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Abstract: At the beginning of the 20th century, intense whaling activity took place in the 
South Shetland Islands, which is represented today in the form of ruins and numerous 
whale bones scattered along several Antarctic beaches. Despite being exposed to 
a harsh environment throughout the last decades, the present manuscript tried to 
answer if these bone remains still have viable DNA to allow species’ identification 
using molecular methods. Several individuals were collected from the shores of Keller 
Peninsula, Admiralty Bay, Antarctica, and submitted to DNA extraction, amplification and 
Sanger sequencing. The challenging identification of these bone fragments proved to be 
still feasible. Mitochondrial DNA was successfully extracted, amplified and sequenced. 
A database with 43 sequences including previously published and newly determined 
sequences were built and enabled the precise identification to species level for some 
of the collected samples, therefore shedding light on the whales species that inhabited 
the region and how their overexploitation seems to have affected modern day presence 
of these species within the study area.
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INTRODUCTION
Throughout the 19th and 20th centuries, whaling 
in the Southern Ocean led some cetacean 
populations to the brink of extinction, and 
these populations are today still in the process 
of recovery and returning to their grounds 
(Clapham et al. 1999, Thomas et al. 2016, Jackson 
et al. 2020). Hundreds of thousands of baleen 
whales were caught around the Antarctic 
Peninsula throughout the ‘Modern Whaling’ 
years (17th to 19th century), when advances 
of technology from Industrial revolution were 
applied in whaling (Clapham & Baker 2018, Vighi 
et al. 2020). The place was considered an ideal 
hunting hotspot, as it comprises feeding grounds 
for several cetaceans (Friedlaender & Modest 
2018, Bierlich et al. 2022), due to the abundance 

of planktonic organisms present in the diet of 
most of these marine mammals (Flores et al. 
2012, McBride et al. 2021). In the early years of 
Antarctic whaling, Humpback whales were the 
first and main targets of whalers, but it changed 
from about 1914, with the implementation of 
more advanced hunting technologies, such 
as the steam engine and explosive harpoons, 
increased the capacity number and size of 
captures, making Blue whales and Fin whales 
became the most exploited species when 
whaling activities became possible in the 
Admiralty Bay (Tønnessen & Johnsen 1982, Kittel 
2001, Clapham & Baker 2018).

Remains from this period can be found 
in the South Shetland Islands in the form of 
whaling stations’ ruins, rusting ships, minor 
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objects of wood and metal; oil storage barrels 
and littered whale bone remains still deposited 
on several Antarctic shores (Hacquebord 1992, 
Kittel 2001). The Admiralty Bay, King George 
Island, is one of the most important areas for 
research about the whaling period in Antarctica 
(Kittel 2001). Kittel (2001), Rakusa-Suszczewski & 
Nedzarek (2002) counted 158 to 175 whale skulls 
still deposited in Admiralty Bay beaches, with 
variable disponibility due to eventual burying. 
Almost half of them, 89 skulls, are located in 
Keller Peninsula, near the ‘Comandante Ferraz’ 
Brazilian Antarctic Station (Kittel 2001, Rakusa-
Suszczewski 1998). The abundance of these 
bone fragments is related to its sheltered 
waters, which provided an ideal base for floating 
factories (Tønnessen & Johnsen 1982), where the 
carcasses were flensed. In the present, these 
bones may be an unique source for retrieving 
genetic information that would aid in the study 
of historical whale populations prior to human 
exploitation in the Southern Ocean (Lindqvist 
et al. 2009). However, morphological species 
identification is not easy since most remains 
are found disarticulated and affected by severe 
weathering, some of them represented only as 
small bone fragments present in the soil (Kittel 
2001, Szabo 2008), all extensively affected by the 
nearby marine environment.

In this sense, molecular methods may be a 
key tool and have been used in the identification 
of different marine mammals, including whale 
remains (Foote et al. 2012, Lindqvist et al. 2009, 
Solazzo et al. 2017, Speller et al. 2016). However, 
the process of DNA profiling bone samples is 
highly challenging due to several factors that 
can either facilitate or impede successful 
testing (Jakubowska et al. 2012, Campos et al. 
2012, Andelinovic et al. 2005). Additionally, if 
these remains came from aquatic environments, 
the associated difficulties for DNA typing grow 
exponentially.

