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INTRODUCTION

The most recent Intergovernmental Panel on Climate
Change assessment (Vaughan et al., 2013) emphasized the
importance of glaciers in terms of the Earth’s ecosystem
and underlined their containing a significant amount (70%)
of the Earth’s water in the frozen state (ACIA, 2006). Be-
sides, glaciers also constitute an important habitat for mi-
croorganisms (Porazińska et al., 2004; Hodson et al., 2008;
Edwards et al., 2011; Kaczmarek et al., 2016; Zawierucha
et al., 2015a), which is why glaciers and ice sheets can be
treated as a distinct glacial biome where cryoconite holes
make up small ecosystems (Anesio and Laybourn-Parry,
2012). Cryoconite holes are water-filled reservoirs that
occur on glacier surfaces throughout the world. The devel-
opment and functioning of these habitats is possible be-
cause of the decrease in albedo on the surfaces of mineral
and organic dust-covered glaciers, the presence of
cryophilic microorganisms and the existence of simple
trophic webs (McIntyre, 1984; Takeuchi et al., 2001; Hod-

son et al., 2008; Zawierucha et al., 2015a; Cook et al.,
2016b). Cryoconite holes are still poorly known extreme
habitats, therefore the interest in them is increasing, espe-
cially in biological sciences (Dabert et al., 2015; Bagshaw
et al., 2016a, 2016b; Cook et al., 2016a, 2016b; Kacz-
marek et al., 2016). Svalbard archipelago is the most
glaciated region of the European Arctic (Hagen, 1993).
The history of studies the high Arctic Svalbard archipelago
fauna starts at beginning of the twentieth century, and, to
date, ca. 1000 limnoterrestrial species have been identified
from this area, including new species for science (Zaw-
ierucha, 2013; Coulson et al., 2014; Kiedrowicz et al.,
2016). Surprisingly, faunistic studies on glacial fauna in
this region are limited (Dastych, 1985; De Smet and Van
Rompu, 1994; Zawierucha et al., 2015a). 

One of the taxa known to inhabit glaciers in the Arctic,
Antarctic, Himalayas and Alps are tardigrades, which are
well adapted to survive extreme conditions, including gla-
cial environments (Dastych et al., 2003; Zawierucha et
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ABSTRACT
Despite the fact that glaciers and ice sheets have been monitored for more than a century, knowledge on the glacial biota remains

poor. Cryoconite holes are water-filled reservoirs on a glacier’s surface and one of the most extreme ecosystems for micro-invertebrates.
Tardigrada, also known as water bears, are a common inhabitant of cryoconite holes. In this paper we present novel data on the mor-
phology, diversity, distribution and role in food web of tardigrades on Arctic glaciers. From 33 sampled cryoconite holes of 6 glaciers
on Spitsbergen, in 25 tardigrades were found and identified. Five taxa of Tardigrada (Eutardigrada) were found in the samples, they
are: Hypsibius dujardini, Hypsibius sp. A, Isohypsibius sp. A., Pilatobius recamieri, and one species of Ramazzottiidae. H. dujardini
and P. recamieri were previously known from tundra in the Svalbard archipelago. Despite the number of studies on Arctic tundra ecosys-
tems, Hypsibius sp. A, one species of Ramazzottiidae and Isohypsibius sp. A are known only from cryoconite holes. Tardigrade found
in this study do not falsify the hypothesis that glaciers and ice sheets are a viable biome (characteristic for biome organisms assemblages
- tardigrades). Diagnosis of Hypsibius sp. A, Isohypsibius sp. A, and species of Ramazzottiidae with discussion on the status of taxa, is
provided. To check what analytes are associated with the presence of tardigrades in High Arctic glacier chemical analyses were carried
out on samples taken from the Buchan Glacier. pH values and the chemical composition of anions and cations from cryoconite holes
water from the Buchan Glacier are also presented. The current study on the Spitsbergen glaciers clearly indicates that tardigrade
species richness in cryoconite holes is lower than tardigrade species richness in Arctic tundra ecosystems, but consists of unique cry-
oconite hole species. As cryoconite tardigrades may feed on bacteria as well as algae, they are primary consumers and grazers - sec-
ondary consumers of the decomposer food chain in this extreme ecosystem.
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al., 2015a). The phylum, Tardigrada, presently consists of
over 1200 species (Degma et al., 2011; Vicente and
Bertolani, 2013) that inhabit terrestrial (soil, plants, leaf
litter) and aquatic (freshwater and marine sand, mud and
plants) environments across the globe (Ramazzotti and
Maucci, 1983; Nelson et al., 2015). The understanding of
the diversity and distribution of glacial tardigrades is lim-
ited (Zawierucha et al., 2015a). So far, research on Sval-
bard has focused primarily on limno-terrestrial tardigrades
(Węglarska, 1965; Dastych, 1985) rather than on the typ-
ically aquatic ones (De Smet et al., 1987). Thus, till now,
just four tardigrade species have been found from cry-
oconite holes on Svalbard (Dastych, 1985; De Smet and
Van Rompu, 1994). 

