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Analysis of the relationship between species diversity and hydrologic factors
during an interval of intermittent water delivery at the Lower Reaches of

Tarim River, China
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Abstract: Tarim River is located in south Xinjiang, northwest China. With a length of 1321 km, it is one of the longest
inland rivers in the world. The name translates to “ Water of Life”, and certainly the river plays a key role in the
development of the local society and the health of the ecosystem. Water resource development driven by irrational
exploitation and increases in water utilization at the upper reaches over the past five decades has greatly disturbed the
natural distribution of water resources within the valley. One major consequence is that more than 321 km of the watercourse
has been drained after the Daxihaizi Reservoir was built in the 1970s. Consequently, groundwater depths along the dry
watercourse increased leading to continual deterioration of groundwater quality. Along with fall in groundwater level and
deterioration of groundwater quality, was the deterioration of the desert riparian system at the lower reaches of Tarim River.
The desert riparian system reached a state of collapse; the area of Populus euphratica forest, the main tree species of the
region, declined from 5.4 x 10°—0. 523 x 10* hm’ along the lower reaches of Tarim River, while the area covered by
shrub and meadow decreased by 200 km®. In addition, a total area of 12,300 km’ experienced desertification. To prevent
the continued deterioration of the ecosystem along the dried-up watercourse and to prevent further desertification, a water

delivery project has been carried out. Starting from May 2000, the water in Boston Lake was intermittently supplied to the
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dry watercourse. By December 2006, 11 intermittent water releases had been carried out. The released water played a
critical role in vegetation recovery. However, from December 2006—June 2010, the ecological water delivery ceased. This
provided a research opportunity for studying the stability of the ecosystem at the lower Tarim River after seven years of
introduced water deliveries. The aims of this study were to 1) describe the variations in groundwater depths and the quality
of groundwater during the four year long interval of no water delivery, 2) depict the variations in vegetation species diversity
during the interval, 3) explain the relationships between groundwater and species diversity. Based on the monitoring data of
groundwater depths, groundwater chemistry and species of vegetation, the variations in species diversity and related factors
were analyzed. It was found that the average of groundwater depths in 2006 was approximately 5 m, while they were > 6.5
m in 2010. The Shannon-Weiner, Simpson, Margalef and Pattrick and Cody indexes expressed a decreased change. In
contrast, the Peilou Index showed an increased change, indicating that the ecosystem in the lower Tarim River is in a
compromised state, even though seven years of introduced water delivery had been carried out. Both Non-Parameter
Analysis and Redundancy Analysis confirmed that in the year 2006, species diversity had close relationships to total
dissolved solids (TDS) of groundwater, while the relationship of species diversity to the depths of groundwater was not
significant. In contrast, species diversity had a close relationship to the depths of groundwater in 2010 rather than TDS.
Therefore,, considering the relationship between variations in groundwater level and species diversity, it can be deduced that
the rational groundwater depth in the lower Tarim River under the situation of water delivery is 5 m and the intimidated

groundwater depth is 6.5 m.

Key Words: Tarim River; ecological water deliveries; species diversity; rational groundwater depth
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euphratica) , M ( Tamarix ramosissima) 22| ( Lycium ruthenicum) Y8458 ( Halimodendron halodendron) %=
( Phragmites communis) (i " 5% B¢ §i| ( Alhagi sparsifolia) . KAEZ 41 K ( Apocynum venetum ) | f£ A€ 4% ( Karelinia
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Table 1 Basic information of water delivery at the lower reaches of the Tarim River
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Fig.1 Distributions of transects and investigating sections in the

lower reaches of the Tarim River
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Fig.4 Variations in depth and TDS of groundwater during 2006—2010 at the lower Tarim River
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Table 2 Statistics of groundwater depths in 2006 and 2010

Ay AR HiE b2 iz W/ ME R AE
Year N Mean Std. Deviation Std. Error Minimum Maximum
2006 29 5.33 1.82 0.34 2.49 10. 83
2010 29 6.50 1.23 0.23 3.51 9.52
AT Total 58 5.92 1.65 0.22 2.49 10. 83
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R KRR & i I LT A B 1 28 Ak, Ge it 45 S 2 B, 2010 4745 W I - 1l R 7K 8 4k B - 34 & it b
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(1) AEZHUHE ST

