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Seasonality of stable carbon and nitrogen isotopes within the pelagic
food web of Taihu Lake
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Particulate organic matter (POM), dissolved organic matter (DOM), bacteria and cladoceran were sampled seasonally at
Zhihugang Estuary and Lake Center in Taihu Lake. The 8!3C of the four organic matter fractions showed consistent temporal
variation, with heaviest values in summer and lower at other times of the year. The cladoceran 8'3C showed a significant
correlation with that of POM, reflecting a heavy dietary dependence on POM during the study period. The bacteria became
enriched in !3C compared with that of DOM throughout the sampling dates, although no significant relationship was found
between the two fractions. 8'3C values of POM, cladoceran and bacteria were all negative significantly correlated with oxidation
and reduction potential (ORP), and specific conductivity (SpCond). As for 819N, the seasonal pattern of food web components
was variable. The POM 815N signature exhibited the most enriched isotope ratios during the summer months when dissolved
inorganic nitrogen (DIN) nutrients were at their lowest concentrations. The consumption of DIN in summer can explain in part
the progressive accumulation of heavy nitrogen isotopes during this period. Spatially, 8'3C and 8'N of the food web components
were all slightly depleted at Estuary than that at Lake Center during the study period, possibly due to large allochthonous inputs
at Zhihugang Estuary. Relatively wide ranges of stable isotopic values from both sites suggest that seasonality should be
considered when attempting to establish food web structures in a eutrophic lake.
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Introduction solved organic matter (DOM), bacteria and cladoceran
will be important for the understanding of pelagic food

Stable isotope analyses are being used increasingly in web structure constructed by stable isotopes.
studies of lake ecosystems. Potentially they can cast new Taihu Lake, the third largest freshwater lake (water

light on food web structure and on sources of materials
and their fluxes through ecosystems (Grey et al. 2001, amounts of untreated effluents and soil runoff by rivers
Bastviken et al. 2003). Many studies rely on rather lim- from the watershed, suffering from eutrophication since
ited temporal sampling, with an inherent assumption that 1990s (Hu et al. 2006). Cyanobacterial blooms have
seasonal variation in the isotope values of the sampled occurred from May to October in recent years (Kong &
organisms is small relative to the variation between food Gao 2005). The seasonal variation in production is very
web components. However, the seasonal succession in pronounced, and causes substantial fluctuations in the
the plankton community and changes in the spatial dis- isotopic composition of plankton organisms. The aims
tribution ofaquatic organisms make the temperate plank- were to investigate the trophic pathways in a eutrophic
ton food webs more complicated in time and space (Grey lake, with particular emphasis on the temporal variations
etal . 2004).Sothe 1.nf.0rmat10n obtained from short-term of stable carbon and nitrogen isotopes and the possible
studies may result in inaccurate assessment of food web mechanisms underlying these variations.

structure based on phytoplankton. Therefore, examina-

tion on temporal and spatial variations of stable carbon

and nitrogen in particulate organic matter (POM), dis- Methods and Materials

surface area: 2,334 km?) in China, has received large

This study was carried out in Taihu Lake a large, shal-
* Corresponding author: E-mail: fxkong@niglas.ac.cn low eutrophic lake in China from April 2006 to January
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2007. Samples for stable isotope analysis were collected
at Zhihugang Estuary (31°30°N, 120°07°E) and Lake
Center (31°20°N, 120°10°E). Samples for POM were
obtained by filtering water through precombusted What-
man GFJ/F filters (450C 4h) that had been rinsed with
dilute HCI (0.5%) prior to use. The filters were immedi-
ately frozen at —20°C. Samples for DOM analysis were
taken from the filtrate of the Whatman GF/F filters, dried
at 60°C. The dried residue was stored in a desiccator for
later stable isotope analysis. Zooplankton was collected
by a 64 pm mesh net tows. Only live cladoceran (mainly
Daphnia, Ceriodaphnia and Bosmina involved) were
sorted by hand under a dissecting microscope to a dry
weight of at least 2 mg. To separate bacteria for isotope
analysis, bacteria were cultured according to a modified
version of the method described by Coffinetal. (1989).In
brief, 120 mL Whatman GF/D-filtered and 1,080 mL 0.2
pm-filtered lake water was incubated in triplicate glass
bottles in darkness at 28°C for 48 h. The bacteria were
then harvested by filtering the contents of each bottle
through a 25-mm GF/F filter for later analysis. To con-
firm that no other changes that affected the bacterial sig-
natures in batch cultures, Kritzberg et al. (2004)
compared the bacteria isotope signatures in batch tubes
with that in situ in dialysis incubation; little difference
was found between the two methods. The low and
decreasing Chla concentrations, increasing in bacterial
abundance and C: N ratios of the POM colleted all dem-
onstrated that the measured isotope values of POM in the
tubes were attributed to bacteria (Kritzberg et al. 2004)).

