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We present the first record of Milnesium guanyinensis in the Palearctic region (S Poland), along with two 
other Milnesium species (M. berladnicorum and M. inceptum) that are reported as new for Poland. While 
recent studies have provided empirical evidence that tardigrades belonging to the genus Milnesium exhibit 
zoogeographical patterns, and only some taxa are recognised as truly cosmopolitan, all of the species re-
ported in our study have broad distribution ranges. We contextualise our findings within the current under-
standing of tardigrade phylogeography and discuss the potential for anthropogenic long-distance dispersal. 
The current study increases the number of known Milnesium species in Poland from four to seven and 
raises the total number of tardigrades in Poland to 118. All of the observations are based on an integrative 
taxonomy approach, which combines a morphological analysis with DNA barcoding.
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Tardigrades are a phylum of microscopic animals 
inhabiting diverse terrestrial and aquatic environ-
ments that are at least occasionally moist, since tar-
digrades require water to remain active. The species 
richness observed in the phylum consists of around 
1,500 described species (Degma & Guidetti 2024), 
with many more estimated to be discovered. The tar-
digrade fauna of Poland has a long history of re-
search, from early studies completed in the 20th cen-
tury (e.g. Jakubski 1915; Dastych 1988) to recent 
intensive faunistic inventories (e.g. Kaczmarek et al. 
2018; Bartylak et al. 2024). So far, 115 species of 
tardigrades have been recorded from Poland 
(Erdmann et al. 2024). Among them, only four spe-
cies represent the order Apochela, and all belong to 

the genus Milnesium Doyère, 1840. Milnesium species 
are considered to be large (usually 500 μm – 1 mm 
of length) carnivorous tardigrades, which can feed 
on other tardigrades, nematodes, rotifers and amoe-
bas (Roszkowska et al. 2016). The genus Milnesium 
had been considered as monotypic (represented by 
a single widespread species – Milnesium tardigradum 
Doyère, 1840), until advances in tardigrade taxono-
my allowed for the detection of previously unob-
served diversity within the genus (Michalczyk et al. 
2012). Especially in the last two decades, modern 
approaches (e.g. morphometry, ontogenetic variabil-
ity tracking and DNA sequencing) have allowed for 
the discovery of many species new to science in the 
genus (e.g. Tumanov 2006; Meyer et al. 2013; 
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ard technique, as described in detail in Stec et al. 
(2015). The tardigrades were manually picked up 
with a glass pipette under a stereomicroscope. Then, 
isolated individuals were divided and prepared for 
different analyses: (i) morphological examination 
with a light microscope, and (ii) DNA extraction 
and sequencing (for details, please see the ‘Materi-
als examined’ section provided below for each new 
Milnesium record). In the sample B23_K.U.8, two 
Milnesium exuviae with eggs were found and stored 
for two weeks in distilled water at room temperature, 
allowing the individuals to hatch. Then, we mount-
ed the animals and exuviae on microscope slides to 
verify the claw configuration changes, by comparing 
the claw morphology of the exuviae and hatchlings 
(Surmacz et al. 2019).

Microscopy and morphological identification

Specimens for the light microscopy were mounted 
on microscope slides in a small drop of Hoyer’s me-
dium and secured with a cover slip, following the 
protocol by Morek et al. (2016). The slides were then 
dried for five to seven days at 60 °C. The dried slides 
were sealed with a transparent nail polish and ex-
amined under a Leica DMLB light microscope with 
phase contrast, associated with a digital camera. The 
permanent microscope slides have been deposited in 
the Tardigrada Collection of the Institute of System-
atics and Evolution of Animals, Polish Academy of 
Sciences, Sławkowska 17, 31-016, Kraków, Poland. 
All of the figures were assembled in Inkscape 
1.0.2-2 (Inkscape Project 2020). For structures that 
could not be satisfactorily focused on in a single 
photograph, a stack of 2-3 images was taken with an 
equidistance of ca. 0.2 μm and assembled manually 
into a single deep-focus image in GIMP 2.10.36.

