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Abstract: The diversity, distribution and ecology of aquatic Tardigrada in Poland remain poorly known. We reviewed the 
literature focused on tardigrades in Poland and recognized only 15 aquatic taxa which were reported from various freshwater 
and marine habitats. Among them, 12 are freshwater and three are marine taxa. Hypsibius dujardini is Poland's most widely-
distributed hygrophilous species, but it represents rather a complex of cryptic species and their diagnosis requires integrative 
approaches. Most reports of aquatic tardigrades in Poland are accidental findings mostly from water bodies in Tatra Mountains
or from lakes in Masurian Lake District. Some species were also reported from small ponds or wastewater treatment plants in 
other regions like Małopolska or Wielkopolska Provinces. 
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Introduction 

Poland is a central European country extended 
between latitudes 49° and 55°N, and longitudes 
14° and 25°E. Entire country is located in a tem-
perate warm transitional climatic zone. Air 
masses from both the Atlantic Ocean and the Eur-
asian landmass crosses in Poland. The continental 
impact increases gradually from the west to the 
east. However, the climate is also dependent 
upon local factors such as land cover and relief, 
vegetation cover and the presence of water bod-
ies (Błażejczyk 2006). It has southern mountain-
ous regions along with lowlands within the North 
European Plain. The natural landscape consists of 
three reliefs: the lowlands, the highlands and the 
mountains. The eastern part of Poland exhibits 
traits similar to eastern Europe, but the rest of it is 
connected to western Europe via climate, struc-
ture, and vegetation. The lowlands overrule 
where the average elevation of the entire country 
is ca. 170 m asl, and more than three-fourths of 
the land lies below 200 m asl. Ice age glaciers' 
actions form Poland relief which preceded over 
the northern part during Pleistocene Epoch. This 
huge and monotonous stretch of Polish lowlands 
comprises geologically recent deposits that lie 
over a vast structural basin. Nonetheless, the 

southern part of Poland is much older and has 
more exposed geological formations. The moun-
tainous arc dominates the topography. 

Various structural basins separate the moun-
tain belt from the older structural mass. However, 
the northern part possesses swamps and dunes of 
the Baltic Sea coast (https://www.britan-
nica.com/ place/Poland/Land). In Poland, there 
are ca. 7000 lakes with a surface area of more 
than 1 hectare and they cover around 1% of the 
country's total area (Choiński 2006). These lakes 
have quite uneven distribution and most of them 
are located in the northern and central parts of the 
country within the limit of the last glaciation, 
forming several well-distinguished lake districts. 
At the same time, there are few groups of lakes 
situated outside of the strip of postglacial depos-
its (Kolada et al. 2005). Moreover, millions of 
smaller, permanent and temporary, ponds and 
puddles are distributed more or less regularly 
thoughtout Poland. Additionally, in Poland, there 
are ca. 1100 rivers and streams, among which 28 
longest rivers amount to a total length of 8984 
km. All these aquatic habitats are potentially suit-
able for aquatic tardigrades. 

Tardigrada, also known as water bears, is a 
phylum of micrometazoans with a size between 
50 and 1200 µm. They inhabit various aquatic 
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(freshwater and marine) and terrestrial environ-
ments (Nelson et al. 2015). Water bears can be 
found in mosses, lichens, soil, sediments, on 
aquatic plants. Currently, tardigrades are included 
into two classes, four orders, 32 families, 153 
genera, 1380 species and 30 subspecies (Guidetti 
and Bertolani 2005; Degma and Guidetti 2007; 
Degma et al. 2021). Marine ones reside in marine 
sediments and algae or are linked with larger in-
vertebrates. Marine heterotardigrades have a 
maximum body length of ca. 200 μm and are 
generally smaller than limno-terrestrial tardi-
grades (Bartels et al. 2020). Marine eutardigrades 
are rare and only four species are known i.e., Thu-
linius itoi (Tsurusaki 1980), Halobiotus arcturulius 
(Crisp and Kristensen 1983), Hab. crispae (Kristen-
sen 1982), and Hab. stenostomus (Richters, 1908) 
(Nelson et al. 2018). Freshwater habitats are gen-
erally lentic or lotic habitats where lotic includes 
flowing water like rivers, streams, cold and hot 
springs, and other permanent or intermittent 
bodies of water, and lentic are standing waters 
such as lakes, ponds, wetlands (including 
swamps and marshes), and temporary/ephem-
eral waterbodies, and in all of them, freshwater 
tardigrade species were reported (Nelson et al. 
2018). 