The exposure of bone specimens to fresh 
water has been demonstrated to be significantly 
damaging to the remaining DNA (Crainic et al. 
2002, Courts & Madea 2011). The same is true for 
seawater and there is limited research on DNA 
profiling of remains submerged in seawater, 
particularly when only bone samples are 
available for analysis (Staiti et al. 2004, D’Errico 
et al. 1998, Kapinska & Szczerkowska 2004), and 
to date, there is no universal method for DNA 
profiling bone samples exposed to prolonged 
seawater immersion, prompting ongoing efforts 
to develop and enhance new methodologies.

The present study aimed to investigate if 
even after about a hundred years of exposure 
on a harsh marine environment, eventually 
submerged, eventually buried in sediments/
snow, there is still available DNA to accomplish 
the first molecular identification of an old, 
degraded, and heavily weathered whale bone 
samples from Admiralty Bay, shedding light on 
the whales species that inhabit the region and 
the impact of their overexploitation along the 
modern whaling years in Antarctica.

MATERIALS AND METHODS
For molecular analyses, bone fragments were 
isolated from the remains deposited on the 
shores of Keller Peninsula, Admiralty Bay, King 
George Island, Antarctica (Figures 1 and 2). 38 
samples were collected, a triplicate collection 
was carried from each skull bone, under the 
license MMA 02000.000277/2021-09 and IBAMA 
02001.013446/2019-38. In this work, we chose to 
use only fragments related to skull remains as 
reference because vertebrae and ribs could be 
from the same individual. The collections were 
carried out during the Antarctic summer of 2021 
and 2022. Although bone pieces can be moved 
along the time from their original deposition 
locations by the sea waves and anthropogenic 
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activity, the choice of the sites followed previous 
studies of whale bones distribution (Kittel 2001) 
and was limited by the available access at the 
beginning of the austral summer. All sample 
sites were plotted over the Admiralty Bay map 
using QGIS 3.22.8 software (QGIS Development 
Team, http://qgis.osgeo.org) (Figure 1).

DNA extractions were done using the 
ExtractMe RNA & DNA Kit (BLIRT S.A., Poland) 
following the manufacturer’s protocol, with 
an additional time on the first step, where the 
samples were incubated with the Lysis Buffer 
overnight in an Eppendorf ThermoMixer C at 
56°C, to increase the bone digestion (Arismendi 
et al. 2004). DNA quantification was estimated via 
spectrophotometry using a Multiskan SkyHigh 
Microplate and a Nanodrop 2000 (ThermoFisher 
Scientific) spectrophotometers.

After extraction and quantification, the PCR 
amplification step was made using the universal 
16Sar (5’-CGCCTGTTTATCAAAAACAT-3) and 16Sbr 
(5’-CCGGTCTGAACTCAGATCACGT-3’) primers 
(Milinkovitch et al. 1994, Palumbi et al. 1991, 
Palumbi 1996). The protocol followed was of 2 
min at 95°C, 35 cycles of 30 sec at 94°C, 40 sec 
at 52°C, and 1 min at 72°C, with a final extension 
step for 10 min at 72°C. The PCR products were 
purified using the enzyme ExoSAP-IT® (USB 
Corporation) and Sanger sequencing method 
was performed in the Laboratory of Diagnosis 
by DNA (UERJ- RJ), using the BigDye Terminator 
v.3.1 Cycle Sequencing kit (Applied Biosystems), 
with 25 cycles of 10 sec at 95°C, 5 sec at 50ºC 
and 4 min at 60°C. Sequencing products were 
processed in an ABI 3500 capillary system 
(Applied Biosystems). The results of the capillary 
electrophoresis were visually checked, trimmed 

Figure 1. Samples 
localities (in red) on 
the shores of Keller 
Peninsula, Admiralty 
Bay, King George 
Island, Antarctica.

http://qgis.osgeo.org
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and analyzed using Geneious v4.8.2. (Drummond 
et al. 2010).

A database was built including 39 DNA sequen-
ces from Antarctic commonly
found whales were downloaded from GenBank 
and added to the four newly generated 
sequences and aligned in a single matrix using 
Muscle.The database included the Antarctic 
Peninsula occurring species of baleen whales 
and large odontocetes, such as: Balaenoptera 
acutorostrata ,  Balaenoptera boreal is , 
Balaenoptera musculus, Balaenoptera physalus, 
Eubalaena australis, Megaptera novaeangliae, 
Physeter macrocephalus, and Orcinus orca 
(Table I). All sequences were aligned using the 
default parameters of MUSCLE on the software 
Geneious v.4.8.2 (Kearse et al. 2012, Edgar 2004).

