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Abstract. Endosymbiotic bacteria infect a vast number of invertebrate representatives from diverse taxa. This study 
reviews the results of identifying endosymbiotic bacteria (specifically the genera Wolbachia, Cardinium, Rickettsia, Arse-
nophonus and Spiroplasma) that are capable of potentially influencing the reproductive strategies of the host organism 
in members of the Collembola fauna of the Antarctic region. Outside Antarctica, these bacteria have an important role 
in forming the adaptive mechanisms and population structures of arthropods in response to changing environmental 
conditions. This study analyses the species diversity of Antarctic Collembola and conducts a retrospective search for 
available data on the infection of species found in and beyond the Antarctic region by endosymbiotic bacteria. It was 
established that these bacteria infect springtail species, including those that may occur in Antarctica (Folsomia candida, 
Megalothorax minimus, Mesaphorura macrochaeta, and Parisotoma notabilis). The ecology and physiology of the region’s 
arthropods have already been extensively studied. However, there is currently no information available in the scientific 
literature indicating the presence of relevant endosymbiotic associations in Antarctic springtails. The identified lack 
of data may indicate either the potential isolation of local populations or the existence of environmental conditions 
in which infection of Antarctic springtails by bacteria of the genera Wolbachia, Cardinium, Rickettsia, Arsenophonus, and 
Spiroplasma is not possible for various reasons. At the same time, more extensive molecular genetic screening using 
modern sequencing technologies is required to provide a definitive answer regarding the possible infection of Antarctic 
springtail species by endosymbiotic bacteria. The analysis of the published data highlights a promising direction for 
further studies of symbiotic microorganisms associated with Antarctic organisms, particularly springtails.

Keywords: Arsenophonus, Cardinium, Collembola, Rickettsia, Spiroplasma, Wolbachia

ISSN 1727-7485. Український антарктичний журнал, 2026, Т. 24, № 1, https://doi.org/10.33275/1727-7485.1.2026.760

1 Introduction

Microorganisms play a crucial role in the function-
ing of macroorganisms and can facilitate their 
adaptation to harsh environmental conditions 
(McFall-Ngai et al., 2013). The role of bacteria in 

the life of invertebrates can be very diverse. For 
example, they (e.g., Buchnera, Lactobacillus, Ser-
ratia, Staphylococcus, Ishikawaella, various Firmi-
cutes and Bacteroidetes members, etc.) can pro-
vide invertebrate hosts with necessary nutrients in 
case the insect uses a nutrient-poor substrate for 
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food (Douglas, 2015; Chabanol & Gendrin, 2024; 
Kaltenpoth et al., 2025). Some of them (e.g., Bu-
chnera, Citrobacter, Hamiltonella, Pseudomonas, 
Regiella, Serratia, Sphingomonas, etc.) can help me-
tabolise various toxic substances, including sec-
ondary plant metabolites, pesticides, and environ-
mental toxins (Mondal et al., 2023; Chabanol & 
Gendrin, 2024; Haider et al., 2025). It has been 
shown that bacteria (e.g., Anoxybacillus, Meiother-
mus, Pseudomonas, etc.) can help adapt to survival 
in cold conditions by changing the behaviour and 
physiology of invertebrates (Castrillo et al., 2001; 
Senula et al., 2022; Morgan-Richards et al., 2023; 
Buschi et al., 2024). They also provide immune 
protection to hosts against other bacteria and 
viruses (Haider et al., 2025).

Among microorganisms, some are inherited 
through the maternal line and can manipulate the 
host’s reproduction, and provide it with a num-
ber of advantages, including at low temperatures 
(Serga et al., 2024). At the same time, it has been 
shown that endosymbiotic bacteria more often in-
fect invertebrates in warm regions of the planet 
(Corbin et al., 2017).

