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To investigate longitudinal patterns of phytoplankton distribution influenced by reservoir operation,
weekly surveys were carried out in the mainstream of the Yangtze River and Xiangxi Bay of the TGR from
February, 2008 to February, 2009. Using cluster analysis based on chlorophyll a, transparency, and
relative water column stability, the longitudinal patterns in different water level fluctuations periods
were identified. The mainstream zone, lacustrine zone, transitional zone and riverine zone could be
successively distinguished from the mouth to the end of Xiangxi bay, but distinct differences existed in
different periods, including the location and extent of each zone. In Periods I (spring) and II (summer and
early autumn, flood season), the mainstream zone was relatively short, while in Periods III and IV
(autumn and winter seasons), it became longer. At the end of Xiangxi Bay, it presented characteristics of
a transitional zone in Periods I, III, and IV, while in Period II it could be recognized as the riverine zone.
The correlations among chlorophyll a, transparency, and relative water column stability differed from the
Yangtze River to longitudinal zones of Xiangxi Bay, influenced by various features of these regions.

� 2010 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

In reservoirs, the spatial and temporal heterogeneity of limno-
logical characteristics influences the ecological structure and func-
tioning of these ecosystems fundamentally (Nogueira et al., 1999).
The temporal variations of aquatic ecosystems in tropical and
subtropical areas are induced by the seasonal pattern of precipita-
tion andwindaction (Nogueira et al.,1999). Alongwith the transport
and sedimentation of influent materials, the important hydrody-
namic characteristics dominating the reservoirs’ spatial distribution
such as river inputs, advective flow regimes, and regulated outflow
provide a physical setting that fosters the establishment of physical,
chemical, and biological longitudinal spatial gradient from head-
waters to dam in the main axis of the reservoir (James et al., 1987).
The physical and chemical gradients imposed by a river flow is
a typical feature in deep valley reservoirs (Va�sek et al., 2004),
whereas the advective flow regimes and regulated outflow are
obviously under the impact of reservoir operation. The reservoir
operation distinguishes the reservoir from other natural aquatic
systems, intended to guide real-time operationmanagement so that
nd INQUA. All rights reserved.
the releases made are in the best interests of the system’s objective
consistent with certain inflow and existing storage levels
(Malekmohammadi et al., 2009). The setting conditions changed by
reservoir operation, together with natural forces, cause the hetero-
geneous distribution of the organisms in the environment (Zanata
and Espíndola, 2002). The water level fluctuations are inevitably
brought about by reservoir operation, affecting plankton biomass
and species composition (Naselli-Flores and Barone, 1997; Donagh
et al., 2009).

In large river systems, the complicated interactions among
channel geomorphology, nutrients, water retention time, light avail-
ability, and herbivores affect the longitudinal pattern of planktonic
communities (Sabateret al., 2008). The responsesofphytoplankton to
physical and chemical factors in the surrounding environment affect
the structure and function of the entire planktonic community (Buri�c
et al., 2007). The longitudinal pattern of phytoplankton is more
complex because the dynamics of phytoplankton are altered by
humanactivities andhydrologicaldynamicsof the reservoirwhenthe
systems are highly regulated (Sabater et al., 2008).

The prevailing theory of reservoir longitudinal zonation focuses
on the main axis of reservoir, i.e., three longitudinal zones can be
distinguished in a typical reservoir: riverine zone, transitional zone
and lacustrine zone in the direction of inflow (Stra�skraba and
Tundisi, 1999; Wetzel, 2001). However, longitudinal zonation in
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reservoir bays is poorly documented (Shao et al., 2010). The tribu-
tary bay has smaller annual discharge and catchment area
compared to the mainstream of reservoir, so the chlorophyll
a concentration is higher, indicating the higher frequency of algal
bloom and level of eutrophication (Cai and Hu, 2006). So, research
of longitudinal patterns of phytoplankton distribution in tributary
bays is of great theoretical and practical importance for reservoir
operation and management. There is no dam in a tributary bay, so
a typical bay contains one more zones than a reservoir (Shao et al.,
2010). This newly distinguished zone lying along the mouth stretch
of a tributary bay is disturbed by the reservoir mainstream and
named as a mainstream zone by Shao et al. (2010). In a bay under
the influence of reservoir water level fluctuations, rising water level
in the reservoir may cause longer retention time of water in the bay,
higher phytoplankton biomass in the upper parts of the bay and
a stronger influence of the mainstream on the lower part of the bay.
Nevertheless, studies of longitudinal patterns of phytoplankton
distribution in such tributary bays are still scarce in China.

