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Variations in phytoplankton chlorophyll a were studied in Lake Poyang,
and these variations were compared with those observed in its tributaries.
Samples were collected from January 2009 to January 2013 during the
dry, mid-dry and wet seasons. The study showed that chlorophyll a con-
centrations were significantly higher in the wet season than in the dry and
mid-dry seasons (p < 0.0001) in the lake; a comparative analysis of Lake
Poyang and its tributaries showed significant differences in chlorophyll a
between the two ecosystems during the wet season but not during the
dry and mid-dry seasons. During the wet season, the underwater light
conditions were significantly elevated and water retention time increased
substantially (25.5 d). In combination, these factors contributed to a signif-
icantly higher chlorophyll a concentration during the wet season than that
during the dry and mid-dry seasons in the lake; the effect of nutrients on
the phytoplankton was not obvious. The large variations in water retention
time during the three seasons indicated that Lake Poyang has the com-
bined characteristics of a river and a lake. The short retention times during
the dry and mid-dry seasons produced no difference in chlorophyll a be-
tween the lake and its tributaries, whereas the long retention time during
the wet season facilitated phytoplankton growth in the lake.

RÉSUMÉ

La chlorophylle a phytoplanctonique dans le lac Poyang et ses affluents pendant les sai-
sons sèche, mi-sèche et humide : une étude de 4 ans
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Les variations de chlorophylle a phytoplanctonique ont été étudiées dans le lac
Poyang, et ces variations ont été comparées avec celles observées dans ses af-
fluents. Les échantillons ont été prélevés de janvier 2009 à janvier 2013 pendant
les saisons sèches, mi-sèche et humide. L’étude a montré que les concentra-
tions de chlorophylle a étaient significativement plus élevées en saison des pluies
qu’en saison sèche et mi-sèche (p < 0,0001) dans le lac ; une analyse compara-
tive du lac Poyang et de ses affluents a montré des différences significatives dans
la chlorophylle a entre les deux écosystèmes pendant la saison humide, mais pas
pendant les saisons sèche et mi-sèche. Pendant la saison des pluies, les condi-
tions d’éclairement sous l’eau ont été significativement plus élevées et le temps
de rétention de l’eau a augmenté sensiblement (25,5 jours). La combinaison de
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ces facteurs a contribué à une augmentation significative de la concentration en
chlorophylle a pendant la saison des pluies ; l’effet des nutriments sur le phyto-
plancton n’était pas évident. Les grandes variations dans le temps de rétention
de l’eau au cours des trois saisons impliquent que le lac Poyang combine les ca-
ractéristiques d’une rivière et d’un lac. Les temps de rétention courts pendant les
saisons sèche et mi-sèche n’entraînent aucune différence en chlorophylle a entre
le lac et ses affluents, tandis que le temps de rétention long pendant la saison des
pluies facilite la croissance du phytoplancton dans le lac.

