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Abstract

Temporal and spatial variations of the phytoplankton assemblage in Lake Chaohu, a large shallow eutrophic lake in
China, were studied from September 2002 to August 2003. A total of 191 phytoplankton species was identified,
among which Chlorophytes (101) ranked the first, followed by Cyanophytes (46) and Bacillariophytes (28). On aver-
age over the entire lake, the maximum total algal biomass appeared in June (19.70 mg/L) with a minimum (5.05 mg/
L) in November. In terms of annual mean biomass, cyanobacteria contributed 45.43% to total algal biomass, followed
by Chlorophytes (27.14%), and Bacillariophytes (20.6%). When nitrate (NO3-N) and ammonium (NH4-N) concentrations
dropped in spring, fixing-nitrogen cyanobacterium (Anabaena) developed quickly and ranked the first in terms of
biomass in summer. It is likely that dominance of zooplanktivorous fish and small crustacean zooplankton favored
the development of the inedible filamentous or colony forming cyanobacteria. The persistent dominance of
cyanobacteria throughout all seasons may indicate a new tendency of the response of phytoplankton to eutrophi-
cation in Lake Chaohu.
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Lake Chaohu (117°17'–117°52' E, 31°25'–31°43' N) is one of

the five largest freshwater lakes in China, with a total surface
area of 780 km2. It is a shallow and turbid lake with multiple

uses: water supply, commercial fishery, and sightseeing. Since

the buildup of the Chaohu gate in 1962 and the Yuxi gate in
1969 (Jin et al. 1995), Lake Chaohu has become an artificially

controlled, semi-closed lake with considerable changes to the

lake ecosystem. At present, submerged macrophyte are rare.
Eutrophication of Lake Chaohu water has progressed over

the past decades. Cyanobacterial blooms have also developed:

cyanobacterial blooms first appeared from the beginning of the
1950s, with no distribution in the pelagic and southern zones

of the lake in 1961 (Jin et al. 1995). In the 1980s, cyanobacterial

blooms occurred from May to November each year and through-
out the lake (Liu and Meng 1988; Tu et al. 1990). Due to heavy

algal blooms and worsening water quality, the local govern-

ment has stopped the operation of the waterworks near Hefei
City since 1999 (Zhao et al. 2002). However, there have been

no surveys on phytoplankton in the lake after the 1980s.

The aims of the present study were to describe temporal and
spatial variations of phytoplankton assemblages in Lake Chaohu

and to discuss the possible mechanisms underlying these

variations, with an emphasis on cyanobacteria.

Results

Physicochemical variables

The maximum water temperature (approximately 31°C) was

recorded in July and August, whereas the minimum water
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temperature (3.5 °C) was recorded in January (Figure 1). The

highest pH (10.4) was recorded during an outbreak of
cyanobacterial blooms in the western zones of the lake. There

was a positive relationship between pH and cyanobacterial

biomass (r = 0.49; n = 212; P  <  0.01).
The fluctuation of mean water depth was small before June

in 2003, but increased to a maximum of 5.76 m in July after

heavy rainfall (Figure 1). Transparency was usually low ( <
1.0 m) and independent of cyanobacterial biomass (r = – 0.13;

n = 212; P > 0.05). Conductivity was relatively stable, with a

peak of 472 µs/cm in July (Figure 1).

The lake had high nutrient concentrations, except for the

concentration of soluble reactive phosphorous, and the sea-
sonal patterns of variation of these nutrients differed (Figure

1). Nutrient concentrations in the western zones were usually

higher than in the eastern zones of the lake. The fluctuations of
NH4-N and NO3-N were greater than those of total nitrogen (TN)

and total phosphorus (TP). There were significant negative

relationships between cyanobacterial biomass and concentra-
tions of NO3-N (r = –0.36) and NH4-N (r = –0.36; n = 212; P < 0.

01), but a significant positive relationship was found between

TP and cyanobacterial biomass (r = 0.29).

Figure 1. Annual variations of several physico-chemical parameters in Lake Chaohu. Error bars indicate the standard deviations.

(A) Annual variation of temperature in Lake Chaohu.

