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Formation of cyanobacterial blooms in Lake Chaohu and the photosynthesis of

dominant species hypothesis
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Abstract; Elucidation of the causes of cyanobacterial harmful algal blooms ( CHABs) may be a precondition for their
control. We have investigated Lake Chaohu since 2007 ; identifying phytoplankton species, observing seasonal variation in
dominant species, measuring primary productivity, detecting changes in limnological characteristics, identifying “leading
factors” , and then assaying the ecophysiology of photosynthesis in the dominant cyanobacteria. We also analyzed the
historical events relating to CHABs in this lake. Our studies showed that phytoplankton diversity varied seasonally, and
dominant cyanobacteria represented more than 74% of the total phytoplankton cells. Dominant species in 2008 to 2009
included Microcystis viridis (in April, May, June, October, November and December); M. wesenbergii (in July and
August) ; M. aeruginosa (in September) ; and Anabaena flos—aquae (in January, February and March). Blooms were

recorded over 100 years ago in this lake, and no appropriate explanations have been advanced for their causes. Since the
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1930s, researchers have presented the following ten hypotheses on bloom formation: (A) the TN/TP hypothesis; (B) the
inorganic nitrogen hypothesis; (C) the buoyancy hypothesis; (D) the storage strategy hypothesis; (E) the low light
hypothesis; (F) the high pH/low CO, hypothesis; (G) the elevated water temperature hypothesis; (H) the trace element
hypothesis; (1) the zooplankton grazing hypothesis; and (J) the evolutionary adaptation hypothesis. Although these
hypotheses explain why cyanobacteria successfully compete over eukaryotic algae in most lakes and reservoirs, they cannot
clarify why different dominant cyanobacterial species appear in seasonal succession in Lake Chaohu. A new hypothesis is
needed. Based on our understanding, we have constructed “the photosynthesis of dominant species hypothesis” , as follows
(1) Blooms include various species of cyanobacteria and algae. Bloom initiation is related to cell density, and also to
primary productivity. We collected and measured phytoplankton monthly in different water depths at six points in the
western part of Lake Chaohu. In 2008 to 2009, collected phytoplankton consisted of 85 species (in 5 phyla). Both cell
density and primary productivity were highest during the summer, and lowest during winter. (2) During blooms, dominant
species grew more quickly and had the greatest biomass of the phytoplankton. There were four dominant species and these
constituted over 74% of the total phytoplankton cells in different seasons. (3) The growth of dominant species was affected
by environmental factors; we termed some “leading factors” as these had the greatest effects. When Lake Chaohu became
eutrophic, light, temperature and pH were the leading factors. (4) Although leading factors affect the growth of dominant
species, photosynthesis is the most essential variable. The study of the ecophysiology of photosynthesis may reveal the
relationship between leading factors and dominant cyanobacteria, and also clarify why a few species of cyanobacteria are
able to be dominant during particular seasons. When temperature and pH increased between spring and summer, the
photosynthetic rate of M. wesenbergii was greater than that of M. wiridis. When temperature and pH decreased between
summer and autumn, this was favorable to M. aeruginosa photosynthesis. Similar changes occurred between autumn and
winter, and M. wviridis replaced M. aeruginosa. Although A. flos—aquae was able to grow at higher temperatures and pH
than M. wiridis, this filamentous cyanobacterium was not able to adapt to higher light intensity. Light intensity appears to be
crucial for these cyanobacteria. Our hypothesis is formulated from common understanding within the natural sciences:
questions arising at a higher level of integration (such as ecology or agronomy) , often require mechanistic answering at a

lower integrative level (such as the ecophysiology of photosynthesis) .

Key Words: cyanobacterial blooms; dominant species; ecophysiology of photosynthesis; the photosynthesis of dominant

species hypothesis; Lake Chaohu
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9 HUyikB/NE g, J5— B, 84 2 (12 H (2 4E 1 Fig.2 Monthly changes of primary productivity of phytoplankton
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2.1.1 B4

F 1 WoR LT X AE 2008—2009 AF B VR UFBEE A EE 5 AT .48 B .85 B, b, gk b SRR Y
52.9% s RS HE ST, 7 30. 6% s RESERIAN A RS =, 11.7% ; =35 95.2%
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Table 1 Seasonal variations of species number and density of phytoplankton in Western Aera of Lake Chaohu