2006 45 LA MR ZAEE S R KR M R K TR T IE S 40 Spearman AHICHE T, 5 R R
B Shannon-Weiner $5 %4, Margalef 5401 Patrick 5 BUHI 7 55 5 -5 Ho R /K™ fb B #2800 o 38 M O, W AP 2 4¢
PE5 1 K ERRA MR B3 (R 4) .
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Table 3  Statistics of total dissolved solids in groundwater depths in 2006 and 2010
M FEARL ¥E b2 PR i/ MHE 5N
Year N Mean Std. Deviation Std. Error Minimum Maximum
2006 28 3.71 4.74 0.89 1.18 19.97
2010 28 3.87 4.78 0.90 1.20 21.13
J3t Total 56 3.79 4.72 0.63 1.18 21.13
R4 2006 EEAT TS EES T ARRIY LERXES T
Table 4 Nonparametric correlations between species diversity and depth and TDS in groundwater of the year 2006
Ve 8 Marglel gl parick g LRI
Shannon-Weiner R Pielou Index  Patrick Index  Croundwater TDS
Index Marglef Index depth
Shannon-Weiner 8% Shannon-Weiner Index 1.000 0.835** 0.505 ** 0.835%* -0.178 0.406 *
Marglef 84X Marglef Index 0.835"" 1.000 0.068 1.000 ** -0.308 0.456 "
Pielou 84X Pielou Index 0.565** 0.342" 0.827** 0.068 0.151 -0.036
Patrick T84k 0.835*" 1.000 ** 0.068 1.000 -0.308 0.456 "
T KHER Groundwater depth -0.178 -0.308 0.228 -0.308 1.000 0.002
WL TDS 0.406 " 0.456" -0.110 0.456" 0.002 1.000

wx EEAKTEH 0.01 (BUBKER) ;  BAE/KT/KT0.05 (WEBRLE).

2010 4EY AP ZFEE: Shannon-Weiner #5658  Patrick $850#5-5 Hu T /K IRIR 35405, 5 H T /K0 4k B8 A0 S

ABEEKRS),

£S5 2010 BEAKA DT SHES T KRR L EHEXESH

Table 5 Nonparametric correlations between species diversity and depth and TDS in groundwater of the year 2010

Shannon-

Weiner S Murdel #650 Piclou 8 Paickdge 0T AR gy
Shannon-Weiner ~Marglef Index ~ Pielou Index  Patrick Index depth DS
Index
Shannon-Weiner 84 Shannon-Weiner Index 1.000 0.866** 0.399* 0.924 ** -0.606 ** -0.035
Marglef 84X Marglef Index 0.866 ** 1.000 0.130 0.921** -0.208 -0.297
Pielou #5%X Pielou Tndex 0.399 * 0.130 1.000 0.076 -0.233 -0.158
Patrick #84X Patrick Index 0.924 ** 0.921** 0.076 1.000 -0.537" -0. 129
H T /KR Groundwater depth -0.580 ** -0.208 -0.233 -0.487 " 1.000 -0.136
AL TDS -0.035 -0.297 -0. 158 -0. 129 -0.136 1.000

wx BAEKER 0.01 (BUEBKE) ; + BEKFEKE

0.05 (XAUBKER)

FE# 2006 4E 1 2010 AEP) R AR5 H T /KSR TR S # R K BUAR G T DU FEHED : 2006 4F i F /K #
SEAR BT LAY A A T 2L S, 2K B R AR A R — 2 1) B AR A JRE B BIR ] X5, 2010 AR H 3R K674k
JELE 2006 4EA BTN, (H R i B B, 2RO AE AR T ok Ak S A7, 3 7K R T e st XA ) 4=

INOL S BS
(2) HEF o #r

2006 AFYIFh ZARE SIREE N T AYHEF SR A 5 B B rh 2300 B R R AR, 250 Sk B 2l A
RYIFhZAENE R R E S5 RS BT 1 I S50/ Sk I ZBe R B KRB R R FE b )
PO IR N 1 R RN, 85 Sk e 47 1) 5 HE e Al ) e A R i SR 5 A 15 HR P AR S PR A R
i Sk T4 77 1) B 1A AL R A S R B, 7 A IsF, ] R — A a5 B PR [N 1 S 2k (sl R O
2) MR BLBOY A, T LG S S BTN T IO 0 T Sk (SRRSO R ) G, s IR e i S A B
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Fig.5 The graph of RDA ordination for diversity in the lower reaches of Tarim River in 2006
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HILRERLA C7 .C8 55 D2 ,C4 K2, iX SRl Y ZREMEFR B AE 1.02—1. 19 Z 0] AR A T fbE S
AR DX AR R AR M A A AR50 = B DU PR i o) T Ak B2 Ty ) 3 A

R Hb s 7K £ B PR 6 b 22 R 1) A S e ] X SRR AR 3 AN R IX L B — R X R R X
BE DX IR AR P AR R R B s 2R IR E B (A 1) St m A (4 0) Bk A2 D1 At X 3k
FEH AR A3 3 A AE T TE AL , 26 KON TR L X, M XS 6 2 A S R (4L ) SR REPEAR
FEBEA (4 V) PIZEEL B H3 B4 SN X SR A AR b R 43 o AR AR S B s P R B AL, 28 = K IXCh &1k
JEIC X IR RS R EE (A V) SRS EEH(EHVD) .

Kl 6 /& 2010 YR ZAE M S A T I HE P45 5L, B S —HEP 3l 58 ZHER b S —HE R Rl R IE A
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Fig.6 The graph of RDA ordination for diversity in the lower reaches of Tarim River in 2010
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