Environmental parameters, including temperature, oxi-
dation and reduction potential (ORP), and specific conduc-
tivity (SpCond) were monitored on site using a
multiparameter meter (model 6600; Yellow Spring Instru-
ments, USA). Total dissolved inorganic nitrogen (DIN)
was the sum of ammonium, nitrate and nitrite concentra-
tions. Total nitrogen (TN) was measured by alkaline potas-
sium persulfate digestion-UV  spectrophotometric
method. Total phosphorus (TP) was digested with potas-
sium persulfate and measured by molybdenum blue colo-
rimetric method.

All samples were freeze-dried to a constant weight and
ground to a fine powder using mortar and pestle. For anal-
ysis of carbon and nitrogen isotope ratios, all organic sam-
ples were combusted in Flash EA 1112 elemental analyzer
coupled to a Thermo FinniganMAT Deltaplus dual-inlet
continuous flow isotope ratio mass spectrometer. The
results of isotopic analysis are presented in conventional
delta (8) notation, defined as 8X = [(Rgumpie / Retandara)—11
% 1000, where X is !3C or !N and R is the ratio of 1°C/12C
or PN/MN. Isotopic ratios are expressed relative to VPDB
(Vienna Pee Dee Belemnite) for 8'3C and to atmospheric

nitrogen for 8!5N. Precision for the analyses was better
than 0.1%o for both carbon and nitrogen.

Results

Environmental dynamics

Water temperature ranged from 4.65 t029.99 °C for the
different sample dates, with lowest temperature recorded
in January, and highest recorded in August (Fig. 1).Total
nitrogen concentrations ranged from 1.005 to 1.839
mgL-! at Estuary, and ranged from 0.105 to 0.986 mgL!
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Fig. 1 Seasonal variation in temperature, total nitrogen (TN), total
phosphorus (TP), dissolved inorganic nitrogen (DIN), specific
conductivity (SpCond), and oxidation and reduction potential
(ORP) recorded at Estuary (solid line) and Lake Center (broken
line) in Taihu Lake.
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at Lake Center. Total phosphorus concentrations tended
tobe highest during the more productive times of the year
and showed significantly correlation with temperature
(Pearson’s r=0.779, p=0.008). Throughout the year,
highest concentrations of DIN occurred in winter and
lowest concentrations in summer. SpCond exhibited
strikingly similar patterns with DIN (Pearson’s r=0.821,
p=0.004). ORP ranged from 20 to 109 Mv at the study
sites for the dates sampled with similar seasonal patterns
with SpCond (Fig. 1). This was illustrated by the signif-
icant positive correlation between ORP and SpCond
(Pearson’s r=0.797, p=0.006).

313C and 35N signature of food web components

The bulk 8!3C composition of POM over the sampling
period ranged from —35.4%o to —22.2%0 and was gener-
ally enriched during summer when both primary produc-
tion rates and temperatures increased (Fig. 2). Similarly,
313C of cladoceran fraction ranged from —34.8%o to
—21.0%oand showed a significant correlation with that of
POM (Pearson’s r=0.719, p=0.019). The bacteria
became enriched in 8!13C compared with that of DOM
throughout the sampling dates. !3C values of POM, cla-
doceran and bacteria were negative significantly corre-
lated with ORP and SpCond (all of the significant
coefficients p<0.05, data not shown).

