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Potential application of biogenic silica as an indicator
of paleo-primary productivity in East Antarctic lakes
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Abstract We collected two lake sediment cores (MC and DM) from the East Antarctic region for analysis of
biogenic silica and other biogeochemical parameters (e.g., organic matter, C, N, S, H). Based on synthetically
comparative research, we focused on the potential application of biogenic silica (BSi) for the reconstruction of
paleo-primary productivity in the East Antarctic lakes. Analytical results showed that a large number of diatoms
were well preserved in the freshwater lake sediments, and that concentrations of biogenic silica displayed notable
fluctuations over different water depths. The content of biogenic silica had a consistent profile over water depth,
and this pattern changed with organic matter, reflecting their potential as eco-environmental proxies. Low lev-
els of BSi and organic matter indicated reduction of lake algal production, and corresponded to decreased lake
primary productivity. Due to the fragile ecosystem state and limited contribution of terrestrial organic matter in
the East Antarctic lakes, the contents of biogenic silica in the lacustrine sediments can sensitively indicate the
evolutionary history of paleo-primary productivity. Overall, BSi is an ideal proxy for the reconstruction of past
eco-environmental change recorded in the lacustrine sediments on East Antarctica.
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0 Introduction

Lake sediments are good materials to infer paleo-climatic

and paleo-environmental change. These sediments can be

used to record abundant information about climate, veg-

etation and human activity over time. At present, lake

sediments have been used widely to study past global

changes[1−2].

Due to the fragile characteristics of lake ecosystems

in Antarctica, even slight changes in environmental con-

ditions would result in great fluctuations of lacustrine

ecology and biogenic production. These variations are

likely to be recorded in the lacustrine sediments[3−4].

Multiple biogeochemical proxies (e.g., pigments,

nutrient elements, amino acid, isotopes) from lake

sediments can be used to reconstruct paleo-primary

productivity[5−6]. In recent years, studies on biogenic

silica (BSi) in lake sediments have drawn more attention

from researchers in this field[7]. Biogenic silica (com-

pared to silica crystals), is a type of amorphous silicon.

It mainly derived from diatom frustules in water, and

a small amount also originated from plant silicate phy-

toliths, sponge spicules, radiolaria and chrysophyta[8].

Silicon is the second most abundant element. Compared

with oxygen, nitrogen and carbon, the biogeochemical

cycle of silicon is slow, while its sedimentary rate is rapid.

Thus, silicon can be preserved in the form of biogenic

silica in sediments[9]. BSi is a measurement of silica pro-

duced by diatoms and chrysophytes, and is a reasonably
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good proxy for the production of those algal species.

In addition, because change in lake productivity has a

close relationship with nutrient concentration and sur-

face temperature in the water, BSi in lake sediments may

reflect change in historical climate conditions[10]. Nu-

merous studies from high latitudes, such as Lake Baikal

in Russia[11−12], mid-latitudes, such as Lake Pipa in

Japan[13], and low latitudes, such as Huguangyan Maar

lake in the Leizhou peninsula in China[14], as well as

Arctic lake sediments[15], have shown that high BSi val-

ues correspond to warm and humid climate conditions.

These values strongly contrast those of low level BSi gen-

erated from cold and dry climates. The above results

suggest that variation in diatom productivity is closely

related to climate change. Thus, the BSi recorded in la-

custrine sediments can be used to indicate paleoclimatic

changes. Even with the possibly negative influence of

post-depositional dissolution processes and sedimentary

rates[12], BSi continues to be an ideal proxy for recon-

struction of past eco-environmental changes in lakes[10].

A multi-proxy analysis, combined with chronology

results, is helpful for high-resolution reconstruction of

paleo-climate, paleo-precipitation and paleo-salinity

changes, as well as glacial advance and retreat

patterns[16]. However, as an important proxy for primary

productivity, the application of BSi is still limited for sed-

iments from high latitude Antarctic lakes. In this study,

we investigated biogenic silica in two lake sediment cores

from the Larsemann Hills. Combined with other biogeo-

chemical proxies, we discuss the potential application of

biogenic silica to paleo-environmental reconstruction, es-

pecially on historic changes of lake primary productivity

in East Antarctica.