A biome is a large independent category of ecosystems
with characteristic animal and plant assemblages adapted
to the general conditions of the region (Purves, 2007). A
glacial biome is typified by truncated food webs and dis-
tinctive biogeographical structures (landscape features).
This biome encompasses habitats with low temperatures,

such as the ice surface, subglacial and englacial environ-
ments, and snow (Anesio and Laybourn-Parry, 2012). Un-
expectedly, data on the animal assemblages in a glacial
biome are extremely limited (Zawierucha et al., 2015a).

In this paper, the diversity and distribution of tardi-
grades inhabiting glaciers in Spitsbergen, with discus-
sion on the food web and the glacial biome hypothesis,
is presented. 

METHODS

Study area 

The Svalbard archipelago (Fig. 1) is situated at 74-
81°N and 10-30°E in the European High Arctic. This re-
gion lies at the boundary between the Greenland Sea and
the Barents Sea. During the last few hundred thousand
years, Svalbard has been covered by extensive ice sheets
several times (Lonne and Lysa, 2005). During the last ice
age, almost the entire archipelago was covered by ice.
After the glacial retreat, a landscape without soil or veg-

Fig. 1. Svalbard archipelago with sampled glaciers.
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etation was left behind (Mangerud and Svendsen, 1992;
Hjelle, 1993).

Presently, glaciers and ice caps cover 59% (36.6 km2)
of the 61.7 km2 area of the Svalbard archipelago (Hagen
et al., 2003). Rugged mountains and coastal lowlands are
typical for this geologically young region where the pres-
ent summer landscape is dominated by running water and
mass wasting (Owczarek et al., 2014). Svalbard has a tree-
less landscape, composed of tundra ecosystems that are
simple and fragile based on the harsh climate and low en-
ergy budget (Jonsdottir, 2005). The increases in tempera-
ture and changes in precipitation influence both the biotic
and abiotic components of fluvial systems (Callaghan and
Tweedie, 2011; Owczarek et al., 2014). Małecki et al.
(2013) stated that climatic conditions on Svalbard are rel-
atively mild compared to other high Arctic sites - the
mean temperature of the summer period (June-August) at
Svalbard Airport (Longyearbyen) is 4.9°C (1981-2010),
while during the coldest month (February), mean temper-
atures of -13.5°C have been recorded (based on data from
the Norwegian Meteorological Institute). As a result of
the West Spitsbergen Current, the west part of the archi-
pelago is warmer and more humid than other areas of sim-
ilar latitude (Głowacki, 2007).

Glaciers

All samples were taken from Spitsbergen, which is
the largest island of the Svalbard archipelago (Figs. 1, 2).
The Hans Glacier is located in the Hornsund Fjord,
where, because of the West Spitsbergen Current, local
oceanic climate has more precipitation and higher air
temperatures then in the area of Isfjord and Dickson Land
(Głowacki, 2007). 

The Dickson Land glaciers, like the Ebba Glacier, Hør-
bye Glacier and Nordenskiöld Glacier, are situated in the
central part of Spitsbergen, in Billefjorden (Petuniabukta).
This region is characterized by an inner-fjord climate type,
meaning arid conditions and higher annual thermal con-
trasts (Rachlewicz and Styszyńska, 2007; Rachlewicz,
2009). Local glaciers may be therefore more exposed to
high temperatures and less precipitation, including the coast
of the Spitsbergen island, between the Oscar II Land and
the Prins Karls Forland island. Compared to the central part
of Spitsbergen, precipitation is twice as high. Mean air tem-
perature is slightly higher (by 0.1°C) than at Svalbard Air-
port and significantly lower (by 1.1°C) than at Hornsund
(Przybylak and Araźny, 2005).

The Waldemar Glacier is situated in the northern part
of the Oscar II Land, Kaffiøyra, northwestern Spitsbergen
(Sobota, 2009). The mean summer air temperature (1975-
2010) is 4.9°C and the average sum of precipitation
(1975-2010) is 46.5 mm (Przybylak et al., 2011). 

The Buchan Glacier is located at the northern site of
the Magdalenefjorden. Based on the air temperature dis-

tribution maps provided by Przybylak et al. (2014), the
annual air temperature in Magdalenefjorden is lower by
approximately 1.5°C than at Svalbard Airport. 

Sample collection, preservation and specimen
determination 

Cryoconite material was collected from six glaciers
on Spitsbergen: 10 samples from Hans Glacier (July
2014), three samples from Ebba Glacier (August 2012),
five from Hørbye Glacier (August 2013, July and August,
2014), ten from Nordenskiöld Glacier (July and August,
2014), three samples from Buchan Glacier (28 July,
2013), and two samples from Waldemar Glacier (4th Au-
gust, 2013) (Figs. 1, 2). Samples from Hans Glacier were
collected with disposable plastic Pasteur pipettes and
transferred to 15 cm3 plastic test tubes. Samples were col-
lected in such a manner that the sediment from the bottom
of the cryoconite holes was taken. Following collection,
the samples were preserved using 96% ethylene alcohol.
From each sample, 1 cm3 of sediment was scanned for
tardigrades with a stereomicroscope. 

