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Abstract 
 
Tardigrades can handle extreme conditions such as heat, cold and drought, thanks to a 
process called cryptobiosis which can be found in a limited amount of taxa on Earth. More 
knowledge about such animals may help us to understand the potential and limitations of life 
both on Earth and possibly in space. Such knowledge may also help develop novel, useful 
applications for the society, such as better storage of sensitive medicine. However, our 
knowledge about tardigrades is limited. We know little about their distribution and diversity, 
especially in Sweden, and above all in northern Sweden. The aim of this study was threefold; 
i) to explore the biogeography of the tardigrades based on molecular data; ii) to screen for 
tardigrades in Umeå by examining moss samples from different locations;  and iii) to explore 
some of the associates of tardigrades in moss (such as bacteria and micro- and meiofauna).  
 
The biogeography was explored by collecting all published ribosomal gene sequences (the 
small subunit 18S rRNA) from the Silva gene database. These sequences were used for 
plotting the locations from which these gene sequences had been retrieved on a world map 
and the correlation between gene sequence, country and biotope was examined.  
 
The tardigrade groups most sequenced are Macrobiotus, Ramazottius and Echiniscus, and 
the milieu most studied seems to be different types of soil. Other investigated isolation 
sources are drinking water, cryconite and church walls. However, much remains to be 
further explored. For example, the world map showed that the only molecular data on 
Swedish tardigrades have been retrieved from Öland.  
 
In the lab, tardigrades were found in some of the moss samples, together with other micro- 
and meiofauna. Three groups of bacteria (Betaproteobacteria, Gammaproteobacteria and 
Firmicutes) could be identified in one of the investigated mosses. These results suggest that 
tardigrades live in a diverse environment with different types of organisms both on the 
microbial as well as on the micro-meio-fauna level.  

 
Keywords: Tardigrada, biogeography, molecular diversity, bryophytes, ribosomal gene 
sequences.  
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1 Introduction 
 
1.1 Background 
 
Why are tardigrades so exciting? For one thing they indicate that life may exist in other 
conditions or worlds different from the normal world we are used to. This has been a long 
debate since the classical antiquity during which, about 300 years b.c. Epikuros wrote in one 
of his letters to Herodotos that the universe could very well be filled with worlds where alien 
life is a possibility. In the fifteenth century Nicholas of Cusa, a philosopher, said that the 
world we live in, is only one of many different worlds in space. About a hundred years later 
an Italian friar, Giordano Bruno agreed. They both argued that there are other Earthlike 
worlds out there, populated with life similar, or even better than ours (Siegfried 2016). 
However, these were all based on speculations and not on biological observations. It was not 
until the discovery of extremophilic bacteria in extreme hostile environments in the 20th 
century, that the possibility of life in other so far inhabitable parts of the universe became 
imaginable from a  biological point of view. However, tardigrades were in fact discovered 
before these extremophilic bacteria, but it was not until later that their extremophilic traits 
were discovered (Bordenstein 2017).  
 
The Italian biologist, Lazzaro Spallanzani, was first to give them the name Tardigrada which 
means “slow stepper” in 1776. Tardigrades are also known as water bears or moss piglets in 
English referring to their similarity of bears. They are up to 1 millimeter and have four pairs 
of legs, with four to eight claws at the end of each leg. Research has shown so far that 
tardigrades reproduce asexually via parthogenesis and/or sexually. Some tardigrade species 
are herbivores, others carnivores and some even cannibalistic. The tardigrade may also 
become prey to amoeba nematodes and even other tardigrades. They can be found in almost 
any habitat in the world (Bordenstein 2017). 
 
The last decades of research has shown that tardigrades are extremely interesting 
polyextremophilic organisms which can tolerate several extreme conditions such as cold, 
heat, radiation, vacuum and drought. More knowledge about these organisms, with high 
tolerance for extreme environments, helps us to understand the limitations and potential of 
life, both on Earth and possibly also in space. They can tolerate extreme temperatures 
(between -200 ℃ and +148.9 ℃) and withstand other extreme environments, such as boiling 
liquids and massive pressure (six times the pressure of the deepest part of the ocean) 
(Bradford, 2017). A study published in Current Biology in 2008 found that some species of 
tardigrades can even survive 10 days at low Earth orbit - while being exposed to vacuum and 
radiation from space (Jönsson et al. 2008). 
 
