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Abstract: Patterns of species diversity are determined by both species interactions and environmental adap-
tations. The species composition and environmental factors of the Tugai forest on the north shore of the
Aqikesu River was investigated to determine species diversity and the ecological niche of dominant species
in the Ebinur basin. Using a multivariate regression tree based on the content of soil water and salinity, our
results showed that the plant communities were divided into three associations. The three associations are the
Ass. Populus euphratica — Apocynum venetum — Phragmites australis (type 1), the Ass. Populus euphratica —
Reaumuria songonica (type 1), and the Ass. Kalidium foliatum | Populus euphratica — Apocynum venetum +
Alhagi sparsifolia (type III). Association I had a weak ability to tolerate extreme environments, including 5
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quadrats, while Association II could tolerate mild salt and drought stress, including 3 quadrats, and Associa-
tion IIT had a certain degree of adaptability to salty and dry habitats, including 22 quadrats. With succession
of typical associations from type I to III, psammophytes and halophytes gradually occupied the habitats and
become the dominant species. The Shannon-Wiener biodiversity index and Margalef richness index initially
decreased and then increased along with environmental degradation, while the Simpson dominance index and
Pielou evenness index showed the opposite trend. The variation of associations and species diversity along
the environmental gradient reflects the succession of plant communities. The Bray-Curtis similarity analysis
of niche breadth clustered 13 dominant species into two groups, with an average similarity of 96.89% and
97.66%, respectively, reflecting that the niche breadth of species has a high similarity. The pressure coeffi-
cient of non-metric multidimensional scaling (NMDS) ordination was 0.04 and except for Halimodendron
halodendron and Glycyrrhiza uralensis, and species distribution also had a high similarity. In summary, soil
water and salt contents are the main environmental factors that are responsible for plant structure and diver-
sity, and determine the direction of succession. The niche and distribution of dominant species show high
similarity, indicating obvious competitive relationship between them.

Key words: desert riparian forest; multivariate regression tree; non-metric multidimensional scaling; eco-

logical niche breadth; ecological niche overlap
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Fig. 1 Location of the study area and quadrats setting. The picture on the left shows the remote sensing image of Ebinur Lake Wet-
land National Nature Reserve and the picture on the right shows the scheme of quadrats near Dongdagiao Management and Protec-

tion Station.
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Fig. 2 Multivariate regression tree for associations classification. The columns represent the importance values of the species and n

refers to the amount of quadrats included.
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Fig. 3 Species diversity of different associations. Association I: Ass. Populus euphratica — Apocynum venetum — Phragmites aus-
tralis, Association 1I: Ass. Populus euphratica — Reaumuria songonica, and Association 1II: Ass. Kalidium foliatum | Populus eu-
phratica — Apocynum venetum + Alhagi sparsifolia.
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Table 1 Resource gradients division of soil factors. The same values in adjacent grades are assigned to the lower grade.

IR T RIRME 2% Resource gradient grade

Soil factors 1 2 3 4 5 6 7 ]

% 7/KE Water content (%)  2.0-4.0 4.0-7.0 7.0-10.0  10.0-13.0 13.0-16.0 16.0-19.0