1 Study area

The Larsemann Hills constitute an ice-free area of ap-

proximately 40 km2, located on the Ingrid Christensen

Coast of Princess Elizabeth Land in Eastern Antarctica

(69◦12′S–69◦28′S, 76◦E–76◦30′E) (Figure 1). The Larse-

mann Hills have a continental Antarctic climate, which is

colder and drier than the maritime Antarctic. More than

150 freshwater lakes are located in this area. The sedi-

ments are particularly well suited for paleolimnological

studies, since there is no significant bioturbation and a

limited season of open water when wind-induced mixing

might encourage resuspension.

The two sediment cores investigated in this study

were recovered from Mochou Lake and Daming Lake

around Zhongshan Station on the Mirror Peninsula (Fig-

ure 1). These two lakes were formed by glacial erosion,

and predominantly are fed by snow-melt water and local

precipitation.

Based on the physico-chemical data of Mochou Lake

reported by Li et al.[4], the altitude is 8 m (a.s.l.). The

maximum depth is about 4 m, the surface area is 0.005

km2, and the catchment area is 0.127 km2. Lake wa-

ter is lost mainly through evaporation and outflow in

the summer. Although Mochou Lake is still considered

to be oligotrophic, the concentrations of nutrient ele-

ments are much higher than other lakes in the Larse-

mann Hills. In Mochou Lake, the concentrations of nutri-

ent elements, species and biomass are much higher than

those of other lakes in the Larsemann Hills, and inor-

ganic matter mainly exists in the form of NH4-N and

PO4-P. The dissolved oxygen is saturated, and the wa-

ter body is weak acid to weak alkaline. Na+ and Cl− are

the dominant species of cation and anion, respectively[17].

With respect to Daming Lake it is a shallow lake with a

maximum water depth of 4 m and an altitude of 30 m

above sea level (a.s.l.). The lake is weakly brackish and

remains ice covered for 9–10 months of the year. Ac-

cording to limnological data[18], weak seasonal thermal,

salinity and nutrient stratification occur under the ice

cover when the upper part of the water column is cooled

and diluted by melting ice. In winter, under the ice,

oxygen is consumed by the biota and weak anoxia can

persist.

2 Sampling and methods

The MC (85 cm) and DM (63 cm) cores were recovered

from Mochou Lake and Daming Lake, respectively (Fig-

ure 1). In order to avoid the influence of human distur-

bance on the sedimentary environment, the coring site at

MC was far away from the pumping region, where is an

important source of cooling water for Zhongshan Station.

The detailed lithological profile of MC has been described

by Liu et al.[19]. Based on lithological characteristics of

the MC core, the bottom sediment unit (between 85 and

74 cm) was distinctly different from the top 70 cm

sediment layer. The former mainly consists of black
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Figure 1 Study area showing the sites at Mochou and Daming lakes.

organic mud, which has a strong and unpleasant odour,

most likely from hydrogen sulphide accumulated in the

sediments, as a result of anoxia. However, the latter

is dominated by relatively fresh and greenish organic

matter, which mainly originates from crudely laminated

algal and microbial mats. The middle sediment unit,

between 74 and 70 cm, shows transitional lithological

characteristics. This is the result of the sedimentary

marine-freshwater transition that is evident in all re-

gional lakes below an altitude of 8 m (e.g. [20]). Addi-

tionally, in the bottom 11 cm of sediments, some gravels

were found to be rounded. However, a few clasts present

in the top 70 cm sediment layer were subrounded or

weakly rounded, indicating relatively short transporta-

tion processes and/or hydrodynamically weak sedimen-

tary environments. The sedimentary change was con-

sistent with the history of the Holocene sea-level fluc-

tuation in the study area[21−23]. In this study, we fo-

cused on the fresh water sediments above 70 cm. The

lithology of the DM core was consistent with the de-

scription by Hodgson et al.[18]. The surface 13 cm of

sediments were not compressed, and mainly were com-

posed of lake algae. The sediments between 13 and 17

cm became increasingly compressed, and their main com-

ponents were still lake algae. However, gravel abun-

dance increased gradually, and sediments from 17 to

63 cm were predominantly composed of gravels with

a small amount of lake algae. Unlike the sedimen-

tary conditions of low altitude Mochou Lake, Daming

Lake experienced no submersion since the Last Glacial

Period.