(B) Annual variation of conductivity in Lake Chaohu.

(C) Annual variation of water depth in Lake Chaohu.

(D) Annual variation of transparency in Lake Chaohu.

(E) Annual variation of total nitrogen (TN) in Lake Chaohu.

(F) Annual variation of nitrate nitrogen (NO3-N) in Lake Chaohu.

(G) Annual variation of ammonium nitrogen (NH4-N) in Lake Chaohu.

(H) Annual variation of total phosphorus (TP) in Lake Chaohu.
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Table 1. List of phytoplankton in Lake Chaohu

Chlorophytes Cocconeis placentula (Ehr.) Hust.

Chlamydomonas sp.a Attheya zachariasi Brun.

C. veinhardtii Dang.

C. microsphaera Pasch Cyanophytes

et Jah.b Microcystis aeruginosa Kützc

C. ovalis Pasch. a M. wesenbergii Kom. b

C. globosa Snow M. flos-aquae (Wittr.) Kirch b

Gonium sociale (Duj.) Warm. M. incerta Lemm a

Pandorina morum (Muell.) Borya M. densa G. S. West

Eudorina elegans Ehr. b M. fusco-lutea (Hansg.) Forti

Volvox aurens Ehr. M. marginata Kütz

Schroederia robusta Korsch. M. pseudofilamentosa Crow

S. setigera M. pallida (Farlow) Lemm.

(Schroed.) Lemm.

S. spiralis (Printz) Korsch. Dactylococcopsis rhaphidioidea

Hansg.

S. nitzschioides (West) Korsch. D. acicularis Lemm.

Chlorella vulgaris Bey. a Coelosphaerium dubium Grun a

C. ellipsoidea Gren. C. kuetzingianum Näg.

Chodutella quadriseta Lemm. Merismopedia elegans A. Br.

C. cilliata (Lag.) Lemm. M. tenuissima Lemm.

Selenastrum minutum (Näg.) M. glanca (Ehr.) Näg.

Coll.

S. gracile Reinsch. Chroococcus limneticus Lemm.

S. bibraianum Reinsch. Chroococcus sp.

Selenastrum sp. Ch. minor (Kütz) Näg.

Kirchneriella lunaris (Kirch.) Ch. Minutus (Kütz) Näg.

Moeb.

K. obesa (West) Schm. Raphidiopsis curvata Fritsch

K. contorta (Schm.) Bohl. R. sinensia Jao

Ankistrodesmus falcatus Spirulina major Kütz.

(Cord.) Ralfs

A. falcatus var. mirabilis S. princeps W. et. G. S. West

G. S. West

A. angustus Bern. S. maxima Setch. Et. Gardn.

A. acicularis (A. Br.) Korsch. Oscillatoria tenuis Ag.

A. convolutus Cord. O. amphibia Ag.

A. spiralis (Turn.) Lemm. a O. agardhii Gom.

Closteriopsis longissima O. splendida Grev.

Lemm.

Echinosphaerella limnetica Phormidium tenue (Menegh.) Gom.

G. M. Smith a

Trochiscia reticularis P. faveolarum (Mont.) Gom.

(Reinsch.) Hansg.

Oocystis lacustris Chod. a Lyngbya mucicola Lemm.

O. solitaria Wittr. L. martensiana Men.

O. borgei Snow Aphanothece sp.

O. parva W. et G. S. Wast A. clathrata var. brevis Bachmann

Nephrocytium agardhianum Aphanocapsa pulchra (kütz) Kab a

Näg.

Quadrigula chodatii (Tan- Apha. elachista W. et G. S. West a

Ful.) G. M. Smith

Actinastrum hantzschii Lag. Nostoc paludosum Kütz.