So far all tardigrades are considered aquatic in their active state, since they need water 
around them for gas exchange and to avoid drying out (Bordenstein 2017). Humans can 
survive without water for about 100 hours, whilst tardigrades, in their resting tun state, can 
go decades without any water (Boothby, 2017). The metabolism of tardigrades amongst other 
organisms, such as some species within the Archaea, Bacteria, brine shrimp cysts and some 
plants, is not restricted by the presence of water because of a process called cryptobiosis, 
meaning that the tardigrades can enter an ametabolic state and thus survive extreme 
conditions such as drought (Boothby, 2017). Principally there are five different types of 
cryptobiosis. Some organisms can only use some of these, but the tardigrade can use all. To 
do this, tardigrades can enter a so called tun state, where they curl up into a ball and will 
remain so until water may return. They start to synthesize special molecules which fill their 
cells to replace lost water by forming a matrix. The parts of the cells that are sensitive to 
drought, such as DNA, proteins and membrane, get trapped in this matrix. Once the 
tardigrade is hydrated the matrix dissolves and the cells get out of drought without any 
damage (Boothby, 2017). Such traits can be extremely useful , in learning more about the 
processes of life and death, and in applied sciences in order to develop better methods to 
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store donated blood or sensitive medical compounds for longer periods of time (Boothby, 
2017).  
 

1.2. Taxonomy and biodiversity of tardigrades 
 
Tardigrades belong to the domain Eukarya and belong to the same clade as other animals 
with a bilateral symmetry, the Bilateria. The Bilateria contains 25 different undergroups.  
One of them is chordata, to which Homo sapiens belongs, and another one is Tardigrada. In 
1929 the Tardigrada was split into two classes; Eutardigrada and Heterotardigrada. 
Eutardigrada means “true” tardigrades. They have claws, buccopharyngeal apparatus and a 
cuticle structure (functions as their “skin”) which may have different textures. 
Heterotardigrada means “other” tardigrades which are similar to Eutardigrada except that 
they are also equipped with an armor of dorsal plates. In 1937 a third class was introduced, 
called Mesotardigrada, meaning “middle” tardigrades but there was only one observation of 
such. It got the name Thermozodium esakii. Because of that it is discussed whether the third 
class should be removed (Romano 2003).  
 
This classification of tardigrades was purely based on classical biological methods. Later, 
with the development of molecular biology, it became possible to explore the ribosomal gene 
of different species systematically to use it for reconstruction of phylogenetic trees.With the 
help of molecular biology it has become obvious that there are big gaps between the results 
obtained with classical biological methods and molecular biological methods.  

 
Even though tardigrades are well known organisms our knowledge about them is far from 
complete. Although classical biological methods have clearly shown that tardigrades can be 
found almost everywhere, our knowledge about their molecular diversity and distribution is 
less explored. Today about 1100 species of tardigrades have been described but the estimated 
number of species is around 5400 or more (Bartels et al. 2016). In Sweden so far around 101 
species have been observed, mostly in the southern parts of the country (Guidetti et al. 
2015), thus, there is great potential for novel discoveries of both new species as well as to 
expand our knowledge about cryptobiosis. 

 
1.3. Aim of the study 
 
This study has three aims: One is to explore the biogeography and biodiversity based on 
molecular data (the small subunit gene in the ribosome, the 18S rRNA) from the Silva 
database by creating a world map of all so far retrieved molecular data of this gene. These 
data will then be further evaluated with regard to taxonomical distribution and explored 
habitats. The second aim of the study is to screen for tardigrades in some mosses from the 
Umeå region on different locations and try and make a comparison between findings. The 
third aim is to explore other biological components of the moss environment by identifying 
which type of bacteria and other micro- and meiofauna that share the same habitat as the 
tardigrades.  

 
2 Methods 
 
2.1 Plotting and evaluating molecular data 
 
Ribosomal gene sequences were retrieved from the Silva database which contains curated 
ribosomal gene sequence data (https://www.arb-silva.de/). It is being frequently updated 
and contains roughly aligned small (16S/18S, SSU) and large (23S/28S, LSU) subunit 
ribosomal rRNA sequences from Bacteria, Archaea and Eukarya. In this study the small 
subunits (SSU, 18S rRNA for tardigrates (eukaryotes in general) were used from the database 
version Silva 128. The total amount of tardigrade SSU gene sequences at this time was 1291, 
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however only 558 of these contained adequate geographical information. From each of these 
558 gene sequences, the coordinates for the findings were found by searching in each article 
to find the place where the samples were collected in the text. Some authors had typed the 
coordinates in their paper, others only location and in those cases coordinates were found 
manually after which they were all plotted on a map using mymaps 
(www.google.se/mymaps).  
 
