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Abstract; Benthic algae are important indicators for ecological conditions of streams and rivers, but studies on effects of
urbanization on benthic algal diversity is still sparse. In this study, we surveyed 74 sites from nine rivers located in
Shenzhen City in the wet and dry season of 2020, and compared differences of a- and B- diversity of lotic benthic algal
assemblages between urban and suburban groups. A total of 301 algal taxa were identified in the two seasons, among which
the most taxa belonging to diatoms. The relative abundance of pollution indicator species such as Nitzschia palea, Navicula
cryptocephala and Nitzschia inconspicua was higher in the urban groups, while the suburban groups with higher relative

abundance of Achnanthidium minutissimum , which is an indicator species of clean water. We found that urbanization had no
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significant effects on algal a-diversity indices including richness, Shannon-Wiener’s diversity index, and Pielou’s index;
while, algal community compositions in urban sites were significantly different from that of suburban sites. B-diversity of
benthic algae, represented by centroids of the principal coordinate analysis, was lower for the urban sites than that of the
suburban sites, with more significant difference in the dry season. The difference of benthic algal assemblages between the
two groups mainly came from species turnover components. Total nitrogen, COD,, , conductivity, pH, turbidity and water
depth were identified by the Mantel test as the environmental factors that were significantly correlated with algal community
compositions in the urban group; while, TN, Dissolved inorganic Phosphorus (PO,-P) and conductivity were significantly
correlated with the community compositions of benthic algae in the suburban group. We found that levels of TN, PO,-P,
COD,,, and conductivity were significantly increased in the urban group, which decreased B-diversity of benthic algae
communities in Shenzhen rivers. To protect biodiversity of Shenzhen rivers, we therefore suggest to effectively control

domestic and industrial sewage in urban areas to reduce human disturbance to rivers.

Key Words: urbanization; biodiversity; benthic algae; community composition; seasonal differences
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Fig.1 Location of the samping sites in Shenzhen main rivers
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Table 1 Differences in the Mean and range of environmental factors of main rivers in Shenzhen

BT WX 4 Urban group ZBIX 41 Suburban group
Environmental factors FiZE Wet season 25 Dry season FiZE Wet season L2 Dry season
A TN/ (mg/L) 6.09(0.56—19.02) 9.04(0.56—26.75) 0.92(0.16—3.13) 0.92(0.17—6.37)
M TP/ (mg/L) 0.26(0.04—1.47) 0.33(0.04—3.66) 0.05(0.02—0.27) 0.05(0.02—0.28)
AR ERANE L CODy,, / (mg/L) 1.72(0.52—6.83) 3.15(0.75—15.29) 0.74(0.35—2.31) 0.94(0.57—1.94)
AR NH,-N/(mg/L) 1.75(0.10—15.23) 1.35(0.06—9.01) 0.19(0.04—0.90) 0.16(0.03—1.34)
gt P DOC/ (mg/L) 3.72(0.98—6.92) 3.85(1.26—11.38) 1.91(0.98—4.67) 1.44(0.55—3.83)
R ICHLEE PO,-P/ (me/L) 0.21(0.02—1.18) 0.22(0.01—1.22) 0.04(0.02—0.20) 0.04(0.02—1.78)
pH 7.89(6.82—8.59) 8.27(7.17—12.50) 7.64(6.72—8.42) 8.24(7.24—11.28)
W% 4% DO/ (mg/L) 4.61(2.02—8.04) 6.31(3.53—12.51) 6.18(3.31—8.19) 6.05(2.07—9.51)
152 Cond/ (pS/cm) 1849.53(54.80—33904.00)  4131.39(33.6—46293.00) 372.85(30.4—5950.00) 345.98(27.9—5805.00)
U Turb/ (NTU) 36.34(0.15—6.00) 33.06(1.57—866.00) 21.94(3.40—54.50) 8.81(1.25—48.40)
KK WD/m 0.61(0.01—0.59) 0.38(0.10—3.00) 0.33(0.15—0.54) 0.24(0.10—0.35)
Tk Vel/ (m/s) 0.22(0.01—0.59) 0.19(0.01—0.86) 0.35(0.09—0.65) 0.15(0.00—0.28)

TN &% Total nitrogen; TP : .8 Total phosphorus; CODMn ; = 4 R £ 48 4L Chemical oxygen demand; DOC : i fif 45 HL#K Dissolved organic

carbon ; DO ; & % Dissolved oxygen; Cond : FL 5% Conductivity ; Turb ; 41 Turbidity ; WD ; /K¥& Water depth; Vel Jfiii# Velocity
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Table 2 Relative abundance of dominant taxa of benthic algae in urban and suburban group of main rivers in Shenzhen

IRIX 4] Urban group ZBIX 4 Suburban group
IFH Species i [ i S
Wel season Dry season Wet season Dry season

Wi Oscillatoria sp. V.Kinetics 13.2 6.0 12.9 6.8
#5243 Lyngbya sp. Anagn 6.9 9.7 11.5 7.8
J¥% 3 Phormidium sp. Kiitzing 6.4 6.3 5.6 10.5
/NI 223 Achnanthidium minutissimum Czarnecki 53 8.5 24.4 20.7
FE R A= 1711 i 2238 Achnanthidium pyrenaicum H.Kobayasi 8.9
LM 223 Achnanthidium exiguum Grunow 6.6 7.0

BB 223 Nitzschia palea W.Smith 24.1 7.9 7.6

WittiZ2 I 8 Nitzschia amphibia Grunow 7.8

28 Nitzschia inconspicua Grunow 7.0

x3 BAESHEEFHERDNELEE

Table 3 The average value and range of alpha diversity in groups

o ZREVEFE bR IRIX 4] Urban group ZRIX 4 Suburban group
a-diversity indexces % Wet season 2 Dry season Fi%: Wet season L% Dry season
Yk = F B Richness 30(16—49) 31(10—52) 33(19—53) 30(10—48)
::zz:zzzizzzz ffi 2.89(2.10—3.41) 2.86(1.54—3.42) 2.91(2.14—3.49) 2.82(1.63—3.42)
Pielou ¥5J 551 Pielou’s Index 0.85(0.67—0.93) 0.84(0.49—0.94) 0.84(0.73—0.94) 0.84(0.71—0.92)
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Fig.3 Boxplot of centroids of PCoA of algae communities
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Table 4 Mantel correlations between algal communities and environmental factors
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