The ability of tardigrades to undergo cryptobi-
osis makes them quite unique in comparison to 
most of the other invertebrates (Keilin 1959). In 
an anhydrobiotic state, they are able to tolerate 
physical and chemical extremes (Rebecchi et al. 
2007). Due to its extraordinary ability of tolerance 
of various extreme conditions it has also been 
named the "toughest animals on the Earth" (Cop-
ley 1999). However, Ramazzotti and Maucci 
(1983) verified that strictly freshwater and marine 
species are mostly desiccation intolerant, how-
ever with some exceptions (Jørgensen et al. 2015; 
Hygum et al. 2016; Kuzmic et al. 2018; Sørensen-
Hygum et al. 2018; Kondo et al. 2019, 2020).  

Up to now, only a few aquatic tardigrade spe-
cies have been reported from Poland. The aim of 
this study is to review all the aquatic tardigrades 
found in the region, their diversity, and distribu-
tion. 

Material and methods 

All the data were obtained from published papers 
i.e. (Marcus 1936; Dastych 1970, 1972, 1980, 
1988; Mihelčič 1971; Hęciak 1976; Węglarska 
1959, 1987a, 1987b, 1989; Węglarska and Ko-
recka 1983; Hummon 1994; Kaczmarek and 
Michalczyk 2005; Kaczmarek et al. 2010a,b; 

Zawierucha 2011; Sobczyk et al. 2015; Zawie-
rucha et al. 2015; Jakubowska-Krępska et al. 
2019; Rost-Roszkowska et al. 2019; Janelt et al. 
2020). 

Actual species names are based on the actual 
checklist of Tardigrada species (Degma et al. 
2021). Generic abbreviations follow Perry et al. 
2019. 

Specimens deposited at the Department of 
Animal Taxonomy and Ecology, Institute of Envi-
ronmental Biology, Adam Mickiewicz University 
in Poznań, Uniwersytetu Poznańskiego 6, 61–614 
Poznań, Poland, were photographed under an 
Olympus BX41 Phase Contrast light Microscope 
(PCM) associated with Olympus SC50 digital 
camera (Olympus Corporation, Shinjuku-ku, Ja-
pan).  

All figures were assembled in Corel Photo-
Paint 2017. For deep structures that could not be 
fully focused in a single photograph, a series of 2–
10 images were taken every ca 0.5 μm and then 
assembled into a single deep-focus image manu-
ally in Corel Photo-Paint 2017. 

The geographic coordinates and altitudes are 
provided using different font formats depending 
on the data origin: 

– Original data, where provided, are in Roman 
and bold font. 

– When original coordinates were not sup-
plied, we have provided estimated data in italics. 
In order to estimate coordinates and/or altitude, 
we used Google Earth™ (ver. 7.3.2.5776) and the 
following rules: 

– where a general locality, administrative unit, 
or specified location was provided (e.g., building, 
city, valley, province, mountain, or mountain 
range), the collection site was approximated to 
the center of the smallest viable unit (assisted by 
an additional data, e.g., altitude); 

– for samples collected from or near a 
river/stream, the mid-point of the river/stream 
was chosen with consideration to additional data 
(e.g., altitude, region, or district). 

Results and conclusions 

Aquatic tardigrades in Poland were studied only 
occasionally and are very poorly known. Up to 
now, only 15 tardigrade taxa have been reported, 
including three marine and twelve freshwater 
species (Fig.1). Detailed information on the spe-
cies, their localities, and distribution are pre-
sented in Table 1. In comparison almost 100 ter-
restrial tardigrade species have been reported 
from  Poland  (Kaczmarek 2008; Kaczmarek et al. 
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Fig. 1. Localities of Batillipes sp. (1), Batillipes mirus (2), Batillipes noerrevangi (3), Bertolanius weglarskae (4), Dactylobiotus 
ambiguous (5), Dactylobiotus dispar (6), Dactylobiotus parthenogeneticus (7), Diphascon higginsi (8), Grevenius granulifer (9), 
Grevenius pushkini (10), Hypsibius dujardini (11), Murrayon pullari (12), Pseudobiotus Megalonyx (13), Pseudobiotus kathmanae 
(14) and Thulinius ruffoi (15) in Poland 
 

 

 
 

 
←  Fig. 2. A – Batillipes mirus, adult (PCM); B – Batillipes 
noerrevangi, adult (PCM). Scale bars in micrometres [μm]. 
Source : Zawierucha et al. (2015) 
 

 
Fig. 3. A – Hypsibius dujardini, adult (PCM); B – Murrayon 
pullari, adult (PCM). Scale bars in micrometres [μm] 
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Table 1. Aquatic species and their localities in Poland 

