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Diel isotopic fl uctuation in surface seston and its physiological 
and ecological implications
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We reported diel fl uctuation in isotopic composition of surface seston from two connected lakes in China, oligotrophic Lake 
Fuxian and eutrophic Lake Xingyun. The decrease in nighttime and the increase in daytime of isotope signatures of seston might 
be attributed to the light-dependent balance between the photosynthesis and the respiration of phytoplankton and to the changes 
in the species composition and the relative abundance of phytoplankton functional groups at the water’s surface in diel growth. 
The relatively high isotopic signatures and the large-extent diel fl uctuation of phytoplankton in the eutrophic lake could be due 
to utilization of heavy-isotope-enriched inorganic sources and the high primary productivity. Extent of diel fl uctuation in δ13C 
and δ15N of phytoplankton were relatively small compared with the isotopic enrichment per trophic transfer and thus might have 
negligible effect on the source identifi cation and the trophic evaluation of consumers.

Keywords: stable isotope, diel, phytoplankton, oligotrophic, eutrophic lake

Introduction

In freshwater ecosystems, phytoplankton is an impor-
tant constituent to local food webs and the studies on 
phytoplankton can be helpful to understand the relative 
importance of this primary producer to the local food 
webs (Kendall et al. 2001, Lehmann et al. 2004, Xu et 
al. 2005a, Zeng et al. 2007a,b). Stable isotopic technol-
ogy is a powerful tool to better understand fate and cycle 
of carbon and nitrogen of multiple sources in aquatic 
environments (Gu et al. 1996, Post 2002, Lehmann et 
al. 2004, Gu et al. 2004, Xu et al. 2004). Isotopic sig-
natures of phytoplankton and other sources contribute 
to identifying sources of organic matter and trophic 
dynamics in ecosystems (Wada & Yoshioka 1996, Ken-
dall et al. 2001, Lehmann et al. 2004 Zhang et al. 2007). 
However, previous studies showed that phytoplankton 
tend to show greater spatial and temporal variability 
in isotopic signatures than larger organisms within and 
between systems (Gu et al. 1996, Gu et al. 2004, Xu 
et al. 2004, Xu et al. 2005a, Gu et al. 2006, Xu et al. 
2007a, Zhang et al. 2007). These variations are related 
to phytoplankton species composition, external nutri-

ent input, and primary productivity, as well as sources 
and concentrations of dissolved inorganic carbon and 
nitrogen, their isotope signatures, and inherent isotope 
fractionations and kinetic mode of carbon and nitrogen 
fi xation during photosynthesis (O’Learly 1981, 1989, 
Falkowski 1991; Grey & Jones 2001, Gu et al. 2006, 
Xu et al. 2007a).

Studies on the diel fl uctuation in stable isotope of phy-
toplankton were rare (Wada & Yoshioka 1996, Ziegler 
& Fogel 2003). The objectives of this investigation 
was to report diel fl uctuation in isotopes composition 
of phytoplankton from two connected lakes in China 
(Fig. 1; see details in Xu et al. 2005b, Li et al. 2007, Qin 
et al. 2007), deep oligotrophic Lake Fuxian and shal-
low eutrophic Lake Xingyun (see selected limnological 
parameters in Table 1) and to discuss the preliminary 
ecological and physiological implications of diel isoto-
pic fl uctuation of phytoplankton.

Material and methods

Sampling

Lake water for seston was collect from 0 to 0.5m 
water column in 24-26 September, 2003 at the northern 
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Fig. 1 Map of Lakes Fuxian and Xingyun and the location of sampling sites.

tope ratio mass spectrometer (CF-IRMS) directly cou-
pled to an NC2500 elemental analyzer (Carlo Erba) for 
combustion. More than twenty percent of the samples 
were analyzed two or more times as replicates. Two 
samples of an internal reference material were analyzed 
after every fi ve to ten measurements in order to calibrate 
the system and compensate for drift with time. Isotope 
ratios were expressed as parts-per-thousand (‰) dif-
ferences from a standard reference material using the 
equation:

center of Lake Fuxian and the center of Lake Xingyun, 
and then fi ltered onto percombusted glass fi bre fi lters 
(GF/C whatman). The fi lters (two to three replicates in 
each site at each time) for isotope analyses were than 
wrapped in aluminium foil, put into plastic baggies, 
preserved in an ice box and brought back to laboratory. 
In the laboratory, the fi lters, except for nitrogen isotope 
analysis, were acidifi ed with 1N HCl solution to dis-
solve possible calcium carbonate (CaCO

3
), followed by 

a rinse in distilled water, dried to a constant weight at 
50°C in a drying oven, ground and homogenized to a 
fi ne powder with a mortar and pestle, and then stored in 
a desiccator with a silica gel desiccant for subsequent 
stable isotope analysis.