% #h & Salt content (g/kg)  0.00-1.00  1.00-2.00 2.00-3.00 3.004.00 4.00-5.00 5.00-6.00 6.00-7.00 7.00-8.00
pH 8.25-8.34 8.34-8.44 8.44-8.54 8.54-8.64 8.64-8.74 8.74-8.84 8.84-8.94 8.94-9.04
+IEFWR 0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00 5.00-6.00 6.00-7.00 7.00-8.00
Soil organic matter (g/kg)
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Table 2 Ecological niche breadth of dominant species
s AR KT Y oY pHY4ERE I
No. Dominnant species Water dimension  Salt dimension pH dimension Soil organic matter dimension
1 ¥ Populus euphratica 0.536 0.455 0.414 0.437
2 AR Haloxylon ammodendron 0.531 0.335 0.304 0.348
3 M Tamarix ramosissima 0.480 0.210 0.236 0.276
4 ﬁéﬁ% Reaumuria songonica 0.724 0.388 0.452 0.412
5 164648 Karelinia caspica 0.354 0.317 0.377 0.251
6 Al Nitraria tangutorum 0.611 0.535 0.492 0.476
7 U&IEH| Alhagi sparsifolia 0.390 0.422 0.497 0.189
8 BEYM Halimodendron halodendron 0.329 0.246 0.211 0.299
9 AWK Apocynum venetum 0.898 0.383 0.433 0.536
10 UK Kalidium foliatum 0.367 0.427 0.468 0.221
11 AT Halocnemum strobilaceum 0.186 0.245 0.325 0.234
12 H¥ Glycyrrhiza uralensis 0.333 0.250 0.250 0.250
13 P35 Phragmites australis 0.316 0.448 0.342 0.246
#hIIUR Kalidium foliatum E%{E%{E& , %ngo R ﬁﬁ%@%%” E(] 7}(@\ é&}g ét‘izju?\,fj ij‘—c
YIEH| Alhagi sparsifolia jﬂ 5% ljﬂi ) R 5 1:% *gl] N E[ %IJ }Fn ﬁ ?‘E 17]:& E(] i % 'fﬁ ij—c % ,
— 5 LA T (A . TR T. 1
; TESER R AE R0 4 AL B BB S,
£A5K Halocnemum strobilaceum N -~
5°80.992. 0.981£10.945, el 511 LE 1 &S
(14 Nitraria tangutorum 15’@?&‘%, j"j0982, HE‘P . HH *}J 5 ;H\:/fmﬁlj El/‘] /_:E%E’ﬁ—[‘
984 Pt vt AT, HrT RS R 4L
H® Glyeyrrhiza uralensis ’;§L§4j$ %15%{&’ ﬁ%u %0245 *D 0343 (%%3) °
R Halimodendron hlodend pHAERE b, B SRR E S EBE N
RER alimodendron halodendron
0.975, Dk, EETLE S HAb AR AR A S (E
1EAELE Karelinia caspica . a9 =
o ’ iy SRS AR RS A ESERK, HhE
Y Reaumuria AR, BRI, BRI E A2 0 00.080 0.093F1
¥e# Haloxylon ammodendron 0302, ,[H: 9]\ ﬁﬁ *ZJ 5 g% E’E ﬁ” E/‘J % % 15 ‘H_jl $§ ,ﬂi& N j"j
BARR Apocynum venetum 0.230 (%4)0 SOMé&EL’ ?)E?)E%\ §¥ﬁ%$uﬁm
—[ IS FABAR A 2 7] B AR A5 B Bl e, ok
M) Tamarix ramosissima - NN —= N W
JIUTE B8 9e 50 22 18] ) 8 £ E 7 $)0.995; #&f 5
95 96 97 98 9 100 FoAm AL F Fh 2 T i AR A A BB E UK, HAeiese.

ML 45 %L Bray-Curtis Similarity (%)

E4 B ZSALFE B Bray-CurtisiH{E BB 2 4517
Fig. 4 Bray-Curtis similarity clustering analysis of niche
breadth of dominant species

24 MBMESMNES

&3 AW, EK4EE b, SRS A
(A4 B R m, 0991, BRI SFEEELE, &
B S B RR, BRSNS S, R TUR S e 4E

BRI BN G e 2 [ (1) EE B AE 33 90.000
0.000. 0.061410.099 (F4). &AL ESME DA
IYATR B, AN [E 4k BE AR A5 A EE B E AR 1 0.6 (1) Fh Xt
Sy A BT A Rl 62.82% < 75.64% + 71.79% Al
52.56%, TM&T0.2(195 5 156.41%+ 0.00%- 2.56%
F110.25%, UiAPIFRTE/K, 25, pHFISOMIX 444
EHEAR NS ESE.

