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To interpret palaeoclimatology of Vestfold Hills region, an inland lake sediment 

core of 47 cm length was studied with respect to its diatom population. A total of 

13 diatom species was identified and used for the Q-mode cluster analysis. 

Cluster analysis delineates five major clusters, including two sub-clusters. These 

clusters and sub-clusters are represented by typical diatom assemblages, arranged 

along the length of the core. Increasing trend of Diploneis crabro and decreasing 

trend of Fragilariopsis curta and Achnanthes taylorensis towards the top of the 

core reveals colder climatic condition during early to mid-Holocene which 

changed to warmer climatic condition and nutrient-rich lacustrine environment 

during late Holocene. It also implies the ice cover of the lake was melt not less 

than late Holocene. However, the continuous presence of marine diatom reveals 

that the lake was constantly in contact with the marine water inlet.  

 

 

 

1. Introduction 

Antarctica plays a crucial role in the global climate system. Therefore, it is important to 

access the reliable records of natural climate change patterns from this region, particularly on 

time scales for a decade, century and even over the last 10,000 yr or the Holocene, in order to 

conclude whether current climate changes are natural or a result of anthropogenic 

manipulation. In such case, palaeolimnological record is one of the best ways to decipher the 

natural changes of climate in Antarctica. Palaeolimnological researches from continental East 

Antarctica and maritime and subantarctic islands have been addressed the issue of natural 

variability of the Antarctic climate (e.g., Vestfold Hills: [1,2]; Larsemann Hills: [3,4]; Bunger 

Hills: [5,6]; Rauer Islands: [7]; and Maritime and subantarctic islands: [8]).  

Local climate changes around the Antarctic lake instigate the hydrological characters of the 

lake [2]. These changes are documented as palaeolimnological indicators, including diatom 

abundance [9]. Diatoms are being one of the most sensitive proxies using to reconstruct the 

palaeoclimate of the Antarctic region, especially for change of lake salinity [10,11]. In high 
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latitudinal area, other palaeoclimatic 

proxies, e.g. palynology have their 

limitation for use due to low 

concentrations of those proxies [12]. On 

the other hand, diatoms are quite abundant 

and diverse in the Antarctic lakes. Their 

opaline silica skeleton, being well 

preserved in Antarctic lake sediments, is a 

store house for paleoenvironmental 

information. In the present study, the 

subsurface lake sediment data signify an 

important database from interpreting the 

palaeoclimatic changes around the 

Vestfold Hills region. 

 

2. Study Area 

The present study was concentrated the 

Vestfold Hills region, Princess Elizabeth 

Land, East Antarctica. This region is 

considered as one of the rocky, ice-free 

'oases' part along the margin of the East 

Antarctic ice-sheet. The retreat of the 

continental ice-sheet from this region 

happened approximately 8000 yr BP [13], 

this was followed by an isostatic  rebound 

of the land mass, which led  to  the  

gradual upliftment  of  the  land  from  

beneath  the  surrounding ocean. By this 

process,  seawater  became  trapped in 

many  depressions presently occurring  

across  the Hills  [14].  Some of these 

trapped water bodies form small lakes, 

flushing out of the relict seawater by 

glacial meltwaters [15]. 

The Vestfold Hills covers an area of 410 

km2 [15] situated 157 m above sea level 

on the eastern edge of Prydz Bay on the 

coast of Princess Elizabeth Land, East 

Antarctica (68°25’ to 68°40’s; 77°50’ to 

78°35’E). The East Antarctic Ice Sheet 

bordered the eastern side of this region, 

while the Sørsdal Glacier, an outlet glacier 

of the ice sheet flanked the southern side. 

The region is considered the third largest 

ice-free region in Antarctica. This region is 

characterized by long peninsulas, fjords, 

low hills, raised beaches, saline and 

freshwater lakes. 

Summer sea surface temperature in Prydz 

Bay observes varies from -1.1 to -0.6°C 

[16,17], but sometimes increases up to 

1.39°C near Vestfold Hills [18]. Vestfold 

Hills exhibits polar lowland periglacial 

climate with an average annual 

temperature of -10.2°C [19] which is 

slightly warmer than Antarctic regions of 

the same latitude [20]. Rainfall is scarce; 

total precipitation is recorded < 250 mm 

per year. During the short summer 

(December to February) snow and ice get 

melted. Due to limited melting, the rates of 

ice melt and hence, sediment accumulation 

rate is relatively less. The meltwater from 

ice and snow is the primary agent for 

sedimentation. 

 

3. Materials and Method 

A 47 cm long sediment core collected 

from Antarctic lake CD-1 in Vestfold Hills 

area during 24th Indian Antarctic 

Expedition was studied for its diatom 

content (Figure 1). Entire core was sub-

sampled at an interval of 1 cm.  

