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ABSTRACT 

Some species of cyano-bacteria could establish domi-
nance in cold seasons, but their photosynthetic parameters 
were rarely investigated in previous studies. Thus, photo-
synthetic properties of bloom-forming cyano-bacteria (mainly 
Anabaena flos-aquae) were investigated in a large shallow 
lake (Chaohu Lake, China) on January 12, 2013. Chlorophyll 
fluorescence parameter (F/Fm’) was measured by a pulse 
amplitude modulation fluoro-meter (Phyto-PAM) in order 
to estimate algal photosynthetic activity. In situ measure-
ment showed that there was no obvious relationship be-
tween F/Fm’ and light intensity at 10:30, while F/Fm’ 
changed with irradiation at 12:30 and 14:30. However, this 
change disappeared after dark adaptation for three hours. In 
the experiment, when samples from different depths were 
exposed to the same solar radiation, there was no variation 
in F/Fm’ of samples from different depths at 10:30, 12:30, 
and 14:30. These results showed that bloom-forming cy-
ano-bacteria maintain feeble photosynthetic activity under 
low light intensity in winter, while they were exposed to 
sufficient light intensity,  and seasonal changes may be 
triggered and grow gradually with elevated light intensity. 
Phyto-PAM measurement helps us to better understand 
over-wintering cyano-bacteria and recruitment process in 
the cold seasons. 

 
 
 

KEYWORDS: Anabaena flos-aquae, chlorophyll fluorescence, 
photosynthetic activity, solar radiation, water blooms 

 
 
 

1. INTRODUCTION 

In many eutrophic lakes around the world, cyano-bac-
teria blooms seriously threatened drinking water safety, aq-
uaculture, agricultural irrigation, view a lacustrine land-
scape, and ecological balance. Considerable researches had 
explored the mechanisms and regularities of algal blooms. 
 

* Corresponding author 

Generally speaking, the most favorable conditions for blooms 
are the warm, dry, low-wind days in summer and early fall. 
However, some low temperature tolerance species of cy-
ano-bacteria, such as Anabaena flos-aquae and Aphani-
zomenon flos-aquae could grow and form blooms in cold 
seasons. During the dormant period, some filamentous cy-
ano-bacteria (Anabaena, Nostocales, Stigonematales, etc) 
are in the shape of akinetes (thick-walled reproductive struc-
tures), which maintain a low level of metabolic activities in-
cluding photosynthesis rate, respiration and de novo syn-
thesis of proteins and lipids [1]. Winter blooms of Ana-
baena flos-aquae have been documented in a mesotrophic 
lake [2]. Anabaena flos-aquae is a nitrogen fixer, and it could 
grow in various concentrations of nitrate. Many studies have 
reported on the physiological and ecological characters of 
Anabaena [3]. In a laboratory-cultured experiment, Ana-
baena flos-aquae was temperature-dependent with optimum 
photosynthetic capacity ≥25 °C [4]. The maximum of pho-
tosynthetic capacity usually occurred at the optimum tem-
perature of growth [5]. 

Development in fluorescence measurement (pulse am-
plitude modulation, PAM) made it possible to assess the 
photosynthetic parameters in field samples. Some types of 
modulated fluoro-meters are currently widely used to meas-
ure in vivo chlorophyll fluorescence of cyano-bacteria inte-
rior and outdoors, with detailed information on photosyn-
thetic properties [6]. In Chaohu Lake (China), Anabaena 
flos-aquae formed blooms in cold weather and these years, 
when water temperature in winter always dropped very low, 
and even near to 0 °C. To our knowledge, under natural con-
ditions, the photosynthetic prosperity of Anabaena spp. in 
such a cold weather rarely had been reported. With the vari-
able chlorophyll a fluorescence measured with a Phyto-
PAM, our study focused on the variation of the photosyn-
thetic activity of the bloom-forming Anabaena flos-aquae at 
different depths, and analyzed the relationship between algal 
photosynthetic properties and environmental factors. 

