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Species diversity distribution pattern of desert riparian forest along a groundwater

depth gradient in the Tarim Basin
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Abstract: Groundwater is the most important water source for plant growth and vegetation survival in arid desert area,
which directly affects the composition, distribution and development of desert vegetation. Desert riparian forest is a valuable
natural forest resource in extreme arid region, and also a distinctive ecosystem with the most active life phenomena, high
biodiversity and primary productivity. The largest area of desert riparian forest is distributed in the Tarim Basin, northwest
China. It protects biodiversity and desert ecosystem stability, and serves as a natural barrier to safeguard the ecological
security of oasis. Since the 1950s, a large deal of land has been reclaimed and the water resources have been excessively
utilized in the area. It has resulted in a reduction in the groundwater level, weak vegetation growth, and high desert plant

mortality , which has affected the sustainable development of agriculture and the economy of oasis. So, it is urgent to restore
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the degraded desert riparian forest ecosystem. To establish a scientific basis for protection, sustainable management and
ecological restoration of natural forest in arid areas, understanding the spatial variations of soil water availability and
biodiversity in desert riparian forests, as well as their interrelationships, is critical for protecting, managing and/or restoring
the natural forests on drylands. We surveyed 22 riparian forest sites in the Tarim Basin to examine how soil moisture and
species diversity covary along a groundwater depth gradient (GWD) from 1.2m to 5.6m. Results showed that the number of
species significantly decreased, community structure became simplified and vegetation degraded as soil moisture reduced
and GWD increased. The vegetation degraded in the following sequence: herb and shrub species with shallow roots were
early losers in face of water shortage at greater GWD sites, and only tree and shrub species with high drought-tolerance
persisted at the extreme of the GWD gradient. There was a significant linear correlation between soil moisture and GWD,
and the strength of correlation between GWD and soil moisture was significantly higher than that between GWD and species
diversity. Soil moisture and species richness, species diversity index showed a significant linear declining tendency with
increasing GWD, while species evenness index decreased at a relatively low rate (i.e., gentle slope). In the meantime, the
net negative effect of GWD increases on soil moisture was higher than on species diversity, suggesting a key of GWD in
determining the spatial variability of species diversity and soil moisture. Linear piece-wise quantile regression was employed
to determine the inflection points of trade-off between species diversity and soil moisture along the GWD gradient. It revealed
an obvious trend of trade-off along the GWD gradient. The inflection point of trade-off was detected at a GWD of about 4.5m.
Where GWD was less than 4.5m, the soil moisture and species diversity changed at the same rate and exhibited a synergistic
relationship. Alternatively, with GWD>4.5m, the trade-off was strengthened obviously and the relative returns of soil
moisture decreased sharply. So, species diversity was maintained at the cost of soil water consumption, and the species
diversity reduced through a feedback regulation. To sum up, the critical GWD for maintaining species diversity and
ecosystem functions of desert riparian forests is about 4.5m, which provides a scientific guideline for the conservation of

desert riparian forests and the implementation of ecological water conveyance project in the Tarim Basin.

Key Words:; desert riparian forest; soil moisture; species diversity; relative return; groundwater depth; trade-off analysis
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Table 1 The composition and important value of species in desert riparian forest