In order to confirm the species identification, the 
newly prepared materials were carefully compared 

Surmacz et al. 2019; Sugiura et al. 2020; Rocha et al. 
2022). Currently, the total number of nominal taxa of 
the genus Milnesium is 51 (Degma & Guidetti 2024, 
excluding fossil species and nomina dubia). Apart 
from these, multiple Milnesium species have not yet 
been formally described, but have been analysed in 
a phylogeographic context (Morek et al. 2021; Guil 
et al. 2022). However, prior to now, the Polish tardi-
grade fauna was comprised of only four nominal 
species, namely: Milnesium tardigradum tardigradum 
(e.g. Morek et al. 2019a); Milnesium granulatum 
Ramazzotti, 1962 (Kaczmarek et al. 2018); Milnesium 
dornensis Ciobanu, Roszkowska & Kaczmarek, 
2015 (Kaczmarek et al. 2018; Bartylak et al. 2024); 
and Milnesium beasleyi Kaczmarek, Jakubowska & 
Michalczyk, 2012 (Kaczmarek et al. 2018; Bartylak 
et al. 2024). Besides these, one population represent-
ing an undescribed species was analysed by Morek 
et al. (2021).

Herein, we provide three novel records of Milnesium 
taxa in Poland, confirmed by the classical morpho-
logical approach and supplemented with DNA bar-
codes. Our results contribute to a better understand-
ing of the tardigrade biogeography, as the genus 
Milnesium has been utilised as a model in recent 
global-scale phylogeographic studies (Morek et al. 
2021; Guil et al. 2022).

Methods

Sample collection and tardigrade extraction

Two moss and two lichen samples were collected 
between 2023 and 2024 from different localities in 
southern Poland (Table 1). The material was stored 
at room temperature within paper envelopes until 
the tardigrade extraction. The extraction from a por-
tion of each sample was conducted using the stand-
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Table 1

Details on the samples of Milnesium spp. used in the study

Sample code Coordinates Collection 
date

Substrate Species GenBank accession 
number (COI)

TUCH.01 49.911°N 
21.067°E

2.07.2024 lichen on tree M. berladnicorum PQ821864 
PQ821865

TUCH.07 49.911°N 
21.067°E

2.07.2024 lichen on tree M. berladnicorum PQ821866 
PQ821867

PL.048 50.067°N 
19.957°E

31.03.2023 moss on tree M. inceptum PQ821868 
PQ821869

B23_K.U.8 49.882°N 
20.086°E

7.06.2023 moss on tree M. guanyinensis PQ821870 
PQ821871



cies not mentioned in the literature. In addition, to 
investigate the effect of climatic conditions on the 
distributions of M. guanyinensis, we extracted the 
mean annual temperature and annual precipitation 
data from the Worldclim2 dataset (Fick & Hijmans 
2017) corresponding to the coordinates of their oc-
currences.

Results

The materials prepared for the morphological ex-
amination indicated the presence of three species of 
the genus Milnesium that were new to Polish fauna. 
The two analysed lichen samples (TUCH.01, and 
TUCH.07) contained individuals of Milnesium 
berladnicorum, which is characterised by the 
presence of pseudopores in the cuticle, as well as 
a [2-3]-[2-2] claw configuration (CC) in larger spec-
imens (Fig. 1) and [2-2]-[2-2] in the smallest ani-
mals. The sample B23_K.U.8 was comprised of in-
dividuals of Milnesium guanyinensis, which exhibits 
a strong epicuticular reticulate sculpture visible in 
the PCM (especially prominent in smaller individ-
uals), with CC [2-3]-[3-2] and CC [2-2]-[2-2] in 
hatchlings (Figs 2-3). The sample PL.048 contained 
a population of Milnesium having a smooth cuticle 
and CC [3-3]-[3-3] in all the animals, matching the 
diagnosis of M. inceptum (Fig. 4). Good-quality COI 

with the original descriptions of respective Milnesium 
species (Morek et al. 2019b; Ciobanu et al. 2014; Yuan 
et al. 2023). To describe the claw configurations, we 
used the notation introduced by Michalczyk et al. (2012).

