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Tardigrader är mikroskopiska akvatiska evertebrater som är kända för sin förmåga att
överleva extrema förhållanden som uttorkning och frysning. Olika tardigradarter har
varierande förmåga att tolerera dessa extrema förhållanden. Det har föreslagits att limniska
tardigrader bör ha en lägre tolerans för uttorkning än limno-terrestra tardigrader. I den här
studien jämfördes den limno-terrestra arten Ramazzottius oberhaeuseri och den limniska arten
Hypsibius dujardini gällande deras tolerans för uttorkning och frysning. Resultaten visar att
det finns en skillnad i tolerans och att Ramazzottius oberhaeuseri har den bättre toleransen.
Abstract:

Tardigrades are microscopic aquatic invertebrates that are known for their ability to survive
extreme conditions. Different species of tardigrades tolerate extreme conditions to a varying
degree. It has been suggested that limnic tardigrades would have a lower tolerance to
desiccation compared to limno-terrestrial tardigrades. In this study limno-terrestrial species
Ramazzottius oberhaeuseri and the limnic species Hypsibius dujardini is compared in regard
to their tolerance to desiccation and freezing. The results show that there indeed is a
difference in the tolerance and that Ramazzottius oberhaeuseri show better tolerance.
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Introduction
Tardigrades are microscopic (ca. 0.2-1 mm body length) aquatic invertebrates found all over
the world in marine, limnic, and terrestrial ecosystems. The terrestrial species of tardigrades
live in mosses, lichens and leaf litter where they have to be surrounded by a film of water in
order to remain active (Keilin 1959).
The tardigrades belong to the phylum Tardigrada and within this clade they have evolved into
two main evolutionary lines, the classes Heterotardigrada and Eutardigrada. Today there are
about 1200 described species (Degma et al. 2015) but that is most likely only a small part of
the real number of tardigrade species in the world (Guidetti & Bertolani 2005; Møbjerg 2011).
Most of the undiscovered species can probably be found in marine environments where the
majority of tardigrade species are most likely to have evolved.
Tardigrades are relatively complex micrometazoans with a brain, sensory and reproductive
organs. They have the ability to carry out osmoregulation and have a complex feeding and
alimentary system (Møbjerg 2011).
The tardigrades have been shown to have an exceptional ability to survive extreme conditions.
Apart from surviving complete desiccation, freezing and radiation (Møbjerg 2011; Jönsson et
al. 2005) they are the only animal that have been able to survive the combined exposure to
radiation and vacuum in space (Jönsson et al. 2008). The tardigrades survived these extreme
conditions by entering a state of cryptobiosis, a form of ametabolic state where an organism
remains alive even though all metabolic processes of life are arrested (Keilin 1959).
Cryptobiosis can be induced by a number of extreme environmental conditions, mainly
desiccation (anhydrobiosis), freezing (cryobiosis), oxygen deficiency (anoxybiosis) and
osmotic stress (osmobiosis), (Møbjerg 2011).
The first recorded discovery of cryptobiosis, in the form of desiccation, is from 1702 and was
made by van Leeuwenhoek who revived desiccated rotifers (Keilin 1959). Cryptobiosis in the
form of desiccation tolerance is more common in plants and lichens than it is in animals.
Among the animals that can survive complete desiccation none are over the size of 5 mm in
length, and the majority are smaller than that (Alpert 2006). Only a few animal groups can
survive severe desiccation, most would immediately die if their cells were to dry out. Apart
from tardigrades the other main groups of animals that can survive cryptobiosis, are rotifers
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and nematodes. There is only one place in the world were desiccation tolerant animals may
outnumber the desiccation sensitive, the Dry Valleys of Antarctica (Treonis & Wall 2005;
Alpert 2006). A possible reason why desiccation tolerance is not more common could be the
trade-off between growth/reproduction and desiccation tolerance (Alpert 2006).
The most studied form of cryptobiosis in
tardigrades is anhydrobiosis/desiccation. In
order to survive desiccation the tardigrades
take a shape known as a “tun”, where the
animal contracts the body and decreases its
surface area with about 50%, though it
varies between species (Fig. 1) (Wright
Figure 1. SEM picture of a desiccated tardigrade in tun
formation (Jönsson & Järnemo 2003).

1989). The tun formation is connected to the
metabolic processes and the tardigrades are

