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Abstract— Tardigrades (commonly known as "water bears'’)
are microscopic animals whose bodies are usually less than 1 mm
long, they are microscopic bilaterian organisms that belong to the
phylum Tardigrada. These organisms are best known for initiating
and maintaining a state of dormancy known as cryptobiosis. This
ability allows them to survive in unfavorable environments and to
inhabit places characterized by extreme temperatures, variable
water availability, etc. (e.g., Antarctica). Antarctica is of great
scientific interest, as the extreme environmental conditions require
unique adaptive traits expressed by the organisms inhabiting this
region. The presence of tardigrades in Antarctica has been
scientifically documented, and their characteristics could be
strategic in developing geobiological, astrobiological, and other
areas of knowledge.

Keywords-- biodiversity, cryptobiosis, evolutionary adaptations,
extreme environment, polar ecology.

I. INTRODUCTION

Limno-terrestrial tardigrades are microscopic bilaterian
organisms that belong to the phylum Tardigrada within the
larger protostome superclade called Ecdysozoa. [1]. They are
also known as water bears or moss piglets [2]. These
organisms are close relatives of arthropods and Onychophora
[3], with body sizes from 50 um to 1200 pum, and eight legs
[4], [5]. The body of a tardigrade is composed of five
segments, which include a head and four trunk segments.
Typically, they consist of only about 1,000 cells [6].

Over the years, the number of identified tardigrade
species has grown significantly since the initial species
description by Schultze [7]. Currently, there are more than
1400 acknowledged species within the phylum [8].

The semi-terrestrial tardigrades are found in soil,
sediments, bryophytes, lichens, algae (where they are active
when a water film surrounds the substrate), and lotic and lentic
environments. They can be found from low to high altitudes
and latitude, from tropical, temperate, desert, and polar
habitats [9]. Additionally, tardigrades having an estimated life

span of three to 30 months, without including their latency or
cryptobiosis period [9].

The majority of tardigrades rely on water for growth and
reproduction, certain species found in limno-terrestrial habitats
possess the remarkable capability to endure drought [10] and
tolerate a variety of extreme environmental conditions at any
stage of their life because of their ability to enter cryptobiosis,
a process in which metabolic activity is temporarily
suppressed [11], [12], [13]. This trait enables water bears to
survive in extreme environments such as Antarctica [14], [15].

The extreme climatic conditions of Antarctica are of high
scientific interest, and has contribute to organisms developing
or displaying unique evolutionary adaptations to the
environmental extremes that characterise Antarctica: low
temperatures, desiccation, high salinity (in coastal regions),
high solar irradiance [16]. Research on Antarctic tardigrades
started in the early 20th century, but was sporadic and
associated with expeditions (e.g. Richters 1904a; Murray
1907; Richters 1908; Murray 1910 [17], [18], [19], [20]). The
knowledge of Antarctic tardigrades is still relatively poor. In
2005, Convey and Mclnnes reported on the presence of
tardigrade species on ten of the 11 major islands of the
Antarctic Peninsula, and including previous reports,
approximately 55 species have been documented in the
Antarctic region.

The Antarctic Peninsula has a higher variety of tardigrade
species than continental Antarctica [21]. However, knowledge
of the biogeographic distribution, abundance, and diversity of
tardigrades in Antarctica remains limited [22], making them
an attractive research topic. [23], [24]. The relationships
between tardigrades, geology, and space research have been
even less studied, but with a great perspective of development
as a research topic. For this reason, the present article aims to
review the research potential of limno-terrestrial tardigrades in
Antarctica as a model for geobiological and astrobiological
studies.
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Il. MATERIALS AND METHODS

To analyse the geographic distribution of tardigrade
species reported in Antarctica, academic texts were collected
and reviewed from different databases from 2022 to 2024.
This literature review was conducted using articles found in
ResearchGate, SpringerLink, Csiro Publishing, Scopus and
Google scholar. The search was conducted using
“Tardigrade”, Antarctic” and “Antarctica” as keywords. Also,
articles found in references section of the articles selected
were manually searched and included in the review. Peer
reviewed articles presenting information about the occurrence
of limno-terrestrial tardigrades in Antarctic were added,
including their isolation and identification process.

I1l. TARDIGRADES AND CRYPTOBIOSIS

Tardigrades can be categorized into two primary
evolutionary lineages: eutardigrades and heterotardigrades.
Among these, the heterotardigrades exhibit greater diversity in
terms of species and characteristics [25].

Tardigrades do not possess specialized respiratory organs;
instead, gas exchange occurs through diffusion across the
epidermis and cuticle [5]. Similarly, they lack circulatory
organs like a heart, and instead rely on a fluid-filled body
cavity for circulatory functions. This cavity accommodates
storage cells of varying sizes and quantities, which move
passively along with the animal's movements [26]. The
storage cells play important roles in nutritional maintenance,
vitellogenesis, and potentially contribute to immune defense
mechanisms [27]. Tardigrades possess longitudinal muscles
and excretory systems. Males, females, and hermaphrodites
capable of self-fertilization exhibit a singular dorsal sack-like
gonad. In certain species, reproduction solely occurs through
parthenogenesis, with only female individuals present [28].

Tardigrades have the capacity to undergo cryptobiosis, a
state of reversible standstill often referred to as latent or
hidden life, is prevalent across various kingdoms of life [29].
Among metazoans, nematodes, rotifers, and tardigrades
possess the remarkable ability to enter cryptobiosis at any
stage of their life cycle, including as eggs, juveniles, and
adults [30].

The entry into the cryptobiotic state involves a sequence
of anatomical and physiological transformations. The presence
of a water film is crucial for tardigrades to maintain their
physiologically active state [31]. When faced with desiccation,
during which tardigrades can lose over 95% of their water
content, they undergo longitudinal contraction. In this process,
they retract their head and legs, assuming a dormant and
barrel-shaped structure known as a "tun" [32]. In this state,
oxygen consumption almost stops, and the metabolic rate
decreases considerably [33], [34], [35]. Nonetheless, there is
compelling evidence suggesting that certain species of
tardigrades can endure substantial levels of environmental
stress even while in an active state [36]. Cryptobiosis can be
triggered by various extreme conditions, leading to different

stages of cryptobiotic dormancy. Notably, stressors such as;
water loss (desiccation), increased external osmotic pressure
(osmobiosis), freezing (cryobiosis), lack of oxygen
(anoxibiosis), and exposure to environmental toxins
(chemobiosis), can induce a state of quiescence [37], [38],
[39], [40], [41], [42], [43]. Anhydrobiosis, osmobiosis, and
potentially chemobiosis are cryptobiotic states characterized
by the formation of tuns. The ability to form tuns is observed
in some existing tardigrade lineages, indicating that it is an
ancient and shared characteristic [44].

The interest in the investigation of tardigrade physiology
is growing because of their ability to withstand a diverse range
of abiotic challenges. These challenges encompass desiccation
[31], [38], elevated levels of ionizing and UV radiation [45],
[46], the vacuum of space [47], [48], contact with harmful
heavy metals and metalloids [49], [50], extreme temperatures
spanning from very low to high [40], [51], [52], and varying
atmospheric conditions, including both low and high pressures
[41], [53], and even oxygen deprivation [54], [55].

Despite the limited understanding of the cryptobiosis
process, the mounting evidence indicates that tardigrades
produce a diverse array of molecules with bioprotective
properties [56], [57]. These molecules include proteins, such
as DNA repair systems, as well as carbohydrates, among other
substances [58]. For instance, there is a unique protein called
Damage suppressor (Dsup) found in tardigrades that plays a
crucial role in safeguarding DNA. This tardigrade-specific
protein can bind to DNA and nucleosomes [59], [60], [61].

When introduced into human cultured cells, Dsup
effectively mitigates the occurrence of DNA breaks induced
by radiation and reactive oxygen species (ROS). As a result,
the expression of Dsup enhances the survival of cells exposed
to a semi-lethal dose of X-ray irradiation [62]. Tardigrades
possess additional unigue proteins called Cytosolic Abundant
Heat-Soluble (CAHS) and Secretory Abundant Heat-Soluble
(SAHS) proteins. These proteins have been associated with the
tardigrades' capacity to endure desiccation, enabling their
survival in extremely dry conditions [63]. These biological
capabilities and the ability to enter a cryptobiosis state
facilitate and increase the survival and presence of tardigrades
in Antarctica.

IV. ANTARCTIC TARDIGRADES

According to the literature, the presence of tardigrades in
Antarctica was first validated in 20" century [64]. Richters
[65], was the first to report the presence of tardigrades in
Antarctica. Until 1962, only four genera had been identified,
namely, Echiniscus, Pseudechiniscus, Hypsibius, and
Milnesium. These genera were mostly collected from the
South Orkney Islands, Victoria Land, South Shetland, and
other locations in Antarctica [66]. In Larsemann Hills, East
Antarctica, surveyed in 1987, five genera and six species of
Tardigrada were identified, and dynamics linked to dispersal
capabilities of tardigrades in Antarctica were proposed [67].
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In 1988, A total of 28 species of tardigrades were known
from the Vestfold Hills in Antarctica (Miller etal., 1988).
These species have been reported in Gaussberg [69], Syowa,
Queen Maud Land (Japanese base) [70], Vestfold Hills (Davis
Base), and the Clark Peninsula (Wilkes Base) [67], [71].
Understandably, the first reports of tardigrades were of
locations near bases; therefore, most knowledge of tardigrades
in Antarctica was focused on East Antarctica and the Antarctic
Peninsula [67], [72], [73]. There have also been reports of
tardigrades in Enderby Land, Coast of Alasheev Bight,
Antarctic Peninsula, and South Shetland Islands - King
George Island.