All sequenced data were evaluated with regard to their taxonomy, phylogeny and ecosystem, 
and attempts to correlate these data to the map were made. For this, data summarized in an 
excel file with all gene sequence data from the Silva database and a phylogenetic tree from a 
former thesis work at EMG (Niki Andersson, 2017) were used. An extract of this tree 
containing only the data of gene sequences with known geographical information was made 
using the bioinformatics software package arb (http://www.arb-home.de/).  
 

2.2 Sampling of tardigrades 
 
It was decided to collect different types of bryophyte (moss) to explore whether tardigrades 
could be found there. A moss sample from eight locations in Umeå were chosen and are 
summarized in table 1.  A sample of moss from the same location in Tomteboskogen had also 
been collected on 30th of September 2014 and kept in an airtight jar until the present date. It 
was decided that for curiosity’s sake this sample would be checked as well.  
 
Table 1. Location and coordinates of sampling of bryophytes. Most of the samples were collected in spring 2017. 

Sampling location  Coordinates 
Tomteboskogen* 63049’4.775 N, 20021’21.34 E 
Renforsens Naturreservat 64012’40.805 N, 19042’23.132 E 
Tavelsjöberget 6401’23.522 N, 2001’1.755 E 
Umeälvens delta 63074’36.31 N, 2001’1.755 E 
Holmsjön 63045’32.968 N, 20034’59.93 E 
Grössjöns naturreservat 63078’46.85 N, 20034’69.37 E 
Gimonässpåren 63079’19.5 N, 20031’61.51 E 
Kinabron, Nydalasjön 63082’77.71 N, 20033’43.31 
 
The moss samples were later placed in separate containers in water, for a minimum of an 
hour up to twentyfour hours to give the tardigrades and other fauna the chance to become 
more active and to release them from attached places. After the apropiate amount of time the 
samples were shaken (figure 1) out into beakers where the water volume was measured 
(figure 2). 1 ml of water was pipetted from each beaker three times and investigated by a 
stereo microscope in search for tardigrades, and other small animals, in order to obtain a 
better view of the natural habitat and the associates of the tardigrade (e.g. micro- and macro-
fauna). All data are summarized in table 3, showing location, type of moss species and main 
groups of observed micro/meio-fauna.  
 
 
 

http://www.google.se/mymaps
http://www.arb-home.de/
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Figure 1. Homemade separation devices where the 
moss had been placed in water.  

Figure 2. Water shaken out from the four moss 
samples. 

 
2.3 Bacteria 
  
Enrichment of bacteria was made from the moss sample from Tomteboskogen, sampled 9th 
of April 2017. The enrichment was done by diluting moss water and spreading this on agar 
plates. The purpose of this was to explore what kind of bacteria (and if possible how many) 
live in the habitat of the tardigrades. The dilution series was done by putting a small sample 
of the moss in one test tube. This was mixed with a shaker and then 1 ml was transferred into 
the next test tube, shaken and then again transferred and so on for seven dilutions. Two 
different kinds of agar media were used, one called TSA 10% and one called TSA 100%. TSA 
stands for Tryptic Soy Agar (DSMZ, 2011). The difference between these two is that in TSA 
10% there is 4 grams of the tryptic soy agar per litre, meaning poor in nutrition, whilst the 
other contains 40 grams per litre, therefore being nutrition rich. These two different TSA 
consentrations were chosen so that bacteria could grow in one nutrition poor condition 
similar to the environment and in one nutrition rich condition used in laboratories. The 
inoculation from the dilution media was done with the help of sterile glass beads. A small 
amount (100 mikroliter) of each dilution was pipetted on to an agar plate and then spread 
using the glass beads.  After this the glass beads were removed. The inoculated agar plates 
were then incubated at room temperature. After ten days the agar plates were checked for 
bacterial growth with a stereomicroscope and described.  A selection (8 colonies, based on 
different colours and shapes) of the bacteria were reinoculated onto new agar plates.   
 
At first, the colonies were evaluated by a light microscope, to find out wether they were 
moving and what shapes they had. A Gram test (the quick version) was done to see whether 
they are Gram negative or Gram positive. This test was done by taking some biomass from 
bacteria with a sterile wooden toothpick and mixing it with 3% KOH and observing whether 
it becomes stringy and viscose or if it stays fluid (Sutton 2006). In general, string means 
Gram negative and no string means Gram positive. According to the results of the quick 
Gram test based on KOH,  fixations of the bacteria were done, in order to enable a molecular 
based identification of the different bacteria through fluorescence in situ hybridization 
(FISH). For the Gram positive bacteria an ethanol fixation was used and for the Gram 
negative bacteria a PFA-fixation was made (Lee 2013a).  FISH was done as described in Lee, 
2013b.  The following gene probes were used: Bet42a for beta proteobacteria (labeled with 
the red Cy3 fluorescent dye), Gam42a for gamma proteobacteria (labeled with the green 
Fluos fluorescent dye), and for the identification of the Firmicutes a combination of the the 
EUB 338 for the domain Bacteria (labeled with the green Fluos fluorescent dye), and the 
Actinobacteria HGC69a probe (labeled with the red Cy3 fluorescent dye) was used. After this 
analysis was made with help from an Axio vision fluorescence microscope. A glycerol fixation 
was made as a backup of all cells according to the protocol (Lee 2013c). 



