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Abstract: The saucer-shaped depressions located at the river deltas of Poyang Lake are typical
floodplain shallow sub-lakes subject to river-lake connection or isolation. The hydrological
connectivity between these depressions and the main lake has a major influence on the hydrologic
function and ecological integrity of the lake-floodplain and associated wetland habitats. This study
explored the water level fluctuations and water exchange processes between the Poyang Lake
and three typical saucer-shaped depressions, using a 30-min temporal resolution of water level
observations during 2015–2016. Our results showed that the water level correlation and hydrological
connectivity between the main lake and its depressions displayed a strong seasonal and spatial
signal. Temporally, the rainfall significantly influences the seasonality and frequency of water level
fluctuations both in the main lake and the depressions. The correlation coefficient of the water
level ordered from high to low occurred during the high-water period, the rising-water period, the
falling-water period and the low-water period, respectively. Spatially, depressions with a shorter
connection duration to the main lake are located at higher local elevation and at larger geographical
distance from the main lake. Finally, we also discussed the implications of these findings and
possible factors that could have caused these particular water regime characteristics and water
exchange processes.
Keywords: Poyang Lake; saucer-shaped depressions; river delta; hydrological connectivity; water level

1. Introduction
Wetlands are the most biologically productive and ecologically diverse terrestrial ecosystems on
earth [1,2]. They perform a variety of important ecosystem functions, such as flood mitigation, exerting
control over nutrient and biogeochemical cycles, and providing habitat for freshwater aquatic plants
and animals [3,4]. For shallow lake-wetlands in the world, many topographic depressions are generally
distributed on low-relief river delta regions [5,6]. Under these conditions, water level fluctuations
of wetlands are largely modulated by hydrological connectivity and water exchanges between the
depressions and a main lake, which as a decisive factor of the water regime may have an overriding
effect on ecosystem functions [7–9]. The analysis of these connectivity mechanisms is recognized
as a key step to inform delta management plans and hydrologic prediction. For example, wetland
restoration efforts require quantitative knowledge of hydrological connectivity in delta systems [10].
Moreover, in shallow lake-wetlands, the rate, duration and magnitude of water exchange between
depressions and the adjacent main lake also have major influences on the water quality, aquatic
habitat, organic matter and organisms, since movement of chemical constituents and biota are often
associated with water flow [11–13]. Therefore, hydrological connectivity and water exchange are
especially important considerations for shallow lake-wetlands [14,15]. A better understanding of these
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Given this background, the main objective of the present study is to examine water exchange
processes and the water level relationship between saucer-shaped depressions and Poyang Lake.
We evaluate how water level fluctuations in different saucer-shaped depressions along the downstream
direction are related to the water level regime in the main lake. To address this objective, we combine
high resolution water level data and meteorological observations, as well as quantitative indices, to
compare flow regimes and hydrological connectivity changes and to gain a better understanding of
how connected streams and depressions interact. In a broader context, our findings should be valuable
for hydrological safety and biodiversity conservation as well as information for the preparation and
precautions against extreme hydrological events.
2. Data and Methods
2.1. Study Area
Poyang Lake (28◦ 220 –29◦ 450 N, 115◦ 470 –116◦ 450 E) is located in the middle reach of the Yangtze
River basin, Jiangxi Province, China. As shown in Figure 1, Poyang Lake receives water that flows
primarily from five rivers, XiuHe, GanJiang, FuHe, XinJiang and RaoHe, and discharges into the
Yangtze River via Hukou (Figure 1). Due to the subtropical monsoon climate, its water surface exhibits
considerable seasonal variability, where water coverage at the highest summer flood stage can exceed
3000 km2 , while in winter it reduces to less than 1000 km2 [25], exposing mudflats, dikes, channels
and shallow depressions (marked by yellow outlines in Figure 1) [21,22]. According to the available
data, there are nearly 100 shallow depressions located at the river delta of Poyang Lake (Figure 1),
with a total area of approximately 800 km2 [23]. All of these shallow depressions have a saucer-shaped
profile, and a maximum water depth that is usually less than 2 m. They provide important habitat
for the winter waterfowl in local nature reserves [23]. Depending on the expansion or contraction
of the water surface, these shallow depressions are seasonally connected with the main lake when
water levels are high, but become disconnected when water levels are low, and the wetland ecosystem
depends largely upon regular hydrologic interaction between the depressions and the main lake [26].
In the present study, three typical saucer-shaped depressions, the Bang-Hu, Dong-Hu and
Jinxi-Hu, were selected as study sites. These depressions are similar in size and located in the mouth
zones of the XiuHe, Ganjiang and FuHe rivers, respectively, from north to south (Figure 2). The three
saucer-shaped depressions present distinct morphometric characteristics and degrees of association
with the main Lake. The geographical, hydrological and physical features of the selected depressions
are presented in Table 1, and their locations are shown in Figure 2.
Table 1. List of the geographical and physical features of the study sites and gauging stations.
Study Sites

