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Abstract: Although sources of seston are much more complicated in lakes compared to marines, the 

influences of different source on the spatiotemporal variations in seston stoichiometry are still 

underexplored, especially in large eutrophic floodplain lakes. Here, we investigated the seston 

stoichiometry across a typical large eutrophic floodplain lake (Lake Taihu) over one year. In 

addition, we used the n-alkanes proxies for source estimation which are more robust than other 

elemental indicators (e.g. C: N ratios). Throughout the study, the average value of C: N: P ratio of 

143: 19: 1 across Lake Taihu was higher than the classical Redfield ratio, but closed to the synthesized 

data from other lakes. Generally, seston C: N ratios varied the least across all environments, but C: 

P and N: P ratios varied widely and shown a significant seasonal pattern with lower ratios of N: P 

and C: P during senescence seasons and higher ratios in the growing seasons. This seasonal change 

was mainly associated with the shift from terrestrial-derived seston to algal-derived seston as, the 

significant lower ratios of terrestrial-derived seston from surrounding agricultural watershed. 

Spatially, the mean ratios of each site were similar, except relative higher values of C: P and N: P 

ratios in the algal dominated area. Statistically, the predictive power of environmental variables on 

stoichiometric ratios was strongly improved by adding n-alkanes proxies. Apart from sources 

indicators, particulate phosphorus (PP) contents also partly explained the spatiotemporal variations 

in stoichiometric ratios. Nevertheless, the mechanisms behind the dynamics of PP could be totally 

different and source-specific. This study highlights the priority of using n-alkanes proxies as tools 

to identify the source of seston which is essential to interpret the spatiotemporal variations in seston 

stoichiometric ratios among eutrophic floodplain lakes. 

Keywords: seston stoichiometry; source estimation; n-alkanes proxies; large eutrophic floodplain 

lakes; Lake Taihu 

 

1. Introduction 

The C: N: P ratio of suspended particulate matters, hereafter “seston”, is closely tied to 

biogeochemical cycles and food webs in aquatic ecosystems [1–3]. Since A. C. Redfield first observed 

that C: N: P ratios of seston in the offshore surface ocean are similar to the ratios of dissolved nutrients 

in the deep ocean, the Redfield ratio (e.g., the canonical Redfield ratio of C: N: P = 106:16:1) is routinely 

used to interpret and predict ecosystem processes in oceans [4]. While increasing evidence has shown 

that C: N: P ratios can vary at spatial and temporal scales, the general applicability of the canonical 
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Redfield ratio is under debated [5]. In marine ecosystems, seston often exhibits small deviations from 

the Redfield ratio and follows some general patterns, for example associating with latitudinal 

gradient, seasonal cycles and depth profiles [6–8]. In contrast, among lakes, seston shows higher 

ratios (C:N:P = 166:20:1) and more than 10-fold variations [9]. In order to introduce seston 

stoichiometry into lake ecological studies, the causes of its great spatial and temporal variability in 

lakes are of considerable interest. 

In the majority of studies to date, a long list of various biotic and abiotic causes have been 

advocated for the flexible seston C: N: P ratios, including taxonomic composition of phytoplankton, 

nutrient availability, temperature, light intensity and seston mass, which drive the variability of 

seston stoichiometry through directly or indirectly affecting elemental ratios of algal cells [6,7,9–11]. 

However, when taking these factors into account, it is of vital importance to consider the source of 

seston in advance. As if the seston is mainly comprising of allochthonous components, the responses 

of phytoplankton could be masked. The influence of allochthonous detritus to deviations of seston 

C: N: P ratios had been confirmed among temperate oligotrophic lakes [12]. However, the 

consideration of the seston sources is still scarce among eutrophic lakes. Although there is evidence 

proposed that the seston is dominated by algal biomass in eutrophic lakes, whereas most of these 

lakes are characterized long water residence time and few riverine inputs [13,14]. In fact, the 

contribution of terrestrial matters is unignorable in many eutrophic floodplain lakes, where river-

lake interactions are intensive [15]. Moreover, as short residence times of floodplain lakes, the high 

input of terrestrial components tends to dominate the seston pool when algal blooming is fading 

away [16,17]. Last but not least, many large floodplain eutrophic lakes are also partly covered by 

macrophytes (Zhang et al., 2017). Therefore, the influence of different sources on variations in seston 

stoichiometry has to be reconsidered in large eutrophic floodplain lakes.  