However, recently, Kovalenko et al. (2025) used 
515F and 806R barcode universal primers to the 
V3-V4 region of bacterial 16S rRNA sequence 
and detected Wolbachia in the only insect en-
demic to Antarctica, Belgica  antarctica Jacobs, 
1900 (Chironomidae), in 5 out of 33 tested sam-
ples from Galindez Island (Wilhelm Archipela-
go). This is the first confirmed detection of in-
fection with this endosymbiont in representatives 
of the invertebrate fauna of terrestrial ecosystems 
of Antarctica, as previous attempts to detect it in 
various organisms including mites (Holmes et al., 
2019), insects (Holmes et al., 2019; Maistrenko 
et al., 2023; Brayley et al., 2025a), tardigrades 
(Vecchi et al., 2018; Mioduchowska et al., 2021; 
McQueen et al., 2022), nematodes (McQueen et 
al., 2022), and springtails (Rodrigues et al., 2023) 
from this region have been unsuccessful (reviewed 
by Serga et al., 2024). 

In addition, Kovalenko et al. (2025) detected, 
at low abundance, two more known endosymbi-

otic bacteria of invertebrates in B. antarctica from 
Galindez Island (Antarctica): Rickettsia and Car-
dinium. At the same time, Brayley et al. (2025a; 
2025b) have detected a high abundance of Rick-
ettsia in another insect, closely related to the genus 
Belgica, Eretmoptera murphyi Schäffer, 1914 (Chi-
ronomidae), from Signy Island (South Orkney 
Islands, Subantarctic).

In general, infection of invertebrates and spring-
tails in particular in Antarctica remains poorly 
understood. In this work, we analysed the data 
to identify endosymbiotic bacteria in springtails 
in Antarctica.

2 Endosymbionts – reproductive 
parasites of invertebrates

Endosymbiotic bacteria (i.e., bacteria that have 
symbiotic relationships with the host organism and 
exist inside it within or outside its cells; Casem, 
2016) that are capable of regulating the reproduc-
tion of Arthropoda include representatives of the 
five genera from different groups: Rickettsia, Wol-
bachia (Alphaproteobacteria: Rickettsiaceae), Arse-
nophonus (Gammaproteobacteria: Morganellaceae), 
Spiroplasma (Mollicutes: Spiroplasmataceae), and 
Cardinium (Cytophagia: Amoebophilaceae) (Du-
ron et al., 2008; Massey & Newton, 2022).

2.1 Wolbachia

Wolbachia, in particular, the most-studied species, 
Wolbachia pipientis Hertig, 1936, is an obligate 
intracellular symbiont in invertebrates that is 
mainly maternally transmitted (transovarial) and 
capable of manipulating the reproductive process-
es of its hosts (Werren et al., 2008; Kaur et al., 
2021). There is also evidence that the bacterium 
can be transmitted through codivergence, hybrid 
introgression, and horizontal transfer (Baldo et 
al., 2008; Raychoudhury et al., 2009).

It is predominantly localised in reproductive 
tissues, but can also be present in somatic cells 
(Dobson et al., 1999; Pietri et al., 2016). Wolbachia 
has been identified in a wide range of invertebrate 
groups (Weinert et al., 2015; Jolley et al., 2018; 
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Charlesworth et al., 2019; Mioduchowska et al., 
2023). In various organisms, it can cause effects such 
as feminisation, cytoplasmic incompatibility, par-
thenogenesis, and male killing (O’Neill et al., 1997; 
Werren et al., 2008; Mioduchowska et al., 2023).

2.2 Rickettsia

Rickettsia is an intracellular symbiont that can 
infect various groups of arthropods, including in-
sects, mites, and spiders – about 24% species 
(Weinert et al., 2009). Its strains are capable of 
killing infected male embryos in some lady bee-
tles, e.g., Adalia decempunctata (Linnaeus, 1758) 
(Coccinellidae) (von der Schulenburg et al., 2001) 
and the leaf-mining buprestids, e.g., Brachys tes-
sellatus (Fabricius, 1801) (Buprestidae) (Lawson 
et al., 2001). They are also the cause of thelytok-
ous parthenogenesis (in which mothers produce 
only daughters from unfertilised eggs) in a para-
sitoid wasp (Giorgini et al., 2010).

Presumably, the temperature effects of Rickett-
sia, particularly on host survival, are species-spe-
cific, as in some cases infection with this endo
symbiont increases resistance to changes in envi-
ronmental temperature (Brumin et al., 2011), where-
as in others it decreases it (Socolovschi et al., 2012).