Previous studies had detected esterase activities of over-
wintering Microcystis aeruginosa as an indicator for cell vi-
ability in a France reservoir [7] while esterase activities of 
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different algal groups hardly could be assayed separately 
from mixed samples. In the present study, variable chloro-
phyll a fluorescence yield was used as an efficient param-
eter for studying phytoplankton photosynthesis, because it 
is sensitive to photon flux density and is reliable as a pa-
rameter to offer insight into the immediate past light his-
tory of phytoplankton [8]. The ratio of maximum variable 
fluorescence to the maximum yield (Fv/Fm) has been used 
to estimate changes in the proportion of functional reaction 
centers, and as an indicator of the photosynthetic capacity 
of phytoplankton. Moreover, Phyto-PAM fluoro-meter al-
lows for a separate measurement of the fluorescence signal 
of each algal group in mixed phytoplankton populations. 
Accordingly, effects of temperature on photosynthetic ca-
pacities of different algal groups could be detected syn-
chronously, which is an important physiological index dur-
ing recruitment and competitive processes [7]. 

 
 
2. MATERIALS AND METHODS 

2.1 Lake description 

Chaohu Lake (Fig. 1) is located in the middle of Anhui 
Province, China (altitude 117°17’-117°52’ E, longitude 
31°25’-31°43’ N, water area 770 km2, average depth 3 m, 
maximum depth 6.78 m). There are 33 main tributaries in 
Chaohu watershed, with the Yuxi River the only outflow 
[9]. In last decades, water quality of Chaohu Lake degraded 
rapidly and reached a hyper- eutrophic status, even more 
serious than in Anhui Lake, Anhui Province, China). Cya-
nobacteria blooms in summer and fall, donated by Micro-
cystis, while the algal community was dominated by Ana-
baena flos-aquae in winter. The depth of sampling site 
(31°35′46″N, 117°24′21″E) in this study is 2.4 m. 

 
2.2 Measurement of solar spectral irradiances and other envi-
ronmental parameters 

Solar spectral irradiances were measured by a spectro-ra-
diometer (Macam SR9910, Macam Photometrics Ltd, Liv-
ingstone, Scotland). Water temperature, pH, turbidity, and 
dissolved oxygen were recorded by a multiparameter water 
quality monitor (YSI 6600, USA). Total nitrogen (TN), total 
phosphorus (TP) were analyzed by chemical methods, fol-
lowing the Chinese standard methods for lake surveys. 

 

(a) In situ measurement 
At 10:30, 12:30, and 14:30 on January 12, 2013 (a sunny 

and calm day), water samples were collected every 50 cm 
from the water surface to the overlying water, after 30 min 
of dark adaptation, chlorophyll fluorescence was measured. 

 

(b) Long time dark (LD) adaptation 
To study effects of light radiation on photosynthetic 

properties, samples were collected at 14:30 and treated 
with dark adaptation for 3 h, and after that, chlorophyll flu-
orescence was measured. 

 

(c) Expose to the same light intensity 
At the second day (a sunny and calm day), samples were 

placed in transparent plastic containers on water surface to 

obtain sufficient sunlight at 10:30, 12:30, and 14:30, re-
spectively. And then, they were treated for 30 min of dark 
adaptation before measurement. 

 

 
FIGURE 1 - Chaohu Lake and location of the sampling site. 

 
2.3 Chlorophyll fluorescence measurement 

Algal fluorescence was measured by using a multi-
wavelength phytoplankton pulse-amplitude-modulated fluo-
rometer (Phyto-PAM) (Walz, Germany) after dark adaption 
for 15 min. The Phyto-PAM fluorometer was equipped with 
a special emitter-detector unit (Phyto-ED) for distinguishing 
cyanobacteria, chlorophytes, and diatoms/dinoflagellates by 
means of four excitation wavelengths (665, 645, 520, and 
470 nm). For instance, in chorophytes, chlorophyll fluores-
cence is much more effectively excited by blue and red 
light (470, 645, and 665 nm) than by green light (520 nm). 
In the case of cyanobacteria, almost no chlorophyll fluo-
rescence is excited by blue light (470 nm), while excitation 
at 645 nm is particularly strong due to phycocyanin and 
allophycocyanin absorption. As for diatoms and dinoflag-
ellates, excitation by blue (470 nm) and green (520 nm) is 
relatively high resulting from strong absorption by fuco-
xanthin, chlorophyll c, and carotenoids. The fluorescence 
signals from the four wavelength excitations were assigned 
to the three algal groups by using the Phyto-WIN software 
(version 1.47) and the reference spectra [8]. 