Stable isotope analysis

Stable carbon and nitrogen isotope ratios were ana-
lyzed with Delta Plus (Finnigan) continuous fl ow iso-
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Lake Fuxian Lake Xingyun

Parameter Average SD Average SD

Total 
Nitrogen 
(mg L−1) 

0.20 0.02 3.21 0.33 

Total 
Phosphorus 
(mg L−1) 

0.02 0.001 0.45 0.08 

Chlorophyll 
a (μg L−1)

1.27 0.47 280.6 97.4 

Table 1. Average and standard deviation values for selected limno-
logical parameters in Lakes Xingyun and Fuxian.

where ‰ is parts per thousand and 15N/14N and 13C/12C 
are the atomic ratios of the number of atoms in the sam-
ple or standard, and δ is the measure of heavy to light 
isotope in the sample, whereby higher δ values denote 
a greater proportion of the heavy isotope. The standard 
reference materials were Vienna Pee Dee Belemnite 
(VPDB) and atmospheric nitrogen for carbon and 
nitrogen, respectively. International reference materials 
were IAEA-USGS24 and IAEA-USGS25. The standard 
deviations of replicate analyses were approximately ± 
0.3‰ for both δ13C and δ15N.

To examine the differences in isotopic signatures of 
seston between each sampling time, STATISTIC for 
Windows statistical software (version 6.0) was used for 
the relative analyses.

Results and discussion

Because of the light dependence of assimilation pro-
cesses of phytoplankton, the diel fl uctuation in isotope 
signatures of phytoplankton from euphotic zone was 
expected. In this study, the minimal δ13C and δ15N of 
seston were observed at nighttime for both Lake Fuxian 
(-29.1‰ and 3.5‰) and Lake Xingyun (-26.5‰ and 
5.1‰), while the signifi cant decline in the nighttime 
was only observed in the eutrophic Lake Xingyun (Fig. 

2). The decrease in nighttime might be due to the pref-
erential loss of heavy-isotope-enriched organic matters. 
For example, extracellular release of assimilated carbon 
by algae was relatively high and the respiratory losses 
overnight comprised at least 30% of the carbon assimi-
lated during the daytime (Tilzer & Horne 2007), and 
the carbon isotope fractionation in the carbon metabo-
lism was recognized at the point where acetyl-CoA was 
divided into two pathways (lipid synthesis and TCA 
cycle) and the 13C-rich acetyl-CoA was introduced into 
TCA cycle and respired (Wada and Yoshioka 1996). 
The maximal δ13C and δ15N of phytoplankton were 
observed at daytime for both Lake Fuxian (-28.4‰ and 
3.8‰) and Lake Xingyun (-25.4‰ and 6.7‰), while the 
signifi cant increase in the daytime was only observed in 
the eutrophic Lake Xingyun (Fig. 2). The increase in 
the δ13C and δ15N of phytoplankton in daytime might 
be due to the active photosynthetic carbon and nitrogen 
assimilation with relatively small isotope discrimination 
in the lake water (Kendall et al. 2001, Xu et al. 2005a, 
Gu et al. 2006, Xu et al. 2007a). Therefore, these results 
indicated that the isotope signatures of phytoplankton 
were partially controlled by the balance between the 
photosynthesis and the respiration of phytoplankton in 
diel growth.