At the end of the 20th century, Dastych redescribed the
species Hypsibius antarcticus to prevent it being confused
with Hypsibius arcticus and reassigned all Antarctic
tardigrades cited as Hypsibius arcticus in the literature to
Hypsibius antarcticus [74], [75]. Pilato & Binda [76] revised
the genus to Acutuncus antarcticus. Other species of
tardigrades reported during the 20" century have been
redescribed due to the improving taxonomic methods in the
last decades and the increasing interest in studying these
organisms to help classify them according to their similarities.
For example, the species Echiniscus pseudowendti was
reassigned to Claxtonia pseudowendti. In summary, around 35
tardigrade species were documented in the 20™ century such as
Pseudechiniscus suillus, Acutuncus antarcticus, Ramajendas
frigidus, Diphascon chilenensis, Dip. pingue, Dip. polare,
Dip. dastychi, and Dip. victoriae [77].

In 2000, a new species of eutardigrade, Diphascon
(Adropion) tricuspidatum (now Adropion tricuspidatum) was
found with Acutuncus antarcticus in a small lake in the Crater
Cirque (Victoria Land) [78]. The following year, more
information on tardigrades obtained from the 1977 to 78
Australian Museum Expedition was published, expanding on
information highlighting the evolutionary relationships of
tardigrades in Antarctica and confirming the biogeographic

13 Diphascon polare [77]
14 Diphascon dastychi [77]
15 Diphascon victoriae [77]
16 Echiniscus kergeuelensis [84]
17 Echiniscus darienae [80]
18 Echiniscus punctus [85]
19 Grevenius asper [85]
20 Grevenius laevis [85]
21 Hebesuncus schusteri [74]
22 Hebesuncus conjungens [82]
23 Hypsibius convergens [89]
24 Hypsibius dujardini [72]
25 Hypsibius simoizumii [90]
26 Mesobiotus blocki [80]
27 Mesobiotus fuciger [72], [91]
28 Mesobiotus harmsworthi [84], [87]
29 Milnesium tardigradum [72], [85], [82]
30 Minibiotus weinerorum [671, [88]
31 Minibiotus stuckenbergi [92], [88]
32 Mixibius saracenus [82]
33 Oreella mollis [85]
34 | Pseudechiniscus(Meridioniscus) | novaezeelandiae [68], [93]
35 | Pseudechiniscus(Pseudechiniscus) suillus [85], [93]
36 Ramajendas heatwolei sp. [80]
37 Ramajendas frigidus [94]
38 Ramajendas renaudi [72], [95]
39 Ramazzottius oberhaeuseri [96], [97]

distinctiveness of Adropion tricuspidatum.

TABLE |
TARDIGRADES DOCUMENTED IN ANTARCTICA DURING THE 20™
CENTURY
Genera Species Reference
1 [18], [69],
Acutuncus antarcticus [72], [74],
[80], [81], [82]
2 Adropion greveni [72]
3 Barbaria jenningsi [72], [80], [83]
4 Claxtonia pseudowendti [74]
5 Dastychius improvisus [74]
6 Dianea papillifer [84], [85]
7 Diphascon alpinum [721, [74], [86]
8 Diphascon chilenensis [83], [87]
9 Diphascon mirabile [74]
10 Diphascon pingue [72], [81]
11 Diphascon puniceum [86]
12 Diphascon sanae [80], [88], [81]

Previous reports and descriptions of tardigrades were
usually studies focusing on which tardigrades are to be found
in Antarctica; however, more studies on abundance,
frequency, species richness, and their correlation with others
species have been published. A study conducted in the
nunataks of the Schirmacher Oasis found that the highest
densities of tardigrades were observed at sites with mosses,
lichens, liverworts, or algae [99]. The most abundant and
frequently occurring tardigrade genera were found to be
Mesobiotus and Hebesuncus [99]. In addition, studies on
tardigrade colonization and dynamics have also been
published (e.g. Smykla et al. 2012). Results showing post-
glacial and Holocene dynamics were obtained through the
assessment of tardigrade eggs and exuviae from Antarctic lake
sediments and paleosediments [101].

A new species of Heterotardigrada, Echiniscus
corrugicaudatus (now Claxtonia corrugicaudatus) was
discovered by Mclnnes (2010) in the nunataks of Ellsworth
Land, West Antarctica. In 2012, Milnesium antarcticum was
documented in inland Antarctica for the first time, more
specifically in Victoria Land [100], [103]. The Mil.
antarcticum specie were also found with
Acutuncus antarcticus and were present in 23 of 41 samples.
The occurrence of these two tardigrades species in Victoria
Land is linked to the high water availability in the soil [100];
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overall, abiotic conditions influence the abundance of these
animals [104].

The location near Syowa station is one of places in
continental Antarctica [105], [106]; therefore, an update of
tardigrade diversity was reported in this area, and three new
species were documented: Claxtonia  pseudowendti,
Hebesuncus ryani, and Pseudechiniscus sp.8 [106]. Another
location is Victoria Land, where numerous species of
tardigrades have been reported. Pilato et al. (2017) included
new information on the Tardigrada biodiversity, updating the
presence of Diphascon sanae and reporting two new species,
namely, Mixibius felix and Milnesium validum.

In recent years, molecular characterisation in conjunction
with morphological descriptions, i.e. integrative taxonomy,
has been used to facilitate the identification of new taxa. The
species Mopsechiniscus franciscae [108], Cryoconicus
antiarktos, and Ramazzottius sabatiniae [109] were identified
using this technique.

With the advent of technological advances, modern
molecular studies have been applied to understanding the
evolutionary relationships of Antarctic tardigrades. For
example, an 18S rRNA sequencing was performed to confirm
a culture of tardigrades from near Syowa station, and the
presence of Acutuncus antarcticus was confirmed. Older
records had confused this species with Hypsibius articus
[105]. The wuse of molecular techniques to identify
mitochondrial operational taxonomic units (OTUSs), resulted in
potentially more putative species in the genera Acutuncus,
Milnesium, and Echiniscus than have been reported using
older morphological methods [110].

These new tools used for identification methods allow a
faster classification [111], [112]. For example, various species
have been redescribed, such as Hypsibius dujardini [113],
Hypsibius murray [114], and the genus Ramajendas [115].
However, taxonomic studies of Antarctic tardigrades have
developed slowly and the diversity and distribution of these
animals in this extreme continent remains largely unknown.
This is mainly due to difficulties associated with working in
the extreme climatic conditions of Antarctica, distance,
transport and mobility, which make most of the continent
inaccessible and prevent comprehensive studies (Fig 1). A list
of tardigrade species documented since 2000 is provided in.
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Fig. 1 Location of tardigrades collected from different locations of the
Antarctic continent.

V. GEOBIOLOGICAL RELATIONSHIPS

Geological processes can be understood from the
established biological relationships; in turn, geological
dynamics can model diverse biological processes. This
relationship between life and a planet's geological history is
known as geobiology [116]. Depending on the biological scale
at which one works, the geological processes that may impact
will vary [117]. Biogeochemical cycles are one of the most
important relationships between microorganisms and geology
[117], [118].

In addition, changes such as sea level, volcanic activity,
or mineralogical composition of rocks directly affect the
distribution and diversity of microorganisms [119], [120].
Some of the most determinant geological parameters for the
presence and abundance of certain species of microorganisms
are soil type, water availability, and the presence of certain
minerals [121], [122], [123]. On the other hand, some
microorganisms can serve as bioindicators of geological
changes [124].

For most microorganisms, it has been evidenced that they
tend to be more abundant and diverse in soils rich in organic
matter [117], [125]. However, in the case of tardigrades
studied in Antarctic sectors, it has been found that the
determining factor was the water content in the soil, this
taking into account that in Antarctic sectors with ornithogenic
soils, major presence and diversity of tardigrades was
observed [100], [126].
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On the other hand, it has been identified that
limnoterrestrial tardigrades could be an indicator of geological
history. Tardigrades though not part of the fossil record and,
until recently, thought to be ubiquitous due to their aerial
dispersal and cryptobiosis [127], have shown that they are
associated with specific geological and environmental
characteristics and with the scale of geological time (Pilato
and Binda 2001; Mclnnes and Philip 2007; Guidetti et al.
2017). Finally, tardigrades could be diverse in mineralogical
environments, being organisms that can tolerate toxicity,
contribute to nutrient cycling, and use nutrient diversity [130],
[131].

