
TARDIGRADES ASSOCIATED WITH BRYOPHYTES
IN THE PACIFIC NORTHWEST

Abstract
This research project’s purpose was to first find out if there are Tardigrades in  the Pacific
Northwest, specifically in Whatcom County, Washington and second to find out what
bryophytes are they associated with.  Eighteen bryophyte species were collected, identified
and examined for the presence of tardigrades.  The research demonstrated some patterns of
bryophyte-tardigrade associations, notably the presence of tardigrades with five moss
species (Bryum argenteum, Claopodium crispifolium, Dicranoweisia cirrata, Dicranum
tauricum and Rhytidiadelphus squarrosus).  The most tardigrades were found in
association with R. squarrosus, possibly because of its association with moist growing
conditions that may favor the higher abundance of tardigrade populations.

Introduction
What are tardigrades, a.k.a water bears?

Because of their uniqueness, they are classed in their own phylum, Tardigrada. Among the
characteristics that make tardigrades unique is their lack of circulatory and respiratory
systems. Often described as a minor phylum, tardigrades have been relatively neglected by
invertebrate zoologists. Tardigrades are common in aquatic and terrestrial habitats.  Most
of the known tardigrades are freshwater aquatic or limno-terrestrial species, but there are
marine species as well. Limno-terrestrial species are commonly associated with
bryophytes (Biosystematics of the Marine, n.d.; Glime, 2010/n.d.; Middleton, n.d.).

Tardigrades in North America have received little attention. Hidalgo and Coombs (1985)
reported that 16 states in the USA had no records of tardigrades, and western North
America has only a few records of tardigrades. Most tardigrade species found in North
America were usually found to be species well known in Europe. Although nearly one
third of the known species occur in North America, few are recorded and no records are
known from the Pacific Northwest or Whatcom County, Washington.

During the spring 2011 quarter an individual studies project was conducted which
involved the documentation of tardigrades in Whatcom County and the bryophytes they
inhabit.  The research was conducted by Rosa Hunter in collaboration with Jack Dunn,
who conducted bryological studies, and Dr. Brian Compton, who served as our instructor
(Hunter, 2011).  This research was extended during the summer of 2011.

Methods
• Bryophyte specimens were collected, documented and identified using standard

methods (Schofield, 2001; Vitt, Marsh, & Bovey, 1988) including the use of a GPS
unit to obtain locality data.

• Collection sites included several in western Washington, i.e., the Northwest Indian
College main campus at the Lummi Nation near Bellingham, and locations at
Deming and the Mt. Baker-Snoqualmie National Forest.

• The collection of bryophytes is a common method to obtain tardigrades (Glime
2010/n.d., pp. 78, 79).

• There are two standard methods for isolating tardigrades from collected materials.
The first is to soak bryophyte specimens in water to release the tardigrades and the
second method involves the use of a Berlese-Tullgren funnel (Glime 2010/n.d., p.
79; Merrifield & Royce, 2007).

• Materials obtained were transferred using micropipettes to glass slides to examine
microscopically using bright field and phase contrast methods.

• Isolated tardigrades were identified using standard identification keys and
nomenclature sources (Integrated Taxonomic Information, n.d.; Morgan & King,
1976; Schuster & Gigarick, 1965).

Results
A total of 18 species of bryophytes were collected and identified, including 17 mosses
and one leafy liverwort, Lepidozia reptans (see Table 1).

Discussion
Methodological considerations: In contrast to the reference regarding the use of
distilled water in isolating tardigrades by Bordenstein (2008), Glime (2010/n.d., p. 79)
indicated that this would pose problems due to the osmotic uptake of water by
tardigrades.  The current research has demonstrated the severity of problems associated
with exposing tardigrades to distilled water which regularly resulted in osmotic over-
pressure and subsequent lysis of the tardigrades.  The substitution of dechlorinated tap
water in place of distilled water resulted in fewer instances of tardigrade lysis.

