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Changes in the Hippophae tibetana population structure and dynamics, a pioneer species of
succession, to altitudinal gradientsin the Qilian Mountains, China
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Abstract

Aims The variations in population structure and the quantitative dynamics of plants are a reflection of the local
ecology and environment. Hippophae tibetana is a dwarf shrub, and a pioneer species of vegetation succession
which is peculiar to the alpine region of the Qingzang Plateau. It has excellent water and soil conservation effects
and good ecological adaptability to high-altitude environments. However, little research has been made into the
changes in the population structure and dynamics at different altitudes. Such an understanding is important to
understanding the ecological strategy of H. tibetana adaptation to alpine habitats. The Qilian Mountains in the
northeastern margin of the Qingzang Plateau contain degraded alpine grassland and are ecologically fragile. It is
thought that the irregularly distributed native species, H. tibetana, plays an important role in water conservation at
2 700-3 300 m in this region.

Methods The structure, dynamics, life span and morphological characteristics of H. tibetana populations
distributed at three altitudes (2 868, 3 012, and 3 244 m) in Tianzhu Zangzu Autonomous County, Qilian
Mountains were studied and quantified, establishing static life tables and population survival curves. This
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quantitative analysis of the population dynamics was used to try to determine future population development
trends.

Important findings We found: 1) The plant height, basal diameter and crown width of H. tibetana decreased
with elevation. The age structures of all populations at the three altitudes were roughly spindle-shaped, with
abundant mature individuals but few seedlings and few old plants. Populations were found to be stable. 2) The
survival curves of all populations tended to approach the Deevey-II type, and the survivability was greatest at low
altitude, medium at middle altitude, and lowest at high-altitude. The mortality and disappearance rates were both
high, ranking from highest to lowest with high-altitude > low-altitude > middle-altitude. Seedlings were
proportionally more abundant at the middle and high altitudes. Life expectancy was greatest at middle-altitude >
low-altitude > high-altitude. 3) The dynamic index (Vy;) of each altitude population was close to 0, indicating that
all populations were stable, and the maximum of probability under random disturbance (Pp.x) of the middle
altitude population was the smallest, indicating that the middle-altitude populations were the most resiliant to
random interference. The middle altitude was the most suitable for the growth of H. tibetana. 4) The proportion of
seedlings in all populations is likely to decrease, while the proportion of mature and old plants will increase over
the next 2, 4 and 6 age classes of time. Any decline in the total populations at the three altitudes is likely due to the
lack of young individuals, interspecific and intraspecific competition, and environmental stress. These findings
will enable us to predict future growth and death of H. tibetana populations and provide a reliable theoretical
foundation for the protection of natural forests in this region. This will be important to the future management of
these alpine environments as global climate warming makes its impact.
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FhAESE F R P AR S A AL R O R (T,
1992), S BL 1 FhAE P AN [5] K /NS A H = 11 23 A A
Be B E L, MR T MRS R R EES
(KIFESE, 2011)0 FERESEHT . FRASAE Ay R A0 Hh 28
AT IR G R R S ST AR EE T A
(K EFEEE, 2008), T DL A H A7 IR A A
WM EREEZ RINERTE, &EFHshASEM T
RITEST 18] P 1 P00 520 R 58] B AR 1R 52 T HOIR L S AR
KK R #a S (Armesto et al., 1992; Fuchs et al.,
2000; FHEESE, 2014; XBHEE, 2020). KUk, BFFCF
T2 A0 S SR AS T IR 3 38 5 1) 8 Foh B sh 2 210 R
A, R FRRES PRI OC R B ARV (1 A7 A
VEFH, TR0 L5 e 3] b i BV 1) B R AR 25
RGN E BA BB E (E i, 2020).

T8 R AR AL AR I L X AL . ST
0 Sy N =10 a0 L1 O - < S I S =l ik )
= KA i V] R B VAT 45 1 2 KRR TR RN AR K X,
s EAY Z LR R X I, 4R E T
AR 2 AT A % 25 2 e AT B AR Hb A,
FETE AL X B A A2 2 bR (Gao et al., 2013;
Zhu et al., 2017)AH AR}, 1ZXAE NSRRI
BURIHLIX 2 —, AEEIEEIRNESS, AT A%
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BHBA A S TR E R, SR 7 AT
EHRAESRAMSNEB M EA IR ME L ITER,
DR 82 SAE AR R O TP E 2, % X Sk AR bR
T RUR G K, KRR A B . BT 046
e XK IR FR R IR Ak, HEAT 1% X SRR AR AR £
PORAEREARE L X AEBWKE, PR R KRR IR X
ARG M AT RR R R A T B