Genotyping and occurrence data

DNA was extracted from individual animals fol-
lowing the Chelex® 100 resin (Bio-Rad) extraction 
method by Casquet et al. (2012), with modifications 
as described in detail in Stec et al. (2020). The 658 
base pair long fragment of the COI gene was ampli-
fied using the LCO1490-JJ and HCO2198-JJ primer 
set (Astrin & Stüben 2008). The COI fragment was 
amplified and sequenced, according to the protocols 
described in Stec et al. (2020). Sequencing products 
were read with the ABI 3130xl sequencer at the Ge-
nomed company (Warsaw, Poland). The sequences 
were processed in BioEdit ver. 7.2.5 (Hall 1999) and 
were submitted to GenBank. Prior to the submission, 
all obtained COI sequences were translated into pro-
tein sequences in AliView 1.28 (Larsson 2014) to 
check against pseudogenes. The obtained sequenc-
es were also used in an NCBI BLAST (Altschul 
et al. 1990) search, to assess their similarity to se-
quences already present in GenBank (we analysed 
the BLAST results with at least a 97% identity), 
confirming the species identification and finding 
additional georeferenced occurrences of the spe-
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Fig. 1. Milnesium berladnicorum from Poland (adult, PCM): A – habitus, dorso-ventral projection; B – claws on the hind legs with two 
points on secondary branches; C – pseudopores in the dorsal cuticle; D – reticulate sculpture on the dorsal cuticle.



doned post-agricultural area, with species-rich xero-
thermic grasslands undergoing a forest succession. 
M a t e r i a l s  e x a m i n e d: 28 animals mounted 
on microscope slides in Hoyer’s medium, and four 
animals were genotyped. Slide codes: TUCH.01.01, 
TUCH.01.02, TUCH.07.01 and TUCH.07.02.

G e n B a n k  a c c e s s i o n  n u m b e r s: 
PQ821864, PQ821865, PQ821866 and PQ821867.

B L A S T  s e a r c h: The closest match was to 
the COI sequences of M. berladnicorum from 
Russia (OP009212; Tumanov et al. 2022), Slovakia 
(MN847749, Guil et al. 2022), Ukraine (MW560656; 
Morek et al. 2021) and South Africa (MW560689, 
MW560657; Morek et al. 2021) (all with more than 
a 99% sequence identity).

R e m a r k s: The original description of the spe-
cies reports the presence of pseudopores in the cu-
ticle, which were also evident in the specimens ex-
amined in this study (Figure 1C). However, upon 
closely focusing on the external dorsal cuticle, the 
specimens of the newly discovered population also 
exhibited a subtle reticulate sculpture that was not 
previously reported for this species (Figure 1D).

sequences were obtained for two individuals from 
each sample. The DNA sequences confirmed the 
morphological identifications, and the results of the 
BLAST search are provided below for each new spe-
cies record, respectively. 

Taxonomic accounts of the species found in the 
study

P h y l u m: Tardigrada (Spallanzani, 1777)

C l a s s: Eutardigrada Richters, 1926

O r d e r: Apochela Schuster, Nelson, Grigarick and 
Christenberry, 1980

F a m i l y: Milnesiidae Ramazzotti, 1962

G e n u s: Milnesium Doyère, 1840

S p e c i e s: Milnesium berladnicorum Ciobanu, 
Zawierucha, Moglan & Kaczmarek, 2014

L o c a l i t y: 49.911°N 21.067°E, Furmaniec 
hill, Tuchów, Poland, lichen on a tree trunk, coll. 
Bartłomiej Surmacz and Daniel Stec, collected 
on 2 July 2024. The sampling locality is an aban-

Fig. 2. Milnesium guanyinensis from Poland (adult, PCM): A – habitus, dorso-ventral projection; B – reticulate sculpture on the dorsal 
cuticle; C – claws II with two points on the external secondary branch and three points on the internal secondary branch; D – claws on 
the hind legs with three points on the anterior secondary branches and two points on the posterior secondary branches.
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ON754953; Yuan et al. 2023), and to sequences 
from Argentina (MW560663) and South Africa 
(MW560697) (97% and 100% identity, respec-
tively), classified as Milnesium sp. in Morek et al. 
(2021), before the description of M. guanyinensis.

R e m a r k s: The morphology of the hatched in-
dividuals confirmed a claw configuration change: 
[2-2]-[2-2] CC of the hatchlings and [2-3]-[3-2] of 
the adults (exuviae).

