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Abstract: Ephemeral plants are a special plant synusia in the Gurbantiinggiit Desert, which has attracted attention from
ecologists due to its diverse species and significant role in ecology. To our knowledge, no research has analyzed the spatio-
temporal patterns of ephemeral plants on a large-scale. Taking the Gurbantiinggiit Desert —located in the central region of
the Junggar Basin, northwest China—as the study area, and using remote sensing data, meteorological data, and field
survey, this study explored the dynamic change in ephemeral plant cover in response to climate change on different spatio-
temporal scales over the last 30 years. The results showed that, as far as the ephemeral plants synusia in the Gurbantiinggiit
Desert is concerned, the vegetation cover is low with simple community composition, high dominance, and low diversity,
and the whole synusia undergoes an evident fluctuation in phenological change from early spring to summer. In addition to
the phenological change in the ephemeral plant synusia, the normalized difference vegetation index (NDVI) in the desert
also clearly fluctuates from early spring to summer, which is related to the life cycle of ephemeral plants. Using the
phenological change characteristics of the ephemeral plant synusia, we extracted the NDVI during the phenological phases of
ephemeral plants, and analyzed the spatio-temporal change of ephemeral plant cover from 1985 to 2014. In terms of spatial

distribution, the highest cover area was in the south of the desert, followed by the mid-east and northern regions, with the
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western area showing the lowest cover area. With respect to temporal tendency, statistical analysis of the cover area showed
that the ephemeral plant cover had a gradually increasing trend, which was attributable to an increase in temperature and
precipitation during the research period. The highest cover area was in the oasis-desert ectone, which was due to the
agricultural land located in this area. The artificial oases can supply sufficient surface water, which is beneficial for the
growth of ephemeral plants. Conversely, the central desert region showed a low cover distribution pattern, which may be
related to the lack of surface runoff and deep groundwater; the growth of ephemeral plants in the desert is completely reliant
on atmospheric precipitation recharge. With respect to climate change, the spring temperature and precipitation showed an
obvious increase from 1985 to 2014, and there was also an increase in winter precipitation. These notable increases in
precipitation and temperature are of benefit to ephemeral plants. For yearly variation, the linear correlation coefficient
indicated that NDVI was positively correlated with spring precipitation and winter precipitation. However, in terms of
correlation coefficients, the NDVI was significantly positively correlated with winter precipitation (P < 0.05, r = 0.405) ,
whereas spring precipitation showed a weak positive correlation due to a time-lag effect. Moreover, according to an analysis
of spatial differentiation of soil water content, climate change was not the key factor affecting the spatio-temporal change of
ephemeral plants, but that the impact of human disturbance on the spatial distribution of ephemeral plants in local areas
should be taken into consideration when assessing the large-scale spatio-temporal distribution of ephemeral plants.
Therefore, in order to obtain a more accurate analysis of the dynamic change trends of ephemeral plants, future research will

focus on human influence in local areas.
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Fig.1 Map of the study area and sampling sites

2 EREHSH

2.1 RBEE R R AR ) 09 S [ oA 2 R 2 Y R

By HhE A a] LA T 53 AN, A Y 3R A B 33 R A i) (AR A ) SRJE T 15 B
28 J/ (R ) e R A 7 Fh, 5 2P A AR 21.2% S ERVRHE AR 5 Bl 5 15.2%,
TEIX 33 FhRLARAE Y DL AWITR 95 F VUG 57 | 1 oRe AR T 522 AR B L, HAR X U 1 5 T 50%, G
HIR ARy B2 BRI+ KRR A ) oA de ), FEF B2 50% o MUAL  ARXS A0 FE KT 309% (A Akl ) A
14 %) o5 B A A YRR SR 42.4% 703X 14 MELarEYI h B T 3 MOy AR SR AR I A Hoar 11 Ry
R AR AT . S A, R 1 T WA e RN B A W] LAE R PR R e AR 2
JRCARDXS 7 B HLZ R, 723X 15 Bhb A7 8 AR —Fh L e ¥ B 2 B0 SAE R, BR 1 AR R 8 R
FRRHFNISRERY | KA AR 43500 i 194 b S R > £ e ) o el B 2 3R 24 50% , B I 1 i O35

WA, FTLAER 1 3T 33 i Aty i i) 2 (6] 3 AT T 55, W0Fh o0 e 1 0 XU AE VD e
SRIGREARTBAAL S, PEER XS D Fh oy A /D o PR IIE] 7 PR XU & B T /N 244 ( Cancrinia discoidea)
+ KER ( Euphorbia turczaninowii) , ZR 77 572 ¥ ( Eremopyrum orientale ) , F1/NEFA T8 7 ( Hypecoum parviflorum ) 4
Tyt i HH A AR A T SAIC, S B oD | LS Eh Rk 0y b 5, X T REFN 4 i e A ) B B00R
BT 2 IR SR A6 ) R A S, AR p A R AR A X 3k B T £ Kk ( Euphorbia turczaninowii ) , 5 4 T B %
( Senecio subdentatus) , 75 J5 -7 5 ( Eremopyrum orientale) S LHEMIFNIL | ib fx B — L AH X R4 AIK , S p e /D
BRI B, 4540 . /N FE IR IF ( Nepeta micrantha ) , /NS 38 W5 (Isatis minima ) , 2 46 K I¥ 3% ( Heliotropium
acutiflorum) SRl X SEYFP A AR A T B A ARER G, K - B 2 9D o 3 v, T LA AR Y B
i BET T, AR AT IR £, B S 8 o vy 1) DX SR T VDB R i ( £ 44°18'—44°50'N) |, SR J5 2 AR (2 44°
50'—45°13'N, 87°32'—88°13'E) AL # (£ 45°13'—45°24'N) , Vb X Fe K ( £ 85°50'—87°30'E)

