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Abstract

The first investigations of the tardigrades of Svalbard took place in the early 20th century and 30 papers on the subject have been published to date. In this article, we summarize available information on the distribution of tardigrades in this Arctic archipelago with remarks on the dubious species and records. Additionally, we examined 28 new moss, lichen and soil samples collected from the islands of Nordaustlandet, Edgeøya and Prins Karls Forland. These samples yielded 324 specimens, 15 exuvia and 132 free-laid eggs belonging to 16 limnoterrestrial species (Heterotardigrada and Eutardigrada). These include five first records of water bears from Nordaustlandet, eight new records for Edgeøya and four for Prince Karls Forland. The most dense population of tardigrades was found in a sample with 253 specimens/10 g of dry material and the least dense population in a sample with three specimens/10 g of dry material. The most frequently recorded species in samples collected in this study were Testechiniscus spitsbergensis Scourfield, 1897, Macrobiotus harmsworthi harmsworthi Murray, 1907, and M. islandicus islandicus Richters, 1904. This article also provides the first ever scanning electron microscope photomicrographs of Tenuibiotus voronkovi Tumanov, 2007.
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Tardigrada are a phylum of microscopic animals (typically 50–2100 µm in size) inhabiting a great majority of ecosystems throughout the world (Ramazzotti & Maucci 1983; Guil 2008). About 1170 species have been described worldwide (Guidetti & Bertolani 2005; Degma & Guidetti 2007; Degma et al. 2009–2013). Limnoterrestrial tardigrades are found mainly in mosses, lichens and soil habitats, whereas aquatic species live both in freshwater and marine environments. Tardigrades are recognized as possessing great environmental stress tolerance and are able to survive in extreme conditions on Earth and, through experimental exposure in low Earth orbit, to the space environment (Wełnicz et al. 2011; Guidetti et al. 2012). In addition to their typical microhabitats (e.g., mosses, lichens or soil), they are also able to dwell in cryoconite holes in alpine and polar glaciers (e.g., De Smet & Van Rompu 1994; Grongaard et al. 1999; Dastych 2004; Porazińska et al. 2004). It has also recently been shown that tardigrades inhabit detached moss balls (“glacier mice”) that roll free on ice surfaces in the Arctic (Coulson & Midgley 2012). Despite the fact that studies of the tardigrades of the Svalbard islands were conducted by a number of researchers over a long period (e.g., Richard 1898; Richters 1903, 1904, 1911a, b; Murray 1907; Summerhayes & Elton 1923; Marcus 1936; De Smet et al. 1987, 1988; Van Rompu & De Smet 1988, 1991, 1994; Maucci 1996), only the tardigrade fauna of the largest island of the archipelago, Spitsbergen, is relatively well surveyed. In contrast, our knowledge of water bears of other islands of the Svalbard Archipelago is still very poor.

In this article, we list all the species found on every investigated island in the Svalbard Archipelago. We exclude species mistakenly listed by Coulson & Refseth (2004) in a previous survey of the literature (e.g., Isohypsibius fuscus [Mihelčič, 1971]). Moreover, we offer remarks on dubious species and records (e.g., Acutuncus antarcticus [Richters, 1904], Hypsibius arcticus [Murray, 1907]). Revision of the inventory of Svalbard is urgently required because of likely errors in the current inventories (Coulson 2013). Additionally, we also present new records of water bears from the islands of Edgeøya and Prins Karls Forland and the first records from Nordaustlandet.

	

Materials and methods

In the summers of 2009 and 2010, 28 moss, lichen and soil samples were collected from the islands of Prins Karls Forland, Nordaustlandet and Edgeøya in Svalbard (Fig. 1). These were examined for the tardigrade fauna using standard methods (Ramazzotti & Maucci 1983; Dastych 1985). Twenty samples (71%) contained tardigrades (Table 1). All tardigrades collected were mounted on microscope slides in Hoyer's medium. Species identification was based on the key to the world fauna of Tardigrada by Ramazzotti & Maucci (1983) as well as later descriptions and diagnostic keys (Dastych 1985, 1988; Bertolani & Rebecchi 1993; Miller et al. 2005; Kaczmarek & Michalczyk 2009; Kaczmarek et al. 2011; Kaczmarek, Zawierucha et al. 2012).