Longitude

Latitude

Bottom Elevation (m)

Area (km2 )

Bang-Hu
Dong-Hu
Jinxi-Hu

115◦ 570 E
116◦ 220 E
116◦ 180 E

29◦ 130 N
28◦ 570 N
28◦ 430 N

14.55
15.06
15.44

33.65
35.78
36.84

Gauging Stations

Longitude

Latitude

Location

Drainage Area (km2 )

115◦ 390
115◦ 500
116◦ 100
116◦ 490
117◦ 160

28◦ 510
28◦ 380
28◦ 130
28◦ 260
28◦ 550

XiuHe
GanJiang
FuHe
XinJiang
RaoHe

3548
80,948
15,811
15,535
6374

Wanjiabu
Waizhou
Lijiadu
Meigang
Hushan

E
E
E
E
E

N
N
N
N
N
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depend on the water level of the depressions relative to main lake height, including duration of
connectivity (days) and stage range (m), as well as the average coefficients of determination (R2 )
for linear equations to quantify the relationship between depressions and the main lake [27,28].
The degree of connectivity was then classified into two categories, based on the duration of water
connection derived from the series of water level records [29]: (1) Connection: depressions and main
lake connected with the water level larger than main lake. (2) Isolation: depressions that are not
connected to the main lake. For all study sites, data from the water level loggers are relative; therefore,
water level changes were first calibrated to absolute water surface elevation values using differential
GPS-based surveys with accuracy of ±1 to 5 cm (referenced to the Wusong Elevation System), enabling
absolute referencing of water level data across the study area.
3. Results
3.1. Water Level Fluctuations
Figure 3 shows the water level fluctuation of saucer-shaped depressions and Xingzi hydrologic
station of Poyang Lake from February 2015 to November 2016, showing clear seasonal and inter-annual
variations. The mean water level fluctuation of the depressions is approximately 7–8 m. In both 2015
and 2016, the saucer-shaped depressions share similar hydrological characteristics with the main
lake (Figure 3). They both have high fluctuations of water levels annually, with the depressions
appearing in the dry season (November–January), as opposed to the whole lake in the wet season
(May–July). According to Figure 3, the relationships between saucer-shaped depressions and the
main lake of Poyang throughout the hydrologic regime can be categorized into four phases: (1) the
rising-water period (March–May), due to the increased water inflow of the five rivers into the main
lake until the water stage reaches the top of the natural levee; (2) the high-water period (June–August),
when the main lake water overflows the natural levee in the onset of this phase, mixing with the
depression water and incorporating them into the main lake water; (3) the falling-water period
(September–November), which starts when the water level falls below the bankfull level; and (4) the
isolation period (December–February), indicating a lack of connection between the depressions and
the main lake body, and the elevations of the depressions’ surfaces are far higher than the main lake.
As we can see, the main lake precedes the depressions in both the rising and the decreasing stages
of the water level. This suggests that, due to the effect of the bottom topography, the depressions are
mainly supplied by the main lake. However, all fluctuation series present various peaks and valleys
because of the different bottom elevation of each depression.
Furthermore, correlations between rainfall variables and water level response statistics were
examined. As seen in Figure 3, the patterns of variation in rainfall and lake level were similar
from 2015–2016, reflecting both long-term and short-term watershed response to rainfall. Generally,
the water levels in the depressions had increased with the onset of rainfall events by late April,
and this continued into June or July when large amounts of rainfall runoff passed through the channels.
During the rainy period, when the water level in the main channel rises above the elevation of the
natural levee, this reverses the hydraulic gradient and induces water flow from the main lake into the
depressions. Therefore, as the rainfall increases, the water surface elevation of the depressions also
progressively increases during the subsequent months. After the flood, rainfall declines gradually in
the latter half of July, the depression levels drop proportionately and a lake-ward hydraulic gradient is
again established. Then, the depressions are mainly separated from the adjacent main lake, and there
is no exchange with the main lake, thus becoming important wetland habitats for migratory birds.
In addition, it is important to note that all depression levels varied almost negligibly during the
low-water period. However, there was a significant precipitation anomaly in the Poyang Lake Basin
during October–December in 2015. These rain events caused substantial, short-duration spikes in
the water level of the depressions (Figure 3). This suggests that the depressions can be recharged
measurably by large rain events. Actually, in natural environments, changes of precipitation patterns
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are expected to reflect on stream discharges [30]. It remains prominent to make realistic connections
between precipitation patterns and water regimes at the watershed scale [31]. Therefore, the variability
of depression level is mainly controlled by watershed-scale hydrologic alteration. Indeed, during the
winter of 2015, there was a strong El Niño-Southern Oscillation (ENSO) event, resulting in significant
precipitation anomaly in the Poyang Lake Basin [32]. The frequency of moderate-heavy precipitation
increased significantly, with a maximum increase of 15–20% during the 2015-ENSO event. A period
of high flows in November 2015 generated lateral connectivity between the depressions and the
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to depression. During the isolation phase, the water level was higher in the depressions compared
to the main lake. As the rainfall increased during the rising-water period of 2015, Bang-Hu was first
connected with the main lake when the water level of the Xingzi station exceeded 14.05 m, while
Dong-Hu and Jinxi-Hu were subsequently connected when the lake level reached 16.1 m and 17.5 m,
respectively. However, during the falling-water period of 2015, JinXi-Hu was the first to be isolated
from the main lake when it had dropped to 15.81 m, and Dong-Hu (15.15 m) and Bang-Hu (14.68 m)
followed with a short time lag. In other words, the sequence of isolation is exactly opposite that of
connection with the main lake. Furthermore, according to Table 2, Jinxi-Hu was isolated from the
main lake for 485 days, i.e., 74% of the observation period (from 8 February 2015 to 3 November 2016).
At the same time, the other depressions, Dong-Hu and Bang-Hu, were isolated from the main lake
for fewer days (464 days and 423 days) for the study period. This result illustrates that the spatial
distribution of connection duration of depressions shows a clear pattern (Table 2). In general, the
connection duration slightly increases in the downstream direction, with decreasing water level in the
main lake. This was ultimately controlled by the bottom topography and the distance to the main lake.
Depressions with higher degrees of connectivity are located mostly in the northern part and at shorter
distances to the main lake.
Table 2. Water stage heights of hydrological phases in different saucer-shaped depressions
during 2015–2016.
Year

