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Abstract
Assemblages of terrestrial biotas in Antarctica have low species-diversity, taxonomic breadth, and number of trophic links 
and may provide insights not only into adaptation to extreme environments, but also into an understanding of community 
structure and dynamics not readily achieved by studying more complex, less tractable, systems. To this end, we collected 
core-samples of soils and the Bryosystem in the Larsemann Hills, Antarctica, and extracted their contained micrometazoans 
(tardigrades, rotifers, and nematodes). All these undergo deep, sustained dormancy that enhances their survival under extreme 
polar conditions. Yields varied greatly (zero to > 1000 per core); 38% of the cores lacked animals entirely and only 13% con-
tained all three taxa together. There were greater abundances in mosses, especially at wet seepages, than in lichens or soils. 
All taxa occurred in mosses more often than expected from random distribution among habitats, and similar "preferences" 
were shown by tardigrades and rotifers for soil, nematodes for lichens and tardigrades for algae. Whereas tardigrades and 
rotifers both occur in soil less often than expected by chance, nevertheless are associated with each other there, suggesting 
that although soil is a relatively unfavorable habitat for both, they respond in similar ways to variation in edaphic conditions. 
The above scenario serves as a baseline for assessing increasing structural complexity of Antarctic terrestrial communities as 
the continent undergoes warming, accompanied by inevitable invasion by external species, including non-cryptobiotic taxa.
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Introduction

The major terrestrial taxa inhabiting Antarctica are bac-
teria (including cyanobacteria), yeasts and filamentous 
fungi, unicellular and filamentous algae and the multicel-
lular fleshy alga Prasiola crispa, protozoans (Protista), and 
among the metazoans: nematodes, tardigrades, rotifers, and 
mites (Gressit 1967; Broady 1977, 1979; Heatwole et al. 
1989, 1999; Adams et al. 2006; Connell et al. 2006). The 
hexapodan fauna is limited to springtails (Collembola) 
and two species of insect, both midges (family Chironomi-
dae): Parochlus steinini (from the South Shetland Islands) 

(Tilbrook 1967) and a wingless fly, Belgica antarctica from 
the Antarctic Peninsula) (Gressitt and Weber 1959; Usher 
and Edwards 1984). Under inclement conditions nematodes, 
tardigrades, rotifers, and collembolans undergo a deep 
dormancy called cryptobiosis, in which they lose almost 
all of their body water, shrivel, and diminish or suspend 
metabolism indefinitely. Similar states of cryptobiosis can 
be induced by different stimuli, the most important ones in 
Antarctica being extreme cold (cryobiosis) and desiccation 
(anhydrobiosis) (Glim 2017). While in the crytobiotic state, 
the animals survive extreme environmental conditions for 
exceptionally long periods of time (Keilin 1959; Heatwole 
1995; Sømme and Meier 1995; Glim 2017).

Janetschek (1963, 1967) recognized that Antarctic organ-
isms form two types of terrestrial biotic communities: (1) 
the Bryosystem consisting of bryophytes, lichens, and mac-
rophytic algae, and their contained biotas, and (2) the Cha-
likosystem (organisms free-living in soils devoid of macro-
phytes) and noted that the number of taxa in these systems 
is lower, by orders of magnitude, than those in more benign 
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habitats. Taxa such as annelid worms and myriapods, that 
are so prominent in soils elsewhere, are absent.

Assemblages and communities with such low species 
richnesses have a restricted range of options for trophic and 
other biotic interactions and consequently would be expected 
to be more simply organized and structured than those from 
areas of high biodiversity (Adams et al. 2006; Wall et al. 
2006). Velasco-Castrillon et al. (2014a) as late as 2014 rec-
ognized the paucity of microfaunal surveys in Eastern Ant-
arctica and noted that current knowledge of the composition 
and abundance of the microfauna there is still incomplete. 
The present paper helps fill that gap in knowledge by con-
tributing toward a better understanding of the structuring of 
the micrometazoan assemblages inhabiting mosses, algae, 
lichens, and soils in the Larsemann Hills, Antarctica.

The specific questions asked were: (1) Does the taxo-
nomic composition of the microarthropod assemblages vary 
with type of substrate? (2) Do the numbers of individuals of 
the various taxa vary with moisture conditions, volume of 
sample, or type of substrate? (3) Do different taxa of micro-
athropods tend to be positively associated (occur together), 
negatively associated (occur separately), or randomly occur 
relative to the presence or absence of other taxa?

