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ABSTRACT

The distribution and ecology of limno-terrestrial Tardigrada in the Nearctic realm remain poorly known. This is especially true
of freshwater tardigrades (i.e., species found in permanently submerged habitats), which have received much less attention than
terrestrial species. We reviewed the literature on Nearctic freshwater tardigrades. Of 204 Nearctic limno-terrestrial tardigrade
species, 44 have been collected from sediments and aquatic vegetation of streams, rivers, ponds, lakes, groundwater and cryoconite
holes. Of these, 17 are hydrophilous species found exclusively or primarily in aquatic environments. Most of the remainder are
probably washed in accidentally from terrestrial substrates. Among the hydrophilous species, five are endemic to the Nearctic realm
and three cosmopolitan. Hypsibius dujardini is the most widely-distributed hydrophilous species. There are no regional collections of
Nearctic freshwater tardigrades comparable to those for terrestrial species. Aquatic tardigrades are benthic, and are found in
sediments and on aquatic vegetation. Hypsibius dujardini and other widespread species are found in both substrates, and there is
thus no evidence of substrate specificity. Numerically, tardigrades usually comprise a minor component of benthic invertebrate
communities. Nothing is known of their trophic relationships or dispersal in these habitats. The density of Nearctic freshwater
tardigrade species peaks in the spring and/or fall. Future research should increase the spatial and temporal scale of study, and
employ adequate replication.
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1. INTRODUCTION

The Nearctic biogeographical realm consists of the
northern Mexican states, the continental United States
of America, Alaska, Canada, and Greenland. The distri-
bution and ecology of limno-terrestrial Tardigrada in
this region remain poorly known. This is especially true
of freshwater tardigrades (i.e., species found in more-or-
less permanently submerged habitats), which have re-
ceived much less attention than terrestrial species. The
tardigrades most likely to be found in permanent fresh-
water habitats are members of hydrophilous, i.e. dis-
tinctly aquatic, species. Other tardigrades sometimes
found in aquatic habitats include the hygrophilous spe-
cies characteristic of moist mosses and eurytopic spe-
cies which tolerate a wide range of moisture conditions
(Nelson & Marley 2000).

This paper reviews the diversity and distribution of
freshwater tardigrades in North America, the types of
habitats in which they have been found, and their popu-
lation ecology. We include only tardigrades that have
been identified in the literature to a described species,
i.e., we exclude collected tardigrades identified as "sp."
and "cf." We accept authors' identifications at face
value, unless modified in a subsequent publication. We
base our taxonomy on Guidetti & Bertolani (2005).

2. DIVERSITY AND GEOGRAPHICAL
DISTRIBUTION

Relatively few papers have as their primary focus
Nearctic freshwater tardigrades (Schuster et al. 1977,

Wainberg & Hummon 1981; Kristensen 1982; Kathman
& Nelson 1987; Van Rompu et al. 1992; Strayer et al.
1994; Grengaard et al. 1999; Nelson et al. 1999; Sé-
méria 2003). Most other records of freshwater tardi-
grade distribution are from opportunistic samples taken
during terrestrial surveys. While a number of regional
collections of Nearctic terrestrial tardigrades have been
published (Meyer & Hinton 2007), such studies are
lacking for freshwater tardigrades.

Of the 204 limno-terrestrial tardigrade species found
in the Nearctic realm, 44 have been reported from
freshwater (Tab. 1). Thulinius augusti has been widely
reported, but there is a high possibility that many or all
records of T. augusti (apart from type material) are
actually of Pseudobiotus kathmanae (see Bertolani et al.
1999; Nelson et al. 1999).

The Nearctic freshwater tardigrade fauna shares
more species in common with the Palearctic realm than
any other biogeographical region (Tab. 1). Sixteen
hydrophilous species have been collected only from
aquatic habitats (Tab. 1). The hydrophilous tardigrade
Hypsibius dujardini has been collected from moist
mosses, but is primarily aquatic. Five hydrophilous spe-
cies — Isohypsibius saltursus, Pseudobiotus kathmanae,
Dactylobiotus grandipes, Dactylobiotus octavi, and
Microhypsibius minimus — have not been reported out-
side North America (Tab. 1). Two aquatic species in the
Nearctic realm — Dactylobiotus dispar, and Hypsbius
dujardini — are cosmopolitan sensu Pilato & Binda
(2001), i.e., they have been found in five or more bio-
geographical realms (Tab. 1).
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Three species — Milnesium tardigradum, Hypsibius
convergens, and Macrobiotus hufelandi - are eurytopic
species that sometimes inhabit freshwater habitats (Nel-
son & Marley 2000). The remaining 23 species in table
1 are rarely found in freshwater, and most probably
washed into streams or lakes from terrestrial substrates.
Tardigrades can be blown into cryoconite environments
from surrounding habitats, and move from hole to hole.
Although Grengaard et al. (1999) stated that tardigrades
washed into the cryoconite holes of Greenland pre-
sumably perish when they eventually wash into the gla-
cial drainage system, the many specimens found in
Alpine cryoconite environments (Dastych & Thaler
2002; Dastych et al. 2003) suggest that the possibility
that these holes represent a more permanent tardigrade
habitat needs further investigation.

Seven of the 17 hydrophilous tardigrade species are
known in the Nearctic realm from only a single state or
province (Tab. 1), sometimes from a single site. The
known range of the other 10 species is much broader.
The very limited data available suggest that the two
species most likely to be encountered in a Nearctic
freshwater sample are H. dujardini and Murrayon pul-
lari (Tab. 1). How widespread P. kathmanae and T.
augusti are in North America is an open question. Only
further sampling, combined with rigorous standards of
species identification, can resolve this issue.