S p e c i e s: Milnesium inceptum Morek, Suzuki, 
Schill, Georgiev, Yankova, Marley & Michalczyk, 

2019
L o c a l i t y: 50.067°N 19.957°E, Lubomirskiego 

Street, Kraków, Poland, moss on a tree trunk, urban 
environment, coll. Bartłomiej Surmacz and Jakub 
Godziek, collected on 31 March 2023.

S p e c i e s: Milnesium guanyinensis Yuan, Q. Liu, 
Y. Wang, L. Liu, Y. Chen & X. Li, 2023

L o c a l i t y: 49.882°N 20.086°E, Park Władysława 
Kowalskiego, Dobczyce, Poland, moss on a tree, 
urban environment, coll. Bartłomiej Surmacz, col-
lected on 7 June 2023.

M a t e r i a l s  e x a m i n e d: 10 individuals and 
two exuviae were preserved on the slides, and two 
individuals were genotyped. Slide codes: B23.
KU8.01, B23.KU8.02, B23.KU8.03, B23.KU8.04, 
B23.KU8.05 and B23.KU8.06.

G e n B a n k  a c c e s s i o n  n u m b e r s: 
PQ821870 and PQ821871.

B L A S T  s e a r c h: The highest similarity 
was to COI sequences from the original descrip-
tion of M. guanyinensis from China (98% identity, 

Fig. 3. Milnesium guanyinensis from Poland (hatchling, PCM): A – habitus, dorso-ventral projection; B – reticulate sculpture on the 
dorsal cuticle.
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were previously recorded from Argentina and South 
Africa (Morek et al. 2021). Milnesium inceptum has 
been recorded from USA, Australia, New Zealand, 
South Africa, Japan and several localities in Europe 
(Morek et al. 2019b; Morek et al. 2021). In contrast, 
multiple other Milnesium species have been observed 
in only one biogeographic realm, e.g. M. eurystomum 
Maucci, 1991 and M. reductum Tumanov, 2006 
(Morek et al. 2021).

The species analysed in our study are representa-
tives of three highly-divergent clades, whose diver-
gence time is estimated as more than 100 million 
years before the present (Clades A, B, and E following 
the nomenclature of Morek et al. 2021). Milnesium 
berladnicorum represents Clade A, which consists 
mostly of Palearctic species. Milnesium inceptum is 
positioned within Clade B, which also encompasses 
Palearctic species, with a few exceptions (notably, 
including M. inceptum itself, recorded from multiple 
localities worldwide). Interestingly, M. guanyinensis 
is positioned within Clade E, in which no species has 
ever been recorded in the Palearctic (but it includes 
species found in the Afrotropic, Nearctic, Neotropic, 
Oceanic, Oriental and Panamanian geographic 
realms). The fact that no species from this clade has 
been found in the Palearctic, despite the intensive 
tardigrade research that has taken place in Europe, 
may suggest that the distribution of M. guanyinensis 
in Europe may be a result of a recent long-distance 
dispersal (possibly anthropogenic, since it was found 
in an urban area). This hypothesis is also supported 
by the fact that the known distribution of this spe-
cies is neither linked to geography nor to climatic 
conditions (Figure 5). Otherwise, the species could 
have been undetected in Europe, because it has been 
described only recently (Yuan et al. 2023). However, 

M a t e r i a l s  e x a m i n e d: 7 individuals pre-
served on the slides, and two individuals were 
genotyped for COI. Slide codes: PL.048.01 and 
PL.048.02.

G e n B a n k  a c c e s s i o n  n u m b e r s:  
PQ82186 and, PQ821869.

BLAST search: The closest matches (all of them 
> 99% identity) were to the COI sequences from 
multiple populations of Milnesium, including records 
from South Africa (MW560661), New Zealand 
(MW560660), Japan (MK628723, EU244604), 
Germany (EU244603, KU513422) and the USA 
(MT502117) (Kosztyła et al. 2016; Morek et al. 
2019b, 2021; Nelson et al. 2020). Some of these re-
cords were previously misidentified, but their status 
has been clarified by Morek et al. (2019b).

