
https://doi.org/10.11646/zootaxa.5156.1.1
http://zoobank.org/urn:lsid:zoobank.org:pub:A69EB824-6FF3-42CE-8C28-EB93503053BE

ZOOTAXA 
ISSN 1175-5326 (print edition)

ISSN 1175-5334 (online edition)

Accepted by S. McInnes: 8 Apr. 2022; published: 27 Jun. 2022

5156

ZOOTAXA

Magnolia Press
Auckland, New Zealand

Zootaxa 5156 (1): 001–238
https://www.mapress.com/zt/

Copyright © 2022 Magnolia Press
Monograph

Echiniscidae (Heterotardigrada) of South Africa

Piotr Gąsiorek1*, katarzyna Vončina1,2, Marcin Bochnak1,3, 
BartłoMiej surMacz1,4, Witold Morek1,5 & łukasz Michalczyk1‡

1Department of Invertebrate Evolution, Institute of Zoology and Biomedical Research, Faculty of Biology, Jagiellonian University, 
Gronostajowa 9, 30-387 Kraków, Poland

2�kat.von@onet.eu; https://orcid.org/0000-0002-3210-0407
3�bochnakmarcinxyz@gmail.com

4�bartek9865@gmail.com; https://orcid.org/0000-0002-1593-6552
5�wmorek@op.pl; https://orcid.org/0000-0003-3547-9755

*Corresponding author. �piotr.lukas.gasiorek@gmail.com; https://orcid.org/0000-0002-2814-8117
‡Senior author. �LM@tardigrada.net; https://orcid.org/0000-0002-2912-4870

mailto:kat.von@onet.eu
https://orcid.org/0000-0002-3210-0407
mailto:bochnakmarcinxyz@gmail.com
mailto:bartek9865@gmail.com
https://orcid.org/0000-0002-1593-6552
mailto:wmorek@op.pl
https://orcid.org/0000-0003-3547-9755
mailto:piotr.lukas.gasiorek@gmail.com
https://orcid.org/0000-0002-2814-8117
mailto:LM@tardigrada.net
https://orcid.org/0000-0002-2912-4870


Gąsiorek Et AL.2  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

Piotr Gąsiorek, katarzyna Vončina, Marcin Bochnak, BartłoMiej surMacz,  
Witold Morek & łukasz Michalczyk
Echiniscidae (Heterotardigrada) of South Africa
(Zootaxa 5156)

238 pp.; 30 cm.

27 jun. 2022

ISBN 978-1-77688-546-6 (paperback)

ISBN 978-1-77688-547-3 (Online edition)

First PuBlished in 2022 By 

Magnolia Press 

P.O. Box 41-383

Auckland 1041

New Zealand

e-mail: magnolia@mapress.com

https://www.mapress.com/zt

© 2022 Magnolia Press

All rights reserved. 

No part of this publication may be reproduced, stored, transmitted or disseminated, in any form, or by any 

means, without prior written permission from the publisher, to whom all requests to reproduce copyright 

material should be directed in writing. 

This authorization does not extend to any other kind of copying, by any means, in any form, and for any 

purpose other than private research use.

ISSN 1175-5326 (Print edition)

ISSN 1175-5334  (Online edition)



south aFrican arMoured tardiGrades Zootaxa 5156 (1) © 2022 Magnolia Press  ·  3

Table of Contents

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Materials and methods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Systematic account . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Phylum: Tardigrada Doyère, 1840  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Class: Heterotardigrada Marcus, 1927 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Order: Echiniscoidea Richters, 1926  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Family: Echiniscidae Thulin, 1928 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Genus: Bryodelphax Thulin, 1928 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.	 Bryodelphax	sp. nov. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Genus: Cornechiniscus Maucci & Ramazzotti, 1981  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.	 Cornechiniscus	madagascariensis Maucci, 1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Genus: Echiniscus C.A.S. Schultze, 1840 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
1.	 Echiniscus	africanus Murray, 1907  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.	 Echiniscus	attenboroughi sp. nov. Gąsiorek, Vončina, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.	 Echiniscus	baius Marcus, 1928 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.	 Echiniscus	blumi Richters, 1903 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
5.	 Echiniscus	capensis sp. nov. Gąsiorek, Vončina, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
6.	 Echiniscus	cavagnaroi Schuster & Grigarick, 1966 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
7.	 Echiniscus	crassispinosus Murray, 1907  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
8.	 Echiniscus	dentatus sp. nov. Vončina, Gąsiorek, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
9.	 Echiniscus	draconis sp. nov. Vončina, Gąsiorek, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
10.	 Echiniscus	gracilis sp. nov. Gąsiorek, Vončina, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
11.	 Echiniscus	imitans sp. nov. Gąsiorek, Vončina, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
12.	 Echiniscus	intricatus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
13.	 Echiniscus	irroratus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
14.	 Echiniscus	latruncularis sp. nov. Gąsiorek, Vončina, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
15.	 Echiniscus	lichenorum Maucci, 1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
16.	 Echiniscus	longispinosus Murray, 1907 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
17.	 Echiniscus	marginatus Binda & Pilato, 1994 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
18.	 Echiniscus	merokensis Richters, 1904 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
19.	 Echiniscus	oreas sp. nov. Gąsiorek, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
20.	 Echiniscus	pellucidus Gąsiorek, Bochnak, Vončina & Michalczyk, 2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
21.	 Echiniscus	perarmatus Murray, 1907 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
22.	 Echiniscus	pusae Marcus, 1928  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
23.	 Echiniscus	regularis sp. nov. Gąsiorek, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
24.	 Echiniscus	scabrocirrosus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
25.	 Echiniscus	scabrospinosus Fontoura, 1982  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
26.	 Echiniscus	setaceus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
27.	 Echiniscus	similaris sp. nov. Gąsiorek, Vončina, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
28.	 Echiniscus	tetraspinosus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
29.	 Echiniscus	tristis Gąsiorek & kristensen, 2018  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
30.	 Echiniscus	virginicus Riggin, 1962. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Genus: Hypechiniscus Thulin, 1928  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
1.	 Hypechiniscus	africanus sp. nov. Gąsiorek, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
Genus: Pseudechiniscus Thulin, 1911 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Subgenus: Meridioniscus Gąsiorek et al., 2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
1.	 Pseudechiniscus	(Meridioniscus)	wallacei sp. nov. Vončina, Gąsiorek, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . . 181
Subgenus: Pseudechiniscus thulin, 1911 in Gąsiorek et al. (2021a)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
2.	 Pseudechiniscus	(Pseudechiniscus)	aquatilis sp. nov. Vončina, Gąsiorek, Morek & Michalczyk . . . . . . . . . . . . . . . . . . . . 189
3.	 Pseudechiniscus	(Pseudechiniscus)	cf. ehrenbergi Roszkowska et al., 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
4.	 Pseudechiniscus	(Pseudechiniscus)	linnaei sp. nov. Vončina, Gąsiorek, Morek & Michalczyk  . . . . . . . . . . . . . . . . . . . . . 201
Incertae sedis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
5.	 Pseudechiniscus	(Pseudechiniscus)	bispinosus (Murray, 1907)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
Diagnostic key to the formally described Echiniscidae recorded to date in South Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
Phylogeny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226



Gąsiorek Et AL.4  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

Abstract

The first publications on the Afrotropical tardigrade fauna date back to the beginning of the 20th century. However, 
the knowledge on the faunal composition, diversity and evolution of African tardigrades, including the speciose family 
Echiniscidae, is still fragmentary. Here, we present an extensive systematic, biogeographic, and ecological survey of 
echiniscid fauna of the southernmost part of the Afrotropical realm. Sampling was conducted in several biodiverse 
regions of South Africa: South African Woodlands and Savannahs, Cape evergreen sclerophyllous forests and scrubs, 
semi-desert karoo, and the afromontane drakensberg and swartberg ranges. the application of tools of integrative 
taxonomy allowed for the identification of 36 distinct echiniscid species grouped in five genera. Among these, as 
many as 19 species representing three genera, are described here as new to science: Echiniscus attenboroughi sp. nov., 
E. capensis sp. nov., E. dentatus sp. nov., E. draconis sp. nov., E. gracilis sp. nov., E. imitans sp. nov., E. intricatus sp. 
nov., E. irroratus sp. nov., E. latruncularis sp. nov., E. oreas sp. nov., E. regularis sp. nov., E. scabrocirrosus sp. nov., 
E. setaceus sp. nov., E. similaris sp. nov., E. tetraspinosus sp. nov., Hypechiniscus africanus sp. nov. (the exarmatus 
group), Pseudechiniscus (Pseudechiniscus) aquatilis sp. nov., P. (P.) linnaei sp. nov., and P. (Meridioniscus) wallacei 
sp. nov. Moreover, E. longispinosus Murray, 1907 and E. perarmatus Murray, 1907 are formally re-described and their 
neotypes are established. Amendments to outdated descriptions of E. africanus Murray, 1907 and E. crassispinosus 
Murray, 1907 are also provided. Species descriptions and redescriptions contain detailed data on ecological preferences 
of species, their ontogenetic variability, sex ratios in gonochoristic/dioecious populations (males are recorded in African 
Echiniscus spp. for the first time), and, finally, on their phylogenetic relationships. The study reveals a diverse echiniscid 
assemblage, dominated by Echiniscus, that overlaps with the hotspots of cape Floristic region, succulent karoo, and 
Maputaland-Pondoland-Albany. According to our phylogenetic analyses, the great majority of South African Echiniscus 
species are endemics and they evolved from several species that colonised the region after the genus had originated (in 
contrast to earlier hypotheses, our work suggests that Echiniscus has the Laurasian rather than the Gondwanan origin). 
The remaining echiniscids found in South Africa represent pantropical or cosmopolitan species.

Key words: Afrotropical realm, biodiversity, biogeography, Echiniscoidea, limnoterrestrial, Tardigrada, taxonomy

Introduction

The southern part of Africa is remarkable because of a wide variety of ecoregions that were often evolving in separa-
tion from the rest of the continent, retaining the Gondwanan heritage of some plant and animal lineages (Gheerbrant 
& Rage 2006). The biogeographic distinctiveness of South Africa (Linder et al. 2012) evinces both in frequent 
cryptic speciation events that took place in isolation from the rest of the continent (Daniels et al. 2009) and in the 
presence of relictual endemic lineages in many organisms (Picker & Samways 1996), which is the reason why South 
Africa is recognised as a global biodiversity hotspot and why conservation of its fauna and flora has been prioritised 
(Cowling et al. 2003; janion-scheepers et al. 2016). Many of residual animal lineages co-evolved with the diversi-
fied plant assemblages that radiated exuberantly in Miocene (Linder 2003; Helme & Trinder-Smith 2006; Matenaar 
et al. 2018). Numerous ecoregions, such as Afromontane forests (e.g. knysna-amatole woods), although being 
small in area, are conservationally invaluable due to the stunning species richness (McDonald & Daniels 2012). 
Especially places characterised by great topographical heterogeneity, such as the Cape Peninsula (Cowling et al. 
1996) harbour exceptional α-diversity, but more homogeneous savannahs, which constitute the largest biome in this 
part of the continent, also contribute to the total animal species richness (Foord et al. 2011).

janion-scheepers et al. (2016) underlined both the scarcity of studies on many animal taxa occurring in South 
Africa, and the generally high levels of endemism characterising groups that have already been subjected to more 
thorough systematic research. For example, well above 50% of Collembola, Ephemeroptera, Oribatida, and Tri-
choptera are recognised as endemic to south africa (Barnard 1932, 1934; niedbała 2006; janion-scheepers et al. 
2015). Also, most likely, the vast majority of post-Gondwanan Peripatopsidae (Onychophora) found there are of an-
cient origin and do not exist elsewhere in the world (Daniels et al. 2016). However, the uniqueness of South African 
microfauna assemblages is usually much less evident, but also less studied. For example, a significant number of Af-
rican rotifer species are cosmopolitan, thus resulting in a weak biogeographic differentiation of this continent (once 
called the “African anomaly”, see Dumont 1983), and notably well below 50% of the South African representatives 
of the classes Bdelloidea and Monogononta are endemic (Sartory 1981; De Ridder 1987). This pattern is consistent 
with freshwater Cladocera (Branchiopoda), of which below 10% are limited to this part of Africa (Smirnov 2008). 
Thus, these figures stand in contrast to some animal clades characterised by a glaring 100% endemicity in South 
Africa (e.g. Tolley et al. 2004; Moussalli et al. 2009; Plisko 2012).
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Tardigrades, the closest relatives of onychophorans and arthropods, belong to a group of poorly studied micro-
invertebrates in South Africa, which is not startling given the insufficient sampling in most parts of the continent 
(jørgensen 2001; Middleton 2003; Mcinnes et al. 2017). The first observations of the phylum in this region of the 
World were provided by Murray (1907a, 1913), who described seven species from the British Cape Colony. Sub-
stantial contributions were made also by Dastych (1980, 1992, 1993, 2009), who erected two new genera (Calcaro-
biotus and Paradiphascon), and described Ramazzottius szeptycki, the first ramazzottiid species known to exhibit 
dorsolateral gibbosities. Other studies dealt with single species found in Tsitsikamma Mountains (Binda 1984; 
Pilato et al. 1991), drakensberg (kaczmarek et al. 2006), the table Mountain (tumanov 2020a), or kwazulu-
Natal and Swaziland regions (Meyer & Hinton 2009; Meyer et al. 2018). Most recently, a preliminary analysis of 
apochelan tardigrades extracted from the same South African samples as analysed in the present study indicated the 
presence of at least ca. 24 Milnesium species, including 18 potentially endemic (75%), in the region (Morek et al. 
2021). In other words, no comprehensive survey of tardigrade fauna has been conducted in South Africa, rendering 
the discovery of new species in this region almost certain.

Therefore, we extensively sampled (ca. 550 moss and lichen samples) several ecoregions in South Africa in 
search of heterotardigrades to perform a diversity survey along the lines of Dastych (1988). Our study reveals a total 
of 36 heterotardigrade species, representing five genera, from South Africa, of which more than a half (20 spp.) 
are also new to science. New species are described by means of integrative taxonomy and the data are also used 
to elucidate echiniscid phylogeny and geographic distribution, including niche modelling for some of the analysed 
species. Finally, new genetic data provided novel clues aiding the resolution of relationships within Echiniscus, Hy-
pechiniscus and Pseudechiniscus, and they shed some light on the geographic origin of the genus Echiniscus. The 
study illustrates the grave lack of basic knowledge about diversity of tardigrades inhabiting tropical and subtropical 
areas of the world.

Materials and methods

Sample collection and specimen preparation
Tardigrades were extracted from samples collected in 42 localities distributed throughout the Republic of South 
africa, specifically in three provinces: Western cape, eastern cape, and kwaZulu-Natal (see Fig. 1 for exemplary 
sampled locales, Fig. 120A for sampling results, and Supplementary Material 1 for collection details). Additional, 
extra-African samples with Echiniscus perarmatus are also listed in SM1. The air-dried samples, stored in paper en-
velopes, were rehydrated in water for 6–12 hours, and the obtained sediment was poured into Petri dishes to search 
for microfauna under a stereomicroscope with dark field illumination. Individuals isolated from the samples were 
used for the following analyses: imaging under light contrast microscopy (LCM: morphology and morphometry), 
imaging under scanning electron microscopy (SEM), DNA sequencing (integrative species delineation and mo-
lecular phylogenetics). If a sample contained hundreds of echiniscids, they were frozen in a vial and kept in freezer 
for further investigation. type and neotype series were divided between four tardigrade collections: at the jagiel-
lonian university (Poland), university of catania (italy), natural history Museum of denmark (accession numbers: 
NHMD921535–65), and the South African Museum (Cape Town, RSA).

Microscopy and imaging
Individuals for light microscopy and morphometry were either first air-dried on microscope slides, and then mount-
ed in a small drop of Hoyer’s medium (for medium-sized and large echiniscids, i.e. >200 μm in body length), or 
directly mounted in Hoyer’s medium and slightly diluted in distilled water (for small echiniscids, i.e. <200 μm in 
body length) to achieve an optimal relaxation of animals, and then examined under an Olympus BX53 light micro-
scope with phase (PCM) and Nomarski contrasts (NCM), associated with an Olympus DP74 digital camera. For 
the purpose of SEM observations, living animals were relaxed in a hot water bath in a glass cube, dehydrated via 
ethanol/acetone series, then subjected to CO2 critical point drying, and finally sputter coated with a thin layer of 
gold. specimens were examined under high vacuum in a Versa 3d dualBeam scanning electron microscope at the 
atoMin facility of the jagiellonian university, kraków, Poland. all figures were assembled in corel Photo-Paint 
X7. For deep structures that could not be fully focused in a single light microscope photograph, a series of 2–12 
images was taken every ca. 0.1 μm and then assembled into a single deep-focus image.
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FIGURE 1. Exemplary collecting sites and type localities (echiniscid species found in given localities are listed in brackets): 
a—Bain’s kloof Pass (E. attenboroughi sp. nov., E. dentatus sp. nov., E. draconis sp. nov., E. gracilis sp. nov., E. irroratus 
sp. nov., E. lichenorum, E. longispinosus, E. setaceus sp. nov., E. virginicus), B—Cape of Good Hope (E. capensis sp. nov., 
E. dentatus sp. nov., ), C—Garden Castle Nature Reserve, Drakensberg (E. baius, E. blumi, E. cavagnaroi, E. imitans sp. nov., 
E. longispinosus, E. oreas sp. nov., E. pellucidus, E. regularis sp. nov., E. scabrospinosus, E. virginicus, H. africanus sp. 
nov., P. aquatilis sp. nov., P. cf. ehrenbergi, P. wallacei sp. nov.), D—Giants Castle Nature Reserve, Drakensberg (C. mada-
gascariensis, E. africanus, E. baius, E. blumi, E. draconis sp. nov., E. imitans sp. nov., E. intricatus sp. nov., E. lichenorum, 
E. longispinosus, E. oreas sp. nov., E. pellucidus, E. perarmatus, E. regularis sp. nov., E. scabrospinosus, E. tetraspinosus sp. 
nov., E. tristis, E. virginicus, P. cf. ehrenbergi, P. wallacei sp. nov.), e—jonkershoek nature reserve (C. madagascariensis, 
E. dentatus sp. nov., E. gracilis sp. nov., E. irroratus sp. nov., E. latruncularis sp. nov., E. longispinosus, E. merokensis, 
E. scabrospinosus, E. setaceus sp. nov., P. cf. ehrenbergi, P. wallacei sp. nov.), F—Swartberg (E. attenboroughi sp. nov., 
E. dentatus sp. nov., E. draconis sp. nov., E. imitans sp. nov., E. lichenorum, E. longispinosus, E. scabrocirrosus sp. nov., 
E. setaceus sp. nov., E. similaris sp. nov.).
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Morphometrics and terminology
all measurements are given in micrometres (μm) and were performed under PcM. structures were measured only 
if they were not damaged and if their orientations were suitable. Body length was measured from the anterior to 
the posterior end of the body, excluding the hind legs. The sp ratio is the ratio of the length of a given structure to 
the length of the scapular plate (Dastych 1999); presented in italics in the text. Claw height was measured from the 
middle of the claw base to the highest point of the branch curvature. Claw spur length was measured as the shortest 
line joining the tip of the spur and its base, i.e. in the medial point between the edges of the spur base. The position 
of claw spurs in relation to claw height was measured from the middle of the claw base to the medial point between 
edges of the spur base. Morphometric data were handled using the Echiniscoidea ver. 1.3 template available from 
the tardigrada register, www.tardigrada.net/register (Michalczyk & kaczmarek 2013). the t-tests were computed 
for morphometric comparisons of the sexes only if morphometric ranges were overlapping. Measurements of adult 
females of Pseudechiniscus spp. were used in the formulation of differential diagnoses, if not specified otherwise. 
the terminology follows kristensen (1987) and subsequent changes proposed in Gąsiorek et al. (2019a). Body and 
trunk appendage configuration is given according to ramazzotti & Maucci (1983) and amendments by Gąsiorek 
et al. (2017). The term “plate faceting” describes the presence of clearly defined thickened epicuticular ridges that 
join distinct plate surfaces, which are positioned at different angles to each other. The classification of echiniscids 
follows Gąsiorek & Michalczyk (2020a).

Comparative material and redescriptions
During the prepration of differential diagnoses of new species and shortened descriptions of other species, the indi-
viduals of the following species were used for comparisons: Bryodelphax parvulus thulin, 1928 (details in Gąsiorek 
et al. 2020), Cornechiniscus madagascariensis Maucci, 1993 (Gąsiorek & Michalczyk 2020a), Hypechiniscus cata-
ractus Gąsiorek et al., 2021, H. crassus Gąsiorek et al., 2021, and H. exarmatus (Murray, 1907) (Gąsiorek et al. 
2021b, d), Pseudechiniscus suillus (Ehrenberg, 1853) (Grobys et al. 2020). For the purpose of the phylogeny recon-
struction, all Echiniscus s.s. spp. from Gąsiorek et al. (2019a) were provided with the both ITS and COI sequences. 
The detailed collection data/information for other Echiniscus spp. used for comparisons: (1) E. lapponicus Thulin, 
1911 was extracted from a sample collected in the Norvegian province of Finnmark (69°30’22”N, 25°28’16”E; 287 
m asl; 4 km n from karasjok, moss+lichen on a stone, forest; 29.07.2017), (2) E. quadrispinosus Richters, 1902 
was found in a sample from st. ulrich im schwarzwald (47°54’28”n, 7°50’39”e; 596 m asl; lichen from tree trunk, 
forest; 05.2018), (3) a syntype of E. murrayi Iharos, 1969 was examined in the Hungarian Natural History Museum 
in Budapest.

The four Echiniscus species described as new from Africa by Murray (1907a), E. africanus, E. crassispinosus, 
E. longispinosus, and E. perarmatus, lack type series (Morgan 1977) and their descriptions required clarifications 
to meet current standards in tardigrade taxonomy. Although we found all four species in our survey, we establish 
neotype series only for the two latter taxa, as the low sample size did not allow us to obtain DNA barcodes for the 
first two species.

Distribution data, maps and ecological niche modelling
Spatial geographic distributions of species were presented in simplified maps. All available and trustworthy records 
extracted from the literature (after McInnes et al. 2017; Meyer et al. 2018) and those obtained in this survey were 
utilised. Records referring to large geographic entities (e.g. Cape Colony) were discarded as being too imprecise. 
The maps were constructed using the R language for statistical computing (R Core Team 2020) with the package 
‘maps’ (Becker et al. 2013).

We used the ecological niche modelling (ENM) approach to predict the current potential distribution of three 
widely distributed species: E. cavagnaroi, E. perarmatus, and E. scabrospinosus. The ENM was performed with the 
use of Maxent algorithm, ver. 3.4.1103, with the kuenm package (Cobos et al. 2019), in R (R Core Team 2020). To 
eliminate a potential bias of clustered occurrences, the datasets were filtered so that there was only one record per 5 
arc-minute cell for each species. Thus, 15 occurrence records for E. cavagnaroi, 21 records for E. perarmatus, and 
19 records for E. scabrospinosus were used in modelling. We used the bioclimatic variables (Fick & Hijmans 2017) 
available in WorldClim version 2.1106 (http://www.worldclim.com/version2), with a 5-arc-minute resolution, as 
environmental variables for Maxent modelling. Out of 19 available variables, we excluded those that combined 
temperature and precipitation (bio8, bio9, bio18 and bio19), because they displayed artificial discontinuities be-
tween adjacent grid cells in some areas, which could introduce artefacts to modelling (Escobar et al. 2014). From 
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the remaining 15 bioclimatic variables, we removed the highly correlated ones (Spearman rank correlation value 
<|0.85|) and selected those with the highest importance based on jack-knife procedure (regularised training gain) for 
each species. Finally, we used six variables in the ENM: bio2 (mean diurnal range), bio4 (temperature seasonality), 
bio10 (mean temperature of the warmest quarter), bio12 (annual precipitation), bio14 (precipitation of the driest 
month) and bio15 (precipitation seasonality). Based on these variables and randomly selected 60% of occurrence 
records, we created 255 candidate models for each species combining 17 values of regularisation multiplier (0.1–1.0 
at intervals 0.1, 2–6, 8 and 10) and 15 combinations of four feature classes (linear = l, quadratic = q, product = p, and 
hinge = h). Then, all candidate models were evaluated based on the partial ROC approach (Peterson et al. 2008) and 
predictive power of model based on omission rates (Anderson et al. 2003), using the test data subset (40% of species 
records not included in training data). statistically significant models with omission rates ≤10% were selected as the 
best models. Less than 10 best models for each species were selected according to these criteria. For each parameter 
setting selected as the best, we created 10 bootstrap replicates of models with complemental log-log (cloglog) output 
format (Phillips et al. 2017). Models were calibrated and projected using the whole world as a training area and all 
runs were set with 500 iterations and 10,000 background points. Final maps of potential distribution of both species 
were created in QGIS (QGIS Development Team 2020) by averaging all best models.

Genotyping and phylogenetics
DNA was extracted from individual animals following a Chelex® 100 resin (Bio-Rad) extraction method by Cas-
quet et al. (2012) with modifications described in detail in Stec et al. (2015). All specimens were mounted in water 
on temporary slides and examined under PCM before DNA extraction to ensure correct taxonomic identifications. 
Hologenophores, retrieved from extraction vials, and paragenophores (Pleijel et al. 2008) were retrieved from ex-
traction vials, mounted on permanent slides, and are deposited in the Institute of Zoology and Biomedical Research 
in kraków. We sequenced four nuclear and one mitochondrial dna fragments: the small and the large ribosome 
subunit (18S rRNA and 28S rRNA), the internal transcribed spacers 1 and 2 (ITS-1 and ITS-2), and the cytochrome 
oxidase subunit I (COI). All fragments were amplified and sequenced according to the protocols described in Stec 
et al. (2015); primers and original references for specific PCR programmes are listed in Table 1. Sequences were 
aligned using default settings of MaFFt7 (katoh et al. 2002; katoh & toh 2008) under Q-ins-i strategy. uncor-
rected pairwise distances were calculated using MeGa7 with the “complete deletion” (kumar et al. 2016) and are 
enclosed as the Supplementary Material 2. Type DNA sequences are deposited in GenBank (Table 2).

TABLE 1. Primers and references for specific protocols for amplification of the five DNA fragments sequenced in the 
study.

DNA 
fragment

Primer name Primer 
direction

Primer sequence (5’-3’) Primer source PCR 
programme*

18S rRNA 18S_Tar_Ff1 forward AGGCGAAACCGCGAATGGCTC Stec et al. 
(2017)

Zeller (2010)

18S_Tar_Rr2 reverse CTGATCGCCTTCGAACCTCTAACTTTCG Gąsiorek et al. 
(2017)

28S rRNA 28S_Eutar_F forward ACCCGCTGAACTTAAGCATAT Gąsiorek et al. 
(2018a)

Mironov et al.
(2012)

28SR0990 reverse CCTTGGTCCGTGTTTCAAGAC Mironov et al. 
(2012)

ITS-1 ITS1_Echi_F forward CCGTCGCTACTACCGATTGG Gąsiorek et al. 
(2019b) 

Wełnicz et al. 
(2011)ITS1_Echi_R reverse GTTCAGAAAACCCTGCAATTCACG

ITS-2 ITS3 forward GCATCGATGAAGAACGCAGC White et al. 
(1990)ITS4 reverse TCCTCCGCTTATTGATATGC

COI bcdF01 forward CATTTTCHACTAAYCATAARGATATTGG Dabert et al. 
(2008)bcdR04 reverse TATAAACYTCDGGATGNCCAAAAAA

lco1490-jj forward CHACWAAYCATAAAGATATYGG Astrin & 
Stüben (2008)

Michalczyk et 
al. (2012)hco2198-jj reverse AWACTTCVGGRTGVCCAAARAATCA

*—All PCR programmes are also provided in Stec et al. (2015).
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The aligned sequences of nuclear markers for all Echiniscus spp. sequenced to date and of sufficient quality 
and length were processed using GBlocks v.0.91b (castresana 2000) in order to eliminate uninformative gaps, 
with the ‘more stringent’ settings. as a result, GBlocks trimmed all four datasets (18s rrna, 28s rrna, its-1, 
ITS-2) not more than to 62% of the initial alignment length. The sequences were then concatenated in Sequence-
Matrix (Vaidya et al. 2011) to produce the final, 2604 bp long, alignment. Diploechiniscus oihonnae (Richters, 
1903) and testechiniscus spitsbergensis tropicalis Gąsiorek et al., 2018 were used as an outgroup. The COI was not 
implemented in the phylogenetic analysis due to many gaps in the dataset (see Table 2), and because this marker is 
unsuitable in the phylogenetic inference, with the exception of close relationships (e.g. in complexes of species, or 
in monospecific multipopulation studies), which was not the case. Each marker was treated as a separate partition, 
and the models of evolution were chosen using ModelFinder in the Maximum Likelihood (ML) analysis (Cherno-
mor et al. 2016; kalyaanamoorthy et al. 2017), and Partition Finder 2.1.1 in the Bayesian inference (BI) analysis 
(Lanfear et al. 2017), according to the Bayesian Information Criterion. ML topologies were constructed using IQ-
TREE (Nguyen et al. 2015; Trifinopoulos et al. 2016). Strength of support for internal nodes of ML construction 
was measured using 1000 ultrafast bootstrap replicates (Hoang et al. 2018). BI marginal posterior probabilities 
were calculated using MrBayes v.3.2 (Ronquist & Huelsenbeck 2003). Random starting trees were used, and the 
analysis was run for ten million generations, sampling the Markov chain every 1000 generations. An average stan-
dard deviation of split frequencies of <0.01 was used as a guide to ensure that the two independent analyses had 
converged. The program Tracer v.1.3 (Rambaut et al. 2014) was then used to ensure that Markov chains had reached 
stationarity and to determine the correct ‘burn-in’ for the analysis, which was the first 10% of generations. The ESS 
values were >200, and a consensus tree was obtained after summarising the resulting topologies and discarding the 
‘burn-in’. All final consensus trees were viewed and visualised using FigTree v.1.4.3 (available at: https://tree.bio.
ed.ac.uk/software/figtree). Analogous phylogenetic inference was applied to the recently published phylogenies of 
Hypechiniscus and Pseudechiniscus (Gąsiorek et al. 2021a, d), with the exception of the GBlocks trimming.

Data deposition
All DNA sequences are deposited in GenBank, and morphometric data are available as Supplementary Material 3 
and at Tardigrada Register.

Results

Systematic account

Phylum: Tardigrada Doyère, 1840

Class: Heterotardigrada Marcus, 1927

Order: Echiniscoidea Richters, 1926

Family: Echiniscidae Thulin, 1928

Genus: Bryodelphax Thulin, 1928

1.	 Bryodelphax	sp. nov.
Figures 2–5, Tables 3–4

Data Source:
a total of 23 specimens (12 ♀♀, 5 juveniles and 6 specimens of unknown life stage):
• sample za.261: 17 specimens (12 ♀♀ and 5 juveniles on slides) + 6 specimens used for an unsuccesful dna 

sequencing; found together with Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi and P. (Meridioniscus) wal-
lacei sp. nov.



Gąsiorek Et AL.12  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 3). Body 
stubby (Fig. 2–3), slightly yellowish with minuscule red eyes present in live specimens; colours disappeared soon 
after mounting in Hoyer’s medium. Elongated cephalic papillae (secondary clavae, Fig. 2), attached to the head 
cuticle along most of their length (Fig. 4A) and small, elongated (primary) clavae; cirri growing out from bulbous 
cirrophores (Fig. 2, 4A). Cirri A of a moderate size (ca. 25–30% of the body length). Ten weakly outlined peribuccal 
papulae present around the mouth opening (visible only under SEM; Fig. 4A).

FIGURE 2. Habitus of Bryodelphax sp. nov. (PCM, females): A—dorsal view, B—dorsolateral view. Arrowheads indicate sup-
plementary dorsolateral platelets. Scale bars = 50 µm.

Dorsal plates with a simple type of sculpturing, comprising an evident layer of endocuticular pillars visible as 
black dots under PCM, and numerous pores visible as bright dots under PCM (Fig. 2–3, 4B–D). The largest pillars 
distributed in the central and centrolateral portions of the scapular and caudal (terminal) plates (Fig. 2). Mean pore 
density ±SD (N=10 measured specimens): (1) central portion of the scapular plate: 12 ±2 pores/100 µm2, (2) anterior 
portion of the median plate 2: 16 ±3 pores/100 µm2, (3) posterior portion of the paired segmental plate II: 11 ±3 
pores/100 µm2, (4) anterior portion of the caudal plate: 16 ±3 pores/100 µm2. Epicuticular ornamentation or sutures
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FIGURE 3. Habitus of Bryodelphax sp. nov. (SEM, females): A—dorsal view, B—lateral view (empty arrowhead indicates 
papilla iV). scale bars = 50 µm.
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absent. The cephalic plate with a wide funnel-shaped anterior incision, the cervical (neck) plate is barely demarcated 
from the scapular plate, formed only as thin grey belt without pillars (Fig. 2, 4B). The scapular plate rectangular 
(Fig. 2, 4B). Paired segmental plates divided into much narrower anterior and a dominant posterior part by a smooth, 
thin transverse stripe (Fig. 2–3, 4C). The caudal (terminal) plate with longitudinal crests reaching its anterior margin 
(Fig. 2), clearly visible as ridges under SEM (Fig. 3, 4D). Median plate 1 unipartite, whereas median plate 2 divided 
into well-defined parts, with a wide smooth space between them (Fig. 2, 3A, 4C). Median plate 3 bipartite and also 
porous (Fig. 2B, 3A, 4D). Three pairs of supplementary lateral platelets between the scapular and paired segmental 
plates I, between the paired segmental plates I–II, and between paired segmental plate I and the caudal plate (Fig. 
2B, 3B). Within each pair of platelets, the posterior portion may be more porous (Fig. 3B). Ventral cuticle with 
minute endocuticular pillars distributed throughout the whole venter, but ventral plates absent. Sexpartite gonopore 
placed anteriorly to legs iV, and a trilobed anus between legs iV.

FIGURE 4. Head and dorsal sculpturing of Bryodelphax sp. nov. (SEM, females): A—cephalic appendages (arrowhead indi-
cates the stylet protruding through the mouth opening, whereas empty arrowhead points cephalic papilla), B—scapular plate, 
C—paired segmental and median plates, D—caudal (terminal) plate. Scale bars = 10 µm.

Pedal plates i–iii absent, pedal plate iV developed as an irregular thickening in the central portion of the leg 
(Fig. 2a). distinct pulvini on all legs (Fig. 2B). Papilla or spine on leg i absent and a papilla on leg iV present, 
hardly visible under PCM (see Table 3), but obvious under SEM (Fig. 3B). Claws slender and Pseudechiniscus-like. 
claws iV slightly longer than claws i–iii (table 3). all external claws smooth (Fig. 5). all internal claws with acute 
spurs positioned at ca. 1/4 of the claw height and closely adjacent to the claw.



south aFrican arMoured tardiGrades Zootaxa 5156 (1) © 2022 Magnolia Press  ·  15

TABLE 3. Measurements [in µm] of selected morphological structures of the adult females of Bryodelphax sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 12 126 – 157 692 – 836 143 766 8 42
Scapular plate length 12 17.8 – 19.3 –  18.6 – 0.5 –
Head appendages lengths      
     Cirrus internus 12 5.8 – 7.2 30.2 – 40.4 6.4 34.2 0.4 2.9
     Cephalic papilla 11 3.9 – 6.3 20.2 – 35.4 5.1 27.6 0.6 3.8
     Cirrus externus 12 9.9 – 13.7 54.4 – 73.8 12.1 64.8 1.1 5.2
     Clava 7 3.9 – 4.9 20.7 – 26.5 4.4 23.4 0.4 2.1
     Cirrus A 9 34.5 – 42.4 188.5 – 225.5 38.4 204.9 2.7 11.8
     Cirrus A/Body length ratio 9 24% – 31% –  27% – 2% –
Body appendages lengths      
Papilla on leg iV length 2 1.2 – 1.4 6.5 – 7.3 1.3 6.9 0.1 0.6
Claw I heights      
     Branch 12 7.1 – 8.4 38.7 – 45.5 7.9 42.4 0.4 2.2
     Spur 10 1.1 – 1.7 6.0 – 9.2 1.4 7.3 0.2 1.0
     Spur/branch height ratio 10 14% – 21% –  17% – 2% –
Claw II heights      
     Branch 12 7.1 – 8.2 38.8 – 44.8 7.6 40.9 0.4 2.0
     Spur 10 1.1 – 1.7 6.0 – 9.2 1.3 7.2 0.2 1.0
     Spur/branch height ratio 10 15% – 24% –  18% – 3% –
Claw III heights      
     Branch 12 6.7 – 8.3 36.6 – 46.6 7.7 41.1 0.5 2.5
     Spur 11 1.0 – 1.8 5.3 – 9.7 1.3 7.1 0.3 1.6
     Spur/branch height ratio 11 12% – 23% –  17% – 4% –
claw iV heights      
     Branch 12 7.6 – 10.0 41.5 – 56.2 9.0 48.5 0.8 4.2
     Spur 5 1.4 – 1.9 7.7 – 10.4 1.7 9.1 0.2 1.1
     Spur/branch height ratio 5 17% – 21%  –  19% – 2% –

juveniles (i.e. the second instar, measurements and statistics in Table 4). On average smaller, but with no quali-
tative differences with regard to adults.

larvae. unknown.
eggs. up to one round, yellowish egg per exuvia was found.
DNA markers and phylogenetic position. The position remains unknown, because all four DNA markers 

failed to amplify despite the use of numerous primer combinations (this suggests that the genetic material deterio-
rated prior to our analyses).

Geographic distribution. Only reported from a single locality in South Africa (Fig. 120B).
Remarks. This new species belongs to the B. parvulus group, which is taxonomically challenging, especially 

for the lack of an integrative redescription of B. parvulus Thulin, 1928. This African population was compared to 
congeners without the dentate collar on legs iV, but given the lack of dna sequences and vague original description 
of B. parvulus, we refrained from naming the African specimens as a new species.

Raw measurements. Supplementary Materials (SM.03).
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TABLE 4. Measurements [in µm] of selected morphological structures of the juvenile females of Bryodelphax sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 116 – 138 686 – 794 130 755 9 44
Scapular plate length 5 15.5 – 18.8 –  17.3 – 1.2 –
Head appendages lengths      
     Cirrus internus 5 4.3 – 6.5 27.7 – 37.4 5.7 33.0 0.9 4.1
     Cephalic papilla 4 3.2 – 5.0 20.6 – 28.2 4.4 26.0 0.8 3.6
     Cirrus externus 5 9.8 – 11.3 52.1 – 67.1 10.5 61.2 0.5 5.6
     Clava 3 2.8 – 4.2 18.1 – 24.1 3.6 20.8 0.7 3.1
     Cirrus A 5 28.0 – 38.4 180.6 – 219.0 35.7 205.7 4.4 15.0
     Cirrus A/Body length ratio 5 24% – 30% –  27% – 2% –
Claw I heights      
     Branch 5 6.2 – 7.6 36.8 – 41.2 6.9 39.8 0.6 1.7
     Spur 3 1.0 – 1.0 5.6 – 6.5 1.0 6.0 0.0 0.4
     Spur/branch height ratio 3 14% – 16% –  15% – 1% –
Claw II heights      
     Branch 5 5.9 – 7.8 38.1 – 45.9 7.0 40.4 0.8 3.2
     Spur 5 0.9 – 1.4 5.1 – 8.0 1.1 6.1 0.2 1.1
     Spur/branch height ratio 5 13% – 21% –  15% – 3% –
Claw III heights      
     Branch 5 5.7 – 7.5 36.8 – 41.8 6.8 39.5 0.7 1.9
     Spur 5 0.9 – 1.3 5.8 – 7.6 1.2 6.9 0.2 0.7
     Spur/branch height ratio 5 16% – 19% –  18% – 1% –
claw iV heights      
     Branch 5 6.8 – 9.3 43.7 – 49.5 8.0 45.9 0.9 2.4
     Spur 3 1.1 – 1.3 7.1 – 7.6 1.2 7.3 0.1 0.3
     Spur/branch height ratio 3 16% – 16%  –  16% – 0% –

FIGURE 5. Claws of Bryodelphax sp. nov. (females): A—claws II (PCM), B—claws I (SEM). Scale bars in µm.
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Genus: Cornechiniscus Maucci & Ramazzotti, 1981

1.	 Cornechiniscus	madagascariensis Maucci, 1993
Figures 6–8

Data source:
a total of 68 specimens (59 ♀♀ and 9 specimens of unknown instar/sex):
• sample za.228: 65 specimens (47 ♀♀ on slides, 10 ♀♀ on seM stub 18.17, 8 specimens used for dna extrac-

tion); found with Echiniscus pellucidus Gąsiorek et al., 2021.
• sample za.242: 1 specimen (1 ♀ on slide); found with E. blumi and E. virginicus.
• sample za.502: 2 specimens (1 ♀ and 1 specimen of unknown sex on a slide); found with E. dentatus sp. nov., 

E. irroratus sp. nov., E. latruncularis sp. nov. and E. setaceus sp. nov.

FIGURE 6. Habitus of Cornechiniscus madagascariensis Maucci, 1993 (PCM, females): A, B—dorsal view. Black arrowhead 
indicates rudimentary triangular projection on the posterior margin of the pseudosegmental plate iV’, whereas empty arrow-
head—lateral spicule D. Scale bars = 50 µm.
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FIGURE 7. Habitus of Cornechiniscus madagascariensis (SEM, females): A—dorsal view (arrowhead indicates rudimentary 
triangular projections on the posterior margin of the pseudosegmental plate iV’), B—lateral view. scale bars = 100 µm.
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FIGURE 8. Morphology of Cornechiniscus madagascariensis (SEM, females): A—ventral view (evident cuticular grooves 
present), B—claws I, C—spine I. Scale bars in µm.