To date, there is evidence of the presence of 
Rickettsia in two invertebrate species in Antarc-
tica: in low abundance in the endemic, gono-
choristic B. antarctica (Kovalenko et al., 2025) 
in the Antarctic region and in very high abun-
dance in the invasive to this region, parthenoge-
netic E. murphyi (Brayley et al., 2025a; 2025b) in 
the subantarctic region.

2.3 Cardinium

Candidatus Cardinium hertigii Zchori-Fein et 
al., 2004 (the only known species of the genus to 
date) is an obligate intracellular bacterium that is 
maternally transmitted and infects approximately 
13% of arthropod species (Weinert et al., 2015). 
Cardinium strains induce at least three reproduc-
tive manipulations: parthenogenesis, feminisation, 
and cytoplasmic incompatibility, as well as af-

fecting other host fitness traits (Stouthamer et 
al., 2019; Kaya, 2022; Mathieson et al., 2025).

There is evidence that Cardinium infection 
can contribute to longer developmental time and 
reduced total fecundity (Haghshenas-Gorgabi et 
al., 2023). It is also shown that temperature can 
influence the phenotypic effects of Cardinium on 
the host (Doremus et al., 2019).

To date, only one preliminary study has de-
tected this endosymbiont in Antarctic invertebra
tes, specifically in low abundance, in the insect 
B. antarctica (Kovalenko et al., 2025).

2.4 Arsenophonus

Arsenophonus is a genus of Gram-negative bacte-
ria that participates in a variety of symbiotic re-
lationships with approximately 5% of arthropod 
species (Duron et al., 2008). These relationships 
range from the probable pathogenicity (Arseno-
phonus apicola in honey bees (Nadal-Jiménez et 
al., 2023)), through reproductive parasitism (Ar-
senophonus nasoniae Gherna et al., 1991 in Na-
sonia wasps) to mutualism (Candidatus Arseno-
phonus arthropodicus Dale et al., 2006 and Can-
didatus Arsenophonus lipopteni Nováková et al., 
2016 in Hippoboscidae flies). This bacterium also 
causes male killing in the offspring of Nasonia 
vitripennis (Walker, 1836) (Pteromalidae) wasps 
(Nadal-Jiménez et al., 2023). Interestingly, arthro
pods serve as vectors for the transmission of Ar-
senophonus to plants (Bressan et al., 2012).

The effects of temperature on interactions be-
tween Arsenophonus bacteria and their hosts, as 
well as their possible presence in Antarctica, remain 
unstudied. In the few works (e.g., Maistrenko et 
al., 2023; Brayley et al., 2025b; Kovalenko et al., 
2025) devoted to the study of the terrestrial arthro-
pod microbiota of this continent, there is no evi-
dence of their presence.

2.5 Spiroplasma

Many species of Spiroplasma have been isolated 
from a wide range of hosts, mainly arthropods (Bové, 
1997; Regassa & Gasparich, 2006; Bolaños et al., 
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2015). It is currently known that from 7 to over 
11% of species from different groups of arthro-
pods can be infected with this bacterium (Duron 
et al., 2008; Kakizawa et al., 2022).

In their hosts, Spiroplasma most often repro-
duce in the intestine, but some pathogenic species 
of Spiroplasma are found in the hemolymph, 
ovaries, fat body, hypodermis, or salivary glands 
(Regassa & Gasparich, 2006; Masson et al., 2018; 
Blow & Douglas, 2019; Garcia-Arraez et al., 2019). 
If bacteria attach to the midgut epithelial cells, 
no apparent negative effect on the host is observed 
(Regassa & Gasparich, 2006). While the patho-
genicity of Spiroplasma in insect hosts is usually 
associated with the ability to penetrate host tis-
sues beyond the midgut. For example, Spiroplas-
ma melliferum Clark et al., 1985 and S. apis Mouch-
es et al., 1984 are pathogens of honey bees. They 
cross the insect intestinal barrier and reach the 
hemolymph, where they actively reproduce and 
kill the host (Rivera et al., 2013).