Dictyosphaerium pulchellum Aphanizomenon flos-aquae

Wood a (L.) Ralfs a

D. ehrenbergianum Näg. Anabaena spiroides Kleb.  c

Pediastrum biradiatum Mey. b A. circinalis Rab. a

P. simplex (Mey.) Lemm. A. flos-aquae (Lyngh.) Breb. b

P. simplex var. duodenarium Gloeocapsa magma (Breb) Holl

(Bail.) Rabenh.b

P. duplex Mey. Gloeocapsa sp. a

P. duplex var. rugulosum Rhabdoderma lineare Schm.

Racib a

P. duplex var. gracillimum W. Cylindrospermum stagnale (Kütz)

et G. S. West b Born. et Flah

P. boryanum (Turp.) Men. b

P. tetras (Ehr.) Ralfs a Bacillariophytes

P. tetras var. tetraodon Melosira granulata (Ehr.) Ralfs c

(Cord.) Rab. M. granulata var. angustissima

Scenedesmus bijuga (Turp.) Mül l.b

Lag. a M. granulata var. angustissima

S. obliquus (Turp.) Kütz. f. spiralis Hust. b

S. arcuatus Lemm. M. italica (Ehr.) Kütz.

S. platydiscus (G. M. Smith) M. varians Ag.

Chod. Cyclotella meneghiniana Kütz. b

S. cavinatus (Lemm.) Chod. C. stelligera Cl. et Grun.

S. quadricauda (Turp.) Bréb. a Coscinodiscus lacustris Grun.

S. dimorphus (Turp.) Kütz. Tabellaria fenestrata (Lyngby.) Kütz.

S. cfsimipulcher Nach Hindák T. flocculosa (Roth.) Kütz.

S. denticulatus Lag. Asterionella formosa Hass a

S. brasliensis Bohl. Fragilaria intermidia Grun.

S. acuminatus (Lag.) Chod. F. capucina Desm.

Westella botryoides (W. West) Synedra acus Kütz.

Wild.  a

Westellopsis linearis (G. M. S. amphicephala Kütz.

Smith) Jao

Tetrastrum hastiferum (Arn.) S. ulna (Nitzsch.) Ehr. a

Korsch.

T. heterocanthnm (Nord.) Gyrosigma kiitzingii (Grun.) Cl.

Chod.

Errerella bornhemiensis Conr. Navicula placentula (Ehr.) Grun.a

Micractinium pusillum Fres. N. dicephala Cl. a

Acanthosphaera zachariasi Navicula sp.

Lemm.

Golenkina radiata Chod. Surirella capronii Bréb. b

G. paucispina W. S. ovata Kütz.

et G. S. West

Crucigenia opiculata (Lemm.) S. ovata var. pinnata (W. Smith)

Schm. Hust.

C. quadrata Morr. Pinnularia viridis (Nitzsch.) Ehr.

Table 1. (continued)
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zones in autumn. The proportion of cyanobacteria reached

20%−50% at most sampling stations in the eastern zones, even
in winter (Figure 2).

Two genera, namely Microcystis and Anabaena, comprised

70%−99.8% of the total cyanobacterial biomass. Dominant
cyanobacterial species were Anabaena spiroides, A. flos-

aquae, Microcystis aeruginosa, M. flosaquae, and M.

wesenbergii, among which A. spiroides ranked the first and M.
aeruginosa second in terms of biomass. Cyanobacteria in-

creased rapidly in spring, began to form surface blooms in

May, peaked at most sampling stations in June, and declined in
late summer (Figure 3). However, the development of a bloom

of Anabaena spp. coincided with summer nitrogen (mainly ni-

trate- and ammonia-nitrogen) depletion. A. spiroides reached
as high as 70.5 mg/L and M. aeruginosa reached 24.8 mg/L in

June. Microcystis spp. blooms occurred from May to November.

Aphanizomenon flos-aquae, Apanocapsa sp., and Oscillatoria
sp. were occasionally found in high abundance at some sam-

pling stations.

When heavy cyanobacterial blooms occurred in summer, the
abundance of most Chlorophytes was low, except for species

of Pediastrum, Chlamydomonas, and Scenedesmus (Figure

4). Spatially, species of Pediastrum, Scenedesmus, and
Ankistrodesmus were more abundant in the eastern zones,

whereas a higher biomass of Chlamydomonas, Oocystis, and

Crucigenia occurred in the western zones. Bacillariophytes
dominated among phytoplankton assemblages in winter (Figure

4) and the dominant diatom genera were Melosira, Cyclotella,

Synedra, and Surirella. The average biomass was 6.12 mg/L

for Melosira spp. (in March) and 3.49 mg/L for Cyclotella spp.
(in February). Spatially, a higher abundance of Melosira spp.

was found in the eastern zones, whereas in the western zones

there was a higher abundnace of species of Cyclotella,
Synedra and Surirella.