The species identification was inferred 
using the Neighbor-Joining method (Saitou & 
Nei 1987). The percentage of replicate trees in 
which the associated taxa clustered together 
in the bootstrap test (x 1000 replicates) are 
shown next to the branches (Felsenstein 1985). 
The tree is drawn to scale, with branch lengths 
in the same units as those of the evolutionary 
distances used to infer the phylogenetic tree. 
The evolutionary distances were computed 
using the Kimura 2-parameter method (Kimura 
1980) and are in the units of the number of base 
substitutions per site. This analysis involved 43 
nucleotide sequences. All ambiguous positions 
were removed for each sequence pair. There 
were a total of 199 positions in the final dataset. 
Evolutionary analyses were conducted in MEGA 
X (Kumar et al. 2018).

Figure 2. Details about sampling in field (a) Whale bone remains densely covered by snow ice during the first 
months of the Antarctic winter; (b) Sampling sites at Keller Peninsula; (c and d) heavily weathered bone remains.
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The molecular identification was verified 
by using the Maximum Likelihood method and 
General Time Reversible model (Nei & Kumar 
2000), chosen after the model selection carried 
out on MEGA X (Kumar et al. 2018) using the AKAIKE 
criterion. Support for nodes was evaluated 
using the Bootstrap test with 1000 replicates 
(Felsenstein 1985). The percentage of trees in 
which the associated taxa clustered together is 
shown next to the branches. Initial trees for the 
heuristic search were obtained automatically 
by applying Neighbor-Join and BioNJ algorithms 
to a matrix of pairwise distances estimated 
using the Maximum Composite Likelihood (MCL) 

approach, and then selecting the topology with 
superior log likelihood value. A discrete Gamma 
distribution was used to model evolutionary 
rate differences among sites (5 categories (+G, 
parameter = 0.2930)). The rate variation model 
allowed for some sites to be evolutionarily 
invariable ([+I], 41.84% sites). The tree is drawn 
to scale, with branch lengths measured in the 
number of substitutions per site. All positions 
containing gaps and missing data were 
eliminated. There were a total of 199 positions 
in the final dataset. Evolutionary analyses 
were conducted in MEGA X (Kumar et al. 2018). 

Table I. GenBank accession numbers for the previously published sequences used in our analyses.

Species Accession Species Accession

Balaenoptera acutorostrata MT410935 Balaenoptera physalus KV572860

Balaenoptera acutorostrata AP006468 Eubalaena australis OP205178

Balaenoptera acutorostrata NC00527 Eubalaena australis OP205179

Balaenoptera borealis MF409248 Eubalaena australis OP205180

Balaenoptera borealis MF409249 Eubalaena australis AP006473

Balaenoptera borealis AP006470 Megaptera novaeangliae U13117

Balaenoptera musculus ON257891 Megaptera novaeangliae MF409246

Balaenoptera musculus ON257892 Megaptera novaeangliae PP475430

Balaenoptera musculus ON257894 Megaptera novaeangliae AP006467

Balaenoptera musculus ON257896 Physeter macrocephalus KU891393

Balaenoptera musculus ON257900 Physeter macrocephalus KU891394

Balaenoptera musculus ON257903 Physeter macrocephalus MT410874

Balaenoptera musculus ON257908 Physeter macrocephalus U13119

Balaenoptera musculus ON257909 Physeter macrocephalus NC002503

Balaenoptera musculus ON257910 Orcinus orca GU187211

Balaenoptera physalus U13103 Orcinus orca GU187215

Balaenoptera physalus KC572854 Orcinus orca GU187217

Balaenoptera physalus KC572857 Orcinus orca GU187218

Balaenoptera physalus KC572858 Orcinus orca GU187219

Balaenoptera physalus KC572859
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Maximum likelihood verification results are 
presented as Supplementary Material.

RESULTS AND DISCUSSION
Molecular Identification
The most usual approach for molecular species 
identification is by far the DNA Barcoding 
method (Hebert et al. 2003). Used for vertebrates, 
invertebrates, plants, fungii, the DNA Barcoding 
based on cytochrome C oxidase and alternatively 
using the cytochrome b for mammals, may lead 
to misidentification for some cetaceans species, 
including two target species of this study, 
Eubalaena spp. and Megaptera novaeangliae 
(Viricel & Rosel 2012, Silva et al. 2021). Anjos et al. 
(2023) recently suggested based on in silico data 
the 16S rRNA could be used as a reliable marker 
for the molecular identification of Antarctic 
cetaceans. However, although we opted for 
the use of 16S rRNA in the present manuscript 
mainly due to its mitochondrial inheritance and 
the ease of obtaining high quality sequences, 
a consensus on what molecular marker should 
be used for cetaceans identification is still 
under debate, with several studies use different 
molecular markers for cetaceans identification 
such as the COI, the D-Loop, the cytochrome b, 
and the 16S (Falcão et al. 2017, Silva et al. 2021, 
Dalebout et al. 1998, Kamal et al. 2021, Jayasankar 
2020). Additionally, the high copy number that 
characterize the mitochondrial markers made 
them a first choice for degraded samples such 
as the bone fragments herein analyzed.

