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WELCOME ADDRESS 
 

Symposia on the Tardigrada deal with innovative topics in biology using 
an animal model now being used more than ever. Symposia offer unique 
opportunities for scientific researchers, students and other tardigrade 
scholars from all over the world to get together to promote scientific 
exchange and network, as well as renewing and developing friendships.  

The 13
th
 International Symposium on Tardigrada is characterized by the 

presence of a record of number of attendants, including a very high 
number of young researchers, from 22 countries all over the world. This 
growing number of participants reflects the increasing interest in our 
fascinating tardigrades. 

Attendants will present their latest findings covering a broad spectrum of 
themes; such as taxonomy, phylogeny, biogeography, ecology, 
reproductive and developmental biology, physiology, biochemistry, 
genetics, -omics, and adaptive strategies. The 13

th
 International 

Symposium will also benefit from the participation of some invited 
scientists with expertise on emerging issues in the biology of tardigrades, 
such as phylogeny and anhydrobiosis. 

In addition to promoting scientific exchange and friendship, the 
Symposium will provide contact with different cultures. We have done our 
best to pay tribute to the hospitality of the Italian people, by offering the 
opportunity to discover the charm and history of the Modena and Verona 
regions and to taste the wonderful flavours of the Italian cuisine.  

We plan to make the 13
th

 International Symposium on Tardigrada an 
extremely lively and engaging Symposium, and we are looking forward to 
welcoming you again to Modena, thirty years after the 4

th
 Symposium on 

Tardigrada in 1985. 
 
Enjoy the Symposium and your stay in Modena and Verona! 
 
THE ORGANIZING COMMITTEE 
Lorena Rebecchi  (University of Modena and Reggio Emilia) 
Tiziana Altiero  (University of Modena and Reggio Emilia) 
Roberto Bertolani  (University of Modena and Reggio Emilia) 
Michele Cesari  (University of Modena and Reggio Emilia) 
Michele d’Errico  (University of Modena and Reggio Emilia) 
Ilaria Giovannini  (University of Modena and Reggio Emilia) 
Roberto Guidetti  (University of Modena and Reggio Emilia) 
Leonardo Latella  (Civic Museum of Natural History, Verona) 
Sandra J. McInnes  (British Antarctic Survey, Cambridge, U.K.) 
Diane R. Nelson  (East Tennessee State University, U.S.A.) 
Maria Agnese Sabatini (University of Modena and Reggio Emilia) 
Matteo Vecchi  (University of Modena and Reggio Emilia)
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GENERAL INFORMATION 

 
CONFERENCE VENUE 

During the first three days (23
th
, 24

th
, 25

th
 June), the 13

th
 International 

Symposium on Tardigrada will take place on the first floor of the “Centro 
San Geminiano” on Via San Geminiano 3 in the Historic Centre of Modena. 
An elevator is available. 

The last day (26
th

 June), the Symposium will take place at the “Civic 
Museum of Natural History, Verona” on Lungadige Porta Vittoria 9, in the 
historic centre of the city of Verona. An elevator is available. Transport will 
be by buses. 

 
REGISTRATION DESK 

All delegates will register at the registration desk located on the first floor 
of the “Centro San Geminiano". 

The Registration Desk with the Secretary will be open during the 
symposium from 8:30 to 9:00 and during coffee breaks. Please check 
regularly the information board at the Registration Desk during the 
Symposium for any change in the program, special announcements and any 
other messages. 

Important notice: The Identification Badge is required for admission to 
all Symposium sessions, lunches, coffee breaks, activities and facilities. 

 
LANGUAGE 

The official language of the Symposium is English. 
 

ORAL PRESENTATIONS 
During the first three days (23

th
, 24

th
, 25

th
 June), oral presentations will 

be conducted in the Conference Room (Aula Convegni) on the first floor 
of the “Centro San Geminiano” in Modena. 

The last day of the symposium (26
th

 June), oral presentations will be 
conducted in the Conference Room (first floor) of the Civic Museum of 
Natural History, Verona. 

The duration of each contribution will be 12 minutes plus 3 minutes for 
questions. The duration of the lecture by the invited speakers will be 30 
minutes plus 10 minutes for questions. Chairpersons are under strict 
instructions to keep the presentations on time. 

Before the beginning of each session, speakers should make sure that 
their presentation support media have been handed to the operator at the 
“Presentation Desk” near the Registration Desk, to allow technical setup. 
Please check the compatibility of your Power Point file prior to your 
presentation.  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
6 

 

 
POSTER PRESENTATIONS 

Posters (size: 700 mm wide x 1000 mm high) will be displayed in the 
cloister (first floor) of the “Centro San Geminiano” in Modena for the 23

th
, 

24
th
, and 25

th
 June. You are kindly requested to display your poster as soon 

as possible on the numbered board allocated to you (see poster program 
and board number). Posters will be attached to boards by means furnished 
by the organizers and must be removed only on Thursday 25

th
 afternoon, 

after the end of the second poster session. 
To promote scientific exchange, two Poster Sessions are scheduled. 

Authors of poster presentations are kindly requested to be available close 
to their posters during this session, to answer questions and discuss their 
results. 

Posters of students participating to the “Young Scientist Awards” are 
indicated with a cockade. 

 
LUNCHES 

Light lunches are included in the registration fee for all registrants 
(regular, student, and accompanying person).  

In Modena, lunches will be served in a dedicated room at the restaurant 
“La Secchia Rapita”. The restaurant is located inside the “Palazzo 
Schedoni”(Corso Canalgrande 4, Modena), a few walking minutes from 
the conference center and very close to the Hotel Canalgrande. The 
“Palazzo Schedoni” is a historic building dating from the first half of the 
1500s. Pictures and objects related to the world of motorsport are present 
and two rooms are dedicated to Ferrari, one to Maserati and one to De 
Tomaso.  

In Verona, lunch will be served in the room of the “Civic Museum of 
Natural History, Verona” dedicated to the “Fossils of Bolca”. 

 
EXAMINATION OF SLIDES & TYPE MATERIAL 

Throughout the symposium, at the “Centro San Geminiano” in Modena, 
a microscope will be available for examination of slides. Each participant 
may bring all the slides he/she wants to observe and share. 

At the Civic Museum of Natural History of Verona, a microscope will be 
available for the examination of slides of the type material of the Maucci 
and Biserov collections preserved in the Museum.  

 
INSTRUCTIONS TO ACCESS THE WI-FI NETWORK (SSID) “UNIMORE” 

There are two ways to access the Wi-Fi network during the Symposium: 
either by Eduroam or by creating new credentials. 
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EDUROAM 

Eduroam (Education Roaming), also known as TF-MNM (Mobility & 
Network Middleware), is a federation of wireless access services available 
to the users of Universities and Research Centers (www.eduroam.org).  
Eduroam allows any user from an Eduroam participating site to get 
network access at any institution connected to Eduroam. 
If you already are in an Eduroam participating site, you can connect to the 
wireless service of the University of Modena and Reggio Emilia during 
the Symposium with your own username and password (i.e. those that you 
use in your institution), but with a slight modification (see below).  
Example: Paula William comes from the USA, and her email address is 
“paula.william@nyuniv.edu”, her username is “pwilliam”, and her 
password is “Paula2345”.  
To use the Wi-Fi during the Symposium, she has to use a new username 
made up by the old username “pwilliam” + her domain name 
“@nyuniv.edu”, so the new username will be “pwilliam@nyuniv.edu”, 
while the password will remain the same, “Paula2345”. 
 
NEW CREDENTIALS 

Join Wi-Fi network (SSID) “UNIMORE” by attempting to navigate in the 
Symposium Wi-Fi. A login page will pop-up. 

- Click the link emphasized in image. 
 

 

  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
8 

 

 
- Fill the personal information asked in the form. Please double check 

your mobile telephone number, including also the international 
phone code (e.g. +44 for United Kingdom), as your password will be 
texted to you there. Please note that your username will be your 
mobile telephone number. 

- The “code” for 13th International Symposium on Tardigrada is: 
ppryy 

- After registration, allow 5 minutes for a text message with your 
password to be sent. Your username will be your mobile telephone 
number. 

- Return to login page and use the credentials that you have received. 
 

SOCIAL DINNER  
The Social Dinner will be held in the evening of 25

th 
June, at the 

Restaurant “La Castellana” located inside the Castle of Spezzano 
(Comune di Fiorano Modenese, Modena) in the Apennines. It is about 10 
km from Modena. Transport will be by buses. Details about this event (bus 
service, departure, arrival time, meeting point, etc.) will be announced 
during the symposium. 

A small economic contribution will be requested for attending the Social 
Dinner.  

The winners of the “Young Scientist Awards” will be announced during 
the Social Dinner.  

 
YOUNG SCIENTIST AWARD 

The Awards will honour the best oral presentation and the best poster 
presented by young researchers registered as bachelor, master or PhD 
students. Candidates have to be the first and presenting author. Only one 
submission per candidate will be considered. All applications will be 
reviewed by a panel constituted by Senior Scientists.  

The winners will be chosen on the basis of the originality and high 
quality of the work and presentation. 

The winners of the “Young Scientist Awards” will be announced during 
the Social Dinner.  

The top oral and poster presentations will be awarded with a certificate 
and a monetary prize.  
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SHUTTLE SERVICE  

For the people that have requested it, during Monday, 22
nd

 June 2015, for 
delegates arriving by air at Airport Guglielmo Marconi of Bologna there 
will be a special shuttle service from the Airport to the hotels, hostel and 
B&B. On Saturday morning, 27

th
 June 2015, the same special shuttle 

service will be available from the hotels, hostel and B&B to the Airport. 
The timetable of both special shuttle services will be arranged according to 
the arrival time of the delegates. This service is included in registration fee. 

Alternatively, Bologna Airport and the city of Modena are connected: 
a) by a shuttle service offered by SETA/ATCM (the transport company of 

Modena, info: www.setaweb.it/azienda/altri_servizi_aerbus.php). 
The shuttle bus operates from 6:15 to 22:30 from the Airport to Modena 

and from 5:15 to 21:30 from Modena to the Airport. Please consider that 
transfer times between the Airport and Modena are about 40 minutes. The 
stop for hotels located in the historic centre of Modena is “Largo 
Garibaldi”; 

b) by train along the Modena-Bologna line. At the Bologna train station 
there are frequent shuttle buses from/to Bologna Airport (info: 
www.tper.it/content/linea-blq-aeroporto-stazione-centrale). Bologna train 
station is one of the most important train nodes in Italy, and trains for/from 
Modena are frequent. 

 
USE OF TAXI IN MODENA CITY  

A radio taxi service is available. The name of the company is Co.Ta.Mo – 
Consorzio Taxisti Modenesi (phone: +39 059374242; fax and SMS: +39 
3351838555). The services include booking by SMS and services for 
disabled people.  

 
PROCEEDINGS  

The Proceedings of the 13
th

 International Symposium on Tardigrada will 
be published as a special issue (i.e. one of the 12 normal issues) of the 
Zoological Journal of the Linnean Society. 

The special issue will be published online and will be available to all 
online subscribers of the Zoological Journal of the Linnean Society (both 
institutional subscribers and the Linnean Society members). All 
corresponding authors of the Proceedings are entitled to receive a free pdf 
offprint of their paper. In addition, each corresponding author can 
nominate ten (10) colleagues to receive free access to their paper as well.  
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All Symposium registrants will receive a printed copy of the Proceedings. 

Authors who wish their accepted paper to have Online Open access (i.e. 
free for all to view and download via Wiley Online Library) will be 
required to pay the one-time open access fee of USD 3,000. This cost 
(open access fee) will NOT be covered by the Symposium organizers. 

Manuscript quality and topics. The manuscripts from both oral and 
poster presentations will be considered for publication in the Proceedings. 
Only registrants of the Symposium will be allowed to submit papers for 
the Proceedings. Each registered participant can submit one paper as 
submitting author, but he/she can also be included as co-author in other 
papers led by other registrants. All manuscripts must be of high scientific 
quality. Authors may be requested to make substantial changes to comply 
with the standards of the ZJLS, and the Guest Editors reserve the right to 
reject manuscripts of poor quality. The Guest Editors will submit final, 
peer-reviewed manuscripts to the Editor in Chief of the ZJLS, who will 
make the final decision about the fate of each manuscript (accept, revise, 
reject). Manuscripts presenting only descriptions of new species (alpha 
taxonomy) or presenting faunistic studies with a list of species are not 
accepted. 
Manuscript preparation. Manuscripts must not have been published or not 
have been accepted for publication elsewhere. Papers in languages other 
than English are not accepted. When a paper has joint authorship, one 
author must accept responsibility for all correspondence; the full postal 
address, telephone and fax numbers, and e-mail address of the author who 
is to check proofs should be provided. Each manuscript must have no 
more than seven (7) printed pages, including abstract, introduction, 
methods, results, discussion, conclusions, acknowledgements, references 
and legends. As an example, seven pages correspond to a text of about 
5000 words, plus two tables and two figures. Figures and tables can be 
single column width or double column width. Any figures and tables that 
are not integral to a paper can be placed in supporting information. 
Supporting information sits alongside the paper in the online version. 
Online-only colour in figures is free of charge, however it is essential in 
these cases that the figure legends apply equally well to both printed 
greyscale and online colour versions, and do not specifically refer to the 
colour (see the Author Guidelines of the ZJLS). Alternatively, Authors can 
opt for paid full colour, covering the full cost of reproduction, such that 
colour is used both in the hardcopy and online. 

The Symposium Organizers will NOT cover the costs of full colour. 
Further instructions on preparing the manuscript and the general layout 

of the paper are available at 'Authors Guidelines' in the section 
'Manuscript preparation' of the Zoological Journal of the Linnean Society.  
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EXCURSIONS 

 
Tuesday 23

rd
 June, 17:15 - 19:00 – Modena Guided City Tour  

All participants and accompanying persons are invited to discover the 
charm and the historic monuments of the city during a guided tour of 
Modena. 

There are many art treasures in Modena: the 12
th

 century Cathedral, a 
masterpiece of Italian Romanesque art, that, together with Piazza Grande 
and the “Ghirlandina” bell tower, creates a complex of unique beauty, 
included by UNESCO World Heritage. Among other monuments and sites 
are the Town Hall and the Ducal Palace (today a Military Academy). 

Details about this event (meeting point, departure and arrival time, etc.) 
will be announced during the Symposium. The cost is included in the 
registration fee. 

 
Thursday 25

th
 June, 19:00 – Guided Visit to the Castle of Spezzano  

All participants and accompanying persons are invited to discover the 
Castle of Spezzano, about 10 km far from Modena in the Apennines. 

The castle dates back to medieval time but underwent significant changes 
during the Renaissance, featuring a magnificent frescoed room 
commissioned around 1596, which depicts views of the lands controlled 
by the Lord of Sassuolo, Marco Pio III. Coffered ceilings, pictorial cycles, 
prisons, a cloistered courtyard and a historic park all add to the castle 
charms. In the castle there is a “Museum of Ceramics”, which documents 
the techniques and methods of ceramic production from Neolithic to the 
present. 

Details about this event will be announced during the symposium. The 
cost is included in the registration fee. 

 
Thursday 25

th
 June, 19:00 – Guided Visit to the “Acetaia” of the 

Castle of Spezzano 
Before the Social Dinner all participants and accompanying persons are 

invited to visit the Communal “Acetaia” (Vinegar Cellar). The visit offers 
the opportunity to taste the inimitable and unique flavour of the world 
famous “Aceto Balsamico Tradizionale di Modena” (Modena’s Traditional 
Balsamic Vinegar) and to see how it is made and its maturation over time. 

Details about this event will be announced during the symposium. The 
cost is included in the registration fee. 
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Friday 26

th
 June, 15:00 - 18:00 – Verona Guided City Tour 

All participants and accompanying persons are invited to discover the 
historic centre of Verona during a guided tour.  

Verona is located in Northern Italy, about 90 km from Modena. 
Celebrated by Shakespeare, who made it famous as the romantic setting 
for the moving tale of Romeo and Juliet, Verona is a splendid, ancient 
corner of the Veneto region, nestling between the river Adige and Lake 
Garda. In 89 BC, when it became a Roman Colony, Verona began to stand 
out. The traces of the Romans' works remain very much in evidence to this 
day, such as the Arena, an enormous, spectacular Roman amphitheatre 
erected in the 1st Century AD, still functioning today. 

Details about this event (departure, arrival time, meeting point, etc.) will 
be announced during the symposium. The cost is included in the 
registration fee. 
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ADDITIONAL PROGRAM FOR ACCOMPANYING 

PERSONS 
 

Wednesday 24
th

 June, 8:45 – Guided visit to the Ghirlandina Bell 
Tower 

The Ghirlandina tower, so called because of the double twist of 
balustrades which crown it like a garland, is 86 meters high and the 
symbol of the city. It harmoniously combines two styles of two different 
eras: the square-based part is coeval with the cathedral and follows the 
Roman architectural canons, while the octagonal-based part and the 
pyramid which constitutes the cusp are from a later period with a more 
clearly Gothic style (they were started in 1261 on design of Arrigo da 
Campione and completed in 1319). UNESCO has added the Ghirlandina, 
together with the Cathedral and Piazza Grande, to the list for preservation 
of the artistic heritage of mankind. 

 
Wednesday 24

th
 June, 14:30 – Guided visit to the Palazzo Ducale, 

Sassuolo, Modena  
The Palace, called also "Delight" for its architecture, for the beauty of its 

decorations and for its place in the wide Secchia valley, is a jewel of 
Baroque culture in northern Italy. In 1634, the ancient and massive castle 
was transformed into a ducal residence, embellished with fountains and 
surrounded by gardens, becoming a place to be used for the summer 
holiday and as the site of the official representative of the Este court. The 
commissioning of the reconstruction and decoration was made by the duke 
Francis I d'Este, after the loss of Ferrara in 1598. The rooms were painted 
by a team of extraordinary artists, such as Jean Boulanger, Angelo Michele 
Colonna, Agostino Mitelli, Luca Colombi and Lattanzio Male. 

 
Thursday 25

th
 June, 9:30 – Guided visit to the Estense Gallery, 

Modena  
The Estense Gallery is among the most important Italian art collections, 

commissioned by the Este Dynasty during their rule of Ferrara and 
Modena. The gallery focuses mainly on paintings, sculptures, archaeology 
and traditional arts and crafts of the River Po Valley between the XIV and 
the XVIII centuries, including works by Gian Lorenzo Bernini, Diego 
Velázquez, Cosmè Tura, Correggio, El Greco and Guido Reni. 

 
Additional details about these events (arrival times, meeting points, etc.) 

will be announced during the symposium. The cost for both events is 
included in the registration fee. 
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IMPORTANT PHONE NUMBERS 

 
NUMBER FOR ALL EMERGENCIES: 112 
 
POLICE: 113 
 
AMBULANCE: 118 
 
MODENA I.A.T. (Information and Tourist Welcome): +39 0592032660 
 
RADIO TAXI: +39 059374242 
 
AIRPORT G. MARCONI OF BOLOGNA  

(www.bologna-airport.it) 
Phone : +039 0516479615 (from 5:00 to 24:00) 
Luggage assistance: +39 0516472076 (from 8:00 to 11:00) 
Shuttle by SETA (the transport company of Modena): 
www.setaweb.it/Modena/aerbus.php 

 
 
ORGANIZING COMMITTEE (for urgent contact only): 

Roberto Guidetti: +39 3402719852 
Roberto Bertolani +39 3474462214 
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CONFERENCE PROGRAM 

 
TUESDAY 23

rd
 JUNE 

 
8:30 - 9:30  Registration & Poster Installation 
 
9:30 - 10:00  Opening Ceremony 
 
10:00 - 10:40 Invited Speaker: C. BOSCHETTI et al. – Horizontal 

gene transfer in desiccation-tolerant metazoans 
 
10:40 - 11:15  Coffee break 
 
Chairpersons: K.I. JÖNSSON & R.O. SCHILL 
11:15 - 11:30 T. KUNIEDA et al. – Comparative Omic analysis 

between anhydrobiotic tardigrade and 
desiccation-sensitive tardigrade 

11:30 - 11:45 T. BOOTHBY et al. – Identifying functional 
mediators of desiccation tolerance in tardigrades 

11:45 - 12:00 K. ARAKAWA et al. – De novo genome sequencing 
of various tardigrades with ultra-low input 

12:00 - 12:15 T. HYGUM et al. – Is the “tun” state necessary for 
cryptobiotic/anhydrobiotic survival? (Young 
Scientist Award contestant) 

12:15 - 12:30 N.W.T. HEIDEMANN & D.K. SMITH et al. – Osmotic 
stress tolerance in the semi-terrestrial tardigrades, 
Echiniscus testudo and Ramazzottius oberhaeuseri 
(Young Scientist Award contestants) 

 
12:30 - 14:15 Light Lunch at the Restaurant “La Secchia Rapita”  
 
Chairpersons: N. MØBJERG & T. KUNIEDA 
14:15 - 14:30 D.D. HORIKAWA et al. – Freezing survival of the 

tardigrade Ramazzottius varieornatus 
14:30 - 14:45 L.K.B. CLAUSEN et al. – Osmotic stress response in 

the tidal heterotardigrade Echiniscoides sigismundi 
(Young Scientist Award contestant) 

14:45 - 15:00 S. HABAZIN et al. – Water bears going nano: atomic 
force microscopy allows high resolution in vivo 
imaging of tardigrade cuticle (Young Scientist 
Award contestant)  
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15:00 - 15:15 I. GIOVANNINI et al. – Capability of the Antarctic 

tardigrade Acutuncus antarcticus to withstand 
environmental stresses 

 
15:15 - 15:30  Symposium details and communications 
 
15:30 - 16:00  Coffee break 
 
Chairpersons: T. ALTIERO & H. GREVEN 
16:00 - 16:15  S. CALHIM et al. – Sperm evolution in tardigrades 
16:15 - 16:30 I. POPRAWA et al. – What is known about oogenesis 

in Eutardigrada? 
16:30 - 16:45 M. HYRA et al. – Oogenesis in Hypsibius dujardini 

(Eutardigrada, Hypsibiidae) (Young Scientist Award 
contestant) 

16:45 - 17:00 M. CZERNEKOVA et al. – Mitosis in storage cells of 
the eutardigrade Richtersius coronifer (Young 
Scientist Award contestant) 

 
17:15 - 19:00  Guided Modena City tour 
 
WEDNESDAY 24

th
 JUNE 

 
9:00 - 9:40 Invited Speaker: D. NELSON et al. – Ecology of 

tardigrades: past, present, and future 
 
Chairpersons: K. HOHBERG & P. BARTELS 
9:40 - 9:55 M. BRYNDOVÁ et al. – The changes in tardigrade 

assemblages during succession after deglaciation: a 
comparison of species and functional diversity 
approach (Young Scientist Award contestant) 

9:55 - 10:10  K. ZAWIERUCHA et al. – Factors influencing 
tardigrade distribution in Svalbard (High Arctic) 
(Young Scientist Award contestant) 

10:10 - 10:25 T. ALTIERO et al. – Reproductive mode and life 
history traits of the tardigrade Acutuncus 
antarcticus: strategies to colonize the Antarctic 
environment 

10:25 - 10:40 M. TSUJIMOTO et al. – Effect of temperature on 
generation time and reproductive success in the 
Antarctic tardigrade, Acutuncus antarcticus 
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10:40 - 11:15  Coffee break 
 
Chairpersons: N. GUIL & Ł. KACZMAREK 
11:15 - 11:30 J.G. HANSEN et al. – Postembryonic development, 

heterochrony, secondary sexual dimorphism and 
population structure of a new Florarctus species 
(Tardigrada, Heterotardigrada) 

11:30 - 11:45 M. RUBAL et al. – Biodiversity of marine tardigrades 
from North Portugal. A comparison among habitats 

11:45 - 12:00 E. PERRY et al. – The Tardigrade Fauna of Allen 
Island, Maine, U.S.A. 

 
12:00 - 12:30  Group photo 
 
12:30 - 14:00 Light Lunch at the Restaurant “La Secchia Rapita” 
 
Chairpersons: R. BERTOLANI & P. FONTOURA  
14:00 - 14:15 Ç. TEKATLI et al. –Taxonomic studies on the species 

of Tardigrada in Soğuksu National Park Located in 
Kızılcahamam Ankara (Turkey) (Young Scientist 
Award contestant) 

14:15 - 14:30 Ł. MICHALCZYK et al. – A new species or just a new 
phenotype? An experimental test of phenotypic 
plasticity in the taxonomic traits of tardigrades 

14:30 - 14:45 D. STEC et al. – Genetic and environmental 
determinants of egg shell morphology in 
Ramazzottius subanomalus (Biserov, 1985) 
(Tardigrada: Eutardigrada: Ramazzottidae) (Young 
Scientist Award contestant) 

14:45 - 15:00 N. MARLEY et al. – Preliminary results for a 
meiofauna survey of the South Shetland Islands, 
Antarctica 

 
Chairperson: R. GUIDETTI 
15:00 - 15:15 D. FONTANETO et al. – Towards a list of available 

names in zoology for Tardigrada 
15:15 - 15:45 Plenary discussion: Possible application of the 

Article 79 of the International Code of Zoological 
Nomenclature to Tardigrada 
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15:45 - 16:15  Coffee break 
 
16:15 - 18:00  POSTER & SLIDE SESSION 1  
 
THURSDAY 25

th
 JUNE 

 
9:00 - 9:40 Invited Speaker: D. PISANI et al. – Can we 

consider the phylogenetic relationships of the 
tardigrades resolved? 