Literature:
• Original description: Maucci (1993).
• later records: abe & takeda (2000); séméria (2003); Gąsiorek & Michalczyk (2020a).

Shortened description. Massive body with strongly sclerotised dorsal plates (Fig. 6–7). Striae between en-
docuticular pillars may be poorly (Fig. 6A) or well-developed (Fig. 6B), but, irrespectively, only the protruding 
capituli of pillars are visible as epicuticular granules under SEM (Fig. 7). Paired segmental plates undivided by 
transverse stripes; three large supplementary lateral plates on each side of the body (Fig. 6–7). Median plates 1–2 
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bipartite, with very large anterior portions and reduced posterior portions. Median plate 3 large and triangular. Only 
pseudosegmental plate iV’ present, divided by a longitudinal suture. typical projections on the posterior margin of 
the pseudosegmental plate iV’ (Fig. 6B) can be reduced to minute spicules (Fig. 6a, 7a). additional lateral spicules 
in positions C and D may be asymmetrically present (Fig. 6B). Venter with characteristic cuticular wrinkling (Fig. 
8A). Claws spurless (Fig. 8B). Spine I small (Fig. 8C).

DNA markers and phylogenetic position. The sister species of C. lobatus (ramazzotti, 1943) (Gąsiorek & 
Michalczyk 2020a). identical 18s rrna haplotype as for ethiopian individuals (Gąsiorek & Michalczyk 2020a), 
negligible genetic disparities in other markers (p-distance in 28S rRNA = 0.1%, in ITS-1 = 0.5–08%, and in COI = 
0.2%).

Geographic distribution. The available data suggest that C. madagascariensis is widely distributed along the 
coasts of the Indian Ocean (including Madagascar (terra typica), Ethiopia, and South Africa, Fig. 120B), reaching 
the himalayas in the northernmost part of the range (Maucci 1993; abe & takeda 2000; Gąsiorek & Michalczyk 
2020a; present study). In other words, the species inhabits both the Afrotropic and the Oriental realm. Populations 
found in the present study are the southernmost records of this parthenogenetic species, as well as of the genus 
Cornechiniscus.

Remarks. In South Africa, C. madagascariensis was found in samples with seven Echiniscus spp.

Genus: Echiniscus C.A.S. Schultze, 1840

1.	 Echiniscus	africanus Murray, 1907
Figure 9A

Data source:
a total of 1 specimen (1 ♀):
• sample za.214: 1 specimen (1 ♀ on a slide); found with Echiniscus baius, E. oreas sp. nov., E. perarmatus, 
 E. virginicus, Pseudechiniscus (P.) cf. ehrenbergi, Doryphoribius bindae Lisi, 2011, and Ramazzottius szeptycki 

Dastych, 1980.

Literature:
• Original description: Murray (1907a).
• Later trustworthy records: Murray (1913); da Cunha & do Nascimento Ribeiro (1964); Binda & Pilato (1995a); 

Gąsiorek & Vončina (2019).

Shortened description of the specimen found in this study. Body small (160 µm in length) and stubby (Fig. 
9A), dark orange with red eyes in a live specimen (colours disappeared after mounting). Cephalic appendages 
lengths: cirrus internus 14.0 µm, cephalic papilla 6.2 µm, cirrus externus 14.4 µm, primary clava 5.2 µm, and cirrus 
A 29.9 µm. Body appendage formula A-B-C-Cd-Ccd-D-Dd-Dcd-E, all trunk appendages in the form of spines (11.3–
23.6 µm). Four short spicules distributed irregularly along the posterior margin of the scapular plate (3.3–8.6 µm).

Dorsal plate sculpturing of a mixed type under PCM: the scapular and the caudal (terminal) plate with the clear 
blumi-canadensis type, whereas in the remaining plates endocuticular pillars dominate and make the epicuticular 
ornamentation less obvious. Venter with fine uniform endocuticular punctuation, genital plates present.

lengths of leg appendages and claw heights: spine i 3.3 µm, papilla iV 3.9 µm, claw branches 8.3–9.8 µm and 
internal spurs 1.6–1.8 µm. dentate collar iV with eight teeth. Pulvini dim; pedal plates absent.

DNA markers and phylogenetic position. Given that the only individual found in this study was mounted on 
a permanent slide, no DNA analysis was conducted. Consequently, the phylogenetic position of the species remains 
unknown.

Geographic distribution. This extremely rare species, originally described from South Africa, was also re-
ported from other sub-Saharan countries: Angola (da Cunha & do Nascimento Ribeiro 1964), Lesotho (Middleton 
2003), tanzania (Binda & Pilato 1995a), as well as from Madagascar (Gąsiorek & Vončina 2019). in south africa, 
E. africanus was found only in five localities in the interior regions of the country (Fig. 120C).
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FIGURE 9. Emblematic Echiniscus spp. with centrodorsal spines: A—Echiniscus africanus Murray, 1907 (female, black ar-
rowhead indicates one of the centrodorsal spines), B—Echiniscus lapponicus Thulin, 1911 (female). Scale bars = 50 µm.

Remarks. Thulin (1911) hypothesised that Echiniscus lapponicus, described from the Scandinavian Peninsula, 
is related to E. africanus, especially due to the development of unique centrodorsal spines. Nevertheless, both taxa 
are easily morphologically distinguishable by:
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• the type of sculpturing of the scapular and the caudal plate (polygonal pores in E. africanus vs large pillars in E. 
lapponicus, Fig. 9B);

• the morphology of lateral trunk appendages (spines in E. africanus vs short, but flexible cirri in E. lapponicus);
• the presence of pedal plates I–III (absent in E. africanus vs present, with minute endocuticular pillars in E. lap-

ponicus).

If Thulin’s supposition on the close relationship between E. africanus and E. lappponicus is confirmed, the two 
species will constitute a sister clade to three clades of Echiniscus: the granulatus, virginicus-perarmatus, and blumi-
canadensis complexes (Fig. 117).

2.	 Echiniscus	attenboroughi sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:CF9EA7D2-815C-4B08-B58A-43D89C547F7F
Figures 10–12, Tables 5–7

Data source:
a total of 119 specimens (54 ♀♀, 16 ♂♂, 9 juveniles, 1 larva, and 39 specimens of unknown instar/sex):
• sample za.015: 23 specimens (14 ♀♀and 1 juvenile on slides, 3 specimens used for dna extraction, 5 speci-

mens on a SEM stub 19.07); found with Echiniscus draconis sp. nov., E. lichenorum, E. setaceus sp. nov., and 
E. virginicus.

• sample za.022: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov., E. gracilis sp. nov., E. 
irroratus sp. nov., E. lichenorum, E. longispinosus, and E. setaceus sp. nov.

• sample za.436: 62 specimens (27 ♀♀, 16 ♂♂, 7 juveniles, 1 larva and 2 specimens of unknown instar/sex on 
slides, 9 specimens used for DNA extraction, including 5 hologenophores); found with Echiniscus draconis sp. 
nov., E. scabrocirrosus sp. nov., and E. setaceus sp. nov.

• sample za.437: 29 specimens (8 ♀♀ and 1 juvenile on slides, 20 frozen specimens); found with Echiniscus 
draconis sp. nov.

• sample za.442: 3 specimens (3 ♀♀ on slides).
• sample za.479: 1 specimen (1 ♀ on a slide); found with Echiniscus longispinosus.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 5). 
Echiniscus of medium-size, with orange body and red eyes (colour and eyes disappeared soon after mounting in 
Hoyer’s medium). Echiniscus-type cephalic papillae (secondary clavae) and (primary) clavae; cirri growing out 
from bulbous cirrophores (Fig. 10, 11B). The body appendage configuration is A-B-C-Cd-D-Dd-E, with all trunk 
appendages formed as smooth spines. Asymmetries in the development of spines infrequent.

Dorsal plates with a simple pattern of polygonal epicuticular granules (Fig. 10–11), flattened and partially 
merged on the cephalic, cervical and scapular plates, and along the posterior margin of the median plate 2, and more 
prominent and separated on the remaining plates (Fig. 11A–C). Minute pores distributed sparsely and irregularly 
between the granules, with the scapular plate being most porous (Fig. 10A, 11C). Granules in anterior portions of 
median plate 2 and paired segmental plates, and the entire median plate 3 are more elevated and joined by fine striae 
(Fig. 10, 11D). In a single female, the sculpturing was undeveloped and granules merged to form a uniform matrix. 
The cephalic plate large and with a T-shaped anterior incision (Fig. 10). The cervical (neck) plate thin, but clearly 
visible (Fig. 10). The scapular plate large, with additional lateral sutures separating narrow rectangular lateral por-
tions (Fig. 10, 11A–C). Paired segmental plates divided into a smaller, much narrower anterior and a dominant 
posterior part by a smooth, thin transverse stripe (Fig. 10, 11A–B, D). The caudal (terminal) plate with short inci-
sions and connected by a transverse suture (Fig. 10). Median plate 1 unipartite, and median plate 2 bipartite, with a 
poorly sculptured, small anterior portion, and a posterior portion of similar size with regard to m1. Median plate 3 
reduced (Fig. 10B, 11a). Ventral cuticle with minute endocuticular pillars distributed throughout the whole venter 
(Fig. 12a), but ventral plates absent. sexpartite gonopore placed anteriorly to legs iV, and a trilobed anus between 
legs iV.

Pedal plates i–iV present and large, composed of small dark granules and pores (Fig. 10B, 11B). distinct pul-
vini on all legs (Fig. 10B, 11B). A minuscule spine on leg I placed at the margin of pedal plate (Fig. 10B, 11B) and a 
papilla on leg iV present (Fig. 10, 11B). claws iV slightly longer than claws i–iii (table 5). claws large and robust, 
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with thick branches (Fig. 12). All external claws smooth. All internal claws with large spurs positioned at ca. 25% 
of the claw height and bent downwards (Fig. 12).

FIGURE 10. Habitus of Echiniscus attenboroughi sp. nov. (PCM, females): A—holotype in dorsal view, B—paratype in dor-
solateral view (arrowhead indicates minute spine I). Scale bars = 50 µm.
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FIGURE 11. Habitus and dorsal sculpturing of Echiniscus attenboroughi sp. nov. (SEM, sex unidentified): A—dorsal view, 
B—lateral view (arrowhead indicates minute spine I), C—scapular plate, D—segmental plate. Scale bars in µm.
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Mature males and sexually dimorphic traits (i.e. from the second or third instar onwards, see below; measurements 
and statistics in table 6). Beside lower mean body size (♂♂: 180–243 µm, ♀♀: 230–315 µm), only primary sexual 
dimorphism exists (different gonoporal shapes). Qualitatively both sexes are identical.

juveniles (i.e. the second instar, measurements and statistics in Table 7). Qualitatively identical to sexually ma-
ture individuals, beside the lack of gonopore and the lower mean body size compared to females. No morphometric 
gap between adults and juveniles.

larvae. unknown.
eggs. up to four round, yellow eggs per exuvia were found.
DNA markers and phylogenetic position. The sister species of the clade (E. latruncularis sp. nov. + E. sca-

brocirrosus sp. nov.) (Fig. 117). The species closest in COI is E. latruncularis sp. nov. (p-distance = 11.7–11.9%), 
in ITS-1—E. scabrocirrosus sp. nov. (2.3–2.6%), and in ITS-2—E. latruncularis sp. nov. (0.9–1.2%).

Type material. 20 specimens: holotype: mature ♀ on slide za.015.05 (mounted together with 3 ♀♀ and 6 
juveniles of Echiniscus draconis sp. nov., 30 ♀♀ and 4 juveniles of E. lichenorum, 27 ♀♀, 2 ♂♂, 4 juveniles, and 
a larva of E. setaceus sp. nov.); 19 paratypes: 13 ♀♀ and 1 juvenile on slides za.015.01–7, 5 ♀♀ on seM stub 
19.07.

Type locality. 33°34’23.6’’s, 19°08’9.5’’e, 345 m asl: republic of south africa, Western cape, Bain’s kloof 
Pass; fynbos, lichen from a rock. Found together with Echiniscus draconis sp. nov., E. lichenorum, E. setaceus sp. 
nov., and E. virginicus (sample ZA.015).

Etymology. The name honours Sir David Attenborough, a famous English natural historian, who devoted his 
life to popularising biology of a wide range of organisms inhabiting various ecosystems to people throughout the 
World. We would like to express our highest appreciation for the unparalleled quality of his renowned documenta-
ries. A noun in the genitive singular.

Geographic distribution. Only reported from several locations in the Western Cape Province in the Republic 
of South Africa (Fig. 120D).

Remarks. dioecious. juveniles reach the same size as males, thus probably the species is heterochronous (males 
develop directly from larvae). The species was found with nine other Echiniscus spp. in all examined samples.

Differential diagnosis. This species resembles members of the E. virginicus complex by the presence of trunk 
spines and reduced pores in the dorsal plates, but it never exhibits epicuticular ornamentation typical for this group 
(Gąsiorek et al. 2019b). large polygonal epicuticular granules make japanese E. laterosetosus and E. polygonalis 
(Ito 1993) similar to E. attenboroughi sp. nov., but these two species have long lateral cirri, absent in the latter. The 
same sculpturing exists also in E. zetotrymus (Horning et al. 1978; Pilato et al. 2005), but the two species differ 
by the body appendage configuration (A-B-C-Cd-D-Dd-E in E. attenboroughi sp. nov. vs A-(B)-C-Cd-(D)-E in E. 
zetotrymus), and appendages E are filamentous cirri in E. zetotrymus. The new species is phenotypically closest to 
E. egnatiae Durante Pasa & Maucci, 1979 and E. weisseri Maucci 1978, but differs from:

FIGURE 12. Claws of Echiniscus attenboroughi sp. nov. (females): a—claws i (PcM), B—claws iV (seM). scale bars = 10 
µm. The red and green lines show how the claw branch heights and height at which a spur was embedded on a branch were 
measured, respectively.



Gąsiorek Et AL.26  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

TABLE 5. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus attenboroughi 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 230 – 315 414 – 537 279 464 23 31 279 421
Scapular plate length 20 47.3 – 70.2 –  60.3 – 6.2 – 66.2 –
Head appendages lengths      
     Cirrus internus 19 11.2 – 19.9 19.9 – 29.5 15.4 25.6 2.3 2.8 18.0 27.2
     Cephalic papilla 20 8.4 – 11.1 13.4 – 18.2 9.4 15.6 0.8 1.4 8.9 13.4
     Cirrus externus 20 16.2 – 30.0 26.7 – 43.0 22.1 36.7 3.6 4.3 22.9 34.6
     Clava 20 5.8 – 8.0 9.9 – 13.1 7.0 11.6 0.6 1.0 6.7 10.1
     Cirrus A 18 41.0 – 61.8 73.5 – 95.0 49.5 83.2 5.8 6.7 50.6 76.4
     Cirrus A/Body length ratio 18 14% – 21% –  18% – 2% – 18% –
Body appendages lengths      
     Spine B 20 11.8 – 32.3 22.5 – 49.1 24.5 40.4 5.2 6.5 31.4 47.4
     Spine C 20 20.1 – 33.0 32.5 – 52.0 26.7 44.3 3.3 4.4 33.0 49.8
     Spine Cd 20 9.5 – 30.7 15.3 – 48.7 24.3 40.3 4.8 7.1 24.9 37.6
     Spine D 20 20.9 – 33.9 35.7 – 53.5 26.5 44.1 3.3 4.8 30.9 46.7
     Spine Dd 20 13.5 – 25.5 22.6 – 37.7 19.4 32.2 3.0 3.8 19.7 29.8
     Spine E 20 11.5 – 25.0 18.5 – 41.5 17.9 29.7 3.8 5.7 23.1 34.9
Spine on leg I length 18 2.1 – 3.3 3.6 – 5.9 2.7 4.5 0.4 0.6 3.2 4.8
Papilla on leg iV length 19 3.7 – 5.3 6.4 – 8.9 4.4 7.4 0.4 0.7 4.7 7.1
Number of teeth on the collar 19 8 – 16 –  12.7 – 2.5 – 11 –
Claw I heights      
     Branch 20 14.7 – 21.1 25.0 – 32.6 17.4 28.9 1.6 1.8 17.8 26.9
     Spur 16 2.5 – 4.5 4.1 – 6.4 3.1 5.1 0.6 0.6 3.8 5.7
     Spur/branch height ratio 16 15% – 21% –  18% – 2% – 21% –
Claw II heights      
     Branch 20 13.8 – 20.1 25.0 – 31.1 16.8 27.9 1.5 1.4 17.5 26.4
     Spur 18 2.5 – 3.2 3.9 – 5.4 2.9 4.8 0.3 0.5 2.6 3.9
     Spur/branch height ratio 18 15% – 19% –  17% – 1% – 15% –
Claw III heights      
     Branch 20 14.5 – 20.6 25.4 – 31.1 17.0 28.2 1.5 1.5 17.3 26.1
     Spur 18 2.4 – 3.5 3.7 – 5.9 2.8 4.7 0.3 0.5 2.8 4.2
     Spur/branch height ratio 18 14% – 19% –  17% – 1% – 16% –
claw iV heights      
     Branch 20 16.0 – 24.2 29.0 – 37.0 19.7 32.7 1.8 2.0 19.2 29.0
     Spur 13 2.9 – 4.6 5.5 – 6.9 3.7 6.2 0.5 0.4 4.0 6.0
     Spur/branch height ratio 13 16% – 23%  –  19% – 2% – 21% –
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TABLE 6. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus attenboroughi 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 180 – 243 429 – 513 221 480 24 41
Scapular plate length 5 40.8 – 56.7 –  46.3 – 6.1 –
Head appendages lengths      
     Cirrus internus 5 9.8 – 13.2 23.3 – 27.7 11.8 25.6 1.3 2.0
     Cephalic papilla 5 6.7 – 8.9 15.0 – 20.2 8.2 17.8 0.9 2.1
     Cirrus externus 5 15.0 – 20.1 30.2 – 44.1 17.0 37.1 1.9 5.4
     Clava 5 4.7 – 6.8 11.5 – 14.7 6.1 13.1 0.8 1.4
     Cirrus A 5 32.5 – 41.9 73.9 – 84.6 36.6 79.4 3.5 3.8
     Cirrus A/Body length ratio 5 16% – 18% –  17% – 1% –
Body appendages lengths      
     Spine B 5 14.4 – 26.0 35.3 – 49.3 20.5 44.0 4.2 5.3
     Spine C 5 16.5 – 26.3 40.4 – 54.8 22.9 49.3 3.8 5.9
     Spine Cd 5 16.4 – 23.5 40.0 – 53.3 20.9 45.3 3.0 6.0
     Spine D 5 17.1 – 25.8 41.9 – 55.0 22.8 49.4 3.4 5.7
     Spine Dd 5 12.5 – 17.6 28.2 – 36.2 15.0 32.5 2.1 3.1
     Spine E 5 13.4 – 19.5 32.8 – 38.5 16.8 36.3 2.2 2.5
Spine on leg I length 5 1.5 – 3.5 3.4 – 6.2 2.1 4.5 0.8 1.0
Papilla on leg iV length 5 3.1 – 4.1 7.2 – 9.1 3.6 7.8 0.4 0.7
Number of teeth on the collar 5 9 – 13 –  10.6 – 1.8 –
Claw I heights      
     Branch 5 13.0 – 15.2 26.8 – 31.9 14.0 30.4 0.8 2.1
     Spur 5 2.1 – 2.7 4.8 – 6.1 2.5 5.3 0.3 0.5
     Spur/branch height ratio 5 16% – 19% –  18% – 1% –
Claw II heights      
     Branch 5 12.6 – 15.7 27.7 – 31.3 13.7 29.8 1.2 1.5
     Spur 5 2.0 – 2.3 3.7 – 5.2 2.1 4.6 0.1 0.6
     Spur/branch height ratio 5 13% – 17% –  16% – 1% –
Claw III heights      
     Branch 5 12.4 – 15.1 26.6 – 30.4 13.4 29.1 1.0 1.5
     Spur 5 1.9 – 3.2 4.5 – 5.6 2.3 4.9 0.5 0.4
     Spur/branch height ratio 5 15% – 21% –  17% – 2% –
claw iV heights      
     Branch 5 14.4 – 17.2 30.3 – 35.8 15.8 34.4 1.0 2.3
     Spur 2 3.1 – 3.3 6.8 – 7.4 3.2 7.1 0.1 0.4
     Spur/branch height ratio 2 19% – 21%  –  20% – 1% –
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TABLE 7. Measurements [in µm] of selected morphological structures of the juveniles of Echiniscus attenboroughi sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 162 – 249 429 – 488 199 458 35 27
Scapular plate length 5 37.7 – 52.3 –  43.2 – 5.8 –
Head appendages lengths      
     Cirrus internus 4 11.9 – 15.6 28.2 – 31.6 13.0 29.5 1.7 1.6
     Cephalic papilla 5 6.2 – 8.3 15.7 – 19.5 7.5 17.4 0.9 1.9
     Cirrus externus 5 11.1 – 18.7 28.5 – 38.4 15.0 34.7 2.8 3.9
     Clava 5 4.9 – 5.5 10.3 – 14.1 5.3 12.4 0.3 1.4
     Cirrus A 5 26.1 – 45.6 69.2 – 89.2 34.8 80.2 7.2 9.9
     Cirrus A/Body length ratio 5 14% – 20% –  18% – 2% –
Body appendages lengths      
     Spine B 5 13.1 – 20.4 33.7 – 47.7 17.4 40.3 2.7 5.0
     Spine C 5 18.0 – 23.0 40.5 – 51.5 19.9 46.3 2.2 4.6
     Spine Cd 5 9.1 – 22.8 23.4 – 46.2 16.2 37.1 4.9 8.9
     Spine D 5 17.6 – 24.6 44.1 – 50.2 20.4 47.2 2.7 2.2
     Spine Dd 5 10.0 – 18.3 25.7 – 45.1 15.0 34.8 3.3 7.1
     Spine E 5 12.2 – 18.1 27.3 – 42.7 14.5 33.9 2.5 5.6
Spine on leg I length 4 1.9 – 2.4 4.6 – 5.4 2.2 5.1 0.2 0.4
Papilla on leg iV length 5 3.1 – 4.7 7.3 – 9.0 3.6 8.4 0.6 0.6
Number of teeth on the collar 5 7 – 12 –  9.6 – 2.1 –
Claw I heights      
     Branch 5 10.8 – 16.3 28.6 – 33.2 13.3 30.9 2.0 1.6
     Spur 5 2.0 – 2.6 5.0 – 6.4 2.4 5.6 0.2 0.6
     Spur/branch height ratio 5 16% – 22% –  18% – 3% –
Claw II heights      
     Branch 5 10.3 – 14.6 27.3 – 32.1 12.5 28.9 1.5 1.9
     Spur 5 1.8 – 2.5 4.6 – 5.9 2.2 5.2 0.3 0.6
     Spur/branch height ratio 5 14% – 21% –  18% – 3% –
Claw III heights      
     Branch 5 10.1 – 15.1 26.8 – 32.1 12.7 29.3 1.9 2.1
     Spur 3 1.9 – 2.2 4.5 – 5.7 2.1 4.9 0.2 0.6
     Spur/branch height ratio 3 15% – 18% –  16% – 1% –
claw iV heights      
     Branch 5 13.2 – 17.0 32.5 – 35.7 14.9 34.7 1.5 1.3
     Spur 2 2.4 – 3.1 5.9 – 6.2 2.8 6.0 0.5 0.2
     Spur/branch height ratio 2 17% – 18%  –  18% – 1% –
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• E. egnatiae, only reported from Greece, by: a different body appendage formula (A-B-C-Cd-D-Dd-E in E. at-
tenboroughi sp. nov. vs A-C-Cd-D-Dd in E. egnatiae), heteromorphic trunk spines (spines of equal lengths in 
E. attenboroughi sp. nov. vs spines Cd clearly longer than other spines in E. egnatiae), and claw shape (robust 
claws, external claws iV smooth in E. attenboroughi sp. nov. vs long, slender claws, external claws iV with 
minute spurs directed upwards in E. egnatiae);

•  E. weisseri, only reported from the foot of the Hindukush in Afghanistan, by a different appendage formula 
(A-B-C-Cd-D-Dd-E in E. attenboroughi sp. nov. vs A-B-Bd-C-Cd-D-Dd-E in E. weisseri), morphology of the ap-
pendage E (spine in E. attenboroughi sp. nov. vs cirrus clearly longer than spines in E. weisseri), and claw shape 
(robust claws, internal claws with spurs in E. attenboroughi sp. nov. vs long, slender and spurless claws in E. 
weisseri). Sculpture in E. weisseri was confusingly described by Maucci (1978) as composed of pores, but, in 
fact, polygonal elements correspond with epicuticular granules.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0081.htm).

3.	 Echiniscus	baius Marcus, 1928
Figure 13

Data source:
a total of 6 specimens (4 ♀♀ and 2 juveniles):
• sample za.214: 3 specimens (3 ♀♀ on slides); found with Doryphoribius bindae, Echiniscus africanus, 
 E. oreas sp. nov., E. perarmatus, E. virginicus, Pseudechiniscus (P.) cf. ehrenbergi, and Ramazzottius 

szeptycki.
• sample za.260: 3 specimens (1 ♀ and 2 juveniles on slides); found with Echiniscus cavagnaroi, E. longispinosus, 

E. oreas sp. nov., E. pellucidus, E. virginicus, and Doryphoribius bindae.

Literature:
• Original description: Marcus (1928).
• later trustworthy records: iharos (1967); Gąsiorek & kristensen (2018).

FIGURE 13. Habitus of Echiniscus baius Marcus, 1928 (PCM, female in dorsolateral view). Scale bar = 50 µm.
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Shortened description. A small representative of the E. spinulosus complex. Body appendage formula: A-E. 
Pores without dark endocuticular rings. Scapular plate with a median longitudinal suture (Fig. 13). Median plates 1, 
3 unipartite, but m2 bipartite. Pedal plates developed as unsculptured thicker cuticle in the central portions of legs. 
Pulvini present. Spine I minute.

DNA markers and phylogenetic position. This species cohabited samples with numerous other echiniscids, 
and we were not able to separate them under a stereomicroscope, thus no DNA barcodes were obtained. However, 
its morphology undoubtedly indicates affinity within the E. spinulosus complex.

Geographic distribution. originally described from the Malay archipelago (java and lombok), the species 
has potentially a wide tropical and subtropical distribution (Mcinnes 1994, Gąsiorek & kristensen 2018), therefore 
records from the temperate zone (Bozhko 1936, Iharos 1968) are not trustworthy, as they may signify different 
species within the complex. This is the first record of the species in southern Africa, but given no DNA sequences 
are known for the type population (and for the current record), the geographic range of the species cannot be 
confidently determined.

Remarks. In South Africa, the species was found only in the highest elevations of Drakensberg (Fig. 120E).

4.	 Echiniscus	blumi Richters, 1903
Figure 14

Data source:
a total of 238 specimens (197 ♀♀, 1 ♂, 31 juveniles, 2 larvae, and 7 specimens of unknown instar/sex):
• sample za.211: 55 specimens (48 ♀♀ on slides and 7 specimens used for dna extraction, including 5 holo-

genophores).
• sample za.217: 2 specimens (2 ♀♀ on a slide); found with Echiniscus intricatus sp. nov.
• sample za.222: 3 specimens (3 ♀♀ on a slide); found with Echiniscus draconis sp. nov., E. imitans sp. nov., 

and E. longispinosus.
• sample za.225: 18 specimens (13 ♀♀, 4 juveniles and 1 larva on slides); found with Echiniscus intricatus sp. 

nov. and E. regularis sp. nov.
• sample za.227: 2 specimens (2 ♀♀ on a slide); found with Echiniscus imitans sp. nov. and E. regularis sp. 

nov.
• Sample ZA.230: 5 specimens (4 juveniles and 1 larva on a slide); found with Echiniscus oreas sp. nov., 
 E. regularis sp. nov., and E. scabrospinosus.
• sample za.242: 1 specimen (1 ♀ on a slide); found with Cornechiniscus madagascariensis and Echiniscus 

virginicus.
• sample za.248: 117 specimens (101 ♀♀ and 16 juveniles on slides); found with Echiniscus imitans sp. nov.
• Sample ZA.255: 2 specimens (2 juveniles on a slide); found with Echiniscus imitans sp. nov. and E. regularis 

sp. nov.
• Sample ZA.257: 1 specimen (1 juvenile on a slide); found with Echiniscus longispinosus and E. oreas sp. 

nov.
• sample za.258: 32 specimens (27 ♀♀, 1 ♂ and 4 juveniles on slides); found with Echiniscus longispinosus, 
 E. oreas sp. nov., and Pseudechiniscus (P.) cf. ehrenbergi.

Literature:
• Original description: Richters (1903).
• Later records: summarised in McInnes (1994) and McInnes et al. (2017), all should be treated as sensu lato 

reports.

Shortened description. Large representative of the E. blumi-canadensis complex. Body appendage formula 
A-(B)-C-Cd-D-Dd in adults (Fig. 14A) and A-C-Cd-D-Dd in larvae (Fig. 14B). Median plates 1, 3 unipartite, but m2 
bipartite. Subcephalic and genital plates present. Pedal plates large and sculptured as dorsal plates. Pulvini pres-
ent. external claws iV with secondary and tertiary spurs (Fig. 14a), but other external claws spurless (Fig. 14B, 
insert).
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DNA markers and phylogenetic position. E. blumi belongs to the E. blumi-canadensis clade, being one of the 
first lineages branching off at the base of the generic tree (Fig. 117). The closest species are E. canadensis Murray, 
1910 and E. trisetosus Cuénot, 1932: COI (p-distance = 1.0–1.2%), ITS-1 (0.6–0.9%), and ITS-2 (0.0–1.2%).

FIGURE 14. Habitus of Echiniscus blumi Richters, 1903 (PCM): A—adult female, dorsolateral view, B—larva, dorsal view 
(insert shows claws I). Scale bars in µm.
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Geographic distribution. Originally described from the Svalbard Archipelago, later found in numerous locali-
ties throughout the Holarctic and other regions (McInnes 1994). Given the unsolved taxonomic position of E. blumi, 
which may conceal many species (Guil & Giribet 2009), the precise geographic range is uncertain. The origin of 
South African populations is unknown, as natural vs anthropogenic tardigrade dispersal is notoriously difficult to 
tell apart (Gąsiorek et al. 2019b), however high rates of endemism among South African invertebrates (see Morek 
et al. 2021 for Milnesium) suggest the species could be anthropogenically introduced to the region.

Remarks. Dioecious, although males are rare (cyclical parthenogenesis could be in place). This likely 
cosmopolitan species (McInnes 1994) has clear stenothermic preferences towards cold habitats, thus it occurs only 
at the high elevations in Drakensberg in South Africa (Fig. 120F).

5.	 Echiniscus	capensis sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:C4039F90-2681-425E-A23C-AF8C150EE6A0
Figure 15, Table 8

Data source:
a total of 3 specimens (2 ♀♀ and 1 specimen of unknown instar/sex):
• sample za.378: 3 specimens (2 ♀♀ on slides and 1 specimen used for dna extraction); found with Echiniscus 

dentatus sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 8). 
Small yellow Echiniscus with red eyes; body colour and eyes disappeared soon after mounting in Hoyer’s medium. 
Echiniscus-type cephalic papillae (secondary clavae) and (primary) clavae; cirri growing out from bulbous cirro-
phores (Fig. 15A). The body appendage configuration is A-C-D, with all trunk appendages formed as short cirri.

Dorsal plates with a thick, solid layer of endocuticular matrix; pores may be both sparsely (Fig. 15A) and 
densely arranged (Fig. 15B). The sculpturing bears resemblance to that of the E. quadrispinosus type. The cephalic 
plate is narrow and with a T-shaped anterior incision (Fig. 15B). The cervical (neck) plate is also narrow and may 
be well-visible (Fig. 15A) or indiscernible (Fig. 15B). The scapular plate large, with deep median longitudinal su-
ture dividing it into two equal portions (Fig. 15B), and weakly marked additional lateral sutures separating narrow 
rectangular lateral portions (Fig. 15). Paired segmental plates divided into a smaller, much narrower anterior and 
a dominant posterior part by a smooth, very wide transverse stripe. The sculpturing of the anterior portions much 
darker than on their posterior counterparts, which have no pores at their thick posteriormost margins (Fig. 15B). The 
caudal (terminal) plate with short incisions, completely unsclerotised; epicuticular ridges of considerable thickness 
demarcate clear facets in the plate (Fig. 15B). Median plates 1, 3 unipartite. Median plate 2 bipartite, with mostly 
smooth anterior portion (the darker sculpture similar to that of the anterior portions of paired segmental plates oc-
curs in its anteriormost portion, Fig. 15A), and a posterior portion of similar size and morphology as in m1. Posterior 
margins of m1–2 strongly thickened and non-porous (Fig. 15B). Ventral cuticle with minute, faint endocuticular 
pillars distributed throughout the whole venter; genital plates present. Sexpartite gonopore placed anteriorly to legs 
iV, and a trilobed anus between legs iV.

Pedal plates i–iii absent (Fig. 15a), pedal plates iV present and with minute pores (Fig. 15a, insert). Poorly 
marked pulvini on all legs (Fig. 15B). a minuscule spine on leg i and a papilla on leg iV. claws iV slightly longer 
than claws I–III (Table 8). Claws short and robust. All external claws spurless. All internal claws with robust spurs, 
positioned at ca. 30–40% of the claw length (Fig. 15A, insert).

juveniles. unknown.
larvae. unknown.
eggs. unknown.
DNA markers and phylogenetic position. E. capensis sp. nov. is the sister species of the clade (E. gracilis sp. 

nov. + E. irroratus sp. nov.) (Fig. 117). The closest species is E. gracilis sp. nov.: COI (p-distance = 15.2%), ITS-1 
(3.4%), ITS-2 (1.2%).

Type material. 2 specimens: holotype (mature ♀ on slide za.378.01) and paratype (mature ♀ on slide 
ZA.378.02). A single specimen was used for DNA extraction.

Type locality. 34°17’21.24”S, 18°26’53.46”E, 145 m asl: Republic of South Africa, Western Cape, Cape of 
Good Hope; fynbos, lichen from a rock. Found together with Echiniscus dentatus sp. nov. (sample ZA.378).
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Etymology. The name refers to locus typicus. An adjective in the nominative singular.
Geographic distribution. This rare species is probably endemic to South Africa (Fig. 120G).
Remarks. None.
Differential diagnosis. E. capensis sp. nov. is similar only to its closest congeners, E. gracilis sp. nov. and E. 

irroratus sp. nov., but can be distinguished from:

FIGURE 15. Habitus of Echiniscus capensis sp. nov. (PcM, females): a—paratype in lateral view (insert shows claws iV in 
holotype), B—close-up on the dorsal sculpturing of holotype. Scale bars in µm.
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• E. gracilis sp. nov., by claw morphology (claws short and robust, with robust spurs positioned at ca. 30–40% 
of the internal claw length in E. capensis sp. nov. vs claws slender, with delicate, acute spurs positioned at ca. 
25% of the internal claw length in E. gracilis sp. nov.);

•  E. irroratus sp. nov., by body appendage configuration (A-C-D in E. capensis sp. nov. vs A-(B)-(C)-(D)-(Dd)-
(E) in E. irroratus sp. nov.), and sculpturing (dark epicuticular granules absent in E. capensis sp. nov. vs dark 
epicuticular granules present in E. irroratus sp. nov.).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0082.htm).

TABLE 8. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus capensis sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 2 186 – 206 571 – 574 196 572 14 2 186 571
Scapular plate length 2 32.6 – 35.9 –  34.3 – 2.3 – 32.6 –
Head appendages lengths      
     Cirrus internus 2 10.9 – 13.2 33.4 – 36.8 12.1 35.1 1.6 2.4 10.9 33.4
     Cephalic papilla 2 7.7 – 8.3 23.1 – 23.6 8.0 23.4 0.4 0.4 7.7 23.6
     Cirrus externus 2 15.6 – 15.8 44.0 – 47.9 15.7 45.9 0.1 2.7 15.6 47.9
     Clava 2 5.2 – 6.3 16.0 – 17.5 5.8 16.7 0.8 1.1 5.2 16.0
     Cirrus A 2 43.7 – 44.3 123.4 – 134.0 44.0 128.7 0.4 7.5 43.7 134.0
     Cirrus A/Body length ratio 2 22% – 23% –  22% – 1% – 23% –
Body appendages lengths      
     Cirrus C 2 23.7 – 24.8 66.0 – 76.1 24.3 71.0 0.8 7.1 24.8 76.1
     Cirrus D 2 21.5 – 21.9 61.0 – 66.0 21.7 63.5 0.3 3.5 21.5 66.0
Spine on leg I length 2 1.9 – 2.2 5.8 – 6.1 2.1 6.0 0.2 0.2 1.9 5.8
Papilla on leg iV length 2 3.0 – 3.8 9.2 – 10.6 3.4 9.9 0.6 1.0 3.0 9.2
Number of teeth on the collar 1 13 – 13 –  13.0 – ? – 13 –
Claw I heights      
     Branch 2 9.8 – 10.6 29.5 – 30.1 10.2 29.8 0.6 0.4 9.8 30.1
     Spur 2 3.0 – 3.7 9.2 – 10.3 3.4 9.8 0.5 0.8 3.0 9.2
     Spur/branch height ratio 2 31% – 35% –  33% – 3% – 31% –
Claw II heights      
     Branch 2 9.3 – 9.5 26.5 – 28.5 9.4 27.5 0.1 1.5 9.3 28.5
     Spur 2 2.4 – 3.3 7.4 – 9.2 2.9 8.3 0.6 1.3 2.4 7.4
     Spur/branch height ratio 2 26% – 35% –  30% – 6% – 26% –
Claw III heights      
     Branch 2 9.7 – 10.3 28.7 – 29.8 10.0 29.2 0.4 0.8 9.7 29.8
     Spur 2 2.4 – 2.6 7.2 – 7.4 2.5 7.3 0.1 0.1 2.4 7.4
     Spur/branch height ratio 2 25% – 25% –  25% – 0% – 25% –
claw iV heights      
     Branch 2 10.8 – 11.6 32.3 – 33.1 11.2 32.7 0.6 0.6 10.8 33.1
     Spur 2 2.7 – 3.7 8.3 – 10.3 3.2 9.3 0.7 1.4 2.7 8.3
     Spur/branch height ratio 2 25% – 32%  –  28% – 5% – 25% –
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6.	 Echiniscus	cavagnaroi Schuster & Grigarick, 1966
Figures 16–18

Data source:
a total of 54 specimens (29 ♀♀, 5 juveniles, 3 larvae, and 7 specimens of unknown instar/sex):
• sample za.031: 1 specimen (1 ♀ on a slide).
• sample za.037: 4 specimens (2 ♀ ♀ on a slide and 2 specimens used for DNA extraction, including 1 hologenophore).
• Sample ZA.080: 1 specimen (1 juvenile on a slide).
• sample za.256: 1 specimen (1 ♀ on a slide); found with Doryphoribius bindae, Pseudechiniscus (Meridionis-

cus) wallacei sp. nov., and Ramazzottius szeptycki.
• sample za.404: 2 specimens (1 ♀ on a slide, 1 specimen used for dna extraction); found with Echiniscus 

scabrospinosus.
• sample za.416: 45 specimens (18 ♀♀, 14 juveniles and 3 larvae on slides, 6 ♀♀ on SEM stub 18.17, and 4 

specimens used for DNA extraction, including 1 hologenophore).

FIGURE 16. Intraspecific variability of Echiniscus cavagnaroi Schuster & Grigarick, 1966 (females). Arrowheads indicate 
lateral spicules, and empty arrowheads point out weakly developed pedal plates with pores. Scale bars = 50 µm.
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FIGURE 17. Head and dorsal sculpturing of Echiniscus cavagnaroi (females): A—close-up on the dorsal sculpturing (PCM), 
B—close-up on the dorsal sculpturing (SEM), C—cephalic appendages. Scale bars in µm.