Lake Taihu, similar to other large eutrophic floodplain lakes, is often characterized as serious 

cyanobacterial blooms, intensive riverine inputs and great spatial [19]. Due to its high-level 

eutrophication, the cyanobacterial blooms are prevailing during the growing seasons (from late 

spring to early autumn), and fading away during senescence seasons (from late autumn to early 

spring)  [20]. Meanwhile, the majority of riverine input enters the lake mostly via tributaries which 

bring higher eutrophic stress and larger amounts of allochthonous particles in the vicinity of inlets 

and adjacent lakeshores, than further away [21]. Lake Taihu’s shallowness means that there is 

frequent mixing process, which can change within lake heterogeneity. These topographic and 

environmental characteristics likely cause significant variation in seston C: N: P ratios. But, compared 

to extensive investigations of dissolved and total nutrients in Lake Taihu, the particulate nutrients 

were poorly documented. The most comprehensive investigation of seston in Lake Taihu to date 

could be found in Shi (2018). However, they used C: N ratios as a source indicator of which reliability 

was under debated [22]. 

In this study, the seston C, N and P concentrations were monthly measured across Lake Taihu 

over one year, where the environmental data were simultaneously documented. In addition, n-alkane 

proxies were applied to identify the source of seston in Lake Taihu. Our primary objective was to 

characterize spatiotemporal variations in seston C: N: P stoichiometry in Lake Taihu and to relate this 

variation to other environmental factors, especially in terms of detailed attention to sources of seston. 

We further predicted that the temporal patterns in stoichiometric ratios would differ between each 

area where the main source of seston should be different.  

2. Materials and Methods  

2.1. Study sites 

Samples were collected at five sites (Figure 1) that could be taken as representatives as four main 

sub-ecotypes of Lake Taihu [23]. Station DPE and ZSB are respectively situated on the estuary area 

of Dapu river and Yicun river, which are the two greatest inflow river of Lake Taihu [19]. Site MLB 

is located in Meiliang Bay, a region where cyanobacteria bloom is serious and riverine inputs are 

rigorously constrained. Station LC is located in the center of open lake, where the water is less 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 November 2019                   

Peer-reviewed version available at Water 2019, 12, 36; doi:10.3390/w12010036

https://doi.org/10.3390/w12010036


 3 of 15 

 

enriched with nutrients but exposed to more frequent wind-induced sediment resuspension. Sites 

XKB is located in Xukou Bay, a typical macrophyte zone near the outflow Xu river. 

 

Figure 1. The map of Lake Taihu and sampling sites as illustrated. 

2.2. Fieldworks  

Monthly sampling works were carried out between June 2016 and May 2017. Five litters of sub-

surface (0.5 m) water was collected from each site using an acid-cleaned plastic sampler. Due to the 

shallowness (e.g. mean depth is 1.9 m) and intensive wave-induced vertical mixing, the samples from 

sub-surface could represent the entire water column [24]. The water temperature (T) was measured 

in situ using YSI-6600 handle multiparameter meter (Yellow Springs Instruments, United States). All 

water samples were transferred in acid-washed 5L bottles and temporally stored at 4 ℃ before 

further analysis.  

2.3. Sample processing and analyses 

Using standard methods (Clescerl et al. 1999), total suspended solids (TSS) and chlorophyll a 

(Chl a) were quantified immediately upon return to the Taihu Laboratory for Lake Ecosystem 

Research (TLLER, http://taihu.niglas.cas.cn/). Water samples for dissolved nutrients were filtered 

through pre-ashed 0.7 μm glass fiber filters (GF/F, Whattman, United States), and all GF/F filters for 

seston stoichiometry and n-alkanes were freeze-dried and stored at -20℃ . The total dissolved 

phosphorus (TDP), the dissolved nitrogen (TDN), ammonium (NH4
+ ), and phosphate ( PO4

3− ) 

concentrations in filtrates were measured according to the standard analytical methods (Clescerl et 

al. 1999). The dissolved organic carbon (DOC) were determined on a TOC analyzer (Shimadzu, 

Japan). For analyzing the particulate organic carbon (POC) and particulate nitrogen (PN) in seston, 

frozen filters were thawed and dried at 50℃ for 1 h, then weighed and kept at room temperature in 

a desiccator. In order to remove carbonate fraction, these filters were fumed with HCl and re-dried 

in a clean fume hood. The carbon and nitrogen contents were subsequently determined on an NA-

1500 elemental analyzer (Fisons Instruments, United States). The particulate phosphorus (PP) was 

analyzed on corresponding filters placed in 15 ml distilled water that acidified with H2SO4 and 

digested with peroxodisulphate at 121 for 1 h [12]. The final phosphate concentration in digested 

solutions was measured spectrophotometrically as the same protocol as TP and TDP. The POC, PN 

and PP indicated the mass concentration per unit mass of TSS. The ρPOC, ρPN and ρPP indicated the 

mass concentration per unit volume.  