At present, there are many approaches to measur-

ing the content of BSi[20,24−25]. In our study, we used

modified alkali solvent extraction methods[26−28]. The

detailed procedures for these methods are described as

follows. We transferred 100 mg of each freeze-dried

sediment sample into a 10 mL polyethylene centrifuge

tube, and then added H2O2 (10%). After letting the

samples stand undisturbed for 30 min, we added HCl

(1 mol·L−1), and then oscillated them for half an hour.

Then, 5 mL deionized water were added and then cen-

trifuged for 8 min at a speed of 4 000 r·min−1. The

supernatant was removed and then dried overnight at

60◦C in the oven. This procedure was followed in or-

der to briefly dry the samples. Then, BSi was dis-

solved by treating the samples with 8 mL Na2CO3

(2 mol·L−1) for 5 h at 85◦C in a water bath, with

complete sample agitation every hour. Then, the sam-

ples were centrifuged. Aliquots of 2.0 mL supernatant

were removed, to which 5 mL HCl (1:1) and deionized

H2O were added. BSi was measured on these aliquots

by Inductively Coupled Plasma Optical Emission Spec-

trometer (ICP-OES), and the relative standard deviation

(RSD) was controlled within 2%.

Total nitrogen (TN), total carbon (TC), total sul-

fur (TS) and total hydrogen (H) were determined by

a C/N/S/H elemental analyzer (vario EL III) with

a RSD less than 1%. The potassium dichromate

oxidation-chemical volumetric method was used to mea-

sure total organic carbon (TOC) with a RSD of

0.5%. The SEM analysis for diatoms was conducted

on a FEI Sirion 200 schottky field emission scan-

ning electron microscope at the University of Science

and Technology of China. The samples were broken,

mixed, and fixed on a sample holder, and coated with

gold.
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3 Results and discussion

3.1 Preservation of diatoms

In general, the majority of the biogenic silica originated

from diatoms, as well as sponge spicules and the sili-

con minerals[29]. Some sedimentary samples at differ-

ent depths were scanned using the electron microscope.

As seen in Figure 2, under the condition of relatively

low magnification (less than 5 000 fold), we could ob-

serve a great proportion of algal residue (e.g., MC-43,

MC-69). When the microscope was magnified more than

10 000 times, the structures of the diatom were observed

clearly (e.g., MC-5, MC-25, MC-59), suggesting that the

diatoms were well preserved in the sediments. In fact,

the diatom species preserved in lakes are well studied,

and they typically are used to discuss historical records

of climate variations in Antarctic lakes. For example,

Hodgson et al.[18] suggested that there were abundant

diatoms in Daming Lake, and the species and abundance

displayed clear change over water depths. The well pre-

served diatoms in the sediments of Daming and Mochou

lakes provide the potential to measure pigment and BSi

contents.

Figure 2 SEM photos of diatom samples from Mochou Lake sediments. The sample number in the diagram stands for the

sampling depth.