Another route of infection and transmission is 
transovarial, resulting in the killing of male off-
spring in infected females (Harumoto et al., 2014; 
Arai et al., 2022). The most thoroughly studied 
example to date is Spiroplasma poulsonii William-
son et al., 1999, which was isolated from the Neo
tropical species Drosophila willistoni Sturtevant, 
1916 (Drosophilidae). In its extreme form, S. poul-
sonii infection can kill all male offspring in in-
fected females (Regassa & Gasparich, 2006). Male 
killing by this bacterium has also been described 
in beetles of the Coccinellidae family: Adalia bi-
punctata (Linnaeus, 1758) (Hurst et al., 1999) and 
Harmonia axyridis (Pallas, 1773) (Regassa & Gas-
parich, 2006; Nakamura et al., 2006; Tsushima 
et al., 2015), as well as in butterflies of the Nym-
phalidae family, in particular Danaus chrysippus 
(Linnaeus, 1758) (Jiggins et al., 2000; Regassa & 
Gasparich, 2006). 

It is also worth noting the possible mutualistic 
relationships of Spiroplasma with the host. It is known 
that it can provide resistance to certain members 
of the families Drosophilidae and Aphididae to 
fungal pathogens, as well as to parasitic nema-

todes and parasitoid wasps (Jaenike et al., 2010; 
Xie et al., 2010; Cockburn et al., 2013; Łukasik 
et al., 2013; Bolaños et al., 2015). It has also 
been established that Spiroplasma kunkelii Whit-
comb et al., 1986 helps Dalbulus maidis (DeLong, 
1923) (Cicadellidae) to survive in conditions of 
limited food resources during cold and drought 
(Ebbert & Nault, 1994).

In general, spiroplasmas grow in a wide range 
of positive temperatures; however, only a few strains 
retain the ability to grow at temperatures around 
+5 °C (Konai et al., 1996). This may explain 
why this endosymbiont has not been detected in 
Antarctic chironomid midges (Maistrenko et al., 
2023; Kovalenko et al., 2025).

3 Springtails (Collembola)

Springtails or Collembola are small, primary 
wingless and intramaxillary arthropods belonging 
to the rank of class (www.collembola.org/taxa/
collembo.htm). There are currently about 9 600 
nominally extant species of springtails, with more 
than half of them described in the last 50 years. 
Most of these species have been recorded and 
described from the Holarctic region. Springtails 
are widespread in terrestrial environments but can 
also be found on the surface of standing pools of 
fresh or salt water, or even in subsurface coastal 
waters (Hopkin, 1997).

Collembola are recorded from all continents, 
including the High Arctic and Antarctic, and can 
live from arid desert areas to snowfields and per-
manent ice (Bellini et al., 2023). Most species, 
however, live in association with the soil, and 
within this environment they can be classified as: 
epedaphic (species that inhabit the above-ground 
surface, including the litter layer), hemiedaphic 
(taxa that can live both in the soil and on its 
surface), and euedaphic (organisms that live only 
within the soil) (Bellini et al., 2023). In edaphic 
environments, some species can also be found in 
birds’ nests (van der Vegt & Bokhorst, 2024).

The distribution of different Collembola species 
is strongly dependent on environmental vari
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ables. At the regional scale, climate plays a key 
role by filtering for species adapted to different 
conditions (Bellini et al., 2023). Most Collembola 
depend on moist habitats within specific tem-
perature ranges, but some are adapted to drought, 
extreme cold, complete absence of light, and 
other limiting conditions (Ávila-Jiménez & Coul-
son, 2011; Bellini et al., 2023).

With respect to collembolan biodiversity in the 
Arctic and Antarctic regions, marked differences 
are observed between the two biogeographic areas. 
To date, approximately 400 collembolan species 
have been found in the Arctic, the majority of which 
are of cosmopolitan or Palaearctic origin (Ávila-
Jiménez & Coulson, 2011). Arctic collembolan 
populations exhibit low levels of genetic differen-
tiation, consistent with postglacial colonisation 
of the region (Ávila-Jiménez & Coulson, 2011).

In contrast, collembolan biodiversity in Antarctica 
is comparatively lower and does not exceed 30 
species on the continent (Chown & Convey, 2007), 
despite recent increases due to modern molecu-
lar and genetic methods (Convey et al., 2020). At 
the same time, the region with the largest number 
of them is the Western Antarctic Peninsula with 
adjacent islands – 20 species have been recorded 
there, but only a few are numerous (Protsenko et 
al., 2025). Even taking into account the slightly 
larger number of species distributed in the sub-
Antarctic, it comprises approximately 160 spring-
tail species (2.5 times fewer than in the Arctic) 
belonging to 60 genera and 15 families (Baird et al., 
2019). The highest species richness is found in the 
genera Cryptopygus (Isotomidae) and Friesea (Nea-
nuridae) (17 species each) (Baird et al., 2019). Many 
of these species are endemic to the region, and high 
levels of genetic divergence have been reported even 
among geographically proximate populations, indi-
cating long-term isolation (Collins et al., 2019).

