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Abstract Dajingshan, Fenghuangshan and Meixi reservoirs are located in Zhuhai, a coastal city in southern
China, and they function to supply drinking water to Zhuhai and Macau. For eﬀectively supplying waster,
they are hydrologically connected and Dajingshan Reservoir ﬁrst receives the water pumped from the river
at Guangchang Pumping Station, and then feeds Fenghuangshan Reservoir, and the two well-connected
reservoirs are mesotrophic. Meixi Reservoir is a small and oligotrophic water body and feeds Dajingshan
Reservoir only in wet seasons when overﬂow occurs. Particulate organic matter (POM) was collected from
three hydrologically connected water supply reservoirs, and seasonal variations of POM were ascertained
from stable carbon and nitrogen isotopes in wet and dry seasons, and the eﬀects of pumping water and
reservoir connectivity on POM variations and composition were demonstrated by the relationships of the
stable isotope ratios of POM. Seasonality and similarity of stable carbon and nitrogen isotopes of POM
varied with hydrodynamics, connectivity and trophic states of the four studied water bodies. The two wellconnected reservoirs displayed more similar seasonality for δ13CPOM than those between the river station and
the two reservoirs. However, the opposite seasonality appeared for δ15NPOM between the above waters and
indicates diﬀerent processes aﬀecting the stable carbon and nitrogen isotopes of POM. δ13CPOM and δ15NPOM
changed little between wet and dry seasons in Meixi Reservoir-a low productive and rain-driven system,
suggesting little POM response to environmental changes in that water system. As expected, connectivity
enhanced the similarity of the stable isotope ratios of POM between the water bodies.
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1 INTRODUCTION
Particulate organic matter (POM) is required to
maintain the normal function of aquatic ecosystems
and is typically derived from both autochthonous and
allochthonous sources (Kling et al., 1992; Grey and
Jones, 1999; Pace et al., 2004; Cole et al., 2011). In
addition to phytoplankton, POM includes terrestrial
sources such as soil organic matter and leaf debris,
resuspended sediment, and in situ macrophyte and
microzooplankton production (Gu and Schelske, 2010;
Rožič et al., 2015). For an isolated lake or reservoir,
POM usually shows a stable seasonality which depends
on the relative importance of each component. Stable
isotopes, especially of carbon and nitrogen (13C and
15
N), are commonly used to investigate sources of

organic matter and carbon and nitrogen biogeochemical
processes in aquatic ecosystems (Kendall et al., 2001;
Lehmann et al., 2004; Gu, 2009). Gu et al. (2011)
suggested that the 13C in POM, 13CPOM, may also be an
indicator of the relative importance of POM from in
situ productivity and exogenous organic matter. Most
investigations have focused on either a single lake
(Yoshioka et al., 1994; Gu and Schelske, 1996; Jones et
al., 1998) or a series of isolated lakes in a speciﬁc
region (Grey et al., 2001; Gu, 2009; Hadas et al., 2009).
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Table 1 Geomorphometric information forthe studied reservoirs
Latitude/longitude (°N/°E)
Year of construction (year)

DJS

FHS

MEX

22°17′35″/113°33′1″

22°20′24″/113°34′24″

22°17′45″/113°31′12″

1975

1992

1975

Elevation for normal water level

19.0

19.0

22.3

Drainage area (km2)

5.95

9.28

1.74

Reservoir area (km2)

1.38

1.18

0.25

Capacity (10 m )

1 053

1 510

173

Mean water depth (m)

11

12

6

Max water depth (m)

17

20

-

4

3

Transparency (m)

0.55–0.8

0.5–1.2

1.5–3

TN (mg/L)

0.62–2.00

0.70–1.32

0.39–0.79

TP (mg/L)

0.027–0.039

0.014–0.025

0.013–0.024

Chl a (μg/L)

17.8–50.0

7.1–45.9

2.7–4.9

- means no data.