The Three Gorges Reservoir (TGR) is a warm monomictic, typi-
cally subtropical canyon-shaped reservoir in China. As it is the
largest hydropower project in the world, TGR is a highly dynamic
Fig. 1. Location of the sampling sites in the mains
ecosystem due to the enormous water level fluctuations from
human operation. Until now no study about the characteristics of
phytoplankton longitudinal distribution in tributary bays of the
TGR has been reported. The present study aims to examine the
following hypotheses: (1) longitudinal zonation exists in a reservoir
bay, and there is one more mainstream zone than the prevailing
theory; (2) the location and extent of each zone varies in different
water level fluctuations periods; (3) the correlations among chlo-
rophyll a, transparency and relative water column stability are
different between the Yangtze River and longitudinal zones of
Xiangxi Bay. Firstly, spatial zones were distinguished for different
water level fluctuations periods based on the similarity analysis of
sampling sites, and then the temporal variations and numerical
relationships of the characteristic parameters for different zones
were analyzed, to recognize the different responses of phyto-
plankton longitudinal patterns to the reservoir operation.

2. Investigation area, data and methods

The Three Gorges Reservoir (TGR) is located at 29�160e31�250 N,
106�e110�500 E (Huang et al., 2006), with a subtropical monsoon
tream of the Yangtze River and Xiangxi Bay.
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climate prevailing (Jiang et al., 2006), and average annual rainfall of
1000e1300mm.Whenfinally completed, TGRwill have awater level
of 175 m and a surface area of 1080 km2, with a capacity of
3.93� 1010 m3 (Huang et al., 2006). There are 40 large reservoir bays
formed, and the total area of these bays accounts for 1/3 of thewhole
surface area of the TGR (Cai and Hu, 2006; Huang et al., 2006). The
water level regime of TGR has varied drastically since the first
experimental storage in 2008,with the highestwater level of 172.8m
on November 10, 2008, and the lowest of 144.7 m on June 9, 2008.

The Xiangxi River is the largest tributary of the TGR in Hubei
Province, with a length of 94 km in the mainstream and a water-
shed area of 3099 km2, located 38 km upstream of the Three Gorges
Dam. The lower 20e40 km stretch of the river flows slowly, similar
to a natural lake, after the impoundment of TGR, and it is nowcalled
Xiangxi Bay, where many aspects in this ecosystem have been
studied (Han et al., 2006; Shao et al., 2006; Ye et al., 2006; Zhou
et al., 2006). In the present study, one sampling site (CJ04) was
set up in the mainstream of the Yangtze River, just upstream from
the mouth stretch (XX00) of Xiangxi Bay. Simultaneously, several
sites along the longitudinal axis of Xiangxi Baywere surveyed, from
XX00 to the last site located very near the end of the bay, depending
on thewater level of the TGR. XX15was reached only once in all the
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Fig. 2. Water level fluctuation (top), inflow discharge (middle)
surveys, so it was excluded in the following data analysis. The map
of sampling sites is shown in Fig. 1.

Weekly surveys were performed from February 23, 2008 to
February 20, 2009. Water samples were collected at a depth of
0.5 m beneath the water surface using a 5-L Van Dorn sampler. The
chlorophyll a concentrations were determined with a spectropho-
tometer according to the standard method of APHA (1999). The
value of Secchi depth was determined with a 20-cm Secchi disc.
Vertical profiles of water temperature were recorded with Envi-
ronmental Monitoring Systems (YSI Model 6600EDS, Yellow
Springs).

Multivariate statistical techniques have been widely applied in
environment researches for characterizing and evaluating the
surface and freshwater quality (Boyacioglu and Boyacioglu, 2007;
Shrestha and Kazama, 2007; Iscen et al., 2008; Sojka et al., 2008),
and are useful in verifying temporal and spatial variations caused
by natural and anthropogenic factors (Singh et al., 2004; Shrestha
and Kazama, 2007). Cluster analysis is an unsupervised pattern
recognition method, which makes it possible to detect similarities
or dissimilarities within a large group of objects characterized by
a number of variables (Li et al., 2007a; Zhou et al., 2007), and is an
ideal technique for classifying the types of samples according to
A S O N D J F M