As shown in the previous study [25], the n-alkanes were extracted by the microwave method. 

Briefly, total lipids were first extracted from freeze-dried filters or biogenic materials with organic 

solvents (dichloromethane: methanol = 9: 1, v/v), using microwave bath. In order to remove 

alkenoates, the extracted solution was hydrolyzed within 6% KOH, and then neutral lipids were 

extracted with n-hexane. The n-alkane fraction was separated and collected from neutral lipids using 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 November 2019                   

Peer-reviewed version available at Water 2019, 12, 36; doi:10.3390/w12010036

http://taihu.niglas.cas.cn/
https://doi.org/10.3390/w12010036


 4 of 15 

 

silica gel column chromatography. The concentrations of n-alkanes were quantified on an Agilent 

7890 gas chromatography (Agilent Technologies, United States) with a flame ionized detector. The n-

C36 alkane was used as lab standards for peak identification and quantification.  

2.4. Calculation of n-alkane proxies   

Several classical proxies of n-alkanes had been calculated to estimate the origins of seston, 

including the odd-to-even carbon preference index (CPI) [26], the ratio of long-chain to short-chain 

n-alkanes (L/H) [27], the ratio of terrigenous to aquatic odd n-alkanes (TARHC) [28], the ratio that 

reflects the non-emergent aquatic macrophyte to emergent aquatic and terrestrial plants (Paq) [29], 

and the modified n-alkane average chain length (ACL) between C16 and C32 [30]. These proxies were 

calculated as following equations: 

CPI =
1

2
× [(

C25+C27+C29+C31+C33

C24+C26+C28+C30+C32
) + (

C25+C27+C29+C31+C33

C26+C28+C30+C32+C34
)]                     (1) 

L/H =
∑(C15−31)

∑(C22−33)
                                                         (2) 

TARHC =
(C27+C29+C31)

(C15+C17+C19)
                                                   (3) 

Paq =
(C23+C25)

(C23+C25+C29+C31)
                                                   (4) 

ACL =
∑C𝑖×𝑖

∑C𝑖
                                                            (5) 

2.5. Statistical analysis 

General spatial differences in each seston stoichiometric ratio across sub-ecotypes and seasons 

were compared using the Kruskal-Wallis non-parametric test. Duncan tests were applied as post hoc 

multiple comparisons for differences among each site. Basing on previous studies [14,31], the four 

regular seasons were categorized into two periods: the growing seasons (from May to September) 

and senescence seasons (from October to April). Temporal differences in overall Lake and each site 

were compared using t-tests. Principle component analysis (PCA) was performed to investigate the 

genera pattern and association of n-alkane proxies and select the most representative proxies for 

further analysis. 

Partial least squares regression (PLSR) was used in order to examine the relative influence 

(predictive power) of individual environmental variables on each stoichiometric ratio. Compared to 

ordinary linear regression, PLSR is more powerful to confront possibly correlating and non-normal 

predictors [32]. The relative influence of each variable was quantified using variable importance in 

the projection (VIP) scores where variables > 1.0 have strong influences, variables < 0.8 have weak 

influence, and variables in the middle range (0.8-1.0) have moderately influence [33,34].  

3. Results 

3.1. Spatio-temporal variations in seston C: N: P stoichiometry  

The seston C: N: P ratios were flexible with mean value (C: N: P = 143: 19: 1) across Lake Taihu 

being higher than expected by the canonical Redfield ratio of C: N: P = 106:16:1 (Figure 2). Seston N: 

P and C: P ratios ranged widely with the coefficient of variation (CV) of 44% and 40% respectively, 

whereas C: N ratios varied the least (CV=11%) throughout this investigation. Although the lowest C: 

N ratios could be observed in MLB (mean= 7.4), the values did not differ significantly between 

different locations. In contrast, the mean N: P and C: P ratios differed systematically across Lake 

Taihu. Both C: P and N: P ratios were highest at MLB (means=178.5 and 27.4, respectively), and 
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generally lower at estuary sites. The mean seston stoichiometric ratios were not significantly different 

between LC and XKB.  