incapable of forming tuns in anoxic conditions. The reason for the tun formation is to reduce
the tardigrades surface area and thereby reducing the transpiration area while also covering
the areas with the most evaporation, the cuticles connecting the external segment (Wright
1989). The need to decrease the surface area may explain why larger animals are not able to
cope with the physical strain of desiccation. A skeleton, internal or external, would prevent
the ability to contract the body and reduce the surface area which is required in order to
properly adapt to desiccated conditions (Alpert 2006).
During anhydrobiosis the animals’ metabolism is halted. For metabolism to work cell
membranes and enzymes have to be surrounded by water. The water is needed to maintain the
structure in the cell macromolecules as well as the membranes. When the water is removed
the organelles would in most species disintegrate (Alpert 2006). Most organisms would
immediately die if their cellular water content became below 20%. A desiccation tolerant
organism on the other hand can survive a water content level of 10% or lower (Tweddle et al.
2003; Alpert 2006). When a tardigrade enters anhydrobiosis it loses up to 95% of its free and
bound water making the water content of the tardigrade 5% (Westh & Ramløv 1991; Ramløv
& Westh 2001). This means that the desiccation tolerant cells have to have the ability to both
stop and resume metabolism, which takes a lot of energy (Alpert 2006). Long term
anhydrobiosis may have a negative effect on the viability of the tardigrades through oxidation.
Oxidation in the cells will destroy the DNA and the molecular organisation, causing the
animal to die (Clegg 1967; Örstan 1998). To protect the cells during anhydrobiosis
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tardigrades appear to use a combination of proteins and sugar (Reuner 2010). Trehalose is a
sugar that has been found in many desiccation tolerant species and may have a role in
desiccation tolerance. While trehalose is believed to play a role in tardigrades desiccation
tolerance not all tardigrade species have the sugar and among those who have it not all species
increase their levels of trehalose during desiccation (Hengherr et al. 2007; Jönsson & Persson
2010; Cesari et al. 2012). While the role of trehalose is not completely understood there are a
few theories. The most popular one is that the trehalose takes on the role of the desiccated
water for membrane structure (Jönsson & Persson 2010).
The size of the tardigrade storage cells (coelomocytes representing the circulation system of
these animals) appear to play a vital role in desiccation tolerance, larger storage cells
compared to the animals size indicates higher ability to survive desiccation (Jönsson &
Rebecchi 2002). The size of the tardigrade has also been shown to have an effect on its ability
to survive desiccation. Larger tardigrades appear to have a lower viability rate than smaller
ones, this seems to be due to the comparative size between the animal and their storage cells
(Jönsson & Rebecchi 2002). There are also some contradicting data regarding size and
viability rate among tardigrades and it was shown that viability rate increased with body size
in small and medium sized tardigrades but declines with larger tardigrades (Jönsson &
Rebecchi 2002). The largest tardigrades within a species are also the oldest ones, and the
lower viability rate recorded after desiccation in larger tardigrades could potentially be an
expression of aging. It is not only adult animals that can withstand desiccation conditions.
Studies made with tardigrade eggs showed that eggs belonging to R. oberhaeuseri could hatch
after up to nine years of desiccation (Guidetti & Jönsson 2002). In general the eggs show a
better viability rate compared to the adult animals and can revive after a longer period of time
(Rebecchi et al 2006).
Cryobiosis is less studied than anhydrobiosis in tardigrades and is a form of cryptobiosis
entered due to freezing temperatures. Much like anhydrobiosis, cryobiosis affects the
tardigrades through lack of accessible water. It is believed that there could be a connection
between the ability to tolerate anhydrobiosis and the ability to tolerate other forms of extreme
conditions such as freezing temperatures (Rebecchi et al. 2007). According to freezing
protocols developed by Gabriel et al. (2007), estimated viability for H. dujardini when frozen
slowly to -80°C in a sealed Styrofoam box is about 50%. A lower tolerance for freezing was
reported by Bertolani et al. (2004) where the viability rate seen in H. dujardini after freezing
in -80°C was about 20% and the same viability for R. oberhaeuseri was about 90%.
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The rate at which the tardigrades are desiccated (influenced by the relative humidity at which
desiccation occurs) seems to play a role in how well they survive the desiccation (Jönsson et
al. 2001; Wright 2001). Another factor that appear to affect the viability rate is if the
tardigrades are desiccated in groups. A group will have a smaller surface area, something that
would lead to a slower desiccation, which in turn could be a reason for higher viability rate
(Ivarsson & Jönsson 2004). A fast desiccation could have a negative effect if the
reorganization of physiology and organs were negatively affected during tun formation. The
fast desiccation and tun formation could then affect the ability to produce sugars and stress
proteins needed to survive desiccation (Wright 2001).
Studies have mostly been performed between different species but a few studies have also
been performed between populations of the same species to test the hypothesis that habitat
conditions are a factor for desiccation adaptations (Jönsson et al 2001; Horikawa & Higashi
2004). In the study performed by Jönsson et al. (2001) who conducted their study on R.
coronifer and R. oberhaeuseri from Italy and Sweden, no intra specific differences could be
found and both populations showed the same tolerance to desiccation. However, in the study
by Horikawa & Higashi (2004) who used M. tardigradum and other geographic areas
(Indonesia and Japan) there was a difference in the adaptation to desiccation. The differences
there were believed to be due to the differences in natural habitats for the two populations. In
the areas with lower relative humidity and lower temperature, Japan, the adaptation to
desiccation was higher (Horikawa & Higashi 2004). Physiological adaptations play an
important role of tardigrade species’ ability to tolerate desiccation, and possibly also freezing.
The ability to reduce surface area in particular seem to be an important factor (Wright 1989).
It has been shown in rotifers that there could be a connection between being fully aquatic and
having a reduced ability to survive desiccation (Ricci 1998; Alpert 2006).
A significant difference in the viability rates after desiccation between tardigrades of different
species has been found in several studies (Wright 1989; Bertolani et al. 2004; Rebecchi et al.
2006, 2007). The different viability rates are believed to be related to adaptations related to
the geographic areas and external conditions the tardigrade species is exposed to (Wright
1991). Earlier studies show that there is a difference in the viability rate between limnic
species and limno-terrestrial species of tardigrades exposed to conditions causing them to
enter cryptobiosis, with a lower viability rate among freshwater species (Wright 1989;
Bertolani et al. 2004).