INTRODUCTION

Phytoplankton can survive in a variety of aquatic environments, and the phytoplankton com-
munity is sensitive to environmental changes. In combination, these factors justify the impor-
tance of phytoplankton for tracking environmental changes in view of management issues
involving aquatic ecosystems. Numerous studies have addressed the factors that disrupt
the growth of phytoplankton, including abiotic (droughts and floods) and biotic factors (hu-
man pollution and grazing), and these studies have also estimated how ecosystems respond
to stressors (Hein et al., 1999; Riedler et al., 2006; Vanni and Temte, 1990). Hydrological
conditions, such as the water level, are the primary factors that affect phytoplankton, par-
ticularly in hydrologically variable environments. High levels of phytoplankton biomass have
been observed during periods of low water levels, when more light and nutrients are available
in temperate lakes (Nõges and Nõges, 1999; Nõges et al., 2003). Moreover, many studies
have addressed patterns of phytoplankton variation during dry and wet seasons, particu-
larly in floodplain ecosystems, rivers and estuaries, where the water level strongly affects the
ecosystem (Burford et al., 2012; Huang et al., 2004; Zeng et al., 2006; Zinabu, 2002).
Lake Poyang is the largest freshwater lake in China. It has a storage capacity of approxi-
mately 2.95×1010 m3 and is still connected to the Yangtze River in Hukou (Fu et al., 2003; Zhu
and Zhang, 1997). The lake has five principal tributaries, all of which flow into Lake Poyang.
The water level of Lake Poyang is determined by the discharge rates of the tributaries and by
the balance between the Yangtze River and the lake (Shankman et al., 2006; Zhu and Zhang,
1997). Because of its ample natural resources, Lake Poyang plays an important role in local
economic development and is subject to multiple stressors as a result of the human activities
and abiotic factors that influence the lake ecosystem.
The limnological characteristics of Lake Poyang are strongly seasonal. This seasonality is
related to differences in the water level during the dry, mid-dry and wet seasons. Although
previous research has addressed the effect of the water level on energy flows in Lake Poyang
(Wang et al., 2011), the patterns of variation in phytoplankton and the associated environ-
mental factors during the dry, mid-dry and wet seasons remain unclear. Indeed, such studies
will contribute to our knowledge of phytoplankton in river-connected and subtropical lakes. In
addition, Lake Poyang is closely linked to its tributaries. These tributaries provide water to the
lake and partly control the lake’s water level. In lakes that are linked to rivers, phytoplankton
can generally attain a biomass higher than that of the phytoplankton in the rivers (García de
Emiliani, 1997). However, in this complex lake-river ecosystem, the patterns of phytoplank-
ton variation involving Lake Poyang and its tributaries are not yet well known. A relatively
long-term dataset that includes phytoplankton chlorophyll a and physical-chemical and hy-
drological data from Lake Poyang and its tributaries may provide a basis for ecologically
significant comparisons between the two types of systems.
Accordingly, the objectives of this study are as follows: to (1) determine the patterns of varia-
tion in phytoplankton chlorophyll a and the associated environmental factors in Lake Poyang,
and (2) comparatively analyse phytoplankton chlorophyll a in the lake and its tributaries during
the dry, mid-dry and wet seasons and identify the key factors responsible for producing the
possible differences.
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MATERIALS AND METHODS

> STUDY AREA

Lake Poyang (28◦22′–29◦45′N, 115◦ 47′–116◦45′E) is located in Jiangxi Province in China in
the downstream portion of the Yangtze River (Figure 1). The area of the Lake Poyang basin
is 1.62×105 km2. The lake’s five principal tributaries are the Gang River, Fu River, Xin River, Xiu
River and Rao River, all flowing into the lake. The lake is approximately 4000 km2 in area during
the wet season and decreases tenfold in area during the dry season (Shankman et al., 2006;
Zhu and Zhang, 1997). The water level varies markedly between the dry and wet seasons,
depending on the balance between the Yangtze River and Lake Poyang. The local rainfall
also has an impact on the water level (Shankman et al., 2006; Wang, 2004; Zhu and Zhang,
1997). The rainy season normally begins in April in Jiangxi province. The discharge from the
tributaries increases from April to June, raising the water level of the lake. The discharge from
the tributaries then decreases from July to August as the water level in the Yangtze River
increases; this increase impedes the drawdown of Lake Poyang, and water may even flow
from the river into the lake. As a result, the highest water level occurs during this period (Zhu
and Zhang, 1997). The water level of the lake begins to decrease in September following the
drawdown of the Yangtze River, and the lowest water level in Lake Poyang usually occurs
in January. The variation in the mean water level during the year is shown in Figure 2. This
information is based on observations made at Duchang Hydrology Station (in the centre of
the lake) from 1955 to 2011. The mean water level was lowest in January (10.51 m) and
highest in July (17.68 m), decreasing to 15.94 m in October. The annual average water level
was 13.91 m.

