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Abstract    Fildes Peninsula, in King George Island, Antarctica, has a great concentration of international facilities, and it has 
clearly been affected by human activities. The objective of this 5-year study was to assess the impact of anthropogenic activities 
on the bacterial abundance in water bodies close to Artigas Antarctic Scientific Base (BCAA, in Spanish Base Científica Antártica 
Artigas). Water samples from areas under different human influence (Uruguay Lake, nearby ponds, and meltwater from Collins 
Glacier) were aseptically collected and refrigerated until processed. The number of heterotrophic bacteria and Pseudomonas 
spp. was analyzed using a culture-dependent approach. Physico-chemical properties of the water samples (temperature, pH, and 
conductivity) were also determined. Results showed that water from the highly affected area, Uruguay Lake, where the pump 
that provides water to the BCAA is located, did not suffer significant fluctuations in heterotrophic bacterial abundance (104–
105 CFU∙mL−1); however, Pseudomonas abundance increased until becoming the predominant population. In other water samples, 
the number of heterotrophic bacteria and Pseudomonas gradually increased during this 5-year study, by 2014 reaching similar 
values to those observed for Uruguay Lake. The implications of human activities on Antarctic bacterial abundance are discussed. 
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1  Introduction
Throughout evolution, microorganisms have faced 
environmental pressures to which they have responded by 
various adaptation mechanisms. Thus, in permanently cold 
environments such as the Antarctic, a great extremophile 
microbial diversity has been described[1]. Examples of 
cold-adapted microorganisms isolated from Antarctic 
environments are bacteria of the genera Pseudomonas and 
Flavobacterium[2], among many others. Fildes Peninsula in 
King George Island, Antarctica is a snow-free area 
during summer. Currently, it has a great concentration of 
international facilities, which support human activities. The 

presences of scientific stations and tourism activities have 
caused an exponential increase in human presence on the 
continent, affecting the ecosystem. Many human activities 
in scientific bases located throughout Antarctica have been 
associated with alteration in, and negative impact on, the 
environment[3-6].

The impact of anthropogenic activity is a risk for 
biological conservation. Invasive alien bacteria introduced 
in Antarctica as a consequence of the use of the continent’s 
natural resources have changed the abundance of 
autochthonous bacteria[7-8]. Native biodiversity is also affected 
because of the vulnerability and low competitive abilities 
of indigenous organisms[5]. Many introduced species have 
survived invading the ecosystem[3-5]. Human activities related 
to food management, transportation systems[3] and wastewater 
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management[4] are among the anthropogenic activities that 
introduce alien microbes. In this regard, urgent measures are 
needed, including environmental impact assessments, long-
term monitoring, and regulation from national Antarctic 
organizations, among others.

Among the international scientific stations located 
in Fildes Peninsula, the Artigas Antarctic Scientific Base 
(62°11′4′′S; 58°51′7′′W) (in Spanish Base Científica Antártica 
Artigas, BCAA) is administrated by the Uruguayan Antarctic 
Institute. Many freshwater lakes and ponds can be found in 
the vicinity of the BCAA. One such is the Uruguay Lake (also 
known as Profound Lake by the UK-Antarctic Place-Names 
Committee), a water body located 0.4 km northwest of Jasper 
Point that is used as a potable water supply by the Uruguayan 
scientific station. Thus, continuous monitoring of this lake is 
important in environmental management. 

Water entering the distribution system must be 
microbiologically safe and should ideally also be biologically 
stable[9]. Biological stability means that the concentration and 
composition of the microbial community does not change. 
In this work, we assessed the biological stability of Uruguay 
Lake and other freshwater sources near the BCAA by analysis 
of heterotrophic bacterial plate counts. Heterotrophic bacteria 
use organic carbon sources to grow and they can be isolated 
on agar-based medium under conditions of defined incubation 
temperature and time[10]. In water (where the input of organic 
matter is important), heterotrophic bacteria play an important 
role during the decomposition of organic matter, and they are 
highly affected by abiotic stresses[8]. Heterotrophic bacteria 
are found in all sources of water, and thus they are important 
microbiological indicators of water quality[11]. The assessment 
of heterotrophic populations is a useful tool for monitoring 
the efficiency of water treatment processes and water quality 
during distribution and storage. 

Among heterotrophic bacteria, the genus Pseudomonas 
is routinely enumerated during the control of water quality, 
and is considered a microbial indicator by the World Health 
Organization (WHO)[12-13]. Pseudomonas abundance in 
water is required information during water analysis because 
these species are able to inhibit the growth of some other 
heterotrophic bacteria (such as fecal coliforms). Pseudomonas 
spp. are also considered opportunistic pathogens when found 
in drinking water, but there is no clinical or epidemiological 
evidence to support this affirmation [14]. 