Shortened description. Small representative of the E. spinulosus complex. Body appendage formula A-(C)-
(Dd)-(E), highly unstable. All trunk appendages formed as spines, usually spicules (Fig. 16), and only sometimes 
longer spines, especially in the position Dd (Fig. 16B, 17A). Spines may be gently serrated (Fig. 16D, 17A). Cirri A 
short (<25% of the body length). Regularly distributed pores in all plates (Fig. 16–17), only some of them have dark 
endocuticular rings. Subcephalic and genital plates absent. Pedal plates reduced to accumulations of few pores in 
the central thickening on each leg (Fig. 16C–D). Pulvini present (Fig. 16A–D). Minute spine I (Fig. 17C). External 
claws spurless, internal ones with delicate, thin spurs positioned at ca. 25% of the claw height and closely adjacent 
to the claw branches (Fig. 18).

DNA markers and phylogenetic position. E. cavagnaroi is a sister species to the clade (E. manuelae + E. tris-
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tis) (Fig. 117) within the E. spinulosus group. The species closest in COI are E. draconis sp. nov. and E. similaris 
sp. nov. (p-distance = 12.9–14.1%), and in ITS—E. manuelae (ITS-1: 2.3%, ITS-2: 3.2%).

Geographic distribution. This parthenogenetic species has a wide distribution embracing islands in the Pacific 
Ocean, southeast Nearctic, and the West Indies (Meyer 2016), thus first records from South Africa make it poten-
tially pantropical-subtropical. Rare, but widely distributed in South-Eastern Africa (Fig. 120D).

Remarks. Most often occurs without the admixture of other tardigrade species.

FIGURE 18. Claws of Echiniscus cavagnaroi (females): a—claws iV (PcM), B—claws i (seM). scale bars in µm.

7.	 Echiniscus	crassispinosus Murray, 1907
Figure 19

Data source:
a total of 1 specimen (1 ♀):
• sample za.274: 1 specimen (1 ♀ on a slide); found with Echiniscus longispinosus and E. regularis sp. nov.
Literature:
• Original description: Murray (1907a).
• Later trustworthy records: Murray (1913); Teunissen (1938).

Shortened description. A large representative (body length 254 µm, scapular plate length 43.9 µm) of the E. 
spinulosus complex with roundish body and short, stout legs. Peribuccal appendages lengths: cirrus internus 14.6 
µm, cephalic papilla 8.5 µm, cirrus externus 18.8 µm, (primary) clava 8 µm. Body appendage formula A-C-D-Dd-E 
(all trunk spines asymmetrically lacking in the single specimen found in the present study, Fig. 19). Spines smooth, 
and those in the position Dd much thicker than the lateral appendages. Spine lengths: C 13.2 µm, D 11.2 µm, Dd 24.1 
µm, E 9.5 µm. Cirri A short (39.4 µm, <25% of the body length). Anterior and posterior margins of paired segmental 
plates thickened, irregular. Pores with dark endocuticular rings. Subcephalic and genital plates absent. Pedal plates 
absent, but pulvini present. Minuscule spine i and papilla iV (4.9 µm). dentate collar iV with 13 teeth. claws robust 
and relatively short (12.1–13.5 µm), external claws spurless, internal ones with minute, thin spurs (2.0–2.6 µm) 
positioned at ca. 25% of the claw height and closely adjacent to the claw branches.

DNA markers and phylogenetic position. Only a single specimen found, thus no DNA was secured and elu-
cidating its position within the E. spinulosus complex was not possible.

Etymology. From Latin crassus = thick + spinosus = spiny. The name underlines the dissimilarity in the thick-
ness of spines Dd and lateral spines.

Geographic distribution. Originally described from the Republic of South Africa (Murray 1907a), the spe-
cies was later recorded in africa from central part of the continent: the republic of kenya (Murray 1913) and the 
Democratic Republic of Congo (Teunissen 1938). In the present study, E. crassispinosus was found only in a single 
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sample (ZA.274; Fig. 120H). Thus, it is extremely rare and the records outside Africa, i.e. from Asia, Central and 
South America (McInnes 1994) need to be re-examined, as they most likely represent other members of the species-
rich E. spinulosus complex.

Remarks. Both Murray’s descriptions of his species (1907a, 1913) are inconsistent, as specimens from kenya 
had two transverse belts on paired segmental plates, but those from South Africa—putatively uniform plates without 
the belts. The individual found in the Tradouw Pass (Western Cape) in the present study exhibits an ordinary trans-
verse belt dividing segmental plates into the anterior and the posterior portion, and, additionally, smooth surface (= 
the second belt in Murray 1913) just before the anterior plate margin, with a narrow strip of thicker cuticle between 
the belts. Murray’s description (1907a) is unreliable for two reasons: (1) all other known Echiniscus spp. possess 
transverse belts on paired segmental plates, thus undivided plates in E. crassispinosus would be the only exception 
in the entire genus; (2) the characterisation of sculpturing according to Murray was confusing, as he claimed that it 
resembles the E. perarmatus type (i.e. densely packed endocuticular pillars and sparsely, regularly distributed pores; 
see the redescription below), however, he also noted that the large distant dots may be homologous to depressions 
(= large pores), and smaller dots resemble pellucid granules (= small pores), which conforms with the definition of 
the E. spinulosus group. Since pores are diversified in terms of size in the individual found in the present study (Fig. 
19), dorsal plate sculpturing could be said to correspond to the ambiguous diagnosis of Murray (1907a). The type 
series of E. crassispinosus does not exist (Morgan 1977), and we ascertain that this species is a member of the E. 
spinulosus complex, characterised as above.

FIGURE 19. Habitus of Echiniscus crassispinosus Murray, 1907 (PCM, female in dorsolateral view). Arrowhead indicates 
thick dorsal spine Dd. Scale bar = 50 µm.

8.	 Echiniscus	dentatus sp. nov. Vončina, Gąsiorek, Morek & Michalczyk
urn:lsid:zoobank.org:act:A2C2DE27-8041-49F7-BC40-D7C076D51113
Figures 20–25, Tables 9–11

Data source:
a total of 558 specimens (216 ♀♀, 42 juveniles, 8 larvae, and 292 specimens of unknown instar/sex):
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• sample za.020: 90 specimens (33 ♀♀, 7 juveniles on slides, 50 specimens used for seM analysis on seM stub 
19.03); found with Echiniscus draconis sp. nov., E. lichenorum, E. longispinous, E. setaceus sp. nov.

• sample za.021: 42 specimens (42 ♀♀ on slides).
• sample za.022: 35 specimens (32 ♀♀ and 1 larva on slides, and 2 specimens used for dna extraction, 

including 2 hologenophores); found with Echiniscus attenboroughi sp. nov., E. gracilis sp. nov., E. lichenorum, 
E. longispinous, E. setaceus sp. nov.

• sample za.023: 7 specimens (5 ♀♀ and 2 specimens used for dna extraction, including 1 hologenophore); 
found with Echiniscus gracilis sp. nov. and E. irroratus sp. nov.

• sample za.024: 18 specimens (15 ♀♀ on slides and 3 specimens used for dna extraction, including 2 holo-
genophores).

• sample za.025: 16 specimens (12 ♀♀, 3 juveniles on slides, and 1 specimen used for dna extraction, includ-
ing 1 hologenophore); found with Echiniscus gracilis sp. nov.

• sample za.164: 2 specimens (2 ♀♀ on slides).
• sample za.165: 1 specimen (1 ♀ on slide).
• sample za.376: 103 specimens (3 ♀♀ and and 100 frozen specimens).
• sample za.377: 3 specimens (2 ♀♀ and 1 juvenile on slides).
• sample za.378: 4 specimens (2 ♀♀ and 2 juveniles on slides); found with Echiniscus capensis sp. nov.
• sample za.471: 1 specimen (1 ♀ on a slide).
• sample za.495: 1 specimen (1 ♀ on a slide); found with Echiniscus setaceus sp. nov.
• sample za.499: 1 specimen (1 ♀ on a slide).
• sample za.502:1 specimen (1 ♀ on slide); found with Cornechiniscus madagascariensis, Echininscus irroratus 

sp. nov., E. latruncularis sp. nov., and E. setaceus sp. nov.
• sample za.504: 16 specimens (7 ♀♀, 4 juveniles on and 5 specimens of unidentified sex on slides); found with 

E. irroratus sp. nov.
• sample za.505: 47 specimens (23 ♀♀, 11 juveniles, 7 larvae and 6 specimens of unidentified sex on slides); 

found with E. setaceus sp. nov.
• sample za.507: 1 specimen (1 ♀ on a slide); found with Echiniscus longispinosus and E. setaceus sp. nov.
• sample za.518: 7 specimens (2 ♀♀ and 5 juveniles on slides); found with Echiniscus irroratus sp. nov., 
 E. scabrospinous, Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi, and P. (Meridioniscus) wallacei sp. nov.
• sample za.524: 1 specimen (1 ♀ on a slide); found with E. scabrospinous and Pseudechiniscus (Pseudechinis-

cus) cf. ehrenbergi.
• sample za.531: 1 specimen (1 ♀ on a slide); found with Pseudechiniscus (Meridioniscus) wallacei sp. nov.
• sample za.537: 4 specimens (4 ♀♀ on slides); found with Echiniscus setaceus sp. nov.
• sample za.551: 10 specimens (10 ♀♀ on slides); found with Echiniscus irroratus sp. nov.
• sample za.554: 135 specimens (10 ♀♀, 4 juveniles and 2 specimens of unknown sex on slides, 19 specimens 

used for SEM analysis on stub 19.06, 100 frozen specimens); found with Echinicus gracilis sp. nov.
• sample za.555: 10 specimens (3 ♀♀, 5 juveniles and 2 specimens of unknown sex on slides); found with 

Echinicus gracilis sp.nov., E. irroratus sp. nov., and E. latruncularis sp. nov.
• sample za.558: 1 specimen (1 ♀ on a slide); found with Echiniscus irroratus sp. nov. and E. longispinosus.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 9). Body 
plump (Fig. 20–21), dark orange to red with minute scarlet eyes; body colour and eyes disappeared soon after 
mounting in Hoyer’s medium. Conoidal cephalic papillae (secondary clavae) and (primary) clavae, clearly tapering 
at the distal end (Fig. 21, 23A–B, F); cirri growing out from bulbous cirrophores (Fig. 23A–B); peribuccal cirri of 
similar lengths (Table 9). Cirri A of a moderate length (usually between 25–30% of the body length). The body ap-
pendage configuration is A-(B)-(C)-Cd-(D)-Dd-(E), with all trunk appendages formed as spines of variable lengths. 
Typically, spines Cd and Dd are much longer than lateral appendages (Fig. 20A, D, 21, 22), but sometimes appendage 
D is developed as a spine similar in length to spines Cd and Dd (Fig. 20B–C). Asymmetries in the development of 
dorsal spines infrequent (e.g. Fig. 20C). Supernumerary spines and spicules along the margins of all dorsal plates 
and caudal incisions are characteristic for the new species (Fig. 20A, D, 21, 22A, C, 23B–G). Rarely, these short-
est appendages may be restricted only to some plates (e.g. the posterior margin of the scapular plate, Fig. 22B), or 
absent (Fig. 20B–C). Spicules usually irregularly microgranulated at their ends (Fig. 23D, G).
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FIGURE 20. Habitus and intraspecific variability of Echiniscus dentatus sp. nov. (PCM, females): A—holotype in dorsal view, 
B, C—paratypes in dorsolateral view, D—paratype in lateral view. Scale bars = 50 µm.
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FIGURE 21. Habitus and intraspecific variability of Echiniscus dentatus sp. nov. (SEM, females): A, B—dorsal view, C—lat-
eral view. Scale bars = 50 µm.
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FIGURE 22. Dorsal sculpturing of Echiniscus dentatus sp. nov. (PCM, females), showing the variability in the development of 
epicuticular layer and spicules distributed along the margins of dorsal plates. Scale bars = 50 µm.
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FIGURE 23. Head and dorsal sculpturing of Echiniscus dentatus sp. nov. (SEM, females): A—cephalic appendages and sub-
cephalic plates, B—scapular plate (pores absent), C—paired segmental and median plates, D—segmental plate in close-up, 
E—caudal (terminal) plate, F—scapular plate (pores present in the anterior portion), G—close-up on marginal spicules. Scale 
bars in µm.
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Dorsal plates with complex epicuticular ornamentation (Fig. 21, 23B–G) visible as dark grey matrix under 
PCM (Fig. 22); pores minute, rare and irregularly distributed (Fig. 23B, D, F–G), difficult to identify under PCM. 
The cephalic plate semicircular, not halved (Fig. 20A–C); the cervical (neck) plate moderately wide, developed as 
a prolonged rectangle anterior to the scapular plate (Fig. 20A–B, 22A, 23B). The scapular plate with lateral sutures 
separating pentagonal lateral portions (Fig. 20B–D, 21C, 22C). If present, pores in the scapular plate are usually 
distributed along its posterior margin (Fig. 23B), or in the anterocentral portion (Fig. 23F). Paired segmental plates 
with the usual transverse stripes, but anterior and posterior portions are similar in sculpturing (Fig. 20–22, 23C–D). 
The caudal (terminal) plate with variously developed epicuticular ridges forming a faceted pattern (Fig. 20A–C, 
21–22, 23E). Median plate 1 unipartite, median plate 2 bipartite, with the posterior portion much larger and similar 
to m1, whereas the anterior portion similar to reduced, unipartite m3 (Fig. 20a–c, 21–22, 23c). Ventral cuticle with 
minute endocuticular pillars distributed throughout the whole venter, and a pair of multangular subcephalic (Fig. 
23A) and genital plates (Fig. 20D). Sexpartite gonopore placed between genital plates, and a trilobed anus between 
legs iV.

Pedal plates i–iii absent, pedal plate iV weakly sculptured above the dentate collar iV (Fig. 20B-c). Pulvini 
weakly visible under PCM (Fig. 20C), evident under SEM (Fig. 21C). Needle-like spine on leg I (Fig. 20B–C, 21C) 
and a papilla on leg iV (Fig. 20, 21c). claws i–iV of similar lengths (table 9). all external claws smooth (Fig. 24). 
All internal claws with large spurs positioned at ca. 30–50% of the claw height, highly divergent from the claw 
branch and bent downwards (Fig. 24).

FIGURE 24. Claws of Echiniscus dentatus sp. nov. (females): a—claws i (seM), B—claws iV (PcM). scale bars in µm.

juveniles (i.e. the second instar, measurements and statistics in Table 10). Phenotypically identical to adult 
females, beside of the lacking gonopore. However, clearly smaller in the majority of morphometrically informative 
traits (body and scapular plate length, lengths of cephalic appendages and claws; compare Tables 9–10).

Larvae (i.e. the first instar, measurements and statistics in Table 11). Body appendage formula A-(B)-(C)-Cd-
(D)-Dd-(E), with lateral spines B, C, D being often absent (Fig. 25). Supernumerary spicules on dorsal plates greatly 
reduced. Lacking gonopore and anus. Evidently smaller than juveniles (compare Tables 10–11).

eggs. up to two round, yellow eggs per exuvia were found.
DNA markers and phylogenetic position. Echiniscus dentatus sp. nov. is the sister species of the clade 

(E. longispinosus (E. capensis sp. nov. (E. gracilis sp. nov. + E. irroratus sp. nov.))) within the mostly South-Afri-
can endemic clade (Fig. 117). The species closest in COI are E. draconis sp. nov. and E. imitans sp. nov. (p-distance 
= 14.5–14.9%), in ITS-1—E. draconis sp. nov. (6.3–8.6%), and in ITS-2—E. irroratus sp. nov. and E. setaceus sp. 
nov. (5.0–5.3%).

Type material. 33 ♀♀, 7 juveniles and 2 specimens of unknown sex on slides za.020.01–2, 5, 7–9; holotype: 
mature ♀ on slide za.020.02. Mounted together with 3 ♀♀ and 3 juveniles of Echiniscus lichenorum, 1 ♀ of 
E. longispinosus, 2 ♀♀, 7 juveniles, and 2 larvae of E. setaceus sp. nov. 50 specimens on SEM stub 19.03.
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FIGURE 25. Habitus of larval Echiniscus dentatus sp. nov. (PCM). Scale bar = 20 µm.

Type locality. 33°34’30.7’’S, 19°08’3.3’’E, 430 m asl: Republic of South Africa, Western Cape, Bainskloof 
Pass; fynbos, mosses and lichens from rocks, trees, soil, and termite mounds. Found together with Echiniscus at-
tenboroughi sp. nov., E. gracilis sp. nov., E. irroratus sp. nov., E. lichenorum, E. longispinosus, and E. setaceus 
sp. nov. (sample ZA.020).

Etymology. From Latin dentatus = toothed. The name underlines the presence of supernumerary teeth and 
spicules in positions atypical for Echiniscus and along margins of all dorsal plates. An adjective in the nominative 
singular.

Geographic distribution. Probably endemic to South Africa, widely distributed and common in the region 
(Fig. 120C).

Remarks. The large number of individuals with no males among them suggest that the species is parthenoge-
netic.

Differential diagnosis. E. dentatus sp. nov. has so exceptional phenotype that it is hard to confuse it with 
other known species of Echiniscus; in fact, numerous appendages make this species superficially similar to 
Acanthechiniscus (Vecchi et al. 2016). Nevertheless, centrodorsal spines distinguish E. africanus, which also 
exhibits additional spines along the posterior margin of the scapular plate, from the new species. The new species 
is most similar to the recently described E. insularis Gąsiorek et al., 2021 (kiosya et al. 2021), which also exhibits 
numerous spicules on margins of the dorsal plates, but, in contrast to E. dentatus sp. nov., it has porous cuticle and it 
belongs in the E. spinulosus group. Similarly, E. baloghi sometimes has spines on the posterior margin of the paired 
segmental plate II (Iharos 1973), but it also has cuticular pores, and it represents the E. spinulosus group.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0083.htm).
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TABLE 9. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus dentatus sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 163 – 246 463 – 562 197 510 21 30 201 498
Scapular plate length 20 31.6 – 51.6 –  38.8 – 4.8 – 40.3 –
Head appendages lengths      
     Cirrus internus 18 14.1 – 19.2 36.6 – 51.3 17.3 44.8 1.3 4.0 16.8 41.7
     Cephalic papilla 20 5.9 – 10.4 16.3 – 23.2 7.8 20.2 1.1 2.1 6.9 17.1
     Cirrus externus 17 16.1 – 24.6 39.9 – 67.6 19.6 51.6 2.2 6.1 17.5 43.4
     Clava 19 4.8 – 8.4 11.5 – 21.2 6.1 15.8 0.9 2.9 7.0 17.4
     Cirrus A 19 41.3 – 62.7 105.4 – 150.0 51.6 134.2 6.3 11.7 54.6 135.5
     Cirrus A/Body length ratio 19 22% – 30% –  26% – 3% – 27% –
Body appendages lengths      
     Spine B 14 3.7 – 6.5 8.1 – 18.3 5.0 12.5 0.9 2.9 ? ?
     Spine C 14 4.1 – 9.3 10.0 – 23.9 5.8 14.8 1.6 4.4 ? ?
     Spine Cd 20 16.6 – 22.6 34.3 – 59.3 19.4 50.5 1.7 6.4 19.9 49.4
     Spine D 11 3.6 – 7.4 10.0 – 17.4 5.2 12.7 1.0 2.8 ? ?
     Spine Dd 19 17.0 – 24.0 39.9 – 69.2 21.5 55.9 2.0 7.7 23.6 58.6
     Spine E 15 3.8 – 16.1 9.0 – 44.6 5.8 15.3 2.9 8.4 4.6 11.4
Spine on leg I length 20 2.4 – 5.7 6.0 – 14.3 3.4 8.8 0.9 1.9 2.4 6.0
Papilla on leg iV length 18 3.4 – 5.6 8.4 – 14.1 4.6 11.8 0.6 1.6 3.4 8.4
Number of teeth on the collar 20 5 – 12 –  8.1 – 1.5 – 9 –
Claw I heights      
     Branch 18 10.3 – 15.1 27.2 – 37.2 12.1 31.3 1.2 2.8 11.9 29.5
     Spur 16 2.1 – 3.2 5.0 – 9.0 2.7 7.0 0.3 1.2 2.6 6.5
     Spur/branch height ratio 16 15% – 27% –  22% – 3% – 22% –
Claw II heights      
     Branch 19 9.3 – 14.3 26.3 – 34.9 11.6 29.9 1.3 2.1 ? ?
     Spur 17 1.5 – 3.7 3.5 – 8.6 2.5 6.5 0.5 1.1 ? ?
     Spur/branch height ratio 17 11% – 26% –  21% – 4% – ? –
Claw III heights      
     Branch 16 9.9 – 15.1 26.6 – 36.0 11.9 30.4 1.4 2.8 10.7 26.6
     Spur 13 1.7 – 3.5 4.9 – 8.0 2.6 6.6 0.5 0.9 ? ?
     Spur/branch height ratio 13 17% – 28% –  22% – 3% – ? –
claw iV heights      
     Branch 16 10.7 – 16.3 27.5 – 40.1 13.2 33.4 1.5 2.8 ? ?
     Spur 13 1.8 – 3.9 4.2 – 10.1 2.9 7.1 0.6 1.5 ? ?
     Spur/branch height ratio 13 15% – 25%  –  21% – 4% – ? –
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TABLE 10. Measurements [in µm] of selected morphological structures of the juvenile females of Echiniscus dentatus 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 133 – 163 496 – 575 151 537 12 36
Scapular plate length 5 23.1 – 31.8 –  28.3 – 3.9 –
Head appendages lengths      
     Cirrus internus 5 9.4 – 13.7 36.2 – 51.8 11.7 41.8 1.7 6.2
     Cephalic papilla 5 5.3 – 6.1 18.6 – 25.5 5.8 20.9 0.3 2.7
     Cirrus externus 5 13.6 – 15.2 43.8 – 65.8 14.2 51.4 0.6 9.6
     Clava 5 4.0 – 5.1 14.7 – 20.2 4.6 16.4 0.4 2.4
     Cirrus A 5 33.0 – 38.7 105.4 – 167.5 36.9 133.1 2.3 24.5
     Cirrus A/Body length ratio 5 21% – 29% –  25% – 3% –
Body appendages lengths      
     Spine B 4 3.2 – 4.5 12.6 – 19.5 4.0 14.7 0.6 3.2
     Spine C 3 4.1 – 6.9 17.7 – 23.2 5.4 20.4 1.4 2.7
     Spine Cd 5 6.6 – 19.1 21.1 – 64.1 12.9 46.4 4.4 16.3
     Spine D 3 3.6 – 5.3 14.2 – 17.8 4.3 16.3 0.9 1.8
     Spine Dd 4 15.9 – 28.4 63.8 – 90.7 20.1 72.7 5.7 12.2
     Spine E 4 3.0 – 5.5 9.4 – 18.5 4.0 14.7 1.1 3.8
Spine on leg I length 5 2.3 – 3.4 7.3 – 13.4 2.6 9.5 0.5 2.5
Papilla on leg iV length 5 2.5 – 3.9 9.3 – 15.4 3.2 11.3 0.5 2.4
Number of teeth on the collar 5 5 – 10 –  6.2 – 2.2 –
Claw I heights      
     Branch 5 8.1 – 9.5 27.4 – 37.2 8.9 32.0 0.6 4.0
     Spur 4 1.9 – 2.2 6.6 – 8.7 2.1 7.7 0.1 0.9
     Spur/branch height ratio 4 23% – 24% –  24% – 1% –
Claw II heights      
     Branch 5 8.3 – 9.9 26.1 – 39.1 8.8 31.9 0.6 5.8
     Spur 5 1.9 – 2.6 6.3 – 8.7 2.1 7.6 0.3 1.2
     Spur/branch height ratio 5 21% – 30% –  24% – 3% –
Claw III heights      
     Branch 5 8.2 – 9.2 27.4 – 36.4 8.8 31.6 0.4 4.0
     Spur 5 1.6 – 2.5 6.0 – 8.0 1.9 6.9 0.4 0.7
     Spur/branch height ratio 5 18% – 27% –  22% – 3% –
claw iV heights      
     Branch 4 9.1 – 10.5 28.6 – 45.5 9.8 36.3 0.7 7.8
     Spur 4 2.1 – 2.7 7.2 – 9.1 2.3 8.5 0.3 0.9
     Spur/branch height ratio 4 20% – 29%  –  24% – 4% –
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TABLE 11. Measurements [in µm] of selected morphological structures of the larvae of Echiniscus dentatus sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 110 – 128 502 – 599 122 571 8 40
Scapular plate length 5 20.2 – 22.3 –  21.4 – 0.8 –
Head appendages lengths      
     Cirrus internus 4 8.3 – 9.7 37.2 – 45.1 9.0 42.2 0.6 3.5
     Cephalic papilla 5 4.4 – 6.0 20.2 – 26.9 5.2 24.2 0.6 2.5
     Cirrus externus 5 10.2 – 12.4 47.2 – 59.0 11.1 52.3 0.9 5.8
     Clava 5 3.5 – 5.7 16.3 – 27.1 4.3 20.2 0.9 4.4
     Cirrus A 5 25.1 – 30.0 114.7 – 143.4 27.7 129.8 1.9 10.5
     Cirrus A/Body length ratio 5 21% – 24% –  23% – 1% –
Body appendages lengths      
     Spine B 2 5.0 – 5.1 24.3 – 24.9 5.1 24.6 0.1 0.4
     Spine C 4 2.3 – 4.3 10.9 – 19.3 3.4 15.6 0.9 3.9
     Spine Cd 5 2.3 – 13.5 11.5 – 62.8 8.9 41.2 4.2 19.6
     Spine D 3 2.5 – 3.2 11.9 – 14.6 2.9 13.5 0.4 1.4
     Spine Dd 5 9.7 – 14.4 47.5 – 67.1 11.9 55.7 2.2 9.4
     Spine E 3 3.7 – 4.6 16.9 – 21.4 4.2 19.2 0.5 2.3
Spine on leg I length 5 1.7 – 2.4 8.4 – 11.1 2.0 9.6 0.3 1.3
Papilla on leg iV length 5 2.5 – 3.3 11.2 – 15.1 3.0 13.9 0.3 1.6
Number of teeth on the collar 5 4 – 6 –  4.8 – 0.8 –
Claw I heights      
     Branch 5 6.7 – 8.4 30.0 – 41.5 7.8 36.6 0.7 4.5
     Spur 5 1.5 – 2.2 7.0 – 10.4 1.9 8.9 0.3 1.5
     Spur/branch height ratio 5 18% – 31% –  25% – 6% –
Claw II heights      
     Branch 5 6.8 – 8.3 31.1 – 38.6 7.4 34.8 0.6 2.6
     Spur 4 1.4 – 2.2 6.5 – 10.5 1.7 8.2 0.4 1.9
     Spur/branch height ratio 4 17% – 30% –  23% – 6% –
Claw III heights      
     Branch 5 7.3 – 8.0 35.3 – 37.2 7.7 36.1 0.3 0.7
     Spur 5 1.5 – 2.4 7.0 – 11.4 1.8 8.4 0.4 1.8
     Spur/branch height ratio 5 19% – 32% –  23% – 5% –
claw iV heights      
     Branch 4 8.4 – 9.4 39.5 – 44.5 8.8 41.4 0.4 2.3
     Spur 4 1.7 – 2.4 8.4 – 11.2 2.1 9.9 0.3 1.2
     Spur/branch height ratio 4 20% – 26%  –  24% – 3% –
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9.	 Echiniscus	draconis sp. nov. Vončina, Gąsiorek, Morek & Michalczyk
urn:lsid:zoobank.org:act:BEC9402F-FE67-4B2B-8CEC-293FB2D8EBA1
Figures 26–29, Tables 12–14

Data source:
a total of 1352 specimens (145 ♀♀, 7 ♂♂, 24 juveniles, 32 larvae, and 1144 specimens of unknown instar/sex):
• sample za.015: 9 specimens (4 ♀♀, 1 juvenile and 4 specimens of unknown sex on slides); found with 

Echiniscus attenboroughi sp. nov., E. lichenorum, E. setaceus sp. nov., and E. virginicus.
• sample za.020: 5 specimens (2 ♀♀ and 3 juveniles on slides); found with Echiniscus dentatus sp. nov., 
 E. lichenorum, E. longispinosus, E. setaceus sp. nov.
• sample za.056: 8 specimens (4 ♀♀, 2 ♂♂ and 2 specimens used for dna extraction).
• sample za.057: 12 specimens (8 ♀♀ and 4 juveniles on slides).
• sample za.059: 2 specimens (2 ♀♀ on slides).
• sample za.60: 84 specimens (44 ♀♀, 4 juveniles, 2 larvae on slides, 30 specimens for seM analysis, and 4 

specimens used for DNA extraction).
• sample za.098: 1 specimen (1 ♀ on a slide); found with Echiniscus lichenorum, E. marginatus Binda & Pilato, 

1994, and E. scabrospinosus.
• sample za.218: 2 specimens (1 ♀ and 1 juvenile on slides); found with Echiniscus intricatus sp. nov., E. liche-

norum, and E. tetraspinosus sp. nov.
• sample za.222: 3 specimens (2 ♀♀ and 1 juvenile on slides); found with Echiniscus blumi, E. draconis sp. 

nov., E. imitans sp. nov., and E. longispinosus.
• sample za.360: 1 specimen (1 ♀ on a slide); found with Echiniscus lichenorum, E. longispinosus, and E. sca-

brospinosus.
• sample za.431: 137 specimens (16 ♀♀, 6 juveniles and 18 larvae on slides, 4 specimens used for dna extrac-

tion, and 93 frozen specimens); found with Echiniscus imitans sp. nov., E. lichenorum, and E. scabrocirrosus 
sp. nov.

• sample za.432: 10 specimens (10 ♀♀ on slides); found with Echiniscus scabrocirrosus sp. nov.
• sample za.434: 443 specimens (40 ♀♀, 1 juvenile and 2 specimens of unknown sex on slides, and 400 frozen 

specimens); found with Echiniscus scabrocirrosus sp. nov.
• sample za.435: 403 specimens (2 ♀♀, 1 ♂ on slides, and 400 frozen specimens).
• sample za.436: 25 specimens (4 ♀♀, 4 ♂♂, 11 larvae and 2 specimens of unknown sex on slides, and 4 speci-

mens used for DNA extraction); found with Echiniscus attenboroughi sp. nov., E. scabrocirrosus sp. nov., and 
E. setaceus sp. nov.

• sample za.437: 193 specimens (3 ♀♀, and 190 frozen specimens); found with Echiniscus attenboroughi sp. 
nov.

• Sample ZA.450: 13 specimens (2 juveniles and 1 larva on slides, and 10 frozen specimens); found with Echinis-
cus lichenorum.

• Sample ZA.480: 1 specimen (1 juvenile on a slide); found with Echiniscus imitans sp. nov. and E. scabrocir-
rosus sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 12). Large 
Echiniscus with a plump body (Fig. 26A, 27), yellow to dark orange with minute red eyes; body colour and eyes 
disappeared soon after mounting in Hoyer’s medium. Dactyloid cephalic papillae (secondary clavae) and minute 
(primary) clavae (Fig. 26A); cirri growing out from bulbous cirrophores. Cirri A short. The body appendage con-
figuration is A-C-Cd-D-Dd, with all trunk appendages formed as smooth spines of variable lengths. Typically, spines 
C and D longer than the dorsal appendages (Fig. 26A, 27). Asymmetries in the development of dorsal spines very 
rare (Fig. 26A).

Dorsal plates with a dense endocuticular layer (Fig. 28) forming uniform dark matrix under PCM (Fig. 26A). 
Pores of similar size, irregularly and densely distributed in plates (Fig. 26A, 27–28). The cephalic plate with a 
straight anterior incision (Fig. 26A). The cervical (neck) plate may be either indiscernible (Fig. 26A) or present in 
the form of an unsculptured, thin belt closely adjacent to the anterior margin of the scapular plate (Fig. 27A, 28A). 
The scapular plate large, without epicuticular ridges (Fig. 26A, 27A, 28A), with lateral sutures separating trapezoid 
lateral portions (Fig. 26A). Paired segmental plates with poorly developed transverse stripes (Fig. 26A, 27, 28B–C), 
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FIGURE 26. Habitus and intraspecific variability of Echiniscus draconis sp. nov. (PCM): A—holotype, female in dorsal view 
(arrowhead indicates the lack of dentate collar iV on one leg), B—paratype, male in dorsolateral view, c—juvenile in dorsola-
teral view, D—larva in dorsolateral view. Scale bars = 50 µm.
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FIGURE 27. Habitus of Echiniscus draconis sp. nov. (SEM, sex unidentified): A—dorsal view, B—lateral view (arrowheads 
indicate pulvini). Scale bars = 100 µm.
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FIGURE 28. Dorsal sculpturing of Echiniscus draconis sp. nov. (SEM, female): A—scapular plate, B—paired segmental and 
median plates, C—median plate 3 and caudal (terminal) plate. Scale bars = 50 µm.



south aFrican arMoured tardiGrades Zootaxa 5156 (1) © 2022 Magnolia Press  ·  53

but their anterior portions have a darker matrix and finer pores, and in the result thinner accumulations of matrix 
seem to be connected by striae, also in the anteriormost portion of the median plate 2 (Fig. 26A, 28B). The caudal 
(terminal) plate with variously developed epicuticular ridges forming a faceted/carinate pattern (Fig. 26A, 27A, 
28C). Caudal incisions sclerotised. Median plate 1 unipartite and similar to the posterior part of the bipartite m2, 
its anterior part is narrow and mostly unsculptured (Fig. 26a, 27a, 28B). Ventral cuticle with minute endocuticular 
pillars distributed throughout the whole venter; ventral plates lacking. Sexpartite gonopore placed anteriorly to legs 
iV, and a trilobed anus between legs iV.

legs short and massive. Pedal plates i–iii absent (Fig. 27B), pedal plate iV weakly sculptured, and sometimes 
with dentate collar iV asymmetrically lacking (Fig. 26a). Pulvini invisible under PcM, evident under seM (Fig. 
27B). a minute spine on leg i and a tiny papilla on leg iV. claws i–iV large, robust, of similar lengths (table 12). 
External claws on all legs smooth (Fig. 29). Internal claws with large spurs positioned at ca. 25–30% of the claw 
height, highly divergent from the claw branch and bent downwards.

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 13). Sexual dimorphism rudimentary, expressed only in the smaller body size of the only measurable male 
and the round gonopore. An asymmetrically developed spine in the aberrant position B (Fig. 26B). Apart from this, 
very similar to females.

FIGURE 29. Claws of Echiniscus draconis sp. nov. (females): A—claws I (PCM), B—claws II (PCM), C—claws III (SEM), 
d—claws iV (seM). scale bars = 10 µm.
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juveniles (i.e. the second instar, measurements and statistics in Table 13). Phenotypically like adult females, 
beside of the lacking gonopore. Sculpturing fainter (Fig. 26C). Clearly smaller in the majority of morphometrically 
informative traits (scapular plate length, lengths of cephalic appendages and claws), including a gap in the body 
length (see Tables 12–13).

TABLE 12. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus draconis sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 15 277 – 400 465 – 725 334 505 32 64 382 725
Scapular plate length 15 52.7 – 84.7 –  66.7 – 8.0 – 52.7 –
Head appendages lengths      
     Cirrus internus 13 9.9 – 21.2 14.0 – 25.0 13.5 20.1 3.5 3.6 10.6 20.1
     Cephalic papilla 15 6.9 – 10.5 10.5 – 16.3 8.7 13.2 1.2 1.9 8.0 15.2
     Cirrus externus 13 14.6 – 34.9 20.1 – 50.3 24.0 35.6 5.8 8.0 26.5 50.3
     Clava 15 3.9 – 8.3 5.6 – 12.7 6.7 10.2 1.0 1.8 6.7 12.7
     Cirrus A 12 48.5 – 77.9 70.1 – 133.0 65.9 99.2 9.7 17.1 70.1 133.0
     Cirrus A/Body length ratio 12 15% – 24% –  19% – 3% – 18% –
Body appendages lengths      
     Spine C 14 21.8 – 51.2 34.0 – 60.4 30.5 45.9 6.9 7.1 24.7 46.9
     Spine Cd 14 10.3 – 28.9 14.7 – 41.9 21.7 32.5 4.4 7.0 22.1 41.9
     Spine D 15 30.4 – 75.1 41.8 – 98.7 50.0 75.3 11.6 15.4 47.1 89.4
     Spine Dd 14 11.2 – 34.2 17.4 – 46.2 24.7 36.5 5.8 7.1 19.4 36.8
Spine on leg I length 13 3.3 – 5.5 5.8 – 8.6 4.5 7.0 0.5 0.9 4.5 8.5
Papilla on leg iV length 14 3.7 – 6.3 6.0 – 9.3 5.0 7.4 0.6 1.1 4.9 9.3
Number of teeth on the collar 15 10 – 15 –  12.3 – 1.5 – 12 –
Claw I heights      
     Branch 14 14.1 – 20.3 24.0 – 34.2 18.0 27.3 1.5 2.7 18.0 34.2
     Spur 14 2.6 – 4.2 4.3 – 6.8 3.5 5.3 0.4 0.8 3.6 6.8
     Spur/branch height ratio 14 17% – 23% –  19% – 2% – 20% –
Claw II heights      
     Branch 13 13.4 – 22.5 23.8 – 35.1 17.6 26.8 2.1 3.0 18.5 35.1
     Spur 13 2.7 – 4.2 4.5 – 6.1 3.4 5.2 0.4 0.5 3.2 6.1
     Spur/branch height ratio 13 17% – 23% –  20% – 2% – 17% –
Claw III heights      
     Branch 13 13.7 – 22.0 23.9 – 36.2 18.0 27.2 2.0 3.3 19.1 36.2
     Spur 12 2.9 – 3.9 4.1 – 7.0 3.5 5.2 0.3 0.8 3.7 7.0
     Spur/branch height ratio 12 16% – 21% –  19% – 2% – 19% –
claw iV heights      
     Branch 11 16.4 – 24.6 27.1 – 35.0 20.5 29.8 2.3 2.3 ? ?
     Spur 11 3.3 – 4.4 4.8 – 6.7 3.8 5.5 0.4 0.6 ? ?
     Spur/branch height ratio 11 16% – 23%  –  18% – 2% – ? –
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TABLE 13. Measurements [in µm] of selected morphological structures of the juveniles and a male of Echiniscus dra-
conis sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest 
and the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length 
of a given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD ♂
µm sp µm sp µm sp µm sp

Body length 5 163 – 257 465 – 538 207 508 41 30 242 460
Scapular plate length 5 31.3 – 48.9 –  41.0 – 8.5 – 52.7 –
Head appendages lengths        
     Cirrus internus 5 4.4 – 8.8 13.6 – 26.2 7.4 18.4 1.8 4.8 11.1 21.1
     Cephalic papilla 5 4.2 – 7.5 13.0 – 21.1 6.3 15.6 1.2 3.2 7.7 14.6
     Cirrus externus 5 7.3 – 15.1 22.6 – 40.3 11.5 28.6 2.8 7.5 21.3 40.4
     Clava 5 2.6 – 6.0 8.0 – 19.2 5.1 12.7 1.4 4.0 5.1 9.7
     Cirrus A 4 28.7 – 50.8 88.9 – 113.4 40.4 101.0 10.1 10.3 53.2 100.9
     Cirrus A/Body length ratio 4 18% – 22% –  20% – 2% – 22% –
Body appendages lengths        
     Spine C 5 7.1 – 20.1 21.1 – 51.1 14.6 36.0 5.7 13.7 24.3 46.1
     Spine Cd 4 5.2 – 17.1 10.6 – 38.2 10.2 23.4 5.6 11.7 16.8 31.9
     Spine D 4 14.3 – 36.9 44.3 – 77.4 26.5 66.7 9.9 15.2 32.5 61.7
     Spine Dd 5 8.0 – 20.1 16.4 – 53.7 14.6 36.5 5.5 14.3 17.7 33.6
Spine on leg I length 5 1.9 – 4.1 2.9 – 8.6 2.9 6.4 0.8 2.3 4.2 8.0
Papilla on leg iV length 5 2.9 – 4.5 8.0 – 10.9 3.7 8.9 0.6 1.2 4.1 7.8
Number of teeth on the collar 5 7 – 12 –  9.2 – 1.9 – 13.0 –
Claw I heights        
     Branch 5 12.0 – 14.3 8.6 – 38.3 13.0 26.4 0.8 10.9 15.3 29.0
     Spur 4 1.6 – 2.7 1.5 – 6.7 2.1 4.6 0.5 2.2 3.2 6.1
     Spur/branch height ratio 4 12% – 19% –  16% – 3% – 21% –
Claw II heights        
     Branch 3 10.7 – 13.6 8.0 – 28.5 12.1 21.0 1.5 11.3 14.0 26.6
     Spur 3 1.5 – 2.4 1.4 – 5.0 2.0 3.7 0.5 2.0 2.8 5.3
     Spur/branch height ratio 3 14% – 18% –  16% – 2% – 20% –
Claw III heights        
     Branch 4 10.7 – 13.9 7.8 – 38.3 12.1 24.7 1.3 11.2 14.5 27.5
     Spur 4 2.1 – 2.5 1.2 – 7.3 2.3 4.6 0.2 2.2 3.7 7.0
     Spur/branch height ratio 4 16% – 23% –  19% – 3% – 26% –
claw iV heights        
     Branch 4 12.1 – 15.6 9.2 – 38.7 13.7 27.9 1.5 12.9 ? ?
     Spur 4 1.9 – 3.3 2.2 – 8.0 2.6 5.7 0.6 2.5 ? ?
     Spur/branch height ratio 4 15% – 21%  –  19% – 3% – ? –

Larvae (i.e. the first instar, measurements and statistics in Table 14). Smaller than juveniles (compare Tables 
13–14). Sculpturing and trunk appendages formed as in juveniles (Fig. 26D). Lacking gonopore and anus.

eggs. up to six round, yellow eggs per exuvia were found.
DNA markers and phylogenetic position. Echiniscus draconis sp. nov. is the sister species of E. imitans sp. 

nov. (Fig. 117). The species closest in COI is E. imitans sp. nov. (p-distance = 9.1–9.7%), and in both ITS: E. liche-
norum (ITS-1: 0.6–3.1%, ITS-2: 0.3–1.2%).