Reservoirs are highly hydrodynamic, usually with
a shorter residence time than natural lakes, so in them,
POM from exogenous organic matter often plays a
relatively more important role. A number of recent
studies used stable isotopes to track ecological
processes on man-made reservoirs, which possess
limnological features diﬀerent from those of natural
lakes (Shotbolt et al., 2005). For example, Hou et al.
(2013a) investigated variations in δ13C and δ15N of
POM in 20 reservoirs in southern China to evaluate
the isotopes as indicators of primary productivity and
trophic state. Primary productivity derived by high
light intensity and temperature controls seasonality of
13
CPOM, but δ15NPOM is mainly regulated by nutrient
sources from pollution. Similarly, seasonal variations
in POM and zooplankton δ13C and δ15N was examined
to study the eﬀects of highly variable inﬂows with the
onset of the summer monsoon season in a deep
reservoir in South Korea (Lee et al., 2013).
In tropical and subtropical coastal regions where
freshwater is limited, many small or middle-sized
reservoirs obtain pump water from nearby rivers and
are then connected for eﬀective water supply (Han
and Liu, 2012; Zhang et al., 2013). In such cases,
hydrological and biogeochemical characteristics of
the water supplying reservoirs are expected to impact
the receiving water body. Information about stable
isotopes in POM allows us to compare similarity or
dissimilarity of the composition of POM between
connected water bodies, and even to recognize the
particulates’ mixed sources and transportation paths
(Gu and Schelske, 2010; Gu et al., 2011).
The main purpose of this study is to investigate the
seasonality of POM carbon and nitrogen stable
isotopes in three hydrologically connected reservoirs

and a river, and to determine to what extent the
seasonal similarity for both δ13CPOM and δ15NPOM
depends on connectivity between these tropical water
bodies. In the present studied system, river water is
ﬁrst pumped into a reservoir (Dajingshan Reservoir,
DJS), and then feeds a neighboring reservoir
(Fenghuangshan Reservoir, FHS) via an underground
culvert. A small reservoir (Meixi Reservoir, MEX)
also feeds DJS but only in summer. As a result, the
four water bodies form a gradient of connectivity.

2 MATERIAL AND METHOD
2.1 Study area
The three studied reservoirs, DJS, FHS and MEX
and the water pumping station (Guangchang) are
located in Zhuhai city, Guangdong Province, tropical
China (21°48′–22°27′N, 113°03′–114°19′E) and
downstream of the Zhujiang (Pearl) River basin. All
reservoirs have relatively small catchments, and their
water quality diﬀers and largely depends on whether
the receiving water is pumped or not (Table 1). The
climate is of a typical monsoon nature with a wet
season from April to September, followed by a dry
season from October to March. The amount of
precipitation from April to September accounts for
about 85% of the entire year (Wen and Chen, 2005).
The annual average air temperature in this region is
22.3°C. Although rich in rainfall (1 770–2 300 mm
per year), Zhuhai has been challenged by water supply
shortages because of an uneven temporal distribution
(Wen and Chen, 2005), a coastal terrain, river
pollution, and salt water intrusion. Thus, many
reservoirs have been built to alleviate water shortages
in the dry season (Han and Liu, 2012). Because
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Fig.1 Location of the three studied reservoirs and their
connections to the GCPS in Zhuhai, the end estuary
of Zhujiang River in Guangdong Province, China
The arrow length indicates connectivity, i.e. the relative amount of
the transported water.

reservoirs in Zhuhai are small to medium-sized with
small catchment areas, they require water to be
pumped from rivers to increase water storage. Water
quality of the reservoirs is inﬂuenced directly by that
of the source water from the rivers.
The three adjacent reservoirs of DJS, FHS and
MEX are connected through a water transfer tunnel or
a spillway. Water from Guangchang Pumping Station
(GCPS) at Qianshan River, the end estuary of
Zhujiang River is drawn into DJS (Fig.1). It then
ﬂows from DJS into FHS via an underground culvert.
MEX is the smallest of the three; its water overﬁlls
into DJS only during wet seasons for ﬂood control.
There are no farmlands or industries in the reservoirs’
drainage basin, located in a mountainous area.
DJS with a surface area of 1.38 km2, was primarily
built for farm irrigation in 1970s and was only used to
supplement urban drinking water supply and ﬂood
control. Since 1980, its main function was altered to
supply domestic water and to control ﬂooding. It has
become one of the important sources of water in the