> SAMPLE COLLECTION AND LAB ANALYSIS

Sampling was conducted during the wet season (July 2009–2012), the dry season (Jan-
uary 2009, 2010, 2011 and 2013), and the mid-dry season (October 2009–2012) at 24 sites
covering the lake and its main tributaries. Because of the intrinsic variation in the water level,
it is possible to sample the lake adequately with extensive coverage in the wet season. To
obtain more data on the entire lake, we added another sampling period in August 2011 cov-
ering 72 sites. This group of sites included the original sites. Furthermore, we added 61 sites
to the original 24 sites in July 2012.
Selected environmental parameters, including salinity, pH, water temperature (T ), dissolved
oxygen (DO), turbidity and electrical conductivity, were obtained using a Hydrolab DataSonde
5 sensor in situ. The water transparency was determined using a Secchi disk. The vertically
integrated water samples were collected with acid-cleaned 10-L plastic buckets and kept
cool and shaded prior to transport to the laboratory. Suspended solids (SS), chemical oxygen
demand (CODMn) and nutrient concentrations, namely, total nitrogen (TN), total phosphorus
(TP), dissolved total nitrogen (DTN), dissolved total phosphorus (DTP), ammonium (NH4), ni-
trite (NO2), nitrate (NO3) and orthophosphate (PO4), were analysed according to APHA (1998).
The chlorophyll a concentration (chl a) was measured according to Lorenzen (1967) with spec-
trophotometric measurements after extraction in hot 90% ethanol and was used as the mea-
sure of phytoplankton biomass in this study.
The water retention time (T ) is typically expressed mathematically as T = W/Q, where W =

the lake volume (m3) and Q = the hydraulic outflow rate (m3·s−1). Given the highly variable
hydrological conditions in Lake Poyang, we calculated T values for different seasons. Our
retention time calculations were based on long-term data, and W was calculated based on
the monthly averaged water level at the Duchang Hydrology Station from 1955 to 2011 and
on the curve of water level volumes in Lake Poyang. We collected the mean monthly value
of Q at Hukou, the site where water from Lake Poyang enters the Yangtze River, during the
same period. The T value in the wet season was defined as the mean T value in July and
August; the T values in the dry and mid-dry seasons were defined as the T values in January
and October, respectively.
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Figure 1
Location of Lake Poyang, its tributaries, and the sites included in this study: lake (•) and river (�) sites.

> DATA ANALYSIS

To detect relationships between phytoplankton chlorophyll a and environmental factors, the
chl a data were averaged by season in both the lake and its tributaries. These averages were
then compared with the corresponding average water transparency and SS concentration,
which were representative of the underwater light conditions and nutrient concentrations,
respectively. A notched box-whisker plot was used to illustrate the variation in chlorophyll a,
water transparency, SS and nutrients (TN, TP, DTN, DTP, NO2, NO3, NH4 and PO4) during
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Figure 2
Average (1955–2011) monthly variation in water level (based on Duchang Hydrology Station data) in Lake
Poyang and the hydraulic outflow rate, Q, from Lake Poyang to the Yangtze River.

the dry, mid-dry and wet seasons in the lake and the tributaries. Each vertical box shows
the middle 50% of the data. The notch shown with the box and the small square represent
the median and the mean, respectively. The whiskers show 1.5 times the interquartile range.
Outliers are marked on the plot.
All statistical analyses were performed using PAST software (Paleontological Statistics v2.15)
(Hammer et al., 2001), with the exception of Spearman’s correlation analysis, which was per-
formed using the statistical package SPSS for Windows (version 17.0). We employed non-
parametric statistics because the lack of parameter normality precluded parametric statisti-
cal testing. Significance analyses for environmental factors and chlorophyll a were performed
with Kruskal-Wallis nonparametric tests.