As in other invertebrates, several studies have 
described a diverse microbiome associated with 
collembolans (Czarnetzki & Tebbe, 2004; Agamen-
none et al., 2015; Bahrndorff et al., 2018; Zhu et 
al., 2018; Ding et al., 2019; Pathiraja et al., 2022; 
Hao et al., 2024), including Antarctica (Leo et al., 

2021). Also, the presence of bacterial reproduc-
tive parasites in this group of Hexapoda was re-
ported (Vandekerckhove et al., 1999; Czarnetzki 
& Tebbe, 2003; Timmermans et al., 2004; Frati 
et al., 2006; Pike & Kingcombe, 2009; Agamen-
none et al., 2015; Ma et al., 2017; Pilgrim et al., 
2021; Kaya, 2022; Rodrigues et al., 2023; Tim-
mermans et al., 2023).

4 Infection of springtails 
with bacterial reproductive parasites

4.1 Wolbachia in collembolan species

To date, the literature has reported Wolbachia in at 
least 17 determined springtail species across four or-
ders: Entomobriomorpha, Poduromorpha, Neeli-
pleona, and Symphypleona (Table). The largest 
screening study, encompassing 58 species and 
covering most regions of the world, including the 
polar ones, found an overall prevalence of 19% 
(Tanganelli et al., 2014; Rodrigues et al., 2023).

Interestingly, Antarctic samples included only 
one to three individuals (the exact number was 
not specified) of the collembolan Cryptopygus sver-
drupi Lawrence, 1978 (Isotomidae) screened for 
the presence of Wolbachia, but no infection was 
detected (Rodrigues et al., 2023). In the same study, 
Wolbachia was identified in Arctic populations 
(Svalbard, Norway) of Oligaphorura groenlandica 
(Tullberg, 1876) (Onychiuridae). In contrast, Wol-
bachia was not detected in another species anal
ysed from the same locality, Megaphorura arctica 
(T. Tullberg, 1877) (Onychiuridae) (Rodrigues 
et al., 2023). Notably, of these two species, only 
O. groenlandica is characterised by parthenoge-
netic reproduction (Rodrigues et al., 2023).

It should also be noted that of all the species 
listed in Table, only four, Megalothorax minimus 
V. Willem, 1900 (Neelidae), Mesaphorura macro-
chaeta Rusek, 1976 (Tullbergiidae), as well as Fol-
somia candida Willem, 1902, Parisotoma notabilis 
(Schäffer, 1896) (Isotomidae) occur in Antarctica 
according to the Register of Antarctic Species 
(RAS, 2026). However, no published data were 
found regarding investigations of Wolbachia in-
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Table. Presence of Wolbachia in different Collembola species around 
the world. Species confirmed in Antarctica are in bold

No Species Family Place of origin References

Order Entomobryomorpha

  1 Folsomia candida Willem, 
1902

Isotomidae UK, France, China, The Neth-
erlands, Germany (laboratory-
cultivated “Berlin strain”)

Vandekerckhove et al., 1999; 
Pike & Kingcombe, 2009; Ag-
amennone et al., 2015; Ma et 
al., 2017