Lake Phases

Jinxi-Hu
Water Level
(m)

Dong-Hu
Date

Water Level
(m)

Bang-Hu
Date

Water Level
(m)

Date

rising-water

isolation
connection

7.61–17.5
17.5–19.46

2/15–6/10
6/10–6/24

7.61–16.1
16.1–19.46

2/15–6/3
6/3–6/24

7.61–14.05
14.05–19.46

2/15–5/16
5/16–6/24

falling-water

connection
isolation

19.46–15.81
15.81–9.83

6/24–8/5
8/5–3/8

19.46–15.15
15.15–9.83

6/24–8/7
8/7–3/8

19.46–14.68
14.68–9.83

6/24–8/9
8/9–3/8

rising-water

isolation
connection

9.83–17.95
17.95–21.35

3/8–5/12
5/12–7/12

9.83–16.39
16.39–21.35

3/8–4/22
4/22–7/12

9.83–14.23
14.23–21.35

3/8–4/13
4/13–7/12

falling-water

connection
isolation

21.35–14.77
>14.77

7/12–9/5
9/5–

21.35–14.08
>14.08

7/12–9/7
9/7–

21.35–13.59
>13.59

7/12–9/9
9/9–

2015–2016

The saucer-shaped depression and main lake water levels were also investigated by regression
analysis during the different water regime periods. The fitted and observed water levels for the
saucer-shaped depressions are shown in Figure 4. The results indicate a very strong, periodically
changing correlation between the depressions and the main lake. Generally, the correlation coefficients
(R2 ) between main lake and depressions water levels show the highest value during the high-water
period (mean value of 0.98) because they were hydrologically connected. However, as they were
disconnected, the correlation gradually weakens. It shows a weaker relationship during the
rising-water (mean value of 0.90) and falling-water (mean value of 0.86) periods. The correlation
coefficient is at the lowest value (mean value of 0.53) during the low-water period, indicating a
complete independence of the depressions from the main lake (Figure 4). In addition, we can find
that in all water-regime periods, the strongest correlation of water level is between Bang-Hu and
the main lake, and the correlation coefficients are 0.92, 0.94, 0.99 and 0.97, respectively (Figure 4C).
The correlation of water level between the other depressions (Jinxi-Hu and Dong-Hu) and the main
lake is poorer except during the high-water period. This also indicates that Bang-Hu has the highest
degree of hydrological connectivity with the main lake.
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characteristics, flood/drought risk management and hydraulic engineering projects. First, water level
changes and hydrological connectivity can have both direct and indirect effects on the establishment
of aquatic plants in the depressions. Shallow depressions located in different geographic regions
ranging from the north to the south, respond differently to water level fluctuations. These hydrological
patterns result in changes to the aquatic environments and can alter the plant communities [23].
Second, this study is of importance to delta morphological and ecological research. As water flows
into the depressions, it carries sediment and nutrients, the differences in the connection of shallow
depressions with the main lake should determine the distribution of nutrients and habitat diversity
in the floodplain. It has been shown that numerous waterfowl and fish species use depressions for
spawning nursery and foraging habitats in Poyang Lake [33]. The changing patterns of the connectivity
degree can largely determine habitat diversity and the availability of foraging sites for fish stocks and
migratory birds. The depressions with a lower degree of connectivity (such as Jinxi-Hu) may be likely
to reduce the amount of habitat available for most aquatic biota during the onset of the falling-water
period, exposing the marginal areas and reducing the hydraulic heterogeneity of water flow. However,
with falling water levels, lentic habitats may increase in extent and new types of habitats may be
created [34]. Third, hydrological connectivity between the lake and its depressions has important