 
Chairpersons: D. NELSON & M. CESARI 
9:40 - 9:55 J. REICHELT et al. – Evolution of novel, 

lamin-derived cytoplasmic intermediate filaments 
in Tardigrada (Young Scientist Award contestant) 

9:55 - 10:10  D.K. PERSSON – The tardigrade brain – segments or 
segment? 

10:10 - 10:25  F. SMITH et al. – The walking heads: Hox gene 
expression in Hypsibius dujardini and the evolution 
of the tardigrade body plan 

10:25 - 10:40  V. GROSS et al. – Neural development in Hypsibius 
dujardini supports the sister-group relationship of 
tardigrades and arthropods (Young Scientist Award 
contestant) 

 
10:40 – 11:15 Coffee break 
 
Chairpersons: S.J. MCINNES & J.G. HANSEN 
11:15 - 11:30 S. FUJIMOTO et al. – Unravelling the higher 

phylogeny of Arthrotardigrada (Heterotardigrada) 
(Young Scientist Award contestant) 

11:30 - 11:45 N. GUIL – Phylogenetic informativeness of genes 
and fragments within the Tardigrada tree 

11:45 - 12:00 M. CESARI et al. – Is Acutuncus antarcticus 
(Eutardigrada, Hypsibiidae) truly a pan-Antarctic 
species? An insight on its genetic diversity and 
biogeography 

12:00 - 12:15 M. VECCHI et al. – An integrative approach led to 
the description of a new tardigrade genus of 
Macrobiotidae 

12:15 - 12:30 N. MØBJERG et al. – New taxa from Roscoff, France 
increase the phylogenetic and evolutionary 
understanding of Echiniscoididae  
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12:30 - 12:45 R. BERTOLANI et al. – Integrative taxonomy 

approach to the Paramacrobiotus richtersi group 
(Eutardigrada, Macrobiotidae) 

 
12:45 - 14:15 Light Lunch at the Restaurant “La Secchia Rapita” 
 
Chairperson: R. GUIDETTI 
14:15 - 15:00 Plenary discussion: Share ideas and develop 

projects and tools to enlarge the tardigrade 
community  

 
15:00 - 15:30  POSTER & SLIDE SESSION 2 
 
15:30 - 16:00  Coffee break 
 
16:00 - 17:15  POSTER & SLIDE SESSION 2 
 
18:15   Leaving to Spezzano  
 
19:00  Guided visit to “Castle of Spezzano” & Acetaia 
 
20:00 Social Dinner 
 The “Young Research Award” winners will be 

announced during the dinner 
 
23:00   Return to Modena  
 
FRIDAY 26

th
 JUNE 

 
8:15   Leaving to Verona 
 
Chairpersons: L. LATELLA & Ł. MICHALCZYK 
10:45 – 11:00 R.M. KRISTENSEN et al. – the marine tardigrades at 

Al Zubarah, Qatar 
11:00 - 11:15 P. BARTELS et al. – A global biodiversity estimate of 

limnoterrestrial and marine tardigrades 
11:15 - 11:30 Ł. KACZMAREK et al. – Diversity of tardigrades of 

the Americas in relation to the hypothesis of the 
“Great American Biotic Interchange” 

11:30 - 11:45 A. PALMER et al. – Characterization of a putative 
new species of the genus Milnesium Doyère, 1840 
from the Colorado National Monument, USA  
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11:45 - 12:00 R. GUIDETTI et al. – Opening the Pandora’s box of 

Richtersius reveals its phylogenetic relatives 
 
12:00 - 12:30  Closing cerimony  
 
12:30 - 15:00 Lunch at the Museum (Room: Fossils of Bolca)   
 Museum Tour  
 SLIDE SESSION 3 
 
15:00 - 17:00  Guided Verona City Tour 
 
17:00 - 18:00  Free time 
 
18:00   Leaving from Verona 
 
20:30   Arrival to Modena 
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POSTER PROGRAM  

SESSION 1 
 
2- J. BINGEMER, K. HOHBERG, R.O. SCHILL – Life history of Isohypsibius 

dastychi Pilato, Bertolani & Binda, 1982 (Tardigrada) (Young Scientist 
Award contestant) 

4- A. BRANDEL, G. GRIMMER, A. KELLER, J. SCHULTZ, F. FÖRSTER – The 
bacterial community of the tardigrade Milnesium tardigradum and the 
effects of antibiotic treatment 

6- O. LISI, V. D'URSO, G. PILATO – The measurement criteria of the 
buccal tube and the claws of the genus Milnesium: a problem to solve 

8- P. DEGMA – Revision of the Echiniscus arctomys species group 
(Tardigrada, Heterotardigrada, Echiniscidae): preliminary species 
classification 

10- E. DE MILIO, C. LAWTON, N. MARLEY – Phylum Tardigrada: a return 
to Clare Island (Young Scientist Award contestant) 

12- M. EGGER, R.O. SCHILL – DNA damage in storage cells of cryobiotic 
tardigrades 

14- Ş. ERGEN, Ç. TEKATLI, P. YILDIZ, M. ÖREN, A. ALTINDAĞ – A New 
Record of Tardigrada from Turkey (Çubuk 2 Dam, Ankara) 

16- J. GALIPON – Tardigrades in postgraduate science education 
18- I. GIOVANNINI, R. GUIDETTI, T. ALTIERO, L. REBECCHI – Production of 

Reactive Oxygen Species (ROS) during the kinetic of desiccation in 
Paramacrobiotus richtersi 

20- I. GIOVANNINI, T. BOOTHBY, B. GOLDSTEIN, L. REBECCHI – Using 
RNA interference to silence genes encoding antioxidant enzymes in the 
eutardigrade Paramacrobiotus richtersi 

22- G.T. GROTHMAN – Tardigrada publication repository: tardigrada.pub 
24- J.G. HINTON, M. KLUMPP, W.L. GLADNEY, H.A. MEYER – Tardigrades 

of Antigua 
26- H.A. MEYER, J.D. HOFFMANN – Geographical variation in the 

morphology of Echiniscus virginicus 
28- H.A. MEYER, B. SORGEE, G. BROUSSARD – Photokinesis and 

gravikinesis in Minibiotus acadianus 
30- A. YOUNG, W.R. MILLER, R. TRIPP, E. PERRY, M.D.LOWMAN – 

Tardigrades in the Canopy: a preliminary report (Young Scientist Award 
contestant) 

32- J. KERR, S. BROWN, B. GRANT, A. BISWAS, C. DIRKS – Preliminary 
Survey of Tardigrades along Elevation and Moisture Gradients in Grand 
Canyon National Park, U.S.A. (Young Scientist Award contestant) 
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34- K. KONDO, T. KUBO, T. KUNIEDA – Chemical genetic analysis of 

regulatory mechanisms of anhydrobiosis in tardigrades (Young Scientist 
Award contestant) 

36- S. KURU, S. KARAYTUĞ – First record of the phylum Tardigrada from 
the supralittoral zone of the Turkish coasts (Young Scientist Award 
contestant) 

38- R. LONDOÑO, S. QUIROGA, O. LISI, A. DAZA, C. MORALES – An 
ongoing survey: Taxonomic composition of tardigrades in microcanopies 
from the Sierra Nevada de Santa Marta 

40- S. QUIROGA. R. LONDOÑO, O. LISI, A. DAZA, Ł. KACZMAREK – Sierra 
Nevada de Santa Marta, a site of high richness of tardigrades in Colombia. 
Description of two new species 

42- M. CESARI, M. VECCHI, A. PALMER, R. BERTOLANI, G. PILATO, L. 
REBECCHI, R. GUIDETTI – What if the claws are reduced? Morphological 
and molecular phylogeny of the genus Haplomacrobiotus (Eutardigrada, 
Parachela) 

44- B. NATTRESS, M. SMITH, J. RAMSBOTTOM, N. MARLEY – Some 
records of tardigrades in the county of Yorkshire, England, U.K. 

46- I. POPRAWA, M. HYRA, A. WŁODARCZYK, M. KSZUK-JENDRYSIK, L. 
SONAKOWSKA, M.M. ROST-ROSZKOWSKA – Ultrastructure of the midgut 
epithelium in Hypsibius dujardini (Eutardigrada, Hypsibiidae) 

48- M. RICHAUD, P. CUQ, S. GALAS – Energetic status control of the 
Tardigrade Hypsibius dujardini anhydrobiotic state 

50- M. ROSZKOWSKA, D. STEC, D.A. CIOBANU, W. ERDMANN, Ł. 
KACZMAREK – Tardigrada (water bears) from Argentina with descriptions 
of four new species 

52- M. ROSZKOWSKA, D.M. ZILIOLI, Ł. KACZMAREK – Tardigrade fauna 
of the Galapagos Archipelago (Young Scientist Award contestant) 

54- S. TREFFKORN, L. HERING, G. MAYER – Analysis of the Hox gene 
complement in Hypsibius dujardini with a focus on the three copies of 
Abdominal-B (Young Scientist Award contestant) 

56- M. VECCHI, F. VICENTE, R. GUIDETTI, R. BERTOLANI, L. REBECCHI, M. 
CESARI – Interspecific relationships of tardigrades with bacteria, fungi and 
protozoans, with a focus on the phylogenetic position of Pyxidium 
tardigradum (Ciliophora) 

58- K.I. JÖNSSON, R.O. SCHILL, E. RABBOW, P. RETTBERG, M. 
HARMS-RINGDAHL – The fate of the TARDIS offspring: no 
intergenerational effects of space exposure in Milnesium tardigradum 
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POSTER PROGRAM  

SESSION 2 
 

1- Ç. TEKATLI, A. ALTINDAĞ, S.F. ERGEN, P. YILDIZ, M. OREN – 
Tardigrades taken from soil and rock moss samples in Safranbolu/Karabük 

3- T. BOOTHBY, F. SMITH, J. TENLEN, B. GOLDSTEIN – Techniques and 
resources for the molecular, cell biological and genetic analysis of 
tardigrades 

5- W. MOREK, D. STEC, P. GĄSIOREK, R.O. SCHILL, Ł. KACZMAREK, Ł. 
MICHALCZYK – An experimental approach to the morphometrics of 
Milnesium Doyère, 1840 (Tardigrada: Eutardigrada: Apochela) (Young 
Scientist Award contestant) 

7- C.M.C. DA ROCHA, E.L. GOMES JÚNIOR, E.P. SILVA GOMES, E.C. LEITE 

DOS SANTOS – Brazilian limnoterrestrial tardigrades: new occurrences and 
species checklist updates 

9- C.M.C. DA ROCHA, E.L. GOMES JÚNIOR – Updated Checklist of 
Brazilian Marine Tardigrades 

11- E.L. GOMES JÚNIOR, C.M.C. DA ROCHA, P.J.P. SANTOS – Effect of 
experimental trampling on the tardigrade community of a tropical reef 

13- W. ERDMANN, J. SMYKLA, M. ROSZKOWSKA, K. ZAWIERUCHA, Ł. 
KACZMAREK – Variability of morphological quantitative traits within and 
between different populations of Acutunctus antarcticus (Richters, 1904) 

15- P. FONTOURA, M. RUBAL, P. VEIGA – Two new species of 
Eutardigrada from rocky shore supralittoral level of the Atlantic Iberian 
Peninsula 

17- P. GĄSIOREK, W. MOREK, D. STEC, D. LACHOWSKA-CIERLIK, Ł. 
KACZMAREK, Ł. MICHALCZYK – Do molecular data confirm the current 
taxonomic status of Mesocrista Pilato, 1987 (Tardigrada: Eutardigrada: 
Hypsibiidae)? (Young Scientist Award contestant) 

19- H. GREVEN – C.A.S. Schultze´s “Macrobiotus hufelandii, animal e 
crustaceorum classe novum…” – a milestone in tardigradology 

21- T. PRASATH, H. GREVEN, J. D‘HAESE – Gelsolin in Onychophora, 
Tardigrada and other Ecdysozoa 

23- T. HASHIMOTO, Y. SAITO, M. OYAMA, H. KOZUKA-HATA, A. ENOMOTO, 
K. MIYAGAWA, H. KUWAHARA, D.D. HORIKAWA, T. KATAYAMA, K. 
ARAKAWA, A. TOYODA, A. FUJIYAMA, T. KUBO, T. KUNIEDA – Suppression 
of DNA damage by a novel protein Dsup from a radiation resistant 
tardigrade(Young Scientist Award contestant) 

25- K. HOHBERG, B. LANG – Deeper insight into the morphological 
structures of the feeding apparatus of the clawless eutardigrade Apodibius 
confusus, Dastych, 1983 (Tardigrada) 
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27- M. HYRA, K. JANELT, M. KSZUK-JENDRYSIK, A. WŁODARCZYK, M. 

DEPERAS, M.M. ROST-ROSZKOWSKA, I. POPRAWA – Storage cells in 
Parachela during active life 

29- Y. YOSHIDA, D.D. HORIKAWA, T. KUNIEDA, H. KUWABARA, A. 
TOYOTA, T. KATAYAMA, M. TOMITA, K. ARAKAWA – Transcriptome study 
of Ramazzottius varieornatus for the comprehensive identification of 
genes related to DNA damage response (Young Scientist Award 
contestant) 

31- Ł. KACZMAREK, P.J. BARTELS, M. ROSZKOWSKA, D.R. NELSON – The 
zoogeography of marine tardigrades 

33- Ł. KACZMAREK, B. GOŁDYN, M. ROSZKOWSKA, A. 
MORENO-TALAMANTES, D.A. CIOBANU, P.J. BARTELS, D.R. NELSON, M. 
OSTROWSKA; K. ZAWIERUCHA, Ł. MICHALCZYK – Is the buccal tube width 
of Milnesium species correlated with gut contents? 

35- P. KOSZTYŁA, D. STEC, P. GĄSIOREK, W. MOREK, K. MICHNO, K. 
ZAWIERUCHA, Ł. KACZMAREK, Z. PROKOP, Ł. MICHALCZYK – Estimating 
the ideal sample size for tardigrade morphometry 

37- J. CYTAN, J. BACZYŃSKI, L. GĄSIOROWSKI, E. SIEREDZIŃSKI, M. 
TISCHER, K. ZAWIERUCHA – First report on Tardigrada of ancient lake 
Ohrid and Galicica National Park (Macedonia) with the note on sponge 
dwelling species (Young Scientist Award contestant) 

39- M. MAPALO, D. STEC, D. BASCOS, Ł. MICHALCZYK – The first record 
of limno-terrestrial Tardigrada from the Philippines, with an integrative 
description of a new species of the Macrobiotus harmsworthi group 
(Eutardigrada: Macrobiotidae) (Young Scientist Award contestant) 

41- S.J. MCINNES, P.J.A. PUGH – Stepping across Antarctica with 
Acutuncus antarcticus 

43- E. PERRY – In search of the Great American Water Bear: Macrobiotus 
americanus 

45- T. VASANTHAN, C. FERNANDEZ, N. KISSOON, G. KARAM, N. 
DUQUETTE, C. SEYMOUR, J.R. STONE – Radiation tolerance and 
radiation-induced bystander effects in the eutardigrade species Hypsibius 
dujardini (Young Scientist Award contestant) 

47- M.A. ROCHA. A. GONZÁLEZ REYES, J. CORRONCA, S. RODRÍGUEZ 

ARTIGAS, I. DOMA, Y. REPP, X. ACOSTA – Tardigrades diversity, an 
evaluation in natural and disturbed environments of the province of Salta 
(Argentina) 

49- É. SANTOS, M. RUBAL, P. VEIGA, C.M.C. DA ROCHA, P. FONTOURA – 
The geographic distribution of Batillipes species (Tardigrada, 
Arthrotardigrada) in the Atlantic basin can reveal cryptic speciation? 

51- A.C. SUZUKI – A marine tardigrade, Actinarctus cf. neretinus, found 
in Shimabara Bay, Japan 
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53- E. UMEZAKI, K. OCHIAI – Features of tardigrade gait 
55- K. ZAWIERUCHA, M. OSTROWSKA, M. KOLICKA, N. MAKOWSKA, S. 

CHMIELEWSKI – Preliminary studies on the abiotic and biotic factors 
influencing tardigrade abundance in cryoconite holes (Hornsund, 
Spitsbergen) 

57- K. ZAWIERUCHA, D. STEC, N. TAKEUCHI, D. LACHOWSKA-CIERLIK, Z. 
LI – A new species of Ramazzottius from cryoconite holes in the Tien and 
in the Qilian Mountains (China and Kirghizia) 
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HORIZONTAL GENE TRANSFER IN  

DESICCATION-TOLERANT METAZOANS 
 
Chiara Boschetti

1
, Alastair Crisp

1
, Isobel Eyres

2
, Timothy Barraclough

2
,  

Gos Micklem
3
, Alan Tunnacliffe

1
 

1
Department of Chemical Engineering and Biotechnology,  

University of Cambridge, U.K. 
2
Department of Life Sciences, Imperial College London, Ascot, Berkshire, U.K. 

3
Department of Genetics, University of Cambridge, U.K. 

 
Horizontal gene transfer (HGT), or the transfer of genetic material from 

one organism to another that is not a direct descendant, is widespread in 
bacteria and plays a significant role in their evolution. Metazoans were 
thought to undergo this process of “gene sharing” only very rarely, 
instead inheriting all their genes directly from their parents. However, 
this idea was recently challenged when it was shown that a significant 
percentage of the genes expressed by the bdelloid rotifer Adineta ricciae, 
a desiccation-tolerant invertebrate, have been acquired from other 
organisms, including bacteria, fungi and plants, and enhance the 
bdelloid’s metabolic capabilities (Boschetti et al., 2012, PLoS Genet 
8(11): e1003035). To improve our understanding of the mechanisms 
underpinning the acquisition of ‘foreign’ DNA during HGT and to 
establish whether it is linked to desiccation tolerance, we systematically 
searched for active foreign genes in a range of metazoans for which at 
least a partial transcriptome is available, focusing on desiccation-tolerant 
and related desiccation-intolerant taxa, including tardigrades. Our results 
suggest that HGT in metazoans is more widespread than previously 
thought, but that the prevalence of foreign genes correlates with 
desiccation tolerance. Our work contributes to the understanding of how 
genes can move among different, sometimes phylogenetically very 
distant, species, suggesting that novel strategies are available to 
organisms, including metazoans, for rapid adaptation to new 
environments. 
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COMPARATIVE OMIC ANALYSIS BETWEEN ANHYDROBIOTIC 

TARDIGRADE AND DESICCATION-SENSITIVE TARDIGRADE 
 

Takekazu Kunieda
1
, Makiko Ito

1
, Koyuki Kondo

1
, Yohei Minakuchi

2
,  

Hideki Noguchi
3
, Sae Tanaka

1
, Takuma Hashimoto

1
, Toshiaki Katayama

4
,  

Kazuharu Arakawa
5
, Atsushi Toyoda

2,3
, Takeo Kubo

1
, Asao Fujiyama

2,3
 

1
Department of Biological Sciences, Graduate School of Science,  

University of Tokyo, Japan 
2
Comparative Genomics, National Institute of Genetics, Mishima, Japan 

3
Advanced Genomics Center, National Institute of Genetics, Mishima, Japan 

4
Database Center for Life Science, National Institute of Genetics, Mishima, Japan 

5
Institute for Advanced Biosciences, Keio University, Tsuruoka, Japan 

 

Tardigrades are micrometazoans inhabiting marine, fresh-water, and 
terrestrial areas. Many of terrestrial species can tolerate almost complete 
dehydration by entering an ametabolic state called anhydrobiosis, but the 
molecular mechanism of this adaptive ability remains elusive. In contrast to 
these anhydrobiotic species, most fresh-water species are sensitive to 
desiccation. Comparative analysis between anhydrobiotic species and 
desiccation-sensitive species will shed light on molecular mechanisms of 
anhydrobiosis. 

Here, we established a rearing system of a desiccation-sensitive tardigrade, 
Isohypsibius sp. collected from activated sludge in Tokyo and also 
established a strain derived from a single individual to minimize variance of 
genetic background. Upon desiccation, this species did not form tun shape 
and could not withstand even exposure to 98% relative humidity. Our 
previous heat-soluble proteome revealed that an anhydrobiotic tardigrade, 
Ramazzottius varieornatus, abundantly expressed two novel heat-soluble 
protein families, CAHS and SAHS, which were supposed to be involved in 
protection of macromolecules during anhydrobiosis. For comparative 
analysis, we performed heat-soluble proteome analyses using three other 
tardigrade species with less tolerant ability, including desiccation-sensitive 
Isohypsibius sp. and found that in these species, expression of heat-soluble 
proteins were limited and well correlated with the desiccation tolerant 
ability of each species. We also perfomed genomic and transcriptomic 
analyses of Isohypsibius sp. as a typical desiccation sensitive species and 
comparison with those of R. varieornatus provide good clues to unveil the 
molecular basis enabling anhydrobiosis, including the participation of 
heat-soluble proteins in the tolerant ability. 
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IDENTIFYING FUNCTIONAL MEDIATORS OF  

DESICCATION TOLERANCE IN TARDIGRADES 
 

Thomas Boothby, Bob Goldstein 
Department of Biology, University of North Carolina, Chapel Hill, NC, U.S.A.  

 
Tardigrades are famous for their ability to survive extreme abiotic stress. 

Despite fascinating scientists for centuries little is known about how these 
organisms survive such extreme conditions. We are interested in uncovering 
mechanisms used by tardigrades to tolerate stresses, characterizing 
overlapping and distinct strategies for dealing with different stresses, and 
understanding how tardigrades evolved or acquired these mechanisms.  

We have begun by identify functional mediators essential for tardigrades 
to survive desiccation. As in previous studies (e.g. Wang et al., 2014, PLoS 
ONE 9(3): e92663), we used RNAseq and differential expression analysis, 
unbiased approaches that allowed us to compare changes in transcript 
abundance between hydrated and drying conditions. In contrast to previous 
studies we used a tardigrade species that requires a substantial degree of 
preconditioning to survive desiccation and with short generation times 
allowing for multiple biological replicates to be sequenced – which we 
hypothesized would reveal a greater degree of transcript enrichment. We 
found that there are reproducible, widespread changes in RNA abundance 
induced by drying in tardigrades. Transcripts that accumulate at high levels 
and undergo large increases during drying include those encoding proteins 
known in other organisms to be essential for desiccation tolerance, proteins 
previously suspected but not confirmed to play a role in desiccation 
tolerance, as well as novel tardigrade proteins and conserved, but 
uncharacterized proteins with no known functions in other animals. Using 
an RNA interference technique we disrupted the gene functions of several 
of these genes and found that while not essential for survival under 
hydrated conditions, some of these genes are essential for surviving drying. 

To identify which of these transcripts are specifically accumulated during 
drying and which are enriched in response to stress in general, we 
compared RNA levels in drying tardigrades with those in freezing 
tardigrades. This approach highlights both similarities as well as differences 
in how expression of tardigrade genes change in response to various 
stresses. 

We hope that our sequencing and analysis can serve as a resource for the 
tardigrade and extremophile research community. 
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DE NOVO GENOME SEQUENCING OF VARIOUS  

TARDIGRADES WITH ULTRA-LOW INPUT 
 

Kazuharu Arakawa
1
, Shinta Fujimoto

2
, Masaru Tomita

1
 

1
Institute for Advanced Biosciences, Keio University, Tsuruoka, Japan 

2
Department of Zoology, Division of Biological Science, Graduate School of Science,  

Kyoto University, Japan 

 
Limno-terrestrial tardigrades can withstand almost complete desiccation 

through a mechanism called anhydrobiosis, and several of these species 
have been shown to survive the most extreme environments through 
exposure to space vacuum. Molecular mechanism for this tolerance has so 
far been studied in many anhydrobiotic metazoans, leading to the 
identification of several key molecules such as the accumulation and 
vitrification of trehalose as well as the expression of LEA proteins to 
prevent protein aggregation. On the other hand, the understanding of 
comprehensive molecular mechanisms and regulation machinery of 
metabolism during anhydrobiosis, as well as its evolutionary origin is yet to 
be explored. Molecular and genetic study of tardigrades has so far been 
limited due to their small size (about 100 µm in length) and difficulty to 
culture in laboratory conditions. Here we report the de novo genome 
sequencing of multiple tardigrades from single individuals, using ultra low 
input and amplification technologies, including marine tardigrade Batillipes 
sp. The availability of genomic resource of Heterotardigrada provides 
insights into the evolution of tardigrades and their anhydrobiotic 
capabilities. 
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IS THE “TUN” STATE NECESSARY FOR  

CRYPTOBIOTIC/ANHYDROBIOTIC SURVIVAL? 
 