RESULTS

> VARIATION IN CHL A AND ENVIRONMENTAL PARAMETERS DURING
THE DRY AND MID-DRY SEASONS

The results of the overall environmental parameters of the lake and its tributaries are pre-
sented in Table I. During the dry season, the concentration of chl a varied over a narrow range
in the lake (0.60−15.92 µg·L−1). This range was almost the same as that observed in the tribu-
taries (0.20−11.72 µg·L−1) and was similar to the variation during the mid-dry season. The chl
a concentration did not differ significantly between the lake and the tributaries during the dry
(p = 0.4674) and mid-dry (p = 0.6116) seasons (Figure 3).
The average water transparency and SS concentration differed significantly between the lake
and its tributaries during the dry and mid-dry seasons. This result showed that the underwater
light conditions were higher in the tributaries than in the lake. In the lake area, the average wa-
ter transparency was almost the same during the dry and mid-dry seasons, 0.26 and 0.24 m,
respectively (Figure 4), and the SS concentration did not vary significantly.
All the mean nutrient concentrations in the lake decreased as the water level increased, with
the exception of NO3 and NO2 (Figure 5). Regardless of the season, the mean nutrient con-
centrations were all greater in the tributaries than in the lake during the same period, with the
exception of TN, NO2 and NO3 during the dry season.
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Table I
Environmental variables summarised as mean values and ranges for the lake and its tributaries, dur-
ing 2009–2013.

Variable Unit
Region

Lake Poyang The tributaries
Transparency m 0.49 (0.04–2.10) 0.46 (0.08–1.10)
SS mg·L−1 44.52 (0.80–517.00) 31.65 (2.67–199.20)
Turbidity NTU 61.43 (3.10–970.00) 42.53 (1.40–340.20)
Temperature ◦C 24.86 (3.37–33.90) 21.65 (4.52–33.28)
pH 7.99 (6.85–9.30) 7.81 (6.56–9.14)
Conductivity µS·cm−1 129.12 (56.10–780.00) 150.91 (51.80–497.50)
DO mg·L−1 7.60 (2.01–19.92) 8.22 (3.40–18.79)
Salinity 0.05 (0.01–0.23) 0.06 (0.00–0.20)
TN mg·L−1 1.49 (0.37–6.80) 1.82 (0.36–7.06)
TP mg·L−1 0.09 (0.02–0.90) 0.15 (0.01–1.42)
DTN mg·L−1 1.30 (0.19–2.61) 1.63 (0.24–6.45)
DTP mg·L−1 0.06 (0.00–0.50) 0.11 (0.00–1.30)
NO2 mg·L−1 0.03 (0.00–0.33) 0.06 (0.00–0.74)
NO3 mg·L−1 0.69 (0.01–1.91) 0.81 (0.11–3.97)
NH4 mg·L−1 0.21 (0.01–1.56) 0.55 (0.02–5.78)
PO4 mg·L−1 0.01 (0.00–0.18) 0.04 (0.00–0.38)
CODMn mg·L−1 3.02 (1.28–13.01) 2.81 (1.21–6.54)
Chlorophyll a µg·L−1 7.86 (0.60–34.37) 4.76 (0.20–20.31)

Figure 3
Variation in chl a concentrations between Lake Poyang and its tributaries during the dry, mid-dry and
wet seasons. Means shown with different letters (a, b, c) are significantly different (p < 0.05).

The water discharge from the lake to the Yangtze River was also recorded during the dry and
mid-dry seasons, with values of 1799 m3·s−1 and 3942 m3·s−1, respectively (Figure 2). The
water retention time changed markedly with the differences in the water levels, with values of
2.7 and 12.5 d during the dry and mid-dry seasons, respectively.

> VARIATION IN CHL A AND ENVIRONMENTAL PARAMETERS DURING
THE WET SEASON

The maximum chl a concentration in the lake, 34.37 µg·L−1, occurred during the wet season.
The mean chl a concentration (9.22 µg·L−1) was significantly greater than that in the other two
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Figure 4
Variation in water transparency and SS between Lake Poyang and its tributaries during the dry, mid-dry
and wet seasons. Means shown with different letters (a, b, c) are significantly different (p < 0.05).

seasons (Figure 3). During the wet season, the fluctuations in chl a were much wider in the
lake (1.29−34.37 µg·L−1) than in the tributaries (0.87−15.07 µg·L−1). The chl a concentration
was significantly (p < 0.0001) greater in the lake than in the tributaries during the wet season.
The water transparency in the lake during the wet season was significantly greater than that
during the other two seasons (p < 0.001), with a mean value of 0.61 m. The SS concentration
decreased significantly during the wet season (p < 0.01). The trends of variation in the water
transparency and SS in the tributaries were consistent with those in the lake (Figure 4). No
significant differences in water transparency or SS concentrations were found between the
tributaries and the lake during the wet season.
In the lake region, the nutrient concentrations (except that of NO2) were the lowest during the
wet season, a time when the water level was the highest (Figure 5). The same phenomenon
was also observed in the tributaries. The nutrient concentrations were all greater in the tribu-
taries than in the lake during the wet season.
The water discharge from the lake to the Yangtze River was 5406 m3·s−1 during the wet
season. The water retention time was 25.5 d in Lake Poyang during the wet season, more
than 2- and 9-fold greater than that during the mid-dry and dry seasons, respectively.