The minimal fluorescence level in the dark-adapted 
state (F0) was measured by measuring the modulated light 
(ML); the light intensity of ML was low enough and did 
not induce any variable fluorescence. A saturating actinic 
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light pulse (SP) was then applied to obtain maximum fluores-
cence (Fm). Variable fluorescence (Fv) was calculated be-
tween Fm and F0, and the optimum quantum yield (Fv/Fm) 
was calculated according to the ratio between Fv and Fm [6]. 
Effective quantum yield of PSII (ΦPSII) was calculated by 
(Fm’-Ft)/Fm’, where, Fm’ is the maximal fluorescence of 
light-acclimated samples induced by a saturating actinic 
light pulse without dark adaptation, Ft is the intrinsic 
steady-state fluorescence in light-acclimated samples. 

Fv/Fm was calculated by the following equation: 

Fv/Fm = (Fm - F0)/Fm 

where, F0 is the fluorescence of dark-adapted algal cells 
stimulated by a weak probe light immediately after 15 min 
of darkness, and Fm is the maximum fluorescence signal af-
ter the closure of all reaction centres by 600 ms pulse of sat-
urating irradiance [10]. All of the reaction centers of PSII 
opened after adequate dark adaptation; so the maximum 
quantum efficiencies of (Fv/Fm, also termed maximum en-
ergy conversion efficiency or quantum yield of PSII) of al-
gal cells were measured. 

The volume of the cuvette (a quartz cylinder, diameter 
= 1.2 cm, height = 4 cm) in the phyto-PAM detector was 
about 4.5 ml. Each time, 3 mlof water sample was loaded 
into the cuvette. Meanwhile, microscope analysis was con-
ducted to record community structure of phytoplankton in 
each sample. 

 
2.4 Statistical analysis 

Statistical analysis was performed by using SPSS soft-
ware (version 18.0); graphs and tables were made by Mi-
crosoft office software (version 2007). 

 
 
3. RESULTS AND DISCUSSION 

3.1 Environmental parameters 

Environmental parameters were recoded every 30 min 
along vertical direction. During the experiment, water tem- 

perature showed slowly rising from 10:30 to 14:30. The 
values of water temperature, dissolved oxygen, pH, turbid-
ity, concentration of nutrient salts and chlorophyll a 
showed no significant difference on vertical direction in the 
same time (P>0.05), but they showed significant difference 
with solar spectral irradiances (P<0.05).  

 
TABLE 1 - Physical and chemical parameters at the sampling site. 

Parameters Range Mean 

Water temperature (°C) 2.5–3.9 3.2 

Dissolved oxygen (mg/L) 9.96–12.12 11.04 

pH 7.99–8.41 8.20 

Turbidity (NTU) 49.6–58.1 53.85 

TN (mg/L) 3.23–4.11 3.67 

TP (mg/L) 0.18–0.21 0.20 

Chlorophyll a concentration (μg/L) 0.73–0.92 0.82 

 
3.2 Solar spectral irradiances 

The experiment was performed on a sunny day. The 
maximum irradiance wavelength was about 580 nm, and 
the distribution pattern of irradiance from 10 - 90 cm is 
shown in Fig. 2. 

In the three measurements of spectral irradiances, the 
value of diffuse attenuation coefficient (Kd) from regres-
sion analysis was 4.927 (R2 0.995), 4.415 (R2 = 0.987), and 
4.908 (R2 = 0.993), respectively. The dose of irradiances 
both from in situ measurement and calculation from Kd has 
shown a dropped irradiance, dropped to a very low value 
at the depth of 0.9 m. 