Cryptophytes comprised less than 10% of the total phy-

toplankton biomass at most stations during the study period.
They were more abundant in the south-east zones in summer,

but in the western zones in other seasons. Generally, the abun-

dance of Cryptophytes remained relatively high during the out-
break of cyanobacterial blooms (Figure 4). The most important

Pyrrophytes was Ceratium hirundinella, which occurred in

summer and autumn (Figure 4). Euglenophytes (mostly Euglena
spp.) were frequently found, but made only a minor contribu-

tion to total algal biomass. Xanthophytes and Chrysophytes

were rare and their contribution to total algal biomass was
negligible.

Generally, there was an obvious seasonal succession in the

phytoplankton assemblages. Cyanobacteria dominated in sum-
mer and autumn, whereas Bacillariophytes was the dominant

group in late winter and spring, and Chlorophytes were rela-

tively abundance in spring and autumn.

Phytoplankton

A total of 191 phytoplankton species was recorded during the

study period (Table 1). Chlorophytes ranked the first (101),
followed by Cyanophytes (46) and Bacillariophytes (28).

The spatial and temporal distributions of cyanobacterial bio-

mass are shown in Figure 2.
In summer, a high abundance of cyanobacteria occurred at

all sampling stations in the western zones, contributing more

than 70% to total phytoplankton biomass. Cyanobacteria were
more abundant in the southern zone in spring, but in the pelagic

C. tetrapedia (Kirch.) W. et Achnanthes exigua Grun.

G. S. West

C. lauterbornei Schm. a A. lanceolata var. rostrata Hust.

Coelastrum microporum Näg. Cymbella affinis Kütz.

C. sphaericum Näg. C. cymbiformis C.A.Agardh

C. reticulatum (Dang.) Senn.

Cladophora oligoclona Kütz. Cryptophytes

Microspora stagnorum (Kütz.) Chroomonas acuta Uterm. a

Lag. b Cryptomonas erosa Ehr. b

Ulothrix tenerrina (Kütz.) Kütz. C. ovata Ehr.a

Closterium venus Kütz.a

C. parvulum Naeg. b Euglenophytes

C. gracile Bréb. b Euglena tripteris (Duj.) Klebs

Staurastrum gracile Ralfs E. geniculata Duj.

S. polymorphum Bréb. E. ehrenbergii Klebs

Cosmarium botrytis Menegh. E. tripteris (Duj.) Klebs

Gonatozygon monotaenium E. oxyuris Schmar.

De Bary E. acus Ehr.

Euastrum denticulatum Euglena sp.

(Kirchn.) Gay.

Penium cruciferum (De Bary) Phacus longicauda (Ehr.) Duj.

Wittr.

Tetraspora lacustris Lemm. Trachelomonas sp.

Franceia ovalis (Franc.)

Lemm. Pyrrophytes

Tetraëdron minimum (A. Br.) Ceratium hirundinella (Müller)

Hansg. Schranka

T. trilobulatum (Reinsch) Gymnodinium aeruginosum Stein

Hansg.

T. trigonum (Näg.) Hansg. Xanthophytes

T. trigonum var. gracile Tribonema affine G. S. West

(Reinsch) De Toni

T. bifurcatum Lag. Chrysophytes

T. regulare Kütz. Dinobryon cylindricum Imh.

T. caudatum (Cord.) Hansg.
aAnnual mean biomass between 0.01 and 0.1 mg/L. For species

with no asterisk, the annual mean biomass is less than 0.01 mg/L.
bAnnunal mean biomass between 0.1 and 1.0 mg/L.
cAnnual mean biomass between 1.0 and 2.0 mg/L.

Table 1. (continued)
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Figure 2. Spatial and temporal distributions of cyanobacterial biomass at the different sampling stations of Lake Chaohu.