In the present work, we investigated the abundance 
of heterotrophic bacteria and fluorescent Pseudomonas spp. 
over 5 years (2010–2014) in water samples collected near the 

BCAA, Fildes Peninsula, King George Island, Antarctica. We 
attempt to correlate bacterial abundance and anthropogenic 
influence.

2   Materials and methods
2.1   Source of samples

Water samples were collected at various locations near the 
BCAA during January (austral summer) in consecutive 
years from 2010 to 2014 (Table 1 and Figure 1). Locations 
were selected based on their relative anthropogenic impact. 
The human impact was assessed based on the occurrence 
of human activities in the area. Uruguay Lake (medium 
to high human impact) is the water resource of the BCAA 
where the water pump is located and is a site of high human 
transit (BCAA personnel activate the pump at least twice a 
day). Northwest from the Uruguay Lake, three small water-
ponds are found (low to medium human impact) and they are 
subjected to low human transit (casual transit of personnel). 
Finally, the protected area under the Collins Glacier, where 
meltwater was collected, is far away from the BCAA and 
other operational bases (low to no human impact). At least 
three sites were sampled per location (separated by 100 m), 
and each sampling was performed in triplicate. Coordinates 
for each site were fixed by GPS. 

Samples were aseptically collected at 10–20 cm 
from the water surface in sterile tubes and kept at 4°C 
until processing. Some physical and chemical properties 
of the water samples (pH, temperature and conductivity) 
were measured in situ during sampling. A LaMotte tracer 
measurement device for direct recording of physical properties of 
water was used.

2.2   Bacterial count

Water samples were filtered through sterile Whatman 
No. 1 cellulose filter paper (Millipore) and then used 
for microbiological analysis using a culture dependent 
approach. Two growth media were used: (1) Tryptic soy 
broth agar (TSA) plates (0.1% tryptic soy broth and 1.5% 
agar) for counting total aerobic heterotrophic bacteria; (2) 
King’s B medium (2% peptone mixture, 0.15% dipotassium 
phosphate, 0.15% magnesium sulfate, 1% glycerol and 
1.5% agar) for fluorescent Pseudomonas spp. detection 
(fluorescence under ultraviolet light)[15]. Colony forming 
units (CFU) per mL of sample were determined by spreading 

Table 1   Locations of fresh water sampling. Three GPS locations per geographic location were fixed, but the coordinates 
of only one point are shown

Sample number Site description
Relative anthropogenic

influence
Latitude Longitude

1 Water-ponds Medium 62°10′39.6′′S 58°55′13.8′′W
2 Uruguay Lake High 62°10′59.4′′S 58°54′31.6′′W
3 Collins Glacier Low 62°10′59.4′′S 58°52′10.5′′W
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shows significant differences in both bacterial populations, i.e. 
of total heterotrophic bacteria and Pseudomonas, between 
years and between sampled sites (Table 2). The variation in 
the number of heterotrophic bacteria and Pseudomonas spp. 
in fresh water was in the order of 101 (e.g., 104–105 mL−1 
for water-pond samples collected in 2012). Bacterial counts 
are highly variable and depend on many factors. However, 
changes in the microbial component of water samples have 
been studied by quantifying bacterial and viral numbers 
before, with similar range count variations[17-18].

Among sampled sites, and despite some statistical 
differences, the Uruguay Lake was the most consistent 
site (Table 2), suggesting that the number of heterotrophic 
bacteria in the lake did not change over the duration of 
this study. Similar results were obtained when studying the 
bacterial community in water samples collected inside, and in 
the vicinity of, the Chinese Great Wall Station, King George 
Island[19]. However, a comparison among samples from 
different years showed a remarkable change in the bacterial 
population of Uruguay Lake in 2013, which decreased 
with respect to 2011 and 2012, and then increased in 2014. 
Interestingly, during the summer month of January 2013, the 
lake was almost totally melted. Changes in physical properties 
of the water were also evident; in that year the lowest 
temperature and conductivity in this study were noted (Table 
3). The variation in conductivity (24 and 130 µS∙cm−1 in 
2013 and 2014, respectively; Table 3) may indicate a melting 
process that diluted the bacterial number to a minimum value 
in 2013, which would explain the lower levels of bacterial 
populations detected.

Despite the relative invariability of bacterial population 
levels in Uruguay Lake, the number of bacteria in water 
samples collected from the water-ponds (near Uruguay Lake) 
and from Glacier Collins did change over the years studied 
(Table 2). The heterotrophic bacterial and Pseudomonas 
populations gradually increased until, in 2014, reaching 
values even higher than those obtained for Uruguay Lake 
samples.