 
3.3 Chlorophyll fluorescence 

Chlorophyll fluorescence parameters of in situ samples 
are shown in Fig. 3(a). There were similar variations of 
F/Fm’ value with depths from 0 to 2.5 m at 12:30 and 
14:30. However, the F/Fm’ value measured at 10:30 did 
not show this trend with depths. After 3 h of dark adapta-
tion, F/Fm’ from different depths dropped to a low level; 
meanwhile, variation with depths disappeared. Since it was 

 
 
 

 
FIGURE 2 - Solar spectral irradiance from 0.1 to 0.9 m. 
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FIGURE 3 - F/Fm’ value of samples from different depths (3(a): F/Fm’ value measured in situ at 10:30, 12:30, and 14:30, LD: Long time dark 
adaptation, measured after dark adaptation for 3h; 3(b): F/Fm’ value measured at 10:30, 12:30, and 14:30, when samples from different depths 
were exposed to surface irradiances). 
 
 
 
known that physical and chemical conditions (such as tem-
perature, pH, dissolved oxygen, turbidity, and nutrient 
salts) were similar at different depths during the experi-
ment (Table 1), differences of F/Fm’ at different depths in 
cyano-bacterial cells could be related to solar radiation in-
tensity. In order to examine effects of solar radiation on 
F/Fm’ value, another experiment was designed to expose 
samples at different depths. Chlorophyll fluorescence pa-
rameters of samples from different depths exposed to sur-
face irradiances were measured at 10:30, 12:30, and 14:30. 
Their F/Fm’ values are shown in Fig. 3(b). 

During the sampling period, average value of water tem-
perature was about 3.2 °C (in the range of 2.5-3.9 °C, with 
small fluctuations). Turbidity of lake water ranged from 49.6 
to 58.1 NTU, which was lower than that in windy days 
(about 100 NTU), and implied a fairly low level of sediment 
re-suspension. As for this shallow lake, thermo-stratification 
and anoxic zone were not found during sampling, and dis-
solved oxygen maintained a fairly high concentration (9.96–
12.12 mg/L). Compared with summer blooms period, chlo-
rophyll a concentration (0.73-0.92 μg/L) was much lower. 
According to microscopic observation, algal community 

was made up of Anabaena flos-aquae, Anabaena spiroides, 
Anabaena circinalis, Microcystis aeruginosa, Cyclotella 
meneghiniana, and Cryptomons ovata. Among them, Ana-
baena flos-aquae established dominance (over 40% of the 
total algal cells), and some akinetes of nitrogen fixing cyano-
bacteria were found in samples (Fig. 4). 

Chlorophyll concentration in water represents the bio-
mass of phytoplankton, which is higher in summer and lower 
in winter. The temporal variation of phytoplankton biomass 
could be explained that many phytoplankton functional prop-
erties were constrained by the low temperature in winter. 
Comparing with other algal groups (such as Bacillariophyta), 
cyanobacteria tend to higher temperature [11], and lower tem-
perature in winter would lead to disappearance of cyanobac-
teria in some lakes [12]. As for photosynthesis, it was reported 
that lower temperature reduces enzyme activity, membrane 
fluidity, and electron chain transfer in photosynthesis system. 
However, winter blooms, caused by some cold resistant cya-
nobacteria was documented in previous studies [2, 13]. 

Many phytoplankton cellular processes are tempera-
ture-dependent. It was reported that several bloom-forming  

Fig. 3(a)
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FIGURE 4 - Community structure of phytoplankton at the sampling site. 