Fig. 1
			Map of Svalbard with sampling sites (map from Norwegian Polar Institute).
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Table 1List of samples investigated in this study, with data on the total number of specimens (S), the number of exuvia (E), the number of eggs (e) found and average density of specimens (calculated as the number of specimens per 10 g of dry sample).

						
								Sample code
								Island
								Region
								Latitude, longitude
								Date
								S, E, e
								Sample type (dry weight)
								Density
						

					

						
								I
								Nordaustlandet
								Oxfordhalvøya
								79°78′04′′N 21°73′04′′E
								07/2009
								S: 13
E: 22
e: 0
								Moss, soil (1.93 g)
								67
						

						
								II
								Nordaustlandet
								Oxfordhalvøya
								79°78′04′′N 21°73′04′′E
								07/2009
								S: 110
E: 1
e: 51
								Moss, soil (10.09 g)
								109
						

						
								III
								Nordaustlandet
								Oxfordhalvøya
								79°78′04′′N 21°73′04′′E
								07/2009
								S: 4
E: 0
e: 0
								Moss, soil (1.97 g)
								20
						

						
								IV
								Edgeøya
								Blåbukta
								78°03′27′′N 22°52′53′′E
								07/2010
								S: 8
E: 0
e: 1
								Moss (2.26 g)
								35
						

						
								V
								Edgeøya
								Blåbukta
								78°03′27′′N 22°52′53′′E
								07/2010
								S: 18
E: 1
e: 6
								Moss (3.24 g)
								56
						

						
								VI
								Edgeøya
								Kapp Heuglin
								78°15′02′′N 22°50′40′′E
								07/2010
								S: 3
E: 1
e: 1
								Moss (1.24 g)
								24
						

						
								VII
								Edgeøya
								Kapp Heuglin
								78°15′02′′N 22°50′40′′E
								07/2010
								S: 0
E: 0
e: 0
								Moss, soil (15.12 g)
								0
						

						
								VIII
								Edgeøya
								Kapp Heuglin
								78°14′46′′N 22°48′21′′E
								07/2010
								S: 0
E: 0
e: 0
								Moss (1.99 g)
								0
						

						
								IX
								Edgeøya
								Kapp Heuglin
								78°14′46′′N 22°48′21′′E
								07/2010
								S: 10
E: 0
e: 0
								Moss (1.91 g)
								52
						

						
								X
								Edgeøya
								Kapp Heuglin
								78°14′46′′N 22°48′21′′E
								07/2010
								S: 4
E: 0
e: 0
								Moss (1.65 g)
								24
						

						
								XI
								Edgeøya
								Diskobukta
								77°58′25′′N 21°19′08′′E
								07/2009
								S: 0
E: 0
e: 0
								Moss, soil (3.92 g)
								0
						

						
								XII
								Edgeøya
								Diskobukta
								77°58′25′′N 21°19′08′′E
								07/2009
								S: 3
E: 1
e: 0
								Moss, soil (2.66 g)
								11
						

						
								XIII
								Edgeøya
								Kapp Lee
								78°06′45′′N 14°50′58′′E
								07/2009
								S: 15
E: 1
e: 8
								Moss (2.62 g)
								57
						

						
								XIV
								Edgeøya
								Kapp Lee
								78°06′45′′N 14°50′58′′E
								07/2009
								S: 26
E: 0
e: 19
								Moss (2.03 g)
								128
						

						
								XV
								Edgeøya
								Kapp Lee
								78°06′45′′N 14°50′58′′E
								07/2009
								S: 2
E: 0
e: 0
								Moss (3.20 g)
								6
						

						
								XVI
								Edgeøya
								Kraussbukta
								77°50′09′′N 20°85′30′′E
								07/2009
								S: 1
E: 1
e: 0
								Moss (3.62 g)
								3
						