4

Objectives
In this study the limnic tardigrade species Hypsibius dujardini was compared to the limnoterrestrial species Ramazzottius oberhaeuseri with the aim to see if there is a difference in
their tolerance to desiccation and freezing. The hypothesis is that the limnic tardigrade H.
dujardini will have a generally lower tolerance to desiccation and freezing compared to the
limno-terrestrial tardigrade R. oberhaeuseri since it is not assumed to be adapted to conditions
where desiccation or freezing tolerance is important. The hypophysis is based on the
assumption that desiccation and freezing will trigger the same cryptobiosis response in the
tardigrades as both relates to a lack of accessible water. The hypothesis predicts that faster
desiccation and freezing rate, either through exposure to a lower relative humidity or
temperature, or by desiccating single animals (as opposed to group desiccation), will have a
more negative effect on H. dujardini.

Material and methods
Species
Ramazzottius oberhaeuseri is a limno-terrestrial tardigrade. The normal habitat is sun-exposed
mosses and lichens, were desiccating conditions are common (Ramazzotti & Maucci 1983).
The species was first described by Louis Michel François Doyère in 1840 (Doyère 1840).
This species can grow to a length of up to 500 µm and has a red-brown colour (Fig. 2). When
exposed to an alkali environment the pigments can turn from red to a vibrant violet
(Ramazzotti & Maucci 1983). R. oberhaeuseri is very good at tun formation and creates one
of the tightest foldings observed (Rebecchi 2007). Previous studies on the desiccation
tolerance in R. oberhaeuseri show a high tolerance for desiccation (Wright 1989).
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100 µm

Figure 2. Ramazzottius oberhaeuseri. Photo taken in light microscopy. Dorsal view with the
tardigrades head facing towards the right in the picture. Photo: Sanna Jamell.

Hypsibius dujardini was also first described by Louis Michel François Doyère in 1840
(Doyère 1840) and it too has a body length up to 500 µm (Fig. 3). The species is primarily
limnic but can in some cases live in wet mosses and lichens (Ramazzotti & Maucci 1983). H.
dujardini has shown a good ability for cryobiosis and has survived at -80°C for over six years
(Rebecchi 2007). H. dujardini appears to be one of the species that form the least tight tun
(Rebecchi 2007), and they have one of the smallest identified genomes of all animals (Gabriel
et al. 2007).

50 µm

Figure 3. Hypsibius dujardini. Photo taken in light microscopy. Dorsal view with head facing towards
the right and with eyes and stomach content visible. Photo: Sanna Jamell.
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Even though the two species can reach the same size, in this study specimens of H. dujardini
were on average smaller.

Extraction of tardigrades
R. oberhaeuseri were collected from mosses of a house
roof in Karlshamn, Sweden. All collected moss samples
were used within a month after collection and were kept
stored at -18°C. R. oberhaeuseri was extracted from the
collected moss samples using the Baermann funnel
method (Sohlenius 1979). The moss was taken from the
freezer and left at room temperature for a few hours in
order for the moss to thaw. The Baermann funnel consists
of a funnel with an Eppendorf tube attached to the bottom
for collection of animals (Fig. 4). At the top of the funnel
there was a net placed to keep the moss at the top of the

Figure 4. Baermann funnel. Photo:
Sanna Jamell.

funnel and preventing substrate material from falling down into the Eppendorf tube. For a
cleaner sample a piece of toilet paper was additionally placed on top of the net, the small size
of the tardigrades allows them to pass through the
paper while most of the moss pieces stay at the top.
The moss was placed in the funnels upside down to
cover the surface of the nets without stacking moss
in layers, and the funnel was then filled with
distilled water so that the moss was covered (Fig.
5). The funnels were left for 12 hours before the
Eppendorf tube at the end of the funnel was
removed and emptied onto a Petri dish and distilled
water was added to cover the bottom of the petri
dish. After remaining particles were removed from
the sample and the tardigrades were separated from
other organisms in the samples, consisting mainly
Figure 5. Schematic image of the Bearmann
funnel procedure (1).

of nematodes, living tardigrades were grouped and
transferred to the desiccation medium by a Pasteur
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pipette and an insect needle. The amount of tardigrades per sample varied from a few dozen to
a few hundred. The animals extracted and used were primarily of medium to large size.
Specimens of H. dujardini were obtained from a laboratory culture in Petri dishes fed with
Chlorella algae. Insect needles along with a Pasteur pipette was used to transfer living
tardigrades from the Petri dish to the desiccation medium. The chosen tardigrades were the
larger specimens in the cultures.