The 8!5N signature of food web components was dif-

ferent. The cladoceran were usually the most enriched
fraction, with annual mean 8!5N values of 10.7%7.2%o
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(1 SD) at Estuary and 12.8+4.4%0 at Lake Center,
whereas the other three fractions were more depleted in
815N (Fig. 2). The POM 8'°N signature markedly corre-
lated with its 8'3C (Pearson’s 7=0.719, p=0.017), with
the most enriched isotope ratios during the summer
months when DIN nutrients were at their lowest concen-
trationsrelative to the other sampling periods. To explore
if this shift was due to an environmental change, linear
regression analyses between POM isotope ratios and
DIN concentrations were performed. The results
obtained (Pearson’s 7=0.871,p=0.001 for 3C; Pearson’s
r=0.900, p<0.001 for 8'N) revealed that the higher the
DIN concentration, the lighter the §13C and 8N of POM
(Fig. 3).

In general, the food web components were slightly
more !3C and SN depleted at Estuary than that at lake
Center during the study period (Fig. 4). But the differ-
ences were not significant except for the 8!3C of bacteria
(t=4.991, df=4, p=0.008).

Discussion

Stable isotope-based estimates of trophic position pro-
vide a powerful fusion of trophic level and food web par-
adigms for evaluating realized trophic structure of
complex food webs. Because it is labor-intensive to iso-
late sufficient numbers of pure organisms for stable iso-
tope analysis, the bulk cladoceran was selected as
primary consumer, which can graze a wide range of
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Fig. 2 Temporal variation in 8'3C and 8!5N for POM (o), DOM (0O), bacteria (A), and cladoceran (m) collected from Estuary and Lake Center in

Taihu Lake.
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Fig. 3 Relationships between the 8'3C (o) and !N (m) of POM and

DIN concentrations in Taihu Lake during the study periods. The
solid regression line: 8'’N=16.765 [DIN]+14.231 (r?=0.810,
p<0.001, n=10) ; the broken regression line: 3C=11.483 [DIN]
—22.467 (?=0.759, p=0.001, n=10).

POM, including phytoplankton, bacteria and detritus.
Therefore the bulk, undifferentiated POM, for which we
determined the 8!3C values, can be considered the puta-
tive food source for the cladoceran (#=0.719, p=0.019).
No significant positive relationship was found between
the 813C of bacteria and cladoceran during the sampling
dates (r=0.392, p=0.262). Bacteria could reflect the sta-
ble isotope composition of the organic matter they grow
onit(Coffinetal. 1989, Hullar etal. 1996). The fraction-
ations between bacteria and DOC ranged from —2.6%oto
4.0%o, a little larger than that have been reported ~2%o
(Coffin et al. 1989). Selective utilization of autochtho-
nous versus allochthonous C for microbial growth has
been reported in many studies. Generally, bacteria pref-
erentially utilized low molecular weight phytoplank-
ton-derived C instead of high molecular weight
allochthonous C (Kritzberg et al. 2004, McCallister et al.
2006). The 8!3C values of bacteria changed along with
the values of POM during the study, suggesting the
assimilation of photochemically enriched C (r=0.743,
p=0.014).