Thomas Hygum, Lykke K. B. Clausen, Aslak Jørgensen, Nadja Møbjerg 
Department of Biology, August Krogh Centre, University of Copenhagen, Denmark 

 
Tardigrades are well known for their ability to tolerate extreme stress. 

Interspecific variations in how much, and which forms of stress, different 
species can endure, however, complicate investigations into the underlying 
processes associated with extreme stress tolerance. Notably, the specifics of 
how tardigrades enter and exit the state of latent life, known as cryptobiosis, 
remain elusive. 

The present study focuses on desiccation tolerance and formation of the 
so-called “tun”. The tun is a compact body shape formed during 
dehydration in semi-terrestrial tardigrades prior to anhydrobiosis 
(cryptobiosis induced by dehydration). Notably, tun formation seems to be 
necessary for anhydrobiotic survival in eutardigrades. We have recently 
shown that tun formation also occurs in the arthrotardigrade Styraconyx 
haploceros (Jørgensen & Møbjerg 2015, Mar. Biol. Res., 11(2): 214-217). 
In the present study we investigate desiccation tolerance of the marine tidal 
echiniscoidean, Echiniscoides sigismundi, sampled from Lynæs, Denmark.  

Groups of approx. 20 E. sigismundi were dehydrated on filter paper and 
subsequently kept at 5°C. Survival was assessed 24 hours after rehydration 
in Lynæs seawater (17.7-19.6‰). Animals dehydrated from seawater for 48 
hours entered a tun and had a mean±s.d. survival of 99±1.8% (n=6). When 
exposed to freshwater, E. sigismundi swell and become incapable of 
movement, inhibiting tun formation during dehydration. Nevertheless, E. 
sigismundi dehydrated for 48 hours from distilled water had a survival of 
99±1.8% (n=6). Light as well as scanning electron microscopy clearly 
shows that tun formation does not occur during desiccation from distilled 
water.  

Our results could suggest that the processes underlying desiccation 
tolerance in echiniscoideans are different from those of eutardigrades, 
implying that anhydrobiosis has evolved several times within tardigrades. 
Alternatively, one could hypothesize that the fundamental processes 
underlying cryptobiosis are an inherent feature of tardigrades and that these 
processes subsequently have been modified in the different evolutionary 
lineages. 
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Tardigrades live in marine, limnic as well as terrestrial environments. Yet, 
all tardigrades need a film of water to be in their active, reproducing state. A 
significant difference between marine and limnic/semi-terrestrial habitats is 
the amount of salts present in the surrounding water. In this study we 
investigate osmotic stress tolerance of two semi-terrestrial species, i.e. 
Echiniscus testudo and Ramazzottius oberhaeuseri. Tardigrades were 
collected from the gutter and moss samples on a rooftop in Nivå, Denmark. 
Groups (n=3-6) of approx. 20 animals of each species were exposed for 24 
hours to NaCl test solutions with different measured osmolalities. Six test 
solutions were prepared with a mean±s.d. (n=3) osmolality of 93±0, 192±2, 
281±1, 464±1, 559±0 and 760±0 mOsm/kg. Tardigrade activity levels were 
monitored under microscope in distilled water immediately prior to NaCl 
exposure (t=0h), following 24 hours of NaCl exposure (t=24h) and three 
times after retransfer to distilled water (t=26h, t=48h and t=72h). For each 
experimental series 3-6 groups were kept in distilled water as controls.  

The activity of E. testudo dropped from 100% at t=0h to 52±13% and 
21±19% (mean±s.d.) following 24 h of exposure to respectively 93 and 192 
mOsm/kg. Activity levels did not increase significantly following retransfer 
to distilled water. No activity was observed following exposure to 281 and 
464 mOsm/kg and E. testudo did not regain activity following retransfer to 
distilled water from these solutions. The activity of R. oberhaeuseri 
dropped from 100% to 4±6% following exposure to 192 mOsm/kg. 
However, 2 hours after retransfer to distilled water the activity (87±8% at 
t=26h) had increased to the level of the control animals and it remained at 
this high level until the end of experimentation. Exposure to 464 and 559 
mOsm/kg resulted in a fall in activity from 100% to respectively 2±4% and 
0%. Following retransfer to distilled water, activity increased to 
respectively 40±12% and 24 ±14% active animals at t=72h. Exposure to 
760 mOsm/kg abolished activity, which was not regained following 
retransfer to distilled water (0% active at t=72h). A clear difference was 
observed between the two species in response to osmotic stress. The 
eutardigrade R. oberhaeuseri regained activity relatively quickly following 
retransfer to distilled water, and it tolerated higher NaCl concentrations, 
indicating that this eutardigrade handles osmotic stress better than the 
heterotardigrade E. testudo.  

*These authors contributed equally to this work.  
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The tardigrade Ramazzottius varieornatus has been shown to tolerate 

severe desiccation, high doses of ionizing radiation, and UV radiation. In 
order to know freezing tolerance of this species, we investigated effects of 
cooling rates and ice nucleation temperatures on R. varieornatus in the 
hydrated state. R. varieornatus was cooled to subzero temperatures ranging 
from -2 to -20ºC at different cooling rates of 0.2, 1, or 5ºC/min. Survivors 
were observed after subjected to all the conditions. The proportion of the 
animals frozen increased as a cooling rate did. Survival rates were 
maximized at an intermediate cooling rate (1ºC/min), implying that there is 
an optimal cooling rate for R. varieornatus to survive subzero temperatures. 
We also examined effects of ice nucleation temperature (-2, -4, -6, -8, or 
-10ºC) on survival of R. varieornatus which was cooled to -10ºC at a 
cooling rate of 1ºC/min. A negative correlation was detected between ice 
nucleation temperature and the proportion of the animals frozen. All the 
animals were frozen when ice was nucleated at -8 and -10ºC, suggesting 
that relatively rapid freezing occurred under these conditions. Although 
survival rates of R. varieornatus decreased as ice nucleation temperature 
did, 3.3% of the animals survived after they were frozen by ice nucleation 
at -10ºC. These results suggest that R. varieornatus is one of the most 
freezing tolerant animals. The freezing tolerance of R. varieornatus may be 
derived from its high desiccation tolerance since it is thought that common 
physiological mechanisms are involved in both freezing tolerance and 
desiccation tolerance. 
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Tardigrades are well-known for their abilities to withstand periods of harsh 

conditions by entering dormant states, such as cryptobiosis and encystment, 
or alternatively by retaining high levels of metabolism and relying on active 
regulatory mechanisms. In times of osmotic stress, eutardigrades may 
regulate internal osmotic pressure and body volume. At present, little is 
known of the response to osmotic stress in heterotardigrades. Thus, the 
current study focusses on quantifying body volume changes during osmotic 
stress in Echiniscoides sigismundi. 

The tidal Echiniscoides sigismundi sampled from Lynæs, Denmark 
(salinity 16-20‰) were exposed to solutions of 1.6, 32, 48, 70, 140, 210‰ 
or saturated seawater (app. 240‰) for a period of 48 hours. Between 3 and 
11 animals were exposed to each of these salinities. The volume of single 
specimens was estimated from images taken in a compound microscope 
equipped with a digital camera. Tardigrades with a normal body posture 
were considered as cylindrical, whereas contracted (“tun” state) animals 
were considered hemicylindrical. Body length was measured from the 
anterior of the animal to the junction between the fourth leg pair, while the 
width of the animal was measured between the second and third leg pair. 
The tardigrades were transferred to a given test solution immediately after 
photography in Lynæs seawater at t=0h. Photos were taken while the 
animals were exposed to test salinities at 2h, 24h and 48h, as well as after 
retransfer to Lynæs seawater (t=50h, t=72h, t=96h).  

Animals exposed to a hypoosmotic salinity of 1.6‰ seemed to swell with 
a mean±s.e.m. of 12±9% at t=48h (n=9), but this was not significant as 
compared to t=0h. Exposure to hyperosmotic salinities of 48‰ and above 
induced tun formation and body volumes were accordingly significantly 
reduced with maximal body shrinkage of 75±1% (n=3) observed in the 
140‰ solution. Upon retransfer to Lynæs seawater body volume returned 
to initial values. Notably, no regulatory volume increase was observed 
while the animals were exposed to these hypertonic salinities, indicating a 
different response to osmotic stress as compared to eutardigrades. 

A survival of 97.0% was observed with only 2 out of a total of 66 animals 
being inactive following the osmotic stress treatments, showing that E. 
sigismundi is well adapted to osmotic extremes. It would seem that this 
species prefers dormant states as opposed to active regulation. 
  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
38 

 

 
WATER BEARS GOING NANO: ATOMIC FORCE MICROSCOPY 

ALLOWS HIGH RESOLUTION IN VIVO IMAGING OF TARDIGRADE 

CUTICLE 
 

Siniša Habazin
1
, Renata Matoničkin Kepčija

1
,  

Galja Pletikapić
2
, Vesna Svetličić

2
 

1
Department of Biology, Faculty of Science, University of Zagreb, Croatia 

2
Laboratory for bioelectrochemistry and surface imaging, Rudjer Boskovic Institute, 

Zagreb, Croatia 

 
Besides taxonomical relevance, cuticular design greatly determines the 

extent of transpirational water loss and overall anhydrobiotic ability of 
tardigrades. As conventional light and electron microscopy protocols often 
suffer from specimen degradation and artifacts caused by fixation and 
dehydration, we investigated capabilities of atomic force microscopy 
(AFM) for studying integument of heterotardigrade Echiniscus testudo. 
This novel approach requires virtually no sample preparation, and allowed 
us to visualize dry and hydrated dorsal cuticle in its native state using 
contact mode of AFM operation. In addition, we probed and compared 
nanomechanical properties of live tardigrade, empty cuticle as well as 
mucous coat by measuring force-distance curves.  

Surface of dry cuticle was found to be covered with mucous coat forming 
irregular aggregates localized mostly in epicuticular depressions (pores). 
Conversely, imaging of hydrated cuticle shows even distribution of mucous 
coat hiding pores beneath. We thus hypothesize that latter behaves as a 
hydrogel: in presence of water it swells facilitating gas exchange and 
collapses upon dehydration sealing thinner regions of dorsal epicuticle. 
Supported with known composition of mucus and characteristic patterns 
observed on force-distance curves, our results are coherent with earlier 
ideas on protective role of mucous coat. Indenting live tardigrade and 
exuvium with AFM probe revealed that intact animals are much stiffer due 
to hydrostatic pressure of body fluid. At present, atomic force microscopy is 
the only bioimaging technique capable of simultaneous visualization of 
surface topography on micro- and nanoscale as well as probing 
nanomechanical properties of tardigrade cuticle. Despite some difficulties 
to immobilize animals in fluid cell during scanning, overall success 
promises a powerful new tool for studying cryptobiosis and morphology of 
these intriguing invertebrates in real-time at ambient conditions. 
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Extreme habitats are highly selective and require organisms to be 

versatile, tolerant, or to possess specific adaptive strategies to overcome 
extreme environmental conditions. In addition, in areas in which the 
temperature is normally close to 0°C, such as polar regions, global climate 
change can lead to the extinction of species/populations unable to adapt to 
the new environmental conditions, with a subsequent loss of biodiversity. 

The aim of this study was to evaluate the capability of Antarctic 
meiofaunal organisms to overcome the eventual global changes. In 
particular, the tolerance of the eutardigrade Acutuncus antarcticus, one of 
the most abundant Antarctic meiofaunal species colonizing freshwater 
sediments and bryophytes, to increasing temperatures, increasing UV 
radiation, and desiccation was analysed. 

Adult specimens of A. antarcticus were able to survive desiccation 
(survivorship = 93%) without preconditioning. This capability is unusual 
for a tardigrade species that generally colonizes aquatic environments. 
Eggs were also able to survive desiccation: those in an early stage of 
development had a hatching percentage of 12%, while those in a late stage 
had a hatching percentage of 33%. 

Adult specimens of A. antarcticus in the hydrated state were able to 
tolerate increasing temperature values (survivorship: 33°C = 100%, 37°C 
= 35%, 39°C = 0), with a LD50 of 36.22 °C. 

Hydrated and desiccated adult animals showed a good tolerance to 
increasing UV radiation. Hydrated animals survived up to a UV dose of 
61.9 kJ m

-2
, with a LD50 dose of 28.6 kJ∙m-2

. On the other hand, desiccated 
specimens survived up to a dose of 74.8∙kJ m

-2
, with a LD50 dose of 30.02 

kJ∙m-2
. Nevertheless, the survivorship of animals decreased when they 

were simultaneously exposed to a LD50 dose of UV and increasing 
temperatures (survivorship: 8°C = 42.6%; 15°C = 1.7%), evidencing a 
synergistic effect of these factors.  

In the hydrated state, at a UV dose of 1.29 kJ∙m-2
, the hatching 

percentage was 25% and 36% for early-stage and late-stage eggs, 
respectively. At a dose of 2.58 kJ∙m-2

, the hatching percentage was 15% 
for early-stage eggs and 19% for late-stage eggs. No eggs hatched after the 
exposure to the LD50 dose of the hydrated animals. 

These data suggest that A. antarcticus has the potential to overcome 
eventual environmental global changes.   
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Gamete evolution and the implications of the diversity of reproductive 

systems are two major themes in evolutionary biology. We have conducted 
the first comprehensive study to investigate the incredible variation in 
tardigrade sperm morphology using comparative methods and Bayesian 
modelling. The latter allow the estimation ancestral trait values as well as 
potential extant trait co-evolution, while controlling for non-independence 
of data due to common ancestry. Using a (preliminary) dataset of forty 
species, we discuss the relative importance of habitat and reproductive 
mode in shaping key functional sperm traits, such as total length and 
presence of mitochondria. 
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The reproductive system of tardigrades belonging to the class 

Eutardigrada is composed of a single, sac-like gonad and a single gonoduct 
that opens into the cloaca. The seminal receptacle filled with sperm cells is 
present in some species. In eutardigrades meroistic oogenesis occurs in the 
ovary or in the hermaphroditic gonad. Two zones can be distinguished in 
the ovary: a small germarium that is filled with oogonia and a vitellarium 
that is filled with female germ cell clusters, while three zones are 
distinguished in the hermaphroditic gonad: a germarium, a vitellarium and a 
male part filled with male germ cell clusters. The female germ cell clusters 
in Parachela are of the rosette type. In each cluster one cell, that has the 
highest number of cytoplasmic bridges finally develops into the oocyte, 
while the remaining cells become trophocytes. A different structure of the 
germ cell cluster in Apochela was described by Suzuki (2006, Hydrobiol., 
558: 61-66). In this case four large multinuclear cells are situated in the 
center of the cluster. These multinuclear cells are connected to each other 
by cytoplasmic bridges and they are considered to be nurse cells 
(trophocytes). They are surrounded by a large number of mononuclear 
oocytes connected to the trophocytes by single cytoplasmic bridges. In both 
Apochela and Parachela the mixed type of the vitellogenesis occurs. It 
means that the yolk material is synthesized by the oocyte (autosynthesis) 
and by the trophocytes and is transported to the oocyte through cytoplasmic 
bridges. Sometimes the precursors of yolk are synthesized outside the 
gonad, for example in the storage cells (Dactylobiotus dispar, 
Paramacrobiotus richtersi) or in the cells of the midgut epithelium 
(Isohypsibius granulifer granulifer, Hypsibius dujardini). The egg capsule 
is composed of two envelopes – the vitelline envelope and the three-layered 
chorion. The surface of the eutardigrades chorion can be smooth or covered 
with conical processes. The eggs are laid freely or into exuvium. 
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The ultrastructure of the gonad and the course of oogenesis in Hypsibius 

dujardini (Eutardigrada, Hypsibiidae) were analysed using light, confocal, 
transmission and scanning electron microscope and serial block-face 
scanning electron microscopy. Specimens of the species examined were 
obtained commercially and reared in the laboratory. 

The reproductive system of H. dujardini contains a single, sack-like, 
meroistic ovary and single oviduct that opens into the cloaca. The ovary is 
composed of two parts: a germarium filled with proliferating germ cells 
(oogonia) and a vitellarium filled with clusters of female germ cells. The 
germ cell cluster is of the rosette type. Cells are connected by the 
intercellular bridges (cytoplasmic bridges) that possesses two rims: an 
electron-dense outer rim suspended to the plasma membrane and an inner 
rim of a lower electron density. One cell in each cluster develops into the 
oocyte, while the remaining cells become trophocytes. The main functions 
of trophocytes are the synthesis of rRNA and then supplying it to the oocyte. 
Vitellogenesis of a mixed type occurs in H. dujardini. One part of the yolk 
material is produced inside the oocyte (autosynthesis), while the second 
part is synthesized in the trophocytes and transported to the oocyte through 
the cytoplasmic bridges. The egg capsule has a smooth surface and is 
composed of two envelopes: a thin vitelline envelope and a three-layered 
chorion. H. dujardini lays eggs into the exuvium. 
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Tardigrades are often reported as eutelic animals, characterized by a 

constant cell number after maturity and growing by cell enlargement rather 
than by increased cell number. However, mitosis has been reported in some 
of the somatic tissues of adult eutardigrades, including the storage cells, and 
are therefore not strictly eutelic. Very few studies have investigated the 
presence of mitosis in tardigrades, and the occurrence of cell division in 
storage cells is particularly interesting in light of the important role that 
these cells may play in the physiology and immunology of tardigrades. We 
present data on the occurrence of mitosis in storage cells of the eutardigrade 
Richtersius coronifer and provide an analysis of storage cell mitosis in 
relation to different body characteristics. Specimens were examined for 
mitotic cells using in toto staining with aceto-lactic orcein, and the same 
animals were characterized with respect to egg development stage, number 
of oocytes, gut content, body size, and shape and size of the storage cells. 
Mitosis was present in ca. 30% of the animals. A large majority (3/4) of the 
animals with mitotic cells were found in specimens at moulting or directly 
after egg laying. Amount of gut content was associated with mitosis, with 
highest mitosis frequency (ca. 50%) in animals with an empty gut. These 
results for egg developmental stage (including moulting) and gut content 
are however not independent, since gut content generally decrease towards 
the end of the reproductive cycle. Other measured body characteristics did 
not influence the frequency of mitosis. In juveniles, mitotic cells were 
found in about half of the examined specimens. Our results suggest that 
proliferation of storage cells in R. coronifer is connected to the general life 
cycle dynamics, and provide a basis for more in depth analyses of the 
functional role and dynamics of storage cells in tardigrades. 
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Inherent curiosity inspired the pursuit of discovery and exploration by 

early naturalists, leading to the description of tardigrades from every biome 
on Earth, including marine, freshwater, and terrestrial habitats. Here we 
summarize what is known about tardigrade ecology organized by these 
three environments. The first reports of tardigrades concentrated simply on 
finding tardigrades. Later studies investigated the distributions of terrestrial 
species, especially in regard to their elevation (altitude) and latitude. 
Population dynamics and morphological adaptations associated with habitat 
were described and continue to be a viable research topic. In addition, much 
remains to be learned about zonation and dispersal in tardigrades. Modern 
ecological studies are still rather scarce, especially those that utilize 
quantitative replicate samples for statistical analysis. The high variability 
within and between samples (patchiness) limit data interpretation and 
reproducibility of previous studies of population dynamics and zonation. A 
dearth of studies have used manipulative experiments in carefully 
controlled field or laboratory experiments (i.e. exclusion, competition, or 
food choice tests). Furthermore long-term ecological studies are essential 
for future research, and understanding of ecological processes is highly 
dependent on accurate taxonomy. Our knowledge of biodiversity and 
biogeography of tardigrades is rapidly changing with the discovery of 
cryptic species and the development of integrative taxonomy using 
combined morphological and molecular information, now considered 
essential for future ecological work with tardigrades. 
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Tardigrada are often neglected in ecosystem studies. Their effect on 

ecosystem processes is supposedly negligible, but their real impact, 
function and significance are poorly known. The integration of tardigrades 
into ecosystem studies is hindered due to their intricate determination. An 
experienced specialist is needed for sure determination of species. As an 
alternative we use not only species diversity but also functional diversity to 
ascertain changes in tardigrade assemblages along successional gradient 
after deglaciation at three glacier foreheads at Spitzbergen. We provide a 
comparison of functional diversity and species diversity in their efficiency 
to detect successional changes. 

Anecdotal information suggests that tardigrades may play important role 
in polar areas. It is widely known that soil fauna affects nutrient and water 
availability and influence the rate and direction of development during 
succession. But soil fauna relationships are complicated and shifting along 
changes of environmental conditions. For a better understanding of the 
complexity and dynamics of soil interactions, recent reviews encourage to 
study relationships among more groups of soil fauna at a time. 

That is why we also investigate assemblages of other organisms such as 
bacteria, fungi, protozoa, cyanobacteria, alga and rotifers. Their interactions 
with tardigrades are drawn through co-occurrence networks, stable isotope 
analysis and manipulative feeding experiments. 
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Despite the fact that the influence of different biotic and abiotic factors 

such as climate, forest type, slope exposure, altitude and pollution on 
tardigrade communities have been studied, tardigrade ecology is still 
poorly explored. Because of the high spatial heterogeneity in several 
environmental factors, which may create environmental gradients and 
support considerable diversification of invertebrate communities within a 
small area, and low risk of human influence, the High Arctic archipelago 
of Svalbard is a promising place to conduct tardigrade ecology research. 
Previous data on the abundance and distribution of tardigrades in Svalbard 
mountains showed a negative influence of altitude on tardigrade diversity, 
and a relationship between their assemblages and bedrock type. In this 
study, novel factors affecting tardigrade diversity and distribution are 
revealed. Samples were collected from different substrata (mosses, lichens, 
liverworts and soil), and from the areas differing in the presence of seabird 
guano, as well as in local climatic conditions resulting from the 
surrounding ocean currents. 

The total average density of Tardigrada was statistically significantly 
higher in the ornithogenically-influenced samples compared to those 
non-influenced by seabirds. There were also significant differences in 
tardigrade density between different vegetation types. However, we found 
no significant differences in Shannon H’ diversity index, evenness J’ index 
and the number of species between the areas fertilised and non-fertilised 
with the seabird guano. Even though a significant number of tardigrade 
species on Svalbard are ubiquitous and were found in the majority of 
investigated islands, this study indicates that local climatic conditions 
related to different ocean currents may affect the distribution of at least 
some of the recorded species. For example, Isohypsibius coulsoni were 
noted only in localities influenced by warm Atlantic water masses. In 
contrast, another species of the same genus, Isohypsibius glazovi, occurred 
solely on northern islands, which are under the influence of the Arctic 
water masses that create harsh climatic conditions.  
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Relatively few studies have been done on life history traits of terrestrial 
Antarctic micrometazoans and on the role of phenotypic plasticity in their 
ability to cope with extreme and stochastic environmental conditions. 
Since the eutardigrade Acutuncus antarcticus is one of the most 
widespread and abundant meiofaunal species in continental and maritime 
Antarctica, we analysed its reproductive mode and life history traits to 
understand how this species persists and colonizes Antarctic habitats. 
Specimens of a population of A. antarcticus collected in a temporary 
freshwater pond at Victoria Land (Antarctica) were individually cultured 
under laboratory conditions. A. antarcticus reproduces continuously by 
thelytokous meiotic parthenogenesis, allowing a rapid increase in the 
population size. The analysis of its life history traits over three generations 
showed that its life cycle is short (60-90 days). The number of eggs per 
oviposition (1-4 eggs) increased significantly with the age of the mother. 
Throughout its lifespan, each female laid up to 20 eggs. Old females 
stopped laying eggs, in general, at the age of about 30-50 days. Newborns 
moulted once, rarely twice, before their first oviposition at the age of 
about 17 days. Eggs hatched 8-9 days after oviposition. The reproductive 
output is low, with a short generation time (25-26 days). Comparisons 
between the F1 and F2 generations showed significant differences in life 
span, number of molts, age at last oviposition, number of ovipositions, 
fecundity, egg hatching percentage, and egg hatching time. Significant 
differences among the P, F1, and F2 generations were detected in egg 
hatching time. The maternal effect may be responsible for the phenotypic 
plasticity observed in life history traits within and among the three 
analyzed generations. This may be seen as a bet-hedging strategy, which 
offers insurance against risks associated with reproduction by expressing a 
range of diversified phenotypes, as also observed in other animals 
regularly exposed to stochastic environmental conditions. These 
reproductive traits, along with the cryptobiotic capability of A. antarcticus, 
are advantageous for exploiting the conditions suitable for growth and 
reproduction during the short Antarctic summers, and can explain its wide 
distribution on the Antarctic continent. These results open new avenues of 
research for determining the role of a bet-hedging strategy in organisms 
living in unpredictable environments.  
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Tardigrades are important members of the simple faunal assemblages 

found in the extreme terrestrial and freshwater environments of 
continental Antarctica. In lakes and pools, in particular, they are one of the 
major community components. The species Acutuncus antarcticus is often 
the most common and dominant species in these communities. 