3.2 Biogeochemical proxies in Mochou Lake

sediments

The changes in TN, TC, TS, H, TOC and BSi are plot-

ted in Figure 3 versus water depth and age. All the

curves show the same pattern of change, indicating a

common source. Correlation analyses suggest that TN,

TC, H have strong positive correlations with TOC (Ta-

ble 1). The values of TOC and TC are approximate,

indicating low content of inorganic carbon, such as car-

bonate. Thus, total C, N and H were mainly derived

from organic matter. Although TS and TOC showed the

positive correlation at the 0.01 level (Table 1), the low

correlation coefficient suggests that the sulfur content in

the sediments may have been susceptible to influence of

post-depositional oxidation conditions, except for the sig-

nificant effect of organic matter inputs. This is supported

by the fact that the catchment of the Mochou Lake lacks

land vegetation, and the process of soil formation is very

limited due to low biological activity and poor chemical

weathering[4]. Thus, input of organic matter from ter-

restrial plants and nutrients washed out from terrestrial

soils are insignificant. In Mochou Lake, the organic mat-

ter in the sediments is mainly composed of relatively fresh

brown-green algae[6]. Bird et al.[30] suggested that post-

depositional decomposition and microbial degradation of

sedimentary organic matter were very weak, perhaps due

to the extremely low temperatures in East Antarctica.

Combined with observations on lithology and field study

(exposed bedrock was found around the lake, where there

was almost no vegetation cover), we presumed that the

organic matter in the lake sediments mainly originated

from endogenous material, namely dead algae[16]. This

hypothesis is supported by the following analyses on car-

bon and nitrogen isotopes, and organic geochemical pa-

rameters in the sediments. The vertical depth profile

curves of TN and TOC are very similar, implying that
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Figure 3 Profiles of biogeochemical proxies versus water depth and chronology in Mochou Lake lacustrine sediments. The

age data on the right are redrawn from the reference 19.

Table 1 Correlations between TN, TC, TS, H, TOC and BSi in Mochou Lake lacustrine sediments

TN TC TS H TOC BSi S2

TN 1.000

TC 0.927 1.000

TS 0.581 0.441 1.000

H 0.923 0.977 0.441 1.000

TOC 0.916 0.982 0.425 0.957 1.000

BSi 0.742 0.768 0.282 0.749 0.776 1.000

S2 0.916 0.866 0.353 0.846 0.871 0.755 1.000

Note: All the correlations are significant at the level of 0.01, with the exception of the correlations between BSi, S2 and TS, which

are at the 0.05 level.

these two proxies can be used to indicate the change of

lake algal abundance in Mochou Lake. Thus, changes of

TOC and TN have clear eco-environmental implications,

and their high values are consistent with the high algal

growth and high primary productivity of the lake.

3.3 Source of sedimentary organic matter in

lacustrine sediments

The direct influence of modern human activity on sedi-

mentary organic matter should not be ignored. Several

stations have been built around the study area since 1986

(e.g., Zhongshan Station, Progress 1 and 2, Law Base).

Thus, the study samples are likely to be subject to fre-

quent anthropogenic influences. For instance, as an im-

portant source of cooling water for Zhongshan Station,

the outlet water into Mochou Lake might contain some

human-derived organic components, and this could pol-

lute the lake water and the deposited sediments in Mo-

chou Lake, especially in the surface sediment samples.

In order to avoid human impacts of outwater on sedi-

mentary composition in the MC core, the coring site of

MC was far away from the pumping site (Figure 1). In-

deed, according to studies of human impacts on freshwa-

ter lakes in the Larsemann Hills, prior to 1986, local hu-

man impact was virtually nil[31]. Thus, the environmen-

tal changes associated with human activities have been

very sudden. Based on the result of chronology of the

MC core[19], the adjacent 1 cm samples represent approx-

imately 40 years intervals. Since the Zhongshan Station

was built only 20 years ago, the anthropogenic pollution

may not have caused serious influence on the chemical

composition of lacustrine sediments below the surface.

In order to further confirm this result, we identified the

source of organic composition and assessed the possibility

of anthropogenic pollution and post-depositional degra-

dation on sedimentary organic matter, based on analyses

of carbon, nitrogen isotope compositions and organic geo-

chemical parameters.

Stable carbon and nitrogen isotopes, and elemen-

tal C/N ratios have been used effectively to evaluate

the sources of organic compositions in lake sediments[32].

The values of δ13C and δ15N in Mochou sediments varied
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from –11.0‰ to –9.1‰, and from 2.9‰ to 4.2‰, re-

spectively. In addition, both isotopes showed small fluc-

tuations (Figure 4). In comparison with data of high-

latitude plants and other lake sediments, the δ13Corg

values of Mochou Lake sediments are extremely high.