75 385 70 ik (Hippophae tibetana) e 7 i i J5 i i
R X A R RE AR (B B0 %5, 2010), ME#E SR FE,
m14-60 cm, RRKIE, BAIREN b bE E A fe
(MR2EARRBR 7K 3, 2007), RERSTE H AR S ™ B )
FEIX T R TR 2 S A AR D VR, TESGE B AR
FOWMAERS IS, S SR g 2 A0 A= A7 Hh /K
TR 7 TH A 5 A FH (BB %, 2009; VL% %,
2010), PHGEVD AR AAIE L 8 X AR AR M ) = 2
R, 2 DABEHUIR A0 Tk 2 700-3 300 mffy il
OB RERE, A% 1L X VT B S B R, X
FOMPHE LS A AN B 2SI F0 A BT 2R 4 1 D i
et T A S5 ) SR B FLAE vy T DX % e P R A
FH o W S5 AR A TR S ) P 0 i A 3 S A 11
B3 R T2 —Fi3sE, 2010, BIREESE, 2021),
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53T RRE R 23 IR L AR AN SR 3 AN R
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R RN TFHAIHB R ES m x 5 mIIFE T %6
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v Vb i(Hippophae rhamnoides subsp. sinensis)
Pk R B WS, 52 AR, PR Bk
B (LIRS, 2010), HERSHERCRE NE
Tlo X, ASHE TR B A AR 1 77 R 7
VPRV TR TE R AR S5 o ASHITF 5 HP DA D O o
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¥4y~ 1 (<03 cm), II (0.3-0.6 cm), III (0.6—
0.9 cm), IV (0.9-1.2 cm), V (1.2-1.5 cm), VI (1.5-
1.8 cm), VII (>1.8 cm)FL7ME8 %0 . ARIE Fa b Bl i
AR KR PR SO B AR KN AR LA S 2
K153 J93A AR G A, H I (-1 A 22 15
WAV-VID(XIBHEE, 2009; FEAEMGSE, 2019; XK
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bR HEAL TS, A1 000 %L, Iy = aday x
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DA AR RS AL bR AN TSR SRS 2 1)
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Deevey-117 I8 /& Deevey-1117Y, A Hiff 5% K H Hett Al
Loucks (1976)42 th i B A AU MO A7 Hh 222k 47
FEO6, M vk 2R 50 PRSI0 (2R ) s AR (40 & 2
B, AR RO FEN, = Noe P& RURIF, A
£ NDeevey-T17H; 47 5 5 B8 BN = Nox LA AL,
1735 H 28 N Deevey-IITTH . Hirh, AN No2d )
AR XS P9 A7 5 BRI R RE T BOWT A 0 /ML, by
BET-# (Hett & Loucks, 1976).
124 MESENSGE
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PREUE AR B 25 F8 B (Vo) FIEEAN AR 68 45 M 1 5
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B(FRBEE, 1998; FHEESE, 2021). FIEEAHIEh & Tk
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Sl S B AR AT AR K. IR BB L
MBI R R RIS 45 I TE A AT 2 2 [H] 2
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JA I RS B1°F- 205 X oA 24 ATk OO £
126 HIEALIE
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HFAT A E ML RS, FIH Origin 2018 F1Excel
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2.1 FhEEEAHHE
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RE, K H @3 AR TG BRI I RS 45
FAIARALA, 35 5 o 8 S LU B A v, 408 A A 2 4 A L
BIR 2 19T 25 R (E12) .
23 "k, BEMLME TR
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E1  #B3% L X AR 3K P s b WO T SRR CP I bR R ) . ARINS F R R ZE 7 B35 (p < 0.05).
Fig. 1 Morphological characteristics of Hippophae tibetana populations at different altitudes in the Qilian Mountains (mean + SE).
Different lowercase letters indicate significant difference (p < 0.05).

{& Low 1 Middle 7 High

{4k Low altitude H1¥E3k Middle altitude Bk High altitude
VI Il
VI \ Il
v ]| [ [
I\ I |
I [ L 1 [ [
I [ 1 N [ ]
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B2 A& L XA [ R P YD BRI R R 45440 1, BD < 0.3 em; 11, BD 0.3-0.6 cm; 111, BD 0.6-0.9 cm; IV, BD 0.9-1.2 cm; V,
BD 1.2-1.5 cm; VI, BD 1.5-1.8 cm; VII, BD > 1.8 cm; BD, #4%.

