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Abstract: Algae are main primary producers in streams and rivers, and they can be classified as planktonic or periphytic
algae based on their living forms. In the same river, planktonic and periphytic algae mainly live in different habitats, where
they may transform each other through settling or resuspension and compete for important resources. Comparing spatio-

temporal patterns of lotic planktonic and periphytic algae and their relationships with environmental factors may be helpful
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for us to understand correlations between these two types of algal assemblages. However, such research is still limited. In
this study, we surveyed planktonic and periphytic algae and physico-chemical variables from the upper reaches of the Jinsha
River in the autumn of 2019 and the summer of 2020. We compared seasonal differences in community structures of
planktonic and periphytic algae by using Non-metric Multidimensional Scaling ( NMDS) and Permutational multivariate
analysis of variance (PERMANOVA) and identified physico-chemical variables that were important to algal patterns by
using BIO-ENV analysis and Mantel test. We found that both planktonic and periphytic algal assemblages were dominated by
diatoms, in which Achnanthes minutissima , Fragilaria capucina and Navicula accomoda were dominant in planktonic algae,
and Achnanthes minutissima, Cocconeis placentula, and Gomphonema olivaceum were dominant in periphytic algae. The
average densities of planktonic and periphytic algae in the autumn were 2.41x 10° ind./L and 9.43 x 10* ind./cm*,
respectively, which were significantly higher than those in the summer (4.84x10* ind./L, 4.84x10" ind./cm”). Although
both types of algae exhibited significantly seasonal differences in community compositions, only periphytic algae had
significantly seasonal differences in richness. The physical and chemical variables that significantly correlated with
planktonic algal assemblages kept relatively consistent between seasons, including total nitrogen, ammonia nitrogen and
elevation. In contrast, environmental driving forces for periphytic algal patterns were seasonal-specific with elevation and
silicate in the autumn, and total nitrogen, pH and chemical oxygen demand in the summer. Correlation between periphytic
algal assemblages and physico-chemical variables was higher in both seasons when compared with that of planktonic algae.
Meanwhile, the geographical distance also had significant effects on spatial patterns of algal assemblages. However, when
geographic effects were controlled , community patterns of both types of algae were only significantly related to environmental
distance in the summer. Our study highlights associations and differences between lotic planktonic and periphytic algal
assemblages. Base on the finding that periphytic algae had more significantly seasonal dynamic and were more sensitive to
environmental changes, we suggested that periphytic algae might be used as routine bio-indicators for monitoring and

assessing of ecological conditions of streams and rivers.
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Table 1 Seasonal variation in environmental factors in the upper reachs of the Jinsha River

WEEHE T S48 ( X ] ) Mean ( Range) b
Environmental factors #Z Autumn HZ Summer
A Total nitrogen/ ( mg/L) 0.64 (0.30—0.84) 0.63(0.42—0.88) 0.77
A4 Nitrate nitrogen/ ( mg/L) 0.51 (0.21—0.64) 0.44(0.20—0.67) 0.08
AR Ammonium nitorgen/ ( mg/L) 0.07 (0.02—0.17) 0.08(0.03—0.15) 0.41
S Total phosphorus/ (mg/L) 0.17 (0.06—0.24) 0.08(0.02—0.29) <0.01
WEARER Phosphate/ (mg/1.) 0.14 (0.05—0.22) 0.07(0.02—0.24) <0.01
HL 5 Conductivity/ ( mg/L) 596.2 (153.8—766.0) 460.7(102.6—990.0) 0.09
fEMRER Silicate/ (mg/L) 6.08 (3.81—8.06) 6.18(3.93—10.09) 0.86
%4 Dissolved oxygen/(mg/L) 8.69 (8.05—9.38) 7.90(6.79—9.30) <0.001
%A MLBR Dissolved organic carbon/ ( mg/L) 1.14(0.71—2.51) 2.43(1.68—3.41) <0.001
{27 S Chemical oxygen demand/ (mg/L) 2.91(0.89—4.50) 1.14(0.69—1.51) <0.001
pH 8.35 (8.28—8.50) 8.13(7.90—38.60) <0.001
P Turbidity/ (NTU) 366.4 (33.8—482.0) 687.1(85.8—1042.3) <0.001
7Kk Water temperature/ (°C) 11.25(8.50—14.30) 15.58(12.90—17.20) <0.001
W Velocity/ (m/s) 0.40 (0.10—0.94) 2.39(0.9—3.7) <0.001
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Table 2 Relative abundance of dominant taxa in planktonic and periphytic algal communities in the upper reaches of the Jinsha River
TFUF 2 Planktonic algae 1 #iE Periphytic algae

Ll Species 5 g
FXZ= Autumn B Z Summer FZE Autumn B Z Summer

W/ 528 Achnanthes minutissima 9.96 12.22 21.04 16.55
WIS Cyclotella caspia 7.57

IR AN Denticula thermalis 5.68

SRS F ¥ Diatoma moniliformis 6.22

T3l 45 A3 Diatoma wulgaris 5.17

EEMEFT# Fragilaria capucina 15.38

& FHE B Navicula accomoda 9.03

INKFPEIEAS R Navicula capitata var. hungarica 6.03

FEELFHE I Navicula halophila 5.90

P EFHEIEAE RN Navicula lanceolata var. phyllepta 8.69

A B ZEIHE Nitzschia palea 6.74

Jid R BRJE 3 Cocconeis placentula 7.70
Cymbella minuta 6.09

MR €0 SR 3% Gomphonema olivaceum 6.09
ITHIZETE W Nitzschia dissipata 5.44 5.03
B 223 Lyngbya spp. 6.08
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Table 3 Correlation ( Mantel test) between algal community dissimilarity ( Bray-Curtis dissimilarity) and environmental and geographical

distances
KR 4 ENV ENVIGEO T
Taxa Season Mantel r P Mantel r P Environmental factors
TR &= 0.352 <0.001 0.223 0.056 TN NH;-N Elevation Velocity DOC
Planktonic algae CES 0.345 0.002 0.255 0.018 TN NH;-N Cond Elevation
A e 0.443 <0.001 0.032 0.186 Elevation SiO,-Si
Periphytic algae " 0.660 <0.001 0.614 <0.001 TN pH COD

ENV . 3555 2 Environmental distance; GEO: th P 25 Geographical distance; ENV | GEO ; 45 il T H ¥ I 25 5% W (1) ¥4 5% 15 2 Environmental

distance when controlling for geographical distance
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