In fact, algae in the moats, shallow water or lakes

with seasonal ice-cover commonly have very high δ13Corg

(∼–10‰) in East Antarctica[33−34]. This is likely caused

by the CO2-diffusion limited environment that results

from high primary productivity in summer. Never-

theless, Antarctic phytoplankton growing in such envi-

ronmental conditions have low δ15N values, generally

varying from –5‰ to 6‰[35], and the fluctuations of

δ15N can reflect the variation of the organic matter in

both N2-fixing plants and non-N2 fixing algae. If an-

thropogenic organic components have significantly in-

fluenced Mochou Lake sediments, the values of δ13C

and δ15N can change sensitively in the subsurface sed-

iment samples. According to data previously reported,

sewage generally has significantly high δ15N, but low

δ13C values[36]. For example, the δ13C of surface sed-

iments adjacent to the sewage outfall was as below as

–22‰ at the McMurdo Station in Antarctica, and this

result also was found at other sewage discharge points[36]

or in the sedimentary organic composition impacted by

human activities[37−38]. However, the δ13C values in

the upper MC sediments remained at high levels (about

–10‰), suggesting that the predominant factor control-

ling δ13C variations is likely to be algal production,

and the effect of the anthropogenic organic input was

negligible. Assuming that the anthropogenic organic

component could contribute to the entire variation of

δ13Corg in the MC sediments, we employed the sim-

ple two end-member mixture model (algae and anthro-

pogenic sources) for our analysis. The calculated results

showed that less than 10% of the organic component was

from anthropogenic sources. In fact, the variation of sed-

imentary δ13Corg in the Mochou Lake was related closely

to the high algal productivity condition, and the ∼2‰

difference throughout the δ13Corg profile was largely due

to the change of historical primary productivity over the

past 3 000 years (to be addressed in detail in a future

paper). The extremely high δ13Corg values of Mochou

Lake sediments appear to be related to the intensified

photosynthesis of algae, and the fluctuation of δ13Corg

down the depth profile is likely caused by change of his-

torical primary productivity of the lake. With increasing

algal biomass and sufficient solar radiation, intensified

algal photosynthesis allows dissolved inorganic carbon to

be diffused into algal cells at maximum speed and then

assimilated. This could lead to a significant weakening of

the isotopic fractionation between the carbon substrates

and the organic products, which would result in more
13C assimilated into plants and higher δ13Corg values in

lacustrine sediments. Conversely, natural lake algae gen-

erally are depleted in 15N relative to human-derived or-

ganic matter[39]. Waste water typically has a δ15N of

10‰–22‰, and even treated sewage also has relatively

high δ15N (∼10‰)[40]. As shown in Figure 4, there was

no significant change between δ15N values in the upper

and lower samples. The δ15N values in the uppermost

samples did not reach peak levels throughout the MC

sediment core, and the values remained very low (∼4‰).

This finding is consistent with the results of δ13C. Thus,

we suggested that the input of the anthropogenic organic

component should have weak effects on MC sediments,

Figure 4 Changes of organic matter proxies including S1, S2, TOC, C/N, δ13C and δ
15N in Mochou lacustrine sediments.
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and that variations of δ13C and δ13N reflect characteris-

tics of organic components from natural sources.