Discussion

While the early paradigm on the distributions of 
meiofauna followed the rule ‘Everything is Every-
where but the environment selects’ (Baas-Becking 
1934), the recent studies on tardigrades have indicat-
ed that tardigrades form regionally distinct faunas, 
with only a fraction of the species having worldwide 
distributions (Morek et al. 2021). Nevertheless, all 
three species analysed in our study have been re-
corded from other biogeographic realms. Milnesium 
berladnicorum, which was originally described from 
Romania (Ciobanu et al. 2014), has also been report-
ed from Ukraine, Slovakia, Russia and South Africa 
(Morek et al. 2021). Milnesium guanyinensis was 
described from southeast China (Yuan et al. 2023), 
yet occurrences of conspecific populations (based on 
the similarity of the COI sequences and morphology) 

Fig. 4. Milnesium inceptum from Poland (adult, PCM) – habitus, dorso-ventral projection.
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the regional distinctiveness of fauna and a group of 
cosmopolitan species), but the mechanisms shaping 
tardigrade distributions are still virtually unknown. 
Therefore, large-scale biogeographic studies based on 
a low number of samples (e.g. confirming or disprov-
ing the cosmopolitanism of tardigrades, assessing the 
distribution of species or climatic niche modelling) 
should be treated with caution, especially if they include 
species recorded from anthropogenically altered habi-
tats.
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the unique morphological features of M. guanyinensis 
(fine reticulation pattern on the cuticle and a [2-3]-
[3-2] claw configuration of mature individuals) make 
it distinct from all other Milnesium species recorded 
from the Palearctic.

Our findings confirm the observations that an-
thropogenic areas can be a source of new tardigrade 
species records (e.g. McCarthy & delBarco-Trillo 
2020; Rocha et al. 2024), but also suggest that an-
thropogenic activities can have an impact on the dis-
tributions of tardigrade species, which can disturb 
the existing phylogeographic patterns. Interestingly, 
no males were ever recorded in all the three species 
found in the present study. This supports the hypoth-
esis that parthenogenetic reproduction may be linked 
to wide distributions of some tardigrade species 
(Guidetti et al. 2019; Kayastha et al. 2023). 

The use of an integrative approach, encompassing 
both a morphological investigation and DNA barcod-
ing, allowed us to confidently identify the examined 
populations, and as a result considerably improves 
the knowledge of the Polish fauna of Milnesium. 
Including the contributions presented in our study, 
the known number of Milnesium species in Poland is 
seven, with three of them (43% of the species) being 
recorded herein for the first time. Such a large in-
crease in the species number of a tardigrade genus in 
Poland (which is considered one of the most inten-
sively studied regions by tardigradologists) shows 
that our current knowledge of the distributions of 
tardigrade species is extremely limited due to in-
sufficient sampling efforts (Vuori et al. 2020). Our 
results, especially the first record of M. guanyinen-
sis in the Palearctic, provide evidence that the link 
between micrometazoan phylogeny and biogeogra-
phy is weak (Figure 5). Recent advances in tardi-
grade phylogeography have provided general clues (like 

Fig. 5. Known localities of Milnesium guanyinensis: A – geographical localities; B – main climatic parameters of the localities.

    New records of three Milnesium species in Poland    7



Hall T.A. 1999. BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/98/NT. 
Nucleic Acids Symp. Ser. 41: 95-98.

Jakubski A. Opis fauny wrotków (Rotatoria) Powiatu Sokal-
skiego z uwzględnieniem gromad brzuchorzęsków (Gartro-
prioga) i niesporczaków (Tardigrada) [Description of the fauna 
of rotifers of the Sokal District, with the remarks on Gastrotricha 
and Tardigrada]. Wiadom. Mus. Dzieduszyckich. Lwów 1915 
1: 1-166. (In Polish).