No Species Name Localities and citations Substrate Remarks 

Marine 

1 
Batillipes sp. 
Pollock 1970 

Międzyzdroje, (Wolin National Park),  Poland, just east of the 
mouth of the Oder River in the Baltic Sea 53°56'N, 14°27'E; 0 m 
b.s.l. (Hummon 1994) 

Littoral sands 
Doubtful record (see Results and Discussion 

section for more details) 

2 
Batillipes mirus (Fig. 2A) 
Richters 1909 

Puck Bay, sublittoral area near Gdynia 54°57'N, 18°56'E; depth 
0.5 m 
The outer part – east of Jastarnia 54°41′18.62″N, 18°41′0.69″E; 
depth 1.5 m (Zawierucha et al. 2015) 

Non vegetated 
seabed 

This is the third most commonly reported  
marine tardigrade, and it has been reported 

mainly from the northern hemisphere  
(Kaczmarek et al. 2015a) 

3 
Batillipes noerrevangi 
(Fig. 2B) Kristensen, 1978 

Gdynia: 54°29'58''N, 18°34'78''E; depth 0.5 m 
Jastarnia: 54°41′18.62″N, 18°41′0.69″E; depth 1.5 m 
Jastarnia: 54°41′24.36″N, 18°41′7.44″E; depth 1.5 m 
Jastarnia: 54°41′24.55″N, 18° 41′7.71″E; depth 1.5 m  
Jastarnia: 54°42′37″N, 18°54′07″E; depth 1.5 m 
Ryw Mew: 54°42′13.53″N, 18°32′26.69″E; depth 3 m 
Ryw Mew: 54°41′42,95″N, 18°31′54.85″E; depth 3 m 
 (Zawierucha et al. 2015) 

Non vegetated 
seabed and  
vegetated  
seabed 

Species known from intertidal localities  
with low water salinity (4-20‰) in the Baltic 
and North Sea (Kaczmarek et al. 2015a; 

Zawierucha et al. 2015). 

Freshwater 

4 
Bertolanius weglarskae  
(Dastych, 1972) 

Tatra Mts., Pyszniański brook: 49°14'N, 19°51'E; 1100 m a.s.l. 
Sucha Woda brook: 49°16'N, 20°01'E; 1350 m a.s.l. (Dastych 
1972, 1988) 

Mosses 
 in brook 

Species known from Holarctic localities, 
mostly Arctic and northern alpine  
environments (McInnes 1994). 

5 
Dactylobiotus ambiguous 
(Murray 1907a) 

Tatra Mts., near Podskalnia Polanka, Sucha Woda brook: 
49°17'N, 20°03'E; 1020 m a.s.l. (Dastych 1988) 

Mosses 
 in brook 

A Palaearctic or high latitude Holarctic  
species 

 (McInnes 1994; Kaczmarek et al. 2015b). 

6 
Dactylobiotus dispar 
(Murray 1907b) 

Mikołajskie Lake: 53°48'N, 21°34'E; 100 m a.s.l. 
Tałtowisko Lake: 53°53'N, 21°34'E; 100 m a.s.l. 
Bełdany Lake: 53°43'N, 21°34'E; 100 m a.s.l. 
Czos Lake: 53°52'N, 21°19'E; 150 m a.s.l. 
Warsaw: 52°23'N, 21°01'E 100 m a.s.l. 
Tatra Mts., Wielka Siklawa waterfall: 49°13'N, 20°03'E;           
1530 m a.s.l.; 
Botanic Garden of the Jagiellonian University, pond: 50°04'N, 
19°57'E; 200 m a.s.l. (Dastych 1980, 1988; Węglarska 1987a, 
1989) 

Freshwater 
sediments and 
floating leaves 

Mostly Holarctic distribution (McInnes 1994), 
however, it can be a species complex  

(McInnes 1994; Kaczmarek et al. 2016) 

7 
Dactylobiotus partheno-
geneticus (Bertolani 1982) 

Botanic Garden of the Jagiellonian University, Kraków, Poland, 
pond: 50°03′45″N, 19°57′27″E; 200 m a.s.l. 

Sediment  
samples 

(Pogwizd and Stec 2020) 

8 
Diphascon higginsi (Binda 
1971) 

Botanical Garden, Kopernika 27, Kraków Poland, pond: 
50°03'44''N, 19°57'26''E, 205 m a.s.l.  