Cryoconite holes on three glaciers around Billefjorden
were collected employing a plastic siphon, sucking all the
cryoconite sediment within a 4.5 cm plastic ring (area 15
cm2) from a second plastic siphon into a 0.5 dm–3 poly-
ethylene bottle. All sampling equipment was washed with
meltwater of the sampling site prior to the sampling. In
the laboratory, the samples were sedimented, the super-
natant was removed and a subsample was counted in a
counting chamber under stereomicroscope. Cryoconite
holes on the Buchan Glacier and Waldemar Glacier were
collected by hand and placed in plastic boxes, then fixed
with formaldehyde. The number of samples (N), GPS co-
ordinates, and elevation above sea level (ASL) are pre-
sented in Tabs. 1 to 3. Reference system of the GPS
coordinates is WGS 84.

Densities of the tardigrades from Hans Glacier and
glaciers in Billefjorden are presented in Zawierucha et al.
(2016b). However, the number of analysed samples from
Billefjorden in the present study is different. Some of the
samples that were analysed in terms of abundance are cur-
rently not available for taxonomic and faunistic analysis.
Because of losing a piece of material during sampling,
quantitative data from cryoconite holes from Buchan and
Waldemar Glaciers were omitted in Zawierucha et al.,
(2016b). In total, we analysed 33 samples in terms of
tardigrade diversity (instead of the 48 mentioned in Zaw-
ierucha et al., 2016b).

All tardigrades and their exuvia with eggs were
mounted on microscopic slides in Hoyer’s medium and
polyvinyl alcohol, and then examined with a phase con-
trast microscope (PCM), Olympus, model BX53. The
species were identified using the key to the World
Tardigrada (Ramazzotti and Maucci, 1983) and compared
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with other original papers (Morgan, 1975; Dastych, 1985,
1988; Miller et al., 2005). Macroplacoid length sequences
are given according to Kaczmarek et al. (2014). Tardi-
grade taxonomy is presented according to Bertolani et al.
(2014). Trophic groups were established based on the
scheme presented in Guil and Sanchez-Moreno (2013).
The abbreviation ZMUC in the text refers to the Museum
of Natural History, Copenhagen, Denmark. 

Chemical analysis

Chemical analyses were made strictly for samples
taken from the Buchan Glacier, to check what analytes are
associated with the presence of tardigrades in High Arctic
glacier and to compare our results with data from Antarc-
tic presented in Porazińska et al. (2004). Water samples
were collected in 0.12 dm–3 bottles and stored at 3°C in

Fig. 2.Glaciers with sampled points. A, Hans Glacier; B, Nordenskiöld Glacier; C, Ebba Glacier, Hørbye Glacier; D, Waldemar Glacier;
E, Buchan Glacier.
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Tab. 1. List of cryoconite samples from Hans Glacier with GPS coordinates, elevation, number of individuals determined to
species/genus level. All samples were collected on 30.07.2014. For sampling sites localities see Figs. 1 and 2.

N                                                 GPS                                         Elevation (m)                     P. recamieri                    Hypsibius sp. A

1                                N77° 01.204’ E15° 35.740’                                23                                        2                                         2
2                                N77° 01.247’ E15° 35.707’                                70                                        1
3                                N77° 01.349’ E15° 35.647’                                92                                        1
4                                N77° 01.358’ E15° 35.641’                                87                                       23                                       12
5                                N77° 01.378’ E15° 35.702’                                86
6                                N77° 01.377’ E15° 35.707’                                85                                      153                                      14
7                                N77° 01.417’ E15° 35.956’                                91                                       67                                        2
8                                N77° 01.464’ E15° 36.254’                               101                                      22                                        6
9                                N77° 01.302’ E15° 35.716’                                81                                        1                                         2
10                              N77° 01.302’ E15° 35.716’                                81                                        8

Tab. 2. List of cryoconite samples from Ebba Glacier (11-13), Hørbye Glacier (14-18), Nordenskiöld Glacier (19-28) with date of col-
lection, GPS coordinates, elevation, number of individuals determined to species/genus level. For sampling sites localities see Figs. 1
and 2. The table presents faunistic analysis of randomly selected for slides tardigrades.

N               Date                                GPS                   Elevation (m)      P. recamieri      H. dujardini      Hypsibius     Isohypsibius      Undetermined
                                                                                                                                                                        sp. A              sp. A                species of
                                                                                                                                                                                                                   Ramazzottiidae

11      8 August 2014       N78°43.823’ E16°52.458’          306                                                                         1
12      8 August 2014       N78°44.499’ E16°54.630’          525                       2                        1                      2
13      8 August 2014       N78°43.866’ E16°51.268’          286                       4                                                                                                    2
14        21 July 2014         N78°45.421’ E16°19.516’          230                       2                        3                      1                      1
15     17 August 2014      N78°45.413’ E16°19.487’          230                       1                        1
16     17 August 2014      N78°45.412’ E16°19.498‘          230                       1
17     14 August 2013      N78°45.414’ E16°19.473’          190                       1                        3
18     14 August 2013      N78°45.413’ E16°19.459’          203                       2                        6
19        31 July 2014         N78°38.338’ E16°59.357’          150                       2
20     22 August 2014      N78°38.339’ E16°59.358’          150                       1                                                1
21        16 July 2014         N78°38.325’ E16°59.484’          150                       2
22        31 July 2014         N78°38.288’ E16°59.450’          150                       2                        2
23        13 July 2014         N78°39.103’ E17°03.306’          200
24        13 July 2014         N78°39.250’ E17°03.744’          200
25        13 July 2014         N78°38.892’ E17°02.521’          200
26        16 July 2014         N78°39.103’ E17°03.393’          200
27        22 July 2014              N78°39’ E17°03.4’                200
28        22 July 2014             N78°39.2’ E17°03.4’              200