Terrestrial ecosystems in parts of Antarctica currently experiencing 
sometimes drastic climatic and environmental changes. Understanding 
how individual species respond to these changes is recognized as a key 
research challenge in order to predict how ecosystem structure and 
function might alter. 

In this study, we set out to clarify aspects of the thermal responses of A. 
antarcticus. Cohorts of 20 juveniles of A. antarcticus hatched within a 24 
h period were reared at either 20°C, 15°C, 10°C, 5°C in dark on agar 
plates with Volvic® water and the green alga Chlorella sp. Individual 
tardigrades were inspected daily for 220 d and their survival, egg 
production and subsequent egg hatching were recorded. 

Life span, age at first oviposition, oviposition intervals, clutch size, and 
hatching time and rate differed at each temperature. Generation time 
decreased as the temperature increased. The reproductive success was 
substantially high at 10°C and 15°C. 

These data indicate the optimum temperature range for growth and 
reproduction in A. antarcticus is around between 10°C and 15°C. This 
range is often higher than the actual ambient temperature of Antarctic 
terrestrial habitat where animals live in particularly in the freshwater 
environment. Only a relatively small change in habitat temperature may 
greatly affect the population growth of A. antarcticus. 
  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
49 
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During an investigation of the meiobenthos of the Marine Protected Area 

of Porto Cesareo, Lecce, Ionian Sea, a rich tardigrade fauna population 
(1,563 specimens) was collected from the inter-tidal zone, consisting 
exclusively of a new Florarctus species. In marine arthrotardigrades, 
populations of this size are very rarely encountered and therefore, the 
knowledge of both the ontogeny and the intraspecific variability of 
particular morphological characters is still very limited. The encountered 
population provides valuable information about several aspects of the 
postembryonic development, population structure, heterochrony and sexual 
dimorphy of the new Florarctus species. During postembryonic 
development, Florarctus sp. nov. passes through two (females) or three 
(males) larval age classes (stages), before it moults into the final stage. First 
stage larvae (169 specimens) were found. These larvae have only two digits 
on each leg, and do not show any anus, gonopore or, moreover, any caudal 
alae. A short lateral ala is present. Second stage larvae (330 specimens) 
were found. The legs have acquired four digits but the gonopore is still 
lacking. The gonad tissue is formed; in fact, in this age, specimens can be 
found having gonads in all stages of development, ranging from a cord of 
undifferentiated cells to a gonad with elements in gametogenesis. This 
pattern was observed in both male and female gonads. Sexual dimorphism 
is evident in the gonad morphology, as the gonad is bifurcated if it 
differentiates as a male gonad (99 specimens), or assumes an asymmetrical 
aspect if it differentiates as a female gonad (231 specimens). In the third 
stage (618 specimens), secondary sexual dimorphism is evident, with the 
male primary clavae being longer in proportion to body length than in 
females. The females (496 specimens) have moulted into their final stage, 
as they have acquired both a gonopore and the adult morphology of the 
caudal ala (four-lobed), whereas the males (122 specimens) have acquired a 
gonopore and fully developed gonads, but retained the larval morphology 
of the caudal ala (two-lobed). The males reaches their final stage (acquiring 
the adult morphology of the caudal ala), through yet another moult (450 
specimens). This particular difference in the sequence of developmental 
stages in males and females, leads us to hypothesise that heterochrony 
might be involved in the postembryonic development of Florarctus sp. nov.  
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Since 2010 the marine tardigrade fauna was investigated in North Portugal. 

The investigated coastal habitats were intertidal sandy beaches, shallow 
subtidal soft bottoms and intertidal rocky shores. To date 18 different 
species of marine tardigrades have been reported. Four of these species are 
new to science and were described (e.g. Prostygarctus aculeatus) or their 
description is in process (three species of Batillipes). Another four species 
are potentially new to science (Batillipes, Echiniscoides, Halechiniscus and 
Floractus) but additional material is needed for their description.  

Considering each different type of habitat, we found three species in 
subtidal soft bottoms (all Batillipes); nine species in intertidal sandy 
beaches (five Batillipes, one Prostygarctus, one Stygarctus, one Tanarctus 
and one indet. Hypsibiinae); and eleven species in intertidal rocky shores 
(three Batillipes, two Echiniscoides, two Halechiniscus, two Styraconyx, 
one Floractus and one Anisonyches). Shallow subtidal soft bottoms shared 
all the species found (Batillipes tubernatis, Batillipes sp. nov. 1 and 
Batillipes sp. nov. 2) with intertidal sandy beaches and none with intertidal 
rocky shores. Rocky and sandy intertidal habitats shared two species 
(Batillipes pennaki and Batillipes sp. nov. 3). Nine species: Anisonyches 
diakidius, Styraconyx sardiniae, Styraconyx haploceros, Echiniscoides sp., 
Echiniscoides sigismundi, Floractus sp., Halechiniscus greveni, 
Halechiniscus sp., Batillipes sp. were exclusively found in rocky shores 
while four species: Prostygarctus aculeatus, Stygarctus bradypus, Tanarctus 
sp. and Hypsibiinae indeterminated were exclusively found in intertidal 
sandy beaches. Moreover, six species (S. bradypus, H. greveni, S. 
haploceros, S. sardiniae, A. diakidius and B. tubernatis) were recorded for 
the first time in the Iberian Peninsula. 

The high diversity of tardigrades found in intertidal rocky shores should 
be remarked. This result contrasts with the scarce number of tardigrade 
studies done in rocky shores. The high number of microhabitats able to 
harbour tardigrades (e.g. barnacles, macroalgae, lichens) in rocky shores 
could be the explanation for the high diversity found, in contrast with soft 
bottom habitats that were more homogeneous.  
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Maine is the easternmost state in the United States with an extensive tidal 

coastline and numerous small islands. Tardigrades are little documented 
from Maine, and have not been previously described from any of the 
coastal islands. 

Allen Island is a small island in the Gulf of Maine approximately 6.5 km 
off the mainland. It is 182 hectares in size and is elongate (approximately 
2.8 km by 0.8 km) oriented North-South with strong currents running along 
the lengths of the island. It is small enough that its entire ecosystem is 
affected by the sea.  

The shore of this island is predominantly granite bedrock cliffs or beaches 
of granite boulders. Marine samples were collected in the intertidal zone 
from barnacles Semibalanus balanoides, around the island in the eulittoral 
zone, from nine locations where beach access made sampling possible. 
Terrestrial samples were taken from meadows, headlands and forests across 
the island. 

In total 68 samples were collected: 25 samples of barnacles and 43 
terrestrial samples of leaf litter, moss and lichen. Two marine species: 
Echiniscoides sigismundi sigismundi and Echiniscoides wyethi were found 
on the barnacles. The terrestrial samples contained 672 tardigrades of 
eleven species in these genera: Milnesium, Echiniscus, Macrobiotus, 
Minibiotus, Diphascon, Ramazzotius, Hypsibius and Pseudechiniscus. 

These tardigrades were examined using brightfield, differential 
interference contrast and autofluorescence microscopy to aid in their 
identification. One was a new species, several are new records for the state, 
one is a new record for the continent. Their distribution around and across 
the island is examined. 
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Tardigrade studies are recently developing in Turkey, and this region is 

still barely known in terms of tardigrade fauna. To date, only a few 
tardigrade papers have been published from this region, in which 16 
tardigrade taxa have been reported. This study comprised of three steps, 
namely the collection of samples in field, the extraction and preparation of 
animals and the identification of specimens. The terrain surveys were 
planned to be carried out at Soğuksu National Park in Kızılcahamam 
Ankara. Epiphytic (Pterigynandrum filiforme Hedw.) and epilithic 
(Grimmia pulvinata (Hedw.) Sm.) mosses were collected from the relevant 
localities. Obtained rehydrated samples were filtrated by sieves of 25 and 
425 µm, and the residual retained was taken to a Petridish. Then 
tardigrades and their eggs were placed in a separate Petridish on 
stereo-microscope. The analysis of the morphological properties of the 
organism was performed on Phase-Contrast microscope (Zeiss Axio 
Imager M1). All specimens were mounted on microscopic slides in 
Hoyer’s medium, 4 adults and 10 eggs were prepared for SEM (JEOL 
JSM–6060 LV) analysis, following the protocols by Guidetti et al. (2000, 
Acta Zool., 81: 27-36). Species were determined mainly on the basis of 
the identification key to the World Tardigrada (Ramazzotti & Maucci 1983, 
Mem. Ist. Ital. Idrobiol., 14: 1-1012) and original descriptions or 
redescriptions. According to literature on Turkish Tardigrada, Isohypsibius 
macrodactylus (Maucci, 1978) is reported for the first time from Turkey; 
seven specimens were identified. All specimens are deposited in the 
Aquatic Animals Research Laboratory at Ankara University. 
  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
53 

 

 
A NEW SPECIES OR JUST A NEW PHENOTYPE? AN 

EXPERIMENTAL TEST OF PHENOTYPIC PLASTICITY 
 IN THE TAXONOMIC TRAITS OF TARDIGRADES 

 
Daniel Stec

1
, Paulina Kosztyła

1,2
, Piotr Gąsiorek

1
,  

Witold Morek
1
, Klaudia Michno

1
, Dariusz Małek

1,2
, Kasper Hlebowicz

1
,  

Krzysztof Zawierucha
3
, Łukasz Kaczmarek

3
, Łukasz Michalczyk

1
 

1
Department of Entomology, Institute of Zoology,  

Jagiellonian University, Kraków, Poland 
2
Institute of Environmental Sciences, Jagiellonian University, Kraków, Poland 

3
Department of Animal Taxonomy and Ecology, Faculty of Biology,  

Adam Mickiewicz University, Poznań, Poland 

 
Despite advances in molecular systematics, the taxonomy of tardigrades 

still relies and for many decades most likely will continue to rely largely on 
morphological and morphometric traits. Thus, it is essential to recognise 
which of the traits are taxonomically applicable for species identification. 
In order for a trait to be taxonomically relevant, its intra-specific variability 
must be significantly lower than its inter-specific variability. The fact that 
the variability of any biological trait is determined by an interaction 
genetics and environment prompts a very fundamental question: is it 
possible for tardigrades of the same genotype but originating from various 
localities that differ in environmental conditions to produce phenotypes so 
different that they would be erroneously classified as different species by 
means of classic taxonomy? If the answer to this question is positive, then 
phenotypic plasticity may lead to taxonomic inflation and an artificially 
elevate estimates of species diversity. Nevertheless, despite the potential 
importance of phenotypic plasticity, no tardigrade studies have addressed 
this problem in a systematic and a controlled manner. 

Here, we present the results of a broad and fully controlled laboratory 
experiment in which we investigated the phenotypic plasticity of a number 
of traits that are traditionally considered to be taxonomically important. In 
order to achieve this, we have cultured six tardigrade species belonging to 
four major eutardigrade families (Milnesiidae, Hypsibiidae, Isohypsibiidae 
and Macrobiotidae) under five experimental regimes reflecting key 
environmental factors that are likely to vary in natural habitats (i.e. 
temperature and food availability). For each of the six species, the 
development of 540 clonal individuals, randomly assigned to the five 
experimental regimes, was followed and after each moulting a random 
subset of 12 individuals was collected and mounted on microscope slides in 
Hoyer’s medium. For each species eight traits of animals and for one 
(macrobiotid) species further five traits of eggs were measured. Over two 



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
54 

 

 
years of experimentation we have obtained more than 27,000 morphometric 
measurements for over 3,200 individuals and 250 eggs in total. Such an 
extensive data set allowed us to confidently quantify phenotypic plasticity 
in taxonomic traits as well as formulate practical guidelines for tardigrade 
species descriptions based on morphological and morphometric characters. 

.  
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In many eutardigrade genera egg morphology provides key taxonomic 
characters for species differentiation and identification. However, the 
determinants of these taxonomically important traits are very poorly, if at 
all, understood. Here, we combine the morphological, molecular and 
experimental methodology in attempt to dissect the genetic and 
environmental factors that shape egg chorion morphology in Ramazzottius 
subanomalus (Biserov, 1985). Eggs of this species exhibit a remarkable 
morphological and morphometric variability, with phenotypes ranging 
from numerous tall and spikey to few short and thorn-like processes on the 
egg surface. Intrigued by such striking variability, we have posed two 
questions: (1) to what extent is the chorion morphology determined by 
female genotype and (2) by non-genetic maternal effects? In order to 
address these questions, we have individually cultured a number of 
females under controlled laboratory conditions. First, eggs from the first 
2-4 clutches were mounted on permanent microscope slides and then eggs 
from the final clutch were cultured until hatching. When this was achieved, 
females were mounted on permanent microscope slides and juveniles from 
the final clutch were used for DNA extraction and sequencing of three 
genetic markers of varying mutation rates: 18S rRNA, COI and ITS-2. 
Thanks to this experimental design we were able to correlate egg 
morphology with female haplotype and also compare morphology of eggs 
laid at different life stages by the same females. 
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Antarctic research on Tardigrada started just over one hundred years ago, 

yet there are still many habitats for which not even the most rudimentary 
surveys have been conducted. During the 2014 Instituto Antártico Chileno, 
INACH, expedition to the South Shetland Islands, samples of mosses, 
lichens, liverworts, cyanobacterial mats and sediments from terrestrial, 
freshwater and marine habitats were collected. These samples are being 
analysed for meiofauna and in particular tardigrades. Concentrating on the 
central and westernmost islands, the initial results of this study are 
presented, including the first ever tardigrade records for Snow Island.  

Most of the central and westernmost islands of the South Shetland 
Archipelago are isolated and with limited access. Nearby, the southernmost 
of the group, Deception Island, has hosted a number of national research 
bases and is one of the few locations where tourist ships have permits 
enabling passengers to briefly disembark. An earlier base line study of 
Deception Island is used as a comparison for the results in this study. 
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Nomenclature helps taxonomy, but can also be a hindrance: many old 

names of species are nomenclaturally problematic (e.g., their orthography is 
unstable, they lack recognisable descriptions and/or types, etc.). Yet, 
according to the International Code of Zoological Nomenclature, they 
represent available names and must be taken into account. This situation of 
available, senior but dubious names confounds nomenclature. It creates 
undesired uncertainties at a time when molecular approaches could speed 
the accurate and constructive documentation of biodiversity. 

The International Code of Zoological Nomenclature (The Code) provides 
a means to address this issue by restricting availability, application and 
orthography of names to those included in the List of Available Names in 
Zoology (LAN). The Code (Art. 79) allows an international body of 
zoologists (as the one gathered for Tardigrada 2015) in consultation with 
the Commission to propose a candidate part of the LAN for a major 
taxonomic field.  

I will present the experience that we gathered since 2009 through the LAN 
for rotifers, suggesting avenues that could be followed for tardigrades as 
well. I will give an overview of the general approach and procedures 
applied in preparation of the candidate list for rotifers, and anticipate 
problems and the decisions that we took to address and solve them.  

We strongly encourage tardigrade researchers to gather and work on such 
LAN, in order to alleviate nomenclatorial problems in the future. The 
relative small number of species in the phylum, the small number of active 
taxonomists, and the large number of dubious species will make the LAN 
exercise very useful for tardigrade research. 
  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
58 

 

 
CAN WE CONSIDER THE PHYLOGENETIC RELATIONSHIPS OF 

THE TARDIGRADES RESOLVED?  
 

Davide Pisani
1
, Robert Carton

2 

1
School of Biological Sciences & School of Earth Sciences,  

University of Bristol, U.K. 
2
Department of Biology, The National University of Ireland Maynooth, Ireland 

 
Tardigrades are member of Ecdysozoa, one of the three main divisions 

within Bilateria. As much as ecdysozoan phylogeny is well supported, 
relationships within Ecdysozoa are still in a state of flux. In particular, it 
is unclear whether Cycloneuralia (i.e. Priapulida, Loricifera, 
Kinorhyncha, Nematoda and Nematomorpha), a group including all 
ecdysozoan lineages without walking appendices is real, and whether 
tardigrades are closer to Cycloneuralia or Lobopodia (Arthropoda plus 
Onychophora). Further confusion seems ensue if fossils are also 
considered given that depending on treatment of few characters 
tardigrades can move to be the sister group of the Arthropoda or of 
Arthropoda plus Onychophora. Here we shall review current knowledge 
on ecdysozoan phylogenetics and present new phylogenetic and 
molecular clock based results where tardigrades relationships are 
reassessed after the addition of newly sequenced transcriptomes from 
poorly known Cycloneuralian lineages.  
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Intermediate filament (IF) proteins, including nuclear lamins and 

cytoplasmic IF proteins, are essential cytoskeletal components of bilaterian 
cells. Despite their important role in protecting tissues against mechanical 
force, no cytoplasmic IF proteins have been convincingly demonstrated in 
arthropods. The putative loss of cytoplasmic IF proteins in arthropods might 
be related to the acquisition of a rigid exoskeleton, which is missing in their 
closest, soft-bodied relatives, the onychophorans and tardigrades. To clarify 
whether cytoplasmic IF proteins are present in tardigrades, we analysed the 
transcriptomic and genomic sequences of the eutardigrade Hypsibius 
dujardini. We detected no cytoplasmic IF proteins. Our extensive searches 
revealed instead three transcribed lamin genes (Hd-lamin-1, Hd-lamin-2, 
and Hd-lamin-3), one of which lacks the nuclear localisation signal, 
suggesting that the expressed protein (Hd-lamin-3) cannot be imported into 
the nucleus. Immunolabelling confirms that Hd-lamin-3 occurs exclusively 
in the cytoplasm of epidermal and foregut cells of H. dujardini, where it 
forms belt-like filaments surrounding each epithelial cell. These results 
suggest that a lamin derivative has acquired a new, cell-stabilising function 
in tardigrades independently from the cytoplasmic IF proteins of all other 
bilaterians. 
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The neuroanatomy, and in particular the architecture of the brain, of 

tardigrades have recently received increased interest. Several papers have 
been published on this subject, using immunocytochemistry and confocal 
laser scanning microscopy, covering an increasing number of species. 
However, a general consensus has not yet been reached with regards to the 
architecture of the brain, as well as the interpretation of segmentation or the 
lack of segmentation in the tardigrade head. In order to get an overview of 
the current knowledge on the tardigrade brain structure, data from selected 
publications will be presented and comparatively analysed. 

In particular the number of brain regions will be a focus area of this talk, 
as well as the existence or nonexistence of the subpharyngeal ganglion. 
Also, the strengths and weaknesses of the use of ICC and CLSM as a 
stand-alone investigative tool will be addressed. 
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The origin of animal body plans has been a major puzzle in 

macroevolutionary biology. This is especially true for the panarthropod 
lineage, which includes the phyla Tardigrada, Arthropoda and 
Onychophora. Recent evo-devo studies have shed light on the 
relationships between the segmented body plans of arthropod classes, and 
between arthropods and onychophorans, illuminating body plan 
diversification within these lineages. However, the origin of the tardigrade 
body plan remains controversial. This controversy stems from debate 
about whether the tardigrade head evolved from fusions among several 
anterior segments or from a single anterior-most segment. To test these 
hypotheses, we have adopted an evo-devo approach, investigating the 
evolutionarily informative Hox genes and other anteroposterior patterning 
genes in the eutardigrade Hypsibius dujardini. The anterior expression 
boundaries of the Hox genes Hox3, Deformed, and fushi tarazu support 
direct alignment of the head and anterior-three leg bearing segments of 
tardigrades to the anterior-four segments of other panarthropods.This 
result supports a single segment origin of the tardigrade head. We next 
investigated the expression pattern of orthodenticle, which marks the 
anterior-most segment in onychophorans and arthropods. Orthodenticle is 
expressed across the developing head of H. dujardini, as expected if the 
tardigrade head is composed of a single segment. As in other 
panarthropods, the Hox gene Abdominal-B and the Parahox gene caudal 
are expressed in the posterior-most body segment in H. dujardini. These 
results suggest that the body plan of Tardigradais primarily composed of 
segments homologous to arthropod head segments, while retaining a 
conserved posterior region. However, Hox genes that specify intermediate 
segments – the trunk segments in arthropods – are missing in the H. 
dujardini genome, but were present ancestrally in Panarthropoda. Our 
results support a model in which a gap mutant-like loss of a region 
homologous to the arthropod trunk underlies the evolutionary origin of the 
relatively compact metameric body plan of the tardigrade phylum. 
Therefore, this metameric pattern appears to be a synapomorphy of the 
tardigrade lineage, rather than the ancestral state of Panarthropoda. 
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The exact position of Tardigrada within the Panarthropoda (Tardigrada + 

Onychophora + Arthropoda) has long been a topic of debate, particularly 
because morphological and molecular evidence often clash. Neural 
characters may offer a wealth of new information, as the great diversity of 
invertebrate nervous systems lends itself well to comparative studies. 
Although the adult nervous system has been characterized in several species 
of tardigrades, studies of its development in embryos have been scarce and 
have yielded conflicting data. Therefore, we examined the embryonic 
nervous system in the freshwater tardigrade Hypsibius dujardini using 
anti-tubulin immunolabeling and confocal laser-scanning microscopy and 
compared its development to that of other panarthropods. We found that the 
tardigrade nervous system, including the brain and segmental ganglia, 
develops in an anterior-to-posterior progression. The brain itself arises 
dorsally and develops as a bilaterally symmetric structure with a single 
central neuropil. The trunk ganglia arise as paired hemiganglia, each of 
which sends out pioneering axons both anteriorly and transversely. Other 
parts of the neuroanatomy arise later in development, such as the stomodeal 
nervous system, which consists of a series of ring-like commissures; and 
the peripheral nervous system, including leg nerves and a pair of 
dorsolateral longitudinal nerves. These findings reveal several 
correspondences in development between tardigrades and the other two 
panarthropod groups. While the brain development in tardigrades resembles 
that of onychophorans, the developmental pattern of segmental ganglia 
supports the homology of these structures between tardigrades and 
arthropods. Based on our neurodevelopmental data, we favor the 
sister-group relationship between the tardigrades and arthropods. 
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Arthrotardigrada (Heterotardigrada) is a group of marine tardigrades with 

a little less than 200 species in more than 40 genera of seven families owing 
to its high morphological diversity. Since ancestral tardigrades are 
considered to have been marine inhabitants, like other phyla, and the fact 
that it includes species which have been considered to have the most 
plesiomorphic characters among extant species, Arthrotardigrada phylogeny 
is expected to play a key role in unravelling the evolution of the phylum 
Tardigrada. Despite its importance, only Jørgensen et al. (2010, J. Zool. 
Syst. Evol. Res., 49: 6-16) has tackled this subject. Their study with partial 
sequences of 18S and 28S rRNA depicted the paraphyly of 
arthrotardigrades in the class Heterotardigrada but left the following three 
problems unsolved: (A) Is Heterotardigrada monophyletic? (B) What is the 
basal taxon of Heterotardigrada? (C) Is Halechiniscidae polyphyletic? To 
solve these problems, we have prepared a dataset with more than 30 
arthrotardigrade species (including 15 species from the previous study) 
collected from Japan and North America, covering all arthrotardigrade 
families excluding Neoarctidae. In addition to the substantially improved 
taxon sampling, we have obtained longer sequences for 28S rRNA and 
some for 18S. Results of our molecular phylogenetic analyses are discussed 
focusing on the above problems and a possible scenario for morphological 
evolution is proposed. 
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Several phylogenetic approaches to the tardigrade phylogeny have been 

performed with different gene fragments, achieving different phylogenetic 
relationships for some clades. The use of different genes and/or fragments 
can be behind those differences. The aim of this study is to establish 
phylogenetic informativeness of diverse genes and fragments respect to 
node levels within the Tardigrada tree. Two phylogenetic analyses 
(Bayesian and Maximum Likelihood approaches) have been executed using 
different genes (18S, 28S and COI) and fragments (delimited by 
conservative regions). Data for analyses have been obtained from the free 
access database GenBank, including all available diversity. Based on 
consensus results from phylogenetic analysis I provide fragments (and 
primers delimiting them) and their level of phylogenetic resolution within 
the Tardigrada tree. In addition, genetic differences among taxa for each 
gene and fragment will be offered. Conclusions from this study will help in 
the selection of genes and/or fragments to be sequenced in any future 
project, depending on the node level (superfamily, family, order, genus, 
etc.) that one wants to investigate. 
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Antarctica is an ice-dominated continent with only 0.32% of its surface 

seasonally ice-free. All terrestrial and freshwater habitats are fragmented 
and island-like, creating isolated biological communities. Such habitat 
fragmentation interrupts migration and genetic flow between populations 
leading to genetic divergence and, eventually, speciation. The tardigrades’ 
capacity for cryptobiosis allows survival in the harsh Antarctica 
environmental conditions. This, combined with small size and possible 
parthenogenetic reproduction, presents a high potential for dispersal and 
colonization.  