In the present study, pronounced seasonal changes
with a summer maximum in 8!3C were evident in POM,
DOM, cladoceran, and bacteria from both sites of the
eutrophic lake (Fig. 2). The characteristic seasonal cycle
has been reported in several studies. Rolff (2000)
reported abimodal distribution of 313C, with aspring and
autumn maximum enrichment for size-fractionated
plankton in the Baltic Sea. Xu et al. (2005) found enrich-
ment of 8'3C in seston and lake anchovy with the pro-
gression of the summer bloom. Zohary et al. (1994)
found, in along-term study of plankton in Lake Kinneret
(1971 to 1992), that 8'3C was most depleted during win-
ter in both phyto- and zooplankton. The general seasonal
pattern for 8'3Cpqys in Taihu Lake may be related to

water temperature, productivity, and dissolved inorganic
carbon (DIC) pool size. In early summer, phytoplankton
(overwhelmingly dominated by cyanobacteria) photo-
synthesis in Taihu Lake increased as water temperature
increased, resulting in low dissolved nutrients and DIC
concentration. A high rate of CO, uptake results in
increases in pH and a switch in the C balance from CO, to
HCO3;~dominance, which is the major form of DIC (Gu
et al. 2006). Since 8'3C of HCO5~ is on average 8%o
higher than thatof dissolved free CO, (Mooketal. 1974),
cyanobacteia are enriched with 13C when using HCO3~
as their C source. Therefore, 8'3Cpgy) increased along
with the increases in water temperature, Chla, and
decreases in DIN (r=0.871, p=0.001) and DIC concen-
trations.

The seasonal pattern of the four organic matter frac-
tions 8'°N was not uniform compared with that of corre-
sponding 8'3C. The & Npgy values markedly
correlated with its 8'3C (7=0.719, p=0.017), with the
most enriched isotope ratios during the summer months,
though the pattern in lake center was not obvious. Mari-
otti et al. (1984) and Goering et al. (1990) observed
enrichment of 89N in phytoplankton and seston during
summer. They attributed the summertime increase in
815N to decreased fractionation during rapid phy-
toplankton growth in warmer months. The magnitude of
fractionation depends on species, light, growth rate, and
N concentration (Needoba et al. 2003). The degree of
fractionation should be lower with more rapid growth
and lower N concentrations (Wada & Hattori 1978). In
summer, higher temperature could have promoted DIN
loss via phytoplankton uptake or microbial processes
such as nitrification-denitrification. Correspondingly,
the phytoplankton becomes progressively enriched in
815N as DIN is removed from the water (Bode & Alva-
rez-Ossorio 2004). The linear increase in POM 815N as
temperature increases and DIN decreases in our study,
fits well with the described above. Alternatively, York et
al. (2007) suggested that the extent of fractionation did
not vary but the 8N of the DIN source increased in
warmer months and that this increase was reflected in the
I5N of phytoplankton. Unfortunately, since no quantita-
tive measurement of 8'"NO5~, 8'SNH,*, and the frac-
tionation factor for phytoplankton N use, we have no
evidence for the proper explanation for ’Npq; season-
ality.

The four organic compositions collected at Estuary,
with high TN, TP, DIN, SpCond, and ORP, showed
slightly lighter 8!3C and 8!°N than that at Lake Center
(Fig. 4). This finding was contrary to others, who con-
sidered that high levels of anthropogenically derived N
and C atestuary may introduce arelatively high 8'3C and
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Fig. 4 Spatial variation in 8'3C and §!°N for POM, DOM, bacteria,
and cladoceran from both sample sites (see Fig. 2; means £1 SD).
813C and 8N values are means of all sampling dates from each
site (n=5).

815N values of seston (Vo & Struck 1997, Kendall et al.
2001, Xu et al. 2005). In contrast, other studies have also
shown how the incorporation of low &N from
point-source inputs of POM derived from domestic
waste can result in whole food webs components having
lower 89N in impacted sites than in non-impacted sites
(Van Dover et al. 1992, Tucker et al. 1999, DeBruyn &
Rasmussen 2002). One explanation for the depleted §!3C
may contribute to the effects of microbial activities.
Microbial degradation selectively removes labile
13C-enriched components such as proteins and carbohy-
drates, leaving more refractory 13C-depleted biochemi-
calsfindings such as cellulose, lipid, and lignin that come
from the land (Benner et al. 1987, Cloern et al. 2002). So
all taxa collected at Estuary reflected substantial sewage
influence in their stable isotopic signatures.
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