Regardless of spatial heterogeneity in Lake Taihu, strong effects of season on N: P and C: P ratios 

were shown as significantly higher values in growing seasons than senescence seasons (Figure 3b,c). 

Synchronously, seston C: P and N: P ratios in DPE, ZSB and LC significantly decreased after growing 

seasons. Seston C: P and N: P ratios in MLB also showed similar decreasing tendencies but not 

statistically significant. In contrast, although mean seston C: N ratios in DPE increased significantly 

from senescence seasons to growing seasons, while this difference of C: N ratios were not significant 

within other sites or entire lake datasets (Figure 3a). 

 

Figure 2. Spatial variations in seston stoichiometric ratio of C: N (a), N: P (b) and C: P (c) across 

different sub-ecotypes across Lake Taihu. Dashed reference lines show classical Redfield ratios. 

Letters denote significant differences between different location, and n.s. indicates no significant 

differences. 
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Figure 3. Temporal variations in seston stoichiometric ratio of C: N (a), N: P (b) and C: P (c) within 

different sub-ecotypes across Lake Taihu. Dashed reference lines show classical Redfield ratios. The 

p values denote significant differences between different seasons within each site and n.s. indicates 

no significant differences. 

3.2. PCA of n-alkane proxies and source estimation 

PCA was conducted to investigate the association of five n-alkane proxies and select the most 

representative proxies. The first three principal components (PCs) could explain 78.9% of the total 

variance in datasets. Considering the first two components could already explain 71.8% of the total 

variance, the third components were not shown (Figure 4). PC1 was most positively loaded on ACL 

(37.2%), followed by CPI1 and TARHC, whereas L/H and Paq scattered in the negative direction and 

contributed fewer loadings for PC1. Paq was shown as much more positive contribution (68.3%) to 

PC2 than other proxies which showed lower negative loadings on PC2. For reducing the dependent 

predictors in following PLSR analysis, ACL and Paq were select to represent the whole datasets. As 

expected, the new sub dataset was highly correlated to the raw matrix (Mantel test, r =0.82, p <0.01). 

ACL serves as a method for identifying terrigenous and aquatic source inputs in sediments, 

where value higher than 23.3 indicates pronounce contribution from terrestrial seston [35]. Among 

the seston with high ACL values, seston from submerged and floating macrophytes sources would 
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have Paq values between 0.48 and 0.94 [26], owing to submerged and floating macrophytes contain 

abundant mid-china alkanes (e.g. n-C21, n-C23 and n-C25). Basing on two selected indices, the 

sources of seston in Lake Taihu could be generally classified into three categories (Figure 5). The first 

category was characterized as relatively lower ACL values (<23.3), suggesting dominated by algal 

origins with short-chain n-alkanes. The second category was characterized as high ACL values 

(mean=27.1) and moderate Paq values (0.21-0.47), indicating a major contribution of terrigenous 

source and minor contribution of macrophytes. The third category was mainly made up of 

macrophytes detritus (Paq > 0.5) that was from XKB during senescence seasons. Remarkably, similar 

to stoichiometric ratios, there was also a significant seasonal shift (p< 0.05) in seston sources. As 

shown, most samples in growing seasons were dominated by algal source, and most sestons were 

dominated by the terrestrial source during senescence seasons. However, this seasonal effect was not 

shared within all sites. There were no significant changes in sources of seston in XKB and MLB. 

 

Figure 4. PCA plots of n-alkanes proxies and their individual contributions to PC1 and PC2. 

 

Figure 5. Biplot of ACL and Paq distribution across Lake Taihu. Vertical and horizontal reference 

lines are used for identifying different sources as illustrated. The following * and *** symbols denote 

the significant differences between growing seasons and senescence seasons within each site, with p 
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values less than 0.05 and 0.001 respectively. The vertical and horizontal error bars respectively depict 

± 1 standard deviation of Paq and ACL means. 