Acutuncus antarcticus is the most common tardigrade to be found in the 
Antarctica, and is considered pan-Antarctic. We employed an integrated 
approach of morphological and molecular analyses to elucidate if this 
species is dispersing around Antarctica or forms discrete, relatively static 
populations, by investigating its genetic diversity and distribution. 
Specimens were sampled along a north-south transect of Victoria Land 
(East Antarctica). Sequences for 18S and cox1 genes were obtained from 
65 tardigrades and compared with data available from GenBank and 
BOLD. This comparison allowed us to spotlight the genetic and 
haplotypic diversity between and among populations, and their 
phylogenetic relationships. 

Populations from Victoria Land were exclusively made up of diploid 
females (2n=12). All newly analysed specimens presented the same 18S 
sequence and were comprised in the same cluster with other Acutuncus 
specimens from all over Antarctica. In contrast, cox1 analysis showed a 
much higher variability, with most Victoria Land populations presenting 
up to five different haplotypes (p-distance: 0.002–0.050), even though 
those sampled in the northern part of the transect were homogenous (only 
one haplotype). The Victoria Land A. antarcticus specimens proved to be 
equally differentiated with respect to other specimens sampled all over 
Antarctica (p-distance: 0.000–0.060), with the exception of Sør Rondane 
ones (Dronning Maud Land, East Antarctica; p-distance: 0.192–0.208). 
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Our analysis shows that while A. antarcticus can still be considered a 

pan-Antarctic species, habitat isolation is creating the potential for 
speciation events. Regions of Victoria Land are considered possible 
refugia during the last glacial maximum and a current biodiversity hotspot, 
which the populations of A. antarcticus mirror with a higher diversity than 
in other regions of Antarctica. 
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Over 180 years ago, Macrobiotus was the first tardigrade genus to be 

described and up to 30 years ago, it was also the largest genus within the 
phylum. Subsequently, based on morphological and molecular studies, 
many species were moved to other genera, several of which were newly 
erected, even though Macrobiotus still remains the largest genus in the class 
Eutardigrada. Recent molecular studies provided further evidence for the 
polyphyly of the genus, suggesting the presence of several evolutionary 
lineages, even though they were often not sufficiently supported by 
morphological data. A molecular and morphological characterization of 
Macrobiotus species found in Antarctica and Italy allowed us to increase 
taxon sampling (new specimens pertaining to a new species of the 
Macrobiotus gr. harmsworthi, to Macrobiotus polaris, to Macrobiotus cf. 
mottai, and to an unidentified Macrobiotus gr. harmsworthi species) and 
gene sampling (fragments of 18S and 28S ribosomal genes) as compared to 
previous analyses. Our new findings highlight a phylogenetic lineage within 
Macrobiotus, grouping together all the species of the so-called harmsworthi 
and furciger groups. This new phylogenetic lineage was also 
morphologically supported by the number and position of the cuticular 
thickenings within the pharynx (macro- and microplacoids), the structure 
and organization of the cuticular “teeth” within the mouth opening, and the 
morphology of the double-claws (characterized by a wide common tract 
limited by a septum) that are present in all of the analyzed species. Our 
conclusion is that a new genus should be erected for this evolutionary line. 
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The marine Echiniscoididae inhabit a wide range of substrates and 

represent the dominant tardigrade group in intertidal zones. Notably, the 
evolution of this family is interesting as it likely holds key evidence as to 
how the sea/land barrier was crossed by heterotardigrades. In the present 
study we infer the phylogeny of Echiniscoididae based on data from 
GenBank as well as new 28S rRNA and COI sequences from echiniscoidids 
from Roscoff, France. These analyses support the erection of a new genus 
and the description of two new species living sympatrically within sandy 
sediments in the Roscoff area. The species descriptions are based on an 
integrative approach, utilizing both morphology and DNA sequence data. 

One of the new species is a member of the cryptic Echiniscoides 
sigismundi species complex. It has 7 to 9 claws on each leg and is 
morphological very similar to the interstitial E. pollocki described from 
Rhode Island, U.S.A. The structure of the anal complex as well as the cirri 
differs between this new species and the lichen and barnacle inhabiting E. 
sigismundi species. Moreover, its movements are more similar to the slowly 
moving eutardigrades than to the other members of the species complex. 
Phylogenetic analysis of COI infers a close relationship to an undetermined 
species from Maine, U.S.A., which might be E. pollocki. 

The other new species is very small (150-225 µm). Our analysis, based on 
28S sequences as well as claw number and cirri A and E morphology, show 
that this species is closely related to the much larger E. higginsi from Rhode 
Island, U.S.A. Besides being found in sandy sediments, this new species 
was also found on the lichen, Lichina pygmaea at low tide. A new genus is 
proposed for the E. higginsi-group, comprising species with six claws on 
each leg as adults and pillars in the epicuticle. Based on our phylogenetic 
analysis of 28S and COI sequences, this new genus is sister-group to all 
other species within Echiniscoididae. 

Echiniscoididae shows a unique diversity with several undescribed species 
and a currently lacking understanding of the evolution of the group. Our 
phylogenetic inferences support the hypothesis that the ancestor of 
“Echiniscoides” lived interstitially and had fewer claws than the current 
ubiquitous E. sigismundi-like species. The increased number of claws is 
probably an adaptation towards a better grip on the substrate and evolved 
within the species colonizing wave exposed habitats.  
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In recent years, the scientific community has emphasized that a classical 

morphological approach to define biodiversity is not sufficient anymore. 
On the other hand, species definition using molecular techniques alone 
cannot represent the solution. Therefore, an integrative approach among 
methodologies to identify and describe organismal diversity is not only 
needed, it can also enable a higher power of discrimination in resolving 
species. Tardigrada is one of the several phyla in which species are often 
problematic to diagnose, as tardigrade taxonomy is mainly based on a 
limited number of morphological characters. The association of DNA 
sequences with morphological characters led us to obtain important 
taxonomic results in Tardigrada that have encouraged us to follow this 
kind of research. For the present study we have considered several Italian 
populations of the so called Paramacrobiotus “richtersi group”, and one 
population found in Clare Island (Ireland), the type locality of 
Paramacrobiotus richtersi (Richters, 1907). These populations were 
analyzed for animal and egg morphology, chromosomes, mode of 
reproduction and both cox1 and 18S sequences. 

The morphology of the animals was always very similar, while egg 
morphology sometimes presented little differences. Chromosomes 
revealed the presence of diploid and triploid populations, but never mixed: 
the diploid populations had males and meiosis in the oocytes while the 
triploid ones had only females and an ameiotic maturation of the oocytes. 
The 18S sequence was the same in all specimens, whereas very large 
differences were observed among most populations for cox1 sequences. 
The genetic distance was very low among all triploid populations (< 0.3%) 
and conversely very high among diploid populations (14.6-22.0%). The 
high genetic distance between triploid and diploid populations (> 17.9%) 
provides evidence that one triploid and several diploid speciesare 
recognizable from a molecular point of view, revealing the presence of a 
species complex. Also considering literature data, the triploid species has a 
very wide distribution, whereas the diploid species have a very limited and 
localized distribution, evidencing quite different colonization abilities.  
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Al Zubarah in Qatar has a rich intertidal and subtidal tardigrade fauna with 

several species new to science. The current sampling was performed at the 
Old Pier in Al Zubarah in early spring 2012. A transect of sediment samples 
was performed from subtidal levels at 2 to 5 meters depth (SCUBA-diving) 
to the shore and tardigrades were subsequently extracted from the samples 
by freshwater shocking. Large clumps of annelid tubes, bysus-threads of 
mussels and several species of barnacles were additionally sun-dried in 
coffee-filters prior to freshwater shocking.  

Most interesting is the finding of a new species of Pseudostygarctus from 
the polychaete tube of Pomatoleios kraussii. This new species is very 
similar to the Pseudostygarctus triungulatus from the Galapagos, but differs 
from the recently described species from Saudi Arabia, P. galloae, which 
only has two claws. Echiniscoides is the most common genus with four new 
species present at Al Zubarah. One of these species, found on the mussel 
Brachidontes variabilis (Mytilidae), has a strongly sculptured dorsal cuticle 
with small plates. The head is very aberrant with large secondary clavae 
(looks like a toad). The claw formula is 8-8-8-7 and surprisingly this 
species has some similarities with Echiniscoides horningi from the 
subantarctic Macquarie Island. None of the new species were found in the 
intensive 1982 collection of the ARAMCO Northern Area Intertidal 
Sampling Program in the Arabian Gulf of Saudi Arabia. The reason is that 
the four species are found in connection with other invertebrates such as 
barnacles, molluscs and polychaetes, whereas the ARAMCO investigation 
only dealt with tidal sediment sampling. 

The coral sand samples have not been fully processed, however, the 
genera Batillipes (2 species), Halechiniscus (1 species), Florarctus (2 
species) and Wingstrandarctus (1 species) were observed alive at Al 
Zubarah. The tardigrade fauna of Al Zubarah may very well be higher than 
the 12 species found during ARAMCO, the only investigated tardigrade 
fauna on the Arabian Peninsula; however, further sampling efforts are 
needed to accurately estimate the diversity of the marine water bears. DNA 
sequencing is expected to help clarify the identification of the four species 
of the genus Echiniscoides with excessive morphological variation, which 
do not fit well into current taxon descriptions.  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
71 

 

 
A GLOBAL BIODIVERSITY ESTIMATE OF LIMNOTERRESTRIAL 

AND MARINE TARDIGRADES 
 

Paul J. Bartels
1
, Camilo Mora

2
, Joseph J. Apodaca

1
, Diane R. Nelson

3
 

1
Department of Biology, Warren Wilson College, Asheville, NC, U.S.A. 

2
Department of Geography, University of Hawaii, Honolulu, HI, U.S.A. 
3
Department of Biological Sciences, East Tennessee State University, 

 Johnson City, TN, U.S.A. 

 
The phylum Tardigrada consists of only about 1200 known species, but it 
is unclear if they are truly species-poor or just poorly studied. The 
tardigrade checklist of the known tardigrade species listed 1190 taxa 
(species and subspecies) as of 31 March 2015. Of these, 1032 
werelimnoterrestrial and 200 were marine. Since species accumulation 
curves show little sign of leveling out, they do not provide a useful tool for 
estimating global tardigrade diversity from existing species numbers. A 
new technique has been developed recently which uses the more complete 
knowledge of higher taxonomic levels to estimate the asymptotic number 
of species. We applied this technique to limnoterrestrial and marine 
tardigrades. The results of these comparisons will be presented, and an 
evaluation of factors that may cause these values to over- or 
under-estimate actual numbers will be discussed. In any case, it appears 
that while tardigrades are comparatively poorly studied they will forever 
remain relatively species-poor. 
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According to the most widely accepted opinion, Central America owes its 

high biodiversity to the mixed influence of zoogeographical elements of 
neighbouring South and North Americas. Approximately three to five 
million years ago a corridor, connecting previously isolated Neotropical and 
Nearctic faunas, allowed a rapid interchange between species; a process 
termed the Great American Biotic Interchange (GABI). The alternative 
explanation for the Central American high biodiversity indices is that this 
region has its unique, largely endemic, fauna that was formed before the 
land bridge between North and South America was created. The GABI 
hypothesis is well supported for birds and mammals; however, very few 
invertebrate groups have been tested, and tardigrades were not included. 

Here we test the predictions generated by the GABI hypothesis for the 
tardigrade faunas of the Americas by employing statistical analyses. These 
analyses include over 350 tardigrade species, reported from the North, 
Central and South America, and the spatial relationships of their 
distribution. We also address the potential confounding effects of erroneous 
identifications in the tardigrade literature (in many cases a result of an 
earlier belief in cosmopolitism among tardigrade species), and how this 
affects zoogeographic analyses. 

This work was supported by the Prometeo Project of the Secretariat for 
Higher Education, Science, Technology and Innovation of the Republic of 
Ecuador. 
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Members of the genus Milnesium are often difficult to distinguish from 
their congeners using only morphological data because they are often 
pseudocryptic/cryptic with one another. In this study, morphological and 
morphometric data were used in combination with MANOVAs, ANOVAs, 
and confidence intervals to characterize a potential new Milnesium species 
found in the Colorado National Monument (Grand Junction, Colorado, 
U.S.A.). The results indicated that the putative new species was 
distinguished from most of its congeners on the basis of several 
morphological traits. However, when it came to distinguishing it from 
highly similar members of Milnesium, the statistical analyses of the 
morphometric data proved to be critical. Specifically, the analyses of the 
stylet support lengths and the secondary branch claw lengths (both 
standardized by buccal tube length) enabled the Colorado National 
Monument specimens to be differentiated from other seemingly identical 
members of the genus. 
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Six populations attributable to Richtersius coronifer, from Greenland, 

Italy, Mongolia and Sweden have been analyzed from morphological, 
morphometric, and molecular (18S, 28S, cox1) points of view. 
Comparison with the neotype of R. coronifer from the type locality 
(Maucci collection), led to the identification of six new species of 
Richtersius from these populations. They differ from one another and from 
the neotype of R. coronifer in terms of morphological (e.g. claw shape, 
buccal tube apophyses, stylet support insertion points) and morphometric 
characters, and/or in reproductive modes. There are two well-defined 
evolutionary lineages supported by morphological and molecular data, one 
composed by the Greenland and Mongolian species (both bisexual and 
with a very long main branch of the claws) and the other composed by the 
Italian and Swedish species (with a long common tract of the claw). 
Within this second lineage, the three bisexual and the two parthenogenetic 
species were separated in two well-supported evolutionary lineages. All of 
the new species had pores on the cuticles of the newborns that were lost 
after the first molting. Dimorphism between newborns and adults is well 
known in echiniscid species, but has never been documented previously in 
eutardigrades. Morphological changes during the life cycle of 
eutardigrades have only been linked to morphometric and/or sexual 
characters. 

The molecular phylogenetic analyses of these six new Richtersius species, 
together with data from other Macrobiotoidea species (available in 
GenBank) show a sister-group relationship between Richtersius and 
Macrobiotus islandicus. For this reason and the morphological data, a new 
genus is proposed for the latter species. Richtersius and the new genus 
belong to a cluster composed of Adorybiotus granulatus and Murrayidae 
species. Therefore, Richtersius, Adorybiotus and the new genus instituted 
for Macrobiotus islandicus do not belong to Macrobiotidae.  
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LIFE HISTORY OF ISOHYPSIBIUS DASTYCHI PILATO, 

BERTOLANI & BINDA, 1982 (TARDIGRADA) 
 

Jana Bingemer
1,2

, Karin Hohberg
1
, Ralph O. Schill

2
 

1
Senckenberg Museum of Natural History Görlitz, Germany 

2
Institute of Biomaterials and biomolecular Systems,  

University of Stuttgart, Germany 

 
In the laboratory, the life cycle of the tardigrade Isohybsibius dastychi 

was examined. Since the cultured population that we employed in our 
investigation is bisexual, mating was also observed in detail, with the male 
inseminating the oocytes in the female exuviae. The laboratory culture of 
Isohybsibius dastychi was originally derived from soil samples of an 
undisturbed coal-mining site near Cottbus, Germany. The comparatively 
short life cycle was investigated at three different temperatures (20°C, 
16°C and 12°C). First results on egg and juvenile development as well as 
on first oviposition in females are discussed.  
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THE BACTERIAL COMMUNITY OF THE TARDIGRADE 

MILNESIUM TARDIGRADUM AND THE EFFECTS OF ANTIBIOTIC 

TREATMENT 
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Nowadays only little is known about the interaction of tardigrades and 

their bacteria. Neither the species composition nor the influence of the 
bacteria onto their hosts have been in focus of researchers. Nevertheless, 
the high tolerance of tardigrades against environmental stress might be 
reflected in specialized microbes. Therefore the bacterial community of 
the tardigrade Milnesium tardigradum from an in-house culture has been 
investigated. The application of different antibiotic treatment strategies 
enabled us to alter the microbial distribution. The exact species 
composition was deciphered by 16S rDNA amplification and sequencing. 
Using this approach we have established a method to determine the 
microbiome of tardigrades. Moreover we have been able to identify 
potential symbiont and food source species in M. tardigradum. 
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THE MEASUREMENT CRITERIA OF THE BUCCAL TUBE AND THE 

CLAWS OF THE GENUS MILNESIUM: A PROBLEM TO SOLVE 
 

Oscar Lisi, Vera D'Urso, Giovanni Pilato 
Department of Biological, Geological and Environmental Sciences – Section of 

Animal Biology “Marcello La Greca”. University of Catania, Italy 

 
Two metric characters are very important to identify the species of the 

genus Milnesium Doyère, 1840: the value of the pt index relative to the 
stylet supports insertion point and the percent ratio between the length of 
the secondary and the main claw branches. Unfortunately, the 
measurements of both the buccal tube and the claws arise problems, which 
may sometimes result in unreliable and/or non comparable morphometric 
data; this may negatively reflect on the right idea of the individual 
variability within each species, the accuracy of species descriptions, and 
the distinction between species. For this reasons the authors point out and 
discuss the problems in measuring those two structures, and suggest 
measurement criteria to solve them in order to obtain more precise 
morphometric data. 
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REVISION OF THE ECHINISCUS ARCTOMYS SPECIES GROUP 

(TARDIGRADA, HETEROTARDIGRADA, ECHINISCIDAE):  
PRELIMINARY SPECIES CLASSIFICATION 

 
Peter Degma 

Department of Zoology, Comenius University, Bratislava, Slovakia 

 
The genus Echiniscus Schultze, 1840 having 157 known species is the 

richest genus in the phylum Tardigrada now. About one third of its species 
have not any lateral or dorsal trunk appendages with the exception of 
lateral ones in the position A. Such species were traditionally classified 
into Echiniscus viridis and E. arctomys species groups. The later one 
contains species with very diverse cuticular sculpture and recently species 
having "double sculpturing" have been placed into separate E. 
bigranulatus group. The rest of group requires major revision and its 43 
species need to be classified into groups according to their cuticular 
patterns. The aim of this study was to define species groups for left-over 
species of the arctomys group on the basis of their cuticular patterns using 
original species descriptions as the first step of the group revision. 
According to surface pattern of the main dorsal plates (all plates without 
cephalic and neck ones) I preliminary propose delimit five species groups 
instead of existing arctomys group as follows: 1. plates with tubercles 
protruding above cuticle surface without connections between them (this 
group contains species with or without tessellating pattern on scapular and 
caudal plates), 2. surface tubercles linked by crests forming a network 
pattern, 3. surface tubercles surrounded by ring of pseudopores (usually 
six) separating adjacent tubercles, 4. plates with regularly distributed 
roundish or hexagonal thickenings covered by fine granulation, 5. plates 
with alternate surface sculpture - part of plates or part of their surface with 
granules only and rest with pores only. I also propose the placement of 
each species into any of defined group however the affiliation of some 
species remains unclear because of their insufficient or too complicated 
descriptions. In the next step it will be necessary to solve the placement of 
these problematic species into groups by thorough examination of their 
type specimens if they are available. 
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PHYLUM TARDIGRADA: A RETURN TO CLARE ISLAND 
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Clare Island, located off the west coast of Ireland, was the subject of a 

unique multidisciplinary survey from 1909-1911. An international team of 
scientists, including the renowned Scottish tardigradologist, James Murray, 
comprehensively described the habitation and natural history of the island, 
with a special emphasis on zoology. Currently underway, The New Clare 
Island Survey directed by the Royal Irish Academy aims to compare 
current data with that of the original survey. The new results for 
Tardigrada will be presented along with comments on the original work of 
James Murray on Clare Island and the surrounding area and its importance 
to the study of tardigrades in Ireland. 
  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
81 

 

 
DNA DAMAGE IN STORAGE CELLS OF  

CRYOBIOTIC TARDIGRADES 
 

Michael Egger, Ralph O. Schill 
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University of Stuttgart, Germany 

 
Freezing of cells leads in general to a massive damage of cellular 

membranes and proteins, which eventually results in theirs and the entire 
organism’s death. In order to recover without any apparent damage, 
tardigrades have evolved effective adaptations to preserve the integrity of 
cells and tissues in the cryobiotic state. The cooling experiments below the 
supercooling point (SCP) of the parthenogenetic tardigrade species 
Milnesium cf. alpigenum were carried out with a differential scanning 
calorimetry (DSC). Using the single cell gel electrophoresis (comet assay) 
technique to study the effect of cryobiosis on the integrity of 
deoxyribonucleic acid, we showed that the DNA in storage cells of M. cf. 
alpigenum was well protected with a cooling rate of -0.5°C/h from 4°C to 
-30°C during transition from the active into the cryobiotic state. 
Specimens of M. cf. alpigenum that had been cooled down from 4°C to 
-30°C with a cooling rate of -10°C/h showed significant more DNA 
damage. Tardigrades cooled down from 4°C to -15°C with a cooling rate 
of -10°C/h showed no significant DNA damage, compared with the 
control. It should therefore be considered that tardigrades trapped by ice 
are not frozen above -22°C. However, novel insights into the complex 
processes in the body under freezing stress and basic mechanisms to 
actively circumvent damages upon freezing of live cells has immediate 
implications for the storage of biological material and medical 
cryopreservation. 
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Turkey has very rich biodiversity due to its location, climate and 

topography. But the water bears (Tardigrada) from Turkey are rather 
poorly known. To contribute to the Tardigrada fauna of Turkey, the 
epiphytic moss samples were collected from Çubuk 2 Dam Reservoir 
(Ankara/Turkey) in August 2014. After labroratory studies, the moss 
samples were identifed as Homalothecium sericeum (Hedw.) Schimp. A 
total of 18 samples and 14 eggs of 6 tardigrade species were isolated from 
the moss samples. Turkey includes a number of species-rich in which the 
tardigrade fauna is currently poorly explored. All samples were mounted 
on microscopic slides in Hoyer’s medium, 18 adults and 5 eggs were 
prepared for SEM analysis, following the protocols by Guidetti et al. 
(2000, Acta Zool. 81: 27-36). Observation and measurements were made 
using phase contrast microscopy (Zeiss Axio Imager M1) and SEM (JEOL 
JSM–6060 LV). According to literature on Turkish Tardigrada, Hypsibius 
dujardini (Doyère, 1840) is reported for the first time from Turkey. 
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TARDIGRADES IN POSTGRADUATE SCIENCE EDUCATION 

 

Josephine Galipon 
Integrated Human Sciences Program, Graduate School of Arts and Sciences,  

University of Tokyo, Japan 

 
Tardigrades became famous in Japanese popular science ever since the 

experiment co-organized by JAXA that demonstrated the resilience of 
tardigrades in outer space conditions. At the University of Tokyo 
Integrated Human Science program, our mission is to provide 
interdisciplinary education for postgraduates, and we have selected 
tardigrades as a theme for the laboratory practice of non-science majors. 

The "field biology" class consisted of sampling moss on campus, looking 
for wild tardigrades under the microscope, and comparing their phenotype 
to that of three known species: Hypsibius dujardini, Ramazzottius 
varieornatus, and Acutuncus antarticus. During "experimental biology” 
class, students had to measure the recovery rate of R. varieornatus 
subjected to a number of damaging conditions such as electron beam, 
microwave, and/or vacuum. Students also got to use and learn the 
differences between several types of microscopes: stereomicroscope, 
optical microscope, fluorescent microscope and scanning electronic 
microscope. 

By getting familiar with the principles underlying basic observational 
and experimental biology, students from non-science majors were brought 
to think about the actual meaning and limitations of scientific experiments 
in general, as well as the way in which science is communicated by 
journalists in the media. 

Tardigrades capture the imagination of many people and have the 
potential to contribute to science outreach in people of all ages and 
backgrounds. 
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One of the most deleterious effects of desiccation is oxidative stress. This 

is a process resulting from an imbalance between excessive production of 
Reactive Oxygen Species (ROS) and the limited action of antioxidant 
defenses. The production of ROS during desiccation is well-documented 
in bacteria and plants, whereas studies on animals are scarce. In this study, 
the production of ROS was analyzed during the kinetics of the desiccation 
process and the permanence in the anhydrobiotic state.  

The eutardigrade Paramacrobiotus richtersi was used as a model animal 
and the production of ROS in response to dehydration was investigated in 
its storage cells. The variation in size of storage cells in relation to the time 
spent in anhydrobiosis and during the rehydration process was also 
evaluated. 

The animals were experimentally dehydrated and kept desiccated for 1, 
20 and 40 days. In these animals the production of intracellular ROS was 
evaluated after 3 and/or 12 h from the beginning of rehydration. Hydrated 
specimens of P. richtersi kept in culture were used as controls. The 
production of ROS was analyzed after treatment of the in toto tardigrades 
with the probe 2,7-dichlorodihydrofluorescein-diacetate (DCFH2-DA). 
The amount of green fluorescent oxidation product (DCF), which reflects 
the reaction of the probe with intracellular free radicals, was measured 
using a laser scanning confocal microscope.  

