA M, BE— 2D B4k A A
R Z 2 ORI RER 1 LR P, HPZR B A5
BRI AT 2 1 55 A PR AR 85 o A B bR
M. Ik, AR A2 LR
AR AR NIEA T Fft P S I OB
3.3 TRRAMBLARIA R R E XK

AT RR]: AFAED N R ATHREK
SERRFAIE SR S K A R R .
AWETRM, BERAIIAT PRI 45 5 RIRAR, 7R
IKEAGT45 mmgEEEEATHE, etk 2 hE o)
BEM A AR R ST R I DN WARMEAE 6 (SR A
5, 2010). DA, AEMR T AT IR ST B UK
i B KHE LAGERF BRI A R o [RII, WFSEX DT IR
PR AL BT T 3ok ) 2K B A P L A v — ELA A TR
b E B AR A K VR 3 (S 73, 2006). BEA, 5
WFFEDCH WIS BAE AT L, BRERA I 7 rp 8 11 5
MRS BB, BERFE, HEEERMIL
KB (EZ BN 0] %, 2010). DRI, s F5 T8
SR B EARGAT N G ET I B R AR AR K
RINORHE, T BLERK T8 AL 4R N TRAEBRAUR
(KR 5 I AR AE K T S AR BT N . RIS,
b ALK BRI IC A A B, e REVE E AR
ERRGI A PR R

HE£WH K B AAF A4 (31170371). & B

www.plant-ecology.com

2

FRERRAHRRY R FR-EEZR A (AXBHQ-
2014-02).

BUft Rt BT LR E KRG AR R K Z AT
RN AIALTAEA G A 2791 R BRI A,

Sk

Chai YQ, Cao ZZ, Chai ZS (2010). A study on species diversity
of a Gymnocarpos przewalskii community in the Subei
desert. Acta Prataculturae Sinica, 19(1), 21-27. (in Chi-
nese with English abstract) [4¢7k i, #H, ZEaiil
(2010). bt DX RR SRA TRV 4 R I S R 22 4
PEAFSE. B 2R, 19(1), 21-27.]

Chen XD (1999). A study on the method of quantitative analy-
sis for plant population and community structural dynam-
ics. Acta Ecologica Sinica, 18, 214-217. (in Chinese with
English abstract) [/ (1999). FEIFIEEHBETE 4514
AT, A ER, 18, 214-217]

Deevey ES Jr (1947). Life tables for natural populations of
animals. The Quarterly Review of Biology, 22, 283-314.

Gurevitch J, Scheiner SM, Fox GA (2002). The Ecology of
Plants. Sinauer Associates, Sunderland, Massachusetts,
USA.

Harcombe PA (1987). Tree life tables. Bioscience, 37, 557-568.

Hett JM, Loucks OL (1976). Age structure models of balsam fir
and eastern hemlock. The Journal of Ecology, 64,
1029-1044.

Hong W, Wang XG, Wu CZ, He JD, Liao CZ, Cheng Y, Feng
L (2004). Life table and spectral analysis of endangered
plant Taxus chinensis var. mairei population. Chinese
Journal of Applied Ecology, 15, 1109-1112. (in Chinese
with English abstract) [#tf5, THiLh, SAW, 4Rk,
B, FEAE, B (2004). WG T 4T G AL R



EALIEEE AR WS AR RS 3SR 989

AR RGN, R AE AR 2EHR, 15, 1109-1112.]

Jiang H (1992). Population Ecology of Spruce. China Forestry
Publishing House, Beijing. (in Chinese) [{L.#t (1992). =
ERREA A R EAOL T R, JEst ]

Ma DH (2006). Study on water resources development and
utilization of Shule River Basin. Water Resources and
Hydropower Engineering, 37(4), 1-4. (in Chinese with
English abstract) [Z7fiF (2006). Byl iisK %It
KA. KFKAECR, 37(4), 1-4]

Ma SM, Zhang ML, Sanderson SC (2012). Phylogeography of
the rare Gymnocarpos przewalskii (Caryophyllaceae): In-
dications of multiple glacial refugia in north-western
China. Australian Journal of Botany, 60, 20-31.

Ma SM, Zhang ML, Zhang HX, Meng HH, Chen X (2010).
Predicting potential geographical distributions and patterns
of the relic plant Gymnocarpos przewalskii using maxi-
mum entropy and genetic algorithm for rule-set prediction.
Chinese Journal of Plant Ecology, 34, 1327-1335. (in
Chinese with English abstract) [ #A 4, FKIIH, Tk E4E,
FER, BRI (2010). AT KA L AT ) S A% 5
2RI FREIN A 358 R A0 AR R AN P 5 A s B 23 A B A% SR
R A4, 34, 1327-1335.]