						
								XVII
								Edgeøya
								Kraussbukta
								77°50′09′′N 20°85′30′′E
								07/2009
								S: 0
E: 0
e: 0
								Moss (1.57 g)
								0
						

						
								XVIII
								Edgeøya
								Negerdalen
								77°17′42′′N 22°53′37′′E
								07/2010
								S: 0
E: 0
e: 0
								Moss, soil (6.24 g)
								0
						

						
								XIX
								Edgeøya
								Negerdalen
								77°17′42′′N 22°53′37′′E
								07/2010
								S: 6
E: 0
e: 6
								Moss (3.45 g)
								17
						

						
								XX
								Edgeøya
								Negerdalen
								77°19′25′′N 22°50′02′′E
								07/2010
								S: 5
E: 0
e: 0
								Moss (1.8 g)
								28
						

						
								XXI
								Edgeøya
								Negerdalen
								77°19′25′′N 22°50′02′′E
								07/2010
								S: 0
E: 0
e: 0
								Moss (4.46 g)
								0
						

						
								XXII
								Edgeøya
								Russebukta
								77°32′22′′N 20°50′53′′E
								07/2009
								S: 0
E: 0
e: 0
								Moss, soil (2.83 g)
								0
						

						
								XXIII
								Edgeøya
								Russebukta
								77°32′22′′N 20°50′53′′E
								07/2009
								S: 44
E: 6
e: 2
								Moss (1.74 g)
								253
						

						
								XXIV
								Edgeøya
								Russebukta
								77°32′22′′N 20°50′53′′E
								07/2009
								S: 0
E: 0
e: 0
								Moss (2.43 g)
								0
						

						
								XXV
								Edgeøya
								Russebukta
								77°32′22′′N 20°50′53′′E
								07/2009
								S: 13
E: 2
e: 1
								Moss (1.7 g)
								76
						

						
								XXVI
								Prins Karls Forland
								Fuglehuken
								78°53′29′′N 10°28′07′′E
								08/2010
								S: 8
E: 0
e: 0
								Moss (1.21 g)
								66
						

						
								XXVII
								Prins Karls Forland
								Fuglehuken
								78°53′29′′N 10°28′07′′E
								08/2010
								S: 41
E: 1
e: 11
								Moss (2.16 g)
								190
						

						
								XXVIII
								Prins Karls Forland
								Fuglehuken
								78°53′29′′N 10°28′07′′E
								08/2010
								S: 3
E: 0
e: 4
								Moss, lichen (2.28 g)
								13
						

					


Only specimens determined to the species level are provided in the list of species from Prins Karls Forland, Edgeøya and Nordaustlandet. We decided to do so because records identified only to the generic level do not provide any additional information about the biodiversity range if other species of a genus have been already reported from a given area. In other words, it is not possible to designate a dubious record as a new record or another record of a species that has already been reported and identified to the species level. Doing so could lead to inaccurate estimates of biodiversity and confusion in faunistic checklists and biogeographic studies. In the list of species found during this study, the Roman numerals indicate locality code, the first Arabic number indicates the number of specimens, the second Arabic number (in brackets) refers to exuvia and the third Arabic number (preceded by a plus sign) to eggs. Short zoogeographic comments for the recorded species from the Svalbard Archipelago are also provided.

To assess tardigrade population densities in our samples, we used the quotient of specimen number per 10 g of dry weight of the material (i.e., soil, moss or lichen). The samples and slides are deposited in the Department of Animal Taxonomy and Ecology at Adam Mickiewicz University in Poznań, Poland.

	

Results

In this study, 16 Tardigrada species of two orders, Eutardigrada and Heterotardigrada, were found. New records for Nordaustlandet, Edgeøya and Prins Karls Forland are marked below with asterisks. The samples (Roman numbers) are described in Table 1.

The average density in samples containing tardigrades was 62 specimens per 10 g of dry material. A density greater than 100 specimens per 10 g was found only in four samples. The most dense population of tardigrades was found in sample XXIII (253 specimens/10 g) and the least dense population in sample XVI (three specimens/10 g). In eight samples (29%), no tardigrades or their eggs were found.