Significant differences in fluorescent signal among control animals and 
animals kept desiccated for 1, 20 and 40 days were evidenced. Animals 
kept desiccated for 1 day had a significantly lower signal than animals 
kept desiccated both for 20 and 40 days. Animals desiccated for 40 days 
had a significantly lower signal than those desiccated for 20 days, in 
which the highest amount of signal was recorded. In animals kept 
desiccated for the same period of time, no significant differences in 
fluorescent intensity were detected between animals kept in water for 3 
and 12 h after desiccation. The size of storage cells significantly increased 
in relation to the animal length and to the time of permanence in water 
after rehydration. 

These data indicate that desiccation induces the production of ROS, and 
consequently oxidative stress in animals too. In addition, ROS may be 
accumulated during the permanence in the anhydrobiotic state. 
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Anhydrobiotic organisms are able to recover successfully from 
extraordinary cellular stresses associated with effectively total desiccation. 
Oxidative damage is one of several severe stresses associated with water 
depletion. As water is lost the concentration of ions increases leading to 
the formation of Reactive Oxygen Species (ROS) and to the susceptibly of 
biomolecules to attack by oxygen. Cells are protected from oxidative 
damage by a complex network of endogenous antioxidants that allow 
cellular, tissue and organ integrity and functionality to be maintained. 

Rizzo et al. (2010, Comp. Biochem. Physiol., Part  B, 156: 115-121) 
showed that the antioxidant enzyme system increases its activity in 
desiccated specimens of the eutardigrade Paramacrobiotus richtersi. In 
particular, the activity of superoxide dismutase increases more than 3-fold 
compared to hydrated animals, and the activity of glutathione peroxidase 
is significantly induced by desiccation. Heightened antioxidant enzyme 
activities likely play a vital role during the rehydration phase. To confirm 
if genes encoding antioxidant enzymes such as catalase, superoxide 
dismutase, glutathione peroxidase, glutathione transferase and glutathione 
reductase play functional roles in mediating survival under desiccation, 
RNA interference was utilized to disrupt the expression of these genes in P. 
richtersi. In order to obtain the sequences of genes potentially involved in 
desiccation tolerance, RNA was extracted from groups of P. richtersi. Its 
transcriptome was then sequenced and genes encoding antioxidant 
enzymes were identified and cloned. These clones were used to generate 
double stranded RNAs and RNA interference was performed by injecting 
them into active adult animals. As controls, animals injected with RNAse 
free water and not-injected animals were used.  

All animals injected with RNAse free water recovered, suggesting that 
microinjections are not deleterious to tardigrades. Controls and 
experimental animals were desiccated using standard laboratory 
conditions and then slowly rehydrated. The comparison of survival after 
rehydration among injected animals with double stranded RNA and 
controls, will allow us to understand the involvement of these enzymes in 
anhydrobiosis. 
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TARDIGRADA PUBLICATION REPOSITORY: TARDIGRADA.PUB 

 

Gary T. Grothman 
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In studying Tardigrada, a great deal of useful or even necessary 

information is found in older publications. Species descriptions, images, 
and distribution data are among the materials Tardigrada researchers may 
be seeking from hard-to-find older works, including many that are now in 
the public domain. To make these works generally available, particularly 
to new researchers without extensive libraries, I have set up an online 
repository of such materials at the domain tardigrada.pub . To encourage 
sharing, registered users may contribute new public-domain materials, or 
works with licenses that permit such distribution. 
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TARDIGRADES OF ANTIGUA 
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In May 2014 we collected twelve samples of moss and leaf litter from 

two sites on Antigua, in the Leeward Islands of the Lesser Antilles in the 
Caribbean. There are no published records of tardigrades from Antigua. 
Six samples had no tardigrades. The remainder had 87 specimens and 32 
eggs, belonging to seven species. Milnesium katarzynae and Minibiotus cf. 
intermedius were present in moss from Body Pond Nature Park near 
Mount Obama. Hypsbius cf. convergens, Macrobiotus harmsworthi, 
Paramacrobiotus cf. areolatus, Paramacrobiotus cf. richtersi and a new 
species of Macrobiotus were present in moss and leaf litter from a gully in 
Christian Valley.  

Adults of the new species are very similar to Macrobiotus spectabilis. 
The buccal tube of the new species is shorter than the buccal tube in 
comparable size specimens of M. spectabilis. The egg surface of the new 
species resembles that of Macrobiotus grandis and M. spectabilis in that a 
ring of polygons surrounds the base of each process. Unlike M. grandis 
and M. spectabilis the egg processes are reticulated in a manner 
resembling those of Paramacrobiotus areolatus.  

This research was supported by McNeese State University Endowed 
Professorship awarded to the third author. 
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Echiniscus virginicus Riggin, 1962 was described from specimens 

collected in Virginia, U.S.A. Since then, the species has been collected in 
Costa Rica, the Dominican Republic, Venezuela, and the American states 
Alabama, Arkansas, Florida, Georgia, Louisiana, Michigan, North 
Carolina, South Carolina and Tennessee. Aside from details of cuticular 
sculpture, E. virginicus is characterized by the presence of spines B, C, C

d
, 

D
d
 and E. In 1979 Christenberry and Mason discerned three 

developmental stages in Alabama: “young,” with only spine E (91-96 μm); 
“subadults,” 112-165 μm, with C, D, and E always present and B always 
absent, and “adults,” 122-192 μm, in which all spines were always present. 
In 1983 Grigarick et al. noted some variation in the occurrence and 
development of dorsal and lateral spines (C, D and E were always present, 
C

d
 and D

d
 were variable in length and rarely absent, while B was 

sometimes absent on one or both sides). We examined specimens from 
Florida, Georgia, Louisiana, Michigan (two sites) and Hawaii, in size 
ranges corresponding to Christenberry and Mason’s “subadults” and 
“adults” (113-247 μm). Morphological measurements were corrected for 
allometric effects. Some variation in morphometry occurred among sites: 
body length in specimens from Louisiana and Hawaii was somewhat 
shorter than elsewhere; the cephalic papilla in Florida was much shorter 
than at other sites; and the length of spine D

d
 was highly variable both 

within and among sites. There was considerable variation among sites in 
the presence or absence of spines. Only E was present in all specimens at 
all sites; C was almost always present; the presence of C

d
 ranged from 

29% to 100% among sites and D
d
 from 57% to 100%. The presence of B 

ranged from 12% in Louisiana to 100% in Hawaii. In Michigan and 
Louisiana many specimens in the size range >165 μm, considered 
exclusively “adult” in Christenberry and Mason, lacked B. These results 
underscore the importance when describing or identifying Echiniscus 
species of taking into account variation in spine presence within and 
among populations. 
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Tardigrade behavior is poorly known. In 2001 Beasley published a paper 

on photokinesis and gravikinesis (movement of an animal in response to 
light and gravity respectively) in Macrobiotus cf. hufelandi from Texas. In 
Beasley’s experiments larger specimens (>125 μm long) showed no 
evidence of photokinesis, while smaller specimens (<125 μm) exhibited 
negative photokinesis. In neither size class was there any evidence of 
gravikinesis using a slope of 14%. Beasley speculated that a steeper slope 
might have elicited a response. We examined photokinesis and 
gravikinesis in Minibiotus acadianus collected from lichens on the campus 
of McNeese State University in Louisiana, U.S.A. Animals used for the 
photokinesis experiment had eyespots. We used only animals >125 μm 
long, as smaller specimens were not available in sufficient quantity. 
Animals were placed on agar in petri dishes, which were examined after 
24 hours. Specimens moved on agar at a mean speed of 3.8 mm per 
minute. No evidence of photokinesis was detected. For the gravity 
response experiment animals were placed in the dark at a slope of 42%. 
Tardigrades were significantly more abundant in the lower half of the petri 
dishes, indicative of positive gravikinesis. 
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Tardigrades are microscopic animals that continue to remain 

under-studied from an ecological perspective. They are found on every 
continent; in habitats ranging from lichens, moss, algae, to soils; and 
remarkable for the breadth of environmental conditions they can tolerate. 
Given their potential to occur in so many places, the vertical distribution 
of tardigrade communities into the canopy has seldom been examined. 
Over two years, as part of a National Science Foundation summer REU 
(Research Experiences for Undergraduates) project the canopy of the 
mixed deciduous forest of eastern Kansas was explored. More than 250 
trees of 22 species were climbed at nine locations. More than 12,000 
tardigrades were extracted from 1,402 samples of moss and lichen 
collected at four different height levels. Sixteen species of tardigrades 
have been identified, including four that are new to science, six new to 
Kansas, and another new to North America. The diversity, density, and 
distribution of water bears increased with sample height in the canopy. 
Tardigrade communities were also affected by forest location, tree species, 
and habitat type. These findings represent the first quantitative data on the 
ecology of Tardigrada in the canopy. In addition, the program 
demonstrates a practical opportunity for ambulatory disabled investigators 
to conduct field ecology research and an effective method to address 
STEM (Science, Technology, Engineering, and Mathematics) education of 
undergraduates. 
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Our research aims to better understand the composition of meiofaunal 

communities, with a particular emphasis on limno-terrestrial tardigrade 
ecology and diversity, over spatial scales, geological strata, and climatic 
gradients within Grand Canyon National Park (GCNP). Much of the 
GCNP is semi-arid desert containing isolated seeps and springs that serve 
as oases to many endemic species. Soil geochemical parameters and 
nutrient availability have been shown to influence meiofaunal abundance 
and community composition (Sohlenius & Boström, 1999, Appl. Soil Ecol. 
12: 113-128; Velasco-Castrillon et al., 2014, Polar Biology, 10.1007/ 
s00300-014-1544-4). The 2,000 m walls within GCNP are composed of 
well-studied sedimentary layers and they provide an ideal study site for 
assessing the role of abiotic factors in shaping tardigrade distribution. We 
isolated 1069 limno-terrestrial tardigrades from 103 moss samples 
collected along elevation (600-2,400 m) and moisture gradients (seeps, 
springs and desert) in GCNP. The majority of tardigrades were isolated 
from strata between 1,200 and 1,800 m that are comprised of primarily 
sandstone, as well as some limestone and shale strata. We observed a 
significant difference between habitats as tardigrades were most abundant 
in mosses from xeric environments and mostly absent from mesic 
environments. Currently we are identifying tardigrade species from these 
samples to assess the biodiversity and distribution of tardigrade taxonomic 
groups along these same gradients. 
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Upon desiccation, some limno-terrestrial tardigrades can enter an 

ametabolic dehydrated state called anhydrobiosis. Anhydrobiotic 
tardigrades can be divided into two types according to the tolerable 
dehydration speed. One is “fast desiccation type” which can tolerate fast 
dehydration by direct exposure to a low relative humidity (RH) 
environment from fully-hydrated state. The other is “slow desiccation 
type”, which requires a certain preconditioning period in moist condition 
with high RH before exposure to low RH. The latter type was thought to 
sense the sign of desiccation of surrounding environments and prepare 
protective molecules during a preconditioning period to tolerate upcoming 
dehydration. However, such regulatory mechanisms in tardigrades remain 
totally unknown. 

To reveal the regulatory pathways of anhydrobiosis in tardigrades, we 
utilized a chemical genetic approach to identify chemicals, which impair 
the anhydrobiotic ability of tardigrades of slow desiccation type. For this 
purpose, we used Hypsibius dujardini, which was known to belong to this 
type. At first, we re-examined anhydrobiotic ability of H. dujardini and 
confirmed that this species could not tolerate direct exposure to low RH 
(10% RH) without preconditioning, and preconditioning is essential for 
acquisition of tolerance against low RH condition. Therefore, this species 
should have signal transduction pathways from desiccation-sensing to the 
induction of anhydrobiosis. Also, we built the desiccation scheme for our 
study as 1 or 2 days preconditioning at 95% RH, followed by 2 days at 
10% RH (anhydrobiotic state) and 1 day at 95% RH before rehydration. 

With this scheme, we performed chemical screening. Eighty-one 
chemicals were chosen, based on gene repertoires of tardigrades and 
known stress-response pathways. As a result of screening, five chemicals 
were identified to significantly inhibit anhydrobiotic survival. We then 
confirmed the specificity of their inhibitory effects on anhydrobiosis, by 
evaluating survival in similar desiccation scheme replacing exposure to 
low RH (10% RH) with that to high RH (95% RH). The targets of 
identified chemicals related to calcium-signaling, phosphorylation and 
dephosphorylation, suggesting possible roles of these signaling pathways 
in the induction of anhydrobiosis. The chemicals identified in this study 
could be powerful tools to elucidate regulatory mechanisms of 
anhydrobiosis.  
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High energy sandy beaches are the most dynamic habitats harbouring 

diverse meiobenthic organisms which play vital ecological role in coastal 
ecosystems. Therefore the determination of the meiobenthic organisms is 
important in the sustainable management of the coastal ecosystems. But, 
taxonomic studies on meiofauna are still unsatisfactory in many parts of 
the world such as Turkey. Tardigrades are one of the significant 
component of meiofauna. Despite the fact that tardigrades have been 
known for more than century ago, only single species report on marine 
tardigrades from Turkey has been given so far and there is no record of the 
phylum Tardigrada inhabiting the supralittoral zone of Turkish coasts. In 
this study, we present the first records of two arthrotardigrades, namely 
Parastygarctus sterreri Renaud-Mornant, 1970 and Batillipes sp. from 
İncekum beach, Aegean Sea, Turkey. 
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A species itself or a combination of different species of bryophytes and 
lichens can be organized in what we have called “micro-canopies”. 
Although, considerably smaller than the canopies formed by the trees in a 
forest, the “micro-canopies” can be very complex in composition and 
structure, retaining humidity, and forming a micro-ecosystem with unique 
characteristics (e.g. micro-climates) which favours the establishment of 
micrometazonas such as tardigrades, rotifers, nematodes, arthropods etc. 

This is an ongoing survey, carried out by the MIKU research group; its 
main goal is to assess the taxonomic composition of Tardigrades in 
micro-canopies of the Sierra Nevada de Santa Marta (SNSM), Magdalena, 
Colombia. The SNSM is a mountain range, isolated from the Andes chain, 
located in the north of Colombia. This ecosystem possesses different 
climates due to its position in the tropics and elevations ranging from sea 
level to 5,775 m a.s.l. These characteristics make the SNSM an important 
site in terms of plant and animal biodiversity. To date, about 78 samples of 
micro-canopies have been randomly collected from elevations between sea 
level and 2,400 m a.s.l. Although the survey is in the first steps, the 
preliminary  analysis of the pre-sampling data has allowed us to 
formulate the following hypotheses: 1) the micro-canopies in the SNSM 
are dominated by up to four species among mosses, liverwort and lichens. 
2) The micro-canopies are more complex in structure and composition 
between 1,100 and 1,600 m a.s.l. 3) The most complex micro-canopy 
structures are dominated by the combination of mosses and liverworts, and 
the less dominant is the combination of lichens and mosses. 4) The 
dominant families of mosses and liverworts in the structure of the 
micro-canopies are: Lejeuneaceae, Dicranaceae, Frullaniaceae. 5) The 
complexity in composition of the micro-canopies does not necessarily 
determine the richness of Tardigrades. The sample with a higher richness 
of Tardigrades (6 species) was a micro-canopy formed by a single lichen. 

The next goals of the project is to carry out a more rigorous sampling 
which will allow us to determine the generic composition of bryophytes 
and lichens in the structures of the micro-canopies and the specific 
composition of Tardigrades for each micro-canopy. These results will then 
be used to statically confirm the hypotheses mentioned above.  
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Although the first tardigrades were recorded in Colombia at the 
beginning of the 1990s, the biodiversity and distribution of water bears are 
still poorly known. To date, 46 species have been recorded in the 
departments of Antioquia, Cundinamarca, Arauca, Bogotá, Magdalena, 
Santander, Cauca and Tolima.  

During the last two years, the MIKU research group has concentrated its 
efforts on the inventory of the tardigrade fauna by conducting several 
surveys in the Sierra Nevada de Santa Marta (SNSM). This ecosystem is 
the highest coastal mountain in the world; in only 42 km it reaches its 
maximum elevation of 5,775 m a.s.l. It is located in the north of Colombia 
among the departments of Magdalena, Cesar and Guajira. The SNSM 
possess a wide variety of climates from arid zones to snowpeaks, which 
favour the presence of a high diversity of animals and plants. To date, 
from only 78 examined samples of mosses, lichens and liverworts, 
collected between 22 and 2,284 m a.s.l., a total of 14 confirmed species of 
tardigrades has been recorded, and about 13 additional morph-species 
(awaiting identification) have been found. Ten species are new records for 
Colombia: Echiniscus madonnae, Echiniscus virginicus, Milnesium 
krzysztofi, Doryphoribius amazzonicus, Doryphoribius quadrituberculatus, 
Isohypsibius sattleri, Diphascon (D.) higginsi, Milnesium brachyungue, 
Milnesium katarzynae, and Milnesium barbadosense. Two new species to 
science have been described: Itaquascon pilatoi, characterized by a having 
smooth cuticle, no eyes, buccal tube almost as long as the pharyngeal tube, 
stylet furcae with long branches, stylet supports inserted at the border 
between buccal and pharyngeal tube, slender claws, no lunules and no 
cuticular bars on legs; and Milnesium kogui, characterized by a smooth 
dorsal and ventral cuticle, six peribuccal papillae and six peribuccal 
lamellae similar in length, two cephalic papillae positioned laterally, 
buccal tube long and narrow, and claw configuration [2-2]-[2-2]. 
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Since two out of the four species of tardigrades new to science described 
in Colombia have been found in the SNSM, and 9 new records have been 
made so far, these surveys suggest evidence of a rich biological diversity 
in this region. The results presented herein raised the number of 
tardigrades known for Colombia from 34 to 46 species. Extending the 
sampling to different departments and elevations in the SNSN we expect 
to describe more species to the science, and record more species for the 
country. 
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Eutardigrada systematics relies mainly on the morphology of the 

sclerified structures, especially the claws and buccal-pharyngeal apparatus. 
In particular, the main division of Parachela into four superfamilies relies 
heavily up on claw morphology.  

However, this character, alone, is either inadequate or useless for 
tardigrades with reduced or absent secondary claw branches as in the case 
of specimens belonging to the genus Haplomacrobiotus, or when claws 
are completely absent. Haplomacrobiotus is a very uncommon 
soil-dwelling genus, reported so far only in Mexico (Hermosillos) and in 
the U.S.A. (Moab, Utah). Haplomacrobiotus specimens have the 
secondary branch of the claws very reduced or absent, making it very 
difficult and often impossible to determine if they are symmetrical or not. 
The systematic position of this genus has been debated since its 
description, having first been placed in the family Macrobiotidae 
(Macrobiotoidea) and then in the family Calohypsibiidae. Currently, the 
position of the supposedly related genus Hexapodibius is still debated, it 
being attributed to Isohypsibiidae (Isohypsibioidea) or to Calohypsibiidae 
(Hypsibioidea), i.e. to two different superfamilies. 

The recent discovery of an abundant population of Haplomacrobiotus 
utahensis in Snow Canyon State Park (Utah, U.S.A.) allowed us to 
perform an in-depth morphological analysis with light microscopy and 
scanning electron microscopy on the claws and buccal-pharyngeal 
apparatus of the animals, and to perform maximum likelihood and 
Bayesian inference phylogenetic analyses based on fragments of the 18S 
and 28S nuclear genes, in order to validate the position of this genus 
within the proper superfamily. Our integrated findings place the genus 
Haplomacrobiotus in a close relationship with the genus Hexapodibius 
within the superfamily Isohypsibioidea.  
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There are few published records of tardigrades in Yorkshire, United 

Kingdom. This survey was undertaken to increase the number of species 
found in the county. Our results include new taxa to both the county, 
England and United Kingdom taxa lists. The work is ongoing. 
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The midgut epithelium of Hypsibius dujardini (Eutardigrada, 

Hypsibiidae) was analyzed using light, confocal and transmission electron 
microscopy and histochemical methods. Specimens of the species 
examined were obtained commercially and reared in the laboratory. 

The digestive system of H. dujardini consists of the foregut, the midgut 
and the hindgut. The foregut is separated from the midgut by the cardiac 
valve, whereas the pyloric valve separates the midgut from the hindgut. 
The midgut possesses a tube-like shape. The midgut epithelium consists of 
cubic digestive cells that lie on a basal lamina. At the anterior and the 
posterior parts of the midgut groups of cells (crescent-like cells) with 
cytoplasm which differs from the cytoplasm of digestive cells are present. 
The divisions of these cells indicate that they play the role of the midgut 
regenerative cells. The cytoplasm of the regenerative cells is poor in 
organelles. It possesses only mitochondria and small amount of short 
cisterns of rough endoplasmic reticulum. The digestive cells are connected 
to each other by the smooth septate junction and septate junction. The 
apical membrane forms long microvilli. The regionalization in the 
distribution of the organelles, which is commonly observed in 
invertebrates, has not been observed in the digestive cells of H. dujardini. 
The cytoplasm of digestive cells is filled with cisterns of RER, ribosomes, 
mitochondria, Golgi complexes and non-homogenous spheres of the 
reserve material. The correlation between the ultrastructure of the 
digestive cells and the course of oogenesis has been observed in species 
examined. This correlation is particularly evident in amount of the reserve 
material accumulated by the digestive cells. It suggest that midgut 
epithelium takes part in the yolk precursor synthesis. Three types of 
secretion occurs in the digestive cells: merocrine, apocrine and 
microapocrine. 
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Tardigrades can cope with extreme adverse environments such arid 
conditions or when facing up to 10 kJ/m

2
 UV radiation. Similarly to the 

nematode Caenorhabditis elegans, the water bear Hypsibius dujardini can 
adopt a resistance state when the conditions become unfavourable. 
However, the peculiarity of the latter is to present a specific desiccated 
state of resistance called anhydrobiosis. Previous reports indicated that 
either desiccated anhydrobiotic or hydrated active state of the water bear 
can survive irradiation. This imply that the hydrated status of tardigrade do 
not impairs subsequent survival. It was proposed that the lifespan 
expectancy limits of anhydrobiotic or desiccated tardigrade was 
attributable to the time dependent accumulation of damage to 
macromolecules caused by the oxidation mechanisms. In fact, it has long 
been recognized that normal biochemical reactions cannot occur in the 
absence of water.  

But if the actual limit of the anhydrobiotic tardigrade longevity is due to 
oxidative damage accumulation caused by exogenous factors, what might 
be the status of endogenous produced reactive oxygen species, if any, by 
the time spent in this state? Moreover, what about the mitochondria 
adaptation during the shutdown of metabolic activities during the 
anydrobiotic state? What are the relationships between known longevity 
acting genes and the adaptation of mitochondrial function to the 
anydrobiotic state ? 

We have developed dedicated devices for the water bear Hypsibius 
dujardini in order to check out for the mitochondria function and whole 
organism energetic status in both living and anhydrobiotic tardigrade. 
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Argentina, located in southern part of the South American continent, is 

the eighth largest country in the world and the second largest in Latin 
America. It is subdivided into 23 provinces and one autonomous city – 
Buenos Aires. The country hosts one of the greatest ecosystem varieties in 
the world and its biological diversity is among the world’s largest ones. 

To date, 222 taxa have been reported from South America (ca. 18% of 
the total of currently known species) and Argentina is one of the best 
known countries in respect of the tardigradofauna in this neotropical realm. 
However, diversity and distribution of Argentinian water bears are still 
poorly known and to date 115 taxa have been reported from this region (ca. 
52% of the species known from South America). In eight of 23 provinces 
studies on tardigrades have been never conducted. The largest number of 
species is known from the provinces Río Negro (54 species), Tierra del 
Fuego (28 species), Santa Cruz (26 species) and Neuquén (26 species). 

In 31 moss and lichen samples collected in the Nahuel Huapi National 
Park (Rio Negro Province), 876 tardigrades, 69 exuviae and 197 free-laid 
eggs were found. In total, 22 species, including six new for science (two of 
them have been already published), were identified (eight of them are new 
records for Río Negro Province and one is a new record for South 
America). 

The new species belong to the genera Macrobiotus (1 species), 
Minibiotus (1 species) and Echiniscus (2 species). These three genera are 
among five richest genera within the phylum Tardigrada. Macrobiotus sp 
nov. belongs to the harmsworthi group and is most similar to M. blocki in 
the shape of egg processes, Minibiotus sp nov. is most similar to Min. 
constelatus, Min. eichhorni, Min. sidereus, and Min. vinciguerrae in 
having star-shaped pores over the cuticle.  
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Echiniscus sp. nov. 1, belongs to the arctomys group, and is most similar, 
in the dorsal cuticle ornamentation, to E. corrugicaudatus, E. 
pseudowendti and E. wendti. Echiniscus sp. nov. 2 in the configuration and 
length of the lateral and dorsal appendices is most similar to E. elaeinae, E. 
virginicus, E. merokensis, and E. taibaiensis. 

Summarizing, in present research we provide some new records for the 
country and describe four new species to enrich our knowledge about 
Argentinian tardigrades.  
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The Galapagos Islands are a volcanic archipelago consisted of 13 main 

islands, six smaller ones and a large number of islets and rocks. The entire 
archipelago is located in the eastern part of Pacific Ocean and distributed 
on either side of the Equator. Due to the volcanic origin, the islands are 
characterized by many steep slopes with heights ranging from a few 
meters to more than 1,700 m a.s.l. 