Zhuhai urban district. The annual average output for
water supply is 2×107 m3, and the average annual
rainfall of 1 991 mm is mainly captured during May
to August (Li and Han, 2007). A small charging river
has been dammed as MEX, which charges DJS
occasionally in ﬂood seasons. Water pumped from the
estuary of Zhujiang River is the main water source for
DJS; pumped water in 2011 varied monthly from
9.89×105 m3 to 6.47×106 m3. The maximum and
minimum pumping amount occurred in September
and February, respectively (Fig.2). DJS is mesotrophic
with a hydraulic retention time of 70–160 days (Table
1). FHS receives the water mainly from DJS as well
as rainfall and runoﬀ from its own small watershed. It
has a similar normal level as DJS. The average annual
rainfall is 1 805 mm, and the hydraulic retention time
is about 60–210 days, typically longer than 100 days
in most years. FHS is also mesotrophic (Table 1),
while MEX is oligotrophic (Table 1). There are no
charging rivers, and rainfall is the only water source.
The average annual rainfall is 1 865 mm, and a small
amount of ﬂood water is charged into DJS during the
wet season when the water level is higher than 21.2 m
a.b.s.l (outlet elevation). In contrast to DJS and FHS,
MEX is ﬁlled up solely by rainfall.
2.2 Sample collection and analyses
Water samples for chemical and POM analyses
were collected monthly in each lacustrine zone of the
three reservoirs and one pumping station during the
wet season (June 30, July 24 and August 24) and the
dry season (October 26, November 24 and December
25) in 2011. Three replicates were taken near each
sampling location, and the averaged value was used
for analysis. Water temperature (WT), pH, dissolved
oxygen (DO) and conductivity (COND) were
measured using YSI sensors. Water transparency was
measured using a Secchi disk. Water samples from
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0.5 m below the water surface was taken, stored in an
icebox and brought back to the laboratory for analysis.
Phytoplankton species were counted under a
microscope. Total nitrogen (TN) and total phosphorus
(TP) from unﬁltered water were measured
spectrophotometrically. For dissolved nutrient
analysis, water samples were ﬁltered through a
0.45 μm membrane ﬁlter and determined for
ammonium (NH+4-N), nitrate (NOˉ3-N), nitrite (NOˉ2-N)
and soluble reactive phosphorus (SRP) concentrations
by spectrophotometry (APHA et al., 1989).
Chlorophyll a (Chl a) concentration was measured by
spectrophotometry (Lorenzen, 1967; Lin et al., 2005).
Water samples for stable carbon and nitrogen
isotope analysis of POM (δ13CPOM and δ15NPOM) were
collected from 0.5 m below the water surface, ﬁltered
through a 100-μm plankton net to remove large
zooplankton and detritus, then ﬁltered onto
precombusted (500°C for 4 h) Whatman GF/F ﬁlters
(0.7 μm) dried at 60°C for 48 h in an oven. The ﬁltered
POM was scraped oﬀ and loaded between 0.3 and
0.5 mg into tin capsules for later analysis. Stable
isotope analysis was performed using a FlashEA1112
Elemental Analyzer coupled with a Thermo Delta
Plus Advantage Series Mass Spectrometer at the
Nanjing Institute of Geography & Limnology,
Chinese Academy of Sciences in China. The stable
isotope ratios 13C/12C and 15N/14N are reported as
relative to the Vienna Dee Belemnite standard
(V-PDB) for δ13C and atmospheric N2 for δ15N.
Analytical error was typically 0.1‰ for δ13C and
0.2‰ for δ15N.
Correlation analysis was used to demonstrate the
relationship between stable isotopes of POM and
environmental variables, t-test was used to compare
pairwise means of chemical variables between
reservoirs, and one-way analysis of variance
(ANOVA) was used to compare seasonal variability
in stable isotopes between reservoirs. All tests were
performed using SPSS 20.0 and were considered
signiﬁcant at P<0.05.

3 RESULT
3.1 Seasonal variation in physicochemical variables
and phytoplankton
Water temperatures throughout the study period
were above 16°C in the three reservoirs and at the
pumping station. Conductivity was highest in DJS
(209 to 370 μS/cm), followed by that that in FHS (150
to 215 μS/cm) and MEX (43 to 50 μS/cm) in both wet
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Table 2 Chlorophyll a concentration and Phytoplankton
biomass (mean±SD) in the studied three reservoirs
in wet and dry seasons
Wet season