SR D T A AR B HOK A JEoK i

A Y # & A
Growth types  Species Family Genus Important value
Ui 3% Populus euphratica 1ME} Salicaceae )& Populus 30.45
Tree JKEH# Populus pruinosa IR Salicaceae & Populus 23.07
WA Elaeagnus angustifolia HAFTFFl Elacagnaceae BT )& Elacagnus 0.65
HEA ZRRM) Tamarix ramosissima PV} Tamaricaceae FEWIE Tamarix 10.49
Shrub BRI Halimodendron halodendron EH} Leguminosae FARYJE Halimodendron 3.36
TRSAAL Lycium ruthenicum HiF} Solanaceae HIFCE Lycium 4.43
hHUN Halostachys caspica FF} Chenopodiaceae hHUAJE Halostachys 1.16
A Halocnemum strobilaceum #i%} Chenopodiaceae A8 Halocnemum 0.14
IR Kalidium foliatum A Chenopodiaceae HITUTE Kalidium 0.36
KRR Poacynum hendersonii JATHERE Apocynaceae FUREJE Poacynum 0.31
B&TEH Alhagi sparsifolia T A} Leguminosae BETEHIIE Alhagi 6.63
R TEAELE Karelinia caspia 45} Compositae TEAELE)R Karelinia 2.55
Herb MM, Scorzonera divaricata %} Compositae #4258 Scorzonera 0.21
F-H 5% Senecio scandens 45} Compositae THILE Senecio 0.24
FLSE Cirsium setosum 4} Compositae )& Cirsium 0.28
ZFHD Inula salsoloides %%} Compositae JEFEALIE Tnula 0.15
W Sonchus oleraceus 4} Compositae W ERJE Sonchus 0.31
B33 Sonchus arvensis 45} Compositae T EEE Sonchus 0.26
P52 Phragmites australis ARARL Poaceae P52 J& Phragmites 4.14
BZE T3 Calamagrostis pseudophragmites RAFL Poaceae BT3B Calamagrostis 0.92
JNEE Aeluropus pungens AAF} Poaceae $EJE Aeluropus 0.16
W% Suaeda glauca #F} Chenopodiaceae W% E Suaeda 111
JKEREE Chenopodium glaucum #P} Chenopodiaceae #2J& Chenopodium 0.32
Hiik Kochia scoparia 3EF} Chenopodiaceae HifikJ&@ Kochia 0.29
A5 Halogeton glomeratus #PB} Chenopodiaceae 425 Halogeton 0.14
R Glyeyrrhiza inflata TF} Leguminosae HHJE Glycyrrhiza 5.81
INEBRE. Oxytropis glabra G Al Leguminosae R Oxytropis 0.41
T Sophora alopecuroides TRl Leguminosae ¥iJE Sophora 0.32
I 5 Sphaerophysa salsula TR Leguminosae 5 J&E Sphaerophysa 0.28
%24 Plantago asiatica ZHiR} Plantaginaceae ZEHJE Plantago 0.2
FlLliM Capparis spinosa LA} Capparaceae L#HJ& Capparis 0.17
WA TRITERERIE Clematis orientalis L HA Ranunculaceae PR Clematis 0.33
Liana PGAL R[4 Asparagus persicus HAH Liliaceae KIT4JE Asparagus 0.23
4K Cynanchum auriculatum BERL Asclepiadaceae #5488 Cynanchum 0.12
e LAY 1 0 3 9 0 B e B2 - R AR S BB SO A (3R 2) o AR T VTG TR K T Vi DX R

(<200m) , BEFR I RPALISAR RS F2 5 AR R b 2 — AR A RO 0 3 R 2 AN/ 58 2 L 50K 73 T
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Table 2  The distribution pattern of species composition of desert riparian forest along the groundwater depth

YiF Species 0—2m 2—4m 4—6m YIFlr Species 0—2m 2—d4m 4—6m
W Populus euphratica + + + 1K Halocnemum strobilaceum +

KA Populus pruinosa + + + W% Suaeda glauca +

VWA Elaeagnus angustifolia + JKEEEE Chenopodium glaucum +

ZHAEM Tamarix ramosissima + + + UK Kalidium foliatum +

4 Halimodendron halodendron + + R Halogeton glomeratus +

TRAHMIAS Lycium ruthenicum + + + Hofik Kochia scoparia +

MUK Halostachys caspica + + YRS Alhagi sparsifolia + + +
TEAELE Karelinia caspia + + MEH R Glyeyrrhiza inflata + + +
NAHER. Scorzonera divaricata + ISR Oxytropis glabra +

T-HY Senecio scandens + W 5T Sophora alopecuroides +

HILZE Cirsium setosum + I Sphaerophysa salsula +

FFF Inula salsoloides + FEALR T4 Asparagus persicus + +

W3 Sonchus oleraceus + FITHLSE Clematis orientalis +

EE3E3% Sonchus arvensis + %8 Plantago asiatica +

Fi% Phragmites australis + + B3 Cynanchum auriculatum +

BEEM T Calamagrostis pseudophragmites + KIFEHIK Poacynum hendersonii + +

/NGRS Aeluropus pungens + FILLAE Capparis spinosa +
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Fig.2 The relationship between soil water content and groundwater depth
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Fig.3 The relationship between species diversity and groundwater depth
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