> CORRELATION OF CHL A WITH ENVIRONMENTAL FACTORS

A correlation analysis indicated that the chl a concentration was significantly positively cor-
related with water transparency and significantly negatively correlated with SS and nutrients
(TN, TP, DTN, DTP, NO2, NO3, NH4 and PO4) in the lake regardless of the season (Table II).
During the wet season, significant correlations were found between the chl a concentration
and water transparency, SS and several nutrient concentrations (TN, NO2, NO3 and PO4).
During the other seasons, the chl a concentration was not significantly correlated with the nu-
trient concentrations cited above except for TN and DTP in the dry season. In the tributaries,
no significant correlation was found between the chl a concentration and water transparency
and SS during the dry, mid-dry and wet seasons; an exception occurred during the wet sea-
son, when SS was negatively correlated with chl a. Few nutrient concentrations were found
to be correlated with chl a in the tributaries in all three seasons.
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Figure 5
Variation in nutrient concentrations (TN, TP, DTN, DTP, NO2, NO3, NH4 and PO4) in Lake Poyang and its
tributaries during the dry, mid-dry and wet seasons. Means shown with different letters (a, b, c, d, e, f)
are significantly different (p < 0.05).

DISCUSSION

Because of the lake’s particular limnological characteristics, namely, its connection to the
Yangtze River and its linkage to the tributaries, its water level varies widely during the dry,
mid-dry and wet seasons. The water level variation produces changes in environmental fac-
tors such as light availability, nutrient concentrations and water retention time. In turn, these
factors influenced phytoplankton growth in Lake Poyang and determined the differences be-
tween the lake and its tributaries.
Light: Light plays an important role in regulating phytoplankton growth because it provides
the energy required for photosynthesis (Harris, 1978; Reynolds, 1984). In temperate lakes,
relative to tropical lakes, light is more important than nutrients for restricting phytoplankton
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Table II
Spearman correlations for the relationships between chl a concentrations and transparency, SS and
nutrient concentrations (mg·L−1).

Lake Poyang The tributaries
Combined Dry Mid-dry Wet Combined Dry Mid-dry Wet

transparency 0.432** –0.193 0.204 0.301** 0.223* 0.128 0.296 0.221
SS –0.424** 0.163 –0.174 –0.260** –0.272** 0.108 –0.329 –0.427**
TN –0.334** 0.423** –0.124 –0.184* –0.207* –0.205 0.1 –0.065
TP –0.219** 0.198 –0.032 –0.066 –0.1 –0.164 0.212 –0.219
DTN –0.202** –0.256 –0.243 –0.044 –0.17 –0.409* 0.088 –0.042
DTP –0.159* –0.470* –0.131 –0.024 –0.178 –0.677** 0.278 –0.22
NO2 –0.209** 0.047 –0.038 –0.281** 0.206* –0.025 0.410* –0.074
NO3 –0.317** –0.094 –0.304 –0.344** –0.136 0.195 –0.045 –0.077
NH4 –0.337** –0.141 0.297 –0.145 –0.278** –0.046 0.251 –0.195
PO4 –0.348** –0.285 –0.058 –0.195* –0.177 –0.316 0.339 –0.167

*p < 0.05; ** p < 0.01.

growth (Lewis, 1987). Furthermore, because the turbidity resulting from suspended particles
affects light transmission and changes the light spectrum (Dokulil, 1984), the phytoplankton
community is frequently limited by light in turbid ecosystems (Dokulil and Padisak, 1994; Lind
et al., 1992). Lake Poyang is a turbid lake, and light availability is known to be the principal
limiting factor in regulating phytoplankton growth in the lake (Wu et al., 2013). A correlation
analysis showed that the chl a concentration was significantly correlated with the underwater
light indicators (water transparency and SS). This result is consistent with the findings of Wu
et al. (2013).