Ma SM, Zhang ML. (2012). Phylogeography and conservation
genetics of the relic Gymnocarpos przewalskii (Caryo-
phyllaceae) restricted to northwestern China. Conservation
Genetics, 13, 1531-1541.

Shen SK, Ma HY, Wang YH, Wang BY, Shen GZ (2008). The
structure and dynamics of natural population of the en-
dangered plant Euryodendron excelsum H. T. Chang. Acta
Ecologica Sinica, 28, 2404-2412. (in Chinese with Eng-
lish abstract) [FifLRE, Higoe, FEkte, FiEgk, mHE
FE (2008). WifEAt 3 A (Euryodendron excelsum H.
T. Chang) H 2R Fh e 45 by Je sl & B4Rk, 28,
2404-2412.]

Wang W, Liu CR, Ma KP, Yu SL (1999). Population structure
and dynamics of Quercus liaotungensis in two
broad-leaved deciduous forests in Dongling Mountain,
northern China. Acta Botanica Sinica, 41, 425-432. (in
Chinese with English abstract) [T#1, XAk, D-F,
TMGA (1999). A% R il AN v i il i bk P 3 AR R AT
S RIBNES. FEYISR, 41, 425-432]

Wang ZB, Zhou XJ (2010). Research progress on rare endan-
gered plant Gymnocarpos przewalskii. Resource Devel-
opment & Market, 26, 436-437, 446. (in Chinese with
English abstract) [£ 3%, J&IMZE (2010). BH¥fEHE
PIRRRAWETCIE e, BEWOT K i3y, 26, 436-437,
446.]

Wu CZ, Hong W, Xie JS, Wu JL (2000). Life table analysis of
Tsuga longibracteata population. Chinese Journal of Ap-
plied Ecology, 11, 333-336. (in Chinese with English

abstract) [k, HiA, W47, R4kMk (2000). 2F
WHEHW KA RAZRIRE L ar 0. AR, 11,
333-336.]

Xiao YA, He P, Li XH, Deng HP (2004). Study on numeric
dynamics of natural populations of the endangered species
Disanthus cercidifolius var. longipes. Acta Phytoecologica
Sinica, 28, 252-257. (in Chinese with English abstract) [
HZ, T, FRELL, XBULT (2004). Wi LA K AR
TEAR BRFIREECE BN, HYERZIR, 28, 252-257.]

Xie TT, Su PX, Zhou ZJ, Zhang HN, Li SJ (2014). Structure
and dynamic characteristics of Calligonum mongolicum
population in the desert-oasis ecotone. Acta Ecologica
Sinica, 34, 4272-4279. (in Chinese with English abstract)
[lete, R4, FERY, TKEEIR, 235K (2014). i
WL AT Vb D AR R S S B ASRHAE. B,
34, 4272-4279.]

Xie ZQ, Chen WL, Lu P, Hu D (1999). The demography and
age structure of the endangered plant population of Ca-
thaya argyrophylla. Acta Ecologica Sinica, 19, 523-528.
(in Chinese with English abstract) [i52a, FMEfEZY, B
W, $HZR (1999). WifE I HAZ IR RE S U 55 4R 08 45
¥y, A4S, 19, 523-528.]

Yang FX, Wang SQ, Xu HG, Li BQ (1991). The theory of sur-
vival analysis and its application to life table. Acta
Ecologica Sinica, 11, 153-158. (in Chinese with English
abstract) [# XG0, FMUK, fRIGAR, 2K (1991). A=
Ao BT e S BAEE U E i R R L AR, 11,
153-158.]

Yang JM, Chen XL, Gong DJ (2013). Study on species diver-
sity of rare endangered plant Gymnocarpos przewalskii
communities. Journal of Anhui Agricultural Sciences, 41,
8508-8511. (in Chinese with English abstract) [#7#%,
PRk, SERGE (2013). I HaMUG MLV RRR AT ) ol
LRI, LR, 41, 8508-8511.]

Yi XM, Zhang Y, Ji LZ (2013). Population structure of Phello-
dendron amurense in Changbai Mountains of northeast
China. Chinese Journal of Ecology, 32, 2257-2262. [5&
Mg, kb, WA (2013). KB BER L. R
I, 32, 2257-2262.]

Zheng GZ, Yue LP, He JF, Wang JX, Zhang YL (2006).
Grain-size characteristics of the sediments at Palacoswamp
in Anxi County in downstream of Shulehe River during
Holocene and its paleoclimatic significance. Acta Sedi-
mentologica Sinica, 24, 733-739. (in Chinese with English
abstract) [, &A1, 448, FaH, kER
(20086). 5 By T U 22 VoV P A T TR R S R AE
M SRR S PTRRSAR, 24, 733-739.]

R E S e IR R T S

doi: 10.17521/cjpe.2015.0095