V1. ASTROBIOLOGICAL PERSPECTIVES

Considering the characteristics mentioned above, which
allow tardigrades to survive in extreme conditions, they have
been considered a possible model organism for the search for
life outside Earth [47]. Tests on several tardigrade species
suggest they could survive in conditions similar to those found
on other planets and moons [132].

TABLE 11
ANTARCTIC TARDIGRADES DISCOVERED IN THE 21°" CENTURY
Genera Species Reference

1 Adropion tricuspidatum [78]
2 Bryodelphax olszanowskii [133]
3 Claxtonia corrugicaudatus [102]
4 Cryoconicus antiarktos [109]
5 Dactylobiotus ovimutans [134]
6 Diphascon puchalskii [133]
7 Diphascon rudnickii [133]
8 Hebesuncus ryani [99], [106]
9 Hebesuncus mollispinus [64]
10 Hypsibius conwentzii [133]
11 Mesobiotus aradasi [135]
12 Mesobiotus hilariae [22]
13 Mesobiotus krynauwi [99]
14 Milnesium validum [207]
15 Milnesium rastrum [136]
16 Milnesium antarcticum [10?]1’3[71]03]’
17 Milnesium quadrifidum cv [64]
18 Mixibius felix [107]
19 Mopsechiniscus franciscae [108]
20 Paramacrobiotus fairbanksi [64]
21 Pseudechiniscus titianae [22], [106]
22 Ramajendas dastychi [138]
23 Ramazzottius sabatiniae [109]

Some experiments

related to short-duration flights

demonstrated the ability of tardigrades to survive in an
anhydrobiotic state in open space environments in low-Earth
orbit [47], [139]. Furthermore, tardigrades offer valuable
insights into the origin and evolution of life, enriching our
understanding of the intricate tree of life on Earth and
shedding light on the potential for life to arise in diverse

environments [47]. The study of tardigrades provides valuable
insights into organisms' adaptability and survival strategies.
Their unique characteristics make them fascinating objects of
study that contribute to expanding our understanding of the
potential for life in the universe [140].

VII. TARDIGRADES AND THEIR POTENTIAL APPLICATIONS

The study of tardigrades is of great importance for several
reasons. First, tardigrades exhibit remarkable survivability,
which allows them to withstand extreme conditions such as
desiccation, high radiation, and temperature extremes. By
delving deeper into the mechanisms driving their exceptional
resilience, valuable insights can be gained into adaptations and
survival strategies in hostile environments [1]. Tardigrades,
such as Macrobiotus hufelandi, are well known for their
remarkable temperature tolerance, showing resistance to
temperatures above 100°C for up to 30 min [30]. Ramazzottius
varieornatus is also classified as a highly tolerant species
[141], and Richtersius coronifer presents a resistance to high
temperature, making both particularly intriguing in their
adaptation to global warming [142]. Exploring cryptobiosis
and anhydrobiosis mechanisms holds excellent promise for
diverse fields, such as medicine, biotechnology, and stress-
resistant plant breeding [42].

On the other hand, Antarctica is a relatively unexplored
habitat, with limited knowledge about their biodiversity,
despite harboring a great variety of unicellular and
multicellular organisms. Tardigrades, in particular, play an
essential role in these ecosystems, and their study contributes
to a better understanding of their ecological dynamics and
functions within these niches [143]. For example,
limnoterrestrial tardigrades play crucial roles within Antarctic
ecosystems, where terrestrial microinvertebrates provide
carbon and nutrient cycling roles in soil environments, as a
consecuence of the absent of larger macroinvertebrates [144].
This role becomes particularly relevant in the absence of other
regulatory agents, highlighting the importance of these
tardigrades in maintaining ecological balance [145], [146].
The study of these ecological functions not only guides the
development of appropriate conservation strategies but also
improves our understanding of the factors influencing the
dispersal and distribution of organisms in glacial ecosystems
[147].

Finally, tardigrades could play a vital role in the field of
health in the future. Such is the case of Ramazzottius
varieornatus, one of the tardigrades mentioned above and one
of the most tolerant to stressful environmental conditions.
From this organism, it was possible to extract a protein
exclusively associated with tardigrades, which, when added to
a human cell culture and subjected to X-rays and dehydration,
generated a cell culture that was 40% more radioresistant and
tolerant to water deficit [62]. The above highlights an existing
potential in tardigrade proteins as gene protectors.
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VII1. CONCLUSION

Antarctica is a continent with very extreme conditions
[148], [149], [150], [151]; 152], [153]; it is an ideal place for
the study of tardigrades. These are extraordinarily resilient
organisms. Their ability to survive in extreme conditions such
as desiccation, radiation, and extreme temperatures makes
these organisms tolerant and resistant to extreme ecosystems
such as Antarctica. They are interesting candidates for
understanding the possibility of life on other planets making
these organisms a coveted model for astrobiology research.
Also tardigrades can enter cryptobiosis and anhydrobiosis
holds promising prospects in fields such as medicine and
biotechnology. Studying tardigrades in Antarctica can provide
insights into how microorganisms adapt to and influence
geological processes and could be a key factor in
understanding climate change and their role in glacial
ecosystems. The Antarctic Peninsula has a higher variety of
tardigrade species than continental Antarctica [148]. However,
knowledge of the biogeographic distribution, abundance, and
diversity of tardigrades in Antarctica remains limited making
them an attractive research topic. The relationships between
tardigrades, geology, and space research have been even less
studied, but with a great perspective of development as a
research topic. For this reason, the present article aims to
review the research potential of limno-terrestrial tardigrades in
Antarctica as a model for geobiological and astrobiological
studies.

ACKNOWLEDGMENT

Acknowledgments. The authors thank the Directorate of
Research of the Universidad Tecnol6gica de Bolivar for
financing this project, and the Colombian Ocean Commission
coordinator of the Colombian Antarctic program.

REFERENCES

[1] N. Mabjerg and R. C. Neves, ‘New insights into survival strategies
of tardigrades’, Comparative Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, vol. 254, p. 110890, Apr.
2021, doi: 10.1016/j.cbpa.2020.110890.

[2] K. Watach and B. Blagden, ‘Tardigrade stowaways: Literature
review of Propyxidium tardigradum (Ciliophora, Peritrichia) and its
first record in Scotland’, European Journal of Protistology, vol. 89,
p. 125974, Jun. 2023, doi: 10.1016/j.ejop.2023.125974.

[3] M. Jezierska et al., ‘Oogenesis in the tardigrade Hypsibius
exemplaris  Gasiorek, Stec, Morek & Michalczyk, 2018
(Eutardigrada, Hypsibiidae)’, Micron, vol. 150, p. 103126, Nov.
2021, doi: 10.1016/j.micron.2021.103126.

[4] N. Guil, ‘New records and within-species variability of Iberian
tardigrades (Tardigrada), with comments on the species from the
Echiniscus blumi-canadensis series’, Zootaxa, vol. 1757, no. 1, p. 1,
Apr. 2008, doi: 10.11646/zootaxa.1757.1.1.

[5] D. R. Nelson, R. Guidetti, and L. Rebecchi, ‘Chapter 17 - Phylum
Tardigrada’, in Thorp and Covich’s Freshwater Invertebrates
(Fourth Edition), J. H. Thorp and D. C. Rogers, Eds., Boston:
Academic Press, 2015, pp. 347-380. doi: 10.1016/B978-0-12-
385026-3.00017-6.

[6] K. Arakawa, ‘No evidence for extensive horizontal gene transfer
from the draft genome of a tardigrade’, Proceedings of the National

[10

[1

[12

[13

(14

[15

[16

[17

[18

[19

[20

[21

22

23

]

]

]

]

[y

]

=

]

]

]

=

—

—

—

Academy of Sciences, vol. 113, no. 22, pp. E3057-E3057, May
2016, doi: 10.1073/pnas.1602711113.

K. A. S. Schultze, Macrobiotus Hufelandii, animal e crustaceorum
classe novum, reviviscendi post diuturnam asphyxiam et ariditatem
potens. Curths, 1834.

M. Vecchi, A. Tsvetkova, D. Stec, C. Ferrari, S. Calhim, and D.
Tumanov, ‘Expanding Acutuncus: Phylogenetics and morphological
analyses reveal a considerably wider distribution for this tardigrade
genus’, Molecular Phylogenetics and Evolution, vol. 180, p.
107707, Mar. 2023, doi: 10.1016/j.ympev.2023.107707.

D. R. Nelson, P. J. Bartels, and N. Guil, ‘Tardigrade Ecology’, in
Water Bears: The Biology of Tardigrades, R. O. Schill, Ed., in
Zoological Monographs. , Cham: Springer International Publishing,
2018, pp. 163-210. doi: 10.1007/978-3-319-95702-9 7.

H. Kumagai, K. Kondo, and T. Kunieda, ‘Application of
CRISPR/Cas9 system and the preferred no-indel end-joining repair
in tardigrades’,  Biochemical —and  Biophysical — Research
Communications, vol. 623, pp. 196201, Oct. 2022, doi:
10.1016/j.bbrc.2022.07.060.