Materials and methods

The study area

The Larsemann Hills (69°20–28′S; 76°21–25′E) comprises 
a series of ice-free peninsulas and islands isolated from each 
other either by the sea or by permanent ice (Miller et al. 
1994b). They lie about 170 km southwest of Australia’s 
Davis Base and extend from the Dålk Glacier to the west 
along the southeastern shore of Prydz Bay (Stewart 1990) 
on the Ingrid Christensen Coast of Princess Elizabeth Land 
(Fig. 1).

The geology and topography of the area have been 
described by Stuwe et al. (1989). The rocks are crystalline, 
banded, strongly folded gneiss, with minor intrusions of 
granite. Mineralogically, they are of “felsic” composition, 
dominated by quartz and feldspar. The hills are dissected by 
steep-sided valleys that reflect at least three glacial stages 
involving two episodes of glaciation after retreat of the ice 
cap. The exposed bedrock is carved by wind, glaciation, 
erosion, tides, wedging by ice, and chemical weathering. 
More than 200 freshwater lakes, some permanently frozen, 
are scattered throughout the hills; meltwater streams are 
well-developed and a second-order network of drainages 
exists. Large, sorted stone circles occur in outwash fans but 
morainic deposits are not in evidence.

There are two large peninsulas. The Stornes Peninsula 
in the southwest is deeply dissected with a relief of 140 m. 

Surface deposits are thin and sparse. Accumulations of 
organic sediments are thin, suggesting recent deglaciation. 
Movement of ice was from southwest to northeast. The Bro-
knes Peninsula in the northeast is smaller and only rises 
to 60 m. Its bare rock has a weathered crust, and surface 
deposits are extensive. The outcrops are weathered and 
slopes are unstable. Glaciation and erosion have dissected 
the surface into basins. The offshore islands appear to be 
rouches moutoneés isolated by current sea level. They have 
a surface mantle of boulders similar to the bedrock and not 
likely morainic in nature.

Figure 2 features the terrain of the study area. Most of the 
landscape is of bare rock or soil, although there are some 
large beds of moss and some areas with extensive coverage 
of lichens (Fig. 3).

Sampling

During an Australian expedition to the Larsemann Hills, 
samples of fleshy algae (P. crispa), mosses, and lichens, as 
well as some samples of mixed substrates, were collected 
for taxonomic survey of the tardigrade fauna of the Bryo-
system (Gardiner and Pidgeon 1987; Miller et al. 1994b). 
Those samples also contained rotifers and nematodes, and in 
addition soils were sampled, thereby providing data supple-
menting the previously unpublished data from the tardigrade 
study to form the basis of the present paper.

The methods of collecting, extracting, and processing the 
specimens of metazoans from the Bryosystem were previ-
ously reported (see Miller et al. 1994b). For sampling soils, 
cylindrical screw-cap vials 4 cm in diameter and 10 cm 
long were used to core the soil at right angles to its surface. 
Because the depth of soil and the thickness of mats of moss 
differ from place to place, the cores also differed in length 
and consequently the volumes of samples were not uniform. 
This situation poses difficulties in selecting a realistic unit 
for comparing samples.

Habitats differ markedly in physical, chemical, and eco-
logical properties. For example, soils have very different 
specific gravities from an equal volume of either mosses or 
lichens, so gravimetric comparisons of numbers of individu-
als of microarthropods per unit weight of substrate is invalid; 
similarly, the amount of open space occupiable by micro-
metazoans is much smaller in soils than in either mosses or 
lichens, and the latter two also differ in this regard. Further-
more, even for an equal total amount of occupiable space, 
the sizes of individual interstitial spaces are much smaller in 
soils than in mosses, and therefore impose size-restrictions 
on the resident biota. These properties rule out a volumet-
ric basis of comparison among substrates. Accurate meas-
urement of the surface area of interstitial spaces in soils is 
nearly impossible and not practical for studies involving 
large numbers of samples. Even were it possible to calculate 



1839Polar Biology (2019) 42:1837–1848 

1 3

the total surface area of interstitial space, the allocation of 
the area to line many small spaces in soils relative to fewer 
larger spaces in mosses, would be a complicating factor. 
Finally, in the Bryosystem the entire sample of a moss or 
lichen constitutes the trophic base of the resident micro-
metazoans, whereas in soils only a small part of the sample, 
the decomposers and single-celled algae, fulfil that role. 

Because of these complexities, the only constant was the 
area of the substrate being cored (πr2, where r is the radius 
of the mouth of the corer), and the main physical variable 
was the volume of the sample (hπr2, where h is the length of 
the core obtained). Consequently, correlation analyses were 
conducted to ascertain the relationship of the length of the 
core to the yield of each taxon of micrometazoans.

