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Biogeographic pattern, main community types, and the influencing factors of

aquatic macrophytes in the Hexi Corridor of Northwest China
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Abstract: Aquatic plants are an important part of wetland ecosystems. Studies about the distribution pattern of aquatic
plants and its influencing factors can provide important background for the regional protection of aquatic plant resources. In
this study, the main aquatic plant community types, quantitative characteristics, species richness patterns, and influencing
factors of aquatic plants in the Hexi Corridor were studied using field investigation data. The mid-domain effect hypothesis
was used to explain geographical diversity patterns of aquatic macrophytes in the region. The main results are as follows:
(1) there were 84 species belonging to 42 genera of 29 families of aquatic plants in the Hexi Corridor. Cluster analysis of
the community showed that there were 15 main aquatic plant community types in this region; (2) the aquatic plant
community types in the Hexi Corridor were mainly affected by environmental factors such as water temperature, elevation,
latitude, and longitude. The community species diversity index was significantly correlated with salinity and total dissolved
solids; (3) the spatial pattern of aquatic plant diversity in the Hexi Corridor exhibited a unimodal pattern. The mid-domain

effect model better explained the latitudinal pattern and the vertical distribution pattern of aquatic plant diversity in the
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region, with explanation rates reaching 57.56% and 63.5% , respectively. These results indicate that the patterns of aquatic
macrophyte species richness in the Hexi Corridor were determined by geometric ( boundary) constraints, random processes,
and other unknown processes. Geometric (boundary) constraints and random process showed a higher contribution rate on
geographic richness gradients. Also, we highlight that unmeasured factors including environmental heterogeneity, climate,

and human disturbance may greatly affect aquatic plant species richness in the Hexi Corridor of Northwest China.
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Fig.1 Map showing the surveyed sites for aquatic macrophytes, and the location of the studied area in China
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Table 1 Main aquatic plant community types in the Hexi Corridor

4“5 Number VR Community type

1 ZEIHIR TS5 RIS (Ass. P. perfoliatus)

2 24 IR TR R (Ass. P. filiformis)

3 7J(£'JJIJAT-¥—§£$§(A« C. Palustris-R. japonicus)

4 BREETSHBEYE (Ass. C. globosus)

5 P+ BEVR (Ass. P. australis+T. angustifolia s)

6 HR 732 HE% (Ass. P. distinctus)

7 BT+ 7K 22 A HET5 (Ass. H. valleculosa+T. palustris)

8 FA LB (Ass. Z. palustris)

9 BN IR - IR T2+ IR RV (Ass. S. Pectinata-P. perfoliatu+M. verticillatum )

10 V% (Ass. T. angustifolia)

11 PR+ BEVE (Ass. C. glomeratus+P. hydropiper)

12 P+ BB (Ass. P. australis+P. hydropiper)

13 IR LBETE (Ass. T. palustris)

14 TN R BB (Ass. M. verticillatum)

15 IKEAE+E T FEIE (Ass. S. triangulatus+H. valleculosa)

F2 AAEBEEKEEYEE o- SRR
Table 2 o-diversity index of main aquatic plant communities in the Hexi Corridor
i Yy FhF Simpson T84 Shannon-Wiener 354X Pielou Y57 EF5 5L
Number Species richness Simpson index Shannon-Wiener index Pielou evenness index

1 3 0.31 0.58 0.13
2 4 0.67 0.87 0.24
3 6 0.62 1.24 0.25
4 6 0.65 1.36 0.35
5 13 0.84 2.20 0.51
6 3 0.51 0.88 0.27
7 5 0.46 0.92 0.18
8 4 0.35 0.72 0.20
9 5 0.75 1.46 0.42
10 4 0.36 0.73 0.23
11 8 0.72 1.56 0.37
12 7 0.79 1.73 0.47
13 7 0.63 1.34 0.28
14 4 0.30 0.63 0.15
15 5 0.38 0.79 0.15

BT 2 REPEFE B PRBE R [0 AH DG 0 B S s (SRR D P = 8 S S 3 A e T i ) 22 J 3 O
FHIE(P<0.05) , HoA 2 HEPEFR B SRS I F A G HEAR 35 (R 3)
2.2 AP S K A A ) 2R S A SR B AR