Type material. 48 ♀♀, 2 ♂♂, 4 juveniles and 2 larvae on slides za.056.01–2, za.060.01–7; holotype: mature 
♀ on slide za.056.02. about 30 specimens on seM stub 18.16.
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TABLE 14. Measurements [in µm] of selected morphological structures of the larvae of Echiniscus draconis sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.
CHARACTER N RANGE MEAN SD

µm sp µm sp µm sp
Body length 5 154 – 164 413 – 530 160 475 4 43
Scapular plate length 5 31.0 – 38.1 –  33.8 – 2.9 –
Head appendages lengths      
     Cirrus internus 5 5.0 – 7.8 13.1 – 25.2 6.2 18.5 1.2 4.5
     Cephalic papilla 5 4.5 – 6.0 12.9 – 19.4 5.2 15.5 0.5 2.5
     Cirrus externus 5 10.0 – 11.5 29.1 – 37.1 10.6 31.5 0.7 3.4
     Clava 5 3.8 – 4.5 10.9 – 13.7 4.2 12.4 0.3 1.2
     Cirrus A 5 22.1 – 37.4 71.3 – 107.5 31.1 91.9 5.7 15.0
     Cirrus A/Body length ratio 5 13% – 23% –  20% – 4% –
Body appendages lengths      
     Spine C 4 7.4 – 16.4 19.4 – 47.1 11.0 32.9 3.8 11.5
     Spine Cd 5 5.6 – 11.3 14.7 – 36.0 8.4 25.3 2.2 8.4
     Spine D 5 10.3 – 23.3 29.6 – 74.2 17.7 53.2 4.9 17.8
     Spine Dd 5 7.2 – 21.0 21.3 – 60.3 11.6 34.6 5.5 16.0
Spine on leg I length 5 2.1 – 3.1 5.8 – 9.0 2.6 7.9 0.5 1.5
Papilla on leg iV length 5 2.3 – 3.4 6.3 – 9.9 2.8 8.4 0.5 1.6
Number of teeth on the collar 3 6 – 8 –  7.0 – 1.0 –
Claw I heights      
     Branch 5 9.6 – 10.8 27.3 – 32.0 10.2 30.3 0.5 1.8
     Spur 5 2.2 – 2.9 7.0 – 8.6 2.6 7.7 0.3 0.7
     Spur/branch height ratio 5 23% – 28% –  26% – 2% –
Claw II heights      
     Branch 5 9.1 – 10.4 26.5 – 31.8 9.8 29.1 0.5 2.3
     Spur 5 2.0 – 3.1 6.4 – 8.7 2.6 7.6 0.4 1.0
     Spur/branch height ratio 5 20% – 31% –  26% – 5% –
Claw III heights      
     Branch 5 9.1 – 10.7 27.6 – 30.7 9.8 29.1 0.7 1.4
     Spur 5 2.2 – 2.9 6.3 – 8.3 2.5 7.3 0.3 0.7
     Spur/branch height ratio 5 21% – 28% –  25% – 3% –
claw iV heights      
     Branch 4 10.5 – 11.9 29.4 – 35.5 11.2 32.5 0.6 2.8
     Spur 4 1.9 – 3.1 5.6 – 8.6 2.6 7.6 0.6 1.3
     Spur/branch height ratio 4 18% – 28%  –  23% – 4% –

Type locality. 33°24’10’’S, 20°05’30’’E, 760 m asl: Republic of South Africa, Western Cape, vicinity of Touws 
River; karoo, lichens from rocks (samples ZA.056 and ZA.060).

Etymology. From Latin draconis = dragon-like. The name refers to the Drakensberg, where, according to the 
local myths, dragons used to live. An adjective in the nominative singular.

Geographic distribution. The species is widely distributed and common in South Africa (Fig. 120F), likely 
endemic.

Remarks. Dioecious. Considerable genetic variability in the sequenced variable markers (COI: 0.4–1.2%, ITS-
1: 0.9–2.9%, ITS-2: 0.3–1.5%; see also SM.2), together with a deeply divergent clade recovered in the phylogenetic 
analysis (Fig. 117), suggests that E. draconis sp. nov. may be a complex of poorly differentiated, young species.

Differential diagnosis. Echiniscus egnatiae is morphologically closest to E. draconis sp. nov., since the 
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configuration of trunk appendages and sculpturing are alike, yet E. egnatiae can be separated from E. draconis sp. 
nov. by heteromorphic trunk spines (spines of similar lengths in E. draconis sp. nov. vs spines Cd clearly longer 
than other spines in E. egnatiae) and by claw morphology (robust claws, external claws iV smooth in E. draconis 
sp. nov. vs long, slender claws, external claws iV with minute spurs directed upwards in E. egnatiae). Finally, the 
related E. imitans sp. nov., E. lichenorum and E. similaris sp. nov. have larger pores and appendages B are typically 
present, whereas pores are minute and appendages B are always absent in E. draconis sp. nov. The sculpture of 
E. draconis sp. nov. resembles that of the E. merokensis complex (Gąsiorek et al. 2019a), but the appendages 
E, which are characteristic for the complex (Claxton 1996, Fontoura et al. 2008), are always absent in E. draconis 
sp. nov.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0084.htm).

10.	 Echiniscus	gracilis sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:4349A20B-D6DB-4342-BC4A-E445158508B9
Figures 30–34, Tables 15–17

Data source:
a total of 83 specimens (62 ♀♀, 4 ♂♂, 8 juveniles, and 9 specimens of unknown instar/sex):
• sample za.022: 19 specimens (11 ♀♀, 1 ♂, 6 juveniles and 1 specimen of unknown sex on slides); found with 

Echiniscus attenboroughi sp. nov., E. dentatus sp. nov., E. lichenorum, E. longispinous and E. setaceus sp. 
nov.

• sample za.023: 1 specimen (1 ♀♀ on a slide); found with Echiniscus dentatus sp. nov. and E. irroratus sp. 
nov.

• sample za.025: 9 specimens (8 ♀♀ and 1 juvenile on slides); found with E. dentatus sp. nov.
• sample za.096: 1 specimen (1 ♂ on a slide); found with Echiniscus longispinosus and E. setaceus sp. nov.
• sample za.511: 3 specimens (3 ♀♀ on a slide); found with Echiniscus longispinosus.
• sample za.513: 1 specimen (1 ♀ on a slide); found with Echiniscus latruncularis sp. nov., E. scabrospinosus, 

and E. setaceus sp. nov.
• sample za.552: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov.
• sample za.554: 32 specimens (22 ♀♀, 1 ♂, 1 juvenile and 1 specimen of unknown sex on slides, 3 specimens 

used for SEM and 4 used for DNA extraction); found with Echiniscus dentatus sp. nov.
• sample za.555: 16 specimens (15 ♀♀ and 1 ♂ on slides); found with Echiniscus dentatus sp. nov., E. irroratus 

sp. nov. and E. latruncularis sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 15). 
Small Echiniscus with light orange body and minute red eyes; body colour and eyes disappeared soon after mount-
ing in Hoyer’s medium. Small, dactyloid cephalic papillae (secondary clavae) and minute (primary) clavae (Fig. 
30A–B); cirri growing out from bulbous cirrophores. Cirri A short. The body appendage configuration is A-C-D, 
with all trunk appendages formed as cirri of similar lengths (Fig. 30A–B, 31A, C). Asymmetries in the development 
of lateral cirri very rare.

Dorsal plates with a dense endocuticular layer (Fig. 31A, C) forming a uniform dark matrix under PCM (Fig. 
30A–B). Pores intermixed with pseudopores of similar size, densely distributed in plates (Fig. 30A–B, 31A, C). 
The cephalic plate with an anterior chalice-shaped incision (Fig. 32). The cervical (neck) plate poorly developed 
as a thin darkish belt anterior to the scapular plate (Fig. 30A–B, 32). The scapular plate with a median longitudinal 
groove (Fig. 30A–B, 32), which is not visible under SEM, however in the same place a poorly outlined longitudinal 
poreless belt is present (Fig. 33A). Paired segmental plates with usual transverse stripes (Fig. 32, 33B), and both 
portions with identical sculpturing. The caudal (terminal) plate with one longitudinal and three transverse epicuticu-
lar ridges (variously developed) forming a distinct faceted/carinate pattern (Fig. 31A, 32, 33C). Caudal incisions 
weakly sclerotised. Median plates 1, 3 unipartite and similar to the posterior part of the bipartite m2, its anterior 
part is narrow and mostly unsculptured (Fig. 33B–c). Ventral cuticle with minute endocuticular pillars distributed 
throughout the whole venter, but genital plates present (Fig. 34A–B), with irregular surface under SEM (Fig. 34B). 
sexpartite gonopore placed anteriorly to legs iV, and a trilobed anus between legs iV.
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FIGURE 30. Habitus and intraspecific variability of Echiniscus gracilis sp. nov. (PCM): A—holotype, female in dorsal view, 
B—paratype, female in dorsolateral view, C—allotype, male in lateral view. Scale bars = 50 µm.
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FIGURE 31. Habitus and intraspecific variability of Echiniscus gracilis sp. nov. (SEM): A—female, dorsal view, B—male, 
dorsal view, C—female, lateral view. Scale bars = 50 µm.
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Legs long, with pedal plates invisible under PCM (Fig. 30B), but identifiable under SEM (Fig. 34D). Pulvini 
evident both under PcM and seM (Fig. 30B, 31c). a minute spine on leg i and a tiny papilla on leg iV (Fig. 30B, 
31c). claws iV higher than claws i–iii (table 15). claws slender (Fig. 34c–d). external claws on all legs smooth 
(Fig. 29) and the internal ones with delicate spurs positioned at ca. 25% of the claw height.

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 16). Sexual dimorphism rudimentary, expressed in a different body appendage formula A-(C)-Cd-(D)-Dd (Fig. 
30C, 32), more slender body (Fig. 31B) and in the circular gonopore. Apart from this, very similar to females, as 
morphometric gaps in measurable traits were not found (see Tables 15–16).

TABLE 15. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus gracilis sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 16 168 – 198 456 – 603 179 526 8 39 187 603
Scapular plate length 16 29.4 – 41.5 –  34.2 – 3.0 – 31.0 –
Head appendages lengths      
     Cirrus internus 13 11.4 – 16.1 33.8 – 46.8 13.4 38.9 1.5 4.3 14.5 46.8
     Cephalic papilla 15 4.9 – 7.4 14.0 – 22.4 6.0 17.6 0.9 2.5 5.4 17.4
     Cirrus externus 13 12.2 – 20.9 31.9 – 62.0 16.4 48.6 2.5 7.8 17.3 55.8
     Clava 16 3.5 – 5.6 10.1 – 16.8 4.6 13.6 0.6 2.1 5.2 16.8
     Cirrus A 15 30.5 – 44.4 89.7 – 123.9 36.5 106.8 3.3 9.7 38.4 123.9
     Cirrus A/Body length ratio 15 17% – 23% –  20% – 2% – 21% –
Body appendages lengths      
     Cirrus C 16 14.4 – 36.9 34.7 – 108.3 31.5 93.2 5.4 17.6 33.3 107.4
     Cirrus D 15 24.4 – 43.4 68.5 – 122.8 36.4 106.3 5.2 14.2 36.5 117.7
Spine on leg I length 14 1.7 – 3.9 5.0 – 11.2 2.7 7.9 0.7 2.0 2.5 8.1
Papilla on leg iV length 15 2.9 – 7.0 7.8 – 16.9 3.6 10.4 1.0 2.0 3.2 10.3
Number of teeth on the collar 16 3 – 10 –  6.8 – 1.6 – 8 –
Claw I heights      
     Branch 16 10.1 – 12.1 25.3 – 35.0 10.9 31.9 0.6 2.3 10.5 33.9
     Spur 12 1.9 – 2.6 5.5 – 8.4 2.2 6.6 0.2 0.9 2.6 8.4
     Spur/branch height ratio 12 17% – 25% –  20% – 2% – 25% –
Claw II heights      
     Branch 16 8.7 – 12.4 26.5 – 37.0 10.7 31.3 0.9 2.7 10.7 34.5
     Spur 12 2.0 – 3.4 5.2 – 10.2 2.4 7.0 0.4 1.3 2.3 7.4
     Spur/branch height ratio 12 18% – 34% –  22% – 4% – 21% –
Claw III heights      
     Branch 16 8.4 – 11.9 25.6 – 38.1 10.9 32.0 0.8 2.9 10.7 34.5
     Spur 14 1.5 – 2.7 4.5 – 8.1 2.1 6.3 0.4 0.9 2.5 8.1
     Spur/branch height ratio 14 13% – 23% –  19% – 3% – 23% –
claw iV heights      
     Branch 15 11.1 – 15.0 32.1 – 44.1 12.8 37.5 1.2 3.6 11.2 36.1
     Spur 3 2.3 – 2.9 6.9 – 9.5 2.7 8.2 0.3 1.3 ? ?
     Spur/branch height ratio 3 19% – 24%  –  21% – 3% – ? –
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TABLE 16. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus gracilis sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 2 170 – 206 545 – 631 188 588 25 61 170 545
Scapular plate length 2 31.2 – 32.6 –  31.9 – 1.0 – 31.2 –
Head appendages lengths      
     Cirrus internus 2 11.5 – 17.4 36.9 – 53.4 14.5 45.1 4.2 11.7 11.5 36.9
     Cephalic papilla 2 5.7 – 8.3 18.3 – 25.5 7.0 21.9 1.8 5.1 5.7 18.3
     Cirrus externus 2 17.4 – 19.8 55.8 – 60.7 18.6 58.3 1.7 3.5 17.4 55.8
     Clava 2 4.2 – 6.3 13.5 – 19.3 5.3 16.4 1.5 4.1 4.2 13.5
     Cirrus A 2 29.5 – 49.3 94.6 – 151.2 39.4 122.9 14.0 40.1 29.5 94.6
     Cirrus A/Body length ratio 2 17% – 24% –  21% – 5% – 17% –
Body appendages lengths      
     Cirrus C 1 26.2 – 26.2 80.4 – 80.4 26.2 80.4 ? ? ? ?
     Cirrus Cd 2 26.2 – 33.4 80.4 – 107.1 29.8 93.7 5.1 18.9 33.4 107.1
     Cirrus D 1 17.8 – 17.8 54.6 – 54.6 17.8 54.6 ? ? ? ?
     Cirrus Dd 2 31.2 – 32.3 95.7 – 103.5 31.8 99.6 0.8 5.5 32.3 103.5
Spine on leg I length 2 2.5 – 2.6 8.0 – 8.0 2.6 8.0 0.1 0.0 2.5 8.0
Papilla on leg iV length 2 3.6 – 5.3 11.5 – 16.3 4.5 13.9 1.2 3.3 3.6 11.5
Number of teeth on the collar 2 5 – 9 –  7.0 – 2.8 – 5 –
Claw I heights      
     Branch 2 9.4 – 11.1 30.1 – 34.0 10.3 32.1 1.2 2.8 9.4 30.1
     Spur 2 1.8 – 2.3 5.5 – 7.4 2.1 6.4 0.4 1.3 2.3 7.4
     Spur/branch height ratio 2 16% – 24% –  20% – 6% – 24% –
Claw II heights      
     Branch 2 9.0 – 10.6 28.8 – 32.5 9.8 30.7 1.1 2.6 9.0 28.8
     Spur 2 1.7 – 1.8 5.4 – 5.5 1.8 5.5 0.1 0.1 1.7 5.4
     Spur/branch height ratio 2 17% – 19% –  18% – 1% – 19% –
Claw III heights      
     Branch 2 9.2 – 10.2 29.5 – 31.3 9.7 30.4 0.7 1.3 9.2 29.5
     Spur 2 1.8 – 1.9 5.8 – 5.8 1.9 5.8 0.1 0.0 1.8 5.8
     Spur/branch height ratio 2 19% – 20% –  19% – 1% – 20% –
claw iV heights      
     Branch 2 10.4 – 13.0 33.3 – 39.9 11.7 36.6 1.8 4.6 10.4 33.3
     Spur 2 1.9 – 2.0 6.1 – 6.1 2.0 6.1 0.1 0.0 1.9 6.1
     Spur/branch height ratio 2 15% – 18%  –  17% – 2% – 18% –

juveniles (i.e. the second instar, measurements and statistics in Table 17). Phenotypically like adult females, 
beside of the lacking gonopore and body appendage formula A-(C)-Cd-(D)-Dd. However, clearly smaller in some of 
the morphometrically informative traits (e.g. body length, scapular plate length, lengths of trunk appendages; see 
Tables 15 and 17).

larvae. unknown.
eggs. up to two round, yellow eggs per exuvia were found.
DNA markers and phylogenetic position. The closest relatives of E. gracilis sp. nov. are E. capensis sp. nov. 

and E. irroratus sp. nov., the latter being a sister species (Fig. 117). The species closest in COI are E. attenboroughi 
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sp. nov. and E. similaris sp. nov. (p-distance = 14.5%), E. irroratus sp. nov. in ITS-1 (3.1%), and E. capensis sp. 
nov. in ITS-2 (1.2%).

Type material. 22 ♀♀, 1 ♂, 1 juvenile and 1 specimen of unknown sex on slides za.554.01, 3–8; holotype: 
mature ♀ on slide za.554.06, allotype: mature ♂ on slide za.554.04. Mounted together with 4 ♀♀ and 1 juvenile 
of E. dentatus sp. nov. Two specimens on SEM stub 19.06. Four individuals used for DNA extraction, all retrieved 
as hologenophores.

Type locality. 34°00’46.8”s, 18°59’54.06”e, 1090 m asl: republic of south africa, Western cape, jonker-
shoek Nature Reserve; fynbos, mosses and lichens from rocks (sample ZA.554).

TABLE 17. Measurements [in µm] of selected morphological structures of the juveniles of Echiniscus gracilis sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 4 117 – 145 413 – 538 131 485 12 53
Scapular plate length 4 24.3 – 31.2 –  27.3 – 3.2 –
Head appendages lengths      
     Cirrus internus 3 6.8 – 15.0 24.4 – 52.4 9.8 34.7 4.5 15.4
     Cephalic papilla 3 4.1 – 5.8 13.1 – 20.3 4.7 16.9 0.9 3.6
     Cirrus externus 4 8.7 – 14.5 27.9 – 50.7 10.7 39.7 2.7 10.2
     Clava 4 3.0 – 5.4 9.6 – 22.2 4.1 15.3 1.3 5.6
     Cirrus A 4 20.8 – 33.7 66.7 – 132.9 26.9 100.2 7.1 30.5
     Cirrus A/Body length ratio 4 16% – 28% –  21% – 6% –
Body appendages lengths      
     Cirrus C 2 12.7 – 15.8 44.4 – 65.0 14.3 54.7 2.2 14.6
     Cirrus Cd 4 13.8 – 28.2 55.4 – 116.0 22.4 82.6 6.1 25.0
     Cirrus D 2 16.3 – 19.9 57.0 – 81.9 18.1 69.4 2.5 17.6
     Cirrus Dd 4 15.8 – 30.7 63.5 – 116.0 24.3 89.7 6.6 25.9
Spine on leg I length 2 1.3 – 2.6 5.2 – 9.1 2.0 7.2 0.9 2.7
Papilla on leg iV length 3 2.5 – 3.8 9.6 – 13.3 3.1 11.0 0.7 2.0
Number of teeth on the collar 3 6 – 7 –  6.3 – 0.6 –
Claw I heights      
     Branch 4 7.1 – 9.2 23.7 – 34.6 8.0 29.7 1.0 4.7
     Spur 2 1.5 – 2.3 4.8 – 9.2 1.9 7.0 0.6 3.1
     Spur/branch height ratio 2 20% – 32% –  26% – 9% –
Claw II heights      
     Branch 4 6.9 – 9.6 22.1 – 33.7 7.9 29.3 1.3 5.5
     Spur 2 1.9 – 1.9 6.1 – 7.6 1.9 6.9 0.0 1.1
     Spur/branch height ratio 2 28% – 28% –  28% – 0% –
Claw III heights      
     Branch 4 6.7 – 10.1 21.5 – 35.3 8.0 29.7 1.5 6.3
     Spur 3 1.2 – 1.9 3.8 – 7.6 1.5 5.9 0.4 1.9
     Spur/branch height ratio 3 18% – 27% –  21% – 5% –
claw iV heights      
     Branch 4 8.4 – 9.8 26.9 – 40.3 9.3 34.4 0.6 5.7
     Spur 0 ? ?  ? ? ? ?
     Spur/branch height ratio 0  ?   –  ? – ? –
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FIGURE 32. Dorsal sculpturing of Echiniscus gracilis sp. nov. in close-up (PCM, male). Scale bar = 40 µm.

FIGURE 33. Dorsal sculpturing of Echiniscus gracilis sp. nov. (SEM, male): A—scapular plate, B—paired segmental and 
median plates, C—median plate 3 and caudal (terminal) plate. Scale bars in µm.

Etymology. From Latin gracilis = graceful, underlying elegantly regular dorsal sculpturing. An adjective in the 
nominative singular.

Geographic distribution. The species has a restricted distribution embracing Western Cape (Fig. 120F), thus 
it is most likely endemic to South Africa.

Remarks. Males most probably develop from juveniles, as we found a morphometric gap between juveniles 
and males (see Tables 16–17). A rare species, found mostly together with large populations of E. dentatus sp. nov. 
and E. longispinosus.

Differential diagnosis. E. gracilis sp. nov. is similar only to its closest congeners, E. capensis sp. nov. (see 
above) and E. irroratus sp. nov., but can be distinguished from:

•  E. irroratus sp. nov. by the body appendage configuration (A-C-Cd-D-Dd in E. gracilis sp. nov. vs	A-(B)-(C)-
(D)-(Dd)-(E) in E. irroratus sp. nov.), and dorsal sculpturing (dark epicuticular granules absent in E. gracilis sp. 
nov.	vs	dark epicuticular granules present in E. irroratus sp. nov.).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0085.htm).
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FIGURE 34. Ventral plates and claws of Echiniscus gracilis sp. nov. (females): A—genital plates (PCM), B—genital plates 
(SEM), C—claws II (PCM), D—claws III (SEM). Scale bars = 10 µm.

11.	 Echiniscus	imitans sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:7E5D422D-DCBE-44AA-97E8-B3939590AB14
Figures 35–39, Tables 18–20

Data source:
a total of 225 specimens (89 ♀♀, 18 ♂♂, 48 juveniles, 8 larvae, and 62 specimens of unknown instar/sex):
• sample za.222: 3 specimens (3 ♀♀ on a slide); found with Echiniscus blumi, E. draconis sp. nov., and 
 E. longispinosus.
• sample za.224: 1 specimen (1 ♀ on a slide); found with Echiniscus oreas sp. nov., E. regularis sp. nov., and 

E. scabrospinosus.
• sample za.227: 167 specimens (46 ♀♀, 13 ♂♂, 42 juveniles and 8 larvae on slides, 50 specimens on seM 

stub 18.18, and 8 specimens used for DNA extraction, including 5 hologenophores); found with E. regularis sp. 
nov.

• sample za.247: 22 specimens (12 ♀♀, 3 ♂♂ and 3 juveniles on slides, and 4 specimens used for dna extrac-
tion, including 4 hologenophores); found with Echiniscus oreas sp. nov. and E. regularis sp. nov.

• sample za.248: 14 specimens (12 ♀♀, 1 ♂ and 1 juvenile on slides); found with Echiniscus blumi.
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• sample za.255: 3 specimens (2 ♀♀, 1 juvenile on a slide); found with Echiniscus blumi and E. regularis sp. 
nov.

• sample za.431: 1 specimen (1 ♀ on a slide); found with Echiniscus draconis sp. nov., E. lichenorum, and 
 E. scabrocirrosus sp. nov.
• sample za.480: 14 specimens (12 ♀♀, 1 ♂ and 1 juvenile on slides); found with Echiniscus draconis sp. nov. 

and E. scabrocirrosus sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 18). Large 
Echiniscus with orange body and large red eyes; body colour and eyes disappeared soon after mounting in Hoyer’s 
medium. Small, dactyloid cephalic papillae (secondary clavae) and (primary) clavae (Fig. 35A, 38A); cirri growing 
out from bulbous cirrophores. Cirri A short. The body appendage configuration is A-B-C-Cd-D-Dd, with all lateral 
appendages formed as very long cirri, and dorsal appendages somehow intermediate between long spines and stiff 
cirri (Fig. 35A, 36). Lateral trunk cirri with massive elevated bases. Dorsal appendages with a double structure 
(hollow): outer involucre and inner core (Fig. 35A, 37A, 39D–E). Asymmetries in the development of appendages 
rare.

Dorsal plates with a dense endocuticular layer forming a uniform dark matrix under PCM (Fig. 35A). Large 
pores densely and regularly distributed in plates (Fig. 35A, 36, 37A, 38F). Striae join the capituli of pillars in the 
following areas: the narrow stripe between the scapular plate and median plate 1 (Fig. 38B), in the anterior por-
tions of the median plate 2 and paired segmental plates I–II (Fig. 38C–D), particularly minute in the transverse 
belts of segmental plates (Fig. 38E), and in the median plate 3 (Fig. 36A, 38C). The cephalic plate with an anterior 
triangular incision (Fig. 35A, 38A). The cervical (neck) plate poorly developed as a narrow, rectangular belt before 
the scapular plate (Fig. 35A, 36A, 38B). The scapular plate large, without median sutures or ridges (Fig. 38B), but 
with the usual lateral sutures (Fig. 35A, 36B). The caudal (terminal) plate with two short incisions (Fig. 35A), and 
occasional rudimental ridges forming facets (Fig. 36A). The caudal plate does not cover the entirety of the poste-
rior body end, leaving an unplated surface as in Cornechiniscus (Fig. 6a). Ventral cuticle with large endocuticular 
pillars distributed throughout the whole venter; two quasirectangular genital plates with single pores present (Fig. 
39a). sexpartite gonopore placed between genital plates, and a trilobed anus between legs iV.

Legs short, massive and stout (Fig. 35A), with pedal plates invisible under PCM, but identifiable under SEM as 
semicircular areas of irregular cuticle (Fig. 36B). Pulvini present and easily identifiable. Spine on leg I and a papilla 
on leg iV present (Fig. 36B, 38a). claws i–iV of equal heights, large and robust (Fig. 39B–c). external claws on all 
legs smooth. Internal claws with spurs of a moderate size positioned at ca. 25–30% of the claw height and strongly 
divergent from the branch.

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 19). Qualitatively like females (Fig. 35B). Sexual dimorphism rudimentary, expressed in smaller mean body 
size, shorter claws (compare Tables 18–19) and in the circular gonopore.

juveniles (i.e. the second instar, measurements in Table 20). No gonopore and body appendage configuration 
A-C-Cd-D-Dd. A clear morphometric gap between adult females and juveniles (see Tables 18–20).

Larvae (i.e. the first instar, measurements and statistics in Table 20). Lacking gonopore and anus. Body append-
age configuration A-C-Cd-D-Dd (Fig. 35C). Anterior portions of m2 and paired segmental plates weakly sculptured 
compared to older instars.

eggs. up to four round, yellow eggs per exuvia were found.
DNA markers and phylogenetic position. The sister species of E. draconis sp. nov. (Fig. 117, see also above). 

The species closest in COI is E. draconis sp. nov. (p-distance = 9.1–9.7%), and in both ITS—E. lichenorum (ITS-1: 
1.7–2.3%, ITS-2: 0.9–1.2%).

Type material. 12 ♀♀, 3 ♂♂, and 3 juveniles on slides za.247.01–7; holotype: mature ♀ on slide za.247.04, al-
lotype: mature ♂ on slide za.247.05. Four individuals used for dna extraction, all retrieved as hologenophores.

Type locality. 29°45’13.7”S, 29°11’33”E, 1900 m asl: republic of south africa, kwazulu-natal, drakensberg, 
Garden Castle Nature Reserve; shrubs at the river bank, lichens from rock (sample ZA.247).

Etymology. From Latin imito = to imitate, referring to the superficial similarity with E. quadrispinosus. A par-
ticiple in the nominative singular.

Geographic distribution. known only from south africa, with a restricted mountainous distribution (Fig. 
120I).
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FIGURE 35. Habitus and intraspecific variability of Echiniscus imitans sp. nov. (PCM): A—holotype, female in dorsal view, 
B—allotype, male in lateral view, C—larva in dorsal view. Scale bars = 50 µm.
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FIGURE 36. Habitus of Echiniscus imitans sp. nov. (SEM, females): A—female, dorsal view, B—female, lateral view. Scale 
bars = 100 µm.
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FIGURE 37. The comparison of the dorsal sculpturing of Echiniscus imitans sp. nov. (A) and Echiniscus quadrispinosus Rich-
ters, 1902 (B) (PCM, females). Scale bars = 50 µm.
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FIGURE 38. Head and dorsal sculpturing of Echiniscus imitans sp. nov. (SEM, females): A—cephalic appendages, cephalic 
plate and legs I, B—scapular plate, C—paired segmental and median plates, D—close-up on the anterior portion of the median 
plate 2, E—close-up on the transition zone (belt) between anterior and posterior portion of the segmental plate, F—close-up on 
the pores. Scale bars in µm.
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FIGURE 39. Ventral plates and claws of Echiniscus imitans sp. nov. (females): A—genital plates (PCM), B—claws III (PCM), 
c—claws iV (seM), d—spine Cd, E—spine Dd. Scale bars in µm.
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TABLE 18. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus imitans sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 282 – 370 445 – 601 339 526 22 40 347 601
Scapular plate length 20 47.9 – 76.8 –  64.8 – 6.5 – 57.7 –
Head appendages lengths      
     Cirrus internus 20 11.3 – 21.1 17.2 – 31.4 16.2 25.0 2.3 3.3 16.8 29.1
     Cephalic papilla 20 6.3 – 9.9 10.4 – 15.9 8.2 12.7 0.8 1.3 7.8 13.5
     Cirrus externus 20 22.6 – 34.5 25.3 – 51.5 24.8 38.6 3.7 6.4 23.3 40.4
     Clava 19 5.1 – 9.1 6.6 – 15.0 7.0 10.8 1.0 1.9 7.5 13.0
     Cirrus A 19 47.3 – 76.5 67.7 – 114.2 60.1 93.6 6.8 11.5 63.6 110.2
     Cirrus A/Body length ratio 19 13% – 24% –  18% – 2% – 18% –
Body appendages lengths      
     Cirrus B 19 21.2 – 165.0 36.7 – 263.5 121.5 187.0 31.5 46.6 21.2 36.7
     Cirrus C 20 53.6 – 217.2 92.9 – 358.5 159.1 246.2 39.1 60.2 53.6 92.9
     Cirrus Cd 20 32.5 – 148.8 48.2 – 257.9 52.5 82.7 23.7 43.0 148.8 257.9
     Cirrus D 18 99.1 – 221.4 148.4 – 348.1 167.3 258.5 37.2 54.4 194.2 336.6
     Cirrus Dd 20 28.5 – 55.3 47.8 – 87.0 42.2 65.5 7.2 11.7 50.2 87.0
Spine on leg I length 20 3.6 – 7.0 5.9 – 10.1 4.9 7.6 0.8 1.2 3.8 6.6
Papilla on leg iV length 17 4.3 – 6.7 6.6 – 10.6 5.4 8.3 0.7 1.2 4.4 7.6
Number of teeth on the collar 18 5 – 14 –  9.6 – 2.4 – 8 –
Claw I heights      
     Branch 20 17.1 – 22.6 24.1 – 36.2 19.2 29.8 1.6 3.2 18.8 32.6
     Spur 20 2.6 – 4.2 3.7 – 6.2 3.3 5.2 0.5 0.8 3.5 6.1
     Spur/branch height ratio 20 13% – 22% –  17% – 2% – 19% –
Claw II heights      
     Branch 20 15.6 – 21.8 25.4 – 32.6 18.5 28.7 1.6 1.9 17.5 30.3
     Spur 20 2.7 – 4.1 4.6 – 6.5 3.4 5.3 0.3 0.4 3.1 5.4
     Spur/branch height ratio 20 16% – 21% –  18% – 1% – 18% –
Claw III heights      
     Branch 19 15.4 – 22.1 25.5 – 33.6 18.9 29.4 1.7 2.2 17.8 30.8
     Spur 19 2.1 – 4.6 4.4 – 7.9 3.3 5.2 0.6 0.8 2.8 4.9
     Spur/branch height ratio 19 14% – 27% –  18% – 3% – 16% –
claw iV heights      
     Branch 20 16.2 – 25.0 27.1 – 37.2 21.4 33.2 2.5 3.0 21.2 36.7
     Spur 13 3.1 – 4.7 4.2 – 7.0 3.7 5.7 0.5 0.7 3.5 6.1
     Spur/branch height ratio 13 14% – 19%  –  17% – 1% – 17% –
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TABLE 19. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus imitans sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 6 249 – 299 488 – 568 274 529 17 29 274 488
Scapular plate length 6 47.9 – 56.1 –  51.8 – 3.5 – 56.1 –
Head appendages lengths      
     Cirrus internus 6 12.2 – 14.3 21.7 – 28.1 13.6 26.3 0.8 2.4 12.2 21.7
     Cephalic papilla 6 6.7 – 7.7 11.9 – 15.8 7.0 13.6 0.4 1.3 6.7 11.9
     Cirrus externus 6 16.2 – 19.5 28.9 – 40.0 18.3 35.5 1.1 4.0 16.2 28.9
     Clava 6 5.2 – 6.9 10.5 – 12.5 6.1 11.7 0.7 0.8 6.9 12.3
     Cirrus A 6 48.4 – 57.2 90.0 – 106.8 51.7 99.8 3.2 5.5 57.2 102.0
     Cirrus A/Body length ratio 6 17% – 21% –  19% – 2% – 21% –
Body appendages lengths      
     Cirrus B 6 80.4 – 108.6 162.8 – 207.5 95.3 183.7 11.3 16.9 101.6 181.1
     Cirrus C 6 126.1 – 151.4 250.8 – 271.5 135.2 260.9 9.2 8.7 151.4 269.9
     Cirrus Cd 6 25.5 – 37.4 45.5 – 76.6 31.2 60.6 4.2 10.4 25.5 45.5
     Cirrus D 5 121.7 – 174.3 246.4 – 357.2 149.1 284.3 19.1 42.9 155.4 277.0
     Cirrus Dd 6 25.7 – 37.7 52.0 – 77.3 31.2 60.2 4.7 9.2 35.8 63.8
Spine on leg I length 6 3.3 – 4.0 6.5 – 7.5 3.6 7.0 0.3 0.3 4.0 7.1
Papilla on leg iV length 4 4.5 – 5.2 8.4 – 10.2 4.8 9.3 0.3 0.8 4.7 8.4
Number of teeth on the collar 4 7 – 11 –  8.5 – 1.9 – ? –
Claw I heights      
     Branch 6 11.4 – 15.8 20.7 – 31.4 14.5 28.1 1.6 3.8 15.8 28.2
     Spur 6 2.6 – 3.9 4.6 – 7.1 3.1 5.9 0.5 1.0 2.6 4.6
     Spur/branch height ratio 6 16% – 34% –  22% – 6% – 16% –
Claw II heights      
     Branch 6 14.0 – 16.6 26.2 – 33.2 15.2 29.5 1.0 2.9 14.7 26.2
     Spur 6 2.1 – 3.3 4.4 – 6.3 2.8 5.3 0.4 0.7 2.8 5.0
     Spur/branch height ratio 6 13% – 23% –  18% – 4% – 19% –
Claw III heights      
     Branch 6 13.8 – 16.2 26.7 – 30.9 15.0 29.0 0.9 1.5 15.8 28.2
     Spur 6 2.5 – 3.5 4.5 – 7.1 2.8 5.5 0.4 1.0 2.5 4.5
     Spur/branch height ratio 6 16% – 24% –  19% – 3% – 16% –
claw iV heights      
     Branch 6 16.7 – 18.0 30.3 – 35.2 17.3 33.4 0.5 2.0 17.8 31.7
     Spur 5 2.2 – 3.4 4.5 – 7.1 3.0 5.7 0.5 1.0 2.9 5.2
     Spur/branch height ratio 5 13% – 20%  –  17% – 3% – 16% –
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TABLE 20. Measurements [in µm] of selected morphological structures of the larvae and a juvenile of Echiniscus imitans 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Juvenile
µm sp µm sp µm sp µm sp

Body length 4 143 – 186 502 – 610 161 546 18 47 196 491
Scapular plate length 4 27.2 – 31.9 –  29.6 – 2.1 – 39.9 –
Head appendages lengths        
     Cirrus internus 4 6.3 – 7.8 21.6 – 28.7 7.2 24.5 0.7 3.3 9.4 23.6
     Cephalic papilla 4 4.3 – 4.8 14.1 – 17.6 4.7 15.8 0.2 1.6 7.2 18.0
     Cirrus externus 4 8.8 – 10.2 29.8 – 35.3 9.6 32.4 0.7 2.3 12.3 30.8
     Clava 4 3.4 – 4.3 11.3 – 14.1 3.7 12.5 0.4 1.2 5.2 13.0
     Cirrus A 4 26.2 – 28.9 88.1 – 101.0 27.9 94.7 1.2 5.4 43.1 108.0
     Cirrus A/Body length ratio 4 15% – 19% –  17% – 1% – 22% –
Body appendages lengths        
     Cirrus C 4 42.7 – 55.0 157.0 – 192.3 50.3 170.3 5.4 15.3 81.8 205.0
     Cirrus Cd 4 13.2 – 16.7 46.5 – 52.4 14.4 48.6 1.6 2.6 26.9 67.4
     Cirrus D 3 52.5 – 65.6 193.0 – 215.1 59.6 206.7 6.6 11.9 73.7 184.7
     Cirrus Dd 4 11.5 – 12.8 40.1 – 43.8 12.2 41.3 0.6 1.7 25.0 62.7
Spine on leg I length 4 1.7 – 2.6 6.3 – 8.5 2.3 7.7 0.4 1.0 2.6 6.5
Papilla on leg iV length 3 2.7 – 3.6 9.4 – 11.8 3.0 10.5 0.5 1.2 ? ?
Number of teeth on the collar 4 6 – 7 –  6.5 – 0.6 – 7.0 –
Claw I heights        
     Branch 4 10.1 – 11.0 33.9 – 38.5 10.6 36.1 0.4 2.1 12.8 32.1
     Spur 4 2.0 – 2.6 6.3 – 9.1 2.3 7.8 0.2 1.2 2.0 5.0
     Spur/branch height ratio 4 19% – 24% –  22% – 2% – 16% –
Claw II heights        
     Branch 4 10.0 – 10.8 33.9 – 37.8 10.5 35.7 0.4 1.9 10.9 27.3
     Spur 4 1.9 – 2.6 6.6 – 9.6 2.4 8.1 0.3 1.2 ? ?
     Spur/branch height ratio 4 18% – 26% –  23% – 4% – ? –
Claw III heights        
     Branch 4 9.8 – 10.6 32.0 – 37.1 10.1 34.4 0.4 2.5 13.1 32.8
     Spur 4 2.2 – 3.1 7.5 – 10.2 2.5 8.6 0.4 1.2 ? ?
     Spur/branch height ratio 4 21% – 31% –  25% – 4% – ? –
claw iV heights        
     Branch 4 11.2 – 11.8 35.7 – 43.4 11.5 39.0 0.3 3.2 12.9 32.3
     Spur 3 2.4 – 2.6 7.5 – 8.5 2.5 8.1 0.1 0.5 ? ?
     Spur/branch height ratio 3 21% – 23%  –  22% – 1% – ? –

Remarks. Large populations of E. imitans sp. nov. were intermixed with other Echiniscus spp., typically with 
E. blumi, E. draconis sp. nov., E. oreas sp. nov., and E. regularis sp. nov. Meyer et al. (2018) recorded a representa-
tive of the E. quadrispinosus complex from Swaziland, but this had much more slender claws and long cirri E that 
distinguish it from E. imitans sp. nov., suggesting that the specimen from Meyer et al. (2018) belongs to another 
new species.
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Differential diagnosis. E. imitans sp. nov. is similar to several species, but it can be distinguished from:

• E. blumi, by the type of sculpturing (pores without marked rims in E. imitans sp. nov. vs pores with thick po-
lygonal edges in E. blumi), and claw morphology (spurless claws iV in E. imitans sp. nov. vs claws iV with 
secondary and tertiary spurs in E. blumi);

• E. knowltoni, a Nearctic endemic (Schuster & Grigarick 1971), by the body appendage configuration (A-B-C-
Cd-D-Dd in E. imitans sp. nov. vs A-C-Cd-D-Dd in E. knowltoni) and claw morphology (spurless claws iV in E. 
imitans sp. nov. vs claws iV with secondary spurs in E. knowltoni);

•  E. quadrispinosus, by the body appendage configuration (A-B-C-Cd-D-Dd in E. imitans sp. nov. vs A-B-C-Cd-
D-Dd-E in E. quadrispinosus) and dorsal plate sculpturing (endocuticular pillars absent in E. imitans sp. nov. vs 
endocuticular pillars present in E. quadrispinosus, compare Fig. 37A and 37B).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0086.htm).