Tab. 3. List of cryoconite samples from Buchan Glacier (29-31) and Waldemar Glacier (32-33) with date of collection, GPS coordinates,
elevation, and number of individuals determined to species/genus level. For sampling sites localities see Figs. 1 and 2.

N               Date                                GPS                          Elevation (m)            P. recamieri     H. dujardini      Hypsibius sp. A      Isohypsibius sp. A

29      4 August 2013        N79°34.764’ E 11°6.019’                  228                            15                                                  26
30      4 August 2013        N79°34.769’ E11°6.043’                   230
31      4 August 2013          N79°34.778’ E 11°6.1’                    234                             1                       1                           5                                6
32        28 July 2013         N78°40.578’ E12°01.614’                  195                                                      4                           4                                6

33        28 July 2013     N78°40.578’ E12°01.617’ 201                                                                                                       1                                1
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the dark. After two weeks, physicochemical analysis was
conducted in the chemical laboratories of the Hornsund
Polish Polar Station (Spitsbergen). Conductivity and pH
were measured with an Elmetron CX-505 and glass elec-
trodes. Water samples were filtered in a vacuum by a Mil-
lipore filtration kit with rinsed Whatmann nylon filters
(0.22 µm). Subsequent water samples were analysed for
their chemical composition, including SO4

–2, Cl–, NO2
–,

NO3
–, F–, Br–, Ca2 +, Mg+2, Na+, K+, and NH4

+. Anions and
cations were determined by high performance liquid chro-
matography (HPLC) through two separate Metrohm 761
Compact IC Systems. Alkalinity was determined by the
titration method (Metrohm 702 SM Titrino) (Stachnik et
al., 2016). The quality of analyses were determine by
charge balance error for each sample: 1.4% (sample 29);
22% (sample 30), and 3.3% (sample 31). Ion balance cri-
teria met the standards of UNEP and WMO (Bartram and
Balance, 1996; Allan, 2015). Samples from the Buchan
Glacier were replicated, three samples were collected for
tardigrade fauna analysis and three from the same cry-
oconite holes for chemical analysis. As only three samples
were collected, statistical analysis are omitted and re-
marks on the links between tardigrade and chemistry are
presented in the ‘Discussion’ section. 

Chemical analysis on the cryoconite holes on Dickson
Land glaciers were conducted by Vonnahme et al. (2015).
However, concentration of all analytes are given in

mmol/kg what makes unreasonable the comparison of
these values with our results. Thus, we decided to omit
this comparison in Tab. 4.

RESULTS

Tardigrades were found in 25 samples. In those sam-
ples, specimens belonging to five tardigrade taxa were
discovered. They represent 2 superfamilies, 4 families and
4 genera, being Hypsibius dujardini, Hypsibius sp. A, Iso-
hypsibius sp. A, Pilatobius recamieri, and one undeter-
mined species of Ramazzottiidae (for taxonomic and
zoogeographic remarks, see Taxonomic Account). Data
for samples with sample number, coordinates, altitude
above sea level, are presented in Tabs. 1, 2 and 3. All sam-
pling sites are detailed in Fig. 2. Pilatobius recamieri was
the most frequent species, present in 22 (88%) samples.
Except for the undetermined species of Ramazzottiidae
that was found on one glacier only, other species more
frequently inhabited cryoconite holes. Tardigrades re-
ported from Buchan Glacier are northernmost record of
tardigrades from cryoconite holes. Densities of the tardi-
grades from Hans Glacier and glaciers in Billefjorden pre-
sented in this paper, in terms of cryoconite hole area,
depth and elevation are covered in Zawierucha et al.
(2016b). 

Chemical determined pH values were in the range
6.50-7.45. Mean concentrations of cations, such as Ca2+,

Tab. 4. Mean values of physicochemical parameters/analytes determined in cryoconites samples collected from Buchan Glacier and
results of the research performed by Porazińska et al. (2004) on glaciers in Antarctica. 