A S O N D J F M

A S O N D J F M

of the TGR and the precipitation of Xiangxi Bay (bottom).
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their sampling time and sites (Ismail and Ramadan, 1995). It
assembles objects based on the characteristics they possess
(Boyacioglu and Boyacioglu, 2007; Iscen et al., 2008), and the
resulting clusters of objects exhibit high internal (within-cluster)
homogeneity and high external (between cluster) heterogeneity
(Shrestha and Kazama, 2007). Hierarchical agglomerative clus-
tering is the most common approach, which provides intuitive
similarity relationships between any one sample and the entire
data set, and is typically illustrated by a dendrogram (tree diagram)
(McKenna, 2003). In this study, hierarchical agglomerative cluster
analysis was performed on the standardized data using Ward’s
method (Ryberg, 2006; Zhou et al., 2007; Sojka et al., 2008), and
with Euclidean distance as a measure of similarity (Panda et al.,
2006). The monitored parameters for cluster analysis covered
chlorophyll a, transparency and relative water column stability. The
cluster analysis was performed using the software Statistica 6.0.

Chlorophyll a (Chla) is the most common substitute for phyto-
plankton biomass, and a good indicator for algal blooms (Phillips
et al., 2008; Xu et al., 2009). Transparency is one of the core vari-
ables recommended for the detection and monitoring of aquatic
ecosystem changes (Tegler et al., 2001), and is used as a first spot-
check of eutrophication (Tilzer, 1988). Transparency, most
commonly measured with a Secchi depth (Sd), is a simple measure
of the concentration of light attenuating factors in the waterbody,
such as phytoplankton cells, inorganic suspended solids and color
dissolved organic matter (Borkman and Smayda, 1998; Morrison
et al., 2006; Swift et al., 2006). Relative water column stability
(RWCS) reflected the thermal stratification conditions of waterbody
by the density differences in the water column (Padisák et al.,
2003). The dimensionless parameter relative water column
stability was calculated by comparing the density gradient of the
whole water column to the density difference between 4 �C and
5 �C pure water using the following formula (Padisák et al., 2003):

RWCS ¼ Db � Ds

D4 � D5
;

where Db, Ds, D4, and D5 are the density of the bottom waters, the
density of the surface water, and the densities of water at 4 �C and
5 �C, respectively. In this study, the depth of 1 mwas considered as
“surface”, the depth of 10 m was considered as “bottom” when
water depth of sampling sitewas bigger than 10m, and the greatest
depth was considered as “bottom” when water depth of sampling
site was smaller than 10 m.

The data of water level and inflow discharge of the TGR were
obtained from the China Three Gorges Corporation. The precipita-
tion data was provided by the Weather Station of Xingshan County.
The capacity of the TGR and Xiangxi Bay in the given water level
was obtained from Huang et al. (2006). The residence time for each
period was calculated as (modified from George and Hurley, 2003):

s ¼ V
Q
;

where s is water residence time for each period, V is the average
volume, and Q is the average inflow discharge for each period.

The ManneWhitney U test was employed on hydrodynamic
parameters between different water level periods. Differences
between the conditions of different zones in each period were
tested for three parameters (chlorophyll a, transparency and rela-
tive water column stability) with Wilcoxon Signed Ranks Test. The
regression equation Log(Sd) ¼ a0 þ a � Log(Chla) was used to
examine the relationship between transparency and chlorophyll a,
and the equation Chla ¼ a0 þ a � RWCS was used to determine the
relationship between chlorophyll a and relative water column
stability. They were all performed using the software SPSS 16.0.
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3. Results and discussion

3.1. Water level fluctuations, inflow discharge, reservoir storage
capacity, and residence time

Water level fluctuations of TGR from February 2008 to February
2009 are shown in Fig. 2. The lowest water level is near the flood
control level (145 m) from June to September, ascends rapidly from
October to November, and gradually falls in other months. Four
different periods were distinguished according to water level vari-
ations of TGR (Table 1): Period I (February 23eJune5, 2008), Period II
(June 6eSeptember 28, 2008), Period III (September 29eNovember
11, 2008), and Period IV (November 12, 2008eFebruary 23, 2009).
The hydrodynamic parameters of the 4 periodswere shown inTable
1. It was spring in Period I when thewater level began at themedian
water level and then fell to the lowest water level rapidly, with an
average fall of 0.07mper day over thewhole period, and average fall
of 0.24mperday fromApril 27 toMay27 in 2008. Period IIwas in the
flood season (summer to early autumn) when the water level
remained lowest, with the variation range not more than 1.2 m. The
water levelwent upmost rapidly in Period III, with an average rise of
0.60m per day for the entire period. The average fall was 1.24m per
day from September 29 to October 6, and 0.92 m per day from
October 17 to November 5, 2008. It fell slowly in Period IV, with an
average fall of 0.06 m per day.