 
 
 

cyanobacteria, such as Anabaena, Aphanizomenon, Micro-
cystis, and Oscillatoria were temperature-dependent with 
the optima photosynthetic capacity usually at 25 °C, or 
even higher [4]. In laboratory culture studies, photosyn-
thetic capacity of Anabaena flos-aquae increased up to 35 
°C but decreased rapidly thereafter, and photosynthetic ca-
pacity dropped sharply below 15 °C [14]. Anabaena iso-
lated from Lake Mendota (North America) cultured at low 
light intensity (30 µE m-2s-1) showed the optimal tempera-
ture for photosynthesis was 20 °C, the photosynthesis of 
Anabaena maintained 76% of the maximum at 15 °C, and 
62% at 10 °C [15]. As for the chlorophyll parameters, 
F/Fm’ ratios in the present study were about 0.22 at 10:30 
and about 0.17 after dark adaptation (Fig. 3). Compared to 
the ratio of F/Fm’ which was about 0.3 in a previous study 
[16], our results showed that cyanobacteria maintained a 
low level of photosynthetic activity in winter. 

 
Photoinhibition at low temperature was a hot research 

area in the past decades. As for higher plants and algae, the 
low-temperature sensitivity of photosynthesis is consider-
ably enhanced when they are exposed to light [17]. The 
molecular mechanism of photo-inhibition is the photo-
chemical damage to D1 protein in PSII complex. Although 
the initial photochemical reactions were independent of 
temperature, associated aspects (such as enzymes of photo-
phosphorylation and electron transport) were temperature-
dependent [18]. A high fluorescence rate of solar radiation 
would also cause photo-inhibition. Phytoplankton commu-
nities were exposed to a wide range of light regimes from 
growth-limiting to growth-inhibition irradiances in aquatic 
environment [19]. As for most of algae, direct solar radia-
tion at water surface for 15 min would cause significant 
photo-inhibition, but many species of algae could be recov-
ered completely within a few minutes. When exposed for 
30 min or longer, some species failed to recover [20]. It 
was reported that F/Fm’ value of Sprirulina platensis cul-
tures, grown under high oxygen stress, decreased by 60% 
when the solar irradiance reached a saturated value [16]. 
Although no comparative efforts had been put to evaluate 
the effects and impact of solar radiation on bloom-forming 
cyano-bacteria under cold and low light intensity condi- 

tions [21], there are some studies carried out concern-
ing with phytoplankton under low temperature [22] and 
weak light [23]. Photo-inhibition of Anabaena flos-aquae 
was not observed in our study; this may be related to the 
dose of solar irradiance which was not so high to cause it. 
Our results showed that the photosynthetic activity of An-
abaena flos-aquae would increase after exposure to surface 
irradiance. 

 
Overall, results showed that photosynthetic vitality of 

bloom-forming Anabaena flos-aquae in winter related to 
the solar radiation. Previous researchers had demonstrated 
that overwintering process played an important role in the 
life cycle of bloom-forming cyano-bacteria, which is the 
continuation of cyano-bacterial populations and act as 
“seed bank” for the following year [24]. Before recruit-
ment, phytoplankton remained weak, and photochemical 
vitality was at a fairly low temperature; during this period, 
the algal cells are dormant but viable, which can be referred 
to as “physiologically resting cells” [25]. They could be re-
activated and increased gradually during recruitment [26]. 
In early spring, when external conditions ameliorated, 
overwintering cyano-bacteria gradually recover growth 
and start to reproduce in water column or from sediment 
[27]. The measurement with the Phyto-PAM instrument re-
vealed that the photosynthetic properties could be affected 
by the light intensities. Further studies are necessary to un-
derstand the threshold of the light intensity and time dura-
tion for exposure. It was a valuable information for us to 
better understand the occurrence of blooms in early spring. 

 
 
4. CONCLUSIONS 

In Chaohu Lake, bloom-forming cyano-bacteria (mainly 
Anabaena flos-aquae,) maintained feeble photosynthetic ac-
tivity under low light intensity in winter, while they were ex-
posed to sufficient light intensity, it maybe trigger recovery 
of photosynthetic activity and grow gradually with elevated 
light intensity. Phyto-PAM measurement helps us to better 
understand overwintering cyano-bacteria and recruitment 
process in cold seasons. 
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