Fig. 1  Map of the Larsemann 
Hills, East Antarctica. Dark 
gray shading indicates open sea; 
stippling indicates ‘oases’ (land 
that is free of ice and snow in 
summer), and dots indicate the 
sites of sampling stations. Map 
based on Fig. 1 in Miller et al. 
(1994b)
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A total of 320 samples were collected at 22 sampling 
stations at five sites: the Mirror, Broknes, and Stornes 
peninsulas, and the offshore islands of Upsoy and Kil-
loy (Fig.  1) during walking searches with helicopter 
support. The micrometazoans either were extracted and 
preserved in the field, or transported in the anhydrobiotic 
state (see “Introduction”); given their long survival times 
under these conditions they can be transported and stored 

without great change in numbers through death or repro-
duction during the relatively brief time of storage during 
the present study. Bringing samples to room temperature 
and wetting them brings the animals out of the dormant 
state. Any rare tuns not coming out of anhydrobiosis dur-
ing extraction under favourable conditions are considered 
dead and not included in counts of live animals.

Fig. 2  Representative panoramas of the Larsemann Hills showing 
topography, soils, and the sparseness of the Bryosystem compared to 
the Chalikosystem. Note the black lichens on some of the rocks in the 

left part of the central-right panel and the green mosses in the melt-
water channel left of center in the lower-left panel. Photographs by 
Robert Pigeon
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The tardigrades extracted from the soil samples after 
shipment to Australia were preserved and posted to the 
United States for specific identification. Unfortunately, 
those specimens were lost between Australia and the 
United States, and despite postal traces, were never recov-
ered. Consequently, they were never identified and it is 
unknown whether they were of the same, or different, 
species from those identified from the Bryosystem. How-
ever, the numbers of individuals were tallied at the time 

of extraction and preservation, and those data are included 
in the present study.

Chi-squared tests were used to compare the observed 
association between a taxon and a substrate, and between 
two different taxa. Possible outcomes were positive associa-
tion (found together more often than expected by chance), 
negative association (found together less often than expected 
by chance), or random association (found together in the 
frequency expected by chance). The 5% level of rejection 
was used as the criterion of significance. For details of this 
method and the calculation of expected associations, consult 
Miller et al. (1994b). Standard correlation and regression 
techniques were used to assess the effect of volume of sam-
ple on yields.

Results

The tardigrade fauna of the Bryosystem was composed of 
seven species, Pseudechiniscus suillus (Ehrenberg, 1853), 
Pseudechiniscus novaezeelandiae (Richters, 1908), Diphas-
con langhovdense (Sudzuki, 1964), Acutuncus antarcticus 
(Richters, 1904), Minibiotus weinerorum (Dastych, 1984), 
Mesobiotus sp. (harmsworthi group), and Milnesium sp. 
(species names from Guidetti and Bertolani 2005; Degma 
and Guidetti 2007; and Degma et al. 2009–2018). Three gen-
era of nematodes, Plectus, Scottnema, and Eudorylaimus) 
were the most common, with an occasional Hemidiplogaster 
and unidentified monhysterids and tripylids. Rotifers were 
not identified. Only one individual mite was found in the 
present study and there were no collembolans.

Taxonomic composition

Overall 62% of the samples were positive (contained one 
or more of these taxa) and 38% were blank (devoid of any 
micrometazoans) (Table 1). The yield varied, however, 
among types of substrate and taxa of animals.

Nematodes were the most common taxon in the Chaliko-
system; these animals were present in nearly half of the soil 
samples, in comparison with tardigrades and rotifers occur-
ring in < 10% (Fig. 4). Rotifers were the prominent taxon 
in lichens and were present in about double the number of 
samples occupied by either tardigrades or nematodes. For 
the rest of the Bryosystem all taxa were present in more than 
40% of the samples of mosses, algae, and mixed samples, 
and more equitably than in soils or lichens. It should be 
noted, however, that because of the lower number of samples 
of lichens, algae, and mixed samples (Table 1), the figures 
for these habitats are less reliable than for mosses or soils.

For soils, the percentage of samples that were positive 
for one or more taxa of micrometazoan increased with 
depth of sample (length of the core). There were no cores 

Fig. 3  Examples of the Bryosystem in the Larsemann Hills. Top: An 
exceptionally luxuriant bed of mosses (background) with lichens in 
the foreground. Center: A bed of mosses. Lens cap in lower left cor-
ner for scale. Bottom: Lichens of the genus Caloplaca with an Aus-
tralian dollar coin for scale. Photographs by Robert Pigeon
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that were shorter than 2.5 cm and only 5% of the total 
number of cores were shorter than 7 cm. Further increases 
in length of the cores to 7–8 cm (29% of samples), 8–9 cm 
(58%), and 9–10 cm (the full length of the corer; 7%) 
showed progressive increases in the percentage of samples 
that were positive for one or more taxa of micrometazo-
ans: 45%, 63%, and 71% respectively. Thus, samples of 
deeper soils are more likely to contain one or more taxa 

of micrometazoans than are shallower ones, at least down 
to a depth of 10 cm.