The inflow discharge of TGR was 8066.8, 23124.3, 18582.8 and
6318.1 m3/s for the respective periods (Table 1). It often rained in
summer, and thewinterwas lowwater season inXiangxi catchment,
according to observations of the Weather Station of Xingshan
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Fig. 3. Cluster dendrogram of the sam
County andHydrological Station of Xiangxi River from1999 to 2006,
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Xiangxi catchment (Li et al., 2007b). The precipitation of Xiangxi Bay
was shown in Fig. 2. The estimated inflow charge of Xiangxi was
36.06, 63.22, 34.20 and 9.60m3/s, respectively (Table 1). In both the
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maximal residence time. Additionally, the inflow discharge of the
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the residence time in the Yangtze River was shorter (Table 1).

3.2. Longitudinal distribution of phytoplankton based on
chlorophyll a, transparency and relative water column stability

Cluster analysis was performed for sampling sites in the main-
stream of the Yangtze River and longitudinal axis of Xiangxi Bay in
four different water level variation periods based on chlorophyll a,
transparency and relative water column stability (Fig. 3). The
results of cluster analysis were as follows.
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zone, characteristics become more similar to lake ecosystems, i.e.,
the lacustrine zone often stratifies thermally and assumes many of
the properties of natural lakes in regard to planktonic production,
limitations by nutrients, sedimentation of organic matter, and
decomposition in the hypolimnion (Wetzel, 2001). The values of
chlorophyll a, transparency and the relatively water column
stability ascended in the zone of XX01eXX05, which could be
considered as the lacustrine zone (coded as LZ). The transitional
zone functions as an intermediate riverelake ecosystem
(Matsumura-Tundisi and Tundisi, 2005), with increasing photo-
synthetic productivity (Wetzel, 2001). The zone from XX06 to XX11
had high values of chlorophyll a and low transparency, and high
values of relative water column stability quite different from the
riverine zone, so it could possess the characteristics of the transi-
tional zone (coded as TZ).

The sampling sites in Period II could be divided into 5 groups.
The first group was CJ04, the second group was XX00eXX01, the
third group was XX02eXX06, the fourth group was XX07eXX09,
and the last group was XX10eXX11. Group XX00eXX01 could be
regarded as the mainstream zone. The chlorophyll a concentration,
transparency and relative water column stability were relatively
high in XX02eXX06, termed the lacustrine zone. Group
XX07eXX09 could be regarded as the transitional zone, with the
highest values of chlorophyll a concentration and relative water
column stability. The zone of XX10eXX11 was located near the end
of the bay, with much lower values of chlorophyll a concentration
and relative water column stability, designated the riverine zone
(RZ). Wetzel (2001) pointed out that high particulate turbidity
commonly reduces light penetration and limits primary production
within the water of the riverine zone. The low value of chlorophyll
a in the riverine zone was presumed to be related to the inflow
discharge of upstream, accordant with some related studies. The
freshwater discharge had important effects on the longitudinal
distribution of chlorophyll a concentrations in the Neuse River
Estuary-Pamlico Sound system, USA, for example, the elevated
runoff during relatively high rainfall months prevented accumu-
lation of chlorophyll a in the upper regions (Paerl et al., 2007). In
the eutrophic Taw Estuary, SW England, the algal bloom dynamics
were regulated by two important factors, ammonia inhibition and
the flow regime of the River Taw, and the influence of the River Taw
was strongest in the upper reaches of the estuary (Maier et al.,
2009). In Xiangxi Bay, the riverine zone could only be sampled in
Period II of 4 water level periods, indicating a relationship to high
inflow from the upper area in the flood season.

The sampling sites inPeriod III couldbedivided into4groups. The
first group was CJ04, the second group was XX00eXX05, the third
group was XX06eXX09, and the fourth group was XX10eXX11.
Group XX00eXX05 could be regarded as the mainstream zone.
Group XX06eXX09 could be regarded as the lacustrine zone. Group
XX10eXX11 could be regarded as the transitional zone.

The sampling sites in Period IV could be divided into 4 groups.
The first group was CJ04, the second group was XX00eXX07, the
thirdgroupwasXX08eXX11, and the fourth groupwasXX12eXX14.
Group XX00eXX07 could be regarded as the mainstream zone.
Group XX08eXX11 could be regarded as the lacustrine zone. Group
XX12eXX14 could be regarded as the transitional zone.