In the MC lacustrine sediments, the C/N ratios ex-

hibited a small range, varying from 11.6 to 14.5, with

a mean of 13.2. The C/N ratios indicated that the

organic matter was predominantly characteristic of an

autochthonous source[41]. The lower C/N in the near-

surface samples indicated enhanced contributions of or-

ganic matter derived from lake aquatic sources. Follow-

ing the procedure reported by Sanei and Goodarzi[42],

organic matter parameters (e.g., S1, S2) were obtained

using Rock-Eval six analyses (Vinci Technologies, Rueil-

Malmaison, France). S1 represented the quantity of free

“volatile” hydrocarbons; and S2 indicated the quantity

of the higher molecule, kerogen-derived hydrocarbons re-

leased by the thermal cracking of organic matter. Ac-

cording to the Rock-Eval analysis, S1 is a good indica-

tor of the labile portion of algal-derived organic matter,

which is known to decompose easily. However, the S2

compounds originated from lake algae are more resis-

tant to degradation during early diagenesis. Thus, the

quantity of S2 may serve as a more suitable indicator

of algal productivity in aquatic sediments than that of

S1[42−44]. Correlation analyses showed that S2 and TOC

in MC sediments were highly correlated (r=0.86, n=60),

and this correlation did not change significantly in the

upper 6 cm of the samples (r=0.84, n=4). These re-

sults suggested that the organic matter in the MC sedi-

ments was mainly derived from lake algae, and the effects

of both post-depositional microbial degradation and an-

thropogenic source were minor.

3.4 BSi in Mochou Lake sediments and pale-

oenvironmental implications

For the MC sediment core, the content of BSi varied

between 5% and 8%, and the average value was 6.9%

(n=69), much lower than that in the surface sediments

in Prydz Bay (4.89%–85.41%, averaging 30.90%)[45]. A

56-lake dataset in east Antarctica suggests that diatom

flora and species diversity are lower in Mochou Lake in

the Larsemann Hills, and three taxa (C. cf. molesta,

P . abundans and S. inermis) are the most abundant

diatoms. These species usually appear in both freshwa-

ter and slightly brackish lakes of the Larsemann Hills
[46−47]. In addition to diatom species, the stomatocysts

(i.e., chrysophytes) may be another important source of

BSi in this shallow freshwater lake[47]. In future studies,

measurements of absolute diatom contents and stomato-

cyst in sediment samples using organic pigment methods

may allow for comparisons with BSi values, and may pro-

vide more detailed information on the sources of BSi in

Mochou Lake.

Correlation analysis showed that BSi had a strongly

positive correlation with some geochemical proxies for

algal abundance (Table 1), indicating that the content

of BSi in Mochou Lake was mainly controlled by the

amount of lake algae. Thus, BSi could effectively re-

flect the historical change of lake primary productivity.

Furthermore, the BSi only originated from lake algae,

and it was buried in the sediments after the algae died.

The close relationships between BSi and other geochem-

ical parameters could further confirm that sedimentary

organic matter was predominantly derived from natu-

ral products in the lake, and that anthropogenic or-

ganic input did not significantly influence organic matter

compositions in MC sediments. The results of biogenic

silica measurements in surface sediments of Prydz Bay

showed that spatial variation of the biogenic silica was

related closely to nutrients, chlorophyll a and primary

productivity[45]. Thus, the BSi was capable of reflect-

ing change of primary productivity in the upper water

column. As illustrated in Figure 3, changes of BSi and

organic matter contents in the sediments revealed that

there were at least three stages with low lake primary

productivity (marked by shaded areas), corresponding

to 64–57 cm, 46–32 cm and 22–10 cm, respectively. The

change of algal abundance in the lake was interpreted to

be related to climate conditions, solar variations and nu-

trient levels. With a warming climate, lake water tended

to become warmer and more productive. The lake could

create more suitable conditions for the growth of phyto-

plankton and zooplankton, finally leading to an overall

increase in lake productivity from benthos to plankton.

However, during climatic deterioration, the catchment

area of Mochou Lake could be covered with more snow

and ice, making it more difficult for plants to receive

solar radiation and nutrient inputs. This would result

in a decline of algal production, as well as limiting di-

atom propagation[48]. Thus, the trough stages of BSi

in the sediments of Mochou Lake likely corresponded to

at least three periods of historically deteriorated climate

conditions in the study area.
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3.5 Change of biogenic silica in Daming Lake

Changes of TN, TC, TS, H and BSi contents versus depth

in the DM sediment core are plotted in Figure 5. Like

Mochou Lake, Figure 5 shows that the profiles of TN,

TC, TS and H contents over depth had consistent trends.