Analytes                              Buchanbreen                                                          Antarctic glaciers (Commonwealth,
                                                                                                                                                         Canada, Howard, Hughes, Taylor)
                               Mean values               29                         30                        31                                   Ranges of mean values

pH                                 6.93                     7.45                      6.84                      6.5                                              5.80-8.10
EC (µS)                        20.82                    52.5                       4.8                      5.15                                               60-125
                                                (mg/L)                                                                                      (mg/L)

Cations
Ca2+                               0.26                     0.65                      0.10                     0.05                                               2.2-7.1
Mg2+                              0.29                     0.80                      0.03                     0.03                                               0.5-2.0
Na2+                               2.47                     6.19                      0.27                     0.94                                               3.0-7.7
K+                                  5.57                     4.26                      2.03                    10.42                                              0.5-1.9
NH4+                              0.99                     2.94                    <LOD                    0.04                                            0.035-0.11
Anion
*F–                                <LOD                 <LOD                  <LOD                  <LOD
Cl–                                  3.86                     9.79                      0.61                     1.19                                              4.8-14.7
*NO2–                           <LOD                 <LOD                  <LOD                  <LOD
*Br–                              <LOD                 <LOD                  <LOD                  <LOD
*NO3–                           <LOD                 <LOD                    0.01                    <LOD                                         0.010-0.400
PO4

3–                              2.42                     1.02                      2.65                     3.58
SO4

2–                              0.49                     1.18                      0.12                     0.16                                               2.8-7.0
HCO3–                            11.2                     18.9                       1.2                      13.4                                                  ???
*<LOD - below limit of detection for F–, NO2–, Br–, NO3–=0.010 mg/L; LOQ=0.030 mg/L. Both the limit of detection (LOD) and the limit of quantitation
(LOQ) were calculated based on the standard deviation of the response (s) and the slope of the calibration curve (b) according to the formulas: LOD=3.3
(s/b), LOQ=10 (s/b).
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Mg2+, and NH4
+, did not exceed 1mg L–1, while the mean

concentrations of Na2+ and K+ were, respectively, 2.47mg
L–1 and 5.57mg L–1. In the case of mean concentrations of
anions in the examined samples, HCO3

–, Cl–, PO4
3– and

SO4
3– were, respectively, 11.2 mg L–1, 3.86 mg L–1, 2.42

mg L–1, and 0.486 mg L–1, whereas no presence of F–, Br–,
NO2

–, NO3
–, or Br– was observed (Tab. 4). 

Taxonomic account
Phylum Tardigrada (Spallanzani, 1777)
Class Eutardigrada Richters, 1926
Order Parachela Schuster, Nelson, Grigarick et Christen-
berry, 1980
Superfamily Hypsibioidea Pilato, 1969 in Marley et al.
(2011)
Family Hypsibiidae Pilato, 1969
Subfamily Hypsibiinae Pilato, 1969
Genus Hypsibius Ehrenberg, 1848

1.   Hypsibius dujardini (Doyère, 1840) (Fig. 3 A-B)
Localities: 12, 14, 15, 17, 18, 22, 31, 32.
Remarks: Species belongs to the cosmopolitan conver-
gens-dujardini complex (McInnes, 1994; Miller et al.,
2005; Kaczmarek and Michalczyk, 2009). The original
description is inadequate and incomplete in the context of
modern taxonomy methods, and so the examined speci-
mens were compared with the later descriptions (Ramaz-
zotti and Maucci, 1983; Dastych, 1988). This species is
characterized by claws of Hypsibius type, two macropla-
coids, septulum, and a short cuticular bar between claws
IV. The species was previously reported from the Svalbard
archipelago (Zawierucha et al., 2013). 

2.   Hypsibius sp. A (Fig. 4 A-E)
Localities: 1, 4, 6, 7, 8, 9, 11, 12, 14, 20, 29, 31, 32, 33.
Diagnosis: The body transparent/white, with eyes present
in the examined specimens. The cuticle smooth in the
PCM (Fig. 4A). The buccal apparatus of the Hypsibius

type without ventral lamina (Fig. 4B). Peribuccal lamellae
absent. Oral cavity armature either absent or not visible in
the PCM (Fig. 4B). The pharyngeal bulb with apophyses,
with two rod-shaped macroplacoids, second in lateral po-
sition broader at the end (Fig. 4C). The macroplacoid
length sequence 2<1, microplacoid and septulum absent.
Stylet supports located in the posterior position. Typically
shaped stylet furcae present. The apophyses clearly sepa-
rated from the 1st macroplacoids. All macroplacoids clearly
separated (Fig. 4 B,C). Their usual claws of the Hypsibius
type but with variation within even single specimens -
claws of the Isohypsibius type or the Mixibius type (Fig. 4
D, E). All main branches with accessory points (Fig. 4
D,E). Cuticular bars or thickening under and between the
claws absent. Proper lunulae absent.
Remarks. This species belongs to a large group of hypsi-
bids with two macroplacoids and a smooth cuticle. It was
previously found in cryoconite holes on Spitsbergen
(Dastych, 1985). Dastych (1985) had previously reported
Hypsibius ? arcticus from cryoconite holes on Spitsber-
gen. However, that determination was uncertain because
of the absence of eggs in the samples (Dastych, 1985).
The current findings are evidence that Hypsibius sp. A
(noted by Dastych (1985) as Hypsibius ? arcticus) laid
eggs to exuvia, thus, it is not Hypsibius arcticus (Murray,
1907). This species, by presence of smooth cuticle, two
macroplacoids, and the macroplacoid length sequence, is
the most similar to H. arcticus, and H. convergens (Ur-
banowicz, 1925), known before from non-glacial habitats
(Ramazzotti and Maucci, 1983). Up to now, tardigrades
recorded from the Arctic tundra were not morphologically
the same as Hypsibius sp. A. However, erection of the
Hypsibius sp. A to the new species without redescriptions
of the other hypsibids (Kaczmarek et al., 2015) made
exact differential diagnosis difficult. To avoid taxonomic
confusion, if additional new fresh material will available
together with individuals for exact comparison, Hypsibius
sp. A will be described together with morphometric data
in a future paper.