Mean value, standard deviation and the variation range of each
parameter for different zones were listed in Table 2. The compari-
sons among the 4 periods suggested that there was one more zone
(the riverine zone) in Period II than the other periods. Along the
longitudinal direction of Xiangxi Bay, the zone near the end of
Xiangxi Baywas the transitional zone in Periods I, III and IV,with the
relatively high values of chlorophyll a concentration and relative
water column stability, revealing good conditions of thermal strat-
ification. However, it took on the riverine features related to flood



Fig. 4. Temporal variations of mean Chla (chlorophyll a), Sd (transparency) and RWCS (relative water column stability) in different zones. MS: the mainstream of the Yangtze River;
MZ: the mainstream zone; LZ: the lacustrine zone; TZ: the transitional zone; RZ: the riverine zone.
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season near the end of the bay in Period II, with lower values of
chlorophyll a concentration and relativewater column stability. The
scale of the mainstream zone was enlarged from XX00 (or
XX00eXX01) in Period I (or Period II) to XX00eXX05 in Period III
and XX00eXX07 in Period IV, indicating that the range of influ-
encing regions due to the jacking of the mainstream of the TGR
became larger following the risingwater level of TGR, and the region
near the end of Xiangxi Bay had the highest phytoplankton biomass.



Table 4
Relationships between Chla (chlorophyll a) and RWCS (relative water column
stability), expressed as Chla ¼ a0 þ a � RWCS.

a0 a R2 p

MS 1.080 0.719 0.436 <0.001
MZ 4.775 0.552 0.206 0.001
LZ 7.301 0.438 0.070 0.056
TZ 15.008 0.175 0.118 0.012
RZ 1.089 0.359 0.989 <0.001

MS: the mainstream of the Yangtze River; MZ: the mainstream zone; LZ: the
lacustrine zone; TZ: the transitional zone; RZ: the riverine zone.
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In general, there were distinct longitudinal distributions under
different water level regimes, i.e., the mainstream zone, lacustrine
zone, transitional zone and riverine zone, successively from mouth
stretch to the end of Xiangxi Bay (riverine zone only detected in
Period II), but the differences existed among the longitudinal zones
of Xiangxi Bay. Stra�skraba and Tundisi (1999) expounded that the
size of a horizontal zone varies in each individual reservoir, and
depends upon morphometry, retention time, thermal stratification,
season, and geographical location. Meanwhile, the hydrodynamic
conditions cause horizontal variability in most reservoirs. For
instance, in Jurumirim, a large tropical reservoir of Brazil with
remarkable spatial gradients, the spatial patter is not static, i.e., it
becomes more defined during the dry season and less evident
during the rainy period (Nogueira et al., 1999). It can be assumed
that water level regime, inflow and outflow have complex inter-
actions to the longitudinal patterns of phytoplankton distribution
in Xiangxi Bay. Additionally, the differences between the main-
stream of the Yangtze River and the longitudinal zones of Xiangxi
Bay can be regarded as the interactions between them, under the
influence of water level fluctuations in the reservoir.

3.3. Temporal variations of chlorophyll a, transparency, and relative
water column stability in the mainstream of the Yangtze River and
longitudinal zones of Xiangxi Bay

Temporal variations of average chlorophyll a, transparency, and
relative water column stability of every group in the mainstream of
the Yangtze River and longitudinal zones of Xiangxi Bay are displayed
in Fig. 4. As a whole, the levels of chlorophyll a concentration in
Periods III and IVwere lower than those in Periods I and II. In contrast
toXiangxi Bay, themainstreamof theYangtze River retainedvery low
values of chlorophyll a. In Xiangxi Bay, the transitional zone had the
highest value of chlorophyll a inmost times of the investigation year.
It was very similar to relative water column stability variations: the
mainstream of the Yangtze River was totally mixed, with the lowest
relative water column stability values. In Xiangxi Bay, relative water
column stability reached high values in Period II (flood season),
implying strong stratification, but nevertheless the strongest mixed
period was Period IV. In the spatial distribution, the highest relative
water column stability appeared in the transitional zone, implying
mostly stable stratified status. The temporal variations of trans-
parency had a decreasing trend and then ascended both in the
mainstream of the Yangtze River and Xiangxi Bay. The transitional
zone reached the lowest transparency in Period I, linked to phyto-
planktongrowth in spring. The transparencyof themainstreamof the
Yangtze River in Periods II and III was lower than in Xiangxi Bay,
mostly due to the large inflow discharge to the Yangtze River in the
flood season. Seasonal dynamics of transparency were very well
explained by inflow discharges in the mainstream of the Yangtze
River, but not in Xiangxi Bay (Xu et al., 2010). In Period IV, trans-
parency was lower in Xiangxi Bay than in the mainstream of the
Yangtze River, implying phytoplankton development in Xiangxi bay.
Table 3
Relationships between Sd (transparency) and Chla (chlorophyll a), expressed as
Log(Sd) ¼ a0 þ a � Log(Chla).