T] VG 7E JBR 1L X K A ) 22 R 3 A A SR A K i) b S BB R A AT K IX SR AR A ) 2 R G 22 1)
AL B G L THE TR FE 100°F 100.5°E Bf 3 145 21 f s (A, IR (A 1 B7E 94.5°F & 96.5°F Z [a] (&
3b) 7 95% B A5 BE 24T, etk [B1A 437 b 3 25 (1 -5 00 (B =2 () A SR (35 (P >0.05) , R B iy xof
AL REVERE SRR T AR 16.31% , FES 1M AR LU - | 0T VU R /K A AR 4 22 R 2 B0 A e ) B0 TR
L, MR ZAEE AR AL de EIF, 5 R, 7E 38°N & 39.5°N Z[a) ik H i 5 (& 3¢) ;95% B A5 B I T By £k ik
[ 5437 448 5% B 7 R 285 5 S0 =2 ) R ek B 35 ( P<0.05) , HH e I o 321X 3s8 7 A4 A 400 26 85 4 A 4 SR F4
fife R v , HAB AT 3K 57.56%
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Fig.2 Two-dimensional sequence diagram of main aquatic plant community and environmental factor DCCA ( numbered as community

number in the figure)

Long: 7, longitude ; Lat B | latitude ; Alt; {45, altitude; pH: 53 Rk, 3 ;Sal; Eh salinity; T W, temperature ; TDs ; PR A A , Total

dissolved solids ; Depth : 7K ¥4

X3

AP EREZKEEYEE S HMIEB S INE R F Spearman 18X 247

Table 3 Spearman correlation analysis between diversity index and environmental factors in the Hexi Corridor

YRR R Shannon-Wiener $6%% Simpson T8%X Pielou 2 FEF5%K
Species richness index Shannon-Wiener index Simpson index Pielou evenness index

Long -0.116 -0.043 -0.107 0.086
Lat 0.247 0.157 0.204 0.007
Alt -0.398 -0.214 -0.036 0.02

pH 0.217 0.197 0.088 0.138
Sal 0.588* 0.408 0.273 0.177
T 0.301 0.089 0.154 -0.114
TDS 0.595* 0.414 0.207 0.196
Depth 0.053 0.068 0.059 0.17

# % P<0.01, * P<0.05; Long: & longitude; Lat: Z5 ¥ | latitude ; Alt: V4K, altitude ; pH ; R B 2 ; Sal ; £ FF | salinity ; T i B , temperature ; TDS ;
T fEE A B Total dissolved solids; Depth ; KR
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Fig.3 The Vertical and horizontal distribution pattern of aquatic plant diversity of the Hexi Corridor
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MR HEREE
Appendix 1 Date of samples