12.	 Echiniscus	intricatus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:5B912B9D-FDD2-4871-9938-2E20B78C3A0F
Figures 40–43A–D, Tables 21–23

Data source:
a total of 186 specimens (97 ♀♀, 4 ♂♂, 31 juveniles, 7 larvae, and 47 specimens of unknown instar/sex):
• sample za.130: 36 specimens (30 ♀♀, 2 ♂♂ and 4 juveniles on slides); found with Echiniscus tetraspinosus 

sp. nov.
• Sample ZA.201: 9 specimen (1 juvenile on a slide and 8 specimens used for DNA extraction); found with 

Echiniscus oreas sp. nov. and E. tetraspinosus sp. nov.
• sample za.217: 1 specimen (1 ♀ on a slide); found with Echiniscus blumi.
• sample za.218: 3 specimens (2 ♀♀ on slides, 1 specimen used for dna extraction); found with Echiniscus 

draconis sp. nov., E. lichenorum, and E. tetraspinosus sp. nov.
• sample za.219: 106 specimens (45 ♀♀, 2 ♂♂, 18 juveniles and 7 larvae on slides, 20 specimens on seM stub 

18.18, 14 specimens used for DNA extraction); found with Echiniscus oreas sp. nov.
• sample za.225: 28 specimens (16 ♀♀ and 8 juveniles on slides, and 4 specimens used for dna extraction, 

including 3 hologenophores); found with Echiniscus blumi and E. regularis sp. nov.
• sample za.238: 3 specimens (3 ♀♀ on a slide); found with E. regularis sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 21). Me-
dium-sized Echiniscus with yellow, plump body and large red eyes; body colour and eyes disappeared soon after 
mounting in Hoyer’s medium. Dactyloid cephalic papillae (secondary clavae) and much smaller (primary) clavae 
(Fig. 40A, C, 41C); cirri growing out from bulbous cirrophores. Cirri A very short. Trunk unappendaged.

Dorsal plates with a dense endocuticular layer forming a uniform dark matrix under PCM (Fig. 40A, C). Large 
pores densely and irregularly distributed in plates (Fig. 40A, C, 41, 42A–B). Anterior portions of paired segmental 
plates I–II and median plate 2, and the entire m3 with different sculpturing—solid, small granules surrounded by 
a delicate wrinkling (striae visible in anteriormost portions of pI–II (Fig. 40); circular pseudopores with thickened 
edges between granules (Fig. 42C)). The cephalic plate with an anterior chalice-like incision (Fig. 40A). The cervi-
cal (neck) plate poorly developed as a narrow, rectangular belt before the scapular plate (Fig. 40A, 41, 42A). The 
scapular plate large (Fig. 42A), with the usual lateral sutures poorly marked (Fig. 40A, 41C), and the median longi-
tudinal ridge/suture weakly developed, mostly poreless (Fig. 40A). The caudal (terminal) plate with two short inci-
sions (Fig. 40a, c, 41B). Ventral cuticle with minute endocuticular pillars distributed throughout the whole venter; 
ventral plates absent. sexpartite gonopore placed anteriorly to legs iV, and a trilobed anus between legs iV.

legs massive and stout, with sculptured pedal plates i–iV (Fig. 40c). Pulvini clearly visible. spine on leg i 
placed at the border of the pedal plate and a tiny papilla on leg iV present (Fig. 40c, 41c). claws i–iV of equal 
heights, large and robust (Fig. 43). All external claws on legs spurless. All internal claws with large spurs positioned 
at ca. 25–30% of the claw height and strongly divergent from the branch.
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FIGURE 40. Habitus and intraspecific variability of Echiniscus intricatus sp. nov. (PCM): A—holotype, female in dorsal view, 
B—allotype, male in dorsolateral view, C—paratype, female in lateral view, D—paratype, larva in dorsolateral view. Scale bars 
in µm.
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FIGURE 41. Habitus and intraspecific variability of Echiniscus intricatus sp. nov. (SEM, females): A, B—dorsal view, 
C—lateral view. Scale bars = 50 µm.
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Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 22). Qualitatively like females (Fig. 40B). Sexual dimorphism rudimentary, expressed in smaller body size 
(compare Tables 21–22) and in the circular gonopore.

juveniles (i.e. the second instar, measurements and statistics in Table 22). No gonopore and a clear morphomet-
ric gap exists between adult females and juveniles (evidenced also in the scapular plate length; see Tables 21–22).

TABLE 21. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus intricatus sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 236 – 311 479 – 621 270 548 20 38 288 520
Scapular plate length 20 42.1 – 56.6 –  49.4 – 4.1 – 55.4 –
Head appendages lengths      
     Cirrus internus 20 11.4 – 17.2 23.7 – 35.5 14.2 28.8 1.8 3.1 15.0 27.1
     Cephalic papilla 20 5.8 – 8.8 13.1 – 18.3 7.7 15.7 0.7 1.5 7.4 13.4
     Cirrus externus 20 14.4 – 26.6 30.2 – 54.9 20.5 41.6 3.6 6.8 20.8 37.5
     Clava 20 4.4 – 7.0 9.1 – 15.9 5.9 12.1 0.8 1.8 6.4 11.6
     Cirrus A 20 23.6 – 35.3 48.6 – 71.2 30.5 62.0 3.0 5.8 31.2 56.3
     Cirrus A/Body length ratio 20 9% – 13% –  11% – 1% – 11% –
Body appendages lengths      
Spine on leg I length 19 3.1 – 4.7 6.3 – 9.7 3.8 7.8 0.4 0.9 3.6 6.5
Papilla on leg iV length 20 2.7 – 4.2 6.0 – 8.5 3.6 7.3 0.4 0.7 3.8 6.9
Number of teeth on the collar 20 6 – 12 –  8.6 – 1.9 – 9 –
Claw I heights      
     Branch 20 12.4 – 19.2 26.0 – 36.3 15.7 31.8 1.6 2.5 16.5 29.8
     Spur 19 1.9 – 3.4 3.9 – 6.5 2.7 5.4 0.4 0.8 3.1 5.6
     Spur/branch height ratio 19 12% – 21% –  17% – 2% – 19% –
Claw II heights      
     Branch 20 11.0 – 17.0 23.1 – 33.4 15.0 30.4 1.4 2.2 15.7 28.3
     Spur 14 2.0 – 3.4 4.1 – 6.8 2.7 5.4 0.4 0.8 2.8 5.1
     Spur/branch height ratio 14 13% – 28% –  18% – 4% – 18% –
Claw III heights      
     Branch 20 11.8 – 18.2 24.7 – 34.5 15.3 31.1 1.5 2.5 15.9 28.7
     Spur 18 2.1 – 3.7 3.9 – 6.9 2.8 5.6 0.5 0.8 3.3 6.0
     Spur/branch height ratio 18 13% – 24% –  18% – 3% – 21% –
claw iV heights      
     Branch 20 13.2 – 19.2 27.7 – 38.7 17.2 34.8 1.5 2.9 18.3 33.0
     Spur 8 2.8 – 4.0 5.7 – 7.8 3.5 6.9 0.4 0.7 4.0 7.2
     Spur/branch height ratio 8 16% – 28%  –  21% – 4% – 22% –

Larvae (i.e. the first instar, measurements and statistics in Table 23). No gonopore and anus. A clear morpho-
metric gap between juveniles and larvae. Central portions of the paired segmental plates I–II smooth, their anterior 
and posterolateral portions, and posterolateral portions of the scapular plate and pedal plates with larger and densely 
packed pores of irregular, not circular, shape (Fig. 40D).

eggs. up to four round, yellow eggs per exuvia were found.



Gąsiorek Et AL.78  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

TABLE 22. Measurements [in µm] of selected morphological structures of the juveniles and a male of Echiniscus intri-
catus sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest 
and the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length 
of a given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD ♂
µm sp µm sp µm sp µm sp

Body length 5 151 – 219 467 – 528 181 495 25 24 223 558
Scapular plate length 5 29.6 – 41.5 –  36.6 – 4.7 – 40.0 –
Head appendages lengths        
     Cirrus internus 5 6.5 – 15.7 22.0 – 41.3 11.1 29.9 3.7 7.7 13.6 34.0
     Cephalic papilla 5 3.4 – 8.7 11.5 – 22.9 6.3 17.0 2.0 4.1 8.7 21.8
     Cirrus externus 5 11.2 – 21.2 37.8 – 51.1 16.5 44.5 3.7 4.9 14.1 35.3
     Clava 5 3.6 – 7.1 9.6 – 18.7 4.9 13.3 1.5 3.4 4.0 10.0
     Cirrus A 5 16.6 – 30.6 55.9 – 80.5 24.7 66.7 6.3 10.6 25.0 62.5
     Cirrus A/Body length ratio 5 11% – 17% –  14% – 2% – 11% –
Body appendages lengths        
Spine on leg I length 5 2.0 – 3.3 6.8 – 8.0 2.8 7.6 0.5 0.5 2.3 5.8
Papilla on leg iV length 5 2.3 – 3.6 6.5 – 9.1 2.9 7.9 0.5 1.0 3.5 8.8
Number of teeth on the collar 5 5.0 – 11.0 16.9 – 27.8 8.2 22.0 2.6 4.7 7.0 –
Claw I heights        
     Branch 5 8.6 – 14.9 26.1 – 39.2 12.0 32.4 3.0 5.1 13.9 34.8
     Spur 2 1.6 – 2.7 5.4 – 6.5 2.2 6.0 0.8 0.8 2.3 5.8
     Spur/branch height ratio 2 19% – 20% –  19% – 1% – 17% –
Claw II heights        
     Branch 5 7.7 – 14.9 26.0 – 39.2 11.6 31.4 2.8 5.0 13.9 34.8
     Spur 2 2.2 – 2.4 5.6 – 6.3 2.3 5.9 0.1 0.5 1.8 4.5
     Spur/branch height ratio 2 16% – 17% –  17% – 1% – 13% –
Claw III heights        
     Branch 5 8.5 – 14.3 28.7 – 37.6 11.8 32.1 2.6 4.1 13.4 33.5
     Spur 2 1.7 – 2.3 5.7 – 5.8 2.0 5.8 0.4 0.0 2.1 5.3
     Spur/branch height ratio 2 16% – 20% –  18% – 3% – 16% –
claw iV heights        
     Branch 5 8.9 – 16.2 30.1 – 42.6 13.4 36.2 3.3 5.1 13.4 33.5
     Spur 2 2.3 – 2.4 7.0 – 7.8 2.4 7.4 0.1 0.6 ? ?
     Spur/branch height ratio 2 22% – 26%  –  24% – 3% – ? –

DNA markers and phylogenetic position. The phylogeny reconstruction inferred E. belloporus sister to 
E. intricatus sp. nov., both constituting the sister clade of the E. spinulosus complex (Fig. 117). The species closest 
in COI is E. draconis sp. nov. (p-distance = 14.3–14.7%), in ITS-1—E. oreas sp. nov. (6.9–7.1%), and in ITS-2—
E. dentatus sp. nov. (5.3–5.6%).

Type material. 45 ♀♀, 2 ♂♂, 18 juveniles and 7 larvae on slides za.219.01, 3–12; holotype: mature ♀ on slide 
za.219.04. Mounted together with 2 ♂♂, 5 juveniles and 1 larva of E. oreas sp. nov., 20 ♀♀, 17 juveniles and 4 
larvae of E. regularis sp. nov. About 20 specimens on a SEM stub 18.18. 14 individuals used for DNA extraction, 
11 retrieved as hologenophores.

Type locality. 29°16’6.4’’S, 29°30’45.5’’E, 1770 m asl: republic of south africa, kwazulu-natal, drakens-
berg, Giants Castle Game Reserve; montane grassland, lichens from rock (sample ZA.219).

Etymology. From Latin intricatus = complex, referring to an intricate dorsal sculpturing. An adjective in the 
nominative singular.

Geographic distribution. only recorded from south africa; uncommon (Fig. 120j).
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Remarks. Populations of E. intricatus sp. nov. were always accompanied by other echiniscids, macrobiotids, 
milnesiids and ramazzottiids, with no obvious associations between the taxa.

Differential diagnosis. Echiniscus intricatus sp. nov. is similar to the unappendaged E. bisculptus, reported 
from Morocco (Maucci 1983), but the morphological disparities between them are evident: thin striae are localised 
only in the anteriormost portions of paired segmental plates I–II (Fig. 40) in E. intricatus sp. nov., but they are large 
and present in all dorsal plates (Fig. 44) in E. bisculptus, a strong difference in the cirrus A length (up to 35 µm 
[<20% of the body length] in E. intricatus sp. nov. vs up to 81 µm [ca. 25% of the body length] in E. bisculptus), 
and the morphology of internal spurs (large spurs highly divergent from branches in E. intricatus sp. nov. vs tiny 
spurs adjacent to branches in E. bisculptus, compare Fig. 43A–D and 43E).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0087.htm).

TABLE 23. Measurements [in µm] of selected morphological structures of the larvae of Echiniscus intricatus sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 2 136 – 150 507 – 509 143 508 10 2
Scapular plate length 2 26.7 – 29.6 –  28.2 – 2.1 –
Head appendages lengths      
     Cirrus internus 2 5.2 – 5.3 17.6 – 19.9 5.3 18.7 0.1 1.6
     Cephalic papilla 2 3.9 – 4.3 13.2 – 16.1 4.1 14.6 0.3 2.1
     Cirrus externus 2 7.4 – 9.3 25.0 – 34.8 8.4 29.9 1.3 7.0
     Clava 2 2.9 – 3.3 10.9 – 11.1 3.1 11.0 0.3 0.2
     Cirrus A 2 15.1 – 15.1 51.0 – 56.6 15.1 53.8 0.0 3.9
     Cirrus A/Body length ratio 2 10% – 11% –  11% – 1% –
Body appendages lengths      
Spine on leg I length 2 1.6 – 2.0 5.4 – 7.5 1.8 6.4 0.3 1.5
Papilla on leg iV length 2 2.3 – 2.4 7.8 – 9.0 2.4 8.4 0.1 0.9
Number of teeth on the collar 2 5 – 6 –  5.5 – 0.7 –
Claw I heights      
     Branch 2 7.9 – 8.3 28.0 – 29.6 8.1 28.8 0.3 1.1
     Spur 2 2.3 – 2.4 7.8 – 9.0 2.4 8.4 0.1 0.9
     Spur/branch height ratio 2 28% – 30% –  29% – 2% –
Claw II heights      
     Branch 2 7.9 – 8.3 28.0 – 29.6 8.1 28.8 0.3 1.1
     Spur 2 2.0 – 2.4 6.8 – 9.0 2.2 7.9 0.3 1.6
     Spur/branch height ratio 2 24% – 30% –  27% – 4% –
Claw III heights      
     Branch 2 7.8 – 8.2 27.7 – 29.2 8.0 28.5 0.3 1.1
     Spur 2 2.1 – 2.4 7.1 – 9.0 2.3 8.0 0.2 1.3
     Spur/branch height ratio 2 26% – 31% –  28% – 4% –
claw iV heights      
     Branch 2 9.0 – 9.3 31.4 – 33.7 9.2 32.6 0.2 1.6
     Spur 2 2.5 – 2.6 8.4 – 9.7 2.6 9.1 0.1 0.9
     Spur/branch height ratio 2 27% – 29%  –  28% – 1% –
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FIGURE 42. Dorsal sculpturing of Echiniscus intricatus sp. nov. (SEM, females): A—scapular plate, B—paired segmental and 
median plates, C—close-up on the sculpture of anterior portion of the median plate 2. Scale bars in µm.
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FIGURE 43. Claws of Echiniscus intricatus sp. nov. (females): a—claws i (PcM), B—claws iV (PcM), c—claws ii (seM), 
d—claws iV (seM), e—claws ii of Echiniscus bisculptus (female, PCM). Arrowhead indicates lack of spur. Scale bars = 10 
µm.
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FIGURE 44. Dorsal sculpturing of Echiniscus bisculptus Maucci, 1983 (PCM, females): A, B—scapular plate, C—paired seg-
mental plate I, D—median plate 2, E, F—caudal (terminal) plate. Scale bars = 10 µm.

13.	 Echiniscus	irroratus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:2C8AC5EF-9A2E-4084-B722-F9B18F639720
Figures 45–48, Table 24

Data source:
a total of 24 specimens (18 ♀♀, 2 ♂♂, 2 juveniles, and 2 specimens of unknown instar/sex):
• sample za.022: 1 specimen (1 ♀ on a slide); found with Echiniscus attenboroughi sp. nov., E. dentatus sp. 

nov., E. gracilis sp. nov., E. lichenorum, E. longispinosus, and E. setaceus sp. nov.
• sample za.023: 5 specimens (4 ♀♀ and 1 juvenile on slides); found with E. dentatus sp. nov. and E. gracilis 

sp. nov.
• sample za.502: 3 specimens (2 ♀♀ and 1 specimen of unknown sex on slides); found with Cornechiniscus 

madagascariensis, Echiniscus dentatus sp. nov., E. latruncularis sp. nov., and E. setaceus sp. nov.
• sample za.504: 7 specimens (5 ♀♀ and 1 ♂ on slides, and 1 specimen used for dna extraction); found with 
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Echiniscus dentatus sp. nov.
• sample za.518: 2 specimens (1 ♀ and 1 juvenile on a slide); found with Echiniscus dentatus sp. nov., E. sca-

brospinosus, Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi, and P. (Meridioniscus) wallacei sp. nov.
• sample za.511: 1 specimen (1 ♀ on a slide); found with Echiniscus gracilis sp. nov. and E. longispinosus.
• sample za.551: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov..
• sample za.555: 3 specimens (2 ♀♀ on a slide, and 1 ♂ on seM stub 19.06); found with E. dentatus sp. nov., 

E. gracilis sp. nov., and E. latruncularis sp. nov.
• sample za.558: 1 specimen (1 ♀ on a slide); found with E. dentatus sp. nov. and E. longispinosus.

FIGURE 45. Habitus of Echiniscus irroratus sp. nov. (PCM): A—holotype, female in dorsal view, B—allotype, male in dor-
solateral view. Scale bars = 50 µm.
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Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 24). 
Small Echiniscus with hyaline yellow body, and minute red eyes; body colour and eyes disappeared soon after 
mounting in Hoyer’s medium. Dactyloid cephalic papillae (secondary clavae) and (primary) clavae (Fig. 45A, 46); 
cirri growing out from bulbous cirrophores. Cirri A short. Body appendage formula highly unstable: A-(B)-(C)-(D)-
(Dd)-(E), with trunk appendages formed as short cirri (Fig. 46), very often lacking asymmetrically (Fig. 47). Two 
specimens unappendaged (Fig. 46C). One specimen with supernumerary spines on the posterior margins of paired 
segmental plates I–II (Fig. 46A).

Dorsal plates with dominant epicuticular multangular and circular granules visible as large dark dots under 
PCM (Fig. 45A, 46, 47), which may be faint (Fig. 46A); pores either absent (Fig. 45A) or sparse and distributed in 
all plates (Fig. 46A–B), but in some specimens mainly in the scapular plate (Fig. 46C, 47). The cephalic plate with 
an anterior chalice-like incision (Fig. 46A–B). The cervical (neck) plate poorly developed as a narrow, rectangular 
belt before the scapular plate. The scapular plate with poorly developed median longitudinal groove and lateral 
sutures (Fig. 46A–B), sometimes the median groove absent (Fig. 45A, 46C, 47). Median plate 1 and the posterior 
portion of the m2 equal in size, and of the same shape and sculpturing; sculpturing on the anterior portion of m2 
and m3 identically poorly developed. Anterior and posterior portions of paired segmental plates I–II dissimilar in 
size, but of similar sculpturing. The caudal (terminal) plate with two short incisions and variously developed facets: 
either absent (Fig. 45a, 47) or evident (Fig. 46a–B). Ventral cuticle with minute endocuticular pillars distributed 
throughout the whole venter; ventral plates present: a pair in the subcephalic row and a pair of genital plates. Sex-
partite gonopore placed between genital plates, and a trilobed anus between legs iV.

Pedal plates absent, pulvini present and clearly visible (Fig. 46A, C). Minute spine on leg I and a tiny papilla 
on leg iV present (Fig. 45a, 46a, c). claws iV slightly higher than claws i–iii. all external claws spurless. internal 
claws heteromorphic: claws I–III with smaller spurs positioned at ca. 25% of the claw, but claws iV with large, 
highly divergent spurs positioned at ca. 30% of the claw (Fig. 48C–D).

Mature males and sexually dimorphic traits (i.e. from the third instar onwards). Smaller and with a more elon-
gated body than females (body length 159 µm, scapular plate length 25.0 µm in the only male mounted on a mi-
croscope slide; Fig. 45B). Cephalic appendages lengths: cirrus internus 9.6 µm, cephalic papilla 7.4 µm, cirrus 
externus 15.9 µm, (primary) clava 6.4 µm. Body appendage configuration A-B-C-D, all appendages in the form of 
cirri: A 35.5 µm, B 20.6 µm, C 27.7 µm, D 32.1 µm. Epicuticular granules poorly visible, pores scarce. Subcephalic 
plates large and oval (Fig. 48A); much smaller and trapezoid genital plates (Fig. 48B). Leg appendages lengths: 
spine i 1.1. µm, papilla iV 3.3 µm. dentate collar iV with nine teeth. claw heights: 7.6–10.7 µm; internal spurs: 
1.9–2.4 µm. Gonopore circular.

juveniles (i.e. the second instar). No gonopore, but qualitatively look like females.
larvae. unknown.
eggs. unknown.
DNA markers and phylogenetic position. The closest relatives of E. irroratus sp. nov. are E. capensis sp. nov. 

and E. gracilis sp. nov., the latter being a sister species (Fig. 117). The species closest in ITS is E. gracilis sp. nov. 
(ITS-1: p-distance = 3.1%, ITS-2: 1.8%).

Type material. 7 ♀♀, 1 ♂, 1 specimen of unknown sex on slides za.502.09, za.504.01–2, 4, 6; holotype: 
mature ♀ on slide za.504.04. Mounted together with 5 ♀♀ of E. dentatus sp. nov. One individual used for DNA 
extraction.

Type locality. 33°59’44.4”S, 18°58’52.2”E, 480 m asl: republic of south africa, Western cape, jonkershoek 
Nature Reserve; fynbos in a river bank, mosses and lichens from rocks partially submerged by water (samples 
ZA.502 and ZA.504).

Etymology. From Latin irroro = to sprinkle, referring to the sculpture of the species, whose cuticle is sprinkled 
by regular granules. A participle in the nominative singular.

Geographic distribution. Only recorded from South Africa, uncommon and restricted to the Western Cape 
(Fig. 120H).

Remarks. Small populations or single specimens of E. irroratus sp. nov. were almost always accompanied by 
the much commoner E. dentatus sp. nov.

Differential diagnosis. See above for the distinction between E. irroratus sp. nov. and the two most similar 
species: E. capensis sp. nov. and E. gracilis sp. nov.
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FIGURE 46. Intraspecific variability of Echiniscus irroratus sp. nov. (PCM, females): A—lateral view (numerous additional 
spicules present along the margins of paired segmental plates), B—dorsal view (exclusively short cirri D present), C—dorsolateral 
view (trunk appendages absent). Scale bars = 50 µm.
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FIGURE 47. Dorsal sculpturing of Echiniscus irroratus sp. nov. in close-up (PCM, female). Scale bar = 20 µm.

FIGURE 48. Ventral plates and claws of Echiniscus irroratus sp. nov. (PCM): A—subcephalic plates (male), B—genital plates 
(male), c—claws ii (female), d—claws iV (female). scale bars = 10 µm.
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Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0088.htm).

TABLE 24. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus irroratus sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 7 175 – 207 492 – 673 190 591 13 56 202 673
Scapular plate length 7 29.9 – 35.6 –  32.2 – 2.4 – 30.0 –
Head appendages lengths      
     Cirrus internus 7 11.0 – 16.9 35.7 – 53.3 13.8 43.0 2.2 7.0 16.0 53.3
     Cephalic papilla 7 6.3 – 7.9 17.7 – 24.1 6.9 21.7 0.6 2.6 7.0 23.3
     Cirrus externus 7 15.0 – 21.4 42.1 – 67.3 17.7 55.3 2.6 8.7 20.2 67.3
     Clava 7 4.1 – 5.4 12.9 – 16.7 4.8 14.8 0.4 1.4 5.0 16.7
     Cirrus A 7 36.6 – 50.0 105.7 – 146.0 40.8 126.8 4.8 13.5 43.8 146.0
     Cirrus A/Body length ratio 7 18% – 29% –  22% – 3% – 22% –
Body appendages lengths      
     Cirrus B 1 5.2 – 5.2 15.9 – 15.9 5.2 15.9 ? ? ? ?
     Cirrus C 4 18.6 – 30.0 56.7 – 99.0 23.9 73.8 5.8 19.4 ? ?
     Cirrus D 7 20.1 – 30.6 61.3 – 101.7 25.0 77.9 4.3 13.7 30.5 101.7
     Cirrus Dd 2 2.1 – 3.3 6.6 – 9.4 2.7 8.0 0.8 2.0 ? ?
     Cirrus E 4 1.8 – 5.7 6.0 – 18.8 3.1 9.9 1.8 6.0 ? ?
Spine on leg I length 7 1.4 – 2.3 4.4 – 6.7 2.0 6.1 0.3 0.8 1.8 6.0
Papilla on leg iV length 7 3.4 – 4.4 9.6 – 14.5 3.9 12.3 0.4 1.9 3.9 13.0
Number of teeth on the collar 7 9 – 14 –  11.3 – 1.8 – 10 –
Claw I heights      
     Branch 7 8.6 – 11.3 27.7 – 34.7 9.8 30.4 1.0 2.7 10.4 34.7
     Spur 6 2.3 – 3.3 7.2 – 10.9 2.8 8.7 0.3 1.3 ? ?
     Spur/branch height ratio 6 26% – 33% –  29% – 3% – ? –
Claw II heights      
     Branch 7 8.0 – 11.0 26.5 – 33.7 9.4 29.3 1.1 2.6 10.1 33.7
     Spur 7 2.2 – 2.7 6.9 – 8.6 2.4 7.6 0.2 0.7 2.4 8.0
     Spur/branch height ratio 7 23% – 31% –  26% – 3% – 24% –
Claw III heights      
     Branch 7 7.8 – 11.0 26.1 – 33.3 9.4 29.1 1.1 2.6 10.0 33.3
     Spur 7 2.3 – 2.6 6.5 – 8.6 2.4 7.5 0.1 0.7 2.4 8.0
     Spur/branch height ratio 7 23% – 29% –  26% – 3% – 24% –
claw iV heights      
     Branch 7 10.0 – 12.3 33.2 – 41.0 11.3 35.2 0.9 2.8 12.3 41.0
     Spur 5 2.3 – 3.2 7.2 – 10.6 2.8 8.6 0.3 1.3 2.7 9.0
     Spur/branch height ratio 5 22% – 30%  –  24% – 3% – 22% –
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14.	 Echiniscus	latruncularis sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:1AF47BCA-C0E6-43E8-BD4C-DA004B9DDF2B
Figures 49–52, Tables 25–27

Data source:
a total of 44 specimens (16 ♀♀, 14 ♂♂, 7 juveniles, and 7 specimens of unknown instar/sex):
• sample za.502: 16 specimens (4 ♀♀, 5 ♂♂ and 1 juvenile on slides, 3 specimens used for dna analyses, and 

3 specimen used for SEM analysis on stub 19.02); found with Cornechiniscus madagascariensis, Echiniscus 
dentatus sp. nov., E. irroratus sp. nov., and E. setaceus sp. nov.

• sample za.513: 6 specimens (3 ♀♀, 1 ♂ and 2 juveniles on slides); found with Echiniscus gracilis sp. nov., 
 E. scabrospinosus, and E. setaceus sp. nov.
• sample za.542: 3 specimens (1 ♀, 1 ♂ and 1 juvenile on slides); found with Echiniscus longispinosus and 
 E. setaceus sp. nov.
• sample za.543: 1 specimen (1 ♀ on a slide); found with Echiniscus longispinosus.
• Sample ZA.544: 1 specimen (1 juvenile on a slide).
• sample za.545: 9 specimens (2 ♀♀, 5 ♂♂ and 1 juvenile on slides, and 1 specimen used for dna extraction 

and secured as a hologenophore).
• sample za.553: 7 specimens (4 ♀♀, 2 ♂♂ and 1 juvenile on slides).
• sample za.555: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov., E. gracilis sp. nov., and 

E. irroratus sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 25). Large 
Echiniscus with dark orange, massive body (Fig. 49, 51, 52A) and large red eyes; body colour and eyes disappeared 
soon after mounting in Hoyer’s medium. Dactyloid cephalic papillae (secondary clavae) and (primary) clavae (Fig. 
49); cirri growing out from bulbous cirrophores. Cirri A short. Body appendage formula highly unstable: A-(B)-C-
Cd-D-(Dd)-E, with trunk appendages formed as extremely long, but stiff spines (Fig. 49, 51) of roughly equal lengths 
(Fig. 49B–C), or with spines C and Cd being the longest (Fig. 49A, 51, 52A). Trunk spine asymmetries common in 
the position B (Fig. 51).

Dorsal plates with pseudopores in the form of wide bright depressions intermingled with multangular elements 
of endocuticle connected by striae (Fig. 49, 51–52). Endocuticular elements have a tendency towards merging into 
larger, solid matrix (Fig. 49B), so plate surface becomes mostly uniform and smooth (Fig. 49C). This pattern is 
delusively similar to that characteristic for Claxtonia vincula (Horning et al. 1978, Pilato et al. 2005). The anterior 
portion of the median plate 2 and the posteriormost portion of m3 solely with epicuticular granules (Fig. 51, 52B). 
The cephalic plate with a poorly marked T-shaped anterior incision (Fig. 49A). The cervical (neck) plate poorly de-
veloped as a very narrow, discontinuous belt anterior to the scapular plate. The scapular plate with well-delimited, 
small rectangular lateral portions (Fig. 49, 52A). Anterior and posterior portions of paired segmental plates I–II dis-
similar in size, but with identical sculpturing (Fig. 52C). The caudal (terminal) plate with two short, unsclerotised 
incisions and facets poorly visible under PcM (Fig. 49), but well-identifiable under seM (Fig. 51). Ventral cuticle 
with minute endocuticular pillars distributed throughout the whole venter; ventral plates absent. Sexpartite gono-
pore placed anteriorly to legs iV, and a trilobed anus between legs iV.

Pedal plates I–III absent (Fig. 52A) or developed as dark irregular fields in the central portions of legs (Fig. 
49B–c), but pedal plate iV present and weakly sculptured (Fig. 49a–B); pulvini present and clearly visible (Fig. 
49B–c, 52a). a minute triangular spine on leg i and a papilla on leg iV (Fig. 49B–c, 50c, 51, 52a). claws robust 
(Fig. 50c). claws i–iV of similar heights. all external claws spurless. all internal claws with large, acute spurs 
positioned at ca. 30% of the claw (Fig. 48A–B).

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 26). Smaller and slenderer than females (Fig. 50A–B, see Tables 25–26). Body appendage configuration A-B-
C-Cd-D-Dd-E. Peculiar dimorphism of males: some of them (type A) with tumescent primary and secondary clavae, 
large papillae iV, and long, massive limbs (Fig. 50a), whereas others (type B, commoner) with cephalic and leg 
appendages developed similarly to females, and thinner limbs (Fig. 50B). Claws shorter than in females (Fig. 50C, 
see Tables 25–26). Gonopore circular.

juveniles (i.e. from the second instar onwards; measurements and statistics in Table 27). Smaller than adults, 
but qualitatively similar. Gonopore absent.
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FIGURE 49. Habitus and intraspecific variability of females of Echiniscus latruncularis sp. nov. (PCM): A—holotype in dorsal 
view (typically formed sculpture), B—paratype in dorsolateral view (epicuticular matrix merged into uniform layer in many 
parts of dorsal plates), C—paratype in dorsolateral view (epicuticular matrix merged into uniform layer in most parts of dorsal 
plates, forming solid surface especially in the central portions of plates). Scale bars = 50 µm.
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FIGURE 50. Habitus and dimorphism of males of Echiniscus latruncularis sp. nov. (PCM): A—allotype in dorsolateral view 
(♂ of the type A with cephalic papillae and papillae iV tumescent), B—paratype in dorsolateral view (♂ of the type B with 
cephalic papillae and papillae iV developed as in ♀), c—claws iV. scale bars in µm.
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FIGURE 51. Habitus of Echiniscus latruncularis sp. nov. (SEM, female in dorsal view). Scale bar = 50 µm.

larvae. unknown.
eggs. unknown.
DNA markers and phylogenetic position. The species is the sister taxon of E. scabrocirrosus sp. nov. within 

the South-African endemic clade (Fig. 117). The species closest in COI is E. attenboroughi sp. nov. (p-distance = 
11.7–11.9%), in ITS-1 and ITS-2—E. scabrocirrosus sp. nov. (1.4–2.3% and 0.9%, respectively).

Type material. 4 ♀♀, 5 ♂♂, 1 juvenile on slides za.502.04–8; holotype: mature ♀ on slide za.502.08, al-
lotype: mature ♂ on slide za.502.07. three specimens on a seM stub 19.02. three individuals used for dna 
extraction.

Type locality. 33°59’44.4”S, 18°58’52.2”E, 480 m asl: republic of south africa, Western cape, jonkershoek 
Nature Reserve; fynbos in a river bank, mosses and lichens from rocks partially submerged by water (sample 
ZA.502).

Etymology. From Latin latrunculi = chess. A well-developed sculpture in this species (Fig. 49A) resembles a 
checkered chess board. An adjective in the nominative singular.

Geographic distribution. Only recorded from South Africa, rare and restricted to the Western Cape (Fig. 
120C).

Remarks. Found always in a small number of specimens, together with populations of other echiniscids and 
macrobiotids.

Differential diagnosis. E. latruncularis sp. nov. is similar to E. laterosetosus and E. polygonalis by the dense 
polygonal dorsal sculpturing (Ito 1993), however both species exhibit long lateral cirri and secondary spurs on ex-
ternal claws iV, absent in the new species. two species resemble E. latruncularis sp. nov. by the appendage formula, 
but they differ from the new species:

• E. dikenli, recorded from Turkey (Maucci 1972), by the appendage E morphology (stiff spine in E. latruncularis 
sp. nov. vs filamentous cirrus in E. dikenli), and dorsal plate sculpturing (pseudopores in the form of wide de-
pressions mixed with polygonal elements of endocuticle in E. latruncularis sp. nov. vs pores of the spinulosus 
type in E. dikenli);
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• E. elaeinae, a likely New Zealand endemic (Pilato et al. 2005), by dorsal plate sculpturing (pseudopores in the 
form of wide depressions intermingled with multangular elements of endocuticle in E. latruncularis sp. nov. vs 
reticulum of the E. granulatus type in E. elaeinae), and the morphology of internal spurs (robust and positioned 
at ca. 30% of the claw height in E. latruncularis sp. nov. vs thin and positioned at ca. 25% of the claw height in 
E. elaeinae).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0089.htm).

