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ABSTRACT 
The ultrastructure of the digestive system of tardigrades was already described in some species, but it has never been studied in 

relationship to diet. We performed ultrastructural analyses of the midgut and hindgut of phytophagous Ramazzottius tribulosus and 
zoophagous Macrobiotus richtersi. In addition, the foregut of R. tribulosus was analyzed. New ultrastructural details have been 
observed. Among them are: (a) distinct transverse pillar-like structures, lacking in electron-dense and compact cuticle of the buccal 
tube; (b) a hole or groups of holes sometimes present in the buccal tube; (c) a large cavity within each of the salivary glands where 
secreted mucus accumulates; and (d) already found in zoophagous Isohypsibius prosostomus, one valve, formed by folds of the 
pharynx and located at the transition from pharynx to esophagus. In both analyzed species the increase of midgut surface is identi-
fied by two orders of folds of the gut wall and by microvilli. In R. tribulosus there are many first-order folds and few second-order 
folds, whereas in M. richtersi the opposite pattern is found. A peritrophic membrane and microvilli with a well developed glycocalyx 
are found only in the midgut lumen of R. tribulosus. The density of microvilli and the ratio between the real surface with microvilli 
and the hypothetical surface without microvilli is lower in zoophagous M. richtersi and I. prosostomus than in phytophagous R. 
tribulosus. All of these data represent an indirect indication of differences in digestive physiology between phytophagous and 
zoophagous tardigrade species. The shape of the hindgut is similar in both species and the lumen of the hindgut looks like a heart-
shaped cavity with some narrow cell evaginations. 
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1. INTRODUCTION 

The ultrastructure of the digestive system of tardi-
grades has been analyzed in several species. In particu-
lar, detailed descriptions were made for two hypsibiids, 
namely Thulinius augusti (Murray, 1907) [or possibly 
Pseudobiotus megalonyx] and Isohypsibius prosostomus 
Thulin, 1928 (Greven 1976; Avdonina & Biserova 
2003), and for one milnesiid, namely Milnesium tardi-
gradum Doyère, 1840 (Dewel & Clark 1973 a, b, c; 
Dewel & Dewel 1979). Other papers have considered 
two other hypsibiids, Ramazzottius oberhaeuseri 
(Doyère, 1840) and Halobiotus crispae Kristensen, 
1982 (Kinchin 1990; Eibye-Jacobsen 1996, 1997, 
2001), one macrobiotid, Macrobiotus hufelandi 
Schultze, 1834 (see Shaw 1974; Walz 1975) and two 
heterotardigrades, namely echiniscid heterotardigrade 
Echiniscus viridissimus Péterfi, 1956 (see Dewel et al. 
1988; Dewel & Eibye-Jacobsen 2006) and halechiniscid 
Actinarctus doryphorus Schulz, 1935 (see Eibye-
Jacobsen 2001). In this latter group of papers, authors 
analyzed only some regions or details of the digestive 
system.  

According to Hallas & Yeates (1972), the width of 
the buccal tube of tardigrades is correlated with differ-
ent types of diet of the species. A correlation between 

the ultrastructure of the digestive system and diet has 
not yet been evaluated. For this reason, comparative 
ultrastructural analyses of the digestive system of a 
phytophagous and of a zoophagous eutardigrade species 
were performed. 

2. METHODS 
Two eutardigrade species of two different families 

differing in diet were studied utilizing transmission 
electron microscopy (TEM). A bisexual population of 
Ramazzottius tribulosus Bertolani & Rebecchi, 1988 
(Hypsiibidae) was collected in a moss sample from 
Rossena (Reggio Emilia, Italy). According to Bertolani 
& Rebecchi (1988), R. tribulosus is a sibling species of 
Ramazzottius oberhaeuseri (Doyère, 1840), a phyto-
phagous species feeding on Pseudochlorella, Chlorella 
and fragmented moss (Baumann 1966; Morgan 1977). 
R. tribulosus is also a phytophagous species.  

A bisexual population of Macrobiotus richtersi 
Murray, 1911 (Macrobiotidae) was collected in hazelnut 
leaf litter from Formigine (Modena, Italy). This species 
is zoophagous. It is known that M. richtersi predates 
nematodes, rotifers, and also other tardigrade species 
(Guidetti & Bertolani 2001; Hohberg & Traunspurger 
2005). 

For both species the ultrastructure of the midgut and 
hindgut has been considered. In addition, we considered 