Associations of taxa with each other and with type 
of habitat

Figure 4 shows the percentages of the habitats occupied 
separately for each taxon and because many samples 

Table 1  Frequency of 
occurrence of tardigrades, 
rotifers, and nematodes in 
samples of different habitats

Values in boldface indicate the taxon occupying the greatest number and percentage of samples for a par-
ticular substrate. "Blank" indicates no micrometazoans at all found. Percentages are in italics
n  number of samples, N nematodes, R rotifers, T tardigrades

Substrate n Blank Taxon alone Taxa in combination

T R N T + R T + N N + R N + T + R

Soils
 Number 188 84 5 9 73 4 3 6 4
 Percent 45 3 5 39 2 2 3 2

Mosses
 Number 90 19 5 7 13 7 2 7 30
 Percent 21 6 8 14 8 2 8 33

Lichens
 Number 21 12 0 2 0 2 0 3 2
 Percent 57 0 10 0 10 0 14 10

Algae
 Number 10 2 1 0 0 1 2 1 3
 Percent 20 0 0 0 11 22 11 33

Mixed
 Number 11 3 0 1 1 1 1 1 3
 Percent 27 0 9 9 9 9 9 27

Total
Number 320 120 11 19 87 15 8 18 42
Percent 38 3 6 27 5 3 6 13

Fig. 4  Proportional representa-
tion of tardigrades (stippled 
histograms), rotifers (hatched 
histograms), and nematodes 
(white histograms) in different 
habitats in the Larsemann Hills
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contained more than one taxon, the sum of the separately 
occupied samples exceeds 100%. Table  1 refines and 
extends the analysis by indicating the frequency of occur-
rence of various taxa alone versus jointly with one or both 
of the other taxa. On soils, because the individual occur-
rences both of tardigrades and rotifers were low, their co-
occurrences with nematodes are low and hence the oppor-
tunity for biotic interaction are limited by the infrequency 
of rotifers and tardigrades in the soil. At the other end of 
the spectrum, the high individual occurrences of all taxa 
in mosses, algae, and mixed Bryosystem means that co-
occurrences by chance could be high and that proved to 
be the case. Unexpectedly, however, in these substrates, 
except for lichens, the co-occurrence of all three taxa 
together was much higher than any of the combinations of 
only two of the three taxa (Table 1). In lichens, all combi-
nations of occurrence were low.

Certain taxa may tend to be associated with each other, 
either because they have similar habitat requirements, 
or because of biotic interactions; one may be dependent 
upon another for some basic requirement, or they may be 
interdependent. In such cases, occurrences of taxa may 
be positively correlated. On the other hand, some kinds 
of negative interaction, such as competition, might lead 
to exclusion of one member of a competitive pair, with 

fewer joint occurrences than expected by chance associa-
tion (negatively correlated).

Taxa within these assemblages showed some significant 
positive associations with each other, with tardigrades and 
rotifers occurring together more than would be expected by 
chance if each were distributed randomly throughout the 
samples (Table 2). Tardigrades also selectively occurred 
with nematodes, and rotifers with nematodes, more often 
than expected relative to their individual occurrence in the 
collection as a whole. In short, all combinations of pairs 
showed some positive associations, suggesting that some 
habitats favorable for one taxon tended to be favorable for 
another, and some of those less suitable for one taxon was 
less favorable for another. Thus, the three broad taxa seem 
to be at least loosely linked to each other in their occupancy 
of some habitats.