a0 a R2 p

MS 2.063 0.185 0.070 0.055
MZ 2.190 �0.031 0.009 0.505
LZ 2.359 �0.168 0.198 0.001
TZ 2.313 �0.236 0.127 0.009
RZ 1.789 0.067 0.045 0.446

MS: the mainstream of the Yangtze River; MZ: the mainstream zone; LZ: the
lacustrine zone; TZ: the transitional zone; RZ: the riverine zone.
3.4. Relationships among chlorophyll a, transparency, and relative
water column stability in the mainstream of the Yangtze River and
longitudinal zones of Xiangxi Bay

The relationships among chlorophyll a, transparency, and rela-
tive water column stability in the mainstream of the Yangtze River
and longitudinal zones of Xiangxi Baywere exhibited inTables 3 and
4. Good correlation relationships between log-transformed trans-
parency and chlorophyll awere detected in the lacustrine zone and
the transitional zone of Xiangxi Bay, indicating high influence of
chlorophyll a concentration onwater transparency, and co-variation
of phytoplankton and other suspended particles. In the mainstream
of the Yangtze River and the riverine zone of Xiangxi Bay, the rela-
tionships might be affected by the inflow discharge, rainfall and
other factors, and themainstreamzoneofXiangxi baywas under the
influence of the mainstream of the Yangtze River, so inorganic sus-
pendedmattermight becomeamore important parameter affecting
the transparency variations in these regions.

In the mainstream of the Yangtze River, there were good
correlation relationships between chlorophyll a and relative water
column stability (R2 ¼ 0.436, p < 0.001). In the upper reach
(riverine zone) and the downstream (mainstream zone) of Xiangxi
Bay, high correlation could be also detected (R2 ¼ 0.989, p < 0.001
and R2 ¼ 0.206, p ¼ 0.001, respectively), but not in the middle part
of the bay including the lacustrine zone and the transitional zone.
Variations in composition, abundance, and biomass of the phyto-
plankton community are largely due to changes in water column
stability, which is significantly influenced by meteorological factors
such as rainfall, wind and temperature (da Silva et al., 2005). In
Xiangxi Bay, the relative water column stability was influenced by
the additional factors such as water level fluctuations and inflow
and outflow of the reservoir. In the inflow and outflow regions of
Xiangxi Bay, the values of chlorophyll a concentration were sensi-
tive to the changes of water column stratification conditions, where
it could be suitable for forecasting the chlorophyll a variations by
the changes of relative water column stability.

4. Conclusion

Characteristics of phytoplankton longitudinal distribution in the
mainstream of the Yangtze River and Xiangxi Bay in different water
level fluctuations periods were studied before and after the first
experimental storage of the Three Gorges Reservoir in 2008.
Longitudinal zones including the mainstream zone, the lacustrine
zone, the transitional zone, and the riverine zone (only in Period II)
were distinguished towards the inflow of Xiangxi Bay, according to
the traditional longitudinal zonation as well as the new “main-
stream zone” proposed by Shao et al. (2010). The length of the
mainstream zone was quite short when the water level declined
gradually in spring (FebruaryeMay) and fluctuated gently in the
flood season (summer and early autumn, i.e., JuneeSeptember). In
contrast, themainstreamzone becamemuch longerwhen thewater
level ascended quickly and then fell down slowly in autumn and
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winter (October to the next February). There was one more zone e

the riverine zonee in theflood season than the other periods, and in
the other periods the end of Xiangxi Bay could be recognized as
a transitional zone. The correlation relationships among chlorophyll
a, transparency and relative water column stability were quite
different between the Yangtze River and longitudinal zones of
Xiangxi Bay. There were good correlation relationships between
chlorophyll a and relative water column stability in the mainstream
of the Yangtze River. In Xiangxi Bay, good correlation relationships
between log-transformed transparency and chlorophyll a were
found in the lacustrine zone and the transitional zone. There was
a high correlation between chlorophyll a and relative water column
stability in the inflow and outflow regions of Xiangxi Bay, implying
favorable applicability of forecasting chlorophyll a variations by
relative water column stability in these regions.
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