The underwater light level was significantly higher during the wet season than during the dry
and mid-dry seasons. Water mixing and sediment resuspension appear to be the principal
processes affecting water transparency and SS in Lake Poyang. Zhu and Zhang (1997) noted
that the water flow rate was high during the dry season. Because the highest water levels of
the Yangtze River and Lake Poyang both occurred during the wet season, the overall water
flow rate of Lake Poyang decreased, reducing the degree of water mixing and causing the
suspended sediment to settle. In turn, these changes increased the underwater light condi-
tions and contributed to the peak value of chl a in the wet season in Lake Poyang.

Nutrients: As basic chemical elements, nitrogen and phosphorus have been shown to affect
phytoplankton growth (Reynolds, 1984; Xu et al., 2010). Increasing nutrient inputs drive the
rapid growth of phytoplankton and cause serious eutrophication problems, particularly the
appearance of harmful algal blooms, in various ecosystems (Chen et al., 2003; Moss et al.,
1996). In Lake Poyang, almost all the nutrient concentrations decreased as the water level
increased, reaching their lowest values during the wet season, in contrast to the trend shown
by the phytoplankton. Two factors may explain this difference. First, the lake volume increased
as the water level increased, and it is probable that the concentrations of nutrients decreased
due to dilution. Second, Lake Poyang primarily receives water from its tributaries, but the
concentrations of nutrients (TN, DTN, DTP, NH4 and PO4) in the tributaries decreased from
the dry season to the wet season, and TP and NO3 also reached their lowest values during
the wet season.

Few significant correlations between chl a and the nutrient concentrations were found in the
lake, especially in the dry and mid-dry seasons. Regardless of the season, these correlations
were all negative in the lake. These findings appear to indicate that nutrients were relatively
less important as determinants of phytoplankton production in Lake Poyang. However, ac-
cording to Wu et al. (2013), the annual trends in phytoplankton chlorophyll a were associ-
ated with nutrient concentrations, which increased yearly and initiated the growth of phyto-
plankton. In general, the variations in nutrient concentrations during the dry, mid-dry and wet
seasons depended on the water level. This dependence masked the effects of nutrients on
phytoplankton production.
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Water retention time: The water retention time is a crucial factor affecting algal growth, par-
ticularly in river systems, which frequently have water retention times of only a few days (Moss
et al., 1989; Reynolds, 1994; Straskraba, 1999; Vollenweider, 1976). In general, a longer wa-
ter retention time will benefit phytoplankton (García de Emiliani, 1997; Søballe and Kimmel,
1987). The water retention time of Lake Poyang is relatively low, approximately 10 days (Zhu
and Zhang, 1997), a value that is considerably less than those of two other large freshwater
lakes in China, Lake Taihu and Lake Chaohu, with retention times of 264 and 127 d, respec-
tively (Jin et al., 1990). Furthermore, the water retention time varies among seasons in Lake
Poyang, with low values in the dry (2.7 d) and mid-dry (12.5 d) seasons but a comparatively
high value in the wet season (25.5 d). We found a mean water retention time of 13.6 d, con-
sistent with the value of 10 d found by Zhu and Zhang (1997). As stated above, water can
flow freely from Lake Poyang into the Yangtze River during the dry and mid-dry seasons,
resulting in a short water retention time. However, the water level is in balance between the
Yangtze River and the lake during the wet season, and water may even flow from the Yangtze
River into the lake. As a result, the retention time is relatively greater and can be expected to
facilitate the growth of phytoplankton (Sullivan et al., 2001).
Water retention time also plays an important role in determining the difference in phytoplank-
ton chl a between Lake Poyang and its tributaries. Our study found that the phytoplankton
chl a in the lake was significantly greater than that in its tributaries during the wet season.
In contrast, no significant difference in phytoplankton chl a was observed between the two
ecosystems during the dry and mid-dry seasons. Light availability and nutrients cannot ex-
plain this inconsistency. The underwater light conditions were significantly higher in the trib-
utaries than in the lake during the dry and mid-dry seasons and almost the same during the
wet season; almost all the nutrient concentrations were higher in the tributaries in all seasons.
Fewer significant correlations were found between the chl a concentrations and physical and
chemical factors in the lake during the dry and mid-dry seasons than during the wet season;
there were also a few significant correlations in the tributaries during all three seasons. These
results may indicate that phytoplankton growth was not strongly influenced by light and nutri-
ents in the lake during the dry and mid-dry seasons, and in the tributaries. Other studies have
found that hydrology, such as water retention time, determines phytoplankton development
in rapidly flushed ecosystems (Hein et al., 1999; Søballe and Kimmel, 1987; Zeng et al., 2006).
Therefore, we hypothesised that hydrological conditions, specifically the retention time, rep-
resented the principal factor controlling phytoplankton growth in both the lake during the dry
and mid-dry seasons and the tributaries during all three seasons. Water retention time is a
useful indicator of the similarities and differences among aquatic ecosystems (Søballe and
Kimmel, 1987). As stated above, the water retention time of Lake Poyang changed markedly
over the seasons. However, it is difficult to calculate a retention time for the tributaries; nev-
ertheless, that time is obviously brief, perhaps a few days, in view of the results of previous
studies in other regions (Søballe and Kimmel, 1987) and our judgement and experience in the
basin of Lake Poyang. Because of short retention times during the dry and mid-dry seasons,
insufficient time is available for the phytoplankton populations to increase, and no differences
develop between the lake and its tributaries. In contrast, the longer retention time of the lake
during the wet season results in a significantly higher accumulation of phytoplankton in the
lake. This finding is consistent with the results of previous studies in similar ecosystems (Gar-
cía de Emiliani, 1990; García de Emiliani, 1997).