E. Beltran-Pardo and J. Bernal-Villegas, ‘Acercamiento a los
estudios actuales sobre el filo Tardigrada y su importancia en la
medicina’, Universitas Médica, vol. 50, no. 3, pp. 380-403, 2009.

D. Keilin, ‘The Leeuwenhoek Lecture - The problem of anabiosis or
latent life: history and current concept’, Proceedings of the Royal
Society of London. Series B - Biological Sciences, vol. 150, no. 939,
pp. 149-191, Jan. 1997, doi: 10.1098/rspb.1959.0013.

R. O. Schill and G. B. Fritz, ‘Desiccation tolerance in embryonic
stages of the tardigrade’, Journal of Zoology, vol. 276, no. 1, pp.
103-107, 2008, doi: 10.1111/j.1469-7998.2008.00474 .x.

T. Altiero, I. Giovannini, R. Guidetti, and L. Rebecchi, ‘Life history
traits and reproductive mode of the tardigrade Acutuncus antarcticus
under laboratory conditions: strategies to colonize the Antarctic
environment’, Hydrobiologia, vol. 761, no. 1, pp. 277-291, Nov.
2015, doi: 10.1007/s10750-015-2315-0.

K. Zawierucha, M. Kolicka, N. Takeuchi, and L. Kaczmarek, ‘What
animals can live in cryoconite holes? A faunal review’, Journal of
Zoology, vol. 295, mno. 3, pp. 159-169, 2015, doi:
10.1111/jz0.12195.

L. Jadhav, V. Phalke, S. Panse, S. Patil, and A. Bankar, ‘Chapter 12
- Biodiversity of cold-adapted extremophiles from Antarctica and
their biotechnological potential’, in Microbial Diversity in Hotspots,
A. Gunjal and S. Shinde, Eds., Academic Press, 2022, pp. 231-265.
doi: 10.1016/B978-0-323-90148-2.00013-4.

F. Richters, ‘Vorldufiger Bericht iiber die antarktische Moosfauna.
Verhandlungen der Deutschen Zoologischen Gesellschaft’, 1904,
pp. 236-239. Accessed: Sep. 22, 2024. [Online]. Available:
https://www.marinespecies.org/tardigrada/aphia.php?p=sourcedetail

s&id=240648

F. Richters, Wissenschafiliche Ergebnisse der Schwedischen
Siidpolar-Expedition, 1901-1903, vol. Bd. V. Liefig 2. Stockholm,
1908. [Online]. Available:
https://www .biodiversitylibrary.org/bibliography/6756

J. Murray, ‘XIL—Scottish National Antarctic ~Expedition:
Tardigrada of the South Orkneys’, Earth and Environmental Science
Transactions of The Royal Society of Edinburgh, vol. 45, no. 2, pp.
323-334, Jan. 1907, doi: 10.1017/S0080456800022754.

J. Murray, British Antarctic Expedition, 1907-9, under the command
of Sir E.H. Shackleton, c.v.o. Reports on the scientific investigations,
vol. Vol. 1 Biology (Part V). London, 1910. [Online]. Available:
https://www.biodiversitylibrary.org/bibliography/22427

P. Convey and S. J. Mclnnes, ‘Exceptional Tardigrade-Dominated
Ecosystems in Ellsworth Land, Antarctica’, Ecology, vol. 86, no. 2,
pp. 519-527, 2005, doi: 10.1890/04-0684.

M. Vecchi et al., ‘Integrative systematic studies on tardigrades from
Antarctica identify new genera and new species within
Macrobiotoidea and Echiniscoidea’, Invert. Systematics, vol. 30, no.
4, pp. 303-322, Aug. 2016, doi: 10.1071/IS15033.

A. Polishchuk, P. Kayastha, P. Kovalenko, I. Parnikoza, and L.
Kaczmarek, ‘New Records of Tardigrades from the Danco and

23" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of

society”. Hybrid Event, Mexico City, July 16 - 18, 2025



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Graham Coasts, the Maritime Antarctic’, annz, vol. 73, no. 1, pp.
17-28, Mar. 2023, doi: 10.3161/00034541 ANZ2023.73.1.002.

K. A. Short, ‘Life in the extreme: when did tardigrades colonise
Antarctica?’, Ph.D., University of Bristol, 2021. Accessed: Jul. 09,
2023. [Online]. Available: http://hdl.handle.net/1983/9fdb8089-
327e-41be-835¢-346282935¢19

W. Morek, J. A. Ciosek, and L. Michalczyk, ‘Description of
Milnesium pentapapillatum sp. nov., with an amendment of the
diagnosis of the order Apochela and abolition of the class
Apotardigrada (Tardigrada)’, Zoologischer Anzeiger, vol. 288, pp.
107-117, Sep. 2020, doi: 10.1016/j.jcz.2020.07.002.

M. Czernekova, K. Janelt, S. Student, K. I. Jonsson, and 1. Poprawa,
‘A comparative ultrastructure study of storage cells in the
eutardigrade Richtersius coronifer in the hydrated state and after
desiccation and heating stress’, PLOS ONE, vol. 13, no. 8, p.
¢0201430, Aug. 2018, doi: 10.1371/journal.pone.0201430.

V. Gross, S. Treftkorn, J. Reichelt, L. Epple, C. Liiter, and G.
Mayer, ‘Miniaturization of tardigrades (water bears): Morphological
and genomic perspectives’, Arthropod Structure & Development,
vol. 48, pp. 12-19, Jan. 2019, doi: 10.1016/j.asd.2018.11.006.

M. Tsujimoto, S. Imura, and H. Kanda, ‘Recovery and reproduction
of an Antarctic tardigrade retrieved from a moss sample frozen for
over 30 years’, Cryobiology, vol. 72, no. 1, pp. 78-81, Feb. 2016,
doi: 10.1016/j.cryobiol.2015.12.003.

J. S. Clegg, ‘Cryptobiosis — a peculiar state of biological
organization’, Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology, vol. 128, no. 4, pp. 613-624,
Apr. 2001, doi: 10.1016/S1096-4959(01)00300-1.

R. C. Neves, A. Mabjerg, M. Kodama, J. Ramos-Madrigal, M. T. P.
Gilbert, and N. Mabjerg, ‘Differential expression profiling of heat
stressed tardigrades reveals major shift in the transcriptome’,
Comparative Biochemistry and Physiology Part A: Molecular &
Integrative Physiology, vol. 267, p. 111169, May 2022, doi:
10.1016/j.cbpa.2022.111169.

J. D. Hibshman, J. S. Clegg, and B. Goldstein, ‘Mechanisms of
Desiccation Tolerance: Themes and Variations in Brine Shrimp,
Roundworms, and Tardigrades’, Frontiers in Physiology, vol. 11,
2020, Accessed: Jul. 07, 2023. [Online]. Available:
https://www.frontiersin.org/articles/10.3389/fphys.2020.592016

K. A. Halberg, A. Jorgensen, and N. Mgbjerg, ‘Desiccation
Tolerance in the Tardigrade Richtersius coronifer Relies on Muscle
Mediated Structural Reorganization’, PLOS ONE, vol. 8, no. 12, p.
e85091, Dec. 2013, doi: 10.1371/journal.pone.0085091.

A. Pigon and B. Weglarska, ‘Rate of Metabolism in Tardigrades
during Active Life and Anabiosis’, Nature, vol. 176, no. 4472, Art.
no. 4472, Jul. 1955, doi: 10.1038/176121b0.

B. H. Pedersen, H. Malte, H. Ramlov, and K. Finster, ‘A method for
studying the metabolic activity of individual tardigrades by
measuring oxygen uptake using microrespirometry’, Journal of
Experimental Biology, vol. 223, no. 22, p. jeb233072, Nov. 2020,
doi: 10.1242/jeb.233072.

B. H. Pedersen, H. Malte, K. Finster, and H. Ramlov, ‘Respiration
Measurements of Individual Tardigrades of the Species Richtersius
cf coronifer as a Function of Temperature and Salinity and
Termination of Anhydrobiosis’, Astrobiology, vol. 21, no. 7, pp.
853-865, Jul. 2021, doi: 10.1089/ast.2020.2371.

E. Beltran-Pardo, K. I. Jénsson, M. Harms-Ringdahl, S. Haghdoost,
and A. Wojcik, ‘Tolerance to Gamma Radiation in the Tardigrade
Hypsibius dujardini from Embryo to Adult Correlate Inversely with
Cellular Proliferation’, PLOS ONE, vol. 10, no. 7, p. 0133658, Jul.
2015, doi: 10.1371/journal.pone.0133658.

K. I. Jonsson, S. Borsari, and L. Rebecchi, ‘Anhydrobiotic Survival
in Populations of the Tardigrades Richtersius coronifer and
Ramazzottius oberhaeuseri from Italy and Sweden’, Zoologischer
Anzeiger - A Journal of Comparative Zoology, vol. 240, no. 3, pp.
419-423, Jan. 2001, doi: 10.1078/0044-5231-00050.