We successfully obtained genomic DNA from 
all bone fragments recovered and submitted 
to extraction with acceptable quantity values 
(Table SI). However, among the 34 samples 
obtained from Admiralty Bay, only four of them 
amplified the partial 16S rRNA region (samples 
B13, B23, B31, and B33) while all the remaining 
failed in amplification. Obtained sequences 

were deposited in the GenBank database under 
the accession numbers PP790983 (B13), PP790984 
(B23), PP790985 (B31), and PP790986 (B33). Among 
the new retrieved sequences we successfully 
identified three of them as Balaenoptera 
musculus, the Blue Whale (samples B13, B31, 
B33), and the remaining one as Balaenoptera 
physalus, the Fin Whale (sample B23) (Figure 3 
and Figure S1), based on 16S rRNA.

All the material analyzed in the present 
manuscript had been exposed on the shores 
of Keller Peninsula for decades, since they 
may be related to whaling remains (Kittel 
2001). Although the Antarctic environment 
provides specific conditions favorable for the 
conservation of these samples, considering the 
low temperatures during all the year and the 
thawing cycle during the winter, handling these 
samples still demands a specific and careful 
approach (Cavalcanti et al. 2015, 2017). 

The recovery of DNA from bones submerged/
partially submerged in saltwater presents a 
complex challenge due to potential modifications 
to the bone structure caused by environmental 
and biological factors (Bertolini et al. 2022). Salt 
ions absorbed during submersion can increase 
the bone’s porosity, leading to the breakdown 
of collagen from the hydroxyapatite matrix. This 
increased porosity and collagen degradation can 
accelerate DNA degradation, as the nucleic acid 
loses protection and stability normally provided 
by the inorganic matrix (Bertolini et al. 2022). 
Additionally, microscopic marine organisms can 
contribute to bone structure alteration through 
marine microboring, which partially dissolves 
the mineral portion of the bone (Bertolini et 
al. 2022). It is common that research groups 
working with such challenging samples test 
several extraction protocols and kits, such as 
the QIAamp DNA Investigator Kit, based on the 
use of silica columns to remove PCR inhibitors 
and the purified DNA is then eluted with an 
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elution buffer under alkaline conditions and 
low salt concentration. Modifications based on 
this protocol are also common but the obtained 
results are usually used for small fragment 
profiling such as STR methods rather than 
sequencing.

The exposure effects of bone remains 
to degrading environmental conditions have 
been investigated including different agents, 
such as UV exposition, high levels of humidity, 
temperature, and prolonged burial (Perry 
et al. 1988, Schwartz et al. 1991, Alaeddini et 
al. 2010). In addition, the difference in bone 
structure, such as those rich in oil, large rigid 
bones or waterlogged, may cause differences 
in DNA conservation state (Cartozzo et al. 2018, 
Alaeddini et al. 2010, Krestoff et al. 2021). 

Although the cold climate in Antarctica may 
aid the conservation of DNA in old bones, the 
exposure to degrading agents could fragment 
the mitochondrial regions commonly used for 
species identification (cf. COI, 16S, 12S, and 
the cytochrome b gene) might not be simple 
to sequence (Hebert et al. 2003, Milinkovitch 
et al. 1994, Mitani et al. 2009, Speller et al. 
2016, Willerslev et al. 2004, Vences et al. 2005). 
This seems to be the case for our challenging 
samples regarding the difficulty observed for 
amplification and sequencing.