Ecological considerations: Glime (2010/n.d., pp. 45-56) reported that some studies
have included identifications of bryophytes where tardigrades were found as well as
differences in the types of tardigrades found amongst different bryophytes.  The current
research demonstrated some patterns of bryophyte-tardigrade species relationships,
notably the presence of tardigrades with B. argenteum, C. crispifolium, D. cirrata, and
R. squarrosus with especially abundant tardigrades (M. ?richtersi) in the last species.
This last moss is a tall lawn-inhabiting moss that was collected at a relatively high
elevation location near the Nooksack River in Deming, WA in a relatively moist
situation.  Because of its location and association with lawns, it may retain more
moisture than other of the sampled mosses, which may help to account for the higher
abundance of tardigrades found with it (cf. Glime 2010/n.d., p. 45).

Concluding comments: This project is the first to address bryophytes and their
associated micro-invertebrates at NWIC. It was exploratory and involved the rapid
learning by the project team of concepts, terminology, techniques and other matters
associated with those organisms. This included discovering the challenges associated
with the isolation, observation and identification of bryophytes, tardigrades and other
organisms as well as the need for creativity and refinement of methods where useful or
necessary.

This initial exploratory project has yielded results that may be explored further as the
focus of a baccalaureate program of study at NWIC to contribute to knowledge of
tardigrades in western Washington.
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Of the bryophytes examined, five mosses were found to have tardigrades living on
them. In total, 18 tardigrades were isolated from those bryophytes. Of these, four types
of tardigrades were identified conclusively or tentatively to the species level and found
to represent significant family, class and order diversity (see Table 2).

Macrobiotus
?richtersi

Ramazzottius
novemcinctus

Echiniscus
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Syntrichia princeps (De Not.) Mitt.
Rhytidiadelphus triquetris (Hedw.) Warnst.
Rhytidiadelphus squarrosus (Hedw.) Warnst.
Racomitrium canescens (Hedw.) Brid.
Plagiothecium undulatum (Hedw.) Schimp.
Plagiomnium insigne (Mitt.) T.J. Kop.
Orthotrichum speciosum Nees
Orthotrichum lyelli Hook. & Taylor
Lepiodozia reptans (L.) Dumort.
Isothecium myosuroides Brid.
Homalothecium fulgescens (Mitt. ex Müll. Hal.) E. Lawton
Eurhynchium pulchellum (Hedw.) Jenn.
Dicranum tauricum Sapeh.
Dicranoweisia cirrata (Hedw.) Lindb. ex Milide
Claopodium crispifolium (Hook.) Renauld & Cardot
Ceratodon purpureus (Hedw.) Brid.
Bryum argenteum Hedw.
Bryohaplocladium microphyllum (Hedw.) R. Watan. & Z. Iwats.

Table 1: Bryophytes Identified

Eutardigrada
(Eutardigrades)

ParachelaHypsibiidaeRamazzottius novemcinctus (Marcus, 1936)

Eutardigrada
(Eutardigrades)

ParachelaMacrobiotidaeMacrobiotus ?richtersi Murray, 1911

Eutardigrada
(Eutardigrades)

ParachelaCalohysibiidaeHaplomacrobiotus ?hermosillensis May, 1948

Heterotardigrada
(Heterotardigrades)

EchiniscoideaEchiniscidaeEchiniscus blumi Richters, 1903
OrderClassFamilySpecies

Table 2: Tardigrades Identified

During the research, additional micro-invertebrates were observed in association with
the bryophytes that were examined for tardigrades. In those cases, the presence of those
organisms was noted and they were identified in general terms for future reference.

Documentation of tardigrades from western North America that  was reviewed during
this study does not indicate which bryophytes were associated with those tardigrades.
This research, however, involved a collaborative goal of collecting and identifying
local bryophytes and the tardigrades found to inhabit them to explore and document
bryophyte-tardigrade species relationships (see chart).