Fig. 3. Hypsibius dujardini. A) Habitus. B) Buccal apparatus.
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Family Pilatobiinae Bertolani, Guidetti, Marchioro, Al-
tiero, Rebecchi & Cesari, 2014
Genus Pilatobius Bertolani, Guidetti, Marchioro, Altiero,
Rebecchi & Cesari, 2014

3.   Pilatobius recamieri Richters, 1911 (Fig. 5 A-B)
Localities: 1, 2, 3, 4, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 29, 31.
Remarks:Holarctic species, recorded from localities in Eu-
rope, Asia and North America (McInnes, 1994). Previously
reported from Svalbard archipelago (Zawierucha et al.,
2013). It comes from cryoconite holes reported from Spits-
bergen, Greenland and Norway (Zawierucha et al., 2015a).

4.   Family Ramazzottiidae Sands, McInnes, Marley,
Goodall-Copestake, Convey & Linse, 2008
Locality: 13.
Diagnosis: Black pigmented cuticle present (Fig. 6A).
Peribuccal lamellae absent. The oral cavity armature ab-
sent or not visible in the PCM. The pharyngeal bulb with
apophyses, with two rod-shaped macroplacoids, the first
with constriction. The macroplacoid length sequence 2<1,
and the microplacoid and septulum absent (Fig. 6B).
Stylet supports were located in the posterior position. Typ-
ical stylet furcae present. The apophyses clearly separated
from the 1st macroplacoids. All macroplacoids are clearly
separated (Fig. 6B). Claws of Ramazzottius type with

Fig. 4. Hypsibius sp. A. A) Habitus in moulting state. B) Buccal apparatus. C) Macroplacoids in lateral position. D) Claws III. E)
Claws IV.
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strongly thin main branches of external claws. All
branches without accessory points (Fig. 6C). Cuticular
bars or thickening under and between the claws absent or
not visible in destroyed specimens preserved in formalde-
hyde and analysed under PCM. Proper lunules absent or
not visible in destroyed specimens preserved in formalde-
hyde and analyzed under PCM.
Remarks: Only two black pigmented individuals col-
lected from the Ebba Glacier have been analysed. Indi-
viduals were destroyed because of long preservation in
formaldehyde. Proper delimitation at the genus level was
difficult. The generic feature, the apophyses for the inser-
tion of the stylet muscles, are completely invisible. The
claws are of Ramazzottius type but with a rare feature - a
lack of accessory points. Despite the fact that they were
conserved in formaldehyde and then prepared in Hoyer
medium, they did not lose the dark pigment in the cuticle.
Other glacier tardigrades in the Alps and Himalayas
(Dastych et al., 2003; Dastych, 2004) were noted to have
black pigment that protected them from high doses of UV
radiation (Greven et al., 2005). Strong black pigmentation
of the examined individuals may be a unique adaptation
to glacier environment. Without more individuals pre-
served in better condition, with suitable character for
proper morphological and morphometric analysis, discus-
sion on the status of this species is unfounded. Morpho-
logically similar specimens have been found in
cryoconites in Tien and the Quilian Mountains (personal

observation). Based on problems with proper identifica-
tion at the genus level, we decided to delimit individuals
at the family level.
Superfamily Isohypsibioidea Sands, McInnes, Marley,
Goodall-Copestake, Convey & Linse, 2008
Family Isohypsibiidae Sands, McInnes, Marley, Goodall-
Copestake, Convey & Linse, 2008
Genus Isohypsibius Thulin, 1928

5.   Isohypsibius sp. A (Fig. 7 A-C)
Localities: 14, 31, 32, 33.
Diagnosis: The body transparent/white, with eyes present
in the examined specimens. The cuticle smooth in the
PCM (Fig. 7A). The buccal apparatus of the Isohypsibius
type without ventral lamina (Fig. 7B). Peribuccal lamellae
absent. The oral cavity armature comprised of a single
ventral and dorsal band of small round teeth in the poste-
rior portion of the oral cavity (barely visible in certain
specimens). The pharyngeal bulb with apophyses, with
three rod-shaped macroplacoids, all without constrictions.
Macroplacoid length sequence 1<2<3 and microplacoid
and septulum absent (Fig. 7B). Stylet supports located in
the posterior position. Typically, stylet furcae present. The
apophyses clearly separated from the 1st macroplacoid.
All macroplacoids were clearly separated. Claws of the
Isohypsibius type (Fig. 7C). All external and all internal
claws similar in shape and all main branches with acces-
sory points. Short, cuticular bars present on legs I-III