Fig. 2 Age structure of Hippophae tibetana populations at different altitudes in the Qilian Mountains. I, BD < 0.3 cm; II, BD
0.3-0.6 cm; 111, BD 0.6-0.9 cm; IV, BD 0.9-1.2 cm; V, BD 1.2—-1.5 cm; VI, BD 1.5-1.8 cm; VII, BD > 1.8 cm; BD, basal diameter.

57.96% (K1). mEfFIRITEE HAEAR 129K, (5 F R
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[FFE T IR, FET- F R iR k> hilg ik
FIEHERD.
232 %H#IR

b B A7 05 Hh 28 7T 43 9 3 B 2 AR 2K Y (Deevey,
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5o, SECIMEAEKZ RS C. SR
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WELFH 75K
233 HFiEHZNE

K HiHett A Loucks (1976) 1% 45 45 HH A4
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L AR L XA [FIHE A VG gl b WA I R S 2R i
Tablel Time-specific life table of Hippophae tibetana populations at different altitudes in the Qilian Mountains

WK Altitude X ay Ix dy O Ly Tx [ Inly Ky
{& Low I 13 1000 —16 462 -16.46 9231 48923 48.92 6.91 -2.86
I 227 17 462 -2 385 -0.14 18 654 39 692 2.27 9.77 -0.13
11T 258 19 846 11 231 0.57 14 231 21038 1.06 9.90 0.83
v 112 8615 6538 0.76 5346 6 808 0.79 9.06 1.42
\' 27 2077 1692 0.81 1231 1462 0.70 7.64 1.69
VI 5 385 308 0.80 231 231 0.60 5.95 1.61
VIiI 1 77 - - - - - 4.34 -
1 Middle I 217 1000 -1 406 -1.41 1703 5005 5.00 6.91 —0.88
11 522 2 406 1171 0.49 1820 3302 1.37 7.79 0.67
11T 268 1235 700 0.57 885 1482 1.20 7.12 0.84
v 116 535 318 0.59 376 597 1.12 6.28 0.90
\% 47 217 143 0.66 145 221 1.02 5.38 1.08
VI 16 74 =5 —-0.06 76 76 1.03 4.30 —-0.06
VII 17 78 - - - - - 4.36 -
= High 1 156 1 000 -1590 -1.59 1795 3967 3.97 691 -0.95
11 404 2590 1763 0.68 1708 2172 0.84 7.86 1.14
11T 129 827 788 0.95 433 464 0.56 6.72 3.07
v 6 38 32 0.83 22 31 0.81 3.65 1.79
\% 1 6 0 0.00 6 9 1.40 1.86 0.00
VI 1 6 6 1.00 3 3 0.47 1.86 -
VII 0 0 - - - - - - -

8 SEFREEEG oy, AREIETRG e AEGTHIEE; Ky THRE; L SRR EG Lo xBIX + LR EIRR W1 PSS M MAEG o JETIEE; T, xBHIE X
AR B x, B9, FIE2.

ay, actual survival number; dy, standardized deaths; €, life expectancy value; Ky, disappearance rate; ly, standardized survival number; Ly, average number of
survived individuals during the interval from X to X + 1 age class; 0, mortality rate; Ty, the total number of individuals from X to over X age class; X, age class, see
Fig. 2.

12 50

S 497

oo 10} > sl

BSE gL

?’?ga 8t S 6f
B2 &

w8 E 6| & St

4&5 g & 4l
HETF 4 -

BEE N B I

._ol 2 \\ =® 2k
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H 1

0 . . . . . . . . 0 . ,
I I m Iv \ VI VI viI
2% Age class
—=— {K¥GK Low altitude  —e - HiEIR Middle altitude - - F¥f§HK High altitude

B3 BIZE L XA [l 4k G S0 R T (A5 2 R0 AR i T i 2 . ek IR 2.
Fig. 3 Survivorship and life expectancy curves of Hippophae tibetana populations at different altitudes in the Qilian Mountains. See
Fig. 2 for age class.
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Disappearance rate (K})

0 1 "’u 1 1 1 i \s 1
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B4 HB3%E L XA RNk P v WM (R SR TS A R e it 2k . SRR E2.
Fig. 4 Mortality and disappearance curves of Hippophae tibetana populations at different altitudes in the Qilian Mountains. See Fig.

2 for age class.