3.3. PLSR analysis  

Apart from sources indicators, environmental variables (Table S1) in regression models 

explained around 25% of variations on average (Figure 6a-c). After adding two sources indicators, 

the explained proportions of PLSR models for N: P and C: P strongly increased from 25.04% to 

56.36%, and from 27.65% to 62.41% (Figure 6d-f), respectively. Both ACL and Paq were important 

predictors according to their VIP scores. Besides, the phosphorus contents were also important in 

regression models. However, it is noticed that the explanatory ability of PLSR models for C: N was 

not influenced by additional sources indicators. 

 

Figure 6. Scatterplots of predictors for spatio-temporal variation of seston stoichiometric ratios in 

Lake Taihu with (d-f) and without source indicators (a-c). Individual predictor weights are directly 

proportional to the amount of variance explained for each component. The total explained variance 

of each component are shown in the top left of each plot, and the seston ratios are shown in the top 

right. VIP of each predictor is indicated as: black solid circles (highly important) and grey solid circles 

(moderately important). Weakly important predictors are not illustrated in figures. 

3.4. C: N: P stoichiometric ratios of seston from different sources  

As classified above, all samples could be classified into three sources: algal-derived seston 

(n=23), terrestrial-derived seston (n=33), submerged macrophytes-derived seston (n=4). Statistically, 

C: N ratios are comparatively consistent between and within seston dominated by different sources 

(Figure 7a). On the contrary, the average value of N: P (11) and C: P (108) ratios from terrestrial-

derived seston significantly lower than those ratios (N: P =23, C: P =183) of algal-derived seston and 

those ratios (N: P =24, C: P =165) (Figure 7b,c). Accordingly, there were strong negative relationships 

between ACL and N: P and C: P ratios (Figure 7e,f). Further, within terrestrial-derived seston, these 

ratios had a significant positive relationship with Paq values (Figure 7h,i).  
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Figure 7. Differences and relationships between stoichiometric ratios of seston dominated by different 

sources. The general differences of each ratio between each source were shown at the top right of 

corresponding figures in (a-c). Liner relationship between ACL and seston stoichiometric ratios (d-f), 

and between Paq and stoichiometric ratios of seston dominated by terrestrial sources (g-i). 

4. Discussion 

As expected for most inland waters, the average value of C: N: P ratio of 143: 19: 1 across Lake 

Taihu was higher than the classical Redfield ratio (C: N: P = 106: 16: 1) and close to the modified 

Redfield ratio of 166: 20: 1 as lakes’ datasets were integrated in [9]. This ratio was also concomitant 

with the previous survey [36], which suggested that the seston stoichiometric ratios interannually 

stable and comparable in Lake Taihu. In general, the seston N: P and C: P ratios varied more widely 

than C: N ratios, which is a common pattern within freshwater ecosystems [9,13,34]. Basing on the 

PLSR analysis, two major groups of important predictors were responsible for the flexibility of these 

two ratios in Lake Taihu: phosphorus and, as we proposed, the indicators of seston sources. Adding 

ACL and Paq as source indicators considerably increased the predictive power of PLSR models for 

N: P and C: P ratios, respectively. Additionally, significant negative relationships between ACL and 

N: P and C: P ratios were observed in this study. These results are statistically supporting our 

hypothesis that the seston sources are important factors in shaping the spatiotemporal pattern of 

seston stoichiometric ratios in Lake Taihu and other similar large eutrophic floodplain lakes. 

4.1. Highlights of n-alkanes proxies rather than elemental ratios as source indicators  

The basically consistent C: N ratios around 8 seemed unlikely to support our claim that 

terrestrial contribution is considerable in Lake Taihu as, typically, C: N ratios of algal origin ranged 

from 5 to 9 [37]. Depending on this paradigm, the previous study argued that the majority seston was 
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consistently comprised of algal sources in Lake Taihu, and therefore they mostly explained the strong 

seasonal changes of seston C: P and N: P ratios from the aspect of algal communities. However, the 

suitability of C: N as a source indicator is under debate for decades. Its uncertainty has been noted in 

many works, as it may be confounded by factors such as the incorporation of microbial biomass 

during biodegradation [38,39] and fixation of inorganic nitrogen on clays [22], both of which could 

lower the C: N ratio and weaken the divergence between algal and terrestrial origins.  