Their contents were relatively low in the sediments be-

low 15 cm. They increased rapidly from 15 cm, and then

remained higher in the upper 10 cm of sediments. The

content of BSi also displayed a notable change versus

depth. The sediments below 15 cm had BSi levels con-

sistently less than 2%, and the top 10 cm sediments had

BSi contents of up to 12%–13%. Comparing the profiles

of BSi and TN, TC, TS, H contents over depth in the

Daming lacustrine sediments, they showed very similar

change trends. Furthermore, Figure 6 shows that BSi

had highly positive correlations with TN, TC, TS and H

in the sediments, suggesting that all these proxies can be

used to commonly indicate paleo-limnological changes in

Daming Lake.

Figure 5 Changes of TN, TC, TS, H and BSi contents in the DM sediment core against depth. The LOI, total bacteri-

ochlorophylls and total chlorophyll on the right are redrawn from the analytical data of reference 18 for a sediment core taken

from the center of Daming Lake.

Based on a 115-cm sediment core taken from the

center of Daming Lake, Hodgson et al.[18] used multi-

ple proxies, including TOC, carbon stable isotopes, fossil

pigments and diatoms to reconstruct continuous paleo-

environmental records. These records included histori-

cal climatic changes, salinity and lake water level over

the past 40 000 years. Here, we have redrawn the data

of loss-on-ignition (LOI), total bacteriochlorophyll and

total chlorophyll in Figure 5. These three parameters

are considered to be related to changes in lake primary

productivity. As shown in Figure 5, the pigment con-

tents and the LOI values, indicative of the change in

organic matter, increased rapidly in the sediment layer

between 55–40 cm, and they remained high in the up-

per 40 cm. The BSi, TN and other proxies analyzed in

our DM core had the same trends. However, a sudden

increase in these environmental proxies occurred at 15–

10 cm in the DM core, which was very different from

the critical depth of 40–55 cm reported by Hodgson et

al.[18]. The depth difference may be related to the cor-

ing position. The sediment core studied by Hodgson et

al.[18] was collected in the lake center, whereas the coring

site at DM in our study was closer to the lake shore. As

mentioned above, the difference in light intensity, tem-

perature and nutrient inputs may have affected the algae

biomass and lake productivity. Based on field observa-

tions, algae grow more in the lake center, and thus the

deposition of lake algae may be more rapid in the middle

of the lake. Conversely, the clastic deposition rate was

likely to have been faster near the lake shore. In addition,

the different sediment compactions also may have caused

the depth difference of environmental proxy changes in

the different sediment cores. In spite of that, the litho-

logy throughout these two cores still displayed consistent

change characteristics. Thus, we suggest that the critical

depths of both sediment cores should correspond to the

same eco-environmental event. According to Hodgson et

al.[18], pigments increased within 50–40 cm, yielding date

ranges between 17 000 and 11 000 a BP. During this pe-

riod, seasonal meltwater input to the lake increased and

the lake received more light intensity, leading to rapid

enhancement of lake productivity. Meanwhile, favorable

climatic conditions may have promoted algal growth in

Daming Lake, and the increased productivity of the dia-
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toms may have resulted in the high value of BSi. The

relatively high content of BSi in the upper 10 cm of the

sediments in the DM core was consistent with high levels

of pigments obtained from Hodgson et al.[18], suggest-

ing that the sediments in the upper 10 cm of the DM

core were likely deposited during the period of Holocene

glacial retreat. According to Hodgson et al.[18], Daming

Lake became seasonally ice-free during summer at the

beginning of the Holocene deglaciation, and warmer cli-

matic conditions occurred since ∼7 400 a BP. This would

have resulted in a significant enhancement of lake produc-

tivity. The notably high values of BSi, TC, TN and TS in

the top sediment layer of the DM core likely revealed the

increased lake primary productivity due to the warming

climatic conditions. This provides further evidence that

biogenic silica is a good proxy for reconstructing change

of paleoproductivity in Antarctic lakes.

Figure 6 Correlations between TN, TC, TS, H and BSi in the Daming Lake sediments.