The taxa also were not randomly distributed among the 
different habitats (Table 2). There were five significant posi-
tive associations; all three taxa were found in moss more 
often than expected by chance distribution among habitats 
and in addition, tardigrades were positively associated with 
algae and nematodes with lichens. There were two negative 
associations with particular habitats; tardigrades and rotifers 
were found in soils less often than expected on the basis of 
random distribution. Nevertheless, they tend to be associated 
with each other in that habitat, suggesting that although soil 

Table 2  Analysis of Association 
by Chi-square (χ2) for the 
difference between the Expected 
Joint Occurrence (EJ0) and 
the Observed Joint Occurrence 
(OJO) between the taxa of 
micrometazoans and the type 
of habitat

X2 > 3.84 is significant for one degree of freedom at 95% confidence. o = no significant association, +  = sig-
nificant positive association; − = significant negative association

Incidence (samples occupied) Association of taxa with each other Association of taxa with habitat

EJO OJO χ2 Significance EJO OJO χ2 Significance

Soils
 Tardigrades/nematodes 7.32 7 0.03 o 44.20 16 57.28 −
 Tardigrades/rotifers 1.96 8 23.23  + 55.40 23 65.41 −
 Rotifers/nematodes 9.83 10 0.24 o 91.35 86 1.48 o

Mosses
 Tardigrades/nematodes 25.42 32 7.89  + 21.16 44 44.90  + 
 Tardigrades/rotifers 24.93 37 26.37  + 26.52 51 44.63  + 
 Rotifers/nematodes 29.47 37 10.53  + 43.73 52 4.24  + 

Lichens
 Tardigrades/nematodes 0.95 2 1.86 o 4.94 16 0.25 o
 Tardigrades/rotifers 1.71 4 6.59  + 6.19 23 1.84 o
 Rotifers/nematodes 2.14 5 8.75  + 10.20 86 5.53  + 

Algae
 Tardigrades/nematodes 3.89 5 3.21 o 2.12 7 15.17  + 
 Tardigrades/rotifers 3.11 4 2.06 o 2.65 4 1.00 o
 Rotifers/nematodes 2.22 3 1.10 o 4.37 5 0.18 o

Mixed bryosystem
 Tardigrades/nematodes 2.73 4 2.40 o 2.59 5 3.05 o
 Tardigrades/rotifers 2.73 4 2.40 o 3.24 6 3.45 o
 Rotifers/nematodes 3.27 4 0.78 o 5.34 6 0.16 o



1844 Polar Biology (2019) 42:1837–1848

1 3

is a relatively unfavorable habitat for both, they respond in 
similar ways to variations in edaphic conditions.

Abundance

Thus far, the analyses have dealt with presence/absence data 
and hence with whether taxa tend either to co-occur more 
often, or to be found together less often, than dictated by 
chance, but has not addressed relative abundances. Although 
one individual, or a thousand, equally constitute presence 
in a sample, there is a great ecological difference between 
two species occupying an area in nearly equal numbers, as 
opposed to one being rare and the other abundant. Accord-
ingly, a second approach was taken: assessment of correla-
tion between numbers of individuals of one taxon relative 
to that of another.

Only in mosses were the numbers of individuals of one 
taxon consistently related positively, and significantly, to 
those of other taxa for all possible combinations (Table 3). 
In mixed samples, usually involving mosses, the numbers 
of rotifers and nematodes were significantly correlated. The 
only other significant correlations were between abundances 

of rotifers and nematodes in lichens and between tardigrades 
and rotifers in algae.

One would expect volume of sample to have a marked 
influence on the number of individuals yielded, and some of 
the data in Table 4 suggest that the larger samples did indeed 
have a greater number of individuals. There were three cases 
in which this expectation was confirmed for the Bryosystem 
when all samples, including those with zero individuals were 
included in the analysis: tardigrades in lichens and rotifers 
and nematodes in mosses. When only positive samples were 
included, the correlations lost significance. In all other kinds 
of samples there were only weak correlations and slopes of 
regression lines did not depart significantly from zero; often 
the p values exceeded 0.50. It appears that in soils, lichens, 
and algae, and sometimes in mixed substrates, other fac-
tors affect the numbers of individuals of micrometazoans to 
such an extent that the expected relationship to volume of 
habitat does not occur within the range of sample volumes 
employed in the present study. Even in mosses, for which 
significant relationships were found, the regression lines 
only accounted for a small proportion of the total variation, 
i.e., values of r2 were low for most sampling categories.

Role of moisture

The question arises as to the factors responsible for such 
great spatial variation. One way of attacking this problem 
was to examine more closely the characteristics of those 
samples with unusually high numbers of individuals. All 
samples with more than 100 individuals of any of the three 
phyla were selected for this purpose. All descriptions in the 
field book were examined and the microhabitats classified 
according to moisture conditions noted at the time of sam-
pling. The wettest category was ‘seepages’ and included 
gullies, channels, and areas of run-off of meltwater, or des-
ignated in the field book as seepages. Next, in decreasing 
order of wetness, was "damp" (designated in the field book 
as either ‘damp’ or ‘moist’), followed by ‘normal’, the cat-
egory used when moisture conditions were neither so wet 
nor so dry as to cause comment either way in the field book, 
and finally by ‘dry’ when such was indicated in the field 
book. Table 5 compares the wet and dry extremes in terms 
of the proportions of samples at various levels of abundance 
in soils and mosses, the two substrates with a large number 
of samples. Frequencies of barren samples are common and 
in about the same proportions of samples at all levels of 
moisture. Similarly, samples with low numbers of organ-
isms are represented at similar frequencies in wet and dry 
samples. The major difference is that the rare occurrences 
of exceptionally high densities of micrometazoans are found 
in the wetter samples or, in one case in a drier sample with 
evidence of having been previously flooded. Thus, high 