Relatedly, other elemental indicators, such as POC: Chl a ratio or stable isotope of δ13C, are not 

recommended to derive seston sources either. Although POC: Chl a ratio is easily obtained and 

therefore widely used as an alternative indicator to C: N ratio, many studies have announced that its 

accuracy should be interpreted with caution. POC: Chl a ratios of algal biomass could vary over 10-

fold (from 35 - 450) over different studies, and depend on properties of the study area, the state of the 

bloom and the algal species [40,41]. Thus, using a certain ratio of POC: Chl a (i.e. 200 or 100) as a 

threshold to distinguish algal sources and terrestrial sources is not reliable, especially in eutrophic 

lakes. Similarly, the δ13C signatures of algae vary spatiotemporally, which mainly corresponded with 

fluctuating inorganic δ13C values in freshwater ecosystems (Meyers, 1997; Meyers and Ishiwatari, 

1993).  

Compared to elemental indicators, n-alkanes proxies are more robust as tools for identifying 

sources of seston of lakes because they are source-specific and more resistant to biodegradation 

[30,44–46]. Yet the precise composition of different sources in seston pool could not be fully resolved 

by n-alkanes proxies alone. For example, the contribution of resuspended sediments could not be 

estimated by lipid biomarkers as they have similar molecular compositions with their primary 

biogenic sources [46]. Multiple-combined proxies could be a better way in such a complicated 

ecosystem with high spatiotemporal heterogeneity [46]. Nevertheless, this study supports the utility 

of using n-alkanes proxies to accurately distinguish the sources of seston in eutrophic floodplain 

lakes. 

4.2. Hydrological mixing processes leading to limited spatial heterogeneity    

Opposite to our prediction, there are similar temporal patterns between each sub-ecotype. The 

broad dispersion of algal cells in growing seasons and terrestrial materials in senescence seasons 

could partly explain the spatial homogeneity. Firstly, most freshwater cyanobacteria contain gas 

vesicles inside the cells, thus helping cells floating on the surface [51]. These near-surface cells are 

easily transported by horizontal currents. Secondly, under the south-east Asia monsoon throughout 

the growing season, horizontal mixing currents accumulate algal biomass in northwest estuary 

region and, therefore, the terrestrial signals are overridden [24]. For terrestrial materials, given that 

the shallowness and in Lake Taihu [19], the frequent resuspension leading to the prolonged residence 

time of these sestons in the water column may be one reason for their horizontal board dispersion. 

As algal biomass is highly biodegradable and is preferentially utilized by micro-food webs (Shi et al., 

2017), the intensive wind-wave disturbance could also provide sufficient dissolved oxygen which 

accelerates the rapid mineralization of algal-derived seston (Xu et al., 2015). Consequently, more 

terrestrial materials are preserved in the water column or surficial sediments after algal blooming. 

These characteristics of Lake Taihu and similar large shallow floodplain lakes will reduce the spatial 

heterogeneity between distinct sub-ecotypes. 

4.3. Seasonal changes in stoichiometric ratios corresponded with seasonal shifts in seston sources 

Consistent with other eutrophic lakes, there are significant seasonal changes with lower ratios 

of N: P and C: P during senescence seasons and higher ratios in the growing seasons[33,34,36]. Apart 

from the estimation of the source, previous studies used to attribute the pronounced seasonal shifts 

in seston C: P ratios to a “growth by dilution” hypothesis in eutrophic lakes. That is, while ambient 

P will initially increase the cellular P-quota, the resulting high algal biomass will eventually end up 

with limited P quota and assimilating C alone (Hessen et al., 2005). Or some researches explained 

these shifts by the changes of communities species [36], because diatoms have low cellular C: P ratios 

than cyanobacteria. However, as illustrated above, these hypotheses only work at a certain 
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circumstance that seston is consistently dominated by algal origins. Thus, these causes may still work 

in MLB, where most of seston dominated by algal biomass throughout the study period. Although 

the differences are not statistically significant, a decreasing trend was observed in this area. But it is 

clear that there are seasonal shifts from algal-derived seston to terrestrial-derived seston in the 

estuary and open-water areas, which can represent the majority area of Lake Taihu. That implied the 

overall seasonal change in stoichiometric ratios may be mainly caused by seasonal shifts in seston 

sources rather than the seasonal changes in algal cells or communities. On another side, it should be 

careful to directly speculate the nutrient limitation of algal cells by seston stoichiometric ratios 

without source information. 

Further evidence of role of non-algal sources come from 1) the seston of senescence seasons 

dominated by terrestrial sources have significant lower N: P and C: P ratios than seston of growing 

seasons algal origins and 2) significant negative relationships between ACL and N: P and C: P ratios. 