X Tt AR PR o R TR A AR ) 2 i SN AR HCZE R AR HZE R SR BT LA S AR 2
R(K2), K2 ATLUE L PIFPE R SRRl A b B 22 S B ERAED f] BRL ) 2 R fiE 22 53 ) 2 2 AR )
75 . Z YRR @ Y IG5, AR R e T2 R HA R I iR kA K,
HAE G 5 I — e o ERIOes i E R 2 R AR 7 Wy R T 62 i e W B — R RS T 4R
B WM AT AR AR T 32 MR LR A TP R R RIS T . ARt T A A

http ; //www.ecologica.cn



8 1 Bt A0 30 ARl R PR o R VR AR A O I 2SR 5

25 R EAEWRNZ F TE AR AL EA i 22 5 (R BRI AE ) 1Y 2 R e AR BRI Wi B —
AR RARA AR, B PR IR 0 B AR S B Rk R R R A AR T 5 O as B BRI, A
HZRNmi )2 i RS WA 5 W, el T AR 2 1 A 0 Sl 3 TR )2 e A TR il — 1 W 1
EARZE S
F1 HREGHVETIEZEEGEYMELARSZ=ES
Table 1 The major species composition and spatial distribution of ephemeral plants in the Gurbantiinggiit desert

23 [A]73 i Spatial distribution

B i RS A
Family Species 11/ % 1V/% [EE} It e * (]
South North Middle East West
TR LRI ESE Alyssum linifolium 42.42 21.43 + + + +
Cruciferae JERBESE Alyssum dasycarpum 3.03 1.54 + + +
INFERHST Erysimum cheiranthoides 3.03 1.53 + +
BHWKTF Tetracme recurvata 51.52 27.88 + + +
YRWEIF Spirorrhynchus sabulosus 42.42 21.39 + + +
SRR Isatis violascens 18.18 9.14 + + +
INRFSEE Isatis minima 3.03 1.54 + +
%jFL Compositae /NHE§ Cancrinia discoidea 6.06 3.05 + + +
WISk Echinops gmelinii 69.7 35.46 + + +
THE R B4 Epilasia acrolasia 9.09 4.55 +
BE T B Senecio subdentatus 65.57 21.86 + + + +
e TBAREE L Nonea caspica 54.55 27.62 + + +
Borraginaceae HEHCE R Amebia decumbens 75.76 39.55 + + + +
BeSRAEE Lappula semiglabra 78.79 42.82 + + + +
RAERIFIR Heliotropium acutiflorum 6.06 3.05 + +
INFERIFZE Heliotropium micranthum 6.06 3.03 +
RAF} Gramineae YFERE Schismus arabicus 36.36 21.99 + + + +
HRIT L Eremopyrum orientale 93.94 50.49 + + + + +
T A} Leguminosae PRIETTE Astragalus arpilobus 15.15 7.62 + +
B L Trigonella arcuata 9.09 4.69 +
JBIZF Labiatae INEFRIIF Nepeta micrantha 15.15 7.62 + +
AR Caryophyllaceae  VPHUMET-BE Silene olgiana 6.06 3.05 +
LR} Papaveraceae INEFTEIE Hypecoum parviflorum 6.06 3.04 +
% RiF} Plantaginaceae /N4 Plantago minuta 21.21 10.75 + +
Kik®l Euphorbiaceae K #k Euphorbia turczaninowii 87.88 4775 + + + + +
ZZF} Scrophulariaceae &5 LY Veronica campylopoda 3.03 1.52 +
PEF} Cyperaceae VPEEFL Carex physodes * 45.45 45.54 + + + +
IEE FEAET Soranthus meyeri * 39.39 19.77 + + + +
FCHLBTEE Ferula syreitschikowii * 6.06 3.08 +
H&F Liliaceae NHETRYKAE Gagea divaricata * 3.03 1.58 +
MR B Eremurus inderiensis * 36.36 20.73 + + + +
S R Eremurus anisopterus * 21.21 11.53 +
Akl Amaryllidaceae S5 Iviolirion tataricum * 12.12 6.31 + +
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Table 2 Synusia characteristics of ephemeral plants in the Gurbantiinggiit Desert

JER R JZ B R JZE R R
Synusia type Synusia composition of major species Synusia characteristics
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+ K Euphorbia turczaninowii;
B. R Bt T BLG Senecio subdentatus IZAEVE AL PR 2 — R 00 R A PR 1, H 4 TR PR ) A
Single species PEJLEEET Carex physodes ; A B R — P AR AL, W fk T T R
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Fig.2 Multi-year average NDVI from April to July
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Fig.3 The spatio-temporal distribution pattern of ephemeral plant
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Table 3 Statistics on different cover classification areas in different years from 1985 to 2014

Sk =a High #1 Medium X Low A H K I, Cropland and water
Classification T Hef1 T Hef1 T Hef1 B H )
A3 Year Area/km” Ratio/ % Area/km” Ratio/ % Area/km? Ratio/ % Area/km? Ratio/ %
1985 3072 0.73 14976 3.54 84224 19.92 320640 75.81
1990 3776 0.89 16768 3.96 83840 19.82 318528 75.33
1995 3008 0.71 15616 3.69 67072 15.86 337216 79.74
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