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ABSTRACT 
In the present study we investigate the genetic diversity within the asexually reproducing tardigrade Echiniscus testudo. The 

present study is the first to sample a tardigrade species for comparison of DNA sequence diversity between widely separated 
samples. Echiniscus testudo was sampled at 13 localities spanning three continents. DNA sequences of the mitochondrial COI gene 
and the nuclear ITS2 sequence were used to investigate the genetic diversity and phylogeographic structure of the various asexual 
lineages. Terrestrial tardigrades with the capability of entering a cryptobiotic state are assumed to have a high passive dispersal 
potential through airborne transport. Our results show moderate (ITS2) to high (COI) haplotype diversity and low sequence diversity 
that indicate evolution of haplotypes within distinct asexual lineages and a high dispersal potential. No isolation by distance was 
detected by Mantel tests. Different phylogeny inference methods (neighbor-joining, maximum parsimony, maximum likelihood and 
Bayesian inference) revealed little topological resolution, but minimum spanning networks showed some phylogeographic patterns. 
The COI and ITS2 minimum spanning networks show patterns that indicate dispersal of several haplotypes from founding 
populations. In conclusion our data show a low genetic diversity and a relatively high haplotype diversity indicating that E. testudo 
is a young species with a high dispersal potential. 
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1. INTRODUCTION 

Tardigrades, or water bears, are minute metazoans 
closely related to arthropods and onychophorans (Garey 
et al. 1996; Giribet et al. 1996; Mallatt et al. 2004). The 
terrestrial tardigrades constitute a major component of 
the cryptic fauna in mosses and lichens. This environ-
ment is subject to continued drying and soaking, and in 
cooler areas freezing. The ability of many tardigrades to 
enter a cryptobiotic metabolic state is shared with e.g. 
nematodes and rotifers and is important for the survival 
and dispersal of terrestrial species. It is assumed that ter-
restrial tardigrades in their cryptobiotic state have a high 
passive dispersal potential through airborne transport 
(Pilato 1979). 

The cosmopolitan Echiniscus C.A.S. Schultze, 1840 
is the most species rich (currently 146 described spe-
cies) of the 105 tardigrade genera (Guidetti & Bertolani 
2005). The distribution of Echiniscus testudo (Doyère, 
1840) covers most of the palaearctic biogeographic 
region. Until recently the species in the heterotardigrade 
genus Echiniscus were thought to reproduce partheno-
genetically, only producing females (thelytoky) (Kris-
tensen 1987). Males have recently been found in some 

Echiniscus species from Himalaya, Australia and Ant-
arctica, perhaps showing the remains of an ancient 
Gondwanaland distribution (reviewed in Miller et al. 
1999). In these populations males are not rare spanan-
dric males but rather appear in equal numbers to 
females (Miller et al. 1999). The specific type of par-
thenogenesis remains unknown for Echiniscus. 

When continuous parthenogenetic (or asexual) 
reproduction occurs in a species it results in the absence 
of gene flow between populations, reduced genetic vari-
ability and if parthenogenesis is prolonged it might 
eventually lead to speciation (Pannebakker et al. 2004). 
However, recent investigations indicate that at least the 
parthenogenetic bdelloid rotifers have undergone sub-
stantial speciation (Birky et al. 2005). Parthenogenesis 
occurs in tardigrades (Bertolani 1994) and many other 
invertebrate groups, i.e. aphids, crustaceans, nematodes, 
rotifers, etc. (reviewed in Lushai et al. 2003; Normark et 
al. 2003). In echiniscid tardigrades that have a high dis-
persal potential the ability to reproduce asexually might 
represent a strong advantage because these species are 
not limited by the necessity of finding a mate. Much of 
the speciation (based on phenotypic divergence) within 
Echiniscus may be a result of the asexual reproduction 
resulting in the divergence of asexual lineages. Miller et 