Rotting leaves  
in a pond 

(Kosztyła et al. 2016) 

9 
Grevenius granulifer 
(Thulin 1928) 

Biskupiec Pomorski: 53°48'N, 19°38'E  
Mikołajskie Lake: 53°48'N, 21°34'E; 100 m a.s.l. 
Białki: 52°13'N, 22°29'E; 400 m a.s.l. 
Kraków: 50°06'N, 19°94'E; 200 m a.s.l. 
Dobczyce: 49°90'N, 20°08'E; 0 m a.s.l. 
Botanic Garden of the Jagiellonian University, pond: 50°04'N, 
19°57'E; 200 m a.s.l. (Węglarska 1959, 1987b; Węglarska and 
Korecka 1983; Dastych 1988) 

Collected in 
peatbog, wet 
mosses from 

stumps or rotten 
branches  

in the ponds 

Holarctic species (McInnes 1994),  
but this is probably a species complex. 

10 
Grevenius pushkini 
(Tumanov 2003) 

near Brzeźno, temporary pond: 52°29'25''N, 16°36'04''E;        
100 m a.s.l. 
near Góra, temporary pond: 52°29'02''N, 16°37'05''E;              
100 m a.s.l. (Kaczmarek et al. 2010b) 
50°03044″N, 19°57026″E, 205 m a.s.l. 
Botanical Garden, Kopernika 27, Kraków Poland 

Decaying plants 
floating in water,  

rotting leaves 
 in a pond 

Reported only from Poland and Russia  
(Tumanov 2003; Kaczmarek et al. 2010b, 

Kosztyła et al. 2016) 

11 
Hypsibius dujardini      
(Fig. 3A) (Doyère 1840) 

Mikołajskie Lake: 53°48'N, 21°34'E; 100 m a.s.l.; Gołdapiwo 
Lake: 54°06'N, 21°56'E; 100 m a.s.l. ; Białki, pond 52°08'N, 
22°18'E; 150 m a.s.l. 
Karkonoski National Park, Łomniczka Waterfall, 50°44'N, 15°43'E; 
980 m a.s.l., 1150m a.s.l.; Złoty Potok, spring: 50°41'N, 19°24'E; 
655 m a.s.l.; Nature reserve “Wąwóz Homole”, stream: 49°24'N, 
20°32'E; 500 m a.s.l.; Many localities in Tatra Mountains stre-
ams, near Podskalnia Polanka, Sucha Woda brook: 49°17'N, 
20°03'E; 1020 m a.s.l., Wielka Siklawa waterfall: 49°13'N, 
20°03'E; 1530 m a.s.l. The Grabia River, near the road to Zielę-
cice, opposite the farm 51°57'N, 19°07'E; 185 m a.s.l. (Węglarska 
1959; Dastych 1980, 1988; Zawierucha 2011) 

Collected from 
wet stones or/and 

plants in the  
water or on the 

bank of  
rivers or lakes 

It was reported in Poland not only in freshwa-
ter habitats. However, at present this species 
is considered as group of species and pres-
ence and distribution of this species in Po-

land need a verification. For more details see 
Results and Discussion section. 
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continued of the Table 1 

No Species Name Localities and citations Substrate Remarks 

 Freshwater 

12 
Murrayon pullari (Fig. 3B) 
(Murray 1907a) 

Gorzów Wielkopolski: 52°44'N, 15°14'E; 0 m a.s.l. (Marcus 
1936) 

No data Holarctic species (McInnes 1994) 

13 
Pseudobiotus megalonyx  
(Thulin 1928) 

Mikołajskie Lake: 53°48'N, 21°34'E; 100 m a.s.l.  
Warsaw: 52°23'N, 21°01'E 100 m a.s.l. 
Kraków: 50°06'N, 19°94'E; 200 m a.s.l. (Węglarska 1959;  
Dastych 1988) 

Sediments  
and aquatic  
vegetation 

Palaearctic species (McInnes 1994),  
but with lot of taxonomic confusions  

(Kaczmarek et al. 2015b, 2017). 

14 
Pseudobiotus kathmanae 
(Nelson, Marley and Ber-
tolani 1999) 

Mikołajskie Lake: 53°48'N, 21°34'E; 100 m a.s.l. 
Tałtowisko Lake: 53°53'N, 21°34'E; 100 m a.s.l. 
Probarskie Lake: 53°49'N, 21°23'E; 150 m a.s.l. 
Głęboczek Lake: 52°63'N, 15°85'E; 52 m a.s.l. 
Kraków: 50°06'N, 19°94'E; 200 m a.s.l. (Węglarska 1959;         
Mihelčič 1971; Dastych 1988) 

Various  
freshwater  
samples 

Reported from Poland as Psb. augusti  
(Murray 1907c), Hypsibius augusti  
or Hypsibius (Isohypsibius) augusti.  