Fig. 5. Pilatobius recamieri. A) Habitus. B) Bucco-pharyngeal apparatus.
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(sometimes poorly visible). Other cuticular structures or
thickening between claws absent. Proper lunules absent,
and only certain areoles visible under the claw bases but
needed clarification in better preserved individuals. Eggs
smooth and deposited in exuvia. 
Remarks: This species belongs to a large group of iso-
hypsibids with three macroplacoids, smooth cuticle and
cuticular bars. This species, based on the presence of
smooth cuticle, three macroplacoids, and macroplacoid
length sequence is the most similar to I. tetradactyloides
(Richters, 1907) and I. schaudinni (Richters, 1909), known
before from non-glacial habitats (Ramazzotti and Maucci,
1983). Up to now, tardigrades recorded from the Arctic
tundra were not morphologically the same as Isohypsibius
sp. A. However, erection of the Isohypsibius sp. A, to the
new species without redescriptions of other isohypsibids
(e.g., I. schaudinni, I. tetradactyloides; Kaczmarek et al.,
2015) made precise differential diagnosis difficult. More-

over, more well-preserved material for morphometry and
confirmation of presence/absence of lunules is required.
To avoid taxonomic confusion, if additional new fresh ma-
terial will be available together with individuals for exact
comparison, Isohypsibius sp. A will be described together
with morphometric data in a future paper.

DISCUSSION

Tardigrada diversity and distribution

In this study, five tardigrade taxa in cryoconite holes
sediment were discovered and are presented as the first
comprehensive data regarding their distribution on glaciers
in Spitsbergen. Current data from Spitsbergen, along with
previous surveys, clearly indicates that tardigrade diversity
in cryoconite holes is low in comparison to Arctic terres-
trial ecosystems in which up to 10 species per moss sample
may be found (Dastych, 1985). However, some species are

Fig. 6. Undetermined species of Ramazzottiidae. A) Habitus. B) Buccal apparatus. C) Claws III.
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unique to this environment and known only from glaciers,
like Hypsibius sp. A, Isohypsibius sp. A, found in this
study, or other tardigrades in the Alps e.g., Hypsibius
klebelsbergi Mihelčič, 1959 or Himalayas, H. janetscheki
Ramazzotti, 1968 and H. thaleri Dastych, 2004.

In recent papers published by Kaczmarek et al. (2012)
and Zawierucha et al. (2013, 2015b, 2016a), mosses,
lichens, soil, and mixed samples (moss/lichen) were
analysed and observed such that previously recorded
species were not morphologically similar to Hypsibius sp.
A, species of Ramazzottiidae and Isohypsibius sp. A from
cryoconite holes (all collected samples and specimens are
deposited at the Department of Animal Taxonomy and
Ecology, Adam Mickiewicz University in Poznań).
Dastych (1985) found Hypsibius sp. A only in cryoconite
samples and noted it as Hypsibius ? arcticus (see ‘Re-
marks’ for details). The picture was included in that work
(Plate VII) with buccal apparatus of this species. We also
found Hypsibius sp. A exclusively in cryoconite holes, the
buccal apparatus is the same and it is also similar to Hypsi-
bius arcticus. That is why we are certain that it is the same
species as in the work of Dastych (1985). Moreover,
Dastych (1991) questioned the determination of Hypsibius

arcticus and discussed validation. Dastych (1985) did not
find Isohypsibius sp. A and species of Ramazzottiidae in
cryoconite holes. Isohypsibius sp. A, Hypsibius sp. A and
P. recamieri were discovered by Grøngaard et al. (1999)
in the Greenland ice caps and deposited at ZMUC. Mate-
rial from the present study was compared with specimens
deposited at ZMUC, and Isohypsibius sp. A, Hypsibius sp.
A and P. recamieri are morphologically identical (KZ per-
sonal observation). Taking in to consideration i) the huge
sample size of terrestrial material analysed so far and the
absence of species found in cryoconite holes, as well as
this being ii) the same species found in Greenland cry-
oconite holes, Isohypsibius sp. A and Hypsibius sp. A may
be deemed unique glacier inhabitants. 

Only Dastych (1985) and De Smet and Van Rompu
(1994) conducted studies on the glacier tardigrades in
Svalbard. They investigated three glaciers (Sörbreen,
Tryggvebreen, Hyrnebreen) and their found four species:
H. dujardini, Hypsibius sp. A, P. recamieri and Isohypsi-
bius granulifer granulifer (Thulin, 1928), with the most
frequent P. recamieri (Dastych, 1985; De Smet and Van
Rompu, 1994). Knowledge on the glacier tardigrades
from Svalbard archipelago include totally nine glaciers

Fig. 7. Isohypsibius sp. A. A) Habitus; B) Buccal apparatus; C) Claws I.
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(six analysed in this study and three in previous). Distri-
bution of tardigrades seems to be homogenous - with the
most dominant species P. recamieri, then Hypsibius sp.
A, H dujardini and less frequent Isohypsibius sp. A. Up
to now, undetermined species of Ramazzottidae and I. g.
granulifer are known only from single glaciers. 