Desiccation and freezing protocols
The experiment was carried out at room temperature using different relative humidities
achieved through the use of a desiccator with salt solutions. Three different desiccation
methods were used in the study: Desiccation in Eppendorf tubes, desiccation on microscope
slides, and desiccation on paper (both filter and lens paper). In addition, freezing was
performed on paper at two different temperatures. The different methods of desiccation were
used in order to study if viability rates differed between the methods and conditions created
through these methods, and if the two species show different patterns of viability with respect
to the methods.

Group desiccation in Eppendorf tubes
The first desiccation trial was executed with the animals desiccated in groups of ten. A
previous study indicated that there could be a positive effect on viability rate of tardigrades if
they are allowed to desiccate in groups, slowing the rate in which they are dehydrated
(Ivarsson & Jönsson 2004). The desiccation was performed in 1.5 ml Eppendorf tubes. The
animals were transferred from the Petri dish into the tubes in groups of ten using a Pasteur
pipette and were carefully moved to the central tip of the tube in order for the tardigrades to
desiccate in a group (Fig. 6). As much water as possible was then removed with the pipette
and remaining water was carefully drawn up using thin strips of filter paper until only a small
droplet surrounded the animal cluster. The Eppendorf tubes were then placed into desiccators
providing four different relative humidity (RH) levels, 0%, 33%, 65% and 90%, and left for
24 hours. Five replicate samples per RH were used.
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Figure 6. Desiccation in groups in Eppendorf tubes. 10 tardigrades were placed in four Eppendorf
tubes, one for each relative humidity of 0%, 33%, 65% and 90%. All of the tests were performed with
five replicates (2).

These humidity conditions were created by salt solutions of KOH (0%), MgCl2 (33%),
NaNO2 (65%) and KNO3 (90%) (Fig. 7). Obtained relative humidity was monitored by a hair
hygrometer (Lambrecht GmbH, Göttingen, Germany; accuracy 2.5% RH). To keep the
Eppendorf tubes upright in the desiccator they were placed in multiwells. After 24 hours the
test tubes were removed from the desiccators and a few drops of distilled water was added to
the tubes to rehydrate the animals.

Figure 7. Four desiccators were used. To set and maintain the desired relative humidities four different
salts were added to the bottom of the desiccators. KOH (0%), MgCl2 (33%), NaNO2 (65%) and KNO3
(90%). The same four relative humidities were used for all three desiccation methods (3).

Desiccation on microscope slides
In the second method of desiccation the tardigrades were allowed to desiccate individually on
microscope slides. The animals were taken one at a time in a drop of water from the Petri
dish. Five specimens of tardigrades were placed separated from each other on a microscope
slide, one microscope slide were used for each of the species (Fig.8).
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Excess water was removed from the edge of the
droplet to make it as small as possible around the
tardigrade before it was placed in the desiccators
with relative humidities of 0%, 33%, 65% and 90%.
Figure 8. One tardigrade was added in a
drop of water for desiccation. In total five
tardigrades were added to the microscope
slide to give five replicates (4).

After 24 hours the microscope slides was carefully
removed and distilled water was again added to the
five tardigrades on the microscope slides in order to
rehydrate them.

Desiccation on paper
The third type of desiccation technique used was executed on two different types of papers: a
thicker and more structured filter paper and a less structured and thin lens paper. The papers
were cut into circles to fit into the bottom of a multiwell. Ten-twenty animals were added with
a Pasteur pipette to the well on top of the paper (Fig. 9). After about half an hour, to let the
tardigrades settle into the paper, excess water was carefully removed from the well with the
pipette placed at the edge of the paper and the multiwells were then placed in the desiccators
for 24 hours, 48 hours or 72 hours. These desiccation times were used in order to determine if
viability depends on time exposed to the desiccation
conditions. All combinations of relative humidity and
time left in the desiccators were performed with five
replicates. After the desiccation period the multiwells
were removed from the desiccators and rehydrated. The
well with the dried paper was filled about three quarters
with water and left for an hour. The paper was then
turned over and placed upside down in the well and again
covered with water and then left for another 23 hours,
bringing the total rehydration time to 24 hours, before the
paper was removed and the retrieved animals in the well

Figure 9. Desiccation on paper
was performed in multiwells on
both filter and lens paper with
five replicates for each relative
humidity and paper type (5).

counted.
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Freezing on paper
The method used to test the tardigrades’ tolerance to freezing was similar to the technique
used to dehydrate on paper. Filter and lens paper were cut into circles and placed at the
bottom of multiwells. The tardigrades were added to the wells. Five replicates per species and
temperature were used. The excess water was carefully removed after about half an hour from
the multiwells, and samples were then placed in freezers at two temperatures, -18°C and
-80°C, for 24 hours before they were removed and water was added to the wells in order to
thaw and rehydrate the tardigrades. The well was filled to about three quarters with water and
left for about an hour before the paper was turned over and left for another twenty-three hours
before the paper was removed and the viable animals counted.