The taxonomy of this species was confused 
with Thu. augusti (see Nelson et al. 1999; 

Bertolani et al. 1999). Psb. kathmanae  
has been reported from North America and It-
aly (Bertolani et al. 1999; Nelson et al. 1999), 

but other reports need to be  
verified. 

15 
Thulinius ruffoi (Fig. 4A-C) 
(Bertolani 1982) 

Zelków, wastewater treatment plant (WTP): 50°09'52''N, 
19°48'26''E; 350 m a.s.l. 
Meteoryt Morasko Nature Reserve, small ponds: 52°29'N, 
16°54'E; 100 m a.s.l. 
Koziegłowy, wastewater treatment plant: 52.4534°N, 16.9804°E; 
50 m a.s.l.; A small pond in Okup Mały (Grabia Valley) 51°59'N, 
19°06'E; 185 m a.s.l. (Kaczmarek and Michalczyk 2005;        
Sobczyk et al. 2015; Jakubowska-Krępska et al. 2018; Rost-
Roszkowska et al. 2019; Janelt et al. 2020; Zawierucha 2011) 

Decaying leaves 
and waste water 
treatment plant 

sediments,  
the leafs of  

Nymphaea alba 

Holarctic species (McInnes 1994;  
Kaczmarek et al. 2010a) 

2010; Zawierucha et al. 2015; Gąsiorek et al. 
2016; Nowak and Stec 2017, 2018; Stec et al. 
2017; Gąsiorek and Degma 2018; Kaczmarek et 
al. 2018; Bryndová et al. 2020) and new for Po-
land and new for science terrestrial tardigrades 
are described regularly. This is clearly visible that 
aquatic tardigrades are much less studied and, as 
a result, underestimated. 

Only three marine taxa were confirmed from 
the Polish part of the Baltic Sea, i.e., Batillipes 
mirus (Fig. 2A) Richters 1909, Bat. noerrevangi 
(Fig. 2B) Kristensen 1978 (Zawierucha et al. 2015) 
and Batillipes sp. The presence of the third taxon 
of the genus Batillipes was initially reported as 
Bat. dicrocercus Pollock 1970 reported by Hum-
mon (1994) from the site close to Miedzyzdroje 
city, was questioned by Zawierucha et al. (2015). 
Two main reasons why the number of marine tar-
digrades reported in the Polish part of the Baltic 
Sea is low are (i) a small number of studies and (ii) 
low water salinity (Zawierucha et al. 2015). Baltic 
is a brackish ecosystem in some parts like Bothnia 
Bay water is almost pristine while near the straits 
of Denmark salinity is like in open Ocean. So, low 
Tardigrades biodiversity is due to a lack of studies 
rather than the low salinity, but further studies 
need to confirm this. 

In freshwater habitats of Poland, only 12 eutar-
digrade species were reported. They were found 
in natural and wastewater treatment plant sedi-
ments, decaying plants, and wet mosses in 

streams, rivers, lakes, and ponds. However, most 
of them were reported a long time ago, and their 
identification is uncertain e.g., Pseudobiotus meg-
alonyx (Thulin 1928) or Psb. kathmanae (Nelson et 
al. 1999). The other taxa like Hypsibius dujardini 
(Fig. 3A) (Doyére 1840) or Grevenius granulifer 
(Thulin 1928) are now considered species 
groups/complexes and nominal taxa in Poland 
need to be verified. 
 
 

 
Fig. 4. A – Thulinius ruffoi, adult (PCM); B – buccal apparatus 
(PCM); C – claws IV (PCM). Scale bars in micrometres [μm] 
  

Summarizing aquatic tardigrades in Poland are 
exceptionally poorly known in comparison to the 
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limno-terrestrial ones. Most of the reports are 
only accidental findings, and no systematic stud-
ies were conducted on aquatic tardigrades in Po-
land. Most of the species were reported from wa-
ter bodies in Tatra Mountains or from lakes in Ma-
surian Lake District. Some species are also re-
ported from small ponds or wastewater treatment 
plants in different regions like Małopolska or 
Wielkopolska Province and Central Poland. 
Aquatic tardigrades from the rivers and streams 
are almost completely unknown in Poland. All 
these data show that more comprehensive stud-
ies are necessary to understand and describe the 
diversity of Polish freshwater and marine tardi-
grades. 
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