These indicated that the shift from P-rich terrestrial materials to potentially P-limited algal biomass 

likely explained the elevated particulate C: P ratios and N: P ratios from senescence seasons to 

growing seasons. Normally, the terrestrial stoichiometric ratios tend to be higher than the algal 

biomass due to higher content of structural carbohydrates and lignin [47]. However, the C: P ratios 

and N : P ratios of terrestrial sources in Lake Taihu were lower on average than those of algal sources 

but fell within ranges reported for urbanized and agricultural watersheds [48,49]. The similar low 

ratios were also observed in Lake Erie, where agricultural activities were intensive (They et al., 2017). 

The low C: P ratios and N: P ratios in seston could result from significant inputs of inorganic P 

associated with terrestrial seston (i.e. erosional soil) from agriculture-rich catchments surrounding of 

Lake Taihu [19,50]. 3) significant higher of C: P ratios and N: P ratios of submerged macrophytes-

derived seston than terrestrial-derived seston and 4) significant positive relationships between these 

ratios and Paq among terrestrial seston. These suggest that increasing contribution of submerged 

macrophyte detritus will elevate the stoichiometric ratios of seston dominated by terrestrial materials 

because submerged macrophytes mostly have higher ratios than the agricultural soil (Xing et al., 

2013). That partly explains the reverse seasonal changes of N: P and C: P ratios in XKB. However, the 

relative low regression coefficient (~ 0.1) should be noticed, which implies other potential explanatory 

factors. 

4.4. The role of phosphorus in influencing the seston stoichiometric ratios 

Alternatively, many studies argued that the dynamics of sestonic phosphorus were largely 

responsible for systematic changes in C: P and N: P ratios because the seston C and N contents were 

tightly coupled and C: N ratios varied little [9,12,34,52]. This study agreed with that. PLSR models 

pointed the phosphorus fractions were important predictors for systematic changes in C: P and N: P 

ratios across Lake Taihu (Figure 6). Additionally, Pearson correlations also showed significant 

negative relationships between PP and C: P, N: P ratios (Table S2). However, it should be noticed that 

the mechanisms behind the dynamics of PP could be different and depending on the source of seston, 

although the correlations were not source specified. For algal-derived seston, the PP was mostly 

determined by the dissolved bioavailable phosphorus, especially in nutrient-rich environments [6]. 

The internal cellular phosphorus could be enriched by high P-uptake in environments with sufficient 

bioavailable phosphorus and consumed when phosphorus is limited [53]. The significant positive 

relationship between TDP and PP of algal-derived sestons could support this mechanism here (Figure 

S1). Interestingly, a similar and stronger positive relationship was shown between TDP and PP of 

terrestrial-derived sestons (Figure S1). This indicates that there is similar dynamic equilibrium 

between dissolved and particulate phosphorus in terrestrial materials. The adsorption and 

desorption of phosphorus on the mineral of terrestrial seston could be one reason for the coupling 

relationship [54]. Furthermore, the attached microbial communities have the capacity to use the 

sestonic organic phosphorus as well as inorganic phosphorus, which is partly regulated by the 

dissolved phosphorus [55]. More accurate data on the different fractions of dissolved and particulate 

phosphorus would have added further explanatory details. 
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5. Conclusions 

To summarise, this study points the priority of accurate estimation of seston source in order to 

make correct explanation underlining the spatiotemporal patterns in seston C: N: P ratios. Although 

the similar seasonal patterns could be found in N: P and C: P ratios of Lake Taihu and previous 

eutrophic lakes. Our results indicate that the seasonal shift here was mainly associated with the shift 

from terrestrial-derived seston to algal-derived seston rather than the changes in alga taxa or cellular 

contents. However, owing to the topographic and climate characteristic in Lake Taihu, the seston 

source and stoichiometric ratios are not site-specific. A greater spatial heterogeneity is expected in 

other large eutrophic floodplain lakes, where hydrological mixing process is not intensive. Besides, 

within each source seston, there are distinct mechanisms behind the dynamics of sestonic phosphorus 

which is also partly responsible for the variations in C: P and N: P ratios. These results highlight, 

again, that the important role of seston source has been neglected in freshwater ecosystems, which is 

caused by prior subjective knowledge or applications of insensitive indicators. This study highly 

recommended the n-alkanes proxies rather than C: N ratios or other elemental indicators as source 

indicators in freshwater ecosystems.  
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