2 ARIE L XA R AR VG i R B A7 Hh 2 P 5 7 2
Table 2 Calculated equations of survival curves of Hippophae tibetana
populations at different altitudes in the Qilian Mountains

k- Altitude J7#% Equation R F p
ik Low y=13.712¢ %% 0807  17.724  0.024
y=14.454x04% 0.636 7.986  0.066
i Middle y=10.867¢ " 0961  99.555  0.002
y=11.881x"" 0.861 25819  0.015
% High y=19.451¢ "™ 0905  39.069  0.008

y=26.450x""! 0.874 28852  0.013

AR HIER) > 0, RN FIEEE S L
TR R RRDIEK S, ST R EE
SRS RE RIS SRR BB K ) B
K, EER RIS G L) f i, SR KB
E TS AR R AR (EMR. R E3
ANEERFPRE V23 31°40.048 . 0.003. 0.063, 4%
IET0, RPN IHFIEEE TR T 181K,
Bz TR, X 53N IR R I A7 0 i 23U
HERE)ME 8, PR B AR E; BT
TR M 28 B R AL (Pnax) 52 B0 HE i AR =AM > T i
W, Horb, FiER I 90.009, % B &R BE
MU BAT — MU, (0 R R R R 2 T4
SRR d ), RO B A E MR AR

3 AL XA [F R P D RN T B 25 M B AR

2.4.2 BHEFFIF

IR 8] 7 71 43 AT A BT 5 R A SR 1 225 ) T A e
A B AR T By, AT AR A B 20 A5 AT TR (R
HRWUFIESR, 1999). HIFR4T RN, TEARK2. 4. 6
WIS TR JE, A PP AR BCAS R RE B 38
KRS ] 5, AR FREFIL. TR 2 MA KK
I 47.14%.5.81%, IVIEHAMAEZ B K, .
RTINS S MR B 08/029.11 % 30.69%, 111
W A RO W N, RRANRE I )5, K
RANBEIVES B A RER D, VIR MRS B 3
IR, L EE R TETV RS A A KR SR
KHOMBR G, FHFRVIL VIIRE MR B 2 1
e BT SRR LEAR R & R S Ak, B
EHMBERAEAK, 2R IR R H 7, B
TFAF B SR TR, 5 FhEEREIZ T N RS .
3 g

TR 5 A A ) T R A B RN B A ) B R R
(FEF85, 2018). AHEFLH, PHBID BRI PRE LS 1
J S ASTENGHR R BB AR, OS2 R A7 7EA
[F]o —J7 T, 3/ PG IRy D BF P R e S5 M AP
ARSI o 1%, FREEAE3 MRS 2 4 AN 08 3

Table3 Dynamic index of Hippophae tibetana population age structure at different altitudes in the Qilian Mountains

R Altitude

FA$EE Dynamic index level

Vi Vi Vi Viv Wy Vi Vyi Vii Prnax
fi% Low —0.943 —-0.120 0.566 0.759 0.815 0.800 0.339 0.048 0.143
# Middle —0.584 0.487 0.567 0.595 0.660 —0.059 0.319 0.003 0.009
& High —0.614 0.681 0.954 0.833 0 1.000 0.442 0.063 0.143

Prav, BEHLTIEREAE R AR AL Vi, RIS RATEEG Vo, AN T P MRS AR S VieVy, AR R S SR 2, IR E2.
Prax, the maximum of probability in random disturbance; Vyi, quantitative dynamics index of population; Vj;, quantitative dynamics index of population by
external interference; Vi—Vyi, quantitative dynamics index of adjacent age class, see Fig. 2 for age class.
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A AR XA [ 74 P00 R R A B 35 I8 8] 7 51

Table4 Time sequence prediction of number dynamics of Hippophae tibetana populations at different altitudes in the Qilian Mountains

(4344 KR Low altitude HiE4R Middle altitude HER High altitude

Age class M, M(Zl) Mil) M(Gl) Mo M(Zl) Mil) M(ﬁl) M, M(zl) Mil) Mgl)
I 13 217 156

11 227 120 522 370 404 280

I 258 243 268 395 129 267

v 112 185 153 116 192 281 6 68 174

\'% 27 70 156 47 82 238 1 4 135

VI 5 16 101 107 16 32 112 198 1 1 34 116
VII 1 3 36 105 17 17 49 164 0 1 2 90

My, Scbrreimsn ML MO0 MY, k2, 4. 6 MRS SIS RAMARL. IR IR,

M,, number of original survival; M(Zl), ME,”, M(ﬁl), number of every age class after 2, 4, 6 age class time. See Fig. 2 for age class.