The small-scale spatial distribution of terrestrial tar-
digrades has been shown to be very heterogeneous
(Meyer 2006). Most likely the same is true for freshwa-
ter species: two studies (Puglia 1964; Schuster & Griga-
rick 1965) reported tardigrades to be absent in some
samples taken in freshwater habitats. A wider applica-
tion of the sampling methodology and species accumu-
lation curves employed in All Taxa Biological Invento-
ries (see Bartels & Nelson 2006) would improve our
understanding of the species richness and distribution of
Nearctic freshwater tardigrades.

Accurately assessing the diversity and distribution of
Nearctic freshwater tardigrades would be facilitated if
consistent standards of specific diagnosis were used (see
Pilato & Binda 2001; Guidetti & Bertolani 2005). Many
papers consulted in this survey were published before
the development of such rigorous standards. For exam-
ple, the "hufelandi group" was once considered one (or
a few) cosmopolitan Macrobiotus species, but system-
atic revision (Biserov 1990a, b; Bertolani & Rebecchi
1993) has shown that it includes a large number of non-
cosmopolitan species.

3. ECOLOGY

Nearctic tardigrades have been collected from
groundwater, cryoconite holes, ponds and lakes, and
streams and rivers. Cryoconite holes and groundwater
have been the subject of only a few studies in North
America (Kristensen 1982; Strayer et al. 1994; Gron-
gaard et al. 1999; Séméria 2003). Most records of
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Nearctic freshwater tardigrades are from the aquatic
vegetation (algae and vascular plants) of lentic and lotic
habitats (Tab. 1). Some papers do not describe the
freshwater habitats sampled, and some species have
been collected only on artificial substrates.

Freshwater tardigrades are benthic animals, crawling
on the surface of aquatic plants or algal mats, or in the
interstices of sandy sediments (Nelson & Marley 2000).
Specimens have been found in plankton samples, but
their presence in the water column probably results from
benthic disturbance (Van Rompu ef al. 1992). Although
most Nearctic aquatic sampling has been done in shal-
low littoral waters, tardigrades have been collected from
sublittoral benthic samples in Lakes Erie, Michigan, and
Tahoe to depths of 23 m (Schuster et al. 1977; Evans
1982; Nalepa & Quigley 1983). Tardigrades are usually
a minor component of the sediment fauna (Nalepa &
Robertson 1981; Nalepa & Quigley 1983), often repre-
senting less than 1% of the invertebrate fauna (Whitman
& Clark 1984; Strayer et al. 1994). Within sandy sedi-
ments, tardigrade abundance tends to increase with
depth (Nalepa & Robertson 1981; Whitman & Clark
1984), and may dominate the meiofauna of deeper,
reduced sediment (Nalepa & Robertson 1981). The pos-
sibility that the component ratio of tardigrades in fresh-
water environments may vary with habitat (e.g., sedi-
ments vs algal mats), or as a function of latitude or alti-
tude, has not been investigated in North America.

The three most widely-distributed hydrophilous
Nearctic species — 7. augusti, H. dujardini, and
Murrayon pullari - have been collected from both sedi-
ments and aquatic vegetation (Tab. 1). Available data do
not suggest that hydrophilous tardigrades exhibit much
substrate specificity. However, much more sampling is
needed to confirm this hypothesis.

Few studies investigate the population dynamics of
Nearctic freshwater tardigrades. Most of these encom-
pass only a single year of sampling. Only Nelson et al.
(1987) have revisited the same aquatic site after an
interval of several years. Habitats studied, all from the
continental United States, include streams and rivers
(Landreth & Thomas 1970; Wainberg & Hummon
1981; Kathman & Nelson 1987; Nelson et al. 1987),
ponds and lakes (Landreth & Thomas 1970; Schuster et
al. 1977; Nalepa & Quigley 1983), and groundwater
(Strayer et al. 1994). Some Nearctic populations reach
peak density in the fall (Schuster et al. 1977; Wainberg
& Hummon 1981), while others peak in the spring
(Landreth & Thomas 1970; Kathman & Nelson 1987
Nelson et al. 1987; Strayer et al. 1994) or in both spring
and fall (Nalepa & Quigley 1983). Egg-laying may be
year round (Kathman & Nelson 1987) or limited to the
season of peak abundance (Schuster ef al. 1977; Strayer
et al. 1994). Nelson et al. (1987) found the same sea-
sonal pattern of abundance in a Tennessee stream in
1979-1980 and in 1983, although the relative abundance
of the three dominant species was altered. Unpredictable
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environmental effects, such as severe droughts, can sig-
nificantly impact tardigrade densities (Wainberg &
Hummon 1981), emphasizing the importance of sam-
pling in multiple years before making inferences about
seasonal periodicity.

4. CONCLUSIONS

The freshwater Tardigrada of the Nearctic realm
have received much less attention than their terrestrial
counterparts. Knowledge of their distribution and
population dynamics is limited, and nothing is known
about their dispersal and trophic relationships. Future
research should increase both the temporal scale (i.e.,
multiple years) and spatial scale (i.e., collections from
multiple sites within a region) of studies. More work is
needed before we can understand how distribution and
population dynamics in Nearctic freshwater tardigrades
vary with habitat, altitude, and latitude. Given the high
spatial heterogeneity typical of tardigrade distribution,
estimates of abundance and species richness should be
based on adequate replication (Kathman & Nelson
1987; Meyer 2006).
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