5 
 

 

3 Results 

 
3.1 Global molecular diversity of tardigrades 

 
The total Silva gene database 128 contains 5581103 ribosomal gene sequences from all three 
domains total; Bacteria, Eukarya and Archaea. The tardigrade represent only a small 
amount of all sequenced ribosomal DNA, 1291 sequences of 5581103 in total (table 2). Thus, 
the tardigrades constitute only 3,1 % of the whole eukaryote domain, and only 0,023% of the 
whole database of all three domains.  
 
Table 2. Data from Silva database showing the number of gene sequences on different taxonomic levels. 

Taxonomic level Amount of ribosomal gene sequences 
All three domains 5581103 
The domain Eukarya 421053 
Opisthokonta 242987 
Holozoa 117103 
Metazoa 115035 
Eumetazoa 113659 
Bilateria 10900 
Tardigrada 1291 

 
Coordinates for the molecular tardigrade findings were found by checking every article for 
either coordinates or at least the name of a place where the samples had been taken. 
Thereafter they were plotted on a map in google called mymaps. This resulted in 69 different 
dots on the map (table 1 in appendix 2), since many of the samples were duplicates from the 
same location. The dots on the map are divided into; tardigrada, uncultured eucaryote, 
uncultured metazoan, uncultured fungus and uncultured bacterium. 
 
The map (figure 4) has 69 plotted dots of which 50 green, represent the tardigrades. The rest 
of the samples which are depicted with other colors may represent either novel tardigrade 
species, associates or artefacts. Yellow dots are uncultured eukaryote, blue are uncultured 
bacteria and purple uncultured metazoa. All in all 26 out of 193 countries (13,4 % of all 
countries in the world) have been marked. Some examples of distributions and correlations 
to different tardigrade species: 

• In Antarctica 30 plotted dots are all showing the tardigrade species Acutuncus 
antarcticus, and another 47 dots in Antarctica are plotted to Macrobiotus sp.  

• 237 plotted dots are marked as Tardigrada environmental sample which means that 
they are definitely tardigrades but no further attempts to identify their species were 
done (or could not be done), of those 71 dots are placed in USA, Colorado and South 
Carolina, whilst the rest 166 are all in Scotland.  

• 14 of the plotted dots are placed in Spain, in Sierra de Guadarrama and are all named 
Echiniscus blumi.  

• In Sweden, Öland, five gene sequences, from the species Richtersius coronifer, 
Antechiniscus lateromamillatus, Bryodelphax parvulus, Echiniscus spiniger and 
Parechiniscus chitorides, have been produced by Jorgensen and Mobjerg (2011). 
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Figure 4. Map of the world with the so far retrieved SSU gene sequences of tardigrades. The content of the 
information shown is explained in the text above and in table 2. 

 

One of the sequences has been wrongly identified in a previous study as a bacterium (with 
the accession number KU653614) but phylogenetic analysis in this study suggest that it is 
rather affiliated to tardigrades, namely Thulinius (see the red arrow in figure 6).  

Interestingly, a large part of the data (454 sequences) are categorized as uncultured, this 
simply means that a tardigrade gene sequence was found in a mass of other organic matter 
such as soil or moss, in contrast to the category of  cultured specimens with proper latin 
names which are true isolates, and thus better defined. The uncultured sequences are shown 
in yellow on the map. All these uncultured sequences do actually belong to the tardigrades, 
as can be shown in figure below. Some of these cluster to clades with cultivated tardigrades 
(green dots in figure 6), others probably form novel taxa (yellow squares in figure 6). This 
shows the benefits of molecular analyses as novel species can be detected without the need to 
cultivate the organisms. 
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Figure 6. The green round dots contains both cultivated and uncultivated sequences. The yellow squares only 
contains cultivated sequences and could possibly be a novel species. The red arrow is for the uncultured 
bacterium. 
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What is also interesting is the different habitats tardigrades have been collected from in the 
examined articles; e.g. glacier soil, church walls and refuse dumps. But only 810 out of 1291 
have bothered to record the habitat where the tardigrade was found and only 13% of the 
authors investigated tardigrades on bryophytes, which in this stud was the chosen isolation 
source. 