L. Rebecchi, T. Altiero, and R. Guidetti, ‘Anhydrobiosis: the
extreme limit of desiccation tolerance’, Invertebrate Survival
Journal, vol. 4, no. 2, Art. no. 2, Jun. 2007, Accessed: Feb. 01,

[39]

[40

=

[41]

[42

—

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

2024. [Online].
https://www.isj.unimore.it/index.php/ISJ/article/view/144
S. Hengherr, M. R. Worland, A. Reuner, F. Briimmer, and R. O.
Schill, ‘Freeze tolerance, supercooling points and ice formation:
comparative studies on the subzero temperature survival of limno-
terrestrial tardigrades’, Journal of Experimental Biology, vol. 212,
no. 6, pp. 802—807, Mar. 2009, doi: 10.1242/jeb.025973.

S. Hengherr, M. R. Worland, A. Reuner, F. Briimmer, and R. O.
Schill, ‘High-Temperature Tolerance in Anhydrobiotic Tardigrades
Is Limited by Glass Transition’, Physiological and Biochemical
Zoology, vol. 82, no. 6, pp. 749-755, Nov. 2009, doi:
10.1086/605954.

F. Ono et al., ‘Effect of ultra-high pressure on small animals,
tardigrades and Artemia’, Cogent Physics, vol. 3, no. 1, p. 1167575,
Dec. 2016, doi: 10.1080/23311940.2016.1167575.

A. Mgobjerg et al., ‘Extreme freeze-tolerance in cryophilic
tardigrades relies on controlled ice formation but does not involve
significant change in transcription’, Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology, vol. 271, p.
111245, Sep. 2022, doi: 10.1016/j.cbpa.2022.111245.

L. K. B. Hvidepil and N. Mebjerg, ‘New insights into osmobiosis
and chemobiosis in tardigrades’, Front Physiol, vol. 14, p. 1274522,
Oct. 2023, doi: 10.3389/fphys.2023.1274522.

T. L. Hygum, L. K. B. Clausen, K. A. Halberg, A. Jorgensen, and N.
Mobjerg, ‘Tun formation is not a prerequisite for desiccation
tolerance in the marine tidal tardigrade Echiniscoides sigismundi’,
Zoological Journal of the Linnean Society, vol. 178, no. 4, pp. 907—
911, Dec. 2016, doi: 10.1111/z0j.12444.

K. 1. Jonsson, E. B. Levine, A. Wojcik, S. Haghdoost, and M.
Harms-Ringdahl, ‘Environmental Adaptations: Radiation
Tolerance’, in Water Bears: The Biology of Tardigrades, R. O.
Schill, Ed., in Zoological Monographs. , Cham: Springer
International Publishing, 2018, pp. 311-330. doi: 10.1007/978-3-
319-95702-9 12.

K. 1. Jonsson, ‘Radiation Tolerance in Tardigrades: Current
Knowledge and Potential Applications in Medicine’, Cancers, vol.
11, no. 9, Art. no. 9, Sep. 2019, doi: 10.3390/cancers11091333.

K. I. Jonsson, ‘Tardigrades as a Potential Model Organism in Space
Research’, Astrobiology, vol. 7, no. 5, pp. 757-766, Oct. 2007, doi:
10.1089/ast.2006.0088.

K. I. Jonsson, E. Rabbow, R. O. Schill, M. Harms-Ringdahl, and P.
Rettberg, ‘Tardigrades survive exposure to space in low Earth orbit’,
Current Biology, vol. 18, no. 17, pp. R729-R731, Sep. 2008, doi:
10.1016/j.cub.2008.06.048.

T. L. Hygum et al., ‘Comparative Investigation of Copper Tolerance
and Identification of Putative Tolerance Related Genes in
Tardigrades’, Frontiers in Physiology, vol. 8, 2017, Accessed: Feb.
03, 2024. [Online]. Auvailable:
https://www.frontiersin.org/articles/10.3389/fphys.2017.00095

0. O. Ojekunle and A. Sodipe, ‘Antioxidative Effect of Selenium in
Cadmium-Exposed Tardigrade (H. exemplaris)’, Water Air Soil
Pollut, vol. 231, no. 12, p. 577, Dec. 2020, doi: 10.1007/s11270-
020-04938-8.

J. F. Fleming, D. Pisani, and K. Arakawa, ‘The Evolution of
Temperature and Desiccation-Related Protein  Families in
Tardigrada Reveals a Complex Acquisition of Extremotolerance’,
Genome Biology and Evolution, vol. 16, no. 1, p. evad217, Jan.
2024, doi: 10.1093/gbe/evad217.

L. Kaczmarek et al., ‘How temperature affects the body size of
terrestrial tardigrades’, Zoological Journal of the Linnean Society,
vol. 200, no. I, pp. 144-155, Jan. 2024, doi:
10.1093/zoolinnean/zlad098.

D. D. Horikawa, K. Kawai, S. Koseki, K. Iwata, T. Okuda, and K.
Yamamoto, ‘High Hydrostatic Pressure Tolerance of Tardigrades’,
EEAA A A T ARENAFT 7./ 02—, vol. 1, no. 1, pp.
157-160, 2007, doi: 10.11229/hpbb.1.157.

N. Kasianchuk, P. Rzymski, and L. Kaczmarek, ‘The biomedical
potential of tardigrade proteins: A review’, Biomedicine &

Available:

23" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of
society”. Hybrid Event, Mexico City, July 16 - 18, 2025



Pharmacotherapy, vol. 158, p. 114063, Feb. 2023, doi:
10.1016/j.biopha.2022.114063.

[55] P. Hagelback and K. I. Jonsson, ‘An experimental study on
tolerance to hypoxia in tardigrades’, Fromt Physiol, vol. 14, p.
1249773, Sep. 2023, doi: 10.3389/fphys.2023.1249773.

[56] L. Rebecchi, M. Cesari, T. Altiero, A. Frigieri, and R. Guidetti,
‘Survival and DNA degradation in anhydrobiotic tardigrades’,
Journal of Experimental Biology, vol. 212, no. 24, pp. 4033—4039,
Dec. 2009, doi: 10.1242/jeb.033266.

[57] J. Ingels, D. Zeppilli, and O. Giere, ‘Meiofauna—Adapted to Life at
the Limits’, in New Horizons in Meiobenthos Research: Profiles,
Patterns and Potentials, O. Giere and M. Schratzberger, Eds.,
Cham: Springer International Publishing, 2023, pp. 363—400. doi:
10.1007/978-3-031-21622-0 11.

[58] L. Giovannini, T. C. Boothby, M. Cesari, B. Goldstein, R. Guidetti,
and L. Rebecchi, ‘Production of reactive oxygen species and
involvement of bioprotectants during anhydrobiosis in the tardigrade
Paramacrobiotus spatialis’, Sci Rep, vol. 12, no. 1, Art. no. 1, Feb.
2022, doi: 10.1038/s41598-022-05734-6.

[59] C. Chavez, G. Cruz-Becerra, J. Fei, G. A. Kassavetis, and J. T.
Kadonaga, ‘The tardigrade damage suppressor protein binds to
nucleosomes and protects DNA from hydroxyl radicals’, eLife, vol.
8, p. 47682, Oct. 2019, doi: 10.7554/eLife.47682.

[60] R. D. Escarcega et al., ‘The Tardigrade damage suppressor protein
Dsup promotes DNA damage in neurons’, Molecular and Cellular
Neuroscience, vol. 125, p. 103826, Jun. 2023, doi:
10.1016/j.men.2023.103826.

[61] R. Aguilar et al., ‘Multivalent binding of the tardigrade Dsup protein
to chromatin promotes yeast survival and longevity upon exposure
to oxidative damage’, Res Sq, p. rs.3.rs-3182883, Jul. 2023, doi:
10.21203/rs.3.rs-3182883/v1.

[62] T. Hashimoto et al, ‘Extremotolerant tardigrade genome and
improved radiotolerance of human cultured cells by tardigrade-
unique protein’, Nat Commun, vol. 7, no. 1, Art. no. 1, Sep. 2016,
doi: 10.1038/ncomms12808.

[63] A. Yamaguchi et al., ‘Two Novel Heat-Soluble Protein Families
Abundantly Expressed in an Anhydrobiotic Tardigrade’, PLOS
ONE, wvol. 7, mno. 8, p. e44209, Aug. 2012, doi:
10.1371/journal.pone.0044209.

[64] L. Kaczmarek et al., ‘New Records of Antarctic Tardigrada with
Comments on Interpopulation Variability of the Paramacrobiotus
fairbanksi Schill, Forster, Dandekar and Wolf, 2010°, Diversity, vol.
12, no. 3, Art. no. 3, Mar. 2020, doi: 10.3390/d12030108.

[65] F. Richters, Zur Kenntnis der Tardigraden, 28, 1904.

[66] K. Morikawa, ‘Notes on some Tardigrada from the Antarctic
region’, SPECIAL PUBLICATIONS FROM THE SETO MARINE
BIOLOGICAL LABORATORY, vol. 1, no. 17, pp. 1-6, Aug. 1962,
Accessed: Oct. 15, 2022. [Online]. Available:
https://repository.kulib.kyoto-u.ac.jp/dspace/handle/2433/176447

[67] W. R. Miller, H. Heatwole, R. W. J. Pidgeon, and G. R. Gardiner,
‘Tardigrades of the Australian Antarctic Territories: The Larsemann
Hills, East Antarctica’, Transactions of the American Microscopical
Society, vol. 113, no. 2, pp. 142-160, 1994, doi: 10.2307/3226642.