AMAEELD L HS AN T R [ R B AR S 25 1, 34
TFR AN EEAES 26 2 IR Bl 28 . vk, X3k
FREESNAS B 745 R BoR, P S A48 B Ve AT Vg
BIKT0, Hi&ik 10, uEB T PEES MRS T AR
JE, 1X 53 AR I3RS VD IR TARA %
SERIFRATK SO, 2005). S —J7TH, PEREV R
TR A R A e E R . B, K
FEEHRCFR RTINS 2 A o Lt i, 1 v iR TS 2
el fe e, LR, PSR TE S R CEAR S PR
s )t 2 ARG > TR > ik a3 DL SR
WA BT R 2 BRAS PE b R R AR, TR AL,
AT REAE BEE R O TH i, AR (K5 SRS AR 25
o3 )48 5 2 KR A P R 1 AR K (B R 2, 1997), X5
Li%5(2007) &K B2 800 mbA L, HFk I TFEASH)
TN E AR R X VD AR K A 7T 45 R — 5. AN,
3ANUFHFN AT 6 ) AR TR o> = il
B, TR ER 52 MRk, RINEEE>IKE
o> HREAR o R PR TITNG 2038 B RS 55, JET- R
SRR, K PR BAEVIRGIE T R R R, —
3 THIIE SE Ry 4R B 9 7% 5 (R A B8 2 5 3 b i
HEAEAAAATE 2 B BELAS;  [F] IRt 3% B 22 B 31 v ek v >
WRAE T 3B, APTE BE UK, 1% 3 B 7 5D i
(A 2 5 22 BT S (7K SOMESS:, 2005)

o PG 0 R A i B B o 2 O 7 4 SR R M A I
Ly X 7 k0 i B 5 AR 3 000 mAe A5 () Rk A K.
5L, PHREID I e RN iR R > 5
MR, H T ek i 2 B R0 A0S . BE DB 5E, A7
RE 7R )08 HIANMARTLE g R 20 3R 30 HH 5 ot (1) 3
ERE 75 FLUR, Sk P R Vb R B 2h A I AR
HE R BE AL TP BBUR I 185U (Prax = 0.009)4%

www.plant-ecology.com

ET0, R\ EERFEE RPN R i, B
FHRE RIS WA SRR BE T R A/, TN AR R SR
W RE . DL RIS BIAES 000 mZs A 1)
W R B S R AR A7 RE ), X TR VD R
TN R R A5 SR, DR 2 A R KR
(2 800 m)FfA R H A ERKINE, IR T
AR R AR, TE SR X, AR 5 AR A K
ZRSEAF TR, PR 7 X
FEYD R AR AT OIS IR E R, XA A
FETF AR 2 A0 T TR AR A A AR AR TR
B R (Kiettyk, 2018). F4b, 75 B3R (12,
3ANUGIR T (1) e A TE TR 0k B0, Bl s ) 1) 3
K, ef& Mk, HAEIEH R, e 28 N, X574
SV D TR P A A 2 R AN AR T SRR A A — 2, TE D
TR R ) o R AR KRRy, Tl I KR 3
HEAT AE A0 A4 18] % Y5 4 2 5K 1 55 R ] 55 4+ 19 77,
(R ES R 0, AMAREE AR RN IR A BT A K,
FHARREMRT 25 18] & 9 K0 R R B8 B 1K) 75 SR A
XPHR, AFAFPE P R AR R S e if 7= 2R E B
FH, S50 A= iy 199 B8 A e % 20 ) 38 g v BRI, ELBE
ERARMAK, TORD RSN A F I 2 B, e
tHpEZ PR

VOB HRAE R T g SRR R, R iR
X 7K A PRFE S 56 LIS P 1498 5 S A o AR o (0 I
2E2021), TP D) A AR A0 A BH R Free i K —
FaE—ZL IR MR S A B H (U AR, 2009). FRATT
XoF P D P A 45 A T FE AR SE X — R H
R3NP, IS MRS 2, BV & FhEEm)
HHES AR 78 2, R3NP B H A nT LUK SE
FhEET & 1 AP s BN R 4 R R T R R, B
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A FEIR; I 3RO 25 8 4 (M FE T2 28 3 8
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i, X2 SRS RO BT AR, HIR
PN [FIIE, 5k 3 AN AR R A R I R SR 4 A
INRARARK2, 4. 6L [A]f5, &P 4hRe 11
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08 B R R T IR i N IRRAS, DA BB RA3IA
TEHRIRT U D R Y2 A T Fh AR e A e R A O
IR BL . Horh, Y dae 155, PN MRl
7738 B IR P R 2 v i RO 95 [ P B 8
[ R AU T 2 SRR 22 18 1 2R A o AT FE XS
VP R /0 B A % 5 A % B A I T 25 2R 5 50
[ Vb R BT 7T 45 S (Li et al., 2007; XIBHZE, 2014)
#ﬁo

M, SRR IESEF 2R, BEEMAS
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(202 1) ASALL L 175 55 1R 53 B 2 BH 78 i iox fet 2
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RYF, HFEEZIX ARSI E R S A2 F
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