3.2 Tardigrade findings 
 
The sample from Tavelsjöberget contained on average 1,333 tardigrades per ml (standard 
deviation (sd) 0,473). The new moss from Tomteboskogen contained 1 tardigrade per ml (sd 
0,666) and Renforsen contained 0,3 tardigrades per ml (sd 0,473). The fourth sample, which 
had been kept in an airtight jar for almost three years did not contain any tardigrades in the 
3 ml examined, but it had some nematodes and flagellates. The Sphagnum moss which was 
collected at the wettest places, curiously enough did not contain any tardigrades, as far as the 
method used goes.  

 
Figure 7. Small tardigrade seen under stereo microscope, left of centre. 4 x magnification. Picture taken with a 
cellphone camera through the lens.  
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Table 3. Counted findings in moss from different locations, where the average is counted from taking 1 ml of moss 
water from each sample three times and counting by using stereo microscope. sd=standard deviation.  

Moss/location/coordinates Tardigrades Rotifers Flagellates Ciliates Nematodes     

Pleurozium/Tavelsjöberget 1,3 (sd 0,473) 1 2 5 5,3     

Ptilium/Tomteboskogen 1 (sd 0,6) 1 1 4,6 2,3     

Pleurozium/Renforsen 0,3 (sd 0,473) 2,3 3,6 10,6 -     

Drepanocladus/Tomteboskogen - 3,3 1,3 - 3,3     

Sphagnum/Umeälvens delta - 2 2,3 7 5,6     

Sphagnum/Holmsjön - 13,3 5,3 13,3 6,6     

Sphagnum/Grössjön - 1,6 0,6 1 2,6     

Sphagnum/Gimonässpåren - 4 0,6 0,6 12,6     

Sphagnum/Kinabron - 11,6 0,3 - 20,0     

All observed tardigrades belonged tentatively to Eutardigrada.  

3.3 Bacterial results 
 
Agar plates were inoculated with moss water from a dilution series in order to explore if and 
what kind of bacteria may exist in association with tardigrades. Different types of colony 
morphologies could be observed and were described and counted manually (table 4).  
 
Table 4. Depicting growth of colonies in different dilutions. Where not noted colony was circular and slightly 
raised. 
Dilution 

Media 
1 2 3 4 5 6 7 

10 % 
TSA 

54 light 
coloured 
colonies 
 
15 yellow 
colonies 

27 light 
coloured 
colonies 

12 yellow 
colonies 

7 orange 
colonies 

7 light 
coloured 
colonies 

1 yellow 
colony 

19 
orange 
colonies 

1 orange 
colony 

6 yellow 
colonies 

- - - 

100% 
TSA 

37 light 
coloured 
colonies 

31 light 
coloured 
colonies 

1 orange 
colony 

5 light 
coloured 
colonies 

1 yellow 
colony 

2 light 
coloured 
irregular 
colonies 

1 orange 
colony 

- - 
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Several kinds of bacteria with different morphology were obtained as shown in table 4. Seven 
of these colonies, as different in morphology as possible, were picked for further detailed 
studies (figure 8).  
 

 
Figure 8. Inoculated NA 10% and 100% with seven different picked colonies. Four colonies from the TSA 10% 
dilutions series 3.Two colonies from the TSA 100% dilution series 2.One TSA 100%  from the dilution series 4. 

Out of the seven chosen colonies they were all Gram negative exept of number 6. The results 

after performing FISH - fluorescence in situ hybridisation, showed that 

Gammaproteobacteria (figure 9) were dominating (7 out of 7 G- samples belonged to these), 

and some Betaproteobacteria were found in the Gram negative  samples (2 out of 7). 1 

sample out of 8 was instead Gram positive and with the help of FISH turned out to possibly 

belong to the phylum Firmicutes. As for their shape, all bacteria were very small and either 

coccus or coccobacillus, upon looking in light microscope it was evident all were motile (table 

5). 

 

 
Table 5. Bacteria isolated from moss (Ptilium cristacastrensis), collected from Tomteboskogen. 

Sample  Shape Motile Gram 
KOH 

Isoleringsmedium 
100/10 

Identification based on gene 
probes and FISH  

1 coccobacillus yes - NA 100% Gammaproteobacteria 

2 bacillus, rods yes - NA 100% Gammaproteobacteria 
Betaproteobacteria 

3 coccobacillus, 
short rods 

yes - NA 100% Gammaproteobacteria  
Betaproteobacteria 

4 coccobacillus yes - NA 100% Gammaproteobacteria  

5 coccobacillus yes - NA 10% Gammaproteobacteria 

6 coccobacillus yes + NA 10% Gammaproteobacteria, 
possibly Firmicutes 

7 coccus yes - NA 10% Gammaproteobacteria 
Betaproteobacteria 

8 coccus yes - NA 10%  Gammaproteobacteria 
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Figure 9. Bacteria identified with the method FISH, using the gene probe for Gram negative 
Gammaproteobacteria (in green).  
 