Table 3  Correlation of abundances of paired taxa in different habitats

Significant correlations are designated by boldface fonts
Rejection level for abundance = P05

o = correlation not significant, +  = significant positive correlation; no 
negative correlation was significant

Abundance (individuals per 
sample)

r p Correlation

Soils
 Tardigrade/nematodes  + 0.027 0.72 o
 Tardigrades/rotifers  + 0.024 0.75 o
 Rotifers/nematodes  + 0.115 0.12 o

Mosses
 Tardigrade/nematodes  + 0.671 0.001  + 
 Tardigrades/rotifers  + 0.303 0.004  + 
 Rotifers/nematodes  + 0.313 0.003  + 

Lichens
 Tardigrade/nematodes -0.081 0.73 o
 Tardigrades/rotifers  + 0.153 0.51 o
 Rotifers/nematodes  + 0.875 0.00001  + 

Algae
 Tardigrade/nematodes  + 0.079 0.84 o
 Tardigrades/rotifers  + 0.990 0.0001  + 
 Rotifers/nematodes  + 0.037 0.92 o

Mixed habitats
 Tardigrade/nematodes  + 0.358 0.28 o
 Tardigrades/rotifers  + 0.545 0.08 o
 Rotifers/nematodes  + 0.650 0.03  + 
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moisture content is a permissive condition for high densi-
ties of animals but alone is not a sufficient one.

Discussion

Antarctic soils and Bryosystem exhibit high spatial heteroge-
neity in the number of micrometaxons they contain (Convey 
et al. 2014). Accordingly, Larsemann Hills is no exception 
and it contains an array of microsites devoid of micrometa-
zoans, interspersed with other microsites with moderate 
densities of one or more of the three phyla, and infrequent 
pockets of exceptionally high density of up to more than a 
thousand individuals per sample. This patchy microdistri-
bution can be on an exceedingly fine scale, with patches 
of micrometazoans in close proximity to those barren of 
animals, even in such seemingly homogeneous habitats as a 
single clump of moss (Miller et al. 1994a).

Compared even to the Antarctic Peninsula, the species-
richness often is low at any given site in Continental Ant-
arctica. For example, the terrestrial fauna of inland nuna-
taks in Ellsworth Land have a species-richness of only five 
species of tardigrades, and two of rotifers; nematodes and 
microarthropods were absent (Convey and McInnes 2005; 
Maslen and Convey 2006). Tsujimoto et al. (2014) reported 
only ten species of tardigrades from the combined localities 
of the coastal Syowa station and the inland Sør Rondane 
Mountains, including both terrestrial and freshwater habi-
tats. In the present study, the tardigrade fauna from the algae, 
mosses, and lichens at 61 sites in the Larsemann Hills con-
sisted only of six species in five genera (Miller et al. 1994b). 
It is likely that application of biochemical taxonomic tech-
niques, such as analyses of mitochondrial DNA, will uncover 
a number of cryptic species in the Antarctic microfauna 
(e.g., see Velasco-Castrillón et al. 2015; Cesari et al. 2016) 
and reveal a greater diversity than presently known merely 
from morphological assessment.

The landscape of the Larsemann Hills is an array of 
microsites devoid of micrometazoans, interspersed with 
other microsites with moderate densities of one or more 
of the three phyla, and infrequent pockets of exceptionally 
high density of up to more than a thousand individuals per 
sample. This patchy microdistribution can be on an exceed-
ingly fine scale, with patches of micrometazoans in close 
proximity to those barren of animals, even in such seemingly 
homogeneous habitats as a single clump of moss. (Miller 
et al. 1994a).