FE ST ZPE(E) HRE(N) 33K/ m A

Sample number Longitude Latitude Altitude Location
1 102°44'1" 37°32/04" 2099 iR E
2 102°43'56" 37°32'51" 2089 HRE
3 98°10'31" 39°51'24" 1678 e
4 98°17'58" 39°46'06" 1630 ST
5 98°17'21" 39°44'56" 1661 FEUR ST
6 101°7'55" 38°30'50" 2156 &ET
7 102°14'33" 38°30'57" 1515 &ET
8 102°10'45" 38°30'46" 1531 =)
9 98°33'46" 39°45'30" 1423 SR
10 98°3232" 39°46'09" 1425 SR T
11 98°53'54" 39°47'39" 1426 IR T
12 39°25'22" 98°5223" 1425 iE i)
13 98°34'15" 39°48'56" 1422 SR
14 98°34'15" 39°48'56" 1422 SR
15 98°31'53" 39°49'1" 1430 IR T
16 98°50'4" 39°54'18" 1310 B3]
17 98°51'52" 39°56'14" 1300 SR T
18 97°56'47.58" 39°20'28.2" 2624 R T
19 97°50'42.78" 39°24'49.62" 2707 IR
20 98°26'35.46" 39°34'30.72" 1449 W SR
21 99°37'33.48" 39°36'23.28" 1319 LB
22 98°37'40.38" 39°42'28.2" 1415 IR T
23 98°42'12.48" 39°42'30.84" 1402 B i)
24 98°39'6.96" 39°42'9.24" 1449 SR
25 98°3142.78" 39°47'31.32" 1427 SR
26 98°08'17.52" 39°48'56.94" 2658 IR T
27 94°58'48.54" 40°31'39.06" 1067 IR
28 101°8'47" 38°29'23" 2202 RARHR
29 101°1'54" 38°23'19" 2412 RRE
30 101°59'29" 38°14'41" 1937 RARE
31 102°01'04" 38°16'32" 1893 RARE
32 102°14'29" 38°30'59" 1514 RARE
33 100°45'0.9" 38°19'42" 2855 RRE
34 101°08'56.16" 38°24'11.52" 2320 RARE
35 100°33'38.82" 38°56'29.28" 1477 RARE
36 102°45'13" 38°12'57" 1439 R E
37 102°54'36" 38°23'31" 1403 R
38 101°10'15.6" 38°22'33.12" 2377 1IPR =)
39 101°09'55.62" 38°23'5.28" 2366 TIPS 350
40 101°08'16.56" 38°28'45.36" 2202 IIPES=2
41 101°07'25.08" 38°29'18.18" 2170 1IPR=
42 102°39'20" 38°02'59" 1460 R
43 102°45'33" 38°10'26" 1441 R
44 102°37'08" 37°55'54" 1540 R
45 102°37'15" 37°57'14" 1502 R
46 102°00'53.88" 38°16'20.04" 1900 R
47 102°00'54.18" 38°17'46.38" 1880 R
48 102°01'10.98" 38°19'5.22" 1868 ]
49 102°02'4.08" 38°20'23.34" 1796 R
50 102°0029.04" 38°20'8.4" 1880 R
51 102°54'36.96" 38°23'30.36" 1410 v
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212 A % R 40 &
FE RS ZE(E) i (N) W /m b
Sample number Longitude Latitude Altitude Location
52 101°7'57" 38°34'03" 2067 KB E
53 97°02'58" 40°20'53" 1760 Er
54 97°3'42" 40°22'54" 1750 K
55 97°2'1" 40°24'41" 1750 K
56 97°2'1" 40°24'42" 1750 I
57 97°23'24" 40°3"2" 1720 K
58 99°29'20" 39°44'35" 1283 KT
59 99°31'38" 39°42'56" 1288 kAT
60 99°47'53" 39°24'46" 1342 sRART
61 99°44'42" 39°27'34" 1327 LRt
62 99°3839" 39°38'11" 1305 LIS
63 99°48'04" 39°22'27" 1340 [
64 99°49'22" 39°23'16" 1335 LS
65 99°55'29" 39°21'05" 1353 LS
66 100°7'20" 39°18'15" 1374 IS i)
67 100°2'20" 39°19'29" 1370 FRA T
68 100°8'58" 39°10'34" 1370 kAT
69 100°824" 39°11'31" 1423 fiSia
70 100°25'44" 38°59'50" 1455 [
71 100°26'59" 38°56'27" 1488 SRR
72 100°26'29" 38°58'19" 1457 AT
73 100°26'5" 38°58'36" 1459 LS
74 100°25'23" 38°57'39" 1469 CiS ]
75 100°26'14.76" 38°58'28.68" 1468 LS
76 100°26'15.96" 38°58'36.12" 1461 LS
77 100°25'16.14" 38°59'44.34" 1459 IS i)
78 100°25'16.02" 38°59'46.74" 1523 fiS i
79 100°25'37.5" 38°59'49.98" 1457 [
80 100°26'39.06" 39°02'19.08" 1517 LS
81 100°24'49.56" 39°03'0.24" 1435 IS
82 100°23'59.22" 39°03'29.4" 1507 SRR
83 100°2351.84" 39°03'31.74" 1505 kAT
84 100°25'43.32" 39°03'37.44" 1508 KT
85 100°24'27.3" 39°14'7.26" 1436 FRA T
86 99°53'59.04" 39°17'14.28" 1369 LS
87 99°5322.26" 39°17'21.84" 1376 kAT
88 99°44'42" 39°24'52.93" 1340 LIS
89 99°44'42" 39°24'52.92" 1340 TR T
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