 

4 Discussion 

4.1 Map on the biogeography and biodiversity of molecular data of 
tardigrades 
 
Out of 1291 gene sequence data only 558 were usable due to lack of adequate geographical 
information. These 558 were scaled down to 69 different plottable observations, in which 
some contained 200 of the same species whilst other researchers only reported one 
observation. Asia, Africa, Australia have not gotten any attention regarding tardigrade 
research, based on the usable data. The dots are also not showing all observations done so 
far, only specifically the molecular data of the tardigrades, since these findings are based on 
genetics and not classical biology. As seen, there are no findings in e.g. Russia, but when 
searching on the Web of Science, there are findings in Russia as well, but those findings are 
made using classical biology where the gene sequence has not yet been determined 
(Kaczmarek et al 2005). Again out of 1291 gene sequence data, not all had specified species. 
The superior group were Macrobiotus found in many different locations, for example in 
Alaska, France and Northern America to mention a few.  
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4.2 Screening of tardigrades and identificating of associates to 
tardigrades 
 
In the lab tardigrades were found in moss samples from three locations taken in 2017. The 
air tight jar from 2014 did not seem to have any tardigrade and neither did the Sphagnum 
bryophytes. That is not completely reliable since, only three ml of water in total was 
examined from that specific sample. Nematodes and Flagellates were moving around which 
makes it possible that other life forms could exist in that sample as well. Also note that the 
tardigrades could have been in the tun state. None of the samples contained more 
tardigrades than the others. In sample number one from Tavelsjöberget there were 1,3 
tardigrades per ml water,  whilst in the other samples it was either one tardigrade per ml 
water or 0,3. There were some differences in fauna constellation but in every sample 
generally the same groups of meiofauna could be found. The biggest difference was that 
sample number three from Renforsen did not contain any nematodes. This could maybe 
have something to do with the location but not the species of moss. The same species of moss 
was collected from Tavelsjöberget, Pleurozium schreberi, and that sample contained the 
most tardigrades per ml. It would have been more reliable if more than one moss sample was 
collected at each location. The five different Sphagnum mosses did not seem to contain any 
tardigrades, however the method can be questioned here. There is several different ways to 
collect tardigrades from bryophytes, but this method worked the three first tries and 
therefore nothing in the method was changed for the other moss samples. However, if the 
amount of tardigrades was much lower in this moss sample than in the other moss samples, 
then it is likely that the method used was not efficient enough to detect tardigrades. Thus, 
another more efficient method for catching tardigrades may have been better to use. Another 
theory which came up while discussing the results was that maybe the tardigrades do not 
enjoy low pH, which Sphagnum does.  
 
4.3 Bacteria 
 
The enrichment of bacteria from moss samples was successful. Different kinds of bacteria 
could be enriched. Eight of these were investigated in more detail. The data suggest that 
moss samples contain different species of bacteria, and that at least some of them belong to 
taxa which are often observed in the environment. The function of these bacteria and their 
role for the tardigrades is for the time being not known, more research is needed. 

 
4.4 Conclusions  
 
The results of this molecular biological gene study show that tardigrades inhabit many parts 
of the world. They were found in soil as well as in water and on high altitudes. Even 
though molecular data of tardigrades could not be found for certain geographical areas, this 
reflects rather the lack of molecular data since observations of tardigrades with classical 
methods have been done for at least some of these areas. Thus, it is evident that more 
molecular biological studies of tardigrades in different parts of the world are needed. This 
study also showed that a number of different micro- and meiofauna live in association with 
tardigrades in different species of moss. It would have been interesting to see what role the 
tardigrade play. I conclude that the findings are exciting. I belive in further research and that 
it will bring more exciting data to our search for the potential and the limitations of life.  
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6 Appendix  
 
Table i. Summary of molecular data from Silva database used for creating a biogeographical map of tardigrade 
findings. The raw data can be found in an excel data in appendix 1.  