Kaczmarek Ł., Kosicki J., Roszkowska M. 2018. Tardigrada of 
Bory Tucholskie National Park, Zaborski Landscape Park, 
and their surroundings (Pomerania Province, Poland). Turk. 
J. Zool. 42: 6-17. https://doi.org/10.3906/zoo-1705-44

Kayastha P., Szydło W., Mioduchowska M., Kaczmarek Ł. 
2023. Morphological and genetic variability in cosmopolitan 
tardigrade species – Paramacrobiotus fairbanksi Schill, 
Förster, Dandekar & Wolf, 2010. Sci. Rep. 13: 17672.   
https://doi.org/10.1038/s41598-023-42653-6

Kosztyła P., Stec D., Morek W., Gąsiorek P., Zawierucha K., 
Michno K., Ufir K., Małek D., Hlebowicz K., Laska A., 
Dudziak M., Frohme M., Prokop Z.M., Kaczmarek Ł., Michal-
czyk Ł. 2016. Experimental taxonomy confirms the environ-
mental stability of morphometric traits in a taxonomically 
challenging group of microinvertebrates. Zool. J. Linn. Soc. 
178: 765-775. https://doi.org/10.1111/zoj.12409

Larsson A. 2014. AliView: a fast and lightweight alignment 
viewer and editor for large datasets. Bioinformatics 30: 3276-
3278.  https://doi.org/10.1093/bioinformatics/btu531

McCarthy T., delBarco-Trillo J. 2020. Tardigrade abundance in 
relation to urbanisation and highly anthropogenic substrates. 
J. Urban Ecol. 6: juaa008.  https://doi.org/10.1093/jue/juaa008

Meyer H.A., Hinton J.G., Dupré M.C. 2013. Milnesium 
lagniappe, a new species of water bear (Tardigrada, Eutardi-
grada, Apochela, Milnesiidae) from the southern United States. 
West. N. Am. Nat. 73: 295-301.   
https://doi.org/10.3398/064.073.0305

Michalczyk Ł., Wełnicz W., Frohme M., Kaczmarek, Ł. 2012. 
Redescriptions of three Milnesium Doyère, 1840 taxa 
(Tardigrada: Eutardigrada: Milnesiidae), including the nomi-
nal species for the genus. Zootaxa 3154: 1-20.   
https://doi.org/10.11646/zootaxa.3154.1.1

Morek W., Stec D., Gąsiorek P., Schill R.O., Kaczmarek Ł., 
Michalczyk Ł. 2016. An experimental test of eutardigrade 
preparation methods for light microscopy. Zool. J. Linn. Soc. 
178: 785-793. https://doi.org/10.1111/zoj.12457

Morek W., Stec D., Gąsiorek P., Surmacz B., Michalczyk Ł. 
2019a. Milnesium tardigradum Doyère, 1840: The first inte-
grative study of interpopulation variability in a tardigrade spe-
cies. J. Zool. Syst. Evol. Res. 57: 1-23.   
https://doi.org/10.1111/jzs.12233

References

Altschul S.F., Gish W., Miller W., Myers E.W., Lipman D.J. 
1990. Basic local alignment search tool. J. Mol. Biol. 215: 
403-410. https://doi.org/10.1016/S0022-2836(05)80360-2

Astrin J., Stüben P. 2008. Phylogeny in cryptic weevils: Mole-
cules, morphology and new genera of western Palaearctic 
Cryptorhynchinae (Coleoptera: Curculionidae). Invertebr. 
Syst. 22: 503-522. https://doi.org/10.1071/IS07057

Baas-Becking L.G.M. 1934. Geobiologie of inleiding tot de mi-
lieukunde. WP Van Stockum & Zoon NV. Netherlands. Pp. 263.

Bartylak T., Kayastha P., Polishchuk A., Roszkowska M., Bar-
tylak M.M., Rutkowski T., Zacharyasiewicz M., Kaczmarek Ł. 
2024. Terrestrial Tardigrada (Water Bears) of the Słowiński 
National Park (Northern Poland). Diversity 16: 239.   
https://doi.org/10.3390/d16040239

Casquet J., Thebaud C., Gillespie R.G. 2012. Chelex without 
boiling, a rapid and easy technique to obtain stable amplifiable 
DNA from small amounts of ethanol-stored spiders. Mol. Ecol. 
Resour. 12: 136-141.   
https://doi.org/10.1111/j.1755-0998.2011.03073.x

Ciobanu D.A., Zawierucha K., Moglan I., Kaczmarek Ł. 2014. 
Milnesium berladnicorum sp. n. (Eutardigrada, Apochela, 
Milnesiidae), a new species of water bear from Romania. 
ZooKeys 429: 1-11. 10.3897/zookeys.429.7755

Dastych H. 1988. The Tardigrada of Poland. Monografie Fauny 
Polski. Polskie Wyd. Naukowe. Poland. Pp. 255.