Dry season

Chl a (μg/L) Biomass (mg/L) Chl a (μg/L) Biomass (mg/L)
DSJ

23.719±4.92

2.67±1.03

38.845±7.872

2.219±0.98

FHS 13.234±5.217

0.913±0.62

39.934±4.428

1.638±0.98

MEX 3.010±0.168

0.228±0.008

4.301±0.964

0.688±0.16

and dry seasons. Secchi depth was similar (<1.0 m) in
the DJS and FHS, but much higher (1.5–3 m) in MEX
(Fig.3). Both TN and DIN concentrations were not
diﬀerent between DJS and FHS in the wet season, and
higher in the former in the dry season. For the small
oligotrophic reservoir, its TN and DIN were always
signiﬁcantly lower than the other two well-connected
reservoirs, with an increase in the dry season. TP
concentration was higher in the dry season for all
reservoirs, while SRP was higher in the wet season.
TP was higher in DJS than in FHS and MEX in both
wet and dry seasons, but not for SRP.
Phytoplankton species composition was similar
between DJS and FHS in the wet and dry season, but
was diﬀerent from that in MEX. It was dominated by
ﬁlamentous Cyanobacteria such as Pseudanabaena
sp. and Planktothrix sp. in DJS and FHS and by
Peridinium pusillum and Cyclotella meneghiniana in
MEX. Chl a and phytoplankton biomass was higher
in the dry season in all reservoirs, and was signiﬁcantly
higher in DJS (t=6.143, P<0.001) and FHS (t=3.603,
P=0.005) than that in MEX (Table 2).
3.2 Seasonal variations in POM stable carbon and
nitrogen isotope ratios
MEX had the highest δ13CPOM with an average of
-26.4‰, followed by the GCPS (-29.7‰). δ13CPOM
was lowest in the two well-connected DJS (-33.9‰ to
-29.1‰) and FHS (-30.9‰ to -33.4‰) (Fig.4).
Seasonality of δ13CPOM was similar in the two wellconnected reservoirs, i.e. signiﬁcantly higher in the
wet than in the dry season, but slightly diﬀerent in the
pumping station and in MEX. δ15NPOM had a
seasonality diﬀerent from δ13CPOM. Except in DJS, the
δ15NPOM was higher in the wet season. MEX and FHS
had lower value of δ15NPOM with a mean of 4.2‰.
When all data for wet and dry seasons are combined,
13
δ CPOM of DJS and MEX showed a signiﬁcant
diﬀerence (F=68.43, P<0.001), and this diﬀerence
also appeared between FHS, GCPS and MEX. δ15NPOM
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Fig.3 Seasonal variations in select physical and chemical variables for the three reservoirs
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Fig.5 Similarity and dissimilarity of the seasonal variation of δ13CPOM and δ15NPOM among the well-connected reservoirs (DJS
and FHS) and the GCPS

also signiﬁcantly diﬀered between DJS, FHS and
MEX (F=48.979, P<0.001), but appeared similar
among FHS, MEX and GCPS (F=0.103, P=0.751).

Table 3 Pearson Moment correlations analysis (R values)
for stable isotopes of POM and various
environmental variables in the reservoirs (n=6)
DJS

3.3 Correlation between stable isotopes of POM
and environmental variables
In DJS, δ13CPOM correlated positively with water
temperature and SRP concentration, and negatively
with DIN concentration. δ15NPOM correlated positively
with COND, TN, NOˉ3, and DIN, but negatively with
water temperature and SRP (Table 3). δ13CPOM in FHS
correlated positively with water temperature and SRP,
and negatively with COND, TN, and Chl a. No
signiﬁcant correlation was found between δ15NPOM and
any of the environmental variables.
There existed a signiﬁcant correlation (R2=0.256,
P=0.032) for δ13CPOM between the GCPS and DJS.
The δ13CPOM correlated (R2=0.750, P<0.001) between
DJS and FHS, but not between GCPS and FHS
(R2=0.022, P=0.561) (Fig.5). δ15NPOM, only
signiﬁcantly correlated between DJS and GCPS
(R2=0.285, P=0.022) (Fig.5). A signiﬁcant relationship
was found for δ15NPOM between MEX and DJS
(R2=0.3, P=0.03), and no correlation between
reservoirs was detected for δ13CPOM (Fig.6).