Name  Country, coordinates Author 

Macrobiotus sp Antarctica; Cloudmaker -Adams B.J.; Wall D.H.; 
Lyons W. 2012 

Macrobiotus sp Antarctica; Mayer desert -Adams B.J.; Wall D.H.; 
Lyons W. 2012 

203 x Tardigrada 
environmental sample  

United Kingdom; Scotland, 
Ettrick 

Blaxter M.L.; Elsworth B.; 
Dau. 2004 

60 x Tardigrada 
environmental sample  

United Kingdom; Scotland, 
Edinburgh 

Blaxter M.L.; Elsworth B.; 
Dau. 2004 

27 x Acutuncus sp Antarctica Czechowski P.; Sands C.J.; 
Ada. 2012 

47 x Macrobiotus sp Antarctica Czechowski P.; Sands C.J.; 
Ada. 

2 x Hypsibius klebelsbergi Austria; 46°47.52 N 
11°00.41 E 

Dabert M.; Dastych H.; 
Dabert. 2013 

Apodibius confusus Germany; 51°36.19 N 
14°15.57 E 

Dabert M.; Dastych H.; 
Hohberg. 2013 

Hypsibius scabropygus Austria; 46°54.47 N 
11°00.32 E 

Dabert M.; Dastych H.; 
Hohberg. 2013 

14 x Echiniscus blumi Spain; Sierra de 
Guaderrama, 40°48.46 N 
3°56.58 W 

Guil N.; Giribet G. 2009 

Bertolanius nebulosus Greenland; Disco Island, 
69°45.0 N 53°40.00 W 

Jorgensen A.; Faurby S.; 
Hanse. 2009 

Dactylobiotus octavi Greenland; Disco Island, 
69°45.0 N 53°40.00 W 

Jorgensen A.; Faurby S.; 
Hanse. 2009 

Echiniscoides sigismundi Denmark; 55°56.0 N 11°51 E Jorgensen A.; Faurby S.; 
Hanse. 2009 

Echiniscus testudo Denmark; 55°56.0 N 11°51 E Jorgensen A.; Faurby S.; 
Hanse. 2009 

Macrobiotus hufelandi Greenland; Disco Island, 
69°45.0 N 53°40. 00 W 

Jorgensen A.; Faurby S.; 
Hanse. 2009 
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Murrayon pullari Greenland; Disco Island, 
69°45.0 N 53°40. 00 W 

Jorgensen A.; Faurby S.; 
Hanse. 2009 

2 x Orzeliscus sp Japan; Honshu, 33°42 N 
135°20 E 

Jorgensen A.; Faurby S.; 
Hanse. 2009 

Milnesium tardigradum Denmark; 55°56.0 N 11°51 E Jorgensen A.; Kristensen 
R.M. 2004 

Pseudechiniscus islandicus Faroe Islands; 62°00 N 
06°47 W 

Jorgensen A.; Kristensen 
R.M. 2004 

Ramazzottius oberhaeuseri Denmark; 55°56.0 N 11°51 E Jorgensen A.; Kristensen 
R.M. 2004 

Richtersius coronifer Sweden; Öland, 56°44 N 
16°40 E 

Jorgensen A.; Kristensen 
R.M. 2004 

Antechiniscus 
lateromamillatus 

Sweden; Öland, 56°44 N 
16°40 E 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Bryodelphax parvulus Sweden; Öland, 56°44 N 
16°40 E 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Cornechiniscus lobatus Egypt; Sinai, 29° 30.0 N 33° 
50.0 E 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Echiniscus bigranulatus Chile; Patagonia, 30°0.0 S 
71°0.0 W 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Echiniscus blumi Chile; Patagonia, 30°0.0 S 
71°0.0 W 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Echiniscus blumi Greenland; Disco Island, 
69°45.0 N 53°40.00 W 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Echiniscus spiniger Sweden; Öland, 56°44 N 
16°40 E 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Mopsechiniscus granulosus Chile; Angol, 37°48 S 72°43 
W 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Parechiniscus chitonides Sweden; Öland, 56°44 N 
16°40 E 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Proechiniscus hanneae Greenland; Disco Island, 
69°45.0 N 53°40.00 W 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Pseudechiniscus facettalis Greenland; Zackenberg, 
74°28.11 N 20°34.25 W 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Pseudechiniscus islandicus Iceland; Tingvalla, 64°15.29 
N 21°07.30 W 

Jorgensen A.; Mobjerg N.; 
Kris. 2011 

Testechiniscus Greenland; Disco Island, Jorgensen A.; Mobjerg N.; 
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spitsbergensis 69°45.0 N 53°40.00W Kris. 2011 