There were some alternate mechanisms that could 
be responsible for the diel isotopic fl uctuations in 
phytoplankton. The diel variation of phytoplankton 
functional groups in the vertical position was related 
to light, mixing regime and grazing pressure (Lampert 
& Barbara 1985, Yamamoto & Nakahara 2006, Becker 
et al. 2008). For example, some phytoplankton species 
could adjust their buoyancy and might sink rapidly 
out of the upper water column (Frempong 1981) and 
some might be preferentially grazed by zooplankton 
(Lampert & Barbara 1985) during a diel change. Phy-
toplankton taxa might vary in their mode and form of 
nitrogen and carbon acquisition (i.e. NH

4
 vs. NO

3
; CO

2
 

vs. HCO
3
) and in isotopic fractionations (O’Learly 

1981, Falkowski 1991, Goericke et al. 1994, Montoya 
& McCarthy 1995, Burkhardt et al. 1999, Joseph et al. 
2003) and this could affect isotopic composition of the 
bulk phytoplankton. Thus, changes in the species com-
position and the relative abundance of certain groups at 
the water’s surface could cause, to some extent, the diel 
isotope shifts in phytoplankton.

Diel fl uctuations in δ13C and δ15N of phytoplankton 
were summarized in a δ13C - δ15N plot (Fig. 3). The 
average δ13C and δ15N of phytoplankton in eutrophic 
Lake Xingyun were 2.9‰ and 2.2‰ higher than those 
in oligotrophic Lake Fuxian, and the extent of diel 
fl uctuations in δ13C and δ15N were also larger in Lake 

4 - Xu.indd   34 - Xu.indd   3 24/09/08   10:40:5424/09/08   10:40:54
Noir quadriNoir quadri



200 (4) J. XU, P. XIE, J.QIN

Fig. 2. Diel isotopic fl uctuation in stable isotopes of phytoplankton 
in Lakes Xingyun and Fuxian. Capital letters X and F represent 
Lake Xingyun and Lake Fuxian, respectively, and the same small 
letters indicate that there were no signifi cant differences in isotopic 
signatures among the sampling times at p-level < 0.05.

Xingyun compared with those in Lake Fuxian (Fig. 3). 
Lake Xingyun provided 13C and 15N enriched inorganic 
sources concomitant with eutrophication to phytoplank-
ton, and primary production rate of phytoplankton in 
Lake Xingyun was 4-5 times higher than that of Lake 
Fuxian (Xu et al. 2005b). Thus, the relatively high iso-
topic signatures and the large-extent diel fl uctuation of 
phytoplankton in Lake Xingyun might be due to that 
phytoplankton in Lake Xingyun utilized heavy-isotope-
enriched inorganic sources and growth at high produc-

tivity because of the eutrophication (Gu et al. 2004, Xu 
et al. 2005b, Gu et al. 2006). 

Generally, in the use of stable isotopic technique to 
study trophic relationship, δ13C and δ15N showed 1‰ 
and 3.4‰ per trophic level enrichment, respectively 
(DeNiro & Epstein 1978, Minagawa & Wada 1984, 
Post 2002, Xu et al. 2007b). In this study, extent of diel 
fl uctuation in averaged δ13C and δ15N of phytoplankton 
were relatively small (within 1‰) compared with the 
isotopic enrichment per trophic transfer and thus might 
have negligible effect on the identifi cation of the impor-
tance of phytoplankton and other different sources of 
primary production to consumers higher up the food 
chain (France 1995, Vander Zanden & Vadeboncoeur 
2002, Xu & Xie 2004, Xu et al. 2007b).

The short sampling regime and the lack of informa-
tion about the diel vertical changes in taxonomic com-
position of phytoplankton would bias the diel patterns 
in isotopic signature of phytoplankton and the corre-
sponding speculation in this study. Further researches 

Fig. 3. δ13C vs. δ15N plot for the diel fl uctuation of phytoplankton in 
Lakes Xingyun and Fuxian. Numbers in the boxes on the graph 
represents each sampling time (1, 19:00; 2, 1:00; 3, 7:00; 4, 13:00; 
5, 19:00) and each point represents the mean value of isotope ratios 
with error bars around the mean omitted for simplicity.
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on the diel variations in the taxonomic composition and 
abundance of phytoplankton functional groups and  in 
water chemistry and isotopic composition of dissolved 
species of nitrogen and carbon would be far more com-
prehensive and of ecological relevance to clarify the 
mechanisms of the diel fl uctuation in phytoplankton 
isotopic compositions.
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