consequences for drought risk management and hydraulic engineering in Poyang Lake. For example,
in recent years, the Poyang Lake Dam has been designed as a 2.8 km wide dam with sluice gates across
the narrowest part of the channel that links Poyang Lake and the Yangtze River [35]. The proposal for
this construction has aroused broad attention from ecologists, environmental protection organizations
and the public [36]. According to the results of this research, we can better control the water level of the
main lake to maintain appropriate water regimes in the different depressions. It could effectively guide
the design of an optimal scheme of water level regulation, which is an important issue in hydraulic
engineering at present.
5. Conclusions
The topographic depressions located at the wetland delta regions are typical floodplain shallow
sub-lakes subject to river-lake connection or isolation. Hydrological connectivity is especially an
important controlling factor on the frequency and degree of inundation of delta depressions, bring
water, sediment, and nutrients to the depression interiors. But so far, much of our knowledge on
the mechanisms behind the surface water exchange processes remains limited. To address this gap,
this study demonstrates water level fluctuations and water exchange processes between Poyang
Lake and its saucer-shaped depressions with high resolution water level observations from 2015 to
2016. Hydrological connectivity degree was quantified by identifying the timing and stage range
of surface connectivity using information of height of the depressions relative to the water level
in the main lake. The results of the connectivity analysis demonstrated that water exchange and
connectivity degree of depressions have a clear spatio-temporal pattern. On the temporal scale, the
rainfall significantly influences the seasonality and frequency of water level fluctuations in the Poyang
Lake floodplain, revealing depressions from November-January, whereas there is a whole lake from
May-July. Similarly, the hydrologic connectivity between the main lake and its depressions displayed
a strong seasonal signal. The correlation coefficient between the water level of the main lake and its
depressions show the highest value (mean value of 0.98) during the high-water period, followed by
0.90 during the rising-water period, 0.86 during the falling-water period and 0.53 during the low-water
period. On the spatial scale, the connection duration slightly increases in the downstream direction
and with a decreasing water level for the main lake. Depressions with a higher degree of connectivity
are located mostly in the northern part and at a shorter distance from the main lake. It was also shown
that the difference between the main lake water level and levee elevation of depressions exerts the
primary control over the water exchange processes and creates connection and isolation thresholds
within the system. Thus, the movement of water from the lake to the depressions and back to the lake
is strongly dependent on depression topography and geographic positions, in addition to how well
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connected the two bodies are. We believe the findings here should have many significant implications
for wetland biodiversity conservation, water resource and environmental management in the Poyang
Lake. According to the results of this research, we can better control the water level of the main lake to
maintain appropriate water regimes in the different depressions. It could effectively guide the design
of optimal schemes of water level regulation, drought risk management, biodiversity conservation,
hydraulic engineering projects, and so on.
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