(A) Spatial distributions of cyanobacterial biomass in spring.

(B) Spatial distributions of cyanobacterial biomass in summer.

(C) Spatial distributions of cyanobacterial biomass in autumn.

(D) Spatial distributions of cyanobacterial biomass in winter.

Figure 3. Monthly variations of total phytoplankton biomass in Lake Chaohu, along with Microcystis biomass, Anabaena biomass and

chlorophyll-a. Error bars indicate the standard deviations.

(A) Monthly variations of total phytoplankton biomass in Lake Chaohu.

(B) Monthly variations of chlorophyll-a in Lake Chaohu.

(C) Monthly variations of Microcystis biomass in Lake Chaohu.

(D) Monthly variations of Anabaena biomass in Lake Chaohu.
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Total phytoplankton biomass and chlorophyll a

Monthly means of total algal biomass varied between 5.05 and

19.70 mg/L (Figure 3). The maximum (19.70 mg/L) appeared in
June during the outbreaks of cyanobacterial blooms, with a

second peak (15.72 mg/L) in March when Bacillariophytes

dominated. The minimum (5.05 mg/L) occurred in November.
Chlorophyll (Chl) a varied from 3.41 to 184.28 µg/L among the

stations during the study period. On average over the entire

lake, the maximum concentration of Chl a (48.80 µg/L) appeared

in June, whereas the lowest (8.87 µg/L) was found in November.

There were significant correlations between Chl a and
cyanobacteial  biomass (r  =  0.87),  as wel l  as wi th

Bacillariophytes biomass (r = 0.28; n = 212; P < 0.01).

Principal component and classification analysis

Principal component and classification analysis (PCCA)

Figure 4. Monthly variations of dominant species of Chlorophytes, Cryptophytes, Bacillariophytes and Pyrrophytes in biomass in Lake

Chaohu. Error bars indicate the standard deviations.

(A) Monthly variations of Pediastrum spp. Biomass.

(B) Monthly variations of Chlamydomonas spp. Biomass.

(C) Monthly variations of Chroomonas acuta Biomass.

(D) Monthly variations of Cryptomonas spp. Biomass.

(E) Monthly variations of Melosira spp. Biomass.

(F) Monthly variations of Cyclotella spp. Biomass.

(G) Monthly variations of Surirella spp. Biomass.

(H) Monthly variations of Ceratium hirundinella Biomass.
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identified patterns of variation in the phytoplankton assemblage

of Lake Chaohu relative to environmental variables (Figure 5).
There were substantial differences in the loadings of the vari-

ous species on the first two principal components and obvious

species groups were taxonomically diverse. The relative posi-
tions of the phytoplankton species on the two components

reflected a temporal progression of species associations

throughout the study. Quadrant I included species such as
Cyclotella, Ankistrodesmus, Melosira, Crucigenia, and

Chroomonas that were more abundant in winter; such

phytoplankton species were associated with environmental
conditions of nitrate (NO3-N), ammonium (NH4-N), and ortho-

phosphate (PO4-P). With an increase in water temperature,

Quadrant II, other green algae (e.g. Chlorella, Scenedesmus,
Oocystis and Chlamydomonus) and Bacillariophytes (Synedra

and Surirella) grew quickly. The role of small green algae (e.g.

Scenedesmus and Chlorella) was obviously weakened from
mid-spring to early summer owing to large-bodied Daphnia

filtering. Subsequently, Quadrant II phytoplankton summer crops

(Microcystis, Anabaena, Ceratium and Eudorina) dominated
and these phytoplankton species were related to several im-

portant environmental conditions, including water temperature

(T), conductivity, transparency (SD), pH, TP, and cladocera. In
autumn, with the decreases in ammonium and nitrate concen-

trations and T, some small algae (Quadrant IV; e.g. Cryptomonas

and Pediasrum) developed rapidly.

Discussion

In the present study, both the summer maximum of the algal

biomass and PCCA analysis revealed that seasonal variations

of the phytoplankton assemblage of Lake Chaohu are basically
in agreement with the statement of PEG (Sommer et al. 1986).