The methodology for processing the 

samples and making the diatom slides was 

followed as described by [21]. Diatoms 

were counted 300-500 valves, among 

which thirteen diatom species were 

identified. Finally, the relative abundance 

of all species in every interval was 

tabulated. The slides are properly 

numbered and stored in the repository of 

National Centre for Antarctic and Ocean 

Research, Goa, India. 
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Figure 1: Location of the core analyzed 

for the present study 

 

This data were subjected to Q-mode 

cluster analysis. The analysis was 

performed using the unweighted pair 

group averaging method (Figure 2). The 

relative abundance of thirteen diatom 

species has been chosen as the variables 

against the core intervals. The results of 

cluster analysis are plotted in the form of a 

two-dimensional hierarchy dendrogram 

wherein intervals of core sample are 

presented along X-axis and similarity level 

is plotted on Y-axis.  

 

4. Results 

The relative percentages of thirteen diatom 

species from entire core were used for the 

Q-mode cluster analysis. The Q-mode 

cluster analysis classified the samples into 

five distinct clusters (A, B, C, D, E; Fig.2) 

under the linkage distance 15. Cluster C 

was in turn further subdivided into sub-

clusters C1 and C2 under the linkage 

distance 13. Each cluster and sub-cluster is 

characterized by a particular association of 

diatom species. The following are the 

relations of clusters and sub-clusters with 

diatom species (relationship with the 

presence of >10% at least in one interval).

 

 

 
Figure 2: Cluster analysis of abundance of diatom found in core samples 
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Cluster A comprises single sample of 45-

46 cm. It is near the lowermost part of the 

present core. This cluster is characterized 

by the presence of abundant Achnanthes 

taylorensis and Fragilariopsis curta with a 

percentage of 18.33% and 21.67%, 

respectively.  

Cluster B also comprises single sample of 

44-45 cm. Stratigraphically it is just above 

the Cluster A. This cluster is characterized 

by the presence of five diatom species; 

namely Amphora ovalis, Cocconeis 

costata, Diploneis crabro, Fragilariopsis 

curta and F. ritscheri with the a percentage 

of 15.60d%, 20.20%, 10.00%, 19.80% and 

19.00%, respectively. 

Cluster C comprises a maximum number 

(thirty one) of samples from core interval 

and it spreads all over the core. This 

cluster is characterized by the presence of 

mainly four diatom species (Amphora 

ovalis, Cocconeis costata, Diploneis crabro 

and Fragilariopsis ritscheri with the 

average percentage of 24.82%, 18.21%, 

27.02% and 15.53%, respectively) along 

with a lesser abundance of Fragilariopsis 

curta (average percentage of 5.69%). This 

cluster is further subdivided into two 

major sub-clusters. 

Sub-cluster C1 consists of thirteen 

samples, concentrated within the upper 

part of the core. This sub-cluster is 

characterized by the abundance of four 

diatom species, namely Amphora ovalis, 

Cocconeis costata, Diploneis crabro and 

Fragilariopsis ritscheri with their average 

percentage of 24.96%, 17.01%, 25.99% 

and 17.28%, respectively. 

Sub-cluster C2, represented by eighteen 

samples, scattered within middle and 

lower parts of the core. This sub-cluster is 

characterized by a higher abundance of 

Amphora ovalis, Cocconeis costata, 

Diploneis crabro and Fragilariopsis 

ritscheri (average percentage of 24.71%, 

19.07%, 15.72% and 18.13%, 

respectively) with a minor abundance of 

Fragilariopsis curta (average percentage of 

6.63%). 

These two sub-clusters within cluster C 

differ from each other on the basis of the 

minor abundance of Fragilariopsis curta in 

sub-clusters C2 over C1, and higher 

abundance of Diploneis crabro in sub-

cluster C1 than in C2. 

Cluster D is represented by twelve 

samples, scattered mostly in the bottom 

parts of the core mixed with some top 

components. This cluster is characterized 

by the higher abundance of Amphora 

ovalis, Cocconeis costata and Diploneis 

crabro (average percentage of 

26.93%18.76% and 21.54%, respectively) 

with the minor abundance of Achnanthes 

taylorensis and Fragilariopsis curta 

(average percentage of 8.96% and 5.48%, 

respectively). 

Cluster E comprises of two samples (0-1 

cm and 2-3 cm), concentrated in the 

topmost part of the core. This cluster is 

represented by the higher abundance of 

Amphora ovalis, Cocconeis costata and 

Diploneis crabro with the average 

percentage of 19.50%, 18.83% and 

34.87%, respectively. 

To establish chronological control, the 

core was dated at 3 different levels using 

AMS 14C dating method. At 9-10 cm, 18-

19 cm and 28-29 cm, the dates exhibit 

3820±113 yr BP, 5050±98 yr BP and 

5560±96 yr BP, respectively. 

 

5. Discussion 

From the cluster analysis, it can be easily 

understood that the different levels of core 

contain different major assemblages of 
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diatom. The core represents the samples 

from each cluster according to their core 

length (Figure 3). 