  2 Folsomia sp. France Rodrigues et al., 2023

  3 Folsomides parvulus Stach, 
1922

China Ma et al., 2017

  4 Hemisotoma cf thermophila 
(Axelson, 1900)

France Rodrigues et al., 2023

  5 Parisotoma notabilis 
(Schäffer, 1896)

France Rodrigues et al., 2023

Order Poduromorpha

  6 Anurida maritima (Guérin-
Méneville, 1836)

Neanuridae Netherlands Rodrigues et al., 2023

  7 Oligaphorura groenlandica 
(Tullberg, 1877)

Onychiuridae Norway Rodrigues et al., 2023

  8 Thalassaphorura houtanensis 
Gao & Bu, 2014

China Ma et al., 2017

  9 Podura aquatica Linnaeus, 
1758

Poduridae Netherlands Rodrigues et al., 2023

10 Mesaphorura italica (J. Rusek, 
1971)

Tullbergiidae Not specified Czarnetzki & Tebbe, 2003

11 Mesaphorura macrochaeta 
Rusek, 1976

Not specified Czarnetzki & Tebbe, 2003; 
Timmermans et al., 2004

12 Mesaphorura yosii (J. Rusek, 
1967)

China Ma et al., 2017

13 Mesaphorura sp. France Rodrigues et al., 2023

14 Paratullbergia callipygos 
(Börner, 1902)

Not specified Czarnetzki & Tebbe, 2003

Order Neelipleona

15 Megalothorax incertus 
C. Börner, 1903

Neelidae China Ma et al., 2017

16 Megalothorax laevis Denis, 
1948

French Guinea Rodrigues et al., 2023

17 Megalothorax minimus 
V. Willem, 1900

France Rodrigues et al., 2023

18 Neelus koseli L. Kovác & 
V. Papác, 2010

Slovakia Rodrigues et al., 2023

Order Symphypleona

19 Sphaeridia pumilis (Kraus-
bauer, 1898)

Sminthurididae France Rodrigues et al., 2023
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fection in these or several other species collected 
in Antarctica (Serga et al., 2024). Nevertheless, giv-
en the rapid warming of the climate in the sixth 
continent region and surrounding areas (Wang et 
al., 2025), the bacteria can be expected to appear 
in invertebrates inhabiting these regions.

Overall, Wolbachia is predominantly associated 
with asexually reproducing collembolans and has 
been linked to the induction of parthenogenesis in 
this taxonomic group (Timmermans et al., 2023). 
Such results from polar regions are most likely ex-
plained by the long-standing isolation of Antarctic 
populations, while this is not typical for Arctic pop-
ulations (Rodrigues et al., 2023). One cannot help 
but mention, among the possible reasons, the lim-
ited number of studies investigating Wolbachia 
infection in Antarctic springtail populations.

4.2 A rare case of infection 
of a collembolan species by Spiroplasma

As for Spiroplasma, it was found in the species An-
urida maritima (Guérin-Méneville, 1836) (Neanu-
ridae) by Timmermans et al. (2023). Moreover, 
the authors state that this is the first documented 
detection of infection with this endosymbiont in 
springtails.

Anurida maritima is characterised by the presence 
of sexual reproduction (Dallai et al., 1999). Also, 
according to Timmermans et al. (2023), it has a 
cosmopolitan distribution. Despite this, accord-
ing to the Register of Antarctic Species (RAS, 2026) 
and the Global Biodiversity Information Facility 
database (GBIF, 2026), this species was not record-
ed in the Antarctic but is found in the Arctic 
(Svalbard, Norway). Unfortunately, Timmermans 
et al. (2023) do not specify in which localities 
A. maritima were collected for the study.

4.3 Restricted data for Cardinium, 
Arsenophonus, and Rickettsia infections

A possible association between Entomobrya sp. (En-
tomobryidae) and Cardinium has been reported in 
only a few works (Gupta et al., 2021; Kaya, 2022). 

However, the author noted that since the search 
for this endosymbiont was carried out in repre-
sentatives of a single ecotope in microfauna sam-
ples from granaries in Turkey, this finding may 
reflect a temporary horizontal transfer of the bac-
terium between species. Thus, today it can be as-
sumed that this endosymbiont is practically not 
identified in Collembola, so its search in species 
colonising the Antarctic and subantarctic regions 
currently appears unpromising.

Despite the fact that Arsenophonus is one of 
the richest and most widespread groups of sym-
biotic bacteria that infect arthropods, data on the 
infection of representatives of Hexapoda have not 
yet been found in the literature. Therefore, as in 
the case of Cardinium, it can be assumed that this 
endosymbiont is practically not identified in Col-
lembola. Thus, its presence in species found in 
Antarctica and sub-Antarctica remains an open 
question.