Biochemistry 

Porazińska et al. (2004) discussed the relationship
between invertebrates (rotifers and tardigrades) inhabit-
ing Antarctic cryoconites and the chemistry of the envi-
ronment in which they live. Authors suggest that higher
pH and lower NO3– concentration favour higher densities
of tardigrades in cryoconite sediments (Porazińska et al.,
2004). These parameters determined in the Buchan Gla-
cier samples were in the following ranges: 6.5-7.45 (pH)
and NO3

– < LOD (limit of detection), indicating
favourable conditions for life and development of tardi-
grades. It is also stated that tardigrade variation may be
explained by the concentration of primary macronutri-
ents (NH4

+ and NO3-) as well as secondary macronutri-
ents (Mg2+) (Porazińska et al., 2004). Ammonium
present in samples collected from the Buchan glacier
was on the order of magnitude <LOD of 2.94 mg L–1.
The mean value of NH4

+ was about nine times greater
than the highest value detected by Porazińska et al.
(2004) in Antarctic glacier samples (Table 4). Cryoconite
holes with the highest concentrations of NH4

+ were also
characterized by the highest levels of magnesium (0.800
mg dm–3). Occurrence of tardigrades seems to be related
to concentrations of Mg2+ and other cations, including
K+ and Ca2+.

The highest conductivity, and highest concentration of
the most of ions can be found in sample 29, which was lo-
cated lower (228 m asl) than the two other samples (230
and 234 m asl; Tab. 4). Differences in chemical composi-
tion can be because of  i) the shorter distance to the sea and
influence of the sea aerosols; or ii) the result of the flow of
matter through water flow on the Buchan Glacier surface.

Glacial biome - unique species and food web

This study presents evidence for the biotic background
of a glacial biome hypothesis. Firstly, despite the extreme
conditions of ice environments, organisms were found in
most of samples. Thus, they cannot be fortuitous elements
on glaciers and certainly have adaptations and strategies
like other glacier inhabitants (Price, 2000; Zawierucha et
al., 2015a; Singh et al., 2014). Secondly, the presence of
different trophic groups (herbivores, microbivores, and
higher-level consumers) is not possible without the pres-
ence of autotrophs, which commonly inhabit glaciers
(Kaczmarek et al., 2016). Therefore, glacial ecosystems
on Spitsbergen are typified by truncated food webs. This

is supported by other environmental studies conducted on
Svalbard glaciers (Vonnahme et al., 2015). Finally, a
strong selection pressure resulting from extreme condi-
tions on the ice influences the unique character of organ-
isms inhabiting glaciers (species which were found
strictly in cryoconite holes). Similar to cryoconite holes,
ephemeral micro-ecosystems are formed in the axils of
Bromeliaceae, where species specialists but also species
known for their wide tolerance of habitats have been dis-
covered. It seems that a number of the species living in
them are endemic, while others cosmopolitan or they con-
stitute complexes of morphologically similar taxa or cryp-
tic species (Balke et al., 2008; Kolicka 2016; Kolicka et
al., 2016). Observations on the species in bromeliads are
analogous to those in cryoconite holes - there is a wide
distribution of P. recamieri and a limited distribution
within cryoconite holes of e.g., Isohypsibius sp. A.

Vonnahme et al. (2015) showed that grazing by tardi-
grades has a positive influence on eukaryotic microalgae
by nutrient recycling in cryoconite holes. Similar obser-
vations on the trophic web at the microscale have been
demonstrated on decaying caribou antlers in the Arctic
(Sutcliffe and Blake, 2000). In these unusual ecosystems,
mosses, lichens and algae are photoautotrophic producers
and tardigrades (with mites and dipterans) are primary
consumers (Sutcliffe and Blake, 2000). Trophic webs in
Bromeliad tanks also present analogies to cryoconite
holes. However, grazers are less abundant, and more for-
tuitous species can be observed in bromeliads (Brouard
et al., 2011; Kolicka et al., 2016). 

CONCLUSIONS

Despite extreme conditions and high ice melt, tardi-
grades can inhabit cryoconite sediments in high densities
(Zawierucha et al., 2016b). Glacier organisms may influ-
ence the size of cryoconite holes (McIntyre, 1984). There-
fore, the presence or absence of invertebrates (which are
considerably larger than bacteria, viruses or algae), could
affect the melting of glacier surfaces and should be dis-
cussed in future literature as a part of bicryomorphological
studies (Zawierucha et al., 2015a; Cook et al., 2015). The
presence of unique cryoconite tardigrade species indicate
cryoconites as distinctive extreme habitats and tardigrades
as a constant element in a glacial biome, with different
communities structure than in tundra. Most likely, tardi-
grades adapted to life on a glacier rather than being trans-
ported there by accident as hypothesized earlier by
Grøngaard et al. (1999). The important role of tardigrades
in a trophic web (the herbivorous genus, Hypsibius, or the
microbivore genus, Pilatobius), greatly corroborates the
hypothesis of a multitrophic food web in cryoconites. Var-
ious tardigrade species may recycle limiting nutrients to
microalgae and bacteria, and compete with or suppress
bacterivorous and grazing rotifers and ciliates. 
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