However, transparency was always low during the study pe-

riod (Figure 2) and the “clear-water” phase was unclear in
Lake Chaohu. The reason for this may be as follows: (i) total

algal biomass was higher throughout the study (Figure 3) ow-

ing to nutrient availability and the density limit of large-bodied
Daphnia by zooplanktivorus fish; and (ii) transparency was

strongly influenced by suspended silt under wind disturbance

because Lake Chaohu is shallow.
In Lake Chaohu, cyanobacterial surface blooms were present

during most months (in summer and autumn) of the year,

whereas diatoms dominated under conditions of low water
temperature. It is well known that warm water and high trophic

levels favor cyanobacterial growth (Dokulil and Teubner 2000;

Lei et al. 2005) and the formation of cyanobacteria surface
blooms (mainly Microcystis spp. and Anabaena spp.) (Okino

1973; McQueen and Lean 1987; Nalewajko and Murphy 2001;

Chen et al. 2003). In Lake Chaohu, the development of
cyanobacteria coincided with a sudden drop in both dissolved

Figure 5. PCCA plot of the main phytoplankton species against

environmental variables. Clado-B (cladoceran), Copep-B (copepod),

SD (transparency), T (temperature).

Figure 6. Map of Lake Chaohu and distribution of sampling points.
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inorganic nitrogen (DIN) and TN. It has been reported that many

cyanophytes species are superior nitrogen and inferior phos-
phorous competitors, showing their competitive potential at tem-

peratures above 20 °C, whereas many diatoms are superior

phosphorus competitors and inferior competitors for light and
nitrogen and show their competitive ability at temperatures be-

low 15 °C (Tilman et al. 1986).

Depletion of DIN favors the development of nitrogen-fixing
species of filamentous cyanobacteria (Sommer et al. 1986). In

Lake Doïrani, summer depletion of nitrate was accompanied by

a very large increase in cyanobacterial biomass, with a shift of
dominant cyanobacterial species from Microcystis spp. (non-

nitrogen-fixing algae) to Anabaena spp. (nitrogen-fixing algae;

Temponeras et al. 2000). However, in Lake Chaohu, Anabaena
spp. and Microcystis spp. co-occurred and developed during

spring and early summer. The sharp decline in these species

after July in Lake Chaohu may have been induced by the heavy
rainfall between the end of June and mid-July, because it has

been reported that rainfall or storms are associated with growth

inhibition of filamentous cyanobacteria in shallow lakes (Padisák
et al. 1990; Tryfon et al. 1994).

In Lake Chaohu, there was a positive correlation between

pH and cyanobacterial biomass. A similar phenomenon was
found in Lake Doïrani (Temponeras et al. 2000) and Lake Taihu

(Chen et al. 2003). It has been suggested that cyanobacteria

are favored in high pH environments, possibly because of their
ability to use bicarbonate ion as a carbon source when nitro-

gen or phosphors depletion occurs in summer (Shapiro 1984;

Dokulil and Teubner 2000).

Despite the low transparency (mean 0.49 m) in Lake Chaohu,
cyanobacteria (mainly Microcystis spp. and Anabaena spp.)

developed successfully. It has been reported that phytoplankton

species with gas vacuoles (such as Microcystis spp. and Ana-

baena spp.) can either move down to avoid the high irradiance

near the water surface or float up when underwater light envi-
ronments are poor (Ibelings et al. 1991; Brookes and Ganf 2001).

Thus, high turbidity in Lake Chaohu may be favorable to the devel-

opment of bloom-forming Microcystis spp. and Anabaena spp.
In 1952, the annual fish yield from Lake Chaohu was 3 500

t o n s  w i t h  4 1 . 1 %  p h y t o p h a g o u s  f i s h  ( s u c h  a s

Hypophthalmichthys molitrix and Aristichthys nobilis) and
56.2% zooplanktivorus fish (such as Coilia ectenes). Since

the 1970s, the proportion of C. ectenes remained high (80% in

1973, 61.4% in 1984, and 75% in 2002)(Wang 1987; Lake
Chaohu Fishery Administration Committee, unpublished data).