Viability count
For the tardigrades desiccated in test tubes and on microscope slides the viability rate after
desiccation was counted every fifteen minutes for the first hour and then again after another
two hours. This was done to gain information about how fast the tardigrades became active
after the anhydrobiotic state. The number of viable animals were counted after a total of three
hours for desiccation in Eppendorf tubes and on microscope slides, and after 24 hours from
rehydration for desiccation on paper. To determine viability the criterium used was
continuous controlled leg movement of the animal.

Statistics
The statistical tests were made in SPSS. Kruskal-Wallis test was performed to determine
differences between the different test groups. A non-parametric test was used due to uneven
distribution of the data.
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Results
Desiccation performed in Eppendorf tubes.
R. oberhaeuseri
After three hours of rehydration 52% of the tardigrades dehydrated at 0% RH had revived,
74% of those at 33% RH, 84% had revived at 65% relative humidity and 43% had revived at
90% RH. A majority of R. oberhaeuseri survived desiccation for 24 hours with the highest
viability rate at 65% RH (Fig. 10).

Ramazottius oberhaeuseri
100%
90%

Percenatage viable

80%
70%
60%

15 min

50%

30 min

40%

45 min
60 min

30%

180 min

20%
10%
0%
0%

33%

65%

90%

Relative humidity

Figure 10: Mean (SD) proportion of viable tardigrades after exposure to desiccation in Eppendorf
tubes at four different relative humidities (RH) counted at 15, 30, 45, 60 and 180 minutes after
rehydration. The estimates were based on 5 replicate samples, each with 10 animals.

H. dujardini
Viability 3 hours from rehydration after desiccation at 0% RH was 12%, and at 33% RH it
was 4% (Fig. 11). There were no surviving tardigrades after 3 hours at 65% RH. No statistical
analysis was made due to many zero-values in the data.
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Hypsibius dujardini
100%

90%

Percentage vialble

80%

70%
60%

15 min

50%

30 min

40%

45 min
60 min

30%

180 min

20%

10%
0%
0%

33%

65%

90%

Relative humidity

Figure 11: Mean (SD) proportion of viable tardigrades after exposure to desiccation in Eppendorf
tubes at four different relative humidities (RH) counted at 15, 30, 45, 60 and 180 minutes after
rehydration. The estimates were based on 5 replicate samples, for 0% RH, 33% and 65% RH 10
animals were used. For 90% more replicates were perforemd and the total amont of tardigrades
desiccated amounted to 130.

Desiccation performed on microscope slides
For individually desiccated tardigrades the viability rate was lower for both species compared
to desiccation in groups. Out of the five replicates there was only one tardigrade that survived
at 65% and 90% relative humidity respectively in R. oberhaeuseri, amounting to 20%
viability rate (Fig. 12). In H. dujardini no revived tardigrades were detected at any relative
humidity.

13

Ramazzottius oberhaeuseri
100%
90%

Percentage viable

80%
70%
60%

15 min

50%

30 min

40%

45 min

60 min

30%

180 min

20%
10%
0%
0%

33%

65%

90%

Realitve humidity

Figure 12: Viability count of individual R. oberhaeuseri exposed to different relative humidities on
microscope slides counted at 15, 30, 45, 60 and 180 minutes after rehydration.

Desiccation performed on filter and lens paper
R. oberhaeuseri
The viability rate in the tests performed on paper varied. However the tests showed a
generally higher viability rate after a longer desiccation time in R. oberhaeuseri (Tab. 1), with
viability rates of 100% found at both 48 hours and 72 hours of desiccation. The biggest
difference between revival rates depending on time was at 33% RH where the viability was
14% after 24 hours of desiccation and 100% after 48 hours. There were no significant
differences, when tested with Kruskal-Wallis test (χ2=1.2, df=3, P=0.750) in viabilities
depending on relative humidity.
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Table 1: The mean number of R. oberhaeuseri retrieved and found viable, and percentage viability
after desiccation on lens and filter paper at relative humidity of 0%, 33%, 65% and 90%. Mean values
are based on five replicates, and in each replicate 10-20 animals were originally desiccated. Mean
retrieved values based on the total amount of tardigrades found in the wells after rehydration.
Ramazzottius oberhaeuseri
24 hours