Physico-chemical properties of the aquatic ecosystems 
near the BCAA were also monitored for the 5 years of this 
study to determine the effects of human activities. Variations 
in the physico-chemical parameters were observed from site 
to site and between years (Table 3). This was in agreement 
with previous work that reported the connection between 
human activities and physicochemical parameters of water[20]. 
Human activities have a great influence on the pollution 
of water bodies, and can alter the physical, chemical and 

Figure 1  Sampling locations. a, South Shetland Islands in 
Antarctica. b, King George Island. c, Coast of Fildes Peninsula 
(BCAA and the sampling locations are shown): 1–three water 
ponds; 2–meltwater from Glacier Collins; 3–Uruguay Lake. For 
more information about sample sites see Table 1. Figures source: 
Antarctic Digital Data.

Table 2  Bacterial counting. The table shows the results from one of three independent experiments. Different superscript letters indicate 
significant differences among years within each sample site (p < 0.05)

Sample site
Total heterotrophic bacteria/(CFU.mL-1) Fluorescent Pseudomonas spp./(CFU.mL-1) 

2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
Water-ponds 102–103a 103–105b 104–105c 105–106d 105–106d 102a 104–105b 104–105b 104–106c 105–106d

Uruguay Lake 104–105a 104–105a 104–105a 104b 104–105a 103–104a 104–105b 104–105b 103–104a 104–105b

Collins Glacier 104–105a 105– 106b 105c 106d 105–106b 104–105a 104–106b 104–105a 104–106b 104–106c

serial 10-fold dilutions of samples onto the surfaces of both 
media (at least in triplicate). Plates were incubated at 4°C for 8 and 
20 d for fluorescent Pseudomonas spp. and total heterotrophic 
bacteria, respectively.

2.3   Statistical analyses 

Results are the mean of three independent replications. The 
data were subjected to one-way ANOVA analysis when 
possible, with post hoc pairwise comparisons based on 
Tukey’s HSD test, or Kruskal–Wallis one-way analysis of 
variance, using PAST software version 1.56[16]. Statistical 
significance was determined at p = 0.05.

3   Results and discussion
An overview of results using a non-parametric statistical test 
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biological nature of the receiving water[21-23]. For example, 
temperature affects the solubility of oxygen in water and, 
therefore, the organisms that live there, and biological oxygen 
demand has been correlated with the cleanliness of water[20]. 
The variations in levels of most of the physico-chemical 
parameters tested here could be attributed to human activities 
in the BCAA.

The physical parameters of fresh water from Uruguay 
Lake and the water-ponds differed from Glacier Collins 
samples, which had colder and more alkaline water. The most 
distinct year was 2013, when a drastic decrease in temperature 
was registered in the three sites evaluated, and an increase 
in conductivity was observed in water from Collins Glacier 
and the water-ponds. These and other parameters (carbon and 
phosphorous contents, etc) might be involved in the gradual 
change of cultivable heterotrophic bacterial counts observed 
during the 5 years monitoring. Heterotrophic bacteria are also 
abundant in melted ice[24].

Many Antarctic microbial communities are potentially 
sensitive to external impacts[25]. Thus, understanding 
the impact that anthropogenic activities have on these 
communities is of major relevance. We performed a time 
course analysis of the cultivable heterotrophic bacterial 
communities present in three water bodies subjected to 
different human impacts. Physical (e.g., abrasion, compaction, 
trampling) and chemical (e.g., eutrophication, fuel spills, 
waste management) impacts of human beings on Antarctic 
environments have been considered the most damaging 
factors that affect this habitat. However, human activities also 
significantly affect the environment by contamination with 
non-indigenous microorganisms such as human commensal 
and fecal microorganisms[25]. Global climate change also 
has the potential for dramatic impact on these environments 
(with an increase of 1.09°C per decade during winter and 
0.56°C per decade annually), but during the time course of 
our analysis it may be unwise to assume any climate change 
effect. However, during the period of our analysis, the human 
disturbance caused by scientific station personnel may have 

been among the most significant environmental threats to 
the Fildes Peninsula, as was stated by Braun et al.[26]

 when 
monitoring human impacts on the Antarctic habitat.

4   Conclusion
Our results suggest that samples from Uruguay Lake (the 
most human transited location, where BCAA personnel 
drive the water pumps every day) have reached a constant 
heterotrophic bacterial abundance. The human impact on 
this lake may not have an important influence on incidence 
in microbial communities in the future if BCAA personnel 
continue applying protocols for environmental care. 
However, the water ponds and melt water from Glacier 
Collins showed an increased heterotrophic bacterial 
abundance during the time of our study. These areas are being 
subjected to increasing human influence, and this presence 
is probably currently shaping their microbial populations. 
However, these populations may have reached equilibrium, 
since samples from all locations monitored reached similar 
CFU∙mL−1 values in 2014.
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