Degma P., Guidetti R. 2024. Actual checklist of Tardigrada spe-
cies (2009-2024, 43rd Edition: 01-07-2024).  
https://dx.doi.org/10.25431/11380_1178608

Erdmann W., Kosicki J. Z., Kayastha P., Mioduchowska M., 
Kaczmarek Ł. 2024. An integrative description of Mesobiotus 
mandalori sp. nov. (Eutardigrada, Macrobiotoidea) from 
Poland. Eur. Zool. J. 91: 378-394.   
https://doi.org/10.1080/24750263.2024.2341884

Fick S.E., Hijmans R.J. 2017. WorldClim 2: new 1-km spatial 
resolution climate surfaces for global land areas.  Int. J. Clima-
tol. 37: 4302-4315. https://doi.org/10.1002/joc.5086

Guidetti R., Cesari M., Bertolani R., Altiero T., Rebecchi L. 
2019. High diversity in species, reproductive modes and distri-
bution within the Paramacrobiotus richtersi complex (Eutar-
digrada, Macrobiotidae). Zool. Lett. 5: 1-28.   
https://doi.org/10.1186/s40851-018-0113-z

Guil N., Guidetti R., Cesari M., Marchioro T., Rebecchi L., 
Machordom A. 2022. Molecular phylogenetics, speciation, 
and long distance dispersal in tardigrade evolution: a case study 
of the genus Milnesium. Mol. Phylogenet. Evol. 169: 107401. 
https://doi.org/10.1016/j.ympev.2022.107401

8           B. Surmacz, D. Stec 
 

https://doi.org/10.3906/zoo-1705-44
https://doi.org/10.1038/s41598-023-42653-6
https://doi.org/10.1111/zoj.12409
https://doi.org/10.1093/bioinformatics/btu531
https://doi.org/10.1093/jue/juaa008
https://doi.org/10.3398/064.073.0305
https://doi.org/10.11646/zootaxa.3154.1.1
https://doi.org/10.1111/zoj.12457
https://doi.org/10.1111/jzs.12233
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1071/IS07057
https://doi.org/10.3390/d16040239
https://doi.org/10.1111/j.1755-0998.2011.03073.x
https://doi.org/10.3897/zookeys.429.7755
https://dx.doi.org/10.25431/11380_1178608
https://doi.org/10.1080/24750263.2024.2341884
https://doi.org/10.1002/joc.5086
https://doi.org/10.1186/s40851-018-0113-z
https://doi.org/10.1016/j.ympev.2022.107401


of South Africa with notes on Minibiotus pentannulatus Lon-
doño et al., 2017 (Tardigrada: Macrobiotidae). Zool. Anz. 286: 
117-134. https://doi.org/10.1016/j.jcz.2020.03.007

Stec D., Smolak R., Kaczmarek Ł., Michalczyk Ł. 2015. An 
integrative description of Macrobiotus paulinae sp. nov. 
(Tardigrada: Eutardigrada: Macrobiotidae: hufelandi group) 
from Kenya. Zootaxa 4052: 501-526.   
https://doi.org/10.11646/zootaxa.4052.5.1

Sugiura K., Minato H., Matsumoto M., Suzuki A.C. 2020. 
Milnesium (Tardigrada: Apochela) in Japan: The first con-
firmed record of Milnesium tardigradum s.s. and descrip-
tion of Milnesium pacificum sp. nov. Zool. Sci. 37: 476-495.   
https://doi.org/10.2108/zs190154

Surmacz B., Morek W., Michalczyk Ł. 2019. What if multiple 
claw configurations are present in a sample? A case study with 
the description of Milnesium pseudotardigradum sp. nov. (Tar-
digrada) with unique developmental variability.  Zool. Stud. 
58: e32. https://doi.org/10.6620/ZS.2019.58-32

Tumanov D.V. 2006. Five new species of the genus Milnesium 
(Tardigrada, Eutardigrada, Milnesiidae). Zootaxa 1122: 1-23. 
https://doi.org/10.11646/zootaxa.1122.1.1