FIGURE 52. Dorsal sculpturing of Echiniscus latruncularis sp. nov. (SEM, female): A—dorsolateral view, B—median plate 2, 
C—segmental plate II. Scale bars in µm.
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TABLE 25. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus latruncularis 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 10 257 – 358 441 – 508 305 463 30 21 314 508
Scapular plate length 10 57.7 – 75.8 –  65.8 – 5.8 – 61.9 –
Head appendages lengths      
     Cirrus internus 9 15.9 – 26.2 23.5 – 37.4 20.5 31.1 2.9 4.1 20.3 32.8
     Cephalic papilla 10 8.6 – 12.3 12.9 – 17.9 10.2 15.5 1.3 2.0 11.1 17.9
     Cirrus externus 9 23.7 – 30.9 38.0 – 41.7 26.5 40.1 2.5 1.5 24.0 38.8
     Clava 9 5.6 – 10.4 8.0 – 14.4 8.1 12.4 1.3 2.1 8.5 13.7
     Cirrus A 9 46.5 – 70.2 69.0 – 100.1 52.5 79.6 7.4 9.0 46.5 75.1
     Cirrus A/Body length ratio 9 15% – 21% –  17% – 2% – 15% –
Body appendages lengths      
     Appendage B 6 29.7 – 52.8 46.8 – 75.3 37.0 54.7 8.1 10.6 ? ?
     Appendage C 8 25.4 – 75.5 44.0 – 111.5 45.3 68.8 15.5 22.2 54.0 87.2
     Appendage Cd 8 42.6 – 79.8 59.9 – 113.8 58.6 87.5 11.7 16.9 50.3 81.3
     Appendage D 9 30.9 – 62.7 49.2 – 89.4 38.5 58.2 9.9 12.9 34.1 55.1
     Appendage Dd 4 12.9 – 30.1 20.8 – 39.7 21.2 30.2 8.8 10.6 ? ?
     Appendage E 8 30.2 – 56.3 42.5 – 83.2 42.6 65.0 9.7 13.2 49.2 79.5
Spine on leg I length 9 2.6 – 5.7 4.2 – 9.2 4.3 6.6 1.0 1.5 5.7 9.2
Papilla on leg iV length 9 4.9 – 6.8 7.7 – 10.7 5.8 8.9 0.7 1.1 6.6 10.7
Number of teeth on the collar 8 10 – 12 –  11.3 – 0.9 – 12 –
Claw I heights      
     Branch 8 17.0 – 21.2 25.8 – 33.2 18.6 28.6 1.4 2.5 18.9 30.5
     Spur 8 3.1 – 6.2 5.0 – 8.2 4.5 6.9 0.9 1.1 5.0 8.1
     Spur/branch height ratio 8 18% – 29% –  24% – 4% – 26% –
Claw II heights      
     Branch 7 16.8 – 20.3 25.7 – 30.0 18.2 27.6 1.3 1.5 ? ?
     Spur 7 3.9 – 5.1 5.7 – 7.5 4.5 6.8 0.5 0.6 ? ?
     Spur/branch height ratio 7 21% – 29% –  25% – 3% – ? –
Claw III heights      
     Branch 7 16.3 – 21.8 25.6 – 33.8 19.1 29.2 2.0 2.8 20.9 33.8
     Spur 7 3.9 – 5.6 5.6 – 8.0 4.4 6.7 0.6 0.8 4.1 6.6
     Spur/branch height ratio 7 20% – 26% –  23% – 3% – 20% –
claw iV heights      
     Branch 6 18.0 – 22.9 30.1 – 34.6 20.5 31.4 1.7 1.7 ? ?
     Spur 6 4.6 – 5.7 7.4 – 9.6 5.3 8.2 0.4 0.8 ? ?
     Spur/branch height ratio 6 24% – 28%  –  26% – 1% – ? –
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TABLE 26. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus latruncularis 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 10 195 – 268 456 – 532 231 509 19 25 232 481
Scapular plate length 10 37.8 – 50.7 –  45.5 – 3.9 – 48.1 –
Head appendages lengths      
     Cirrus internus 6 9.1 – 24.0 19.1 – 53.6 18.1 38.0 5.9 13.0 123.0 255.7
     Cephalic papilla 10 7.0 – 11.5 18.5 – 24.4 9.6 21.1 1.3 1.9 10.4 21.6
     Cirrus externus 6 17.1 – 26.2 41.6 – 56.8 22.7 49.5 3.5 6.3 20.0 41.6
     Clava 10 6.1 – 9.4 12.8 – 21.2 7.7 17.0 1.0 2.5 8.7 18.1
     Cirrus A 9 30.6 – 53.2 64.3 – 106.5 42.1 92.4 6.6 14.9 40.3 83.8
     Cirrus A/Body length ratio 9 14% – 22% –  18% – 3% – 17% –
Body appendages lengths      
     Appendage B 9 20.8 – 35.7 46.2 – 82.4 29.7 64.5 4.6 12.1 27.8 57.8
     Appendage C 9 33.4 – 55.0 82.4 – 122.8 43.2 94.4 6.2 12.0 41.3 85.9
     Appendage Cd 10 40.1 – 63.7 89.1 – 133.8 50.1 110.8 7.2 17.9 44.3 92.1
     Appendage D 9 24.0 – 46.0 47.3 – 96.6 32.4 72.4 6.4 13.8 32.6 67.8
     Appendage Dd 8 9.6 – 20.6 19.3 – 45.8 11.7 26.5 3.7 8.2 ? ?
     Appendage E 8 33.2 – 47.6 73.8 – 107.4 39.6 87.9 5.1 11.0 44.8 93.1
Spine on leg I length 10 2.9 – 4.6 6.0 – 10.3 3.4 7.6 0.5 1.3 2.9 6.0
Papilla on leg iV length 9 4.2 – 5.9 9.7 – 13.8 5.2 11.5 0.5 1.3 5.3 11.0
Number of teeth on the collar 8 5 – 13 –  10.9 – 2.5 – 13 –
Claw I heights      
     Branch 7 12.7 – 16.6 27.4 – 34.9 14.5 31.9 1.3 3.0 16.6 34.5
     Spur 7 3.1 – 4.0 7.5 – 8.7 3.7 8.1 0.4 0.5 4.0 8.3
     Spur/branch height ratio 7 23% – 29% –  26% – 2% – 24% –
Claw II heights      
     Branch 6 12.1 – 15.4 27.2 – 32.7 14.0 30.5 1.2 2.1 15.4 32.0
     Spur 6 2.7 – 4.6 6.7 – 9.1 3.8 8.1 0.7 1.0 3.2 6.7
     Spur/branch height ratio 6 21% – 31% –  27% – 4% – 21% –
Claw III heights      
     Branch 5 11.4 – 17.1 27.8 – 35.6 14.6 32.5 2.1 3.4 17.1 35.6
     Spur 5 3.0 – 4.2 6.9 – 9.4 3.5 7.8 0.5 1.0 3.4 7.1
     Spur/branch height ratio 5 20% – 28% –  24% – 4% – 20% –
claw iV heights      
     Branch 4 16.2 – 19.4 32.0 – 41.1 17.9 38.4 1.3 4.3 19.4 40.3
     Spur 4 3.8 – 4.4 8.1 – 9.1 4.1 8.7 0.3 0.4 3.9 8.1
     Spur/branch height ratio 4 20% – 27%  –  23% – 3% – 20% –
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TABLE 27. Measurements [in µm] of selected morphological structures of the juveniles of Echiniscus latruncularis sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 140 – 186 417 – 550 168 484 20 53
Scapular plate length 5 31.2 – 38.0 –  34.8 – 3.0 –
Head appendages lengths      
     Cirrus internus 4 10.5 – 11.0 27.6 – 32.8 10.8 30.3 0.3 2.3
     Cephalic papilla 5 5.4 – 8.6 16.3 – 22.6 6.5 18.7 1.2 2.5
     Cirrus externus 4 11.0 – 18.3 34.1 – 48.2 14.2 39.5 3.1 6.1
     Clava 5 5.4 – 8.5 14.7 – 27.2 6.3 18.3 1.3 5.1
     Cirrus A 4 27.3 – 37.7 73.0 – 99.2 30.7 86.0 4.8 11.6
     Cirrus A/Body length ratio 4 16% – 20% –  17% – 2% –
Body appendages lengths      
     Appendage B 4 13.8 – 30.1 42.7 – 80.5 21.4 59.3 7.0 16.1
     Appendage C 4 19.9 – 29.6 55.3 – 91.6 23.1 68.4 4.4 16.9
     Appendage Cd 2 30.7 – 37.8 87.5 – 117.0 34.3 102.2 5.0 20.9
     Appendage D 2 18.5 – 21.0 52.7 – 65.0 19.8 58.9 1.8 8.7
     Appendage Dd 5 7.5 – 11.3 23.2 – 32.2 9.1 26.2 1.7 3.7
     Appendage E 3 21.6 – 38.9 66.9 – 104.0 28.5 83.7 9.2 18.8
Spine on leg I length 2 2.5 – 3.0 7.1 – 9.3 2.8 8.2 0.4 1.5
Papilla on leg iV length 5 2.8 – 4.0 9.0 – 11.1 3.4 9.8 0.6 1.0
Number of teeth on the collar 3 10 – 12 –  10.7 – 1.2 –
Claw I heights      
     Branch 4 9.1 – 9.9 25.7 – 30.7 9.6 28.2 0.3 2.2
     Spur 4 2.1 – 2.3 6.1 – 6.8 2.2 6.6 0.1 0.3
     Spur/branch height ratio 4 22% – 24% –  23% – 1% –
Claw II heights      
     Branch 3 8.7 – 11.8 26.2 – 31.1 10.1 28.4 1.6 2.5
     Spur 3 2.3 – 2.6 6.7 – 7.4 2.5 7.0 0.2 0.4
     Spur/branch height ratio 3 22% – 26% –  25% – 2% –
Claw III heights      
     Branch 4 8.8 – 12.1 25.1 – 31.8 9.9 27.9 1.5 2.9
     Spur 4 2.1 – 2.6 5.6 – 7.1 2.3 6.4 0.2 0.6
     Spur/branch height ratio 4 21% – 25% –  23% – 2% –
claw iV heights      
     Branch 3 11.3 – 15.0 33.3 – 39.5 12.7 35.9 2.0 3.2
     Spur 3 2.6 – 3.6 8.0 – 9.5 3.1 8.9 0.5 0.7
     Spur/branch height ratio 3 23% – 27%  –  25% – 2% –
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15.	 Echiniscus	lichenorum Maucci, 1983
Figures 53–56, Tables 28–30

Data source:
a total of 205 specimens (126 ♀♀, 3 ♂♂, 12 juveniles, 5 larvae, and 59 specimens of unknown instar/sex):
• sample za.010: 53 specimens (37 ♀♀, 1 ♂ and 1 larva on slides, 10 specimens on seM stub 17.10, and 4 

specimens used for DNA extraction)
• sample za.011: 1 specimen (1 ♀ on a slide).
• sample za.015: 50 specimens (25 ♀♀, 4 juveniles and 1 specimen of unknown sex on slides, and 20 specimens 

on SEM stub 19.07); found with Echiniscus attenboroughi sp. nov., E. draconis sp. nov., E. setaceus sp. nov., 
and E. virginicus.

• sample za.020: 7 specimens (4 ♀♀ and 3 juveniles on slides); found with Echiniscus dentatus sp. nov., 
 E. draconis sp. nov., E. longispinosus, and E. setaceus sp. nov.
• sample za.022: 1 specimen (1 ♀ on a slide); found with Echiniscus attenboroughi sp. nov., E. dentatus sp. 

nov., E. gracilis sp. nov., E. longispinosus, and E. setaceus sp. nov.
• sample za.040: 15 specimens (8 ♀♀, 2 ♂♂ and 1 larva on slides, 4 specimens used for dna extraction).
• sample za.093: 3 specimens (3 ♀♀ on slides); found with Echiniscus marginatus.
• sample za.096: 1 specimen (1 ♀ on a slide); found with Echiniscus gracilis sp. nov., E. longispinosus, and 
 E. setaceus sp. nov.
• sample za.097: 2 specimens (2 ♀♀ on a slide); found with Echiniscus scabrospinosus.
• sample za.098: 21 specimens (18 ♀♀, 1 juvenile and 2 larvae on slides); found with Echiniscus draconis sp. 

nov., E. marginatus, and E. scabrospinosus.
• sample za.218: 2 specimens (2 ♀♀ on a slide); found with Echiniscus draconis sp. nov., E. intricatus sp. nov., 

and E. tetraspinosus sp. nov.
• sample za.240: 9 specimens (8 ♀♀ and 1 larva on slides).
• sample za.360: 1 specimen (1 ♀ on a slide); found with Echiniscus draconis sp. nov., E. longispinosus, and 
 E. scabrospinosus.
• sample za.431: 7 specimens (6 ♀♀ and 1 juvenile on slides); found with Echiniscus draconis sp. nov., 
 E. imitans sp. nov., and E. scabrospinosus.
• sample za.450: 32 specimens (10 ♀♀ and 2 juveniles on slides, and 20 frozen specimens); found with Echinis-

cus draconis sp. nov.
• New Iberian records: Spain, Andalucía, Sierra de Hornachuelos, Las Herrerías: Sample ES.156: 37°50’48.42”N, 

5°15’44.22”W, 286 m asl, moss+lichen from a tree in a lucid mixed cork oak-oak forest (24 specimens: 13 
♀♀, 1 ♂, 4 juveniles on slides, and 6 specimens used for dna extraction); sample es.162: 37°50’30.96”n, 
5°15’44.52”W, 290 m asl, lichen from a tree in the same forest (8 specimens: 3 ♀♀, 1 ♂, 1 juvenile on slides, 
and 3 specimens used for DNA extraction); Sample ES.166: 37°50’55.32”N, 5°15’42.78”W, 254 m asl, lichen 
from a tree branch in the same forest (10 specimens: 8 ♀♀ on slides and 2 specimens used for dna extraction); 
coll. 18.04.2018, Piotr Gąsiorek & Witold Morek.

Literature:
• Original description: Maucci (1983).

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 28). 
Medium-sized Echiniscus with dark orange, massive body (Fig. 53A, 54) and large red eyes; body colour and eyes 
disappeared soon after mounting in Hoyer’s medium. Dactyloid cephalic papillae (secondary clavae) and (primary) 
clavae (Fig. 53A); cirri growing out from bulbous cirrophores. Cirri A short. Body appendage formula A-B-C-Cd-
D-Dd, with trunk appendages formed as long spines (usually dorsal) or reduced cirri (typically lateral), highly stable 
(Fig. 53A, 54) and extremely rarely asymmetric. Lateral appendages with broad triangular bases, dorsal ones with 
evident double structure, its outer layer thick and dark.

Dorsal plates resembling the E. quadrispinosus-type sculpture, i.e. a network of dense (dark under PCM) cu-
ticular matrix with pores of various sizes and shapes (Fig. 53A and 54). The sculpture, however, may exhibit con-
siderable variation depending on the size and proportions of cuticular matrix and pores. Specifically, sometimes the 
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FIGURE 53. Habitus and intraspecific variability of Echiniscus lichenorum Maucci, 1983 (PCM): A—female, dorsal view, 
B—male, dorsolateral view, C—larva, dorsolateral view. Scale bars = 50 µm.
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knots of the reticulum form granules that are connected via striae (pores in such cases are the spaces between the 
striae; Fig. 53B and 54A). In some specimens, the granules are more evident and tightly arranged with small and 
sparse pores present in between the granules where endocuciular matrix is absent (Fig. 55A). The cephalic plate 
with an anterior incision. The cervical (neck) plate sculptured only in its anteriormost portion, thick and adjacent to 
the scapular plate (Fig. 53A). The scapular plate large, with well-delimited, small rectangular lateral portions delim-
ited by poreless sutures (Fig. 53A, 55A); a median and two transverse weakly porous and weakly outlined ridges/
sutures, the transverse ridges join laterally (Fig. 53A). Anterior and posterior portions of paired segmental plates 
I–II dissimilar in size, but with identical sculpturing (Fig. 53A, 54, 55A). The caudal (terminal) plate with two short, 
sclerotised incisions and facets formed by a median, two lateral and three transverse weakly porous ridges/sutures 
(Fig. 53a, 54a). Ventral cuticle with minute endocuticular pillars distributed throughout the whole venter; ventral 
plates absent. sexpartite gonopore placed anteriorly to legs iV, and a trilobed anus between legs iV.

Pedal plates i–iii absent, but pedal plate iV present (sculptured and with the dentate collar; Fig. 53a, 54B, 
55d); pulvini present. a spine on leg i and a papilla on leg iV present (Fig. 54B). claws large and with relatively 
small internal spurs compared to the size of the branch, positioned at ca. 20–25% of the claw (Fig. 55B–D). Claws 
iV longer than claws i–iii. all external claws spurless.

FIGURE 54. Habitus of Echiniscus lichenorum (SEM): A—female, dorsal view, B—female, lateral view. Scale bars = 50 µm.

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 29). Smaller and slenderer than females (Fig. 53B, compare Tables 28–29). Claws I–III shorter than in fe-
males. Gonopore circular.

juveniles (i.e. from the second instar onwards). No gonopore. Qualitatively similar to adults, but with less de-
veloped dorsal sculpture. Exemplary morphometric data for a single specimen: body length 188 µm, scapular plate 
length 39.1 µm; cephalic appendages: cirrus internus 8.4 µm, cephalic papilla 4.3 µm, (primary) clava 5.3 µm, 
cirrus A 35.7 µm; trunk appendages: spine B 18.0 µm, spine C 22.0 µm, spine Cd 17.7 µm, spine D 32.2 µm; claws 
11.1–15.5 µm, spurs 1.7–2.0 µm.

Larvae (i.e. the first instar; measurements and statistics in Table 30). Gonopore and anus absent. Clearly smaller 
than subsequent life stages. Body appendage formula A-Cd-Dd (Fig. 53C).

eggs. up to three eggs per exuvia were found.
DNA markers and phylogenetic position. Echiniscus lichenorum is the sister species of E. similaris sp. nov. 

(Fig. 117). The species closest in COI is E. similaris sp. nov. (p-distance = 1.2–1.8%), and in ITS—E. draconis sp. 
nov. (ITS-1: 0.6–3.1%, ITS-2: 0.3–1.2%). Intraspecific p-distances are as follows: COI—2.0%, ITS-1—0.3–0.6%, 
ITS-2—0.3%.

Etymology. From Latin lichenorum = associated with lichens. Maucci (1983) isolated the first specimens be-
longing to this species from lichen thalli. In South Africa, this species also exhibits strong lichenophilous prefer-
ences (~90% of samples with E. lichenorum were lichens).
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FIGURE 55. Morphology of Echiniscus lichenorum (females): A—dorsal sculpturing in close-up (PCM), B—claws I (PCM), 
c—claws i (seM), d—claws iV (seM). scale bars = 50 µm.

Geographic distribution. the species is relatively common and widely distributed in south africa (Fig. 120k). 
Our African and Spanish findings are the first records of E. lichenorum outside the locus typicus in Portugal (Maucci 
1983).

Remarks. usually large populations are mixed with other echiniscids, macrobiotids, and milnesiids. Given that 
this is only the second record of the species, we clarified the description by supplying it with missing details, and 
precisely describing the intraspecific variability within the Iberian and Afrotropical populations, also by consulting 
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the type series (paratype C.T.10398; Fig. 56). Consequently, we ascertained that it is a bona species, disaffirming 
the suspicion of invalidity in Gąsiorek et al. (2019a). The disjunctive distribution requires further investigation (see 
Discussion).

TABLE 28. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus lichenorum 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 17 226 – 300 485 – 607 271 541 22 39
Scapular plate length 17 44.8 – 58.7 –  50.1 – 4.4 –
Head appendages lengths      
     Cirrus internus 13 7.8 – 14.1 14.0 – 29.4 10.7 20.8 2.4 4.3
     Cephalic papilla 17 5.5 – 8.2 9.9 – 16.9 7.2 14.4 0.7 1.7
     Cirrus externus 15 10.0 – 25.6 20.9 – 51.5 18.2 36.0 4.7 8.6
     Clava 16 3.7 – 7.3 6.5 – 15.6 5.7 11.3 1.1 2.4
     Cirrus A 14 25.6 – 60.3 46.0 – 128.3 52.7 106.9 8.6 19.8
     Cirrus A/Body length ratio 14 9% – 25% –  20% – 4% –
Body appendages lengths      
     Cirrus B 17 15.6 – 33.4 31.6 – 69.3 24.9 49.7 5.1 9.2
     Cirrus C 17 23.5 – 51.6 48.1 – 98.3 35.3 70.4 9.4 17.1
     Spine Cd 16 12.7 – 27.2 22.8 – 59.3 19.8 40.1 4.5 9.4
     Cirrus D 16 32.3 – 53.3 65.5 – 110.0 43.4 87.1 6.2 11.1
     Spine Dd 17 11.1 – 31.5 19.9 – 61.0 23.7 47.6 4.5 9.7
Spine on leg I length 14 3.0 – 12.2 5.4 – 22.6 4.1 8.1 2.4 4.3
Papilla on leg iV length 16 3.0 – 9.0 5.5 – 17.2 4.0 8.0 1.4 2.7
Number of teeth on the collar 17 4 – 15 –  9.4 – 2.6 –
Claw I heights      
     Branch 15 14.4 – 17.9 27.8 – 37.3 16.4 32.8 0.9 2.7
     Spur 10 2.2 – 4.4 4.4 – 9.2 2.9 5.6 0.6 1.3
     Spur/branch height ratio 10 14% – 27% –  17% – 4% –
Claw II heights      
     Branch 17 13.1 – 17.2 26.8 – 36.4 15.5 31.1 1.1 2.8
     Spur 9 2.0 – 2.9 3.6 – 6.3 2.4 4.6 0.4 0.9
     Spur/branch height ratio 9 12% – 18% –  15% – 2% –
Claw III heights      
     Branch 16 14.1 – 17.8 27.4 – 39.7 15.9 31.9 1.0 2.9
     Spur 6 2.1 – 2.9 4.3 – 5.9 2.6 4.8 0.3 0.7
     Spur/branch height ratio 6 13% – 17% –  16% – 2% –
claw iV heights      
     Branch 16 14.1 – 21.6 30.5 – 44.4 19.3 38.7 1.7 4.3
     Spur 2 2.7 – 2.8 4.8 – 5.0 2.8 4.9 0.1 0.2
     Spur/branch height ratio 2 14% – 15%  –  15% – 1% –
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TABLE 29. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus lichenorum 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 3 181 – 209 476 – 540 199 518 16 37
Scapular plate length 3 33.6 – 43.5 –  38.6 – 5.0 –
Head appendages lengths      
     Cirrus internus 3 8.1 – 8.9 20.2 – 26.5 8.6 22.5 0.4 3.4
     Cephalic papilla 3 6.2 – 6.5 14.9 – 18.5 6.3 16.6 0.2 1.8
     Cirrus externus 3 14.5 – 17.2 35.2 – 51.2 15.7 41.3 1.4 8.7
     Clava 3 5.0 – 6.2 12.9 – 15.5 5.5 14.2 0.6 1.3
     Cirrus A 3 42.9 – 46.2 106.2 – 127.7 44.1 115.3 1.8 11.1
     Cirrus A/Body length ratio 3 21% – 24% –  22% – 1% –
Body appendages lengths      
     Cirrus B 2 20.5 – 20.8 47.8 – 53.0 20.7 50.4 0.2 3.6
     Cirrus C 3 19.9 – 23.5 51.4 – 59.8 21.2 55.1 2.0 4.3
     Spine Cd 3 17.8 – 19.8 43.7 – 53.0 18.9 49.3 1.0 4.9
     Cirrus D 2 29.6 – 34.0 76.5 – 78.2 31.8 77.3 3.1 1.2
     Spine Dd 3 20.1 – 23.5 47.8 – 60.7 21.5 56.1 1.8 7.2
Spine on leg I length 3 2.9 – 4.3 8.6 – 11.1 3.7 9.6 0.7 1.3
Papilla on leg iV length 3 3.1 – 4.6 8.0 – 11.6 3.9 10.1 0.8 1.9
Number of teeth on the collar 3 8 – 10 –  8.7 – 1.2 –
Claw I heights      
     Branch 3 11.4 – 14.0 32.2 – 35.9 13.1 34.0 1.5 1.9
     Spur 2 1.9 – 2.2 5.1 – 5.7 2.1 5.4 0.2 0.4
     Spur/branch height ratio 2 16% – 17% –  16% – 1% –
Claw II heights      
     Branch 3 9.4 – 12.2 28.0 – 31.0 11.2 29.0 1.6 1.7
     Spur 0 ? ?  ? ? ? ?
     Spur/branch height ratio 0 ? –  ? – ? –
Claw III heights      
     Branch 3 9.8 – 14.5 29.2 – 34.6 12.6 32.4 2.5 2.9
     Spur 2 2.0 – 2.5 5.2 – 5.7 2.3 5.5 0.4 0.4
     Spur/branch height ratio 2 15% – 17% –  16% – 2% –
claw iV heights      
     Branch 3 14.5 – 16.7 38.4 – 43.2 15.9 41.4 1.2 2.6
     Spur 0 ? ?  ? ? ? ?
     Spur/branch height ratio 0  ?   –  ? – ? –
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TABLE 30. Measurements [in µm] of selected morphological structures of the larvae of Echiniscus lichenorum mounted 
in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the largest struc-
ture among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given structure 
and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 3 153 – 173 560 – 605 164 582 10 22
Scapular plate length 3 27.3 – 29.8 –  28.2 – 1.4 –
Head appendages lengths      
     Cirrus internus 3 5.6 – 7.5 18.8 – 27.5 6.6 23.5 1.0 4.4
     Cephalic papilla 3 4.0 – 4.9 14.7 – 16.4 4.4 15.4 0.5 0.9
     Cirrus externus 3 8.2 – 10.7 30.0 – 38.8 9.5 33.6 1.3 4.6
     Clava 3 2.6 – 4.2 9.5 – 15.2 3.6 12.7 0.9 2.9
     Cirrus A 3 20.0 – 30.0 73.3 – 108.7 25.7 91.0 5.1 17.7
     Cirrus A/Body length ratio 3 13% – 18% –  16% – 2% –
Body appendages lengths      
     Spine Cd 3 5.4 – 9.4 19.8 – 32.6 7.9 28.0 2.2 7.1
     Spine Dd 3 10.9 – 12.7 39.9 – 43.5 11.9 42.0 0.9 1.9
Spine on leg I length 3 1.8 – 2.2 6.5 – 7.4 2.0 7.1 0.2 0.5
Papilla on leg iV length 3 1.4 – 3.7 5.1 – 12.4 2.4 8.3 1.2 3.8
Number of teeth on the collar 3 4 – 6 –  5.3 – 1.2 –
Claw I heights      
     Branch 3 8.7 – 9.5 31.9 – 34.1 9.2 32.6 0.4 1.3
     Spur 2 1.6 – 2.0 5.9 – 6.7 1.8 6.3 0.3 0.6
     Spur/branch height ratio 2 18% – 21% –  20% – 2% –
Claw II heights      
     Branch 3 8.7 – 9.4 31.5 – 31.9 9.0 31.8 0.4 0.2
     Spur 3 1.7 – 2.3 6.2 – 7.7 1.9 6.7 0.3 0.9
     Spur/branch height ratio 3 19% – 24% –  21% – 3% –
Claw III heights      
     Branch 3 8.6 – 9.6 31.2 – 33.3 9.1 32.2 0.5 1.1
     Spur 2 1.6 – 2.1 5.9 – 7.0 1.9 6.5 0.4 0.8
     Spur/branch height ratio 2 18% – 22% –  20% – 3% –
claw iV heights      
     Branch 3 10.6 – 11.0 36.9 – 39.9 10.8 38.4 0.2 1.5
     Spur 1 2.0 – 2.0 6.7 – 6.7 2.0 6.7 ? ?
     Spur/branch height ratio 1 18% – 18%  –  18% – ? –

Differential diagnosis. E. lichenorum is similar to E. quadrispinosus, but three traits allow for a sound 
differentiation of the two species: the sculpturing (endocuticular pillars absent in E. lichenorum vs endocuticular 
pillars present in E. quadrispinosus), the presence of the appendage E (absent in E. lichenorum vs present in 
E. quadrispinosus), and the morphology of lateral appendages (long spines or reduced cirri in E. lichenorum vs long, 
filamentous cirri in E. quadrispinosus).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0090.htm).
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FIGURE 56. Paratype of Echiniscus lichenorum (PCM, dorsal view). Scale bar = 20 µm.

16.	 Echiniscus	longispinosus Murray, 1907
Figures 57–61, Tables 31–34

Data source:
a total of 736 specimens (490 ♀♀, 13 ♂♂, 30 juveniles, 4 larvae, and 199 specimens of unknown instar/sex):
• sample za.016: 131 specimens (129 ♀♀ and 2 larvae on slides).
• sample za.020: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov., E. draconis sp. nov., 
 E. lichenorum, and E. setaceus sp. nov.
• sample za.022: 8 specimens (6 ♀♀, 1 juvenile and 1 specimen of unknown sex on slides); found with Echinis-

cus attenboroughi sp. nov., E. dentatus sp. nov., E. gracilis sp. nov., E. lichenorum, and E. setaceus sp. nov.
• Sample ZA.027: 1 specimen (1 juvenile on a slide).
• sample za.090: 27 specimens (27 ♀♀ on slides).
• sample za.091: 5 specimens (5 ♀♀ on slides).
• sample za.092: 16 specimens (16 ♀♀ on slides).
• sample za.094: 17 specimens (17 ♀♀ on slides).
• sample za.095: 75 specimens (75 ♀♀ on slides).
• sample za.096: 3 specimens (3 ♀♀ on slides); found with Echiniscus gracilis sp. nov. and E. setaceus sp. 

nov.
• sample za.152: 2 specimens (2 ♀♀ on a slide); found with Echiniscus oreas sp. nov. and E. virginicus.
• sample za.205: 1 specimen (1 ♀ on a slide); found with Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi.
• sample za.222: 1 specimen (1 ♀ on a slide); found with Echiniscus blumi, E. draconis sp. nov., and E. imitans 

sp. nov.
• sample za.235: 1 specimen (1 ♀ on a slide); found with Echiniscus regularis.
• sample za.257: 13 specimens (9 ♀♀, 2 ♂♂ and 2 juveniles on slides); found with Echiniscus blumi and 
 E. oreas sp. nov.
• sample za.258: 4 specimens (1 ♀, 2 ♂♂ and 1 juvenile on slides); found with Echiniscus blumi, E. oreas sp. 
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nov., and Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi.
• sample za.260: 1 specimen (1 ♀ on a slide); found with Doryphoribius bindae, Echiniscus baius, E. oreas sp. 

nov., E. pellucidus, E. scabrospinosus, and E. virginicus.
• sample za.263: 2 specimens (2 ♀♀ on a slide); found with Echiniscus regularis sp. nov., Pseudechiniscus 

(Pseudechiniscus) cf. ehrenbergi, and P. (Meridioniscus) wallacei sp. nov.
• Sample ZA.270: 1 specimen (1 juvenile on a slide).
• sample za.273: 2 specimens (2 ♀♀ on slides).
• sample za.274: 199 specimens (81 ♀♀, 11 juveniles, 1 larva and 2 specimens of unknown sex on slides, 100 

specimens on SEM stubs 18.11–12, and 4 specimens used for DNA extraction).
• sample za.331: 4 specimens (3 ♀♀, 1 juvenile on slides).
• sample za.336: 1 specimen (1 ♀ on a slide).
• sample za.339: 9 specimens (6 ♀♀, 2 juveniles, 1 larva on slides).
• sample za.360: 1 specimen (1 ♀ on a slide); found with Echiniscus draconis sp. nov., E. lichenorum, and 
 E. scabrospinosus.
• sample za.433: 3 specimens (3 ♂♂ on a slide).
• sample za.438: 61 specimens (8 ♀♀, 2 juveniles and 1 specimen of unknown sex on slides, and 50 frozen 

specimens).
• sample za.461: 50 specimens (13 ♀♀, 2 juveniles and 5 specimens of unknown sex on slides, and 30 frozen 

specimens).
• sample za.462: 3 specimens (3 ♀♀ on slides).
• sample za.464: 8 specimens (7 ♀♀, 1 juvenile on slides).
• sample za.466: 16 specimens (10 ♀♀ and 2 juveniles on slides, and 4 specimens used for dna extraction, 

including 3 hologenophores).
• sample za.467: 1 specimen (1 ♀ on a slide).
• sample za.468: 3 specimens (3 ♀♀ on slides).
• Sample ZA.474: 1 specimen (1 juvenile on a slide).
• sample za.478: 1 specimen (1 ♀ on a slide).
• sample za.479: 3 specimens (3 ♂♂ on slides); found with Echiniscus attenboroughi sp. nov. and E. scabrocir-

rosus sp. nov.
• sample za.491: 6 specimens (6 ♀♀ on slides).
• sample za.496: 9 specimens (7 ♀♀, 1 ♂♂ and 1 specimen of unknown sex on slides).
• sample za.497: 6 specimens (4 ♀♀, 1 ♂♂ and 1 specimen of unknown sex on slides).
• sample za.507: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov. and E. setaceus sp. 

nov.
• sample za.511: 3 specimens (2 ♀♀ and 1 juvenile on a slide); found with Echiniscus gracilis sp. nov.
• sample za.542: 6 specimens (6 ♀♀ on slides); found with Echiniscus latruncularis sp. nov. and E. setaceus 

sp. nov.
• sample za.543: 6 specimens (6 ♀♀ on slides); found with Echiniscus latruncularis sp. nov.
• sample za.546: 22 specimens (20 ♀♀, 1 ♂ and 1 juvenile on slides).
• sample za.555: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov., E. gracilis sp. nov., and 

E. irroratus sp. nov.

Literature:
• Original description: Murray (1907).
• Later records: Binda (1984), Pilato et al. (1991).

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 31). 
Medium-sized Echiniscus with dark yellow to intensively orange body and large red eyes; body colour and eyes 
disappeared soon after mounting in Hoyer’s medium. The species is rather slender for an Echiniscus (Fig. 57A–B, 
58–59). Dactyloid (Fig. 57A, 58A, 61B) or ovoid (Fig. 57B, 59, 61A) cephalic papillae (secondary clavae) and 
(primary) clavae; cirri growing out from bulbous cirrophores. Cirri A short. Body appendage configuration A-(B)-
(Bd)-C-Cd-D-Dd, with all trunk appendages flexible, in the form of short cirri/long spines. Single asymmetries are 
rare, but the appendages B and Bd are often symmetrically lacking (Fig. 57A, 59B).
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FIGURE 57. Habitus and intraspecific variability of Echiniscus longispinosus Murray, 1907 (PCM): A—neotype, female in 
dorsal view (pores rare), B—female in dorsal view (pores numerous; insert shows claws II), C—larva in dorsal view, D—sub-
cephalic plates, E—genital plates. Scale bars in µm.
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FIGURE 58. Habitus of Echiniscus longispinosus (SEM, females in dorsal view). Scale bars = 50 µm.
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FIGURE 59. Habitus of Echiniscus longispinosus (SEM, females in lateral view). Scale bars = 50 µm.
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FIGURE 60. The comparison of the dorsal sculpturing of Echiniscus longispinosus (A) and Echiniscus merokensis Richters, 
1904 (B) (PCM, females). Scale bars in µm.

Dorsal plates with the sculpturing very similar to the E. merokensis type (compare Fig. 60A–B). Pores ir-
regularly distributed, from very sparse (Fig. 57A) to numerous (Fig. 57B, 58, 60A). Poorly marked faceting on the 
scapular and caudal (terminal) plates formed by weakly outlined ridges/sutures (Fig. 58). The cephalic plate with 
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an anterior incision (Fig. 57A–B). The cervical (neck) plate poorly developed as a darkish rectangle anterior to the 
scapular plate. The scapular plate with poorly marked trapezoid lateral portions (Fig. 59, 60A). Transverse belts 
on the paired segmental plates I–II fuzzy, often partially covered with epicuticular granules (Fig. 60A). The caudal 
(terminal) plate with two unsclerotised, poorly developed incisions (Fig. 57a–B, 58–60a). Ventral cuticle with 
minute endocuticular pillars distributed throughout the whole venter. Ventral plates present: a pair of roughly oval 
subcephalic plates (Fig. 57D, 61B) and a pair of polygonal/oval genital plates (Fig. 57E, 61C). All ventral plates po-
rous (Fig. 57D–E and 61B–C). Sexpartite gonopore placed between the genital plates, and a trilobed anus between 
legs iV (Fig. 61c).

Pedal plates I–III present (Fig. 59, 60A), uniquely sculptured, with pores distributed along their distal and pos-
terocaudal margins, with unsculptured centres; pedal plate iV usually weakly sculptured, without pores, but with 
the dentate collar (Fig. 61F). Pulvini present (Fig. 59 and 60A). A spine on leg I at the distal edge of the pedal plate 
i (Fig. 59, 60a, 61a); a papilla on leg iV (Fig. 59, 60a, 61e–F). dentate collar iV with long, acute teeth separated 
at their bases (Fig. 57a–B, 61F). claws i–iV of similar heights, or claws iV slightly higher. all external claws spur-
less. All internal claws with spurs positioned at ca. 25% of the branch (Fig. 57B, insert, 61D–F).

Mature males and sexually dimorphic traits (i.e. from the second or third instar onwards, see below; measure-
ments and statistics in Table 32). Smaller and with shorter claws than females (see Tables 31–32). Qualitatively like 
females, excluding the circular gonopore.

juveniles (i.e. from the second instar onwards; measurements and statistics in Table 33). Smaller than females, 
but equal in size to males. Phenotypically indistinguishable from adults if the smooth ventral cuticle in the gono-
poral area is not visible.

Larvae (i.e. the first instar; measurements and statistics in Table 34). Gonopore and anus absent. Smaller than 
juveniles. Body appendage configuration A-Cd-Dd (in one larva, an asymmetrically developed appendage C was 
present). The dorsal sculpturing is different from the subsequent life stages, as the pores have an identical diameter 
as in adults, but they tend to merge into groups along the plate margins (Fig. 57C).

eggs. up to three yellow eggs per exuvia were found.
DNA markers and phylogenetic position. The sister species of the subclade (E. capensis sp. nov. (E. gracilis 

sp. nov. + E. irroratus sp. nov.)) in the South-African endemic clade (Fig. 117). The species closest in ITS-1 is 
E. gracilis sp. nov. (p-distance = 8.3%), and in ITS-2—E. dentatus sp. nov., E. gracilis sp. nov., E. intricatus sp. 
nov. and E. irroratus sp. nov. (5.9–6.2%).

FIGURE 61. Detailed morphology of Echiniscus longispinosus (SEM, females): A—cephalic appendages in lateral view, B—
cephalic appendages and subcephalic plates, c—genital plates, d—claws i, e—claws iV, F—dentate collar iV. scale bars in µm.
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TABLE 31. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus longispinosus 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Neotype
µm sp µm sp µm sp µm sp

Body length 20 187 – 251 533 – 710 219 624 19 47 213 638
Scapular plate length 20 28.5 – 41.5 –  35.2 – 3.5 – 33.4 –
Head appendages lengths      
     Cirrus internus 17 10.5 – 19.5 27.9 – 56.7 14.4 40.9 2.7 8.1 15.5 46.4
     Cephalic papilla 20 7.0 – 9.5 18.7 – 28.3 8.0 23.0 0.6 2.1 8.2 24.6
     Cirrus externus 19 16.1 – 22.9 44.7 – 72.6 19.4 55.1 2.1 7.5 21.4 64.1
     Clava 20 3.0 – 7.4 9.3 – 20.8 5.9 16.8 1.1 2.9 5.6 16.8
     Cirrus A 19 30.7 – 51.1 86.7 – 142.3 40.6 115.6 5.8 14.4 35.1 105.1
     Cirrus A/Body length ratio 19 14% – 23% –  19% – 3% – 16% –
Body appendages lengths      
     Cirrus B 10 14.4 – 24.8 40.7 – 77.5 19.8 58.2 3.4 10.4 ? ?
     Cirrus Bd 2 12.4 – 16.4 33.5 – 39.5 14.4 36.5 2.8 4.2 ? ?
     Cirrus C 20 15.2 – 25.3 42.4 – 80.0 20.1 57.5 3.0 11.0 20.3 60.8
     Cirrus Cd 19 10.8 – 21.0 30.5 – 70.5 17.6 50.8 2.4 10.2 17.9 53.6
     Cirrus D 19 14.3 – 27.5 35.6 – 78.3 20.7 59.5 3.1 11.0 19.4 58.1
     Cirrus Dd 20 11.2 – 34.8 27.0 – 122.1 20.8 60.6 5.2 20.6 21.4 64.1
Spine on leg I length 19 1.9 – 3.8 5.8 – 10.7 2.8 8.0 0.5 1.4 31.0 92.8
Papilla on leg iV length 20 2.8 – 5.3 8.0 – 17.0 4.3 12.2 0.6 2.0 4.1 12.3
Number of teeth on the collar 20 6 – 8 –  6.9 – 0.8 – 8 –
Claw I heights      
     Branch 20 11.9 – 15.1 31.6 – 49.0 13.2 37.8 0.9 4.3 14.7 44.0
     Spur 15 1.9 – 3.2 4.8 – 9.0 2.5 6.9 0.4 1.2 ? ?
     Spur/branch height ratio 15 14% – 25% –  19% – 3% – ? –
Claw II heights      
     Branch 20 10.9 – 14.5 32.5 – 45.3 12.7 36.2 1.0 3.1 13.2 39.5
     Spur 18 2.0 – 3.1 5.1 – 9.5 2.5 7.0 0.4 1.2 2.7 8.1
     Spur/branch height ratio 18 15% – 27% –  19% – 3% – 20% –
Claw III heights      
     Branch 20 11.5 – 14.7 32.5 – 48.0 13.0 37.1 0.8 3.9 13.6 40.7
     Spur 16 1.6 – 3.0 4.9 – 9.8 2.4 6.6 0.4 1.3 ? ?
     Spur/branch height ratio 16 13% – 23% –  18% – 3% – ? –
claw iV heights      
     Branch 20 12.3 – 18.6 37.6 – 60.7 16.1 46.0 1.5 5.5 17.9 53.6
     Spur 10 2.3 – 3.8 6.3 – 11.8 2.9 7.7 0.5 1.7 ? ?
     Spur/branch height ratio 10 13% – 25%  –  18% – 3% – ? –
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TABLE 32. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus longispinosus 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 2 153 – 181 563 – 603 167 583 20 29
Scapular plate length 2 27.2 – 30.0 –  28.6 – 2.0 –
Head appendages lengths      
     Cirrus internus 2 12.4 – 12.7 41.3 – 46.7 12.6 44.0 0.2 3.8
     Cephalic papilla 2 5.7 – 6.4 21.0 – 21.3 6.1 21.1 0.5 0.3
     Cirrus externus 2 13.4 – 16.0 49.3 – 53.3 14.7 51.3 1.8 2.9
     Clava 2 4.0 – 4.2 13.3 – 15.4 4.1 14.4 0.1 1.5
     Cirrus A 2 29.4 – 39.7 98.0 – 146.0 34.6 122.0 7.3 33.9
     Cirrus A/Body length ratio 2 16% – 26% –  21% – 7% –
Body appendages lengths      
     Cirrus C 1 14.8 – 14.8 49.3 – 49.3 14.8 49.3 ? ?
     Cirrus Cd 2 16.4 – 24.1 54.7 – 88.6 20.3 71.6 5.4 24.0
     Cirrus D 2 17.6 – 18.7 58.7 – 68.8 18.2 63.7 0.8 7.1
     Cirrus Dd 2 18.7 – 29.1 62.3 – 107.0 23.9 84.7 7.4 31.6
Spine on leg I length 2 2.4 – 2.5 8.0 – 9.2 2.5 8.6 0.1 0.8
Papilla on leg iV length 1 4.3 – 4.3 14.3 – 14.3 4.3 14.3 ? ?
Number of teeth on the collar 2 5 – 6 –  5.5 – 0.7 –
Claw I heights      
     Branch 2 10.7 – 11.0 35.7 – 40.4 10.9 38.1 0.2 3.4
     Spur 2 1.8 – 2.4 6.0 – 8.8 2.1 7.4 0.4 2.0
     Spur/branch height ratio 2 17% – 22% –  19% – 4% –
Claw II heights      
     Branch 2 10.0 – 10.2 34.0 – 36.8 10.1 35.4 0.1 2.0
     Spur 2 2.1 – 2.3 7.0 – 8.5 2.2 7.7 0.1 1.0
     Spur/branch height ratio 2 21% – 23% –  22% – 2% –
Claw III heights      
     Branch 2 9.6 – 10.0 33.3 – 35.3 9.8 34.3 0.3 1.4
     Spur 0 ? ?  ? ? ? ?
     Spur/branch height ratio 0 ? –  ? – ? –
claw iV heights      
     Branch 2 10.4 – 12.0 34.7 – 44.1 11.2 39.4 1.1 6.7
     Spur 1 2.9 – 2.9 9.7 – 9.7 2.9 9.7 ? ?
     Spur/branch height ratio 1 28% – 28%  –  28% – ? –
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TABLE 33. Measurements [in µm] of selected morphological structures of the juveniles of Echiniscus longispinosus 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 150 – 187 592 – 675 169 643 13 31
Scapular plate length 5 23.1 – 31.6 –  26.4 – 3.2 –
Head appendages lengths      
     Cirrus internus 5 7.5 – 12.9 28.8 – 51.8 10.0 38.1 2.2 8.7
     Cephalic papilla 5 5.2 – 7.8 21.6 – 24.7 6.1 22.9 1.0 1.2
     Cirrus externus 5 9.8 – 16.0 37.7 – 58.6 13.2 50.2 2.4 7.6
     Clava 5 3.8 – 5.9 15.0 – 20.8 4.8 18.0 0.9 2.3
     Cirrus A 5 19.1 – 33.0 82.7 – 126.1 27.9 105.4 5.4 15.4
     Cirrus A/Body length ratio 5 13% – 19% –  16% – 2% –
Body appendages lengths      
     Cirrus B 3 15.0 – 16.4 48.4 – 62.1 15.6 56.9 0.7 7.4
     Cirrus C 5 14.8 – 19.4 59.2 – 73.9 17.5 66.5 1.9 6.8
     Cirrus Cd 5 21.6 – 22.9 70.3 – 98.3 22.3 85.5 0.5 10.5
     Cirrus D 3 20.7 – 22.1 66.1 – 83.7 21.2 77.7 0.8 10.0
     Cirrus Dd 5 22.7 – 30.4 90.9 – 109.2 25.6 97.2 3.2 7.5
Spine on leg I length 4 2.3 – 2.9 7.3 – 11.0 2.5 9.3 0.3 1.5
Papilla on leg iV length 5 3.0 – 3.9 11.1 – 14.8 3.3 12.5 0.4 1.5
Number of teeth on the collar 5 4 – 6 –  5.0 – 0.7 –
Claw I heights      
     Branch 5 8.5 – 11.2 35.4 – 40.6 9.9 37.7 1.0 2.4
     Spur 4 2.2 – 2.4 7.3 – 10.4 2.3 8.8 0.1 1.3
     Spur/branch height ratio 4 21% – 28% –  23% – 3% –
Claw II heights      
     Branch 5 7.8 – 9.9 27.5 – 38.2 9.0 34.3 0.8 4.2
     Spur 4 1.7 – 2.2 6.8 – 8.7 2.0 7.8 0.2 0.9
     Spur/branch height ratio 4 18% – 26% –  22% – 4% –
Claw III heights      
     Branch 5 7.9 – 10.9 32.6 – 41.9 9.6 36.5 1.2 4.4
     Spur 3 1.5 – 1.9 5.1 – 7.6 1.7 6.4 0.2 1.3
     Spur/branch height ratio 3 16% – 19% –  18% – 2% –
claw iV heights      
     Branch 5 9.4 – 12.8 32.6 – 51.4 11.6 44.5 1.6 7.8
     Spur 4 1.5 – 2.8 5.1 – 10.6 1.9 7.3 0.6 2.4
     Spur/branch height ratio 4 14% – 22%  –  17% – 3% –



south aFrican arMoured tardiGrades Zootaxa 5156 (1) © 2022 Magnolia Press  ·  113

TABLE 34. Measurements [in µm] of selected morphological structures of the larvae of Echiniscus longispinosus mount-
ed in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the largest 
structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 3 110 – 133 570 – 711 123 652 12 74
Scapular plate length 3 16.3 – 22.3 –  19.1 – 3.0 –
Head appendages lengths      
     Cirrus internus 3 7.0 – 8.1 36.3 – 42.9 7.4 38.9 0.6 3.5
     Cephalic papilla 3 4.0 – 4.9 22.0 – 24.5 4.4 23.2 0.5 1.3
     Cirrus externus 3 8.7 – 10.4 43.5 – 63.8 9.6 51.3 0.9 11.0
     Clava 3 3.0 – 3.9 13.5 – 22.1 3.5 18.8 0.5 4.7
     Cirrus A 3 20.8 – 25.6 96.9 – 136.9 22.7 120.5 2.6 21.0
     Cirrus A/Body length ratio 3 17% – 19% –  18% – 1% –
Body appendages lengths      
     Cirrus C 1 10.3 – 10.3 55.1 – 55.1 10.3 55.1 ? ?
     Cirrus Cd 3 12.1 – 18.4 63.2 – 112.9 14.9 80.3 3.2 28.3
     Cirrus Dd 3 14.7 – 15.7 65.9 – 96.3 15.2 81.0 0.5 15.2
Spine on leg I length 3 1.4 – 1.8 7.5 – 8.6 1.5 8.0 0.2 0.6
Papilla on leg iV length 3 2.4 – 2.7 12.1 – 14.7 2.5 13.2 0.2 1.4
Number of teeth on the collar 3 4 – 5 –  4.3 – 0.6 –
Claw I heights      
     Branch 3 6.7 – 8.3 30.0 – 45.4 7.5 39.9 0.8 8.6
     Spur 2 1.8 – 1.9 9.6 – 11.7 1.9 10.6 0.1 1.4
     Spur/branch height ratio 2 22% – 26% –  24% – 3% –
Claw II heights      
     Branch 3 7.0 – 7.7 31.4 – 46.0 7.4 39.5 0.4 7.4
     Spur 3 1.3 – 1.7 7.6 – 8.0 1.5 7.9 0.2 0.2
     Spur/branch height ratio 3 17% – 24% –  20% – 4% –
Claw III heights      
     Branch 3 7.0 – 7.9 31.4 – 42.9 7.3 38.9 0.5 6.5
     Spur 3 1.4 – 1.9 6.3 – 11.7 1.6 8.8 0.3 2.7
     Spur/branch height ratio 3 20% – 27% –  22% – 4% –
claw iV heights      
     Branch 3 8.9 – 9.9 39.9 – 60.7 9.5 51.0 0.6 10.5
     Spur 2 1.6 – 2.0 8.6 – 9.0 1.8 8.8 0.3 0.3
     Spur/branch height ratio 2 16% – 22%  –  19% – 4% –

Neotype material. 81 ♀♀, 11 juveniles, 1 larva and 2 specimens of unknown sex on slides za.274.01–13, 
15–18; neotype: mature ♀ on slide za.274.02. Mounted together with 5 ♀♀ of E. regularis sp. nov. About 50 
specimens on a SEM stub 18.11.

