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ABSTRACT 
Tardigrades are microscopic animals, thus brightfield microscopy is a well established method for tardigrade observation. 

Modern techniques in functional genetics like fluorescence in situ hybridisation or fluorescently labelled expression markers demand 
high resolution fluorescence microscopy. Nevertheless tardigrades are still considered to be difficult objects for fluorescence 
techniques as they are covered by an opaque and diffracting cuticle. We show a modern technique of structured light illumination 
that enables us to acquire thin optical sections and consequently to reconstruct 3-dimensional structures in tardigrades with a high 
spatial resolution in all 3 dimensions. This technique is evaluated on taxonomically valuable internal as well as external structures 
of eutardigrades: the bucco-pharyngeal apparatus and the claws. The 3-dimensional reconstructions allow the measurement of 
distances in all 3 dimensions. 
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1. INTRODUCTION 

Tardigrades are microscopic small animals within 
their own phylum consisting of more than 960 species 
(Nelson 2001; Maas & Waloszek 2001; Guidetti & 
Bertolani 2005). The first occurrence of tardigrades is 
reported from the mid Cambrian (Müller et al. 1995). 
Eutardigrades have been present at least for 90 million 
years (Bertolani & Grimaldi 2000; Budd 2001; Jørgen-
sen & Kristensen 2004). Several semiterrestrial species 
are able to survive extremely adverse conditions like 
freezing and drying by undergoing cryptobiosis (Berto-
lani et al. 2004). These extraordinary capacities make 
tardigrades an interesting phylum for the study of 
extreme physiologies. Therefore the possibility to 
localize fluorescently labelled probes or expression 
markers is of highest interest for the applicability of 
modern techniques in functional genetics and expression 
analysis. 

The animals bear a chitinous cuticle and their taxon-
omy mainly refers to their claws, the bucco-pharyngeal 
apparatus, the cuticle`s structure as well as to append-
ages of the cuticle (Thulin 1928; Ramazzotti 1962; 
Pilato 1969, 1975); Guidetti & Bertolani 2005). Whilst 
all these characters are examined microscopically, and 
brightfield illumination techniques are well established 
for tardigrade examination, tardigrades are still said to 
be difficult objects for fluorescence microscopy (Russell 
et al. 2001). This is mainly due to the opaque and dif-
fracting properties of the cuticle (Guidetti et al. 2000). 
Apart from dye penetration problems, in epifluores-
cence microscopy and especially in laser scanning 
microscopy unpredictable diffraction of illumination 
and emitted light is a major problem (Russell et al. 

2001). While many modern techniques, especially in 
functional genetics (fluorochrome-coupled proteins, 
fluorescence in situ hybridisation (fish), antibody-
staining), demand high resolution detection of fluores-
cent signals, the spatial distribution of these signals 
gives additional and valuable information about their 
functions. To overcome the aforementioned obstacles 
physical sectioning or just cutting to get rid of the dif-
fracting cuticle and to facilitate dye penetration are pro-
posed (Russell et al. 2001).  

As a first step towards fluorescence microscopy in 
tardigrades with a high spatial resolution, we decided to 
reconstruct the 3-dimensional (3D) structure of taxo-
nomically valuable, autofluorescent morphological 
characters: the bucco-pharyngeal apparatus and the 
claws. 

For fluorescence microscopy we employed the 
ApoTome to acquire optical sections by application of a 
so-called structured illumination (Neil et al. 1997). This 
wide field illumination fluorescence technique proved 
itself to be applicable in tardigrades and not very sus-
ceptible to diffraction of the cuticle. In addition it 
resulted in a good resolution of the observed structures. 
Therefore we preferred the structured wide-field illumi-
nation (Neil et al. 1998). The 3D reconstructions enable 
us to measure taxonomically important structures and 
give us a good idea of their morphology. 

2. METHODS 

Tardigrade specimens of the species Milnesium 
tardigradum Doyère, 1840 and Macrobiotus tonollii 
Ramazzotti, 1956 were cultured on agar plates for a 
couple of years, and subsequently used for the 3D 
reconstruction of fluorescent structures. Originally they 