Tumanov D.V., Androsova E.D., Avdeeva G.S., Leontev A.A. 
2022. First faunistic investigation of semiterrestrial tardigrade 
fauna of North-West Russia using the method of DNA barcod-
ing.  Invertebr. Zool. 19: 452-474.   
https://dx.doi.org/10.15298/invertzool.19.4.08

Vuori T., Massa E., Calhim S., Vecchi M. 2020. Tardigrades of 
Finland: new records and an annotated checklist. Zootaxa 
4851: 477-521. https://doi.org/10.11646/zootaxa.4851.3.3

Yuan Z., Liu Q., Wang Y., Liu L., Chen Y., Li X. 2023. 
Milnesium guanyinensis sp. nov. (Eutardigrada: Apochela) 
from Yunnan, China. Zootaxa 5249: 378-392.   
https://doi.org/10.11646/zootaxa.5249.3.4

Morek W., Surmacz B., López-López A., Michalczyk Ł. 2021. 
“Everything is not everywhere”: Time-calibrated phylogeogra-
phy of the genus Milnesium (Tardigrada). Mol. Ecol. 30: 3590-
3609. https://doi.org/10.1111/mec.15951

Morek W., Suzuki A.C., Schill R.O., Georgiev D., Yankova M., 
Marley N.J., Michalczyk Ł. 2019b. Redescription of Milne-
sium alpigenum Ehrenberg, 1853 (Tardigrada: Apochela) and 
a description of Milnesium inceptum sp. nov., a tardigrade 
laboratory model. Zootaxa 4586: 35-64.   
https://doi.org/10.11646/zootaxa.4586.1.2

Nelson D.R., Fletcher R.A., Guidetti R., Roszkowska M., 
Grobys D., Kaczmarek Ł. 2020. Two new species of Tardigra-
da from moss cushions (Grimmia sp.) in a xerothermic habitat 
in northeast Tennessee (USA, North America), with the first 
identification of males in the genus Viridiscus. PeerJ 8: e10251. 
https://doi.org/10.7717/peerj.10251

Rocha A.M., Camarda D., Doma I., Ostertag B., González-
Reyes A., Pappalardo A.M., Lisi O. 2024. Macrobiotus olgae 
sp. nov.: a new urban, limno-terrestrial eutardigrade (Tardigrada, 
Macrobiotidae) from Argentina.  Org. Divers. Evol.   
https://doi.org/10.1007/s13127-024-00663-w

Rocha A.M., González-Reyes A.X., Ostertag B., Lisi O. 2022. 
The genus Milnesium (Eutardigrada, Apochela, Milnesiidae) 
in Argentina: description of three new species and key to the 
species of South America. Eur. J. Taxon. 822: 1-54.   
https://doi.org/10.5852/ejt.2022.822.1807

Roszkowska M., Bartels P.J., Gołdyn B., Ciobanu D.A., Fon-
toura P., Michalczyk Ł., Nelson D.R., Ostrowska M., Moreno-
Talamantes A., Kaczmarek Ł. 2016. Is the gut content of 
Milnesium (Eutardigrada) related to buccal tube size?  Zool. J. 
Linn. Soc. 178: 794-803. https://doi.org/10.1111/zoj.12459

Stec D., Kristensen R.M., Michalczyk Ł. 2020. An integrative 
description of Minibiotus ioculator sp. nov. from the Republic 

    New records of three Milnesium species in Poland    9
  

https://doi.org/10.1016/j.jcz.2020.03.007
https://doi.org/10.11646/zootaxa.4052.5.1
https://doi.org/10.2108/zs190154
https://doi.org/10.6620/ZS.2019.58-32
https://doi.org/10.11646/zootaxa.1122.1.1
https://dx.doi.org/10.15298/invertzool.19.4.08
https://doi.org/10.11646/zootaxa.4851.3.3
https://doi.org/10.11646/zootaxa.5249.3.4
https://doi.org/10.1111/mec.15951
https://doi.org/10.7717/peerj.10251
https://doi.org/10.1007/s13127-024-00663-w
https://doi.org/10.5852/ejt.2022.822.1807
https://doi.org/10.1111/zoj.12459