48 hours

Mean
Retri-

72 hours

Mean

Mean

Mean Mean

SD

Retri-

Mean

Mean

SD

Retri-

Mean

Mean

SD

ved

Viable

+-

eved

Viable

%

+-

eved

Viable

%

+-

0%

4.0

2.4

59.4% 26.5

5.4

5.4

100.0%

0.0

33%

4.8

0.6

14.5% 15.4

4.8

4.8

100.0%

0.0

65%

2.2

1.6

56.6%

45.9

7.8

7.2

91.9%

7.6

90%

3.6

1.2

48.1%

41.9

6.0

5.8

97.8%

4.4

65%

3,8

2.6

71.4%

17.0

5.2

5.2

10.0%

0.0

90%

4,0

2.6

73.3%

22.7

5.0

4.8

96.6%

6.7

%

Filter
paper

Lens
paper

H. dujardini
In H. dujardini there seems to be a higher viability rate for tardigrades desiccated on filter
paper compared to those desiccated on lens paper at 65% RH (Tab. 2). Viability at 0% RH
was very low regardless of desiccation time. The highest viability rate at 0% RH was 5% after
desiccation for 24 hours. The best viability rate was found at 90% RH, where after a
desiccation period of 48 hours 94% of the retrieved animals were viable. Leaving the animals
to desiccate for 72 hours at 90% RH brought the viability rate down to 84%.
For H. dujardini there was a significant overall difference in the viability depending on the
relative humidity (χ2=16.01, df=3, P=0.001). Significant differences were found between 65%
and 90% RH when desiccated on lens paper (χ2=9.26, df=1, P=0.002), and between 0% and
33% RH χ2=4.75, df=1, P=0.029) and 0% and 90% RH (χ2=7.812, df=1, P=0.005) when
desiccated on filter paper.
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Table 2: The mean number of H. dujardini retrieved and found viable, and percentage viability on lens
and filter paper for relative humidity of 0%, 33%, 65% and 90%. Mean values are based on five
replicates, and in each replicate 10-20 animals were originally desiccated. Mean retrieved values
based on the total amount of tardigrades found in the wells after rehydration.
Hypsibius dujardini

24hours

48hours

Mean

72hours

Mean

Mean

Retri-

Mean

Mean

SD

Retri-

Mean

Mean

SD

Retri-

Mean

Mean

SD

eved

Viable

%

+-

eved

Viable

%

+-

eved

Viable

%

+-

0%

1.8

0.2

5.0%

11.2

1.8

0.0

0.0%

0.0

33%

4.2

3.4

84.0% 26.1

3.0

0.2

5.0%

11.2

65%

5.8

4.6

57.1% 38.8

4.6

3.2

61.3% 42.9

90%

7.2

6.6

93.7%

6.2

8.2

7.0

84.0%

65%

5.2

0.8

12.9% 12.5

5.6

0.6

24.7% 42.5

90%

5.2

5.2

66.4% 41.3

7.4

5.8

72.4% 19.4

Filter
paper

5.3

Lens
paper

Statistically significant differences were found between the two species when desiccated on
paper. For desiccation on filter paper significance in viability rates was found for 0 % RH
after 24 hour desiccation (χ2=5.12, df= 1, P=0.024), for 33 % RH after 24 hours of desiccation
(χ2=7.08, P=0.008), at 33 % RH after 48 hour desiccation (χ2=8.33, df=1, P=0.004) and at 90
% RH after 72 hour desiccation (χ2=7.30, df=1, P=0.007). All significant differences indicate
a better viability for R. oberhaeuseri compared to. H. dujardini.
Desiccation on lens paper also gave statistical differences in viability rate between the
species, with a higher viability for R. oberhaeuseri at 65 % RH after 48 hour desiccation
(χ2=6.94, df=1, P=0.008), at 65 % RH after 72 hour desiccation (χ2 =5.58, df=1, P=0.018) and
at 90 % RH after 72 hour desiccation (χ2=5.66, df=1, P=0.017).
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Freezing
R. oberhaeuseri
In R. oberhaeuseri there tended to be a higher viability rate at the lower of the two tested
freezing temperatures, - 80°C, but the difference was not statistically significant (χ2=2.84,
df=1, P=0.092). A mean of 69% of the tardigrades were viable after freezing at -80°C while
only 38% were viable after freezing at -18°C on filter paper (Tab. 3). There was no significant
difference in viability rate between desiccation on filter paper and lens paper at -18°C
(χ2=0.28, df=1, P=0.596).
Table 3: Viability of R. oberhaeuseri after 24 h freezing at -18°C and -80°C on filter and lens paper.
Ramazzottius oberhaeuseri
24 hours
Mean Retrieved

Mean Viable

Mean percentage

SD +-

-18 °C

4.4

1.8

38.48%

2.04

-80 °C

2.2

1.6

69.07%

36.71

6.4

3

46.97%

7.92

Filter paper

Lens paper
-18 °C

H. dujardini
In contrast to R. oberhaeuseri, the viability rate in H. dujardini was significantly higher at the
higher temperature of -18°C compared to -80°C (χ2=5.12, df=1, P=0.024). The mean viability
rate after 24 hours on filter paper at -18°C was 38%, compared to 12% after freeing at -80°C
for the same amount of time (Tab. 4).
Table 4: Viability of H. dujardini after 24 h of freezing at -18°C and -80°C on filter and lens paper.
Hypsibius dujardini
24 hours
Mean Retrieved

Mean Viable

Mean percentage

SD +-

-18 °C

3.8

1.8

38.33%

41.50

-80 °C

5.2

0.8

12.50%

12.50

8.4

3.6

41.02%

18.79

Filter paper

Lens paper
-18 °C
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No statistical differences could been seen between the two species (χ2=3.272, df=1, P=0.070)
at - 80°C, (χ2=1.457, df=1, P=0.227) on filter paper at -18°C and (χ2=0.099, df=1, P=0.753)
on lens paper at -18°C.