> COMPARISONS WITH OTHER AREAS

Many studies have addressed variations in phytoplankton occurring between the dry and wet
seasons. Water level variation changes the chemical characteristics of the water in the lake
ecosystem (Pęczuła and Szczurowska, 2013). Zinabu (2002) noted that certain lakes show
greater chl a concentrations due to higher nutrient concentrations during the wet season,
whereas other turbid and less productive lakes are light-limited, most likely producing higher
chl a concentrations during the dry season. Similar to Lake Poyang, Lake Montiel and Lake
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El Tigre are connected to a river (the Parana River) during the period of rising river levels.
Izaguirre et al. (2001) found that poor light availability was associated with low water levels in
Lake Montiel. This combination of factors limited algal growth. In Lake El Tigre, water trans-
parency was also significantly and positively correlated with lake depth (García de Emiliani,
1997). In another large Yangtze-connected lake, Lake Dongting, few studies have been con-
ducted on the effect of water level on phytoplankton growth, and comparisons of these two
ecosystems are not available. In Lake Poyang, we found that high phytoplankton chlorophyll
a was observed during the wet season due to greater light availability and relatively longer
water retention time.
Differences in phytoplankton between rivers and lakes are also of interest to ecologists.
Søballe and Kimmel (1987) compared a large number of rivers, lakes and river impound-
ments and suggested that algal abundance increased with residence time. In Lake El Tigre,
phytoplankton biomass was higher in the lake than in the river (García de Emiliani 1997). The
water retention time was shown to be the crucial factor determining the difference between
lakes and rivers regardless of whether they were linked. In Lake Poyang, the substantial vari-
ations in the water level not only affect the underwater light conditions and nutrients but also
change the water retention time seasonally. The various water retention times in Lake Poyang
determine the combined limnological characteristics of the lake and the river and, most likely,
cause the differences between the lake and its tributaries. In summary, light availability and
water retention time are the main variables controlling the chl a concentration in Lake Poyang.
The water level should become the indicator of phytoplankton growth, which is important for
management of the lake. If the water level is continuously high, certain ecological problems,
such as algal blooms, may occur.
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