 

 
Figure 3: Arrangement of clusters along 

the core length 

 

Low tire of the core (represented by 

Cluster A) contains an abundance of two 

species, namely F. curta and A. 

taylorensis; whereas the highest tire 

(represented by Cluster E) shows the 

abundance of three species, namely D. 

crabro, A. ovalis and C. costata. Overall, 

the percentage of F. curta and A. 

taylorensis shows its decrease towards the 

top of the core (from 21.67% to 1.97% and 

from 18.33% to 6.34%, respectively); 

whereas D. crabro increases towards the 

top of the core (from 0.33% to 34.87%). 

On the other hand, A. ovalis and C. costata 

remain more or less continuous throughout 

the core (Figure 4). 

 

 
Figure 4: Variation of abundance of five 

major species of diatom along the 

clusters 

 

There are several reports where F. curta is 

described as one of the dominating sea-

ice-related taxa [22-24], as well as marine 

(coastal) diatom flora within the Polar 

Front [25-27]. F. curta has also been used 

to delineate the colder climatic condition 

during early to mid-Holocene in Vestfold 

Hills [28]. In the Rauer Islands and 

Vestfold Hills A. taylorensis is relatively 

rare in brackish lakes [1,3]. This diatom 

grew well in both freshwater and brackish 

water cultures, but does not appear to 

tolerate higher (> 20‰) salinities [29]. 

The salinity optima and tolerance for this 

species was calculated as 4.65‰ and 

4.49‰, respectively [30]. 

The presence of the bloom of diatom, 

including Diploneis crabro indicates the 

richness of nutrients during the summer 

and monsoon periods in coastal areas of 

Uttara Kannada district, West Coast of 

India [31]. This species was reported from 

various tropical to sub-tropical regions; 

such as Nigeria [32,33], Brazil [34], 

Singapore [35], Spain [36] and other 

Adriatic Sea region [37,38]. A. ovalis was 

reported from Spain [36,39], Romania 

[40], Brazil [34] and many other places as 

freshwater species. Whereas C. costata 
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was reported from Brazil [34], Canary 

Islands [41] and around Antarctica [42,43] 

as marine species. 

In present study, the continuous present of 

freshwater species A. ovalis and marine 

species C. costata throughout the core 

indicates the core had an influence of both 

marine and freshwater all along its 

deposition. The increasing trend of fresh 

water to rarely brackish water species A. 

taylorensis towards lower tire of the core 

indicates the more marine water influence 

during early Holocene. The presence of F. 

curta indicates the colder to a warmer 

climate from early to late Holocene. On 

the other hand, the increasing trend of D. 

crabro towards the top of the core also 

indicates increasing temperature as well as 

nutrient towards the late Holocene. This 

palaeo-ecological data derived from 

diatom study can be utilized to explain the 

palaeo-environmental scenario of the 

region. During early to mid Holocene, the 

lake was frozen due to low temperature. 

By late Holocene, due to warmer climate 

the ice cover of the lake melts and the lake 

became nutrient rich. But during the entire 

Holocene, the lake was somehow 

continuously in contact with marine inlet, 

though in the previous study it was shown 

that during late Holocene the connection 

with the sea became less [44]. 

Our result is in accordance with other 

previous study in and around our study 

area. Sea ice diatom assemblage 

documented retreat of ice shelves at the 

head of the fjord in the Prydz Bay region 

during early Holocene i.e. 10580–

7890 years BP [27]. Depending upon the 

total organic carbon value extensive sea 

ice cover was reported between 7310 and 

5390 years BP in Lallemand Fjord region 

[45]. In another study from Winmill 

Islands, the early and early mid-Holocene 

(~10,500 to ~4000 yrs BP) was 

demarcated by the retreat of Antarctic 

glaciers [46]. In the southern Windmill 

Islands and Vestfold Hills, several studies 

were done to show glacial retreat with 

relatively cool temperatures and low 

bioproductivity during the early and early 

mid-Holocene [47,48]. Late Holocene was 

designated by warmer and wetter condition 

as compared to early to mid-Holocene 

colder events in Vestfold Hills region 

[49,50]. 

 

6. Conclusion 

Q-mode cluster analysis of relative 

abundance of diatom species of a 47 cm 

sediment core from an inland lake in 

Vestfold Hills region unveils a brief 

palaeoclimatic history of the region during 

Holocene. The five major clusters, namely 

A, B, C, D and E, and two minor clusters, 

namely C1 and C2 are divided the entire 

core into several parts based on its diatom 

assemblage. These clusters are represented 

by typical diatom assemblages and 

changing patterns of relative percentage of 

few ecologically sensitive diatoms. The 

increase of temperature and nutrient 

sensitive species Diploneis crabro towards 

the top of the core indicates the increase of 

temperature and increase the scope of 

producing more nutrients. On the other 

hand, decrease of sea-ice indicator species 

Fragilariopsis curta towards the top of the 

core signifies that the lake was ice free 

during late Holocene. Therefore, it can be 

concluded that the lake was frozen during 

early to mid-Holocene, and during late 

Holocene ice was melted and lake became 

nutrient rich. 
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