Discussion
The aim of this study was to determine if a difference could be found in the tolerance to
desiccation and freezing of a limnic and a limno-terrestrial species of tardigrade. The results
do show a clear difference in the two species’ tolerance to desiccation. The results are
especially clear when the desiccation was performed in Eppendorf tubes, where three times as
many of the limno-terrestrial R. oberhaeuseri survived compared to the limnic H. dujardini.
Less but still clear differences were found when desiccation was performed on paper and R.
oberhaeuseri survived more frequently than H. dujardini in all but three conditions. The
difference in viability between the two species after freezing were highest when the animals
were frozen at -80°C. There were R. oberhaeuseri viability rate five times that of H.
dujardini.

Tolerance to desiccation
For desiccation tolerance it was expected that the results would reflect an increase in viability
with increased relative humidity. This was the expected results for both species but perhaps
more so for the limnic species H. dujardini, which in earlier studies have showed a low
viability in low humidities (Wright 1989). The results however showed a higher viability in
H. dujardini at 0% RH compared to the higher relative humidities with the exception of the
highest, 90% RH, which showed the same viability as 0% RH on the tests performed in
Eppendorf tubes. The reason why H. dujardini had a higher viability at 0% RH compared to
33% RH and 65% RH is unclear. Also in R. oberhaeuseri unexpected results were found, with
the lowest viability rates at 90% RH, the second lowest at 0% RH, and then increasing with
RH. These results do not follow earlier studies where higher relative humidity gave higher
viability (Wright 1989). Why R. oberhaeuseri had low viability at 90% RH is not clear.
However one theory to explain the lower viability at 90% could be that R. oberhaeuseri was
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affected by anoxia. There were several of the tardigrades that had not entered tun stage during
desiccation at 90% RH, and it has been observed that tardigrades that desiccate at low relative
humidities in anoxic conditions do not form tun structures (Wright 1989). A possible cause
for anoxic conditions at high relative humidity could be if the tardigrades have been lying in
the drop of water for long enough for the oxygen to become depleted before the tardigrades
have a chance to enter the tun stage. A larger drop of water put into the desiccator would take
longer to evaporate, perhaps long enough for anoxic conditions to occur. These same animals
also turned purple which R. oberhaeuseri is known to do in alkali conditions (Ramazzotti &
Maucci 1983). There is no reason why this would happen. The salt used to obtain 90% RH
was KNO3, a salt with a pH of between 6.0 and 8.0 in water solution. These pH levels should
not have affected the tardigrades.
Comparing the two species when desiccated in Eppendorf tubes it is clear that H. dujardini
has the lower viability compared to R. oberhaeuseri. In R. oberhaeuseri the number of viable
tardigrades also increased with time after rehydration but such a trend was not found in H.
dujardini. Another factor that may have affected the results at 90% RH for H. dujardini in
group desiccation in Eppendorf tubes was that more replicates were performed, due to many
zero values.
For the tests performed in Eppendorf tubes the conditions in the plastic tubes led to
desiccation occurring relatively fast compared to the other desiccation methods used. The
desiccation rate have previously been shown to play an important role in the viability of
tardigrades when exposed to desiccation (Jönsson et al. 2001; Wright 1989, 2001). The slower
desiccation rate as a factor was tested by comparing different desiccation medium and
comparing group and individual desiccation. In general the viability rate was better when the
animals were desiccated on paper compared to the Eppendorf tubes. The paper retains more
water for a longer period of time and slows down the desiccation rate. Not all the added
tardigrades could be retrieved for desiccation on paper. It is possible that more living then
dead tardigrades were extracted from the papers after rehydration due to movement, leading
to higher viability rates. Also the group desiccated animals survived at a higher rate than the
individually desiccated animals. These results were expected based on previous studies
(Ivarsson & Jönsson 2004). This connects to the same principle as the paper where the smaller
surface compared to the mass retains more water for a longer time, slowing the desiccation
speed.
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Comparing the results from the two species there seem to be a connection between
desiccation rate and viability for H. dujardini. The slower the desiccation occurred the higher
viability could be found after rehydration. On the other hand, for R. oberhaeuseri there
doesn’t seem to be a clear connection between the speed of desiccation and viability. This
could be given an explanation looking at the results from Wright (1989). That study showed
that R. oberhaeuseri had the earliest permeability slump while H. dujardini had the latest.
Permeability slump is the profile showing the rapid loss of mass in the first few minutes of
desiccation followed by an abrupt reduction in transpiration. The permeability slump is a nonmetabolic process and occurs in desiccating tardigrade whether they are alive or not and is
separated to the tun formation. It allows the tardigrades to retain internal water at fairly high
levels even after being desiccated (Wright 1989). This means that the slower desiccation rate
could benefit H. dujardini more as it gives them time to adapt to the new conditions while R.
oberhaeuseri’s natural physiological adaptations to desiccation makes desiccation rate a less
vital factor for viability.