Tardigrades of Galapagos are very poorly known and up to now only 
three faunistic papers were published from this region. In these 
publications nine marine taxa (including four new for science: 
Megastygarctides orbiculatus, Pseudostygarctus triungulatus, Stygarctus 
abornatus and Tanarctus velatus) and 15 terrestrial ones (including two 
new for science: Echiniscus cavagnaroi and E. kofordi) were reported.  

To now, the tardigrades were reported on or near islands: Fernandina 
(four terrestrial species of the genera Macrobiotus, Milnesium and 
Pseudechiniscus), Floreana (six terrestrial species of the genera Echiniscus, 
Macrobiotus, Milnesium and Pseudechiniscus), Jensen (one terrestrial 
species of the genus Macrobiotus), Pinzón (five terrestrial species of the 
genera Echiniscus, Macrobiotus, Milnesium and Paramacrobiotus), Santa 
Cruz (eight marine species of the genera Anisonyches, Archechiniscus, 
Echiniscoides, Megastygarctides, Orzeliscus, Parastygarctus, 
Pseudostygarctus and Tanarctus and 15 terrestrial species of the genera 
Echiniscus, Itaquascon, Macrobiotus, Milnesium, Paramacrobiotus, and 
Pseudechiniscus), Santa Fé (one marine species of the genus Stygarctus 
and two terrestrial species of the genera Apodibius and Macrobiotus) and 
Wolf (two terrestrial species of the genera Macrobiotus and Milnesium). 

In 23 samples of mosses and lichens collected from the islands of 
Floreana, Isabela, San Cristobal and Santa Cruz, the large number of 
tardigrades and their eggs belonging to the genera Echiniscus, 
Macrobiotus, Milnesium, Minibiotus and Pseudechiniscus were found. 

In present study we provide not only some species new for science and 
new records for the Galapagos Archipelago, but also a critical review of 
the terrestrial species reported from Galapagos in previous studies.  
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The Hox genes are crucial for patterning the antero-posterior (a/p) body 

axis during development of bilaterally symmetric animals. These genes are 
a group of highly conserved, homeobox-containing transcription factors 
that usually lie in a cluster in the genome and show spatial colinearity, i.e. 
they are expressed in the same order along the a/p body axis as they 
appear in the cluster. To clarify the Hox repertoire in Tardigrada, we 
sequenced and analysed the transcriptome of the eutardigrade Hypsibius 
dujardini. Our transcriptomic and phylogenetic analyses revealed 
homologs of only five expressed Hox genes, including labial, Deformed, 
Hox3, fushi tarazu, and Abdominal-B. These findings correspond well 
with our searches in the recently released genome sequences of H. 
dujardini. Interestingly, we identified three copies of Abdominal-B in our 
transcriptomic data as well as in the genome, suggesting that these genes 
are functional. Abdominal-B class Hox genes are usually expressed in the 
posterior-most parts of the embryos of various metazoans, where they are 
responsible for patterning the posterior-most abdominal segments as well 
as for the formation of the genital opening. Since tardigrades possess three 
copies of this gene, the redundant copies might have adopted different 
roles and thus may show different expression patterns. In order to clarify 
the expression patterns and putative functions of the three Abdominal-B 
copies, we conducted in situ hybridization experiments on embryos of 
Hypsibius dujardini. Our ongoing research will focus on investigating the 
expression patterns of the other Hox genes in embryos of H. dujardini in 
order to compare these patterns to those in onychophorans and arthropods. 
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Symbioses can be defined as interactions between individuals belonging 

to different species. These relationships affect the evolutionary processes 
that characterize the life forms and include mutualism, commensalism, 
parasitism, pathogenicity and predation. Despite the small number of 
studies specifically devoted to these interactions between “microorganisms” 
(such as bacteria, fungi and protozoans) and tardigrades, numerous reports 
can be found in the literature, especially as notes in faunistic and 
alpha-taxonomy studies. First, we reviewed the literature and compiled a 
comprehensive list of the interactions between tardigrades and the 
“microorganisms” mentioned above, excluding those that are food items 
for tardigrades. The bacterial associations with tardigrades that have been 
reported are: those within specialized vesicles in the head of some 
Arthrotardigrada as probable mutualistic symbionts; those within the 
epicuticular layer of arthrotardigrades with unknown functions; those 
within the gut of some eutardigrades as putative intestinal flora; and those 
attached to the outer cuticle of both heterotardigrades and eutardigrades. 
Fungi are known as pathogens and predators with different degrees of 
specialization on tardigrades. Protozoans are reported as predators 
(Difflugia) and symbiophoronts (Pyxidium) of tardigrades. Second, we 
focused our studies on a particular epibiont reported as specific to 
eutardigrades, the peritrichous ciliate Pyxidium tardigradum Van Der Land, 
1964, providing the first data on the genetic variability (based on ITS1 and 
ITS2 gene sequences) among individuals of two populations from 
different European countries, and on its phylogenetic position inside the 
Peritrichia utilizing the 18S and 5.8S nuclear ribosomal genes. 
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In September 2007 tardigrades became the first animal in the history to 

survive the combined effect of exposure to space vacuum, cosmic 
radiation, and ultra-violet radiation in low Earth orbit. The main results 
from this experiment were reported in 2008, but some of the results have 
remained unpublished. Here we report that no delayed effects of the 
exposure to space could be detected in the descendants (up to F3 
generation) of space exposed Milnesium tardigradum. This indicates that 
individual tardigrades that survived the damage induced by environmental 
agents in space, and were able to reproduce, did not transfer any delayed 
damage to later generations. Repair of environmentally induced damage 
may therefore follow a “make or break” rule, such that a damaged animal 
either fails to repair all damage and dies, or repairs damage successfully 
and leaves no mutations to descendants. We also provide previously 
unreported data on two tardigrade species, Echiniscus testudo and 
Ramazzottius oberhaeuseri, that showed high survival after exposure to 
space vacuum and cosmic radiation within the TARDIS experiment. 
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TARDIGRADES TAKEN FROM SOIL AND ROCK MOSS SAMPLES 
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Tardigrades from Turkey are almost unknown. 50 tardigrade species 

which are belonging to 17 genera were identified until now and, though 
there are 11 studies regarding this matter. To contribute to the Tardigrada 
fauna of Turkey, the terricolous and saxicolous moss samples were 
collected (Safranbolu, Karabük/Turkey) and these samples were deposited 
in Bülent Ecevit University, Bryophyte Herbarium (ZNG). The samples 
were identifed as Hylocomium splendens (Hedw.) Schimp. and 
Eurhynchium striatum (Hedw.) Schimp. (terricolous) in October 2013, 
Homalothecium lutescens (Hedw.) H.Rob. and Ctenidium molluscum 
(Hedw.) Mitt. (saxicolous) in March 2014. A total of 28 specimens and 2 
eggs of 9 tardigrade species were isolated from these mosses. All samples 
were mounted on microscopic slides in Hoyer’s medium, 2 adults and 1 
egg were prepared for SEM analysis, following the protocols by Guidetti 
et al. (2000, Acta Zool., 81: 27-36). Observation and measurements were 
made using phase contrast microscopy (Zeiss Axio Imager M1) and SEM 
(JEOL JSM-6060 LV). Species were identified by identification keys and 
original descriptions or redescriptions (published articles). All specimens 
are deposited in the Aquatic Animals Research Laboratuary at Ankara 
University. 
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TECHNIQUES AND RESOURCES FOR THE MOLECULAR,  
CELL BIOLOGICAL AND GENETIC ANALYSIS  

OF TARDIGRADES 
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We have developed a number of techniques and resources for studying 
tardigrades. In an effort to make these techniques and resources more 
accessible and to advance tardigrade research, we have made them 
publicly available. We will present an overview of our latest developments 
as well as how researchers can access our protocols and other resources.  

Molecular biology techniques: We have developed techniques for the 
large-scale extraction of RNA, DNA, and proteins from tardigrades and 
for performing PCR and RT-PCR on single tardigrades. 

Cell biological techniques: We have developed protocols for 
immunolabeling, alkaline phosphatase staining, and in situ hybridization. 

Reverse genetics: We have developed an RNA interference technique to 
allow for the targeted disruption of tardigrade gene function. 

Other techniques: We have adapted Bob McNuff’s original culturing 
technique for large-scale preparations as well as developed methods for 
long-term cryopreservation of the tardigrade Hypsibius dujardini. 

To facilitate the exchange of techniques between tardigrade labs we will 
be present at our poster to provide an overview of the experiments and 
results we have obtained using these techniques and resources, as well as 
to answer any question you may have about how to best incorporate them 
into your research. We hope to hear from you about techniques you are 
developing or ideas you have for improving existing protocols and 
resources. 
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MILNESIUM DOYÈRE, 1840  
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With a constantly increasing number of Milnesium Doyère, 1840 species 

and with many newly described taxa being established solely on the basis 
of morphometric traits, the accuracy and standardisation of morphometrics 
in the genus has never been so important. Given that the buccal tube 
dimensions are one of the key morphometric traits used for species 
differentiation and identification and because in the past some researchers 
have hypothesised that pressure exerted by the cover slip may affect the 
measurements of the tube, we decided to address this issue experimentally 
using a clonal laboratory strain of Milnesium cf. alpigenum. In the first 
experiment, we have subjected both juveniles (with buccal tubes ca. 20 
µm in diameter) and mature, third instar females (with ca. 40 µm wide 
buccal tubes) to five experimental regimes of increasing pressure exerted 
by the cover slip. In each of the regimes at least 15 individuals of each of 
the two instars were mounted. After the slides have dried, they were sealed 
with nail polish and then the buccal tubes were measured under a phase 
contrast light microscope. The goal of the second experiment was to 
identify the most optimal preparation technique that would allow to obtain 
fully stretched but at the same time intact Milnesium specimens mounted 
on microscope slides. To achieve this, we employed a full two-factorial 
design with the temperature (animals killed by a 15 min exposure to 60˚C 
vs live untreated animals) and cover slip pressure (cover slip gently 
pressed until the specimen is stretched vs cover slip not pressed) as the 
independent factors, body length as the dependent variable (measure of 
specimen quality) and buccal tube width as the control variable (measure 
of specimen distortion). Finally, we discuss the methodology of 
problematic measurements of the buccal tube and claws in the genus 
Milnesium. 
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BRAZILIAN LIMNOTERRESTRIAL TARDIGRADES: 

NEW OCCURRENCES AND SPECIES CHECKLIST UPDATES 
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Taxonomic inventories of limno-terrestrial tardigrades in Brazil began in 

the 1930s and were constantly updated up to the early 1950s. Except for 
rare communications made in scientific meetings, 60 years passed by 
without any new record of tardigrades in the country. In 2010, we carried 
out studies in the state of Pernambuco and identified tardigrades of six 
species, five genera, and four families: Pseudechiniscus novaezeelandiae 
aspinosa Iharos, 1963; Milnesium tardigradum tardigradum Doyère, 1840 
(amended by Michalczyk et al., 2012, Zootaxa 3393: 66-68); 
Doryphoribius flavus (Iharos, 1966); Macrobiotus harmsworthi 
harmsworthi Murray, 1907; Macrobiotus hufelandi hufelandi C.A.S. 
Schultze, 1834 and Minibiotus aculeatus (Murray, 1910). This is the first 
record of Doryphoribius flavus for Brazil. We examined moss samples 
from tree trunks in the campus of the Federal Rural University of 
Pernambuco (8°00’ S; 34°08’ W), from which we collected and identified 
tardigrades under an optical microscope using pictorial keys. To update the 
list of Brazilian tardigrades we used all publications from the 1930s to the 
1950s, which were compared to the global list of tardigrades. The revision 
of the original list of species recorded in Brazil led to little modification, 
including two species that were invalidated (Echiniscus fisheri and 
Macrobiotus sawayai) and two that were reclassified: Isohypsibius augusti 
was transferred to the genus Thulinius (T. augusti Murray, 1907) and 
Macrobiotus julietae was transferred to the genus Minibiotus (M. julietae 
de Barros, 1942). Summing the current results to those of previous 
publications we reached a total of 61 limno-terrestrial tardigrade species 
known for Brazil. 
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In Brazil, studies on marine tardigrades began with Marcus (1946), but 

until 2006 there were only eight species recorded for the country: 
Batillipes mirus Richters, 1909; Batillipes pennaki Marcus, 1946; 
Batillipes tubernatis Pollock, 1971; Chrysoarctus briandi 
Renaud-Mornant, 1984; Orzeliscus belopus Marcus, 1952; Opydorscus 
fonsecae Renaud-Mornant, 1990; Tanarctus heterodactylus 
Renaud-Mornant, 1980; and Echiniscoides sigismundi Schultze, 1865. 
Since 2006, the Federal Rural University of Pernambuco (UFRPE) has 
developed studies on the coast and continental shelf of northeastern Brazil 
and in the archipelago of São Pedro and São Paulo, which led to an 
increase in the number of recorded species to 27, as reported in the 12

th
 

International Symposium on Tardigrades (2012). Since then, other species 
have been identified and added to the checklist of Brazilian marine 
tardigrades: Archechiniscus minutus Grimaldi de Zio & D'Addabbo Gallo, 
1987; Coronarctus stylisetus Renaud-Mornant, 1987; Coronarctus tenellus 
Renaud-Mornant, 1974; Pleocola limnoriae Cantacuzène, 1951; 
Styraconyx nanoqsunguak Kristensen & Higgins, 1984; Tholoarctus 
natans natans Kristensen & Renaud-Mornant, 1983; Tanarctus diplocerus 
Fujimoto, Miyazaki & Suzuki, 2013; and Anisonyches diakidius Pollock, 
1975. Hence, there has been a considerable advancement in the taxonomy 
of this group in Brazil, and 35 species of marine tardigrades are currently 
recorded for the country. 
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Aiming to assess the effect of trampling on the community of tardigrades 

associated with macroalgae in a reef and the recovery capacity of this 
community, we delimited three areas on Porto de Galinhas Beach, 
Pernambuco, northeastern Brazil (8º30’26” - 8º30’41” S and 34º59’52” - 
34º59’55” W), where we carried out an experiment. In each area we 
delimited three sampling sites. Within each area we assigned a treatment 
for each site. The treatments corresponded to three intensity levels: no 
trampling (control), 32 treads (low intensity), and 79 treads (high 
intensity) per day, at low tide. We collected the samples before the 
experiment, immediately after trampling, and one, two, and three months 
after the experiment, in order to assess community recovery. During three 
days, the sampling sites received the following trampling intensity: a total 
of 96 treads in the low intensity site and 237 treads in the high intensity 
site, based on estimates of local tourist flow. Approximately 90% of the 
tardigrades collected belong to the species Archechiniscus minutus 
Grimaldi de Zio & D'Addabbo Gallo, 1987, and the others were 
distributed among Styraconyx nanoqsunguak Kristensen & Higgins, 1984 
(9%); Pseudostygarctus sp. McKirdy, Schmidt & McGinty-Bayly, 1976 
(1.04%); Halechiniscus Richters, 1908 (0.69%); Dipodarctus subterraneus 
(Renaud-Debyser, 1959) (0.04%); Anisonyches diakidius Pollock, 1975 
(0.14%); Florarctus hulingsi Renaud-Mornant, 1976 (0.29%); and 
Batillipes pennaki Marcus, 1946 (0.04%). Our results point to significant 
differences in the density of tardigrades and macroalgae. The immediate 
effect of experimental trampling on the tardigrade community was a 
tendency to reduce population density proportionally to the stress level: i.e. 
high-intensity trampling led to stronger reduction, and low-intensity 
trampling led to lower reduction. Community recovery to the original 
levels was already observed in the first month after stress, probably as a 
result of the short life cycle of tardigrades. 
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Acutunctus antarcticus belongs to the monophyletic genus in the family 

Hypsibiidae. It is a very frequent species on Sub-Antarctic and Maritime 
Antarctic archipelagos. Moreover, it is also a dominant species in most of 
the habitats on continental Antarctica. 

The aim of this research was to examine intra- and interpopulation 
variation of the morphological quantitative traits in the few Antarctic 
populations of A. antarcticus. Specimens of A. antarcticus were collected 
from tens different localities on the Antarctic continent, Southern Victoria 
Land (Ross Sea region). 

All the populations were examined to see if the morphometrical 
differences among individuals from distant populations were larger than 
between specimens of a populations of slightly away from each other. For 
the analyses we measured: length of the body, buccal tube, macroplacoids, 
distance of stylet support insertion points, external and internal width of 
buccal tube, internal and external claws.  

After analysis of the intra- and interpopulation variability within the 
measured features, the statistically significant differences between some 
populations were identified. According to the modern trends in 
tardigradology, such differences should be considered as species specific 
and these populations should be considered as separate (cryptic?) species. 
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Two new species of Eutardigrada were found in supralittoral lichens, 

Flavoparmelia soredians and Xanthoria parietina, growing on rocky 
shores at three localities of the Atlantic coast of the Iberian Peninsula, San 
Ciprian (North of Spain), Madalena (North of Portugal) and Cascais 
(Center of Portugal). One of the new species, found in high densities in 
San Ciprian, belongs to the genus Ramazzotius. The pattern of the dorsal 
sculpture and the egg morphology are the key diagnostic characters to 
distinguish the majority of the species of this genus. The new species has 
the dorsal cuticle sculptured with small tubercles, similar to R. 
oberhaeuseri, the type species of the genus. It can be distinguished from 
that and all the other known Ramazzottius species with the same type of 
cuticular sculpture by the peculiar reticulation of the egg shell and shape 
of the egg processes and also by some morphometric characters. The other 
new species was found in Cascais. This new species, with two 
macroplacoids and microplacoid and eggs with processes in the shape of 
inverted goblets, belongs to the Macrobiotus hufelandi group. In having 
the egg shell smooth, it can be included in the Macrobiotus persimilis 
subgroup. The new dioecious species, differs from all the other six species 
of the M. persimilis subgroup by some morphometric characters (claws 
and buccal apparatus) and by the number, dimension and shape of the egg 
processes. Milnesium tardigradum Doyère, 1840, and Ramazzottius sp. 
(eggs were not found preventing an identification to the species level) 
were associate eutardigrade species present in all the three localities. In 
Madalena a Minibiotus and another Macrobiotus species of the M. 
hufelandi group (eggs were lacking in both cases) were also recorded.  
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The genus Mesocrista Pilato, 1987 comprises currently only two species, 

of which the nominal Mesocrista spitsbergensis (Richters, 1903) has been 
reported from numerous localities in the Holarctic. Both species were 
originally described as Diphascon, and the genus Mesocrista was 
established because these species exhibit uniquely shaped apophyses for 
the insertion of the stylet muscles and stylet furcae. The current taxonomic 
position of the genus within the family Hypsibiidae and the subfamily 
Itaquasconinae is based solely on the morphological traits of claws and 
buccal apparatus as detected by light microscopy. Here, we provide first 
ever DNA sequences for the genus Mesocrista (18S rRNA, 28S rRNA and 
ITS-2) isolated from two geographically distant (over 600 km apart) 
populations in southern and northern Poland, which allowed us to pinpoint 
the position of the genus in the hypsibiid phylogenetic tree and identify its 
closest affinities. Moreover, we also provide first ever Scanning Electron 
Microscope images of Mesocrista individuals, their cuticle, claws and 
buccal apparatuses (isolated by the sodium hypochlorite extraction 
method), which facilitated a more detailed diagnosis of the genus. 
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In 1834 the German privy medical councillor and professor of anatomy 

and physiology C.A.S. Schultze (1795-1877) published two articles (of a 
total of four articles concerning tardigrades) of largely the same content 
about Macrobiotus hufelandi. One article was written in German, the other 
in Latin. Schultze dedicated this species to his distinguished contemporary, 
the famous medical health guru Christoph Wilhelm Hufeland (1762-1836), 
author of the much-read book “Makrobiotik oder die Kunst das 
menschliche Leben zu verlängern” (Macrobiotic or the art to prolong the 
human life) on the occasion of the 50

th
 anniversary of the conferral of the 

doctorate for Hufeland. Both these articles describe this tardigrade as an 
entirely new crustacean and include experiments on anhydrobiosis. 
However, Schultze does not take account of any other study on tardigrades 
except for the observations and experiments of the Italian universal 
scholar Lazzaro Spallanzani (1729-1799). New information about the 
author, who was not a “tardigradologist” sensu stricto (as nearly all 
researchers working with tardigrades at that time), the analysis of the 
illustration included, some literal statements from the articles, a brief look 
at the honoured person, and at people who disagree with Schultze 
interpretation such as the physician, geologist and zoologist Christian 
Gottfried Ehrenberg (1795-1876) highlight an important episode in the 
history of tardigradology. 
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Gelsolin is a ubiquitous protein in muscle and non-muscle cells 

throughout the animal kingdom modulating the polymer state of actin. It is 
characterized (as the other proteins of the gelsolin superfamily) by the 
presence of a various number of consecutive so-called gelsolin homology 
domains (GH). From the cDNA of the onychophoran species Peripatoides 
sp. we obtained the complete coding sequence of gelsolin. The 
onychophoran sequence comprises six GH domains G1-G6, as was also 
described for most arthropods species and chordates. The analysis of data 
from TardibBase reveals that the gelsolin of Hypsibius dujardini and 
probably other tardigrade species has only three GH domains (G1-G3). 
This number was also found in slime moulds, plathelminthes, annelids, 
and molluscs, whereas the gelsolin of the nematode Caenorhabditis 
elegans consists of four GH domains (data from GenBank). We suggest 
that the six domains in Onychophora and Arthropoda have been developed 
by gene duplication probably due to functional demands, whereas three 
domains represent a basic character. 
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Ramazzottius varieornatus shows extraordinary tolerance against 

radiation and survives even after 4,000 Gy of 
4
He irradiation. High dose 

radiation usually cause severe damages on DNA and thus, there should be 
efficient mechanisms to protect DNA from radiation stress and/or repair 
radiation-induced DNA damages in the organism. The molecular 
mechanisms, however, remain totally unknown. 

Previously, we identified a novel chromatin protein from R. varieornatus, 
as a candidate protein involved in DNA protection and/or repair of 
radiation-induced DNA damages. We designated this protein as Damage 
suppressor (Dsup). Dsup showed no similarity with any known proteins or 
motifs. Here, we revealed that Dsup directly bound to DNA in vitro and 
C-terminal region was responsible for this binding activity. Dsup-GFP 
fusion protein showed co-localization with nuclear DNA when expressed 
in mammalian cells. To examine the involvement of Dsup in 
radiation-resistance, we established mammalian cell lines stably 
transfected with Dsup. When irradiated with 5 Gy of X-ray, 
Dsup-expressing cells showed about 50% reduction of DNA fragmentation 
compared to the parental cell lines in neutral comet assay (single cell 
electrophoresis to visualize fragmented DNA). We also examined the 
number of γ-H2AX foci (a marker of the DNA breaks) after X-ray 
irradiation. As a result, Dsup-expressing cells, again, showed reduction 
compared to parental cells, and these reductions disappeared by 
knockdown through introduction of shRNA against Dsup.  
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These results indicated that the expression of Dsup is partly sufficient for 
suppression of DNA damages induced by X-rayradiation. To test whether 
Dsup could also improve cell viability after irradiation, we measured the 
metabolic activity and counted the cell number. Dsup-expressing cells 
showed higher metabolic activity than those of parental cells in irradiated 
condition as well as non-irradiated condition, and improvements of the 
activity is more evident in irradiated conditions. At 10 days after 
irradiation, Dsup-expressing cells showed increase in cell number, in 
contrast to their parental cells, which completely lose the proliferative 
ability. These results suggested that introduction of Dsup improved the 
radiation resistance of mammalian cells. The novel DNA-binding protein, 
Dsup, could play important roles in the protection of DNA from radiation 
stress and potentially in radiation-tolerance of R. varieornatus. 
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Studies of the phylogenetic position of eutardigrade species are mainly 

based on the morphology of the leg claws and of the buccal apparatus. The 
genus Apodibius consists of three species that lack the claws, which makes 
the structure of the buccal apparatus the sole morphological character 
available for systematic classification. Some years ago, one of the 
Apodibius species, the type species A. confusus, was found in huge 
quantities in the soil substrate of a post-mining site in Germany. This 
allowed us to collect material for molecular studies and a redescription of 
the species. Analysis of 18S and 28S rRNA sequence data then indicated 
the location of A. confusus within the family Isohypsibiidae and near the 
genus Isohypsibius Thulin, 1928 (Dabert et al., 2014, Mol. Phyl. Evol., 
doi.org/10.1016/j.ympev.2013.09.012). From its buccal apparatus with a 
prominent ventral lamina, on the other hand, A. confusus is very similar to 
the genus Doryphoribius Pilato, 1969. For the latter, however, no 
molecular data is available. First SEM images of the buccopharyngeal 
apparatus of A. confusus are here presented and discussed. 
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The storage cells (storage bodies, body cavity cells) are the only cells 

that move passively in the body cavity of tardigrade. These cells are 
clearly visible in the caudal part of the tardigrades body where they are not 
obscured by the internal organs. Their main function is storing the food 
reserves.  