The factors affecting distribution and abundance of 
micrometazoans in Antarctica is only beginning to be under-
stood. Heatwole et al. (1999) found that tardigrades, rotifers, 
and nematodes were more common in coastal soils than in 
soils in the Prince Charles Mountains farther inland. In both 
areas, tardigrades occurred in soils over most of the naturally 

Table 4  Analyses of numbers of micrometazoans versus length of 
core

p values in boldface indicate significance at the 5% rejection level. 
"Positive" samples are those that contained one or more individuals 
of the taxon under consideration. "All samples" include, in addition, 
samples in which there were no individuals of the taxon in question 
(zero values). Significant values are indicated by boldface font

Type of sample n Slope r2 p

Tardigrades
 Soils

  All samples 188 0.070 0.001 0.62
  Positive samples 16 − 0.175 0.001 0.89

 Mosses
  All samples 90 0.683 0.035 0.08
  Positive samples 44 1.131 0.060 0.11

 Algae
  All samples 10 1.005 0.067 0.50
  Positive samples 7 1.125 0.058 0.60

 Lichens
  All samples 11 0.139 0.481 0.02
  Positive samples 5 0.121 0.440 0.22

 Mixed Substrates
  All samples 21 0.002 0.007 0.72
  Positive samples 4 − 0.016 0.734 0.14

Rotifers
 Soils

  All samples 188 0.010 0.001 0.68
  Positive samples 23 − 0.188 0.091 0.16

 Mosses
  All samples 90 1.795 0.060 0.02
  Positive samples 51 2.224 0.069 0.06

 Algae
  All samples 10 3.821 0.109 0.40
  Positive samples 4 3.605 0.069 0.73

 Lichens
  All samples 21 0.062 0.011 0.65
  Positive samples 9 − 0.003  < 0.001 0.99

 Mixed substrates
  All samples 11 − 0.164 0.006 0.83
  Positive samples 6 − 0.100 0.003 0.92

Nematodes
 Soils

  All samples 188 0.013 0.007 0.26
  Positive samples 86 0.056 0.036 0.08

 Mosses
  All samples 90 0.360 0.080 0.01

 Positive samples 52 0.395 0.066 0.07
 Algae

  All samples 10 − 0.112 0.063 0.52
  Positive samples 6 − 0.238 0.121 0.50

 Lichens
  All samples 21 0.019 0.104 0.16
  Positive samples 5 0.008 0.022 0.81

 Mixed substrates
  All samples 11 − 0.027 0.026 0.64
  Positive samples 5 − 0.079 0.193 0.46
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occurring ranges of soil moisture, acidities, nutrient levels, 
electrolyte levels, and amounts of organic matter. Rotifers 
tended to be excluded only from alkaline soils with high 
nutrient levels, and nematodes only from soils with low pH. 
These authors attributed such wide ecological tolerances to 
the ability of all three taxa to undergo anhydrobiosis, a deep 
dormancy during which the dormant state can survive excep-
tionally adverse conditions for prolonged periods. This phe-
nomenon may also explain some of the present findings. It 
may be that the rare dry samples containing abundant micro-
metazoans had been wet previously, with their contained 
fauna merely going into anhydrobiosis as their habitat dried. 
Consequently, in order to fully understand the microdistri-
bution and abundances of these animals, one needs to know 
the antecedent conditions at sampling sites, not merely the 
environment at the time of sampling. In the present study, 
a site that had been frozen under snow until sampling prob-
ably derived its high densities of micrometazoans from the 
previous growing season instead of from immediate envi-
ronmental conditions.

Collembola have a fragmented distribution in Antarctica 
and have never been recorded from some well-studied areas 
in East Antarctic, such as Mawson Base and vicinity, the 
Vestfold Hills, or the Prince Charles Mountains (Greene 
et al. not dated; Heatwole et al. 1999), so their absence in the 
Larsemann Hills may be real; further investigation is needed.

Although Antarctic mites occur in a variety of soils 
(Velasco-Castrillón et al. 2014b), they seem restricted to 
particular microhabitats (Rounsevell 1977, 1981; Rounsevell 
and Horne 1986), e.g., in meltwater seepages under stones, 

rather than within the soil proper (Gressitt et al. 1964). The 
coring techniques used in the present study, did not include 
searching under stones and thus scarcity (one individual) 
of mites in the present study does not imply their absence 
in the Larsemann Hills. Indeed, Velasco-Castrillón et al. 
(2014b) did find mites at several sites there: Broknes Pen-
insula, Størnes Peninsula, and two islands (McLeod Island 
and a small island near Cook Island). These investigators 
used a trowel to dig soil from an area of about “10 cm in 
surface area” and 10 cm deep, and thus their samples may 
have included small stones that constituted sufficient cover 
for mites.

In the present study, tardigrades, rotifers, and nematodes 
occurred in all five types of habitats and thus probably have 
wide tolerances to a variety of conditions. Yet, some habitats 
seemed more favorable generally than others, e.g. Convey 
et al. (2014) noted low availability of water to be the most 
important abiotic stress influencing Antarctic terrestrial 
communities.