[68] J. D. Miller, P. Hornet, H. Heatwole, W. R. Miller, and L. Bridges,
‘A survey of the terrestrial Tardigrada of the Vestfold Hills,
Antarctica’, Hydrobiologia, vol. 165, no. 1, pp. 197-208, Aug.
1988, doi: 10.1007/BF00025588.

[69] F. Richters, ‘Vorldufiger Bericht tiber die antarktische Moosfauna’,
Verhandlungen der Deutschen Zoologischen Gesellschaft, vol. 1904,
pp- 236239, 1904.

[70] Y. Shishida and Y. Ohyama, ‘A note on the terrestrial nematodes
around Syowa Station, Antarctica’, 1986.

[71] C. W. Thomas, ‘On Populations in Antarctic Meltwater Pools’, Oct.
1965, Accessed: Jul. 16, 2023. [Online]. Available:
http://hdl.handle.net/10125/7375

[72] P. Jennings, ‘Tardigrada from the Antarctic Peninsula and Scotia
Ridge region’, British Antarctic Survey Bulletin, vol. 44, pp. 77-95,
1976.

[73] B. Sohlenius, S. Bostrdm, and A. Hirschfelder, ‘Distribution
patterns of microfauna (nematodes, rotifers and tardigrades) on

nunataks in Dronning Maud Land, East Antarctica’, Polar Biol, vol.
16, no. 3, pp. 191-200, Mar. 1996, doi: 10.1007/BF02329207.

[74] H. Dastych, ‘The Tardigrada from Antarctic with descriptions of

several new species’, Acta Zoologica Cracoviensia, vol. 27, no. 2

(12-21), 1984, Accessed: Oct. 15, 2022. [Online]. Available:

http://agro.icm.edu.pl/agro/element/bwmetal .element.agro-

acl8aScc-47d5-4de5-a912-c698ed8476¢ea

H. Dastych, ‘Redescription of Hypsibius antarcticus (Richters,

1904), with some notes on Hypsibius arcticus (Murray,

1907)(Tardigrada)’,  Mitteilungen aus dem  hamburgischen

zoologischen Museum und Institut, vol. 88, pp. 141-159, 1991.

G. Pilato and M. G. Binda, ‘Acutuncus, a new genus of Hypsibiidae

(Eutardigrada)’,  Entomologische — Mitteilungen — aus  dem

Zoologischen Museum Hamburg, vol. 12, no. 155, pp. 159-162,

1997.

G. Pilato and M. G. Binda, ‘Three new species of Diphascon of the

pingue group (Eutardigrada, Hypsibiidae) from Antarctica’, Polar

Biol, wvol. 21, no. 5, pp. 335-342, Apr. 1999, doi:

10.1007/s003000050370.

[78] M. G. Binda and G. Pilato, ‘Diphascon (Adropion) tricuspidatum, a
new species of eutardigrade from Antarctica’, Polar Biol, vol. 23,
no. 1, pp. 7576, Jan. 2000, doi: 10.1007/s003000050010.

[79] W. R. Miller, D. S. Horning, and H. F. Heatwole, ‘Tardigrades of
the Australian Antarctic: Macquarie Island, sub-Antarctica’,
Zoologischer Anzeiger - A Journal of Comparative Zoology, vol.
240, no. 3, pp. 475491, Jan. 2001, doi: 10.1078/0044-5231-00057.

[80] W. Miller, D. Horning, and H. Dastych, Tardigrades of the
Australian  Antarctic:  description of two new species from
Macquarie Island, Subantarctica. 1995.

[81] H. Dastych and A. E. Drummond, ‘Notes on limnic water-bears
(Tardigrada) from the Robertskollen nunataks, Dronning Maud
Land, Antarctica’, Entomologische Mitteilungen aus dem
Zoologischen Museum Hamburg, vol. 12, no. 154, pp. 111-117,
1996.

[82] K. Utsugi and Y. Ohyama, ‘Antarctic Tardigrada II. Molodezhnaya
and Mt. Riiser-Larsen areas’, presented at the Proceedings of the
NIPR Symposium on Polar Biology, 1991, pp. 161-170.

[83] L. Semme and T. Meier, ‘Cold tolerance in Tardigrada from
Dronning Maud Land, Antarctica’, Polar Biol, vol. 15, no. 3, pp.
221-224, Feb. 1995, doi: 10.1007/BF00239062.

[84] K. Utsugi and Y. Ohyama, ‘Antarctic tardigrada 111. Fildes
peninsula of king george island’, presented at the Proc. NIPR Symp.
Polar Biol, Citeseer, 1993, pp. 139-151.

[85] S. J. Mclnnes, ‘Tardigrades from Signy Island, South Orkney
Islands, with particular reference to freshwater species’, Journal of
Natural History, vol. 29, no. 6, pp. 1419-1445, Dec. 1995, doi:
10.1080/00222939500770601.

[86] P. Jennings, ‘The Tardigrada of Signy Island, South Orkney Islands,
with a note on the Rotifera’, British Antarctic Survey Bulletin, vol.
44, pp. 1-25, 1976.

[87] Utsugi K. and Ohyama Y., ‘Antarctic Tardigrada’, vol. 2, pp. 190—
197, Sep. 1989, Accessed: Dec. 06, 2022. [Online]. Available:
https://nipr.repo.nii.ac.jp/index.php?active_action=repository_view
main_item_detail&page id=13&block_id=104&item_id=5066&ite
m_no=1

[88] H. Dastych, P. Ryan, and B. Watkins, ‘Notes on Tardigrada from
western Dronning Maud Land (Antarctica) with a description of two
new species’, Entomologische Mitteilungen aus dem Zoologischen
Museum Hamburg, vol. 10, no. 139/140, pp. 57-66, 1990.

[89] M. Sudzuki, ‘On the microfauna of the Antarctic region IIL
Microbiota of the terretrial interstrices’, 1979.

[90] M. Sudzuki, ‘On the Microfauna of the Antarctic Region: I. Moss-
water community at Langhovde’, 1964.

[91] J. Murray, ‘XXVIL.—The Tardigrada of the Scottish Lochs’, Earth
and Environmental Science Transactions of The Royal Society of
Edinburgh, vol. 41, no. 3, pp. 677-698, 1906.

[92] W. R. Miller and H. Heatwole, ‘Tardigrades of the Australian
Antarctic Territories: The Mawson Coast, East Antarctica’,
Invertebrate Biology, vol. 114, no. 1, pp. 27-38, 1995, doi:
10.2307/3226950.

[75

[}

[76

=

[77

—

23" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of
society”. Hybrid Event, Mexico City, July 16 - 18, 2025



[93] W. R. Miller, H. Heatwole, R. W. J. Pidgeon, and G. R. Gardiner,
‘Tardigrades of the Australian Antarctic Territories: The Larsemann
Hills, East Antarctica’, Transactions of the American Microscopical
Society, vol. 113, no. 2, pp. 142—160, 1994, doi: 10.2307/3226642.

[94] W. Miller, J. Miller, and H. Heatwole, ‘Tardigrades of the
Australian Antarctic Territories: the Windmill Islands, East
Antarctica’, Zoological Journal of the Linnean Society, vol. 116, no.
1-2, pp. 175-184, 1996.

[95] G. Ramazzotti, ‘Tardigradi delle Isole Kerguelen e descrizione della
nuova specie Hypsibius (1.) renaudi’, Mem Ist Ital Idrobiol, vol. 29,
pp. 141-144, 1972.

[96] E. C. Dougherty and L. G. Harris, ‘Antarctic Micrometazoa: Fresh-
Water Species in the McMurdo Sound Area’, Science, vol. 140, no.
3566, pp. 497498, May 1963, doi: 10.1126/science.140.3566.497.

[97] R. B. Heywood, V. E. Fuchs, and R. M. Laws, ‘A limnological
survey of the Ablation Point area, Alexander Island, Antarctica’,
Philosophical Transactions of the Royal Society of London. B,
Biological Sciences, vol. 279, no. 963, pp. 39-54, Jan. 1997, doi:
10.1098/rstb.1977.0070.

[98] B. J. Adams et al., ‘Diversity and distribution of Victoria Land
biota’, Soil Biology and Biochemistry, vol. 38, no. 10, pp. 3003—
3018, Oct. 2006, doi: 10.1016/j.s0ilbio.2006.04.030.

[99] B. Sohlenius, S. Bostrom, and K. Ingemar Jonsson, ‘Occurrence of
nematodes, tardigrades and rotifers on ice-free areas in East
Antarctica’, Pedobiologia, vol. 48, no. 4, pp. 395-408, Aug. 2004,
doi: 10.1016/j.pedobi.2004.06.001.