3.6 Advantages of BSi as a proxy for paleo-

productivity in East Antarctic Lakes

In many lakes of East Antarctica, including Larse-

mann Hills, Vestfold Hills and McMurdo Dry Val-

ley, diatoms are well preserved in the lacustrine

sediments[46,49−51], and they are important components

of microbial communities in Antarctic and sub-Antarctic

lakes[52]. Many diatom species only exist in the extremely

cold Antarctic[53]. This is the case for some species

present in the Larsemann Hills lakes[46]. In high lati-

tude regions, especially in the Antarctic, diatoms provide

unique biogenic indicators for paleolimnological study.

Distribution of different diatom species in lacustrine sedi-

ments provide an important proxy for the reconstruction

of past climatic variations, and up to now they have been

successfully applied to the reconstruction of lake salin-

ity, ice thickness, sea level and other paleo-environment

information[46]. However, the diatom species can not

characterize the total primary productivity in lakes.

We analyzed productivity proxies, such as organic

matter, pigments, and BSi in lake sediments from Ny-

Ålesund, Arctic [54]. Those proxies exhibited good corre-

lations in the sediments with relatively low organic mat-

ter content (e.g., the period of Little Ice Age [LIA]).
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The deteriorating climatic conditions could have caused

the decrease in lake primary productivity and other bio-

geochemical indices. However, at the beginning of the

20th century, lake productivity increased significantly

due to climate warming, and thus organic matter and pig-

ments displayed higher contents in the upper sediments.

However, at that time the BSi showed the opposite trend

in these sediment samples[54]. Axford et al.[55] also found

similar BSi variations in surface sediments from Arctic

lakes, and suggested that the dilution effect brought by

the large input of terrestrial organic matter could not be

ignored. The above results show that BSi contents may

be influenced by many factors in Arctic lakes. For exam-

ple, the input of terrestrial organic matter derived from

abundant mosses growing around the lakes may cause

significant influence on the change patterns of BSi in the

sediments. Under this condition, the profile of BSi con-

tent over depth in the lacustrine sediments could not re-

flect the true change of lake primary productivity. How-

ever, in the remote East Antarctic continent, the exposed

bedrock and sparse vegetation around lakes may have

limited the input of terrestrial organic matter into lakes,

and thus the effect of exogenous organic matter on the

distribution of BSi was likely negligible. Overall, BSi is

an ideal proxy for the reconstruction of paleoproductivity

recorded in the East Antarctic lakes.

4 Conclusions

Based on comparative research between BSi and other

environmental proxies for the sediments of Mochou Lake

and Daming Lake on East Antarctica, we can draw the

following conclusions:

(1) In the DM and MC sediment cores, BSi showed

the consistent change patterns with bio-geochemical

proxies, such as organic matter. In addition, they ex-

hibited strong positive correlations. This implied that

the content of BSi, like TOC, pigments, and TN, was re-

sponsible for the historical change of lake algal biomass,

and the high value indicated rapid growth of lake algae.

Thus, the BSi level in the sediments could effectively in-

dicate the fluctuation of historical lake primary produc-

tivity.

(2) A great number of diatoms were well preserved

in the freshwater lake sediments in East Antarctica.

Throughout the depth profile, the BSi content showed

notable variations, reflecting the fact that the significant

change of historical diatom productivity had occurred in

the lakes. Historically, the primary productivity experi-

enced at least three troughs during the past 3 000 years in

Mochou Lake. However, in Daming Lake, the relatively

high concentration of BSi in the upper 10 cm likely in-

dicates increased lake primary productivity due to the

Holocene climatic warming and glacial retreat.

(3) The content of BSi in Arctic lacustrine sediments

is likely susceptible to the input of terrestrial organic

matter, whereas the influencing factors on the variation

of sedimentary BSi in the East Antarctic lakes are rela-

tively simple. Thus, BSi is an ideal proxy for the recon-

struction of past eco-environmental changes recorded in

the lacustrine sediments of East Antarctica.
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