The storage cells of four species of tardigrades belonging to the order 
Parachela (Isohypsibius granulifer granulifer, Hypsibius dujardini, 
Xerobiotus pseudohufelandi, Macrobiotus polonicus) were analyzed 
during active life using light, fluorescence, scanning and transmission 
electron microscopy and histochemical methods. 

The ultrastructural changes of the storage cells during oogenesis were 
observed in hermaphroditic species I. g. granulifer, parthenogenetic 
species H. dujardini and in female specimens of M. polonicus. During 
process of oogenesis ultrastructure of the storage cells shows their intense 
metabolic activity. They have large nuclei, well-developed cisterns of 
rough endoplasmic reticulum, ribosomes, mitochondria, Golgi complexes 
and non-homogenous spheres of the reserve material. After oviposition 
these cells are small. The amount of the reserve material is small during 
pre-vitellogenesis, increases during early and middle vitellogenesis and 
starts to strongly decrease at the end of vitellogenesis. It suggests that 
storage cells can take part in the synthesis of yolk precursors. No 
differences of the ultrastructure of the storage cells between male and 
female specimens of X. pseudohufelandi were observed. It suggests that 
storage cells do not participate in the yolk synthesis. During starvation the 
amount of the reserve material accumulated in the storage cells strongly 
decreases in all species examined. 
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Several terrestrial tardigrades are capable of tolerating agents that cause 

heavy DNA damage, such as high dosage of heavy ions, ultraviolet lights, 
and gamma rays. Previous studies have reported that stress response 
pathways are important factors of cellular protection, implying that these 
genes might be key factors to survival against such environments. In 
particular, gamma rays are known to generate severe oxidative stress, 
causing devastating damage to DNA, proteins, and other biological 
molecules. To clarify the mechanisms of gamma ray tolerance, we first 
irradiated the tardigrade Ramazzottius varieornatus with gamma rays 
below 1,000 Gy and conducted a survival assay. As a result, we found that 
tardigrades irradiated with 1,000 Gy had a short lifespan, and those with 
an irradiation above 600 Gy had low reproduction abilities, which shows 
consistency with the reports from Horikawa et al. (2006, Int. J. Radiation 
Biol., 82: 843-848). Based on these results, we are currently conducting a 
time-course RNA-Seq analysis on R. varieornatus irradiated with 500 Gy, 
which is just below the LD50 of eggs, in order to understand the response 
to radiation as a system. We estimate that not only genes related to 
oxidative stress response, but several other pathways will be regulated 
after irradiation. 
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There are 197 species and subspecies of marine tardigrades described out 

of a total of 1220 currently known species in the phylum. This includes 
one change to the Degma et al. (2009-2014) checklist for the genus 
Angursa, as discussed here. Thus, marine tardigrades make up only 16% 
of currently known species. The marine tardigrades include all members of 
Order Arthrotardigrada, the genera Echiniscoides and Anisonyches in the 
family Echiniscoididae (order Echiniscoidea) and four eutardigrade 
species in order Parachela (Thulinius itoi Tsurusaki 1980, Halobiotus 
arcturulius Crisp & Kristensen 1983, H. crispae Kristensen 1982, and H. 
stenostomus (Richters 1908)). The eutardigrades are secondarily adapted 
to the marine environment. Marine tardigrades have been described from 
all seas where they are part of the meiobenthos and occur in intertidal and 
subtidal areas down to the abyss (to 4,690 m b.s.l., Thiel 1966). Most 
species are interstitial, but some are algal associates and others are 
associated with barnacles and other invertebrates. 

We reviewed all published reports of marine tardigrades, and we provide 
a comprehensive list of all taxa known throughout the world. We also 
provide an up-to-date taxonomy and a complete bibliography 
accompanied by geographic coordinates, habitat substrate and 
biogeographic comments for each taxon. Additionally, an on-line 
interactive map where all occurrences are shown for each species is 
provided and will be available for display. In conclusion, we list 197 taxa 
and their 1,906 records from 39 oceans and seas and 18 FAO areas. It is 
hoped this work will serve as a reference point and background for further 
zoogeographic and taxonomic studies on marine taxa. 

This work was supported by the Prometeo Project of the Secretariat for 
Higher Education, Science, Technology and Innovation of the Republic of 
Ecuador. 
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The genus Milnesium Doyère, 1840 is known from many localities, from 

the Antarctic through tropical and temperate to the Arctic regions. Since 
the nominal species of genus was recently redescribed many new records 
and species have been reported from numerous localities throughout the 
world. Currently, the genus Milnesium comprises 25 valid taxa. Species in 
this genus are relatively large, with body size ranges usually between 0.5 
and 1.0 mm, with single reports above 2 mm, and inhabit limno-terrestrial 
habitats. All Milnesium species, with their wide and relatively short buccal 
tube followed by a large pharynx without placoids, are considered 
carnivorous, but details of their dietary preferences are very poorly known. 
It has been established that they can feed on rotifers, nematodes, other 
tardigrades and on amoebas. It is also clear that species vary greatly in 
buccal tube shape and width. 

A relationship between the width of the buccal tube and type of preferred 
prey has been recently suggested for two Milnesium species, however no 
definite evidence was provided to support these observations. Milnesium 
argentinum with relatively long and narrow buccal tube had in their gut 
only remnants of rather small and slender rotifers. In contrast, M. beatae 
with relatively short and wide buccal tube was observed digesting of 
rather large and robust tardigrades.  
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Indirectly, similar observations were made for the M. cf. tardigradum from 
Antarctic which has relatively narrow and long buccal tube and seems to 
prefer small and slender prey (small tardigrades, rotifers and nematodes). 
Another member of the family Milnesiidae, Milnesioides exsertum (with a 
very long and thin buccal tube), was also found to have only rotifer 
remnants in its gut, which is probably in agreement with the hypothesis 
that species with long and narrow buccal tube may feed on small and 
slender prey. Nonetheless, neither the Argentinian, Antarctic nor 
Australian observations provide a definitive answer whether the buccal 
tube width indeed has a crucial role in the choice of different types of prey. 

In this study, in order to shed some more light on dietary preferences, we 
analyse the relationship between gut contents and the buccal tube 
morphology of a number of Milnesium species from different populations 
from American, Arctic and European localities. 

This work was supported by the Prometeo Project of the Secretariat for 
Higher Education, Science, Technology and Innovation of the Republic of 
Ecuador. 
  



13
th

 International Symposium on Tardigrada  

Modena, Italy – 23-26 June, 2015 

 

 

 
127 

 

 
ESTIMATING THE IDEAL SAMPLE SIZE  

FOR TARDIGRADE MORPHOMETRY 
 

Paulina Kosztyła
1,2

, Daniel Stec
1
, Piotr Gąsiorek

1
, Witold Morek

1
,  

Klaudia Michno
1
, Krzysztof Zawierucha

3
, Łukasz Kaczmarek

3
,  

Zofia Prokop
2
, Łukasz Michalczyk

1
 

1
Department of Entomology, Institute of Zoology,  

Jagiellonian University, Kraków, Poland 
2
Institute of Environmental Sciences, Jagiellonian University, Kraków, Poland 

3
Department of Animal Taxonomy and Ecology, Faculty of Biology,  

Adam Mickiewicz University, Poznań, Poland 

 
The great majority of tardigrade species descriptions depend solely on 

morphological and morphometric characters, and new species descriptions 
are based on sample sizes ranging from single to dozens of measured 
specimens, with ca. 15 individuals being a commonly accepted standard. 
Despite hundreds of described tardigrade species, no study has ever 
estimated the morphometrically ideal sample size, i.e. a minimal number 
of individuals that need to be measured in order to result in a mean and a 
range that are not statistically different from the global (population) values. 
Here, we attempt to estimate the ideal sample size by utilising an 
extensive data set of over 27,000 absolute and of nearly 23,000 relative 
(the pt index) morphometric measurements for over 3,200 individuals and 
250 eggs of six tardigrade species representing two eutardigrade orders 
(Apochela and Parachela) and four major families (Milnesiidae, 
Hypsibiidae, Isohypsibiidae and Macrobiotidae). For each of the six 
species, the development of 540 clonal individuals, randomly assigned to 
five experimental regimes, was followed on a daily basis from egg to the 
ninth instar. The experimental regimes were designed to reflect key 
environmental factors (temperature and food availability) that are likely to 
vary, and hence affect phenotypes, in natural habitats. The aim of this 
manipulation was to mimic the amount of phenotypic variation found in 
natural populations. After each of eight moulting events, a random subset 
of eight individuals was collected, mounted on microscope slides in 
Hoyer’s medium and measured under a phase contrast light microscope. 
By measuring all mounted individuals we were able to calculate global 
ranges and means for each trait and species, which served as reference 
values in the subsequent analyses. Next, we ran 3,600,000 random 
samplings with replacement for each trait in each species – 10,000 per 
each sample size, which ranged from 1 to 360 (i.e. all measured specimens 
of a given species).  
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This allowed us to identify sample sizes at which the obtained statistic did 
not depart significantly from the population parameter, i.e. estimate the 
number of individuals sufficient to appropriately characterise the 
population from which they were sampled. Thanks to these large-scale 
analyses, we are able to propose practical recommendations for tardigrade 
species descriptions based solely on classical taxonomic methodology. 
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Republic of Macedonia is located in south-eastern Europe in a central 

part of Balkanian Peninsula. Fauna of tardigrades from this region has not 
been extensively studied yet but systematic researches conducted for other 
groups of animals usually resulted in identification of species new to 
science. 

Analysed samples were gathered from two locations – Galicica National 
Park and Lake Ohrid, located in a close proximity. Galicica National Park 
was formed to cover the area of macedonian part of Galicica Mountains – 
a final frontier of range for many plants and animals among which some 
are considered relic or endemic to that region. Ancient Lake Ohrid (2-3 
MA years old) is known as one of the ‘biodiversity hotspots’ due to the 
high abundance of endemic species, as well as from species richness 
overall. 

Samples of mosses and lichens were taken from area of Galicica National 
Park. Only adult specimens of tardigrades were identified and designated 
as representatives of eight species belonging to: Macrobiotus hufelandi 
group, Paramacrobiotus richtersi group, Paramacrobiotus areolatus 
group, Minibiotus sp., Adropion scoticum scoticum (Murray, 1905), 
Diphascon pinguepingue (Marcus, 1936), Milnesium sp. and Echiniscus 
testudo (Doyère, 1840). 

Material taken from Lake Ohrid included samples of algae, epiphytic 
microorganisms and freshwater sponges. All samples were preserved in 
4% formaldehyde. Specimens of Dactylobiotus sp. were found in algae 
sample and specimens belonging to Isohypsibiidae family were found in 
sponge sample. Due to the way and state of preservation more specific 
identification was impossible. However, it is the first note of sponge 
dwelling specimens of Tardigrada. 
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The limno-terrestrial tardigrade fauna of the Philippines is completely 

unknown. In this study, we report the first ever tardigrade isolated from a 
tree moss collected in Diliman, Quezon City, Philippines, and provide an 
integrative description of a eutardigrade species that is new to science. In 
order to obtain an isogenic strain, the extracted tardigrades were 
subsequently cultured on a 2% KCM agar. We then used an integrative 
taxonomy approach to provide as comprehensive description of the 
species as possible. The animals and their eggs were split into three 
groups: (1) to be analysed under light microscope, (2) under scanning 
electron microscope, and (3) to be processed for DNA extraction and 
amplification. The first two techniques allowed us to obtain images and 
morphometric measurements as well as to construct a full verbal 
description of the species, whereas the DNA sequencing of four fragments 
(18S rRNA, 28S rRNA, COI and ITS-2) made it possible to place the new 
species on the macrobiotid phylogenetic tree and provided barcodes for 
future species identification. Both classic and molecular techniques have 
congruently shown that the species belongs to the Macrobiotus 
harmsworthi group and is indeed new to science. 
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Genetic analysis of the pan-Antarctic tardigrade Acutuncus antarcticus 

has revealed conflicting scenarios of little variation (18S RNA) versus 
considerable and long-term population isolation (Cytochrome c oxidase I 
– CO1). Recent molecular work exploring the biodiversity of Antarctic 
tardigrades has provided a CO1 library of populations spanning 
continental Antarctica. We apply a new hybrid ordination/network analysis 
protocol to paired CO1 bases of Acutuncus antarcticus populations. Our 
analysis confirms both the isolation between regional (Larsmann Hills, 
Bunger Hills, Victoria Land, Tanngarden Sør Rondane Mountains) 
populations, but also isolation of highly localised populations within these 
regional centres. While we cannot confirm an origin for these Antarctic 
populations, this novel approach shows evidence of dispersal via ‘stepping 
stones’, particularly within the Trans-Antarctic Mountains of Victoria 
Land. This confirms these Acutuncus antarcticus populations were 
established before the last glacial maximum. 
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In 1873, the first tardigrade was described in America by Packard. This 

tardigrade was collected by Rev. Cross from New Gloucester, Maine and 
described by Packard as Macrobiotus americanus. By 1938, Mathews had 
relegated this taxon to the status of incertae sedis due to insufficient 
information. In this same paper Mathews confused the Maine species with 
a similar second species also described by Packard in the same publication 
(1873). This second species was sent by Prof. Bessey from Ames, Iowa 
and Mathews (1938) listed it as Thulinius augusti. Here we examine the 
tardigrade fauna of New Gloucester, Maine and evaluate possible 
candidates for Packard’s Macrobiotus americanus. Twenty six samples of 
moss, and lichen were collected from sites known to exist in Reverend 
Cross’ lifetime. More than 400 tardigrades were found, identified and 
compared to the sparse taxonomic information given by Packard in 1873. 
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Certain species of tardigrades are renowned for the ability to tolerate 
high radiation doses. Radiation-induced bystander effects – unirradiated 
cells or organisms exposed to irradiated cells or organisms and exhibiting 
symptoms as though they themselves have been irradiated – have yet to be 
reported in tardigrades. We used the eutardigrade species Hypsibius 
dujardini to investigate radiation and radiation-induced bystander effects 
on survivorship. 

To study direct radiation exposure effects, tardigrades were irradiated 
with 3 and 5 kiloGrays (kGy) of gamma radiation. To study 
radiation-induced bystander effects, unirradiated tardigrades were exposed 
to a single irradiated (3 or 5 kGy) individual. Survivorship was monitored 
every 2 days until all individuals had died. 

Direct radiation exposure decreased survivorship, with greater mortality 
at higher radiation levels. Radiation-induced bystander effects, identified 
as decreased survivorship in unirradiated individuals, were observed only 
when exposed to an irradiated individual that had received 5 kGy. 

The eutardigrade species H. dujardini can tolerate high gamma radiation 
levels, with dose-dependent decreases in survivorship. Radiation-induced 
bystander effects were manifested as a threshold response. These findings 
provide supporting evidence that radiation-induced bystander effects have 
detrimental consequences at the organism level. Whether the threshold 
response observed in bystander animals is dependent on the concentration 
or attenuation of a hypothesized signalling molecule is not yet known and 
is currently being investigated. 
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Relatively little is known of the Tardigrada fauna of Argentina, and some 

areas of the country have not been investigated yet. Tardigrades of Salta 
were reported only in the 1980’s by Rossi and Claps (Rev. Soc. Entomol. 
Argentina, 39: 243-250). Salta province is sited on the north-western of 
our country. The sampled area belongs to phytogeographic province of the 
Yungas, where their habitats hosted a very rich and diversified fauna. The 
main goal of the present work was to evaluate and to compare the 
diversity of tardigrades in different environments from urban ones (with a 
high vehicular traffic) to natural areas, passing through rural areas. 
Sampled sites were at 1,100-1,400 m a.s.l. in Salta Province. Samples 
were taken from lichens and mosses growing on bark of trees during la 
rainy season of 2014 (autumn). Samples were treated following the usual 
methodology and specimens and eggs were mounted in 
polyvinyl-lactophenol. Data analysis was performed using the software 
PAST, PC-Ord and R. Two thousand and eighty specimens were collected 
belonging to heterotardigrades (three species of echiniscids) and 
eutardigrades (six species belonging to three families: Milnesiidae, 
Macrobiotiidae, Hypsibiidae) probably some of species are new to science. 
Inventories completeness was of the 100% for the urban (U) and native 
(N) communities, and of the 90% for the rural one (R). This later 
community was 1 and 1.53 times more diverse than N and R, respectively. 
Non-metric multidimentional scaling (nMDS) explained the 63% (axis 1) 
of the total variation, separating the urban community from those of R and 
N (stress=0.14). The IndVal (indicator value) analysis showed that 
Milnesium sp. nov. (54.9% p=0.0022) and Macrobiotus sp.2 (58.7 % 
p=0.0008) were reported as detector species for the urban areas. Regional 
diversity was partitioned into α and β components at different levels, as 
same as the contribution of beta diversity to the regional one. This analysis 
showed that the species replacement was high only for N and R 
communities, with a species loss from rural to urban community. In this 
work, we can conclude that regional biota shows a nested pattern between 
different studied environments with an homogenization process in urban 
areas. This pattern implies an important species loss from the rural to the 
urban environments.  
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Drifting by the action of marine currents is considered one of the main 

causes of tardigrade dispersal. Currents can act as a physical factor 
responsible for either the isolation or mixing populations. Therefore, the 
importance of marine currents in the speciation process of tardigrades 
cannot be neglected. Based on the large scale distribution of Batillipes 
species in the Atlantic basin we tried to obtain information that could 
contribute to understand the speciation process. The interstitial genus 
Batillipes is supposed to be monophyletic and it is composed by 27 
species from which 18 occur in the Atlantic Ocean (including the 
Mediterranean Sea). Taking into account the main Atlantic currents (Gulf 
Stream in the Northern Hemisphere and Benguela Stream in the Southern 
Hemisphere) four regions were considered in this approach, Atlantic 
Northwest (ANW), Atlantic Northeast (ANE), Atlantic Southwest (ASW) 
and Atlantic Southeast (ASE). The Mediterranean Sea (MS), as a 
subregion of the Atlantic Northwest, was also considered. Despite 
different research effort in each region and the scarce information about 
the tardigrade fauna on the African coast (ASE), not considered for 
comparisons among regions, the results show that the composition on 
Batillipes species is much more characteristic of each region than expected. 
The similarity between the north and southern hemisphere is low 
(Mountford Index, MI=0.08). Opposite, in the Northern Hemisphere, the 
ANW and ANE regions are highly similar (MI=0.31). The Mediterranean 
Sea is represented by a peculiar Batillipes fauna, considerably different 
from northern regions (ANW vs MS=0.09; ANE vs MS=0.11). 
Cosmopolitism is rare with only two species (B. mirus and B. pennaki) 
widely distributed while 8 species (44%) are restricted to a particular 
region.  
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Results also suggest that some species were misidentified and that their 
occurrence in a particular region needs to be confirmed, appealing to the 
search of cryptic species. Actually, alerted by these results and based on 
new surveys, four new Batillipes species will be described, correcting 
previous misidentifications.  
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A MARINE TARDIGRADE, ACTINARCTUS CF. NERETINUS,  

FOUND IN SHIMABARA BAY, JAPAN 
 

Atsushi C. Suzuki 
Department of Biology, Keio University School of Medicine,  

Hiyoshi, Yokohama, Japan 

 

Subtidal sediment samples consisted of shelly gravel were collected with 
a Smith-McIntire grab at about 15 m depth of Simabara bay, Japan. 
Arthrotardigrada from these samples comprise at least 14 species in the 3 
Families: Stygarctidae, Halechiniscidae and Batillipedidae. This collection 
includes twenty-five specimens of Actinarctus sp., the first record of this 
genus from Japan. This tardigrade strongly resembles Actinarctus 
neretinus Grimaldi de Zio, 1982 known from submarine caves of 
Mediterranean Sea and Eastern coast of Australia, although the Shimabara 
specimens have slightly fewer numbers of alae around the body. Both of 
the adult and juvenile forms will be shown and compared with those of A. 
neretinus. 
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FEATURES OF TARDIGRADE GAIT 

 

Eisaku Umezaki, Kenta Ochiai 
Department of Mechanical Engineering, Nippon Institute of Technology,  

Saitama, Japan 

 
Tardigrades are microscopic crawlers with body lengths of 100 μm that 

walk on four pairs of stubby, tubular and clawed legs without any joints, 
called the first, second, third and fourth legs. The gait of tardigrades is 
mechanically interesting because it is unusual that such a small 
microorganism walks on four pairs of legs. In this study, the gait of 
tardigrades with different walking speeds was analyzed and the features of 
the gait were investigated. Seventeen tardigrades (Milnesium tardigradum) 
with body lengths between 0.204 and 0.598 mm, which were obtained 
from Miyashiro town (Saitama, Japan), were used as samples. First, 
moving images were taken from the back side of the tardigrades using a 
light microscope. Then, gait diagrams of the first, second and third legs at 
time intervals of 0.1 s were drawn on the basis of the moving images. 
From the gait diagrams, the variations of the number of simultaneously 
swinging legs and the number of legs simultaneously touching the ground 
with time were obtained. These diagrams and variations were compared 
with those for the gaits of insects (wave, ripple and tripod gaits). Finally, 
the movement of the fourth legs, which was different from that of the 
other legs, was investigated using the moving images. The walking speeds 
were in the range of 0.0192 to 0.378 mm/s.  

The results were as follows. The tardigrades tended to have the tripod 
gait for faster walking speeds, the wave gait for slower speeds and the 
ripple gate for intermediate speeds. The number of simultaneously 
swinging legs increased with increasing walking speed, and the number of 
legs simultaneously touching the ground decreased with increasing 
walking speed. The first, second and third legs rotated forward on the 
outside of the body during the swing phase and moved backward in 
parallel to the longitudinal direction of the body during the stance phase. 
The fourth pair of legs simultaneously retracted in the body at the end of 
the swing phase and simultaneously stretched backward at the initial stage 
of the contact phase. After the fourth legs stretched during the contact 
phase, the tardigrades tended to decrease their walking speed and change 
their direction of movement. During the directional change, the third and 
fourth legs supported the body, and the first and second legs were used to 
change the direction of movement. 
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INFLUENCING TARDIGRADE ABUNDANCE IN  
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Tardigrada are well-known inhabitants of extreme environments such as 

deep ocean floors or high-mountain regions. However, the harshest 
ecosystem for water bears are cryoconite holes on the glaciers. Cryoconite 
holes are small water-filled cylindrical, or circular shaped reservoirs 
occurring on the surface of glaciers throughout the world. The aims of this 
study were: a) the estimation of tardigrades number per ml and wet and 
dry mass of cryoconite material, b) calculating the correlation between 
accompanying biota (heterotrophic bacteria and Rotifera) and tardigrades, 
c) calculating the correlation between area and depth of a cryoconite hole, 
altitude asl and tardigrades. Ten samples of cryoconite material were 
collected from the Hans Glacier (Spitsbergen: Svalbard) in August 2014. 
Two species of eutardigrades were isolated from the samples. These are 
Pilatobius recamieri Richters, 1911, and Hypsibius sp. Tardigrades 
abundance was calculated per 1 ml, wet and dry mass of cryoconite 
sediment, amounting up to 168, 104 and 275 specimens respectively.  

Pearson correlation coefficients showed positive correlation between a.s.l. 
and tardigrade abundance. Contrary to expectations, other additional biotic 
factors and abiotic factors were not statistically significant.  

The study shows that, apart from the factors which are being currently 
investigated, there are other aspects determining the abundance of 
tardigrades on glaciers. These may be: the type of sediment, the presence 
of others organisms (algae, ciliates), physicochemical parameters/analytes 
or all of these factors. Thus, the studies emphasize poor knowledge and 
need for research on cryoconite holes tardigrades. 
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4
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Tardigrades are known to inhabit cryoconite holes both in polar as well 

as in mountains glaciers. Some species found in cryoconite holes are 
dark-pigmented. So far, only three dark-pigmented species, all 
representing the genus Hypsibius, have been found in mountain glaciers: 
H. klebelsbergi Mihelčič, 1959 in Alps, and H. janetscheki Ramazzotti, 
1968 and H. thaleri Dastych, 2004 in the Himalaya. We have found the 
dark-pigmented Ramazzottius in eight cryoconite samples from three 
locations, two in the Tien and one in the Qilian Mountains. Using an 
integrative taxonomy approach, we were able to obtain a well-supported 
diagnosis and description of the new species. In addition to classical 
methods (light and scanning electron microscopy), we also amplified three 
DNA fragments (18S rRNA, 28S rRNA and ITS-2), which allowed us to 
identify the phylogenetic position and the closest affinities of the new 
species. 

The new species differs from all other known Ramazzottius taxa by a 
combination of the following morphological traits: intense dark 
pigmentation in adults, fine cuticular sculpture (visible only in SEM), the 
lack of accessory points, and the presence of cuticular bars and lunules 
under claws. 
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