Neotype locality. 33°58’58.44”S, 20°42’17.88”E, 295 m asl: Republic of South Africa, Western Cape, Tra-
douw Pass; fynbos, lichen from rock (sample ZA.274).

Etymology. From Latin longus = long + spinosus = spiny, referring to the morphology of trunk appendages. An 
adjective in the nominative singular.

Geographic distribution. Likely an Afrotropical endemic. One of the most common South African echiniscids 
(Fig. 120j).



Gąsiorek Et AL.114  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

Remarks. Due to the overlapping size ranges of males and juveniles, it is probable that males develop directly 
from larvae. E. longispinosus has a tendency towards forming large (tens to hundreds of individuals), monospecific 
populations (see also Binda 1984 and Pilato et al. 1991 for the description of a population from Tsitsikamma), but, 
when found accompanied by other echiniscids, it is always represented by few individuals.

Differential diagnosis. the dentate collar iV composed of acute teeth not joined at their bases, pores in the 
ventral plates and the body appendage formula A-(B)-(Bd)-C-Cd-D-Dd constitute the trait combination unseen in 
other known Echiniscus spp.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0091.htm).

17.	 Echiniscus	marginatus Binda & Pilato, 1994

Data source:
a total of 3 specimens (3 ♀♀):
• sample za.093: 1 specimen (1 ♀ on a slide); found with Echiniscus lichenorum.
• sample za.098: 2 specimens (2 ♀♀ on a slide); found with Echiniscus draconis sp. nov., E. lichenorum, and 

E. scabrospinosus.

Literature:
• Original description: Binda & Pilato (1994).

DNA markers and phylogenetic position. Given that the only three individuals found in this study were 
mounted on permanent slides, no DNA analysis was conducted. Consequently, the phylogenetic position of the spe-
cies remains unknown.

Geographic distribution. The first record outside locus typicus in the Hawaiian Islands. Given the lack of 
DNA sequences for both the type population and the South African records (Fig. 120L), it is not possible to distin-
guish between a wide tropical-subtropical range/disjunct distribution, or species crypsis.

Remarks. An extremely rare species accompanying other members of the E. spinulosus group.

18.	 Echiniscus	merokensis Richters, 1904
Figure 62

Data source:
a total of 13 specimens (7 ♀♀ and 6 juveniles):
• sample za.529: 13 specimens (7 ♀♀, 6 juveniles); found with Echiniscus scabrospinosus, E. setaceus sp. nov., 

and Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi.

Literature:
• Original description: Richters (1904).
• Later trustworthy records: likely most of the Holarctic records from McInnes (1994), including the African 

Mediterranean (Binda & Pilato 1987).

Shortened description. Body appendage formula A-C-Cd-D-Dd-E. All lateral appendages in the form of short 
cirri. Dorsal sculpturing with well-developed striae between multangular elements of endocuticle; the caudal plate 
faceted (Fig. 62). Pedal plates absent and pulvini I–III barely demarcated. External claws spurless, internal ones 
with spurs positioned at ca. 25% of the claw height and strongly bent downwards.

DNA markers and phylogenetic position. Echiniscus merokensis is the sister species of E. pellucidus, placed 
within the poorly sampled merokensis clade (Fig. 117). The species closest in ITS-1 and ITS-2 is E. pellucidus 
(2.0–2.6% and 1.8%, respectively).

Geographic distribution. This cosmopolitan species, with molecularly confirmed records from Antarctica, 
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Arctic, Asia, Europe and South America (Roszkowska et al. 2018), exhibits clear stenothermic preferences for cold 
mountainous habitats in the tropical and subtropical zone (Mcinnes 1994). rare (Fig. 120k) and probable anthro-
pogenic introduction to South Africa.

Remarks. None.

FIGURE 62. Habitus of Echiniscus merokensis (PCM, dorsal view). Scale bar = 50 µm.

19.	 Echiniscus	oreas sp. nov. Gąsiorek, Morek & Michalczyk
urn:lsid:zoobank.org:act:31EC7D36-D67F-49FE-98E4-BAEB5CB42FAD
Figures 63–65, Tables 35–37

Data source:
a total of 317 specimens (176 ♀♀, 6 ♂♂, 74 juveniles, 4 larvae, and 57 specimens of unknown instar/sex):
• sample za.152: 11 specimens (11 ♀♀ on slides); found with Echiniscus longispinosus and E. virginicus.
• sample za.183: 20 specimens (9 ♀♀, 4 juveniles and 1 larva on slides, and 6 specimens used for dna 

extraction); found with Doryphoribius maasaimarensis Fontoura et al., 2013, Echiniscus regularis sp. nov., 
 E. scabrospinosus, Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi, P. (Meridioniscus) wallacei sp. nov., and 

Ramazzottius szeptycki.
• sample za.185: 2 specimens (2 ♀♀ on slides); found with Echiniscus regularis sp. nov., E. scabrospinosus, 

and Echiniscus virginicus.
• sample za.190: 45 specimens (14 ♀♀, 1 juvenile on slides, and 30 specimens on seM stub 18.19); found with 
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Echiniscus scabrospinosus, Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi, and Ramazzottius szeptycki.
• sample za.201: 17 specimens (2 ♀♀ on a slide, and 15 specimens on seM stub 19.01); found with Echiniscus 

intricatus sp. nov., E. tetraspinosus sp. nov., and E. tristis.
• sample za.204: 21 specimens (12 ♀♀ and 6 juveniles on slides, and 3 specimens used for dna extraction, 

including 1 retrieved hologenophore); found with Echiniscus pellucidus.
• sample za.206: 26 specimens (19 ♀♀ and 4 juveniles on slides, and 3 specimens used for dna extraction); 

found with Echiniscus regularis sp. nov., E. scabrospinosus, and E. virginicus.
• sample za.219: 14 specimens (5 ♀♀, 2 ♂♂, 6 juveniles and 1 larva on slides); found with Echiniscus intricatus 

sp. nov.
• sample za.224: 54 specimens (47 ♀♀ and 7 juveniles on slides); found with Echiniscus imitans sp. nov., 
  E. regularis sp. nov., and E. scabrospinosus.
• sample za.230: 84 specimens (41 ♀♀, 42 juveniles and 1 larva on slides); found with Echiniscus blumi, 
 E. regularis sp. nov., and E. scabrospinosus.
• sample za.232: 1 specimen (1 ♀ on a slide); found with Echiniscus regularis sp. nov.
• sample za.247: 3 specimens (2 ♀♀ and 1 ♂ on slides); found with Echiniscus imitans sp. nov. and E. regularis 

sp. nov.
• sample za.249: 13 specimens (6 ♀♀, 3 ♂♂ and 3 juveniles, 1 larva on slides); found with E. regularis sp. nov. 

and Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi.
• sample za.257: 1 specimen (1 ♀ on a slide); found with Echiniscus blumi, E. longispinosus, and Pseudechinis-

cus (Pseudechiniscus) cf. ehrenbergi.
• sample za.258: 1 specimen (1 ♀ on a slide); found with Echiniscus blumi and E. longispinosus.
• sample za.260: 4 specimens (3 ♀♀ and 1 juvenile on slides); found with Doryphoribius bindae, Echiniscus 

baius, E. longispinosus, E. pellucidus, E. scabrospinosus, and E. virginicus.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 35). Me-
dium-sized Echiniscus with yellow body and large red eyes; body colour and eyes disappeared soon after mounting 
in Hoyer’s medium. Dactyloid (Fig. 63A, 65A) cephalic papillae (secondary clavae) and (primary) clavae; cirri 
growing out from bulbous cirrophores. Cirri A short. Body appendage configuration: A-(B)-C-Cd-D-Dd-E, with all 
trunk appendages formed as long spines of similar length (Fig. 63–64). Single asymmetries frequent (Fig. 63B).

Dorsal plates with the sculpturing of the E. spinulosus type (Fig. 63–64). Pores mostly minute, regularly distrib-
uted. larger pores present on transverse stripes (ridges) in the anterior portions of the segmental plates i–ii. under 
PCM, pore rims are darker than the surrounding cuticle, which is a distinctive feature of the species (Fig. 63C, 
65D–E). Endocuticular dark rings present only in the largest pores located in the anterior portions of paired seg-
mental plates I–II. Anterior portions of paired segmental plates and the median plate 3 reduced to thin belts of much 
thicker (darker under PCM) cuticle with more densely arranged pores (Fig. 63C, 64A). The cephalic plate with an 
anterior incision (Fig. 63A); the cervical (neck) plate poorly developed as a dim greyish belt before the scapular 
plate. The scapular plate large and uniform, without median or lateral sutures (Fig. 63–64). Transverse belts on the 
paired segmental plates wide and unsculptured (Fig. 63–64). Anterior and posterior margins of the paired segmental 
plates with irregular, thickened belts (Fig. 63C). The caudal (terminal) plate with two unsclerotised incisions, with-
out signs of faceting (Fig. 63–64). Ventral cuticle with minute endocuticular pillars distributed throughout the whole 
venter; only subcephalic plates present, small and roundish (Fig. 65A). Sexpartite gonopore placed anteriorly to legs 
iV (Fig. 65B), and a trilobed anus between legs iV.

Pedal plates absent, even the dentate collar iV embedded on an unsculptured central portion of leg (Fig. 63a, 
65c). Pulvini present (Fig. 64). spine on leg i and a papilla on leg iV present (Fig. 63a, 64). claws iV slightly 
longer than claws I–III. All external claws spurless. All internal claws with large, acute spurs positioned at ca. 30% 
of the claw and strongly divergent from the branch (Fig. 65B–C).

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 36). Qualitatively like females (Fig. 63B), excluding the circular gonopore. Body size differences: mean body 
length ±sd: 231 ±20 μm vs 195 ±5 μm (one-tailed Welch’s t-test with n♀♀=20 and n♂♂=6: t24=1.71; p<0.001); 
scapular plate length: ♀♀ 42.1–51.8 μm vs ♂♂ 35.9–39.1 μm; relative length of cephalic papillae: ♀♀ 12.2–18.7 
vs ♂♂ 18.1–21.1 (one-tailed Welch’s t-test with n♀♀=20 and n♂♂=6: t11=1.80; p<0.001). Body appendage con-
figuration A-C-Cd-D-Dd-E.
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FIGURE 63. Echiniscus oreas sp. nov. (PCM): A—female habitus (holotype), B—male habitus (paratype), C—dorsal sculptur-
ing (paratype). Scale bars in µm.
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FIGURE 64. Habitus of Echiniscus oreas sp. nov. (SEM, females in lateral view). Scale bars = 50 µm.

FIGURE 65. Detailed morphology of Echiniscus oreas sp. nov. (females): A—cephalic appendages and subcephalic plates 
(seM), B—claws iV (PcM), c—claws iV (seM), d—paired segmental plate ii, e—caudal (terminal) plate). scale bars = 10 µm.

juveniles (i.e. from the second instar onwards; measurements and statistics in Table 37). No gonopore. Qualita-
tively and quantitatively (overlapping morphometric ranges, compare Tables 35, 37) like females.

Larvae (i.e. the first instar; measurements and statistics in Table 37). Gonopore and anus absent. Smaller than 
juveniles (morphometric gap present). Body appendage configuration A-Dd-E. The dorsal sculpturing developed as 
in adults, with the exception that dark rings surrounding pores are absent.

eggs. up to four yellow eggs per exuvia were found.
DNA markers and phylogenetic position. Echiniscus oreas sp. nov. is the sister species of E. scabrospino-

sus within the E. spinulosus complex (Fig. 117). The species closest in COI is E. similaris sp. nov. (p-distance = 
15.8–16.2%), in ITS-1—E. manuelae, E. regularis sp. nov. E. scabrospinosus, and E. tristis (0.3–1.4%), and in 
ITS-2—E. regularis sp. nov. and E. scabrospinosus (0.3–0.6%).
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TABLE 35. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus oreas sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 186 – 269 439 – 538 231 492 20 28 211 493
Scapular plate length 20 42.1 – 51.8 –  47.0 – 3.0 – 42.8 –
Head appendages lengths      
     Cirrus internus 17 8.7 – 14.4 18.6 – 31.6 11.4 24.4 2.0 3.2 9.9 23.1
     Cephalic papilla 20 5.9 – 9.7 12.2 – 18.7 7.8 16.5 0.9 1.7 6.9 16.1
     Cirrus externus 18 11.5 – 18.4 25.2 – 35.5 14.9 31.5 2.2 3.3 12.2 28.5
     Clava 20 4.4 – 7.5 10.4 – 15.6 6.4 13.6 0.8 1.4 6.5 15.2
     Cirrus A 20 35.1 – 44.8 80.6 – 94.7 40.2 85.6 2.9 3.7 35.1 82.0
     Cirrus A/Body length ratio 20 16% – 20% –  17% – 1% – 17% –
Body appendages lengths      
     Spine B 8 4.3 – 14.2 9.5 – 29.3 10.6 22.7 3.7 8.0 ? ?
     Spine C 20 16.7 – 26.0 35.7 – 53.9 22.1 47.1 2.4 4.5 19.6 45.8
     Spine Cd 19 5.0 – 16.9 10.3 – 39.9 11.5 24.7 3.7 8.0 9.2 21.5
     Spine D 20 5.2 – 21.3 10.3 – 44.0 17.4 37.2 3.6 7.5 15.8 36.9
     Spine Dd 20 12.4 – 20.0 26.5 – 42.3 16.5 35.3 2.3 4.5 16.2 37.9
     Spine E 20 11.4 – 23.0 23.8 – 46.8 18.9 40.3 3.1 5.9 16.0 37.4
Spine on leg I length 20 2.2 – 5.3 4.5 – 10.5 3.1 6.5 0.8 1.5 2.7 6.3
Papilla on leg iV length 18 3.3 – 4.6 7.1 – 9.4 3.8 8.1 0.3 0.6 3.4 7.9
Number of teeth on the collar 20 8 – 16 –  11.9 – 2.0 – 11 –

Claw I heights      
     Branch 20 10.4 – 13.4 24.0 – 26.6 11.9 25.3 0.8 0.9 10.4 24.3
     Spur 20 2.7 – 3.7 5.6 – 7.5 3.2 6.7 0.3 0.6 2.8 6.5
     Spur/branch height ratio 20 22% – 31% –  27% – 2% – 27% –
Claw II heights      
     Branch 20 9.6 – 13.3 22.4 – 28.0 11.5 24.5 1.0 1.4 9.6 22.4
     Spur 20 2.2 – 3.5 5.1 – 7.3 3.0 6.4 0.3 0.6 2.2 5.1
     Spur/branch height ratio 20 23% – 32% –  26% – 2% – 23% –
Claw III heights      
     Branch 20 9.5 – 13.2 22.2 – 27.0 11.8 25.1 0.9 1.1 9.5 22.2
     Spur 17 2.5 – 3.7 5.4 – 7.8 3.1 6.5 0.3 0.7 2.5 5.8
     Spur/branch height ratio 17 21% – 30% –  26% – 2% – 26% –
claw iV heights      
     Branch 20 11.7 – 15.8 26.5 – 32.3 13.7 29.2 1.1 1.5 11.9 27.8
     Spur 20 3.1 – 4.6 7.0 – 9.7 3.8 8.1 0.5 0.9 3.4 7.9
     Spur/branch height ratio 20 22% – 35%  –  28% – 4% – 29% –
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TABLE 36. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus oreas sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 6 189 – 203 510 – 548 195 530 5 14 195 537
Scapular plate length 6 35.9 – 39.1 –  36.9 – 1.2 – 36.3 –
Head appendages lengths      
     Cirrus internus 6 8.7 – 13.4 23.8 – 34.3 10.5 28.5 1.9 4.4 12.1 33.3
     Cephalic papilla 6 6.5 – 8.1 18.1 – 21.1 7.2 19.5 0.7 1.3 6.6 18.2
     Cirrus externus 6 11.4 – 17.9 31.3 – 45.8 14.6 39.5 2.1 4.7 14.7 40.5
     Clava 6 4.0 – 5.9 11.1 – 15.9 5.2 14.0 0.7 1.7 5.5 15.2
     Cirrus A 6 27.2 – 40.4 74.7 – 107.5 34.0 92.1 4.8 11.9 32.5 89.5
     Cirrus A/Body length ratio 6 14% – 20% –  17% – 2% – 17% –
Body appendages lengths      
     Spine C 6 15.5 – 22.2 41.9 – 61.0 19.9 53.9 2.5 6.9 19.5 53.7
     Spine Cd 6 8.7 – 15.2 23.5 – 41.9 11.6 31.6 2.7 7.8 15.2 41.9
     Spine D 5 14.8 – 18.2 40.5 – 48.2 16.6 44.9 1.3 2.9 17.5 48.2
     Spine Dd 6 15.2 – 23.4 41.1 – 64.3 21.3 57.7 3.0 8.6 23.0 63.4
     Spine E 6 17.4 – 21.7 47.0 – 60.4 20.1 54.7 1.6 4.7 20.9 57.6
Spine on leg I length 6 1.9 – 2.9 5.2 – 8.1 2.4 6.4 0.4 1.1 2.1 5.8
Papilla on leg iV length 6 2.8 – 4.0 7.7 – 11.1 3.6 9.7 0.4 1.2 2.8 7.7
Number of teeth on the collar 4 12 – 14 –  12.8 – 1.0 – ? –

Claw I heights      
     Branch 6 8.9 – 11.1 24.1 – 30.9 10.1 27.5 0.8 2.2 9.9 27.3
     Spur 6 2.0 – 2.7 5.5 – 7.4 2.3 6.3 0.2 0.7 2.4 6.6
     Spur/branch height ratio 6 20% – 27% –  23% – 3% – 24% –
Claw II heights      
     Branch 5 9.3 – 10.0 25.1 – 27.9 9.7 26.2 0.4 1.1 9.3 25.6
     Spur 5 2.0 – 2.7 5.1 – 7.4 2.5 6.7 0.3 0.9 2.5 6.9
     Spur/branch height ratio 5 20% – 28% –  26% – 3% – 27% –
Claw III heights      
     Branch 6 9.3 – 10.3 25.6 – 28.7 9.9 26.8 0.5 1.1 9.3 25.6
     Spur 6 2.0 – 2.7 5.5 – 7.5 2.4 6.4 0.3 0.7 2.1 5.8
     Spur/branch height ratio 6 21% – 26% –  24% – 2% – 23% –
claw iV heights      
     Branch 6 10.7 – 12.5 29.4 – 34.8 11.6 31.3 0.7 2.0 11.0 30.3
     Spur 6 2.4 – 3.9 6.6 – 10.0 3.1 8.4 0.5 1.1 3.0 8.3
     Spur/branch height ratio 6 22% – 32%  –  27% – 3% – 27% –
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TABLE 37. Measurements [in µm] of selected morphological structures of the juveniles and a larva of Echiniscus oreas 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Larva
µm sp µm sp µm sp µm sp

Body length 5 149 – 210 463 – 507 185 488 24 21 129 608
Scapular plate length 5 29.4 – 45.4 –  38.1 – 5.8 – 21.2 –
Head appendages lengths        
     Cirrus internus 5 6.9 – 12.1 23.5 – 31.8 10.2 26.7 2.0 3.4 5.3 25.0
     Cephalic papilla 5 4.5 – 7.6 15.3 – 20.0 6.7 17.4 1.3 1.8 3.6 17.0
     Cirrus externus 5 8.7 – 15.6 28.0 – 38.8 12.1 31.7 2.5 4.4 7.0 33.0
     Clava 5 4.0 – 5.8 11.5 – 15.3 5.0 13.2 0.7 1.6 3.7 17.5
     Cirrus A 5 26.0 – 38.9 85.7 – 102.7 35.7 93.9 5.5 7.1 24.8 117.0
     Cirrus A/Body length ratio 5 17% – 21% –  19% – 2% – 19% –
Body appendages lengths      
     Spine C 5 14.6 – 23.3 45.0 – 51.3 18.3 48.1 3.2 2.5 lacking
     Spine Cd 3 3.2 – 13.6 8.5 – 33.7 9.9 24.1 5.8 13.6 lacking
     Spine D 3 15.0 – 16.8 35.2 – 44.2 15.9 39.8 0.9 4.5 lacking
     Spine Dd 5 11.8 – 19.4 39.6 – 51.1 17.3 45.4 3.1 5.2 7.6 35.8
     Spine E 5 12.4 – 19.9 42.2 – 46.5 16.9 44.4 2.9 1.6 9.3 43.9
Spine on leg I length 3 1.8 – 2.9 4.8 – 6.4 2.2 5.8 0.6 0.9 1.0 4.7
Papilla on leg iV length 5 2.5 – 3.9 7.7 – 10.3 3.4 9.0 0.5 1.0 1.9 9.0
Number of teeth on the collar 4 9 – 11 –  9.8 – 1.0 – 6.0 –
Claw I heights        
     Branch 5 7.4 – 10.7 22.5 – 27.4 9.7 25.5 1.3 1.9 6.4 30.2
     Spur 5 1.8 – 3.2 6.1 – 8.4 2.7 7.0 0.6 0.9 2.2 10.4
     Spur/branch height ratio 5 24% – 31% –  28% – 3% – 34% –
Claw II heights        
     Branch 5 6.6 – 10.3 22.4 – 26.3 9.2 24.1 1.5 1.8 6.0 28.3
     Spur 5 1.9 – 3.4 5.7 – 8.9 2.5 6.6 0.6 1.3 1.9 9.0
     Spur/branch height ratio 5 24% – 34% –  27% – 4% – 32% –
Claw III heights        
     Branch 4 7.2 – 10.6 23.3 – 26.4 9.3 24.5 1.5 1.3 6.1 28.8
     Spur 2 2.4 – 2.9 6.0 – 6.4 2.7 6.2 0.4 0.3 2.0 9.4
     Spur/branch height ratio 2 25% – 27% –  26% – 2% – 33% –
claw iV heights        
     Branch 5 7.9 – 12.7 26.9 – 29.9 10.8 28.3 1.8 1.1 7.1 33.5
     Spur 5 2.4 – 3.5 7.7 – 8.3 3.0 8.0 0.4 0.3 2.4 11.3
     Spur/branch height ratio 5 26% – 30%  –  28% – 2% – 34% –

Type material. 31 ♀♀ and 10 juveniles on slides za.204.01–3, za.206.01–3, 5–10; holotype: mature ♀ on 
slide za.204.02. Mounted together with 14 ♀♀ of E. virginicus, 3 ♀♀ of E. regularis sp. nov. and 4 ♀♀ of E. sca-
brospinosus. 6 specimens used for DNA extraction, 1 secured as hologenophore.

Type locality. 29°03’33.8’’s, 29°22’52.7’’e, 1850 m asl: republic of south africa, kwazulu-natal, drakensberg, 
Giants Castle Game Reserve; montane grassland, lichens from rocks and stunted trees (samples ZA.204, 206).

Etymology. From Latin oreas = mountain nymph (ὀρειαìς in ancient Greek). the name has a twofold sense as 
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females dominate populations of the species (nymphs were young, beautiful feminine spirits in the Greek mythol-
ogy) and it occurs exclusively in the mountains. A noun in apposition.

Geographic distribution. Only recorded from South Africa, common in the mountains, especially in their 
highest parts (Fig. 120G).

Remarks. The new species forms large populations intermingled with other echiniscids.
Differential diagnosis. The species is a classic representative of the E. spinulosus group, and can be distin-

guished from:

• E. angolensis, probably widely distributed in Africa (da Cunha & do Nascimento Ribeiro 1964; McInnes et al. 
2017; the species is inadequately described, thus there is a high risk of misidentification with similar species), 
by a larger body size (adult females 186–269 µm long in E. oreas sp. nov. vs adult females 132–183 µm long 
in E. angolensis), and by the morphology of spines Dd and E (smooth in E. oreas sp. nov. vs rough and slightly 
serrated in E. angolensis);

• E. crassispinosus, by the morphology of spine Dd (as thin as the remaining appendages in E. oreas sp. nov. vs 
massive and much thicker than the remaining appendages in E. crassispinosus), and by the type of sculpture 
(minute pores with dark circumporal rings visible under PCM in E. oreas sp. nov. vs large pores without dark 
circumporal rings in E. crassispinosus);

• E. dreyfusi, insufficiently described based on animals from Brazil (de Barros 1942), by the body appendage con-
figuration (A-(B)-C-Cd-D-Dd-E in E. oreas sp. nov. vs A-B-C-D-Dd-E in E. dreyfusi), and by spurs on internal 
claws (present in E. oreas sp. nov. vs absent in E. dreyfusi);

• E. marcusi, a likely Australian endemic (Pilato et al. 1989), by the morphology of trunk lateral appendages 
(long spines in E. oreas sp. nov. vs minute triangular spicules in E. marcusi), and by the dorsal sculpturing 
(striae absent in E. oreas sp. nov. vs striae present in the anterior portion of the median plate 2 and in the area 
adjacent to the transverse belts in paired segmental plates I–II in E. marcusi);

• E. marginatus, with a disjunctive distribution embracing Hawaiian Islands (Binda & Pilato 1994) and South 
Africa (present study), by the body appendage configuration (A-(B)-C-Cd-D-Dd-E in E. oreas sp. nov. vs A-C-
D-Dd-E in E. marginatus), and by the dorsal sculpturing (posterior portions of the median and paired segmental 
plates with pores in E. oreas sp. nov. vs posterior portions of the median and paired segmental plates without 
pores in E. marginatus, see Pilato et al. 2008);

• E. ornamentatus, currently considered a tanzanian endemic (Gąsiorek & kristensen 2018), by the body ap-
pendage configuration (A-(B)-C-Cd-D-Dd-E in E. oreas sp. nov. vs A-(B)-C-D-Dd-E in E. ornamentatus), and by 
faceting of the scapular and caudal plates (absent in E. oreas sp. nov. vs present in E. ornamentatus);

• E. scabrospinosus, characterised by a wide geographic distribution covering the Iberian Peninsula and many 
African locales (Fontoura 1982; Pilato et al. 2008; McInnes et al. 2017), by the body appendage configuration 
(A-(B)-C-Cd-D-Dd-E in E. oreas sp. nov. vs A-C-D-Dd-E in E. scabrospinosus), the presence of endocuticular 
rings (generally absent in E. oreas sp. nov. vs present and evident in all pores in E. scabrospinosus), and by 
lateral non-porous plate portions (absent in E. oreas sp. nov. vs present in E. scabrospinosus);

• E. tristis, a likely afrotropical species (Gąsiorek & kristensen 2018; Bartylak et al. 2019; present study), by the 
type of sculpture (pores with dark circumporal rings visible under PCM in E. oreas sp. nov. vs pores without 
dark circumporal rings in E. tristis);

• E. tropicalis, a species widely distributed in the indian ocean basin (Binda & Pilato 1995b; kiosya et al. 2021), 
by the morphology of trunk appendages (long spines in E. oreas sp. nov. vs minute triangular spicules in E. 
tropicalis), and by the heteromorphy of spurs on internal claws (spurs i–iV homomorphic in E. oreas sp. nov. 
vs spurs iV different in size and shape from spurs i–iii in E. tropicalis).

African E. ornamentatus and E. tristis are morphologically closest to E. oreas sp. nov., but the presented phy-
logenetic analysis (Fig. 117) negatively verified their close relationship within the E. spinulosus group.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0092.htm).
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20.	 Echiniscus	pellucidus Gąsiorek, Bochnak, Vončina & Michalczyk, 2021
Figures 66–67

Data source:
a total of 7 specimens (4 ♀♀, 2 juveniles and 1 specimen of unknown instar/sex):
• Sample ZA.204: 1 specimen (1 specimen observed in vivo under microscope and used for DNA extraction); 

found with Echiniscus oreas sp. nov.
• sample za.228: 1 specimen (1 ♀ on a slide); found with Cornechiniscus madagascariensis.
• sample za.259: 1 specimen (1 ♀ on a slide); found with Echiniscus scabrospinosus and Pseudechiniscus 

(Pseudechiniscus) cf. ehrenbergi.
• sample za.260: 4 specimens (2 ♀♀ and 2 juveniles on slides); found with Echiniscus baius, E. longispinosus, 

E. oreas sp. nov., E. scabrospinosus, and E. virginicus.

Shortened description. Body appendage formula A-C-Cd-D-E. All appendages in the form of cirri. Dorsal 
sculpturing of the E. merokensis type, with well-developed striae between multangular elements of endocuticle 
(Fig. 66A, 67). Oval and densely granulated genital plates (Fig. 66C). Pedal plates marked as grey zones in central 
leg portions; pulvini I–III marked as swollen dark grey belts at proximal leg portions (Fig. 66A). External claws 
spurless, internal ones with heteromorphic spurs positioned at ca. 20% (i–iii) or 30–35% (iV) of the claw height 
(Fig. 66B, D–E).

DNA markers and phylogenetic position. Echiniscus pellucidus is the sister species of E. merokensis (Fig. 
117). The closest species in COI is E. siticulosus Gąsiorek & Michalczyk, 2020 (p-distance = 15.2–16.0%), and 
E. merokensis in ITS (ITS-1: 2.0–2.6%, ITS-2: 1.8%).

Geographic distribution. This possibly parthenogenetic species has a documented disjunct distribution em-
bracing neotropical Patagonia (Gąsiorek et al. 2021c) and southern Afrotropics. This could be interpreted in two 
ways: either as a sign of Gondwanan ancestry or a secondary dispersal event. In South Africa, rare and restricted to 
Drakensberg (Fig. 120I).

Remarks. in contrast to the neotropical examples (Gąsiorek et al. 2021c), the Afrotropical individuals may 
have less regular sculpturing (Fig. 67B), and spines Dd are always absent.

21.	 Echiniscus	perarmatus Murray, 1907
Figures 68–72, Table 38

Data source:
a total of 15 specimens (14 ♀♀ and 1 juvenile):
• sample za.214: 10 specimens (9 ♀♀ on slides and 1 juvenile used for dna extraction and secured as a holo-

genophore); found with Echiniscus africanus, E. baius, E. virginicus, E. oreas sp. nov., Pseudechiniscus (P.) cf. 
ehrenbergi, Doryphoribius bindae, and Ramazzottius szeptycki.

• sample za.362: 4 specimens (4 ♀♀ on slides); found with Ramazzottius szeptycki.
• sample za.364: 1 specimen (1 ♀ on a slide); found with Pseudechiniscus (P.) cf. ehrenbergi, P. (P.) linnaei sp. 

nov., and P. (Meridioniscus) wallacei sp. nov.
• New Asian records: Sample ID.518: 1°51’20”S, 120°19’30”E, 1 311 m asl: Malay Archipelago, Celebes, 

sulawesi tengah, lore lindu, Bada lembah; moss+lichen from tree bark in a mountain tropical forest (12 
specimens: 2 ♀♀ and 2 juveniles on slides, 5 ♀♀ on a seM stub 15.20, and 3 specimens used for dna 
extraction); coll. 25.08.2017, artur oczkowski & Piotr Gąsiorek; sample id.850: 3°10’37’’s, 129°03’04’’e, 
331 m asl: Malay archipelago, Moluccas, seram tengah, pass between triana and jerili/sawai; moss+lichen 
from a palm tree in mountain tropical forest (3 specimens: 1 ♀ and 1 juvenile on slides, and 1 specimen used 
for dna extraction); coll. 01.07.2018, łukasz krzywański & Piotr Gąsiorek; sample MM.010: 20°38’28”n, 
97°04’14”e, 1 333 m asl: indochinese Peninsula, Burma, szan, kakku Pagodas, taunggyi; moss+lichen from 
a tree in rural environment (5 specimens: 1 ♀ on slides and 4 specimens used for dna extraction); coll. 
21.02.2019, katarzyna Vončina.
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FIGURE 66. Detailed morphology of Echiniscus pellucidus Gąsiorek et al., 2021 (PCM, females): A—habitus, dorsolateral 
view, B—claws ii, c—genital plates and gonopore, d—claws iii, e—claws iV. scale bars in µm.



south aFrican arMoured tardiGrades Zootaxa 5156 (1) © 2022 Magnolia Press  ·  125

FIGURE 67. Dorsal plate sculpturing of Echiniscus pellucidus (PCM): A, B—females, C—juvenile. Scale bars in µm.
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Literature:
• Original description: Murray (1907a).
• Later records: Marcus (1936), Grigarick et al. (1983), Séméria (1985), Pilato & Binda (1990), Binda et al. 

(2001), kaczmarek & Michalczyk (2010), Meyer et al. (2013), Lisi et al. (2017), McInnes et al. (2017), kiosya 
et al. (2021).

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 38). Me-
dium-sized Echiniscus with dark orange, plump body (Fig. 68A, 69A, 70) and large red eyes; body colour and eyes 
disappeared soon after mounting in Hoyer’s medium. Dactyloid cephalic papillae (secondary clavae) and (primary); 
cirri growing out from bulbous cirrophores. Cirri A short. Body appendage configuration A-C-D-(Dd)-E; append-
ages C and D are minuscule spicules, whereas appendage E is a cirrus, usually slightly longer than cirrus A. Single 
asymmetries frequent.

Dorsal plates with densely arranged endocuticular pillars and regularly, but more sparsely distributed pores; 
Fig. 68C–D, 71A–B). Anterior portions of paired segmental plates I–II smooth (Fig. 68A, C, 69A, 70). The ce-
phalic plate semicircular; the cervical (neck) plate poorly developed as a dim, thin belt before the scapular plate. 
The scapular plate large and uniform, without median or lateral sutures. Median plates 1–2 unipartite, m3 absent. 
The caudal (terminal) plate with two unsclerotised incisions, without signs of faceting (Fig. 68A, D), but with a 
continuous row of minuscule teeth at its posteriormost margin (Fig. 71B), as originally reported by Claxton (2004). 
Ventral cuticle with a delicate, dense wrinkling; a pair of subcephalic, trapezoid plates that may merge into single 
large plate (Fig. 72A), and a pair of genital plates (Fig. 72B). Sexpartite gonopore placed between genital plates, 
and a trilobed anus between legs iV.

Pedal plates present as accumulations of endocuticular pillars in the centre of legs (Fig. 68B). Pulvini weakly 
outlined. spines on legs i–iii (Fig. 68a–B, 69a) and a papilla on leg iV present (Fig. 68a, 69a, 70B). claws i–iV 
of similar heights. All external claws spurless. All internal claws with large, acute spurs positioned at ca. 25–35% 
of the claw height (Fig. 68B, 71C, 72C–D).

juveniles (i.e. from the second instar onwards). Qualitatively and quantitatively like females (Fig. 69B), except 
for the lack of the gonopore.

Larvae. Two-clawed individuals with the dorsal sculpturing and appendages developed as in adults (Fig. 69C). 
No gonopore and anus.

eggs. unknown.
DNA markers and phylogenetic position. All analyses indicated the affinity of E. perarmatus within the 

E. virginicus complex at the base of the Echiniscus phyletic tree (Fig. 117). The species closest in COI are the 
representatives of the blumi-canadensis complex, E. lineatus, and E. quadrispinosus (p-distance = 13.9–15.2%), in 
ITS-1—E. lineatus and E. virginicus (6.0–7.1%), and in ITS-2—E. hoonsooi Moon & kim, 1990 (4.4–4.7%). the 
ranges of intraspecific variability are narrow in all three fast evolving markers: COI—0.6–1.2%, ITS-1—0.3–1.1%, 
and ITS-2 (gene fragment did not amplify for the Mauritian material)—0.3–0.9%.

Neotype material. 7 ♀♀ on slides za.214.01–6, 12; neotype: mature ♀ on slide za.214.06. 2 ♀♀ and 1 juve-
nile used for DNA extraction and secured as hologenophore.