*

FHS

δ13CPOM

δ15NPOM

δ13CPOM

δ15NPOM

WT

0.837*

-0.899*

0.912*

0.316

SD

0.2

0.106

0.653

0.134

pH

-0.103

-0.031

-0.009

-0.100

DO

-0.107

-0.017

-0.567

0.087

COND

-0.610

0.818*

-0.897*

-0.291

TP

0.197

0.107

-0.042

0.111

SRP

0.987**

-0.945**

0.855*

0.097

TN

-0.768

0.957**

-0.942**

-0.344

NOˉ3

-0.880*

0.989**

-0.687

-0.388

NH+4

-0.210

0.089

-0.667

-0.574

DIN

-0.892*

0.991**

-0.780

-0.580

Chl a

-0.232

0.464

-0.925**

-0.214

P<0.05, **P<0.01.
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Fig.6 Similarity and dissimilarity of the seasonal variation of δ13CPOM and δ15NPOM between the well-connected reservoirs
(DJS and FHS) and the relatively isolated reservoir (MEX)

4 DISCUSSION
4.1 Seasonality of particulate organic matter stable
isotopes
The present study demonstrates that variation of
δ13CPOM and δ15NPOM in the two well-connected
eutrophic reservoirs (DJS and FHS) followed seasonal
hydrology. Seasonal variations of δ13CPOM and δ15NPOM
are known to relate to external physical forcing factors
such as temperature and photoperiod, which aﬀect
phytoplankton growth rates and isotope fractionation
(Hollander and McKenzie, 1991; Lehmann et al.,
2004), allochthonous loading of organic matter (Grey
et al., 2001), phytoplankton species composition
(Zohary et al., 1994), primary productivity (Gu et al.,
2006, 2011), substrate concentrations (DIC and DIN)
and their isotopic composition (Grey et al., 2000,
2001; Gu et al., 2006). The very small seasonal
amplitude of POM stable isotope is typically found in
lakes with low autochthonous production, and
increases in eutrophic lakes in low latitude regions

(Gu and Schelske, 1996; Gu et al., 2011). Temporal
variation of δ13CPOM in our three reservoirs was also
small throughout the study period. The amplitude of
δ13CPOM ranged from 2.9‰ for MEX to 6.1‰ in FHS,
and the values are correspondingly lower than those
reported for subarctic and temperate lakes (Grey and
Jones, 1999; Syväranta et al., 2006). The larger
variation of the δ13CPOM in DJS was related to the
water pumping in the dry season.
The seasonal amplitude for δ15NPOM was also small
in MEX, reﬂecting the dominance of non-living POM
in this low productivity and rain-driven reservoir. The
δ15NPOM showed an inverse seasonality to the δ13CPOM
in DJS, and the δ15NPOM in the dry season were higher,
which is consistent with the ﬁndings of Hou et al.
(2013a) in tropical reservoirs. The temporal variation
of the δ15NPOM within seasons was also small in DJS
but large in the FHS. The two patterns of variation for
the δ15NPOM were also observed in other studies (Gu,
2009; Hadas et al., 2009).
It is well established that under high thermal energy
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and nutrient inputs, isotope fractionation by
phytoplankton can be reduced, leading to higher
δ13CPOM, that is to increasing productivity will promote
δ13CPOM values (Gu et al., 2011). A recent study on a
large number of low latitude reservoirs gave a similar
pattern (Hou et al., 2013b). This explains why
seasonal variation in δ13CPOM for both DJS and FHS
closely followed variations in water temperature and
SRP concentration. The small seasonal change of
δ13CPOM in MEX is expected due to its low
phytoplankton production and the likely dominance
of non-living POM in the surface water (Gu et al.,
2011). However, unlike other studies which typically
found a positive relationship between Chl a and
δ13CPOM, we did not ﬁnd a relationship between Chl a
and δ13CPOM in DJS and FHS, where high δ13CPOM was
accompanied by the low Chl a in the wet season and
a low δ13CPOM accompanied by a high Chl a in the dry
season. This pattern may be related to both dilution
eﬀect and short retention time in our studied system,
where Chl a was not accumulated despite fast growth
of phytoplankton at high temperature and enriched
nutrients during the wet season. By contrast, during
the dry season, slowly growing phytoplankton may
accumulate high biomass due to longer retention time
and less dilution eﬀect.
The lower δ13CPOM in DJS and FHS in the dry season
can be due to dilution by pumping water, and this
dilution may have caused a decrease in phytoplankton
biomass. Primary productivity is the fundamental
factor aﬀecting aquatic inorganic C dynamics and
isotope fractionation of organic matter (Gu et al.,
2006). Coupled with the relatively low temperature
observed in winter, the phytoplankton had a low
growth rate which often coincides with isotopic
depletion in POM within lakes (Hollander and
McKenzie, 1991; Zohary et al., 1994; Gu et al., 2011).
The seasonally averaged δ15NPOM, being highest in
DJS followed by FHS and MEX, is consistent with
the ﬁndings of trophic state/productivity-mediated
isotope enrichment by Gu (2009). However, the
season-speciﬁc pattern of δ15NPOM is not consistent,
because it was lower by an average of 2.2‰ in the
wet than in the dry season in DJS (Fig.4). A likely
contributing factor to the lower δ15NPOM during the
growth season is ﬁxation of isotopically light nitrogen
from the atmosphere (Lehmann et al., 2004; Gu and
Schelske, 2010). As seen, the phytoplankton was
dominated by ﬁlamentous Cyanobacteria such as
Pseudanabaena sp. and Planktothrix sp. in DJS and
FHS, which are able to ﬁx nitrogen.
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4.2 Eﬀects of hydrological connectivity on POM
isotope compositions
In a given water, POM isotope stable composition
is always regulated by autochthonous and
allochthonous sources. When a lake or reservoir
receives water from others, the inﬂuence of an
allochthonous source is expected and depends on how
much water is transported. When the allochthonous
source is dominant or highly contributed, the
connected waters trend to have a similar dynamic
pattern (Hou et al., 2013a). In the present studied
system, more water is transported from the pumping
station at the river in the dry season when precipitation
decreases. The eﬀect of the river water would decrease
with its indirect connectivity to the secondary
receiving reservoir (FHS). The relationship between
any two water bodies for δ13CPOM conﬁrmed this
prediction. A strong correlation of δ13CPOM appeared
between the DJS and the pumping station, but the
strongest correlation occurred between the two wellconnected reservoirs. The changing correlation is
explained by diﬀerent hydrodynamics in the river and
reservoirs. Compared to δ13CPOM, the eﬀect of
connectivity has become weak for δ15NPOM. The
correlation of δ15NPOM is negative for two wellconnected reservoirs. Nitrogen has a more complex
dynamics than carbon in waters. In addition to input
from the connected water, the release and resuspension
of the sediments can modify the simple correlation
(Pisani et al., 2016).
Compared to that in MEX, δ13CPOM in the two larger
and well-connected reservoirs were depleted,
suggesting there were diﬀerent sources of organic
matter supporting these systems. MEX is low in
primary production and is driven by rainfall and
terrestrial runoﬀ. The major source of POM was
likely derived from terrestrial loading. DJS also
received large amounts of water from the GCPS and
was aﬀected by the low isotope composition in POM
from the river water. The isotope pool of FHS is also
aﬀected more or less by the back-ﬂowing of water
from DJS. However, δ15NPOM in the FHS was
considerably lower than that in the GCPS and DJS.
This means some light nitrogen might be input like
biological nitrogen ﬁxation (Gu, 2009). Further study
is required to account for the similarity of δ13CPOM and
diﬀerence in δ15NPOM between the two well-connected
reservoirs. The seasonal diﬀerence in δ15NPOM between
the connected DJS and FHS may therefore be a
reﬂection of diﬀerences in system productivity and