Reports of Rickettsia in different Collembola 
species are limited and based on only a few stud-
ies. These bacteria have been reported in the species 
Onychiurus sinensis Stach, 1954 (Onychiuridae) 
(Frati et al., 2006). However, O. sinensis is not 
recorded in Antarctica (GBIF, 2026; RAS, 2026). 
In some cases, springtails were examined for Rick-
ettsia without specifying the particular species 
analysed (e.g., in Pilgrim et al., 2021).

4.4 Possibility of infection with multiple 
endosymbionts simultaneously

Today, it is also known that at least some spring-
tails can be infected simultaneously with differ-
ent types of reproductive parasitic bacteria.

The most well-described example is A. mariti-
ma. It has been found that representatives of this 
species are simultaneously hosts for two different 
genera of bacteria: Wolbachia and Spiroplasma. In-
teresting that in this case, Wolbachia belongs to 
supergroup A, which is unique for springtails (most 
other species are infected with supergroup E), 
and Spiroplasma is sister to the Citri-Chrysopi-
cola-Mirum lineage (Timmermans et al., 2023). 

https://doi.org/10.33275/1727-7485.1.2025.000
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At the same time, it is worth noting once again 
that A. maritima has not yet been identified in 
Antarctica.

In general, even outside the Antarctic context, 
it is still unclear how interactions between differ-
ent bacterial species shape host reproduction, 
not to mention how frequently springtails are in-
fected by multiple such species at once.

5 Conclusions

Therefore, today, the study of the prevalence of 
endosymbiotic reproductive parasite bacteria 
and, accordingly, their interactions with collem-
bolans in Antarctic conditions is at an early stage 
and requires further research. If the presence of 
endosymbiotic bacteria in Antarctic collembolans 
is established, the question arises about their pos-
sible role in adaptation to the harsh conditions of 
existence on the sixth continent. In the event of 
a final failure to establish the corresponding bac-
terial group in Antarctic collembolans, it will be 
necessary to seek an explanation for their ab-
sence in the studied region, since in other parts 
of the planet these bacteria successfully colonise 
representatives of this invertebrate taxon.
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Репродуктивні ендосимбіотичні бактерії антарктичних 
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Реферат. Eндосимбіотичні бактерії інфікують величезну кількість безхребетних представників різноманітних 
таксонів. У цій роботі представлено огляд результатів щодо ідентифікації ендосимбіотичних бактерій (зокрема 
родів Wolbachia, Cardinium, Rickettsia, Arsenophonus та Spiroplasma), здатних потенційно впливати на репродук-
тивні стратегії організму-хазяїна у представників фауни Collembola Антарктичного регіону. Ці бактерії грають 
важливу роль у формуванні адаптаційних механізмів та популяційних структур членистоногих поза Антарктикою 
в мінливих умовах довкілля. У даній роботі проаналізовано видове різноманіття антарктичних колембол та 
проведено ретроспективний пошук відомостей про інфікування видів, які зустрічаються в цьому регіoні та поза 
ним, бактеріями-ендосимбіонтами. Встановлено, що дані бактерії інфікують представників ногохвісток, зокрема 
тих, які можуть зустрічатися в Антарктиці (Folsomia candida, Megalothorax minimus, Mesaphorura macrochaeta, 
Parisotoma notabilis). Екологія та фізіологія членистоногих регіону вже ґрунтовно вивчені. Втім, на сьогодні у 
доступних наукових джерелах відсутня інформація, яка б свідчила про наявність відповідних ендосимбіотичних 
асоціацій у колембол Антарктики. Виявлений дефіцит даних може вказувати як на потенційну ізольованість 
місцевих популяцій, так і на існування умов, за яких інфікування ногохвісток Антарктики бактеріями родів 
Wolbachia, Cardinium, Rickettsia, Arsenophonus та Spiroplasma неможливе в силу тих чи інших причин. Водночас 
потребується проведення більш масштабних молекулярно-генетичних скринінгів із застосуванням сучасних 
методів сиквенування з метою отримання остаточної відповіді з питання щодо можливого інфікування ан-
тарктичних видів ногохвісток ендосимбіотичними бактеріями. Проведений аналіз літературних даних окреслює 
перспективний напрям для подальших досліджень мікроорганізмів-симбіонтів антарктичних організмів, 
зокрема ногохвісток.

Ключові слова: Arsenophonus, Cardinium, Collembola, Rickettsia, Spiroplasma, Wolbachia
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