WA EE Cell density(x10*4~/L)
y

BES Ak B/ % 7575k, Seasonal variations PR
Phylum No. of species Percentage e o5 *E PEs A(Vi'?(ff/iinil;y
Spring Summer Autumn Winter

i3 Cyanophyta 26 30.6 4415.8 17381.8  6115.35  1953.86  2488.90(95.38% )
%43 Chlorophyta 45 52.94 4355 127.3 68.51 199.47 69.23(2.65% )
BE3 Bacillariophyta 10 11.76 189. 42 23 49 150. 19 34.28(1.31%)
K Cryptophyta 3 3.52 20.43 73.63 91.55 15.6 18.29 (0.70% )
# 3 Euglenuphyta 1 1.18 1.29 0.64 1.29 0 0.27 (0.01% )
B Total 85 100 5062.44  17606.07  6325.7 2319.12  2609.45
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Fig. 3 Monthly changes of cell density in the major communities of the phytoplankton in Western Aera of Lake Chaohu
A. Cyanophyta;B. Chlorophyta, Bacillariophyta, Cryptophyta and Euglenuphyta

2.3 HLHITE X KA B BRI 2 ARk
2.3.1 KIGHE PR AR A S 2

L 8 N P NG Rt vkl VB WA R e S G e ol U I 2% o 0 T R N e W NS o
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TRV 2 ol A gt AR AR AT L 40 22 2 Ay 5 /K A U 38 1 IR i e 3K 86. 09% , (HL 4 i %85 3% i
ik, BEAh, BARA SL B R <0. 02, 4 25 B A0 T A B 2 R IL Hh IR ARG, WK AR B 22 35655 31X
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F2 EHEREENMABFMHIGFE EANBEERAEE
Table 2 Occurrence frequency, relative density and dominancy of the dominant species cyanobacteria in Western Aera of Lake Chaohu
; HBIR, % P Ey - N
LS % o A/ % s v fi
T Occurrency /(x10*4~/L) . . .
Speicies . . Relative density Dominancy
frequency Average density
LRETHEERE Microcystis viridis 61 815.192 31.2 0.190
B CHUERE Microcystis wesenbergii 37.08 700.967 26.69 0.099
HR LRI AETE Microcystis aeruginosa 23.96 567.935 21.7 0.052
KA I Anabanea flos-aquae 86.09 164.718 6.3 0.054
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Monthly variations in dominant species of blooms-

forming cyanobacteria in Western Aera of Lake Chaohu

R3 2008 F£4 A—2009 £ 3 EHAREEKRSH
Table 3 Changes of limnological parameters in Western Area of Lake Chaohu from April of 2008 to March of 2009

Pt [ L Temperature EHE SD BAETN S TP

Time pH ff /C / em / (mg/L) / (mg/L)
2008-04 7.48 17.91 31.67 3.8 0.243
2008-05 7.55 21.17 22.83 2.89 0.15
2008-06 7.73 24.83 11.83 1.35 0.27
2008-07 8.53 30.42 24.5 2.67 0.28
2008-08 8.63 27.50 26.83 2.48 0.36
2008-09 8.46 27.18 2.17 1.13 0.27
2008-10 7.45 21.42 30.33 1.38 0.22
2008-11 7.57 13.08 25.17 2.67 0.2
2008-12 7.48 8.0l 22.00 3.67 0.189
2009-01 7.13 4.73 28.33 2.25 0.11
2009-02 7.35 7.53 23.78 3.18 0.158
2009-03 6.92 12. 14 30.33 2.89 0.083
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x4 ENEARKRSERFEMER ERYEE FRRIER/KERERNEXE
Table 4 Correlations between limnological parameters and cell densities of Microcystis viridis, Microcystis wesenbergii, Microcystis aeruginosa

and Anabaena fios-aquae in Western Area of Lake Chaohu

VIS 2 SR I GIEdTE 3 KA R
Limnological parameters Microcystis viridis Microcystis wesenbergii Microcystis aeruginosa Anabaena fios—aquae
¥ Temperature/°C 0.463 0.8179 ** 0.783 " -0.889 "

pH fi 0.804 ** 0.3924 0.498 0.759 **
EWE SD /em -0.736 * -0.346 -0.538 0.176
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