The annual fish yield increased from 4 000 tons in 1957 to 4

140 tons in 1984 and approximately 8 000 tons in 2002. At
present, the small zooplanktivorus C. ectenes and Neosalanx

taihuensis are predominant, whereas large-bodied crustacean

zooplanktons are rare during the warm seasons (Deng et al.
unpublished data). It is likely that dominance of zooplanktivorus

fish and small crustacean zooplankton favors the development

of the inedible filamentous Anabaena spp. and colony forming
Microcystis spp. in Lake Chaohu.

There are no published data on the phytoplankton community

in Lake Chaohu before the 1980s (Table 2). In the 1980s,
cyanobacteria were predominant (in terms of density or

biomass) in summer (August) and autumn (November).

However, during the study period, cyanobacteria dominated
almost throughout the year, with the higher density in

November and a lower density in August. Persistent dominance

of cyanobacteria throughout the seasons may indicate a new

tendency of the response of the phytoplankton community to
eutrophication in Lake Chaohu.

Table 2. Historial changes in the density (×106 cells/L) of major groups of phytoplankton in Lake Chaohu

Years Months Cyano. Bacil. Chlor. Eugle. Crypt. Total density         Reference

1984 Feb. 0.26 0.73 0.06 0.03 0.002 1.08 Liu and Meng (1988)

May 0.66 0.012 0.015 0.003 0 0.69

Aug. 48.26 0.001 0.11 0.000 2 0.003 48.36

Nov. 393.79 0.02 0.39 0.01 0.16 394.38

1987–1988 Feb. 0.84 1.01 0.52 0.004 0.67 3.04 Tu et al. (1990)

May 3.35 0.10 0.44 0.05 2.25 6.18

Aug. 75.39 0.13 0.20 0.001 0.84 76.56

Nov. 54.22 0.28 0.36 0 1.38 56.01

2002–2003 Feb. 37.00 7.08 12.71 0.002 1.00 57.94 Present study

May 47.81 0.17 1.65 0.002 0.49 50.12

Aug. 26.24 1.94 3.49 0.02 0.45 32.15

Nov. 107.70 0.46 1.41 0.008 0.31 109.89

Cyano., Cyanophytes; Bacil., Bacillariophytes; Chlor., Chlorophytes; Eugle., Euglenophytes; Crypt., Cryptophytes.
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Materials and Methods

Quantitative samples were taken monthly from 22 sampling sta-
tions in Lake Chaohu (Figure 6). Stations 1–8 are situated in the

western zones of the lake, close to Hefei City, and stations 9–

22 are in the eastern zones of the lake, near Chaohu City. The
lake was ice-free during the sampling period.

Water temperature, transparency, and pH were measured in

the field with a thermometer, secchi disk, and portable pH meter,
respectively. Determinations of various forms of nitrogen and

phosphorus followed the methods described by Xie et al. (2003).

Samples for phytoplankton counts and Chl a measurements
were collected simultaneously at each station. Each sample

was a mixture of subsamples taken from the surface to the

bottom with a 2.5 L modified Patalas’ bottle sampler at 1 m
intervals. Phytoplankton samples were fixed with Lugol’s io-

dine solution and sedimented for 48 h prior to counting under a

microscope. Phytoplankton cell volume was determined from
average cell dimensions for each species. To count colonial

cyanobacteria, the colonies were first disrupted by sonication.

The wet weight of the phytoplankton was obtained from cell
volume assuming a density of 1 mg/mm3 (Shei et al. 1993).

For Chl a measurements, pigments were extracted with 90%

acetone at 4 °C in the dark for 24 h. After centrifugation, the
absorbance of the supernatant was measured spectrophoto-

metrically against 90% acetone at 750 and 665 nm. Phaeopigment

degradation products were analyzed by acidifying the acetone
extract with one drop of 2 mol/L HCl for 1 min and remeasuring

absorbance at 750 and 665 nm. Concentrations of Chl a and

phaeopigment products were calculated using the equations
of Lorenzen (1967).

Multivariate analyses were based on the biomass of each

phytoplankton species obtained from 22 sampling stations (n =
212). Logarithmic data were standardized for PCCA using

STATISTICA  6.0.
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