Mosses seem to be more favorable generally than either 
lichens or algae, and bare soil the least favorable. Velasco-
Castrillón et al. (2014b) also found this to be the case; 40% 
of their samples included “vegetation” (mosses, lichens, 
algae, or cyanobacteria), yet accounted for 82% of the indi-
viduals of the microfauna. In assessing the importance of 
various environmental parameters with presence or abun-
dance of microinvertebrates, one needs to distinguish 
between mere correlation and cause-and-effect. In the pre-
sent study, mosses constituted the most preferred habitat. 
However, Seppelt et al. (1988) showed that the distribution 

Table 5  Abundance of 
micrometazoans in the wettest 
(“seepages”) and driest samples 
of soils and mosses, the two 
substrates with the greatest 
number of samples

Numbers of animals Numbers (%) of samples

Tardigrades Rotifers Nematodes

Seepages Dry Seepages Dry Seepages Dry

Soils
 0 45 (85) 52 (95) 47 (89) 50 (91) 26 (49) 32 (58)
 1–9 1 (2) 3 (6) 4 (8) 3 (6) 21 (40) 21 (38)
 10–49 3 (6) 0 1 (2) 2 (4) 5 (9) 2 (4)
 50–99 2 (4) 0 1 (2) 0 1 (2) 0
 100–499 1 (2) 0 0 0 0 0
 500–1000 0 0 0 0 0 0

  > 1000 1 (2) 0 0 0 0 0
Mosses
 0 17 (49) 9 (43) 17 (49) 10 (48) 14 (40) 11 (52)
 1–9 10 (29) 10 (48) 5 (14) 1 (5) 15 (43) 9 (43)
 10–49 4 (11) 1 (5) 4 (11) 7 (33) 5 (14) 1 (5)
 50–99 1 (3) 1 (5) 4 (11) 2 (10) 0 0
 100–499 2 (6) 0 4 (11) 1 (5) 1 (3) 0
 500–1000 1 (3) 0 0 0 0 0

  > 1000 0 0 1 (3) 0 0 0
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of algae, lichens, and mosses in the Vestfold Hills were pos-
itively correlated with meltwater (and locally by nitrogen 
content of soils around nest sites of birds), and negatively 
correlated with exposure (sand blast) and salinity. Since 
water and mosses were positively associated, this raises the 
question of whether the affinity of micrometazoans in the 
present study for mosses was due to a direct response to 
some attribute of the moss, or indirectly mediated through 
a direct response to the hydric conditions within the mosses 
and their substrates.

The lack of correspondence of yield of numbers of indi-
vidual of micrometazoans with the volume of soil samples 
in the present study seems enigmatic, especially in light of 
the finding that the percentage of positive samples increases 
with the thickness of the soil (length of core). However, 
depending on moisture, soil chemistry, and other factors, 
yields of individuals generally are highly variable spatially 
in the Antarctic environment (Miller et al. 1994a; Heatwole 
et al. 1999; Velasco-Castrillón et al. 2014b); indeed, Holgate 
(1977) opined that "biomass, productivity, faunal abundance 
and decomposer activity show substantial difference from 
point to point, making general statements impossible."

Powers et al. (1995) noted that nematodes were scarce in 
layers of soil shallower than 2.5 cm or deeper than 10 cm. 
The cores of the present study were long enough to include 
the most productive layers, but given the great variability 
due to other influences there was no correlation between 
length of core and population densities. However, even so, 
the greater the length of core (depth of soil), the more likely 
it would be that the rare occurrence of at least one taxon 
would be detected (positive sample). Therein may lie the 
resolution of the discrepancy between the effect of depth of 
sampling on incidence as opposed to abundance.

Clearly, the structure and function of even the simplified, 
low-diversity, terrestrial Bryosystems and Chalikosystems 
of Antarctica, and the structure and functioning of biotic 
communities is complex and still poorly understood. To pro-
vide a more comprehensive understanding, attention needs 
to be focused on the point diversity of individual species 
(see Heatwole et al. 2013), abetted by experimental stud-
ies of microcosms involving controlled mixtures of species, 
substrates, microclimates, and soil chemistry. A network of 
manipulative field and laboratory experiments is needed for 
defining the roles of biotic interactions (Hogg et al. 2006). 
A detailed understanding of interactions at the species-level 
is critical for understanding the inevitable changes that will 
occur as the Antarctic climate warms and exotic species 
invade and introduce new biota and render biotic interac-
tions more complex.
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