In the Supplementary file, we list all tardigrade records from Svalbard known from the literature as well as from the present study: Spitsbergen, Prins Karls Forland, Bjørnøya, Barentsøya, Edgeøya, Hopen, Amsterdamøya, Svenskøya, Ryke Yseøyane, Kong Ludvigøyane and Nordaustlandet.

Diphascon (Adropion) prorsirostre Thulin, 1928*. Samples II: 1, X: 4, XIII: 1. These are new records for Nordaustlandet and Edgeøya. The Diphascon (Adropion) prorsirostre complex is cosmopolitan (McInnes 1994); however, the majority of these records are old and need be confirmed.

Diphascon (Diphascon) recamieri Richters, 1911*. Samples XIV: 1, XXVI: 5, XXVII: 2 (1), XXVIII: 1. These are new records for Prins Karls Forland and Edgeøya. This is a Holarctic species, recorded from sparse localities in Europe, Asia and North America (McInnes 1994).

Echiniscus merokensis Richters, 1904*. Sample XXVIII: 1. This is a new record for Prins Karls Forland. The species is Palaearctic (McInnes 1994).

Hypsibius dujardini (Doyère, 1840). Samples IX: 8, XIV: 4. Species belongs to the cosmopolitan convergens–dujardini complex of species (McInnes 1994; Miller et al. 2005; Kaczmarek & Michalczyk 2009). Because the original description is inadequate and unsatisfactory, the examined specimens were compared with recent descriptions (e.g., Ramazzotti & Maucci 1983; Dastych 1988; Miller et al. 2005).

Hypsibius convergens (Urbanowicz, 1925)*. Sample XXIII: 17 (1). This is a new record for Edgeøya. See remarks accompanying H. dujardini, above.

Isohypsibius coulsoni Kaczmarek et al. 2012*. Sample XXVII: 14 (1). This is a new record for Prins Karls Forland, previously known only from Rotjesfjellet (Spitsbergen) (Kaczmarek, Zawierucha et al. 2012).

Isohypsibius cf. marcellinoi Binda & Pilato, 1971*. Sample XII: 3 (1 with eggs). This is a new record for Edgeøya. Holoarctic (McInnes 1994). This species is very similar to Isohypsibius dastychi Pilato, Bertolani & Binda, 1982 but differs from it by the lack of sculpturing on the dorsal cuticle and by a different arrangement of dorsal teeth in the oral cavity. Our specimens clearly do not have sculptured cuticle, but oral cavities are not well preserved and do not allow the determination of teeth numbers. Although we are sure that our animals do not belong to I. dastychi, we are not able to confidently determine them to the species level.

Macrobiotus crenulatus Richters, 1904. Samples XXVII: 7 + 7, XIV: 3, XV: 2, XVII: 1. This species is Holarctic (McInnes 1994).

Macrobiotus harmsworthi harmsworthi Murray, 1907. Samples XXVI: 2, XXVII: 9 + 4, XXVIII: 1 + 4, XIV: 3 + 3, XXIII: 23 (5) + 2, XXV: 14 (2) + 1. This is the nominal taxon for a cosmopolitan species complex (McInnes 1994; Kaczmarek et al. 2011).

Macrobiotus hufelandi C.A.S. Schultze 1833*. Samples VI: 0 + 1, XIV: 10 + 15. This is a new record for Edgeøya. The M. hufelandi group of species is cosmopolitan (McInnes 1994); however, the majority of older records need to be confirmed (Bertolani & Rebecchi 1993).

Macrobiotus islandicus islandicus Richters, 1904*. Samples I: 0 + 4, II: 1 + 9, IV: 3 + 1, V: 2 + 1, XIX: 0 + 6. These are new records for Nordaustlandet and Edgeøya. Holarctic (McInnes 1994).

Murrayon hibernicus Murray, 1911*. Sample IX: 1. This is a new record for Edgeøya. Holarctic, Indomalayan (McInnes 1994).