Acutuncus antarcticus East Antarctica; 69°00 S 
39°35 E 

Kagoshima H.; Imura S.; 
Suzuki. 2013 

Hypsibius klebelsbergi Austria; Oetztal Alps, 46°45 
N 10°55 E 

-Kiehl E.; Dastych H.; 
D'Haese. 2007 

Hypsibius scabropygus Austria; Oetztal Alps, 46°45 
N 10°55 E 

-Kiehl E.; Dastych H.; 
D'Haese. 2007 

Isohypsibius cambrensis Germany; Hamburg, 
53°33.55 N 10°00.05 E 

-Kiehl E.; Dastych H.; 
D'Haese. 2007 

Isohypsibius granulifer Germany; Henstedt-
Ulzburg, 53°47 N 10°0 E 

-Kiehl E.; Dastych H.; 
D'Haese. 2007 

Echiniscus sp USA; 38.5°N 92.5°W - Miller W.R.; Shively S.; 
Dillm. 2012 

Isohypsibius granulifer Denmark; Nivå, 55°56 N 
12°31 E 

Mobjerg N.; Jorgensen A.; 
Eiby 

Isohypsibius prosostomus Denmark; Nivå, 55°56 N 
12°31 E 

Mobjerg N.; Jorgensen A.; 
Eiby 

Parachela environmental 
sample 

Germany; 51°29.14 N 
12°42.12 E 

Pfannes K.R.; Langenbach 
K.M.; 

58 x Tardigrada 
environmental sample 

USA; Colorado, 40°03 N 
105°35 W 

Robeson M.S.II.; Costello 
E.K. 

9 x Tardigrada 
environmental sample 

USA; Sout Carolina, 34.5°N 
82°W 

Robeson M.S.II.; Costello 
E.K. 

Macrobiotus polonicus Poland; 52°16 N 16°47 E  Welnicz W.; Grohme M.; 
Kaczmar 

Milnesium tardigradum Germany; 48°31.12 N 
09°03.20 E 

Welnicz W.; Grohme M.; 
Kaczmar 

Tardigrada environmental 
sample 

Colombia; Bogota, 4°35.53 
N 74°4.33 W 

- 

Tardigrada environmental 
sample 

Colombia; Tabio, 4.91726° 
N 74.09364° W 

- 

Tardigrada environmental 
sample 

Colombia; Bogota, 4°35.53 
N 74°4.33 W 

- 

uncultured eukaryote Australia; 26°26.28 S 
114°20.58 E 

Allen M.A.; Goh F.; Burns 
B.P. 

uncultured eukaryote France; 44°43 N 1°15 W Bailly J.; Fraissinet-Tachet L 

2 x uncultured eukaryote USA; Alaska, 68°38 N Coolen M.J.; van de Giessen 
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149°34 W J. 

3 x uncultured eukaryote New Zealand; Auckland, 
36°50.25 S 174°44.24 E 

Dopheide A.; Lear G.; Stott 
R. 

3 x uncultured eukaryote USA; Calhoun Experimental 
Forest, 34.5 N 82 W 

Hamilton H.C.; Strickland 
M.S. 

uncultured eukaryote Japan; Hokkaido, 43°39 N 
142°51 E 

Kushida A.;  

uncultured eukaryote Belgium; 50°50 N 4°00 E Lehembre F.; Damon C.; 
Bailly  

uncultured eukaryote Slovenia; 46°07 N 14°49 E Mulec J.; Engel A.S. 

uncultured eukaryote Antarctica; Skarvsnes, 
69°28 S 39°34 E 

Nakai R.; Abe T.; Baba T.; 
Imu 

49 x uncultured eukaryote Papua New Guinea; 4°5 S 
153°39 E 

Rubelmann H.; Karlen D.J.; 
Gar 

2 x uncultured eukaryote USA; Alaska, 63°22.57N 
149°55.15 W 

Schmidt S.K.; Darcy J.L. 

6 x uncultured eukaryote Panama; Gamboa, 09°07 N 
79°42 W 

Scott J.J.; Lewin G.R.; Suen 
G 

uncultured eukaryote Canada; British Columbia, 
49°15 N 121°57W 

Winder R.S.; Lamarche J.; 
Cons 

uncultured eukaryote China; Xinjiang Province, 
43°48 N 87°35 E  

Zhang W.; Liu G.; Chen T. 

uncultured metazoan Ukraine; Chernobyl, 
51°16.20 N 30°13.27 E 

Ragon M.; Restoux G.; 
Moreira  

uncultured metazoan Germany; 51°16.48 N 
11°33.47 E 

Hallmann C.; Friedenberger 
H.; 

2 x uncultured metazoan Antarctica; 77°28 S 162°31 E Christner B.C.; Kvitko B.H.; 
R 

uncultured bacterium Luxembourg; 49°45 N 6°10 
E 

Calusinska M.; Goux X.; 
Fossep 

microbial mat metagenome USA; Lake Huron, 44.8°N 
82.4°W 

Voorhies A.A.; Dick G.J. 
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