No.5

ZHANG et al.: Seasonal variations of POM stable isotopes

nitrogen loading rates from agriculture runoﬀ. δ13CPOM
values in both reservoirs were aﬀected by the supply
river being depleted in 13C. By contrast, there was
little seasonal ﬂuctuation in the isotope composition
of POM in MEX as it is an isolated and oligotrophic
water.

5 CONCLUSION
δ13C and δ15N of POM in three tropical reservoirs
show clear but diﬀerent seasonal variations, which
depend on how intensely the reservoirs are
hydrologically connected and impacted upon by
pumped water from the Zhujiang River. δ13CPOM value
is low and changes slightly in the pumping station.
The similar δ13CPOM values between the two wellconnected and receiving reservoirs demonstrate the
inﬂuence of the pumping water. The small, less wellconnected and oligotrophic reservoir possessed a
δ13CPOM that is similar to that of terrestrial C3 plants
charged mainly by rainfall and terrestrial runoﬀ.
However, δ15NPOM had diﬀerent dynamic patterns
even in the two well-connected reservoirs, and they
appear to be intricately aﬀected by system productivity
and nitrogen ﬁxation. Both δ13CPOM and δ15NPOM in the
less connected small reservoir showed little change
between wet and dry seasons as might be expected for
a low productive and rain-driven reservoir. Our study
provides data on the isotope characteristics of tropical
connected man-made waters and supports previous
ﬁndings on the usefulness of stable isotope information
for both limnological and hydrological analysis.
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