Platicrista angustata Murray, 1905*. Sample XXVI: 1. This is a new record for Prins Karls Forland. The species is Holarctic (McInnes 1994).

Pseudechiniscus suillus Ehrenberg, 1853*. Samples II: 1, XX: 1. This is a new record for Nordaustlandet. The P. suillus group of species is cosmopolitan, but the distribution of the nominal species is unknown (McInnes 1994).

Tenuibiotus voronkovi Tumanov, 2007*. Samples I: 4 + 18, II: 16 + 24, III: 10 + 7, V: 8 (1) + 3, XIII: 10 (1) + 8. Eggs of this species are presented in Fig. 2. These are new records for Nordaustlandet and Edgeøya. The species has been previously recorded only from Spitsbergen (Tumanov 2007).

Fig. 2Tenuibiotus voronkovi: details of the eggshell, shown for the first time with scanning electron microscopy (scale bar in micrometres).
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Testechiniscus spitsbergensis Scourfield, 1897*. Samples I: 8, II: 90, III: 4, IV: 3, V: 8, VI: 3. These are new records for Nordaustlandet and Edgeøya. The species is Holarctic (McInnes 1994).

	

Discussion

Tardigrade surveys carried out in Svalbard have been fragmentary and the numbers of species known from different islands of the archipelago are proportional to the number of papers concerning these islands. Because the majority of studies have been performed on the largest island—Spitsbergen—this island has also the longest tardigrade species list: 80 (excluding dubious records; see Supplementary file), with 95% of all species known from the entire archipelago. Second, in terms of species diversity, is Prins Karls Forland 23 (27%), followed by Hopen with 22 (26%), Bjørnøya with 20 (24%) species and Edgeøya with 20 (24%) species. Fifteen (18%) species are known from Barentsøya, nine (11%) from Amsterdamøya, five (6%) from Nordaustlandet and five (6%) from Kong Ludvigøyane, one (1%) from Svenskøya and one species (1%) from Ryke Yseøyane (all figures exclude dubious records; see Supplementary file).

The total number of valid water bear species known from Svalbard is 85. However, given the poor sampling coverage, it is very likely that the real number of species inhabiting the islands is far greater. For example, the tardigrade fauna of the archipelago's second largest island, Nordaustlandet, has not been assayed until this study, in which we found five species in only three samples. Moreover, among tardigrades only two marine species (Halobiotus arcturulius Crisp & Kristensen, 1983 and H. crispae Kristensen, 1982) have been recorded so far (Smykla et al. 2011) and they are probably a small fraction of the real biodiversity of this area. It should also be borne in mind that many older records date from the time when species complexes, such as the Macrobiotus harmsworthi harmsworthi, M. hufelandi, Hypsibius dujardini and H. convergens groups, were considered single cosmopolitan species and, since the archipelago is isolated from the mainland Europe by about 700 km and from Greenland by about 450 km of sea a careful examination of the Svalbardian tardigrade fauna would probably reveal more endemic species instead the five already described (Bryodelphax parvuspolaris Kaczmarek, Zawierucha et al. 2012, Isohypsibius ceciliae Pilato & Binda, 1987, I. coulsoni Kaczmarek Zawierucha et al. 2012, I. karenae
			Zawierucha 2013; and Tenuibiotus voronkovi [Tumanov, 2007]).

The most frequently recorded species in samples collected in this study were Testechiniscus spitsbergensis and M. harmsworthi harmsworthi (each found in six samples), and M. islandicus islandicus (recorded in five samples). All of these species were also abundant in previous faunistic surveys conducted on Spitsbergen. Dastych (1985) reported T. spitsbergensis and M. islandicus. islandicus whereas Kaczmarek, Zawierucha et al. (2012) reported Diphascon (Diphascon) recamieri, T. spitsbergensis, M. islandicus islandicus and M. harmsworthi harmsworthi as species that occurred most frequently in their analysed samples. Thus, both earlier studies and that reported here show the dominance of these species, with T. spitsbergensis clearly the most prevalent.
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