Whaling activities in Admiralty Bay and its 
relation to the bone fragments found in Keller 
Peninsula
The present whale remains analyzed represent 
only a portion of whales caught near King 
George Island, given that there is no register 

Figure 3. Neighbor-Joining tree (K2P) of Antarctic occurring whales based on partial 16S rRNA (bootstrap x1000) 
and newly determined samples (red arrows).
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of whaling stations inside the Admiralty Bay 
and the processing of whales initially were 
only possible with facilities provided by shore 
stations. Until the first operation of a factory 
ship in the region, in 1906, with the Admiralen 
(Rakusa-Suszczewski 1998), availing that the bay 
provided ideal conditions for floating factories 
(Tønnessen & Johnsen 1982). The capture of large 
rorquals became possible with the advance of 
technologies and techniques of whaling, such as 
steam engines and explosive harpoons. These 
elements improved the capacity to catch larger 
and faster rorquals, allied with the refinement 
of whaling techniques, such as the injection 
of compressed air in the head to increase the 
carcasse buoyancy and avoid losing the hunt 
product sinking after death (Vighi et al. 2020). 
The air compression and the decapitation before 
flensing could be the enablers for big and heavy 
pieces being washed ashore, although many 
others must be in the seabed.

The obtained sample identifications are 
consistent with the massive capture of rorquals 
in Antarctica during the whaling period, from 
1904, until its prohibition in 1982, and the Soviet 
illegal hunt, until 1972 (Branch 2007a, Clapham 
et al. 1999, Thomas et al. 2016, Tønnessen & 
Johnsen 1982). In addition, the absence of 
Humpback is also reasonable, since they were 
no longer the main targets when the whalers 
settled in Admiralty Bay (Tønnessen & Johnsen 
1982, Kittel 2001, Clapham & Baker 2018). It is 
estimated that during the 20th century, a high 
number of rorquals were caught, with over 
360.000 blue whales and 725.000 fin whales, in 
the southern hemisphere (Clapham & Baker 
2001). These numbers may be underestimated, 
considering that a great number of catches was 
inefficient, ending on the whale being ‘struck 
but lost’, or severely injured, and these whales 
killed in failure capturings were not reported 
(Vighi et al. 2020).

Recent observation registers and acoustic 
detection of Antarctic Blue whales for the 
region are lacking, making its distribution 
and abundance poorly understood (Bassoi et 
al. 2019, Branch 2007a), still, the main feeding 
grounds known for Antarctic Blue whales are 
in the circumpolar belt (Rice 1998). The scarce 
observation of these giant animals near South 
Shetland Islands and its presence in samples 
probably reflects the impact of the exploitation 
on their abundance in the region. Despite these 
whales being under protection (Clapham et al. 
1999, Ivashchenko & Clapham 2014), Branch 
(2004, 2007a, 2007b) estimated that the species’ 
current abundance is still less than 1% of the 
original, with about 1700 individuals (Stacey 
2022). However, studies to evaluate the return 
of Blue whales to this historical hotspot are still 
needed, such as it have been made for other 
species and locations (Jackson et al. 2020). 
Regardless of being one of the most exploited 
species, Fin whales’ current abundance is 
about 38,200 individuals in Antarctica and 
they are commonly observed and registered 
seasonally in Antarctica peninsula (Burkhardt 
& Lanfredi 2012, Širović et al. 2004, 2009). These 
cosmopolitan whales were hunted in the region 
until the level of exploitation far exceeded the 
sustainable yield of the populations, resulting in 
the collapse of whaling operations.

CONCLUSIONS
Degraded and aged samples have always been 
a challenge for DNA typing. In the present 
manuscript we successfully extracted, amplified 
and sequenced DNA from bone fragments left on 
a nearby marine environment since the modern 
whaling period in Antarctica. The specific 
identification of two species of Balaenoptera 
(B. musculus and B. physalus) from heavily 
weathered fragments itself is remarkable 
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regarding the harsh environment faced by these 
bone remains along the last decades. The record 
of these species do also support the historical 
occurrence of them in the Admiralty Bay or 
nearby areas.

Blue and fin whales’ current presence in 
Admiralty Bay still needs more observations and 
studies to be conclusive. However, it is clear that 
their abundance and distribution has reduced in 
the whole world due to whaling, and also within 
the Admiralty Bay, as illustrated in the number of 
bones in Antarctic shores and herein confirmed 
with the use of molecular techniques. Although 
the degraded samples represent an obstacle 
for DNA typing, methods using small fragments 
such as STR-CE or those using massive parallel 
sequencing (MPS) could be used to enhance 
recovery of DNA fragments from these samples.

Finally, this study represents one more 
step to understand the history of Antarctic 
whaling on Admiralty Bay, showing that we 
can still scientifically gather information from 
the biological remains of this period, showing 
how the impacts of these past anthropogenic 
activities over the hunted whales species still 
influence the present day distribution of these 
species in the study area. 
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