Freezing
Freezing was the other factor tested. The results reached in this study were similar to the
results reported by Bertolani et al. (2004). They also had both H. dujardini and R.
oberhaeuseri in their study and could clearly see a lower viability rate in H. dujardini
compared to R. oberhaeuseri when comparing the results from the colder -80°C freezer. Their
results however show a difference in the viability of the tardigrades when frozen at the lower
temperature of -20°C, compared to -18°C, while my results do not show any difference
between the species at -18°C.
Another study that have used freezing of H. dujardini was Gabriel et al. (2007). In that study
freezing was used as a method of storage. In order to store the tardigrades Gabriel et al.
(2007) froze the tardigrades slowly while both Bertolani et al. (2004) and I froze them fast.
Gabriel et al. (2007) retrieved nearly four times more viable tardigrades after slow freezing
compared to the results gained from fast freezing. The faster freezing in this study could
thereby be a reason for the lower viability. This in turn could indicate that the rule regarding
slower desiccation rate may also apply to freezing (Jönsson et al. 2001; Wright 1989, 2001).
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Factors for viability
The physiological and morphological adaptations behind desiccation tolerance has been
studied and theories exist as to what kind of adaptations would lead to desiccation tolerance.
Wright (1989) stated that the ability to reduce surface area was an important morphological
factor for tolerating desiccation. The tardigrade species that so far seem to create the least
tight tun formation is H. dujardini (Wright 1989; Rebecchi 2007). Based on that it is not
unexpected that H. dujardini has a lower viability rate after desiccation. While R.
oberhaeuseri on the other hand form a very tight tun (Wright 1989), and have a high viability
rate after freezing.
A physiological factor for desiccation tolerance that have been suggested to have an impact
on the viability is the body size. Body size was mentioned as a variable capable to affect
desiccation tolerance (Jönsson et al. 2001; Jönsson & Rebecchi 2002). Smaller tardigrades
had a better viability rate than larger ones. This could be tied in to the fact that the larger
tardigrades within a species are the older ones in the population. The tardigrades picked for
each of the tests in this study were the large to medium sized animals, since they are easier to
handle. The choice of specimens can of course have an effect on the outcome of the results
since the choice of larger and thereby older specimens could have affected the viability of the
chosen individuals. The H. dujardini used during the study were grown in a culture in the lab.
It is possible that having lived for a number of generations in a protected and well fed
environment could have affected the tardigrades response to desiccation and freezing
conditions.
Biochemical changes are another factor affecting the tolerance to extreme changes. Trehalose
levels were for a long time believed to have an important role in the tolerance to desiccation
(Westh & Ramløv 1991). However, studies on trehalose has shown that not all tardigrades
increase their levels of the disaccharide in response to desiccation (Hengherr et al. 2008;
Reuner 2010; Jönsson & Persson 2010; Cesari et al. 2012). Cesari et al. (2012) reported that
two of the freshwater species they studied, one of which was H. dujardini, failed to amplify of
the tps gene needed to make trehalose, indicating a lack of trehalose in H. dujardini. Proteins
of different kinds seem to also be an important factor (Jönsson & Schill 2007; Altiero et al.
2012). The presence of heat shock proteins in desiccated R. oberhaeuseri have been studied,
and while an increase in proteins could be seen the low increase was not statistically
significant (Altiero et al. 2012), leaving the heat shock protein’s importance still unclear.
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A connection between tolerance to radiation and desiccation has also been proposed (Jönsson
2003). This would indicate that H. dujardini with a low tolerance to desiccation would also
have a low tolerance to radiation. Results from Horikawa et al. (2013) also showed that they
have a lower ability to withstand UV-radiation. However based of the study made by BeltránPardo et al. (2015) there are new results that shows that H. dujardini does in fact have a good
tolerance to gamma radiation. The difference in the ability to withstand different types of
radiation and desiccation could be tied to DNA repair and the different types of damage done
to the DNA depending on the form of radiation (Beltrán-Pardo et al. 2015).
All these different factors affect how the tardigrades handle and tolerate extreme conditions,
and there seem to be a difference in how H. dujardini and R. oberhaeuseri copes with
desiccation and freezing based on available data.

Conclusion
There is a clear difference in desiccation tolerance between H. dujardini and R. oberhaeuseri.
As expected R. oberhaeuseri had better tolerance for desiccation, and show viability after
exposure to all relative humidity and desiccation conditions as long as they are desiccated in
groups. The only conditions R. oberhaeuseri did not tolerate was individual desiccation at low
relative humidity. As expected H. dujardini did not show the same ability to enter
anhydrobiosis or cryobiosis as R. oberhaeuseri. They did however show a relatively good
ability to tolerate desiccation and freezing conditions considering that their natural
environmental conditions require less adaptations to enter these forms of cryptobiosis.
Further studies on how the tardigrades handles desiccation and freezing and what mechanism
they use to cope with these extreme conditions would be interesting and possibly beneficial
for the storage of organic material. With a lot more studies and understanding of how the
tardigrades cells can handle freezing maybe that knowledge could be applied to how organic
material is stored.
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