[100] J. Smykla, N. Iakovenko, M. Devetter, and L. Kaczmarek,
‘Diversity and distribution of tardigrades in soils of Edmonson Point
(Northern Victoria Land, continental Antarctica)’, Czech Polar
Reports, vol. 2, no. 2, Art. no. 2, Jun. 2012, doi: 10.5817/CPR2012-
2-6.

[101] J. A. Gibson, L. Cromer, J. T. Agius, S. J. Mclnnes, and N. J.
Marley, ‘Tardigrade eggs and exuviae in Antarctic lake sediments:
insights into Holocene dynamics and origins of the fauna’, Journal
of Limnology, vol. 66, no. Supple, pp. 65-71, 2007.

[102] S. J. Mclnnes, ‘Echiniscuscorrugicaudatus (Heterotardigrada;
Echiniscidae) a new species from Ellsworth Land, Antarctica’,
Polar Biol, vol. 33, no. 1, pp. 59-70, Jan. 2010, doi:
10.1007/s00300-009-0684-4.

[103] D. V. Tumanov, ‘Five new species of the genus Milnesium
(Tardigrada, Eutardigrada, Milnesiidae)’, Zootaxa, vol. 1122, no. 1,
Art. no. 1, Feb. 2006, doi: 10.11646/zootaxa.1122.1.1.

[104] A. Velasco-Castrillon et al., ‘Distribution and Diversity of Soil
Microfauna from East Antarctica: Assessing the Link between
Biotic and Abiotic Factors’, PLOS ONE, vol. 9, no. 1, p. 87529,
Jan. 2014, doi: 10.1371/journal.pone.0087529.

[105] H. Kagoshima, S. Imura, and A. C. Suzuki, ‘Molecular and
morphological analysis of an Antarctic tardigrade, Acutuncus
antarcticus’, Journal of Limnology, vol. 72, no. sl, Art. no. sl, Mar.
2013, doi: 10.4081/jlimnol.2013.s1.e3.

[106] M. Tsujimoto, S. J. Mclnnes, P. Convey, and S. Imura,
‘Preliminary description of tardigrade species diversity and
distribution pattern around coastal Syowa Station and inland Ser
Rondane Mountains, Dronning Maud Land, East Antarctica’, Polar
Biol, vol. 37, no. 9, pp. 1361-1367, Sep. 2014, doi: 10.1007/s00300-
014-1516-8.

[107] G. Pilato, G. Sabella, V. D’urso, and O. Lisi, “Two new species of
Eutardigrada from Victoria Land, Antarctica’, Zootaxa, vol. 4317,
no. 3, Art. no. 3, Sep. 2017, doi: 10.11646/zootaxa.4317.3.6.

[108] R. Guidetti, L. Rebecchi, M. Cesari, and S. J. Mclnnes,
‘Mopsechiniscus franciscae, a new species of a rare genus of
Tardigrada from continental Antarctica’, Polar Biol, vol. 37, no. 9,
pp. 1221-1233, Sep. 2014, doi: 10.1007/s00300-014-1514-x.

[109] R. Guidetti, E. Massa, R. Bertolani, L. Rebecchi, and M. Cesari,
‘Increasing knowledge of Antarctic biodiversity: new endemic taxa
of tardigrades (Eutardigrada; Ramazzottiidae) and their evolutionary
relationships’, Systematics and Biodiversity, vol. 17, no. 6, pp. 573—
593, Aug. 2019, doi: 10.1080/14772000.2019.1649737.

[110] A. Velasco-Castrillon et al., ‘Mitochondrial DNA analyses reveal
widespread tardigrade diversity in Antarctica’, Invert. Systematics,
vol. 29, no. 6, pp. 578590, Dec. 2015, doi: 10.1071/IS14019.

[111] F. Pereira, J. Carneiro, and A. Amorim, ‘Identification of Species
with DNA-Based Technology: Current Progress and Challenges’,
Recent Patents on DNA & Gene Sequences, vol. 2, no. 3, pp. 187—
200, Nov. 2008, doi: 10.2174/187221508786241738.

[112] S. Antil et al., ‘DNA barcoding, an effective tool for species
identification: a review’, Mol Biol Rep, vol. 50, no. 1, pp. 761-775,
Jan. 2023, doi: 10.1007/s11033-022-08015-7.

[113] P. Gasiorek, D. Stec, W. Morek, and L. Michalczyk, ‘An
integrative redescription of Hypsibius dujardini(Doyére, 1840), the
nominal taxon for Hypsibioidea (Tardigrada: FEutardigrada)’,
Zootaxa, vol. 4415, no. 1, Art. no. 1, Apr. 2018, doi:
10.11646/zootaxa.4415.1.2.

[114] H. Dastych, ‘Redescription and revalidation of the sub-Antarctic
tardigrade Hypsibius murrayi (Richters, 1907) based on the
rediscovered type material (Tardigrada, Panarthropoda)’,
Entomologie heute, vol. 30, pp. 95-115, 2018.

[115] D. V. Tumanov, ‘End of a mystery: Integrative approach reveals
the phylogenetic position of an enigmatic Antarctic tardigrade genus
Ramajendas (Tardigrada, Eutardigrada)’, Zoologica Scripta, vol. 51,
no. 2, pp. 217-231, 2022, doi: 10.1111/zsc.12521.

[116] G. Visconti, ‘Geobiology’, in Climate, Planetary and Evolutionary
Sciences: A Machine-Generated Literature Overview, G. Visconti,
Ed., Cham: Springer International Publishing, 2021, pp. 317-329.
doi: 10.1007/978-3-030-74713-8 9.

[117] Y. Dilek, H. Furnes, and K. Muehlenbachs, Links Between
Geological Processes, Microbial Activities & Evolution of Life:
Microbes and Geology. Springer Science & Business Media, 2008.

[118] P. G. Falkowski, T. Fenchel, and E. F. Delong, ‘The Microbial
Engines That Drive Earth’s Biogeochemical Cycles’, Science, vol.
320, mno. 5879, pp. 1034-1039, May 2008, doi:
10.1126/science.1153213.

[119] A. Summers Engel, M. L. Porter, B. K. Kinkle, and T. C. Kane,
‘Ecological Assessment and Geological Significance of Microbial
Communities from Cesspool Cave, Virginia’, Geomicrobiology
Journal, vol. 18, mno. 3, pp. 259-274, Jul. 2001, doi:
10.1080/01490450152467787.

[120] N. Zhu, J. Wang, Y. Wang, S. Li, and J. Chen, ‘Differences in
geological conditions have reshaped the structure and diversity of
microbial communities in oily soils’, Environmental Pollution, vol.
306, p. 119404, Aug. 2022, doi: 10.1016/j.envpol.2022.119404.

[121] L. K. Baumgartner et al., ‘Sulfate reducing bacteria in microbial
mats: Changing paradigms, new discoveries’, Sedimentary Geology,
vol. 185, mo. 3, pp. 131-145, Mar. 2006, doi:
10.1016/j.sedgeo.2005.12.008.

[122] B. B. Jorgensen and A. Boetius, ‘Feast and famine — microbial life
in the deep-sea bed’, Nat Rev Microbiol, vol. 5, no. 10, Art. no. 10,
Oct. 2007, doi: 10.1038/nrmicro1745.

[123] B. Zhang et al., ‘Microbial Community Responses to Vanadium
Distributions in ~ Mining  Geological Environments and
Bioremediation Assessment’, Journal of Geophysical Research:
Biogeosciences, vol. 124, no. 3, pp. 601-615, 2019, doi:
10.1029/2018JG004670.

[124] V. S. Smetacek, ‘Role of sinking in diatom life-history cycles:
ecological, evolutionary and geological significance’, Mar. Biol.,
vol. 84, no. 3, pp. 239-251, Jan. 1985, doi: 10.1007/BF00392493.

[125] J. E. Barrett et al, ‘Co-variation in soil biodiversity and
biogeochemistry in northern and southern Victoria Land,
Antarctica’, Antarctic Science, vol. 18, no. 4, pp. 535-548, Dec.
2006, doi: 10.1017/S0954102006000587.

[126] D. L. Moorhead, J. E. Barrett, R. A. Virginia, D. H. Wall, and D.
Porazinska, ‘Organic matter and soil biota of upland wetlands in
Taylor Valley, Antarctica’, Polar Biol, vol. 26, no. 9, pp. 567-576,
Sep. 2003, doi: 10.1007/s00300-003-0524-x.

[127] S. J. Mclnnes, ‘Taxonomy, biodiversity and biogeography:
Tardigarda and Antarctic meiofauna’, Anglia Ruskin University,
2010. Accessed: Sep. 23, 2024. [Online]. Available:
https://aru.figshare.com/articles/thesis/Taxonomy_biodiversity_and

23" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of
society”. Hybrid Event, Mexico City, July 16 - 18, 2025



biogeography Tardigarda and Antarctic meiofauna/23752428?file
=42192381

[128] S. J. Mclnnes and J. Philip, ‘An attempt to revisit the global
biogeography of limno-terrestrial Tardigrada’, Journal of
Limnology, vol. 66, p. 90, 2007.