FETT NI 22 FE B FINMDS [ 71 2 40080.04
(E15), WyEths. BREERIAH L5 H A P2 5]



F1H SEL AN EOLRE: 3L IR AL I MM A RS 2 FEE S LA A L 41

®3 MBHESCOKSMBREEERE

Table 3  Ecological niche overlaps between dominant species on soil water and total salinity dimension

4’5 No. 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0.783 0343  0.502 0406 0.735 0484  0.656 0.808 0460 0448 0874  0.940
2 0.941 0.544 0665 0.592  0.785  0.647 0702  0.801  0.636 0580  0.731  0.892
3 0.684  0.805 0922 0882 0851 0887 0792 0722 0810 0793 0245  0.602
4 0.898 0911  0.000 0981 0945 0992  0.715 0748 0937 0911 0499  0.836
5 0305  0.638  0.707  0.965 0878 0982 0576  0.619 0909 0955 0474  0.803
6 0962 0597  0.815  0.800  0.953 0929 0828 0891  0.884 0819  0.645  0.935
7 0372 0987 0240 0985 0871  0.508 0.664 0717 0962  0.898  0.484 0818
8 0280  0.119 0743 0279 0938 0880  0.380 0961  0.669 0467 0420  0.671
9 0456  0.742  0.597  0.636  0.763 0466  0.670  0.000 0738 0526  0.61 0.838
10 0284 0779 0476 0975 0.000 0731 0943  0.604  0.716 0.765  0.436  0.759
11 0767 0819 0288  0.883 0317 0715 0861 0564 0779  0.991 0.590  0.865
12 0728  0.420 0.693  0.878  0.732  0.798 0902 0569 0751  0.805  0.693 0.968
13 0450 0339  0.733 0274 0961 0832 0322  0.000 0320 0831 0366 0.671

FEXT AL T RNAMAER LSO E AR, B AL LR RAFEES NS ESERERE. M5 e XK.
Values under the main diagonal were the niche of dominant species in water dimension, and those above the main diagonal were the niche of domi-
nant species in salt dimension. See Table 2 for the meaning of code numbers.

R4 MBHESUpHEMBIREEESRE

Table 4 Ecological niche overlaps between dominant species on pH value and organic matter dimension

%5 No. 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0.446 0.391 0.436 0.355 0.726 0.351 0.488 0.578 0.344 0.140 0.790 0.929
2 0.343 0.910 0.981 0.888 0.887 0.903 0.391 0.893 0.927 0.479 0.619 0.301
3 0.487 0.975 0.921 0.991 0.799 0913 0.061 0.804 0.939 0.512 0.648 0.314
4 0.325 0.763 0.778 0.909 0.870 0.888 0.360 0.906 0.922 0.622 0.605 0.303
5 0.398 0.777 0.848 0.906 0.736 0.941 0.000 0.804 0.962 0.582 0.676 0.322
6 0.375 0.647 0.691 0.879 0.857 0.684 0.535 0.816 0.716 0.301 0.639 0.518
7 0.230 0.892 0.842 0.804 0.748 0.663 0.099 0.846 0.995 0.538 0.751 0.360
8 0.705 0.694 0.799 0.843 0.953 0.865 0.570 0.546 0.113 0.000 0.164 0.258
9 0.357 0.919 0.949 0.861 0.909 0.852 0.889 0.846 0.857 0.548 0.724 0.487
10 0.283 0.756 0.743 0.973 0.819 0.815 0.863 0.714 0.833 0.576 0.718 0.329
11 0.080 0.314 0.216 0.564 0.335 0.302 0.669 0.093 0.340 0.694 0.373 0.195
12 0.522 0.928 0.980 0.835 0.921 0.780 0.792 0.902 0.959 0.768 0.679 0.878
13 0.487 0.497 0.587 0.690 0.770 0.935 0.518 0.809 0.779 0.612 0.870 0.687

EX AL LT RN FAEpHLE L LS A EEEFERE, T AL R RFAMESOMYLE W AES M ESEMENE. W5 H UK.
Values under the main diagonal were the niche of dominant species in pH dimension, and those above the main diagonal were the niche of dominant
species in SOM dimension. See Table 2 for the meaning of code numbers.
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Fig. 5 Non-metric multidimensional scaling plot of niche
overlap of the dominant species. See Table 2 for the meaning of
code numbers.
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