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Chapter 5

GENETIC AND ECOLOGICAL ADAPTATION 
MECHANISMS OF TARDIGRADES

Duygu BERDİ1

Ahmet ALTINDAĞ2

The most durable extraordinary animals of the world that have managed to 
survive the lethal effect of the outer space are tardigrades also named small aquat-
ic invertebrates or water bears. They were discovered in 1773 by the German 
Zoloogist Johann August Ephraim Goeze. It was named Tardigrada by the Italian 
biologist Lazzaro Spallanzani in 1776, which means from Latin two word: tardus 
= slow, gradi = to walk (1, 2). This microscopic invertabrates body size ranges from 
50 μm marine terrestrial or freshwater to 1200 μm (3, 4). Tardigrade’s body is divid-
ed into body segments covered with chitinious cuticle and bilaterally symmetri-
cal, usually has four pairs of legs, ending with different shapes or numbers of claws 
(5). They don’t have any special respiratory and circulatory systems. Respiration is 
carried out by the cuticle and also have a body cavity which contains storage cells 
that play a role in circulation and respiration. They have a complete functional 
digestive system. Excretion can be removed from the body in different ways (3). 
Muscular structure consists of dorsal-ventral radial fibers, transverse muscles for 
movement, stylet and pharyngeal muscles, and intestinal muscles, that provide 
ovulation (3). Nervoul structure consists of a trilobe dorsal brain linked to the low-
er pharyngeal ganglion with three joints (6). Many species feed on with plant ma-
terial, mosses and algae, bacteria, plant cell, while some species can be predators. 
They can feed on nematod, rotifers (3, 4, 7).

This phylum is divided into two classes: Eutardigrada (limno-terrestrial tar-
digrades (Fig. 1.), Heterotardigrada (limno-terrestrial and marine tardigrades) (8, Fig. 

2.). Heterotardigrades have a cuticular dorsal plate which is mean “armoured an-
imals” but, this plates are absent in eutardigrades (9). Heterotardigrada has been 
named “other” and Eutardigrada has been named “true” tardigrades (9, 10). The only 
one species (Thermozodium esakii, Rahm 1937) (11) belonging to the third class-
es Mesotardigrada was found in the termal lake in Japan, but this species disap-
peared after the earthquake (12).
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50.	 Alvarez-Peral FJ, Pedreno Y. Argüelles JC. 2002. Protective role of trehalose dur-
ing severe oxidative stress caused by hydrogen peroxide and the adaptive oxida-
tive stress response in Candida albicans. Microbiology, 148(8), 2599-2606.

51.	 Pereira EJ, Panek AD, Eleutherio ECA. 2003. Protection against oxidation during 
dehydration of yeast. Cell Stress Chaperones, 8, 120-124.



Current Approaches in Biology

75

52.	 Shirkey B, McMaster NJ, Smith SC, et al. 2003. Genomic DNA of Nostoc comune 
(Cyanobacteria) becomes covalently modified during long-term (decades) des-
iccation but is protected from oxidative damage and degradation. Nucleic Acids 
Research, 31(12), 2995-3005.

53.	 Jamieson DJ, 1998. Oxidative stress responses of the yeast Saccharomyces cerevi-
siae. Yeast 14, 1511-1527.

54.	 Goyal K, Walton LJ, Browne JA, et al. 2005. Molecular anhydrobiology: identify-
ing molecules implicated in invertebrate anhydrobiosis. Integrative Comparative 
Biology, 45(5), 702-709.

55.	 Tunnacliffe A, Wise MJ. 2007. The continuing conundrum of the LEA proteins. 
Naturwissenschaften 94, 791-812.

56.	 Kikawada T, Nakahara Y, Kanamori Y, et al. 2006. Dehydration-induced expres-
sion of LEA proteins in an anhydrobiotic chironomid. Biochemical and Biophys-
ical Research Communications, 348(1), 56-61.

57.	 Oliver AE, Leprince O, Wolkers WF, et al. 2001. Non-disaccharide-based mecha-
nisms of protection during drying. Cryobiology 43, 151-167.

58.	 Somme L, Meier T. 1995. Cold tolerance in Tardigrada from Dronning Maud 
Land, Antarctica. Polar Biology, 15, 221-224.

59.	 Newsham K, Maslen NR, McInnes SJ. 2006. Survival of Antarctic soil metazoans 
at -80°C for six years. CryoLetters, 27, 269-280.

60.	 Lamarche BJ, Orazio NI, Weitzman MD. 2010. The MRN complex in dou-
ble-strand break repair and telomere maintenance. FEBS Letters, 584, 3682-3695.

61.	 Chavez C, Cruz-Becerra G, Fei J, et al. 2019. The tardigrade damage suppressor 
protein binds to nucleosomes and protects DNA from hydroxyl radicals. eLife 8, 
e47682.

62.	 Crislip JR, Smythers A, Kolling DR. 2020. Using Electron Paramagnetic Reso-
nance Spectroscopy to Determine the Role of Free‐Radical Protection in Tardi-
grade Survival Mechanisms. The Faseb Journal, 34, 1.