[129] G. Pilato and M. G. Binda, ‘Biogeography and Limno-terrestrial
Tardigrades: Are They Truly Incompatible Binomials?’,
Zoologischer Anzeiger - A Journal of Comparative Zoology, vol.
240, no. 3, pp. 511-516, Jan. 2001, doi: 10.1078/0044-5231-00061.

[130] H. Heatwole et al., ‘From bedrock to biota: weathering, physico-
chemical properties, protozoans and micrometazoans of some soils
of East Antarctica’, 1999.

[131] O. O. Ojekunle, ‘Morphological Effects of Copper and Cadmium
Exposure on Tardigrade (H. exemplaris) and the Antioxidative
Effect of Selenium’, 2020.

[132] E. Weronika and K. Lukasz, ‘Tardigrades in Space Research - Past
and Future’, Orig Life Evol Biosph, vol. 47, no. 4, pp. 545-553, Dec.
2017, doi: 10.1007/s11084-016-9522-1.

[133] £. Kaczmarek et al, ‘Tardigrades from Larus dominicanus
Lichtenstein, 1823 nests on the Argentine Islands (maritime
Antarctic)’, Polar Biol, vol. 41, no. 2, pp. 283-301, Feb. 2018, doi:
10.1007/s00300-017-2190-4.

[134] J.-H. Kihm et al., ‘Integrative description of a new Dactylobiotus
(Eutardigrada: Parachela) from Antarctica that reveals an
intraspecific variation in tardigrade egg morphology’, Sci Rep, vol.
10, no. 1, Art. no. 1, Jun. 2020, doi: 10.1038/s41598-020-65573-1.

[135] M. G. Binda, G. Pilato, and O. Lisi, ‘Remarks on Macrobiotus
furciger Murray, 1906 and description of three new species of the
furciger group (Eutardigrada, Macrobiotidae)’, Zootaxa, vol. 1075,
no. 1, Art. no. 1, Nov. 2005, doi: 10.11646/zootaxa.1075.1.3.

[136] A. C. Suzuki et al, ‘A New Species of Bisexual Milnesium
(Eutardigrada: Apochela) Having Aberrant Claws from Innhovde,
Dronning Maud Land, East Antarctica’, jzoo, vol. 40, no. 3, pp.
246-261, Feb. 2023, doi: 10.2108/2s220085.

[137] J. Smykla et al., ‘Geochemical and biotic factors influencing the
diversity and distribution of soil microfauna across ice-free coastal
habitats in Victoria Land, Antarctica’, Soil Biology and
Biochemistry, vol. 116, pp. 265-276, Jan. 2018, doi:
10.1016/j.s0ilbi0.2017.10.028.

[138] L. Kaczmarek, K. Janko, J. Smykla, and L. Michalczyk, ‘Soil
tardigrades from the Antarctic Peninsula with a description of a new
species and some remarks on the genus Ramajendas (Eutardigrada:
Isohypsibiidae)’, Polar Record, vol. 50, no. 2, pp. 176-182, Apr.
2014, doi: 10.1017/S0032247413000168.

[139] D. Persson, K. A. Halberg, A. Jorgensen, C. Ricci, N. Mebjerg, and
R. M. Kristensen, ‘Extreme stress tolerance in tardigrades: surviving
space conditions in low earth orbit’, Journal of Zoological
Systematics and Evolutionary Research, vol. 49, no. sl, pp. 90-97,
2011, doi: 10.1111/5.1439-0469.2010.00605..x.

[140] R. Guidetti, A. M. Rizzo, T. Altiero, and L. Rebecchi, ‘What can
we learn from the toughest animals of the Earth? Water bears
(tardigrades) as multicellular model organisms in order to perform
scientific preparations for lunar exploration’, Planetary and Space
Science, vol. 74, mno. 1, pp. 97-102, Dec. 2012, doi:
10.1016/j.pss.2012.05.021.

[141] R. C. Neves, L. K. B. Hvidepil, T. L. Serensen-Hygum, R. M.
Stuart, and N. Mabjerg, ‘Thermotolerance experiments on active
and desiccated states of Ramazzottius varieornatus emphasize that
tardigrades are sensitive to high temperatures’, Sci Rep, vol. 10, no.
1, Art. no. 1, Jan. 2020, doi: 10.1038/s41598-019-56965-z.

[142] H. Ramlov and P. Westh, ‘Cryptobiosis in the Eutardigrade
Adorybiotus  (Richtersius) coronifer: Tolerance to Alcohols,
Temperature and de novo Protein Synthesis’, Zoologischer Anzeiger
- A Journal of Comparative Zoology, vol. 240, no. 3, pp. 517-523,
Jan. 2001, doi: 10.1078/0044-5231-00062.

[143] K. Zawierucha, J. Buda, T. N. Jaromerska, K. Janko, and P.
Gasiorek, ‘Integrative approach reveals new species of water bears
(Pilatobius, Grevenius, and Acutuncus) from Arctic cryoconite
holes, with the discovery of hidden lineages of Hypsibius’,

Zoologischer Anzeiger, vol. 289, pp. 141-165, Nov. 2020, doi:
10.1016/j.jcz.2020.09.004.

[144] J. S. McCarthy et al., ‘Population growth of two limno-terrestrial
Antarctic microinvertebrates in different aqueous soil media’,
Environ Sci Pollut Res, vol. 31, no. 22, pp. 33086-33097, May
2024, doi: 10.1007/s11356-024-32905-x.

[145] S. Sanchez-Moreno, H. Ferris, and N. Guil, ‘Role of tardigrades in
the suppressive service of a soil food web’, Agriculture, Ecosystems
& Environment, vol. 124, no. 3, pp. 187-192, Apr. 2008, doi:
10.1016/j.agee.2007.09.011.

[146] M. Tamova, D. Stec, L. Michalczyk, and M. Devetter, ‘Buccal tube
dimensions and prey preferences in predatory tardigrades’, Applied
Soil  Ecology, vol. 170, p. 104303, Feb. 2022, doi:
10.1016/j.aps0il.2021.104303.

[147] K. Zawierucha, D. Stec, P. K. Dearden, and D. H. Shain, ‘Two new
tardigrade genera from New Zealand’s Southern Alp glaciers
display morphological stasis and parallel evolution’, Molecular
Phylogenetics and Evolution, vol. 178, p. 107634, Jan. 2023, doi:
10.1016/j.ympev.2022.107634.

[148] R,Acevedo-Barrios, = Rubiano-Labrador,  Carolina, = Altamar
Mercado, Hernando; Luis Villalba, Jorgea; Monroy-Licht, Andrea;
Carranza-Lopez, Liliana; Angélica Leal, Maria Tovar, David.
Identification of tardigrades from the Half Moon Island, Antarctic
Proceedings. Proceedings of the LACCEI international Multi-
conference for Engineering, Education and Technology2024 22nd
LACCEI International Multi-Conference for Engineering, Education
and Technology, LACCEI 2024Hybrid, San Josel7 July
2024through 19 July 2024Code 2020440f the LACCEI international
Multi-conference for Engineering, Education and Technology2024
22nd LACCEI International Multi-Conference for Engineering,
Education and Technology, LACCEI 2024Hybrid, San Josel7 July
2024through 19 July 2024Code 202044. DOI
10.18687/LACCEI2024.1.1.445

[149] R.Acevedo-Barrios, Puentes Martinez, D.A., Hernandez Rocha,
L.O. et al. Perchlorate in Antarctica, origin, effects, treatments,
environmental fate, and astrobiological perspectives: a review. Int. J.
Environ. Sci. Technol. (2025). https://doi.org/10.1007/s13762-024-
06004-w

[150] R. Acevedo-Barrios, I. Hernandez Rocha, D. Puentes Martinez,
Rubiano-Labrador C, J. Pasqualino, E. Chavarro-Mesa, A. De La
Parra Querra. Psychrobacter sp: perchlorate reducing bacteria,
isolated from marine sediments from Margarita Bay, Antarctica.
Rosa Leonor. Proceedings of the LACCEI international Multi-
conference for Engineering, Education and Technology, 4(13), 16.
July-2023. doi:10.18687/LACCEI2023.1.1.995.

[151] R. Acevedo-Barrios, C, Rubiano-Labrador, D. Navarro-Narvaez, et
al.Perchlorate-reducing bacteria from Antarctic marine sediments.
Environ Monit Assess 194, 654 2022. doi: 10.1007/s10661-022-
10328-w.

[152] R. Acevedo-Barrios, C. Rubiano-Labrador, y W. Miranda-Castro,
“Presence of perchlorate in marine sediments from Antarctica
during 2017-2020”, Environ. Monit. Assess., vol. 194, nim. 2, p.
102, 2022. https://doi.org/10.1007/s10661-022-09765-4

[153]R.Acevedo-Barrios y  J. Olivero-Verbel, “Perchlorate
contamination:Sources, effects, and technologies for remediation”,
Rev. Environ.Contam. Toxicol., vol. 256, pp. 103-120, 2021.
https://doi.org/10.1007/398_2021 66

23" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of
society”. Hybrid Event, Mexico City, July 16 - 18, 2025


https://doi.org/10.1007/398_2021_66