Neotype locality. 29°03’3.4’’s, 29°24’7.4’’e, 1520 m asl: republic of south africa, kwazulu-natal, drakens-
berg, Giants Castle Game Reserve; secondary forest, lichens from a tree trunk (sample ZA.214).

Etymology. From Latin perarmo = to arm/equip well. The name refers to numerous leg and trunk appendages 
in the form of spines in E. perarmatus. An adjective in the nominative singular.

Geographic distribution. The species is very rare in South Africa (Fig. 120G). A widely distributed pan-
tropical-subtropical taxon (Marcus 1936; Pilato & Binda 1990; McInnes et al. 2017). With the genetically verified 
localities embracing South Africa, Mauritius, and several Asian sampling sites, the conspecificity of Australian, 
Neotropical and southern Nearctic populations seems probable (Grigarick et al. 1983; Séméria 1985; Claxton 2004; 
kaczmarek & Michalczyk 2010; Meyer et al. 2013; Lisi et al. 2017).

Remarks. According to the original description, the species is equipped with spicules B and spines Dd, but 
these were absent in the Afrotropical populations. This was also the most frequent morphotype present in the Malay 
Archipelago and Indochina, although the morphotype depicted by Murray was occasionally also found in Asia (Fig. 
69A–B).
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Differential diagnosis. Leg spines I–III and the morphology of trunk appendages make E. perarmatus a unique 
taxon among all Echiniscus spp. Nevertheless, the phylogenetic analysis clearly shows that the species belongs to 
Echiniscus.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0093.htm).

FIGURE 68. Detailed morphology of Echiniscus perarmatus Murray, 1907 (PCM, neotype from South Africa): A—habitus 
(arrowheads indicate minute lateral spicules, and incised arrowheads point out spines I–III, B—claws II (spines II–III visible), 
C—dorsal sculpturing of paired segmental and median plates, D—dorsal sculpturing of the caudal (terminal) plate. Scale bars 
in µm.
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FIGURE 69. Habitus and intraspecific variability of Echiniscus perarmatus (PCM, Asian examples): A—female in dorsolateral 
view, B—juvenile in dorsolateral view, C—larva in dorsolateral view. Incised arrowheads point out spines I–III, and empty 
incised arrowheads indicate lateral spicules. Scale bars in µm.
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FIGURE 70. Habitus of Echiniscus perarmatus (SEM, Asian examples): A—female in dorsal view, B—female in lateral view. 
Scale bars = 50 µm.
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FIGURE 71. Morphological details of Echiniscus perarmatus (SEM, Asian examples): A—pores in the median plate 2, B—
caudal plate with a line of posteriormost teeth, C—claws II. Scale bars in µm.
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FIGURE 72. Morphological details of Echiniscus perarmatus (PCM, Asian examples): A—subcephalic plate, B—genital plates 
and gonopore, C—claws I, D—claws III. Scale bars in µm.
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TABLE 38. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus perarmatus 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Neotype
µm sp µm sp µm sp µm sp

Body length 10 191 – 251 398 – 479 221 442 23 25 236 462
Scapular plate length 11 42.7 – 60.4 –  50.3 – 5.3 – 51.1 –
Head appendages lengths      
     Cirrus internus 9 18.1 – 24.1 34.3 – 47.2 21.2 41.7 1.9 3.4 24.1 47.2
     Cephalic papilla 11 6.4 – 8.9 12.4 – 18.8 8.0 16.1 0.8 2.1 8.0 15.7
     Cirrus externus 11 19.9 – 25.1 40.6 – 52.7 22.7 45.4 1.7 3.4 25.0 48.9
     Clava 9 5.4 – 7.1 9.4 – 14.8 6.3 12.7 0.5 1.8 7.1 13.9
     Cirrus A 9 34.4 – 46.9 76.2 – 96.8 41.7 83.8 4.2 5.9 42.6 83.4
     Cirrus A/Body length ratio 9 17% – 22% –  19% – 1% – 18% –
Body appendages lengths      
     Cirrus E 11 26.5 – 59.6 50.8 – 116.6 43.5 87.4 11.0 24.5 59.6 116.6
     Spine on leg I length 11 2.3 – 3.7 4.4 – 6.9 2.9 5.8 0.5 0.8 2.4 4.7
     Spine on leg II length 11 2.3 – 4.4 4.8 – 8.4 3.2 6.3 0.7 1.2 3.9 7.6
Spine on leg III length 10 2.4 – 4.0 4.6 – 7.1 3.0 5.9 0.5 0.7 3.0 5.9
Papilla on leg iV length 11 3.4 – 4.5 6.5 – 8.6 3.7 7.5 0.4 0.7 3.5 6.8
Number of teeth on the collar 11 10 – 17 –  13.7 – 2.3 – 15 –
Claw I heights      
     Branch 11 11.1 – 15.8 23.3 – 32.1 13.4 26.8 1.4 2.9 15.8 30.9
     Spur 8 2.4 – 3.6 5.2 – 8.0 3.2 6.4 0.4 0.9 3.6 7.0
     Spur/branch height ratio 8 22% – 26% –  24% – 2% – 23% –
Claw II heights      
     Branch 11 10.4 – 14.1 21.0 – 27.1 12.2 24.2 1.2 1.6 13.0 25.4
     Spur 6 2.6 – 3.0 5.2 – 6.6 2.8 5.8 0.2 0.4 ? ?
     Spur/branch height ratio 6 21% – 27% –  24% – 2% – ? –
Claw III heights      
     Branch 11 9.9 – 13.2 21.7 – 26.2 12.1 24.1 1.0 1.7 13.2 25.8
     Spur 6 2.6 – 3.5 4.9 – 6.3 2.9 5.6 0.3 0.5 ? ?
     Spur/branch height ratio 6 21% – 27% –  24% – 2% – ? –
claw iV heights      
     Branch 10 12.3 – 16.1 24.3 – 33.3 14.5 28.5 1.4 2.6 16.1 31.5
     Spur 7 3.0 – 4.1 5.6 – 7.8 3.5 6.7 0.4 0.9 ? ?
     Spur/branch height ratio 7 21% – 28%  –  24% – 2% – ? –

22.	 Echiniscus	pusae Marcus, 1928

Literature:
• Original description: Murray (1907a) in Marcus (1928).
• Later records: Pilato et al. (2003), Gąsiorek & kristensen (2018).

Geographic distribution. A very rare species, recorded in South Africa only once as an undescribed species 
(Murray 1907a), later elevated to the species rank (Marcus 1928). Possibly with a pantropical-subtropical distribu-
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tion (Marcus 1928; Pilato et al. 2003; Claxton 2004; McInnes et al. 2017; Gąsiorek & kristensen 2018; Bochnak et 
al. 2020), although no DNA markers are available. All records outside the type locality must be verified genetically 
to exclude species crypsis and confidently delineate the geographic range of the species.

DNA markers and phylogenetic position. unknown.
Remarks. The presence of the mixed type of sculpturing on the dorsum, i.e. pores of the E. blumi-canadensis 

type in the scapular and caudal (terminal) plates and the dominant endocuticular pillars with epicuticular ornamenta-
tion of the E. virginicus type in the median and paired segmental plates, suggests affinity to the E. africanus complex 
of species.

23.	 Echiniscus	regularis sp. nov. Gąsiorek, Morek & Michalczyk
urn:lsid:zoobank.org:act:24CF4728-4690-41CA-A963-5FE8795BD3D1
Figures 73–76, Tables 39–41

Data source:
a total of 637 specimens (353 ♀♀, 9 ♂♂, 186 juveniles, 19 larvae, and 70 specimens of unknown instar/sex):
• sample za.183: 3 specimens (3 ♀♀ on slides); found with Doryphoribius maasaimarensis, Echiniscus oreas 

sp. nov., E. scabrospinosus, Pseudechiniscus (P.) cf. ehrenbergi, P. (Meridioniscus) wallacei sp. nov., and 
Ramazzottius szeptycki.

• sample za.185: 4 specimens (4 ♀♀ on slides); found with Echiniscus oreas sp. nov., E. scabrospinosus, and 
E. virginicus.

• sample za.206: 3 specimens (3 ♀♀ on slides); found with Echiniscus oreas sp. nov., E. scabrospinosus, and 
E. virginicus.

• sample za.219: 31 specimens (21 ♀♀, 5 juveniles and 5 larvae on slides); found with Echiniscus intricatus sp. 
nov. and E. oreas sp. nov.

• sample za.224: 16 specimens (12 ♀♀, 4 juveniles on slides); found with Echiniscus imitans sp. nov., E. oreas 
sp. nov., and E. scabrospinosus.

• sample za.225: 104 specimens (49 ♀♀, 33 juveniles and 2 larvae on slides, 10 specimens on seM stub 19.02, 
and 10 specimens used for DNA extraction); found with Echiniscus blumi and E. intricatus sp. nov.

• sample za.227: 315 specimens (140 ♀♀, 114 juveniles and 11 larvae on slides, and 50 specimens on seM stub 
18.18); found with Echiniscus imitans sp. nov.

• sample za.230: 7 specimens (3 ♀♀ and 4 juveniles on slides); found with Echiniscus blumi, E. oreas sp. nov., 
and E. scabrospinosus.

• sample za.232: 55 specimens (47 ♀♀, 1 ♂ and 7 juveniles on slides); found with E. oreas sp. nov.
• sample za.235: 4 specimens (4 ♀♀ on slides); found with Echiniscis longispinosus.
• sample za.238: 11 specimens (9 ♀♀ and 2 juveniles on slides); found with Echiniscus intricatus sp. nov.
• sample za.247: 10 specimens (9 ♀♀ and 1 juvenile on slides); found with Echiniscus imitans sp. nov. and 
 E. oreas sp. nov.
• sample za.249: 33 specimens (20 ♀♀, 1 ♂ and 12 juveniles on slides); found with Echiniscus oreas sp. nov. 

and Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.252: 25 specimens (15 ♀♀, 7 ♂♂ and 3 juveniles on slides).
• sample za.255: 2 specimens (2 ♀♀ on a slide); found with Echiniscus blumi and E. imitans sp. nov.
• sample za.263: 1 specimen (1 ♀ on a slide); found with Echiniscus longispinosus, Pseudechiniscus (P.) cf. 

ehrenbergi, and P. (Meridioniscus) wallacei sp. nov.
• sample za.265: 8 specimens (6 ♀♀, 1 juvenile and 1 larva on slides); found with Echiniscus scabrospinosus 

and Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.274: 5 specimens (5 ♀♀ on slides); found with Echiniscus crassispinosus and E. longispinosus.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 39). Medi-
um-sized Echiniscus with light yellow body and small red eyes; body colour and eyes disappeared soon after mounting 
in Hoyer’s medium. Dactyloid/ovoid cephalic papillae (secondary clavae) and (primary) clavae (Fig. 73A–B, 74C); 
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FIGURE 73. Habitus of Echiniscus regularis sp. nov. (PCM): A—holotype, female in dorsal view, B—paratype, female in 
dorsolateral view, C—paratype, male in dorsolateral view, D—close-up on dorsal sculpturing. Scale bars in µm.
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FIGURE 74. Habitus of Echiniscus regularis sp. nov. (SEM, females): A, B—dorsal view, C—lateral view. Scale bars = 50 µm.
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cirri growing out from bulbous cirrophores. Cirri A short. Body appendage configuration A-C-(Cd)-D-Dd-E, with all 
trunk appendages formed as long spines of similar lengths, usually smooth (Fig. 73–74). Only rarely are spines E 
gently serrated or bifurcating at their bases (Fig. 73D). Single asymmetries frequent.

Dorsal plates with the sculpturing of the E. spinulosus type; pores of similar size, regularly distributed in the 
plates, and without dark endocuticular rings (Fig. 73–75). Anterior portions of paired segmental plates and the 
median plate 3 reduced to thin belts of much thicker (darker under PCM) cuticle with more densely arranged pores 
(Fig. 73, 74A–B, 75B–C). The cephalic plate with a very pronounced, chalice-shaped anterior incision (Fig. 73A); 
the cervical (neck) plate absent. The scapular plate large and uniform, without the median suture/groove under PCM 
(Fig. 73A), but under SEM a weakly developed faceting is visible (Fig. 74, 75A). Poorly developed lateral sutures 
are positioned below the clavae and delimit small lateral rectangular portions devoid of pores (Fig. 73B, 74C). 
Transverse belts on the paired segmental plates wide and unsculptured (Fig. 73D, 75B). Median plate 1 slightly 
smaller than the posterior portion of m2; the anterior portion of m2 smooth (Fig. 73D, 75B). The caudal (terminal) 
plate with two unsclerotised incisions, without faceting under PCM (Fig. 73), but under SEM the faceting is weakly 
marked (Fig. 74, 75c). Ventral cuticle with minute endocuticular pillars distributed throughout the whole venter; 
ventral plates absent. sexpartite gonopore placed anteriorly to legs iV, and a trilobed anus between legs iV.

Pedal plates are absent, even the dentate collar on legs iV is placed on an unsculptured central portion of leg 
(Fig. 73B, 74c, 76c). Pulvini present, but weakly marked (Fig. 73B, 74c). spine on leg i and a papilla on leg iV 
present (Fig. 74c). claws i–iV of similar heights. all external claws spurless. all internal claws with rather delicate, 
thin spurs positioned at ca. 25%–30% of the branch (Fig. 76).

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 40). Qualitatively like females (Fig. 73C), excluding the circular gonopore. Smaller than females: no gap in 
body length ranges, but statistically different in mean body length ±sd: 219 ±12 μm vs 186 ±10 μm (one-tailed 
Welch’s t-test with n♀♀=20 and n♂♂=9: t18=1.73; p<0.001); scapular plate length: ♀♀ 40.0–49.2 μm vs ♂♂ 
31.3–35.4 μm. 

juveniles (i.e. from the second instar onwards; measurements and statistics in Table 41). No gonopore. Quali-
tatively similar to females. There is a clear morphometric gap between juveniles and adult females in body and 
scapular plate lengths, and in the lengths of cephalic appendages (see Tables 38–39).

FIGURE 75. Dorsal sculpturing of Echiniscus regularis sp. nov. (SEM, females): A—scapular plate, B—paired segmental and 
median plates, C—caudal (terminal) plate. Scale bars in µm.

FIGURE 76. Claws of Echiniscus regularis sp. nov. (females): A—claws I (PCM), B—claws I (SEM), C—claws III (SEM). 
Scale bars = 10 µm.
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TABLE 39. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus regularis sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 198 – 242 456 – 575 219 506 12 33 211 520
Scapular plate length 20 40.0 – 49.2 –  43.3 – 2.9 – 40.6 –
Head appendages lengths      
     Cirrus internus 20 10.2 – 15.1 24.4 – 36.8 12.3 28.4 1.4 3.1 13.0 32.0
     Cephalic papilla 20 6.5 – 7.8 13.3 – 18.5 7.2 16.6 0.3 1.3 7.3 18.0
     Cirrus externus 20 12.1 – 16.5 25.5 – 39.0 14.4 33.3 1.2 3.4 15.5 38.2
     Clava 19 4.8 – 5.9 10.3 – 14.3 5.4 12.7 0.4 1.3 5.8 14.3
     Cirrus A 20 31.4 – 38.9 65.4 – 94.3 34.8 80.7 2.3 7.7 33.6 82.8
     Cirrus A/Body length ratio 20 14% – 18% –  16% – 1% – 16% –
Body appendages lengths      
     Spine C 20 12.1 – 22.7 27.4 – 56.6 18.6 43.3 2.7 7.2 18.4 45.3
     Spine Cd 11 5.9 – 15.9 13.3 – 32.3 10.7 25.1 2.8 5.9 10.8 26.6
     Spine D 20 5.0 – 20.0 10.5 – 43.6 14.7 34.2 3.7 8.9 16.5 40.6
     Spine Dd 20 7.6 – 23.2 16.0 – 54.0 16.8 39.1 3.6 8.9 17.1 42.1
     Spine E 19 13.2 – 24.8 27.8 – 60.2 19.1 44.5 3.0 8.4 19.8 48.8
Spine on leg I length 19 1.7 – 2.5 3.5 – 6.2 2.0 4.7 0.3 0.7 ? ?
Papilla on leg iV length 20 3.0 – 3.9 6.9 – 9.0 3.5 8.0 0.2 0.6 3.3 8.1
Number of teeth on the collar 19 9 – 19 –  12.6 – 2.4 – 12 –
Claw I heights      
     Branch 20 10.6 – 13.4 24.2 – 32.5 11.6 26.9 0.9 2.1 10.7 26.4
     Spur 17 2.4 – 3.5 6.0 – 7.9 3.0 6.9 0.3 0.5 3.2 7.9
     Spur/branch height ratio 17 22% – 30% –  26% – 3% – 30% –
Claw II heights      
     Branch 20 9.4 – 12.9 22.4 – 27.5 10.8 25.0 0.9 1.6 10.5 25.9
     Spur 17 2.3 – 3.2 5.5 – 7.8 2.7 6.3 0.3 0.5 2.7 6.7
     Spur/branch height ratio 17 22% – 29% –  25% – 2% – 26% –
Claw III heights      
     Branch 20 9.6 – 12.4 22.6 – 28.4 10.8 25.0 0.7 1.7 10.0 24.6
     Spur 18 2.4 – 3.4 5.3 – 8.5 2.8 6.5 0.3 0.8 3.0 7.4
     Spur/branch height ratio 18 22% – 31% –  26% – 3% – 30% –
claw iV heights      
     Branch 20 11.3 – 13.6 26.7 – 33.0 12.8 29.6 0.6 1.8 12.9 31.8
     Spur 12 3.0 – 4.2 6.7 – 9.5 3.5 8.0 0.3 1.0 ? ?
     Spur/branch height ratio 12 23% – 32%  –  28% – 3% – ? –
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TABLE 40. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus regularis sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 9 164 – 199 487 – 612 186 554 10 35 186 560
Scapular plate length 9 31.3 – 35.4 –  33.6 – 1.2 – 33.2 –
Head appendages lengths      
     Cirrus internus 8 7.1 – 10.7 21.3 – 32.8 9.2 27.6 1.1 3.7 8.5 25.6
     Cephalic papilla 9 4.5 – 6.7 13.3 – 20.4 5.6 16.8 0.9 2.9 5.9 17.8
     Cirrus externus 8 10.4 – 12.8 30.7 – 39.3 11.6 34.7 1.1 3.3 10.5 31.6
     Clava 9 3.9 – 6.1 11.5 – 18.0 5.2 15.4 0.9 2.3 5.8 17.5
     Cirrus A 9 22.4 – 34.5 71.6 – 97.5 29.2 86.5 3.5 8.1 31.2 94.0
     Cirrus A/Body length ratio 9 12% – 18% –  16% – 2% – 17% –
Body appendages lengths      
     Spine C 9 14.2 – 18.2 44.5 – 54.8 16.1 47.9 1.3 3.0 18.2 54.8
     Spine Cd 3 2.4 – 4.4 7.7 – 13.0 3.3 9.9 1.0 2.7 ? ?
     Spine D 9 8.5 – 14.2 24.5 – 40.1 10.4 31.0 2.1 5.7 8.5 25.6
     Spine Dd 9 10.3 – 17.0 32.7 – 50.1 13.0 38.7 2.1 5.7 13.6 41.0
     Spine E 9 13.1 – 17.6 41.9 – 52.1 15.8 47.0 1.3 3.0 15.8 47.6
Spine on leg I length 6 1.4 – 2.2 4.2 – 6.3 1.8 5.4 0.3 0.9 1.5 4.5
Papilla on leg iV length 8 2.8 – 3.8 8.1 – 12.1 3.1 9.2 0.4 1.5 ? ?
Number of teeth on the collar 8 9 – 11 –  10.0 – 0.5 – 10 –
Claw I heights      
     Branch 9 9.0 – 10.9 25.9 – 32.4 10.1 30.2 0.6 1.9 9.8 29.5
     Spur 9 2.3 – 3.0 6.9 – 8.9 2.7 8.0 0.2 0.7 2.5 7.5
     Spur/branch height ratio 9 22% – 29% –  27% – 2% – 26% –
Claw II heights      
     Branch 8 8.1 – 10.1 24.4 – 30.2 9.3 27.8 0.6 1.9 8.1 24.4
     Spur 8 1.8 – 2.5 5.7 – 7.5 2.2 6.6 0.3 0.7 1.9 5.7
     Spur/branch height ratio 8 20% – 27% –  24% – 2% – 23% –
Claw III heights      
     Branch 8 9.0 – 10.3 26.2 – 30.8 9.6 28.2 0.5 1.4 9.0 27.1
     Spur 8 2.0 – 3.0 5.8 – 8.8 2.3 6.9 0.3 1.0 2.4 7.2
     Spur/branch height ratio 8 21% – 32% –  24% – 4% – 27% –
claw iV heights      
     Branch 8 10.8 – 12.1 32.4 – 34.9 11.4 33.5 0.4 0.9 11.0 33.1
     Spur 8 2.1 – 3.1 6.3 – 9.1 2.6 7.7 0.4 1.0 2.1 6.3
     Spur/branch height ratio 8 19% – 27%  –  23% – 3% – 19% –
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TABLE 41. Measurements [in µm] of selected morphological structures of the juveniles and a larva of Echiniscus regu-
laris sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest 
and the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length 
of a given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Larva
µm sp µm sp µm sp µm sp

Body length 5 164 – 189 490 – 562 178 516 10 27 128 582
Scapular plate length 5 31.7 – 38.6 –  34.6 – 3.0 – 22.0 –
Head appendages lengths        
     Cirrus internus 5 7.8 – 10.3 24.1 – 30.0 9.2 26.6 0.9 2.2 5.8 26.4
     Cephalic papilla 5 5.5 – 6.4 15.2 – 19.6 5.9 17.3 0.4 1.6 3.5 15.9
     Cirrus externus 5 9.0 – 11.8 27.8 – 37.2 10.7 31.0 1.3 3.7 5.8 26.4
     Clava 5 4.5 – 4.8 11.7 – 15.1 4.7 13.6 0.1 1.3 ? ?
     Cirrus A 5 23.2 – 32.8 71.6 – 88.9 28.3 81.7 4.1 6.5 19.9 90.5
     Cirrus A/Body length ratio 5 14% – 18% –  16% – 1% – 16% –
Body appendages lengths      
     Spine C 5 13.7 – 21.6 35.5 – 64.9 18.1 52.9 3.7 12.5 lacking
     Spine Cd 1 5.7 – 5.7 18.0 – 18.0 5.7 18.0 ? ? lacking
     Spine D 5 6.8 – 12.9 18.9 – 39.8 9.8 28.8 2.9 9.7 lacking
     Spine Dd 5 10.1 – 16.7 30.3 – 50.2 13.7 39.9 2.7 9.5 5.0 22.7
     Spine E 5 11.9 – 18.6 30.8 – 57.1 15.9 46.7 2.7 11.1 8.5 38.6
Spine on leg I length 5 1.3 – 1.9 4.0 – 5.1 1.6 4.7 0.2 0.4 1.2 5.5
Papilla on leg iV length 4 3.0 – 3.2 7.8 – 9.5 3.1 8.8 0.1 0.8 2.2 10.0
Number of teeth on the collar 5 9 – 14 –  10.0 – 2.2 – 7.0 –
Claw I heights        
     Branch 5 8.8 – 10.9 26.7 – 30.9 9.9 28.6 0.8 1.6 6.5 29.5
     Spur 4 2.0 – 2.8 6.0 – 7.6 2.4 6.8 0.3 0.7 1.8 8.2
     Spur/branch height ratio 4 22% – 27% –  24% – 3% – 28% –
Claw II heights        
     Branch 5 7.7 – 10.4 24.3 – 28.2 9.1 26.4 1.0 1.9 5.7 25.9
     Spur 3 2.0 – 2.5 6.3 – 6.6 2.2 6.5 0.3 0.1 1.8 8.2
     Spur/branch height ratio 3 24% – 27% –  26% – 1% – 32% –
Claw III heights        
     Branch 5 7.6 – 10.0 24.0 – 29.0 9.2 26.6 0.9 2.0 5.3 24.1
     Spur 4 1.9 – 2.4 6.0 – 6.6 2.2 6.3 0.2 0.3 1.6 7.3
     Spur/branch height ratio 4 23% – 25% –  24% – 1% – 30% –
claw iV heights        
     Branch 5 9.2 – 12.6 29.0 – 34.1 10.8 31.3 1.3 2.1 6.6 30.0
     Spur 3 2.1 – 2.8 6.6 – 8.6 2.5 7.6 0.4 1.0 2.1 9.5
     Spur/branch height ratio 3 23% – 26%  –  25% – 2% – 32% –

Larvae (i.e. the first instar; measurements and statistics in Table 41). Gonopore and anus absent. Smaller than 
juveniles (a morphometric gap present). Body appendage configuration A-Dd-E. The dorsal sculpturing of the same 
type as in adults, but not so strongly developed.

eggs. up to four yellow eggs per exuvia were found.
DNA markers and phylogenetic position. Echiniscus regularis sp. nov. is the sister species of the clade 

E. oreas sp. nov. + E. scabrospinosus (Fig. 117), both being the closest species in ITS-1 and ITS-2 (p-distance = 
0.6–2.3% and 0.6–1.2%, respectively).
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Type material. 49 ♀♀, 33 juveniles and 2 larvae on slides za.225.01, 3–9; holotype: mature ♀ on slide 
za.225.01. Mounted together with 5 ♀♀, 4 juveniles and 1 larva of E. blumi, 16 ♀♀ and 8 juveniles of E. intricatus 
sp. nov. 10 specimens on SEM stub 19.02. 10 specimens used for DNA extraction, 6 secured as hologenophores.

Type locality. 29°16’4’’s, 29°30’34.3’’e, 1800 m asl: republic of south africa, kwazulu-natal, drakensberg, 
Giants Castle Game Reserve; montane grassland, lichen from rock (samples ZA.224 and ZA.225).

Etymology. From Latin regularis = regular, underlying the regular distribution of dorsal pores. An adjective in 
the nominative singular.

Geographic distribution. The new species is common in the mountains (Fig. 120D), occurring almost exclu-
sively at high elevations above 1500 m asl.

Remarks. The new species forms populations of diverse sizes, mixed with other echiniscids, most frequently 
with E. oreas sp. nov.

Differential diagnosis. The species is a classic representative of the E. spinulosus group. Although it is very 
similar to E. oreas sp. nov. and E. tristis, our phylogenetic analysis shows that it is a clearly distinct species (Fig. 
117). Morphologically, it can be distinguished from:

• E. angolensis, by a larger body size (adult females 198–242 µm long in E. regularis sp. nov. vs adult females 
132–183 µm long in E. angolensis), and by the morphology of spines Dd (smooth in E. regularis sp. nov. vs 
rough and slightly serrated in E. angolensis);

• E. crassispinosus, by the morphology of spine Dd (as thin as the remaining appendages in E. regularis sp. nov. 
vs massive and much thicker than the remaining appendages in E. crassispinosus), and the body shape (elon-
gated in E. regularis sp. nov. vs plump in E. crassispinosus);

• E. dreyfusi, by the body appendage configuration (A-C-(Cd)-D-Dd-E in E. regularis sp. nov. vs A-B-C-D-Dd-E 
in E. dreyfusi), and spurs on internal claws (present in E. regularis sp. nov. vs absent in E. dreyfusi);

• E. marcusi, by the morphology of trunk lateral appendages (long spines in E. regularis sp. nov. vs minute tri-
angular spicules in E. marcusi), and by the dorsal sculpturing (striae absent in E. regularis sp. nov. vs striae 
present in the anterior portion of the median plate 2 and in the area adjacent to the transverse belts in paired 
segmental plates I–II in E. marcusi);

• E. marginatus, by the body appendage configuration (A-C-(Cd)-D-Dd-E in E. regularis sp. nov. vs A-C-D-Dd-E 
in E. marginatus), and by the dorsal sculpturing (posterior portions of the median and paired segmental plates 
with pores in E. regularis sp. nov. vs posterior portions of the median and paired segmental plates without pores 
in E. marginatus, see Pilato et al. 2008);

• E. oreas sp. nov., by the presence of dark circumporal rings (absent in E. regularis sp. nov. vs present in E. 
oreas sp. nov.), the shape of internal spurs (more delicate and thinner in E. regularis sp. nov. vs more robust 
and more divergent from the claw branch in E. oreas sp. nov.), and by sexual dimorphism in relative cephalic 
papillae length (cephalic papillae of the same length in both sexes in E. regularis sp. nov. vs cephalic papillae 
on average longer in males relative to the scapular plate length in E. oreas sp. nov.);

• E. ornamentatus, by the body appendage configuration (A-C-(Cd)-D-Dd-E in E. regularis sp. nov. vs A-(B)-C-
D-Dd-E in E. ornamentatus), and by the development of faceting on the scapular and the caudal plate (weak in 
E. regularis sp. nov. vs strong in E. ornamentatus);

• E. scabrospinosus, by the body appendage configuration (A-C-(Cd)-D-Dd-E in E. regularis sp. nov. vs A-C-D-
Dd-E in E. scabrospinosus), the presence of endocuticular rings (absent in E. regularis sp. nov. vs present and 
evident in all pores in E. scabrospinosus), and by lateral non-porous portions of the paired segmental plates I–II 
(absent in E. regularis sp. nov. vs present in E. scabrospinosus);

• E. tristis, by development of the pedal plate iV (weak in E. regularis sp. nov. vs strong in E. tristis), the shape 
of internal spurs (delicate and thinner in E. regularis sp. nov. vs robust and more divergent from the claw branch 
in E. tristis);

• E. tropicalis, by the morphology of trunk appendages (long spines in E. regularis sp. nov. vs minute triangular 
spicules in E. tropicalis), and the heteromorphy of spurs on internal claws (spurs i–iV homomorphic in E. regu-
laris sp. nov. vs spurs iV different in size and shape from spurs i–iii in E. tropicalis).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0094.htm).
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24.	 Echiniscus	scabrocirrosus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:72225C84-30C9-47EF-804A-8548B01D3415
Figures 77–81, Tables 42–45

Data source:
a total of 323 specimens (79 ♀♀, 46 ♂♂, 17 juveniles, 7 larvae, and 174 specimens of unknown instar/sex):
• sample za.431: 259 specimens (50 ♀♀, 28 ♂♂, 14 juveniles and 7 larvae on slides, 50 specimens used for 

SEM, 10 specimens used for DNA extraction, and 100 frozen specimens); found with Echiniscus draconis sp. 
nov., E. imitans sp. nov., and E. lichenorum.

• sample za.432: 19 specimens (11 ♀♀, 7 ♂♂, 1 juvenile on slides); found with Echiniscus draconis sp. nov.
• sample za.434: 1 specimen (1 ♂ on a slide); found with Echiniscus draconis sp. nov.
• sample za.436: 17 specimens (2 ♀♀ and 3 ♂♂ on slides, 2 specimens used for dna extraction, and 10 speci-

mens on SEM stub 19.09); found with Echiniscus attenboroughi sp. nov., E. draconis sp. nov., and E. setaceus 
sp. nov.

• sample za.445: 2 specimens (2 ♀♀ on a slide).
• sample za.473: 1 specimen (1 ♀ on a slide).
• sample za.479: 3 specimens (2 ♂♂ and 1 juvenile on slides); found with Echiniscsus attenboroughi sp. nov. 

and E. longispinosus.
• sample za.480: 21 specimens (13 ♀♀, 5 ♂♂, 1 juvenile and 2 specimens of unidentified sex on slides); found 

with Echiniscus draconis sp. nov. and E. imitans sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 42). Large 
Echiniscus with light yellow body and small red eyes; body colour and eyes disappeared soon after mounting in 
Hoyer’s medium. Dactyloid cephalic papillae (secondary clavae) and (primary) clavae (Fig. 77A, 80B); cirri grow-
ing out from bulbous cirrophores. Cirri A short. Body appendage configuration A-C-Cd-D, with all trunk appendages 
formed as long, thick cirri with a thick wall and a hollow centre (the capillary structure visible only in LCM; Fig. 
77A, 78–79). Cirri with the bases only slightly broader than the flagellum (Fig. 77A, 80A) and typically scabrous in 
their central and distal portions (Fig. 77A, 79). The flagellar part of trunk cirri can be easily broken. The configura-
tion is very stable, single asymmetries uncommon.

Dorsal plates with a simple sculpturing consisting of numerous small pores irregularly distributed in all dorsal 
plates between the homomorphic endocuticular matrix (Fig. 77A, 78, 80A). Sometimes, pores may be larger in 
the caudal (terminal) plate than in the other dorsal plates (Fig. 78A). The cephalic plate with a very pronounced, 
chalice-shaped anterior incision (Fig. 77A); the cervical (neck) plate rudimental (Fig. 77–78). The scapular plate 
large, with a median groove present (Fig. 77A, 78A) or absent (Fig. 78B); its lateral sutures clearly delimit lateral 
rhomboid portions (Fig. 77A, 78, 80A). Transverse belts on the paired segmental plates I–II thin and poorly marked 
(Fig. 78, 80A). Median plate 1 slightly smaller than the posterior portion of m2 or equal in size; the anterior portion 
of m2 smooth (Fig. 78). Median plate 3 reduced to a thin porous stripe covered under paired segmental plate II and 
the caudal plate. The caudal (terminal) plate with two unsclerotised incisions, and with clear or barely visible facet-
ing delineated by three longitudinal and three transverse poreless ridges/sutures (Fig. 77a, 78). Ventral cuticle with 
minute endocuticular pillars distributed throughout the whole venter; ventral plates absent. Sexpartite gonopore 
placed anteriorly to legs iV, and a trilobed anus between legs iV.

Pedal plates i–iV present and sculptured, with minute pores (Fig. 77a, 80a). Pulvini present and well-marked 
(Fig. 77a, 80a). a minuscule spine on leg i and a tiny papilla on leg iV (Fig. 77a, 80a). dentate collar iV with nu-
merous minute teeth (Fig. 77B–C, 80A) or few irregularly distributed teeth or without teeth (Fig. 77A). Compared 
to the body, claws are very short. claws iV slightly longer than claws i–iii. all external claws spurless. all internal 
claws with delicate, thin spurs positioned at ca. 25% of the branch and tightly adjacent to it (Fig. 80C–D). Spurs are 
often asymmetrically lacking on one of the internal claws (Fig. 80C).

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 43). Qualitatively like females, excluding the circular gonopore. On average smaller and slenderer than fe-
males (Fig. 77B–c). Body size differences: mean body length ±sd: 274 ±23 μm vs 323 ±44 μm (one-tailed Welch’s 
t-test with n♀♀=10 and n♂♂=10: t13=3.10; p=0.004); average scapular plate length: 48.8 ±3.4 μm vs 61.0 ±9.3 μm 
(t11=3.90; p=0.001). Differences in the relative size of papillae (sp values): cephalic papilla length ±SD: 18.7 ±1.0 
vs 13.9 ±2.2 (one-tailed Welch’s t-test with n♀♀=10 and n♂♂=10: t13=-6.13; p<0.001); papilla iV length: 8.8 ±1.2 
vs 6.7 ±1.0 (t17=-4.32; p<0.001).
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FIGURE 77. Habitus and intraspecific variability of Echiniscus scabrocirrosus sp. nov. (PCM): A—holotype, female in dor-
solateral view, B—allotype, male in dorsolateral view, C—paratype, male in dorsal view. Arrowheads indicate the minuscule 
spine I. Scale bars = 50 µm.
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FIGURE 78. Dorsal sculpturing of Echiniscus scabrocirrosus sp. nov. (PCM, females). Scale bars = 40 µm.
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FIGURE 79. Variability in the roughness of cirri of Echiniscus scabrocirrosus sp. nov. (PCM). Scale bars = 5 µm.

FIGURE 80. Detailed morphology of Echiniscus scabrocirrosus sp. nov.: A—female in lateral view (SEM, arrowhead indi-
cates the minuscule spine I), B—cephalic appendages (SEM), C—claws II (PCM, empty arrowhead indicates smooth branch), 
D—claws III (PCM). Scale bars in µm.
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juveniles (i.e. from the second instar onwards; measurements and statistics in Table 44). No gonopore. Qualita-
tively and quantitatively similar to females.

Larvae (i.e. the first instar; measurements and statistics in Table 45). Gonopore and anus absent. Smaller than 
juveniles (a morphometric gap occurs). Body appendage configuration A-(C)-Cd-(D). The dorsal sculpturing of the 
same type as in adults, but fainter (Fig. 81).

FIGURE 81. Habitus of larval Echiniscus scabrocirrosus (PCM). Scale bar = 50 µm.

eggs. up to eight yellow eggs per exuvia were found.
DNA markers and phylogenetic position. Echiniscus scabrocirrosus sp. nov. is the sister species of E. latrun-

cularis sp. nov. in the mostly South-African endemic clade (Fig. 117). The species closest in COI are E. draconis 
sp. nov. and E. latruncularis sp. nov. (p-distance = 13.5–14.1%), in ITS-1 and ITS-2—E. latruncularis sp. nov. 
(1.4–2.3% and 0.9%, respectively).

Type material. 50 ♀♀, 28 ♂♂, 14 juveniles and 7 larvae on slides za.431.01–13, 17; holotype: mature ♀ on 
slide ZA.431.02, allotype: mature ♂ on slide za.431.04. Mounted together with 1 ♀, 5 juveniles and 13 larvae of 
E. draconis sp. nov., 1 ♀ of E. imitans sp. nov., 3 ♀♀ and 1 juvenile of E. lichenorum. 40 specimens on SEM stub 
19.10; and 10 specimens used for DNA extraction, including 7 secured as hologenophores.

Type locality. 33°20’27.18”S, 22°1’15.9”E, 1360 m asl: Republic of South Africa, Western Cape, Groot 
swartberg nature reserve; afromontane karoo-veld (shrubland; Vorster & roux 1983), lichen from rock (sample 
ZA.431).

Etymology. From Latin scaber = rough, scabrous + cirrosus = cirrous, which underlines an irregular, tufted 
surface of the trunk cirri. An adjective in the nominative singular.
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TABLE 42. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus scabrocirro-
sus sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest 
and the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length 
of a given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 10 231 – 387 456 – 645 323 534 44 62 387 568
Scapular plate length 10 50.4 – 80.0 –  61.0 – 9.3 – 68.2 –
Head appendages lengths      
     Cirrus internus 9 11.1 – 17.3 19.6 – 29.4 14.6 24.5 2.3 3.6 15.9 23.3
     Cephalic papilla 10 6.8 – 10.8 8.9 – 17.6 8.3 13.9 1.2 2.2 9.1 13.3
     Cirrus externus 10 14.5 – 23.6 28.1 – 36.3 19.4 31.9 2.6 3.0 20.2 29.6
     Clava 10 6.0 – 9.8 10.3 – 15.1 7.4 12.2 1.0 1.4 7.0 10.3
     Cirrus A 10 38.1 – 53.0 52.8 – 86.2 45.3 75.3 4.7 10.6 41.6 61.0
     Cirrus A/Body length ratio 10 11% – 19% –  14% – 3% – 11% –
Body appendages lengths      
     Cirrus C 8 60.3 – 151.1 89.7 – 292.3 116.4 190.9 28.2 58.2 143.8 210.9
     Cirrus Cd 10 38.4 – 77.9 48.0 – 148.1 67.7 113.8 13.1 27.6 75.2 110.3
     Cirrus D 7 98.9 – 176.4 163.6 – 341.2 127.0 217.9 24.1 61.3 120.3 176.4
Spine on leg I length 9 2.1 – 5.7 3.7 – 7.1 3.2 5.1 1.1 1.2 2.9 4.3
Papilla on leg iV length 10 2.8 – 4.7 5.0 – 7.7 4.0 6.7 0.6 1.0 4.7 6.9
Number of teeth on the collar 7 11 – 20 –  14.9 – 3.5 – 12 –
Claw I heights      
     Branch 9 15.0 – 19.6 24.5 – 32.7 16.8 28.0 1.8 2.7 19.3 28.3
     Spur 8 2.9 – 4.6 5.0 – 7.2 3.8 6.3 0.6 0.7 4.6 6.7
     Spur/branch height ratio 8 19% – 25% –  22% – 2% – 24% –
Claw II heights      
     Branch 8 15.6 – 19.6 24.5 – 31.8 17.1 28.1 1.4 2.6 ? ?
     Spur 8 3.1 – 4.5 4.6 – 7.3 3.8 6.2 0.4 0.9 ? ?
     Spur/branch height ratio 8 19% – 26% –  22% – 2% – ? –
Claw III heights      
     Branch 7 14.9 – 18.9 26.4 – 33.1 16.9 28.7 1.5 2.2 18.9 27.7
     Spur 7 3.2 – 4.9 5.4 – 7.2 3.8 6.4 0.6 0.7 4.9 7.2
     Spur/branch height ratio 7 19% – 26% –  22% – 2% – 26% –
claw iV heights      
     Branch 7 17.0 – 22.7 28.4 – 36.0 19.2 31.1 1.9 3.1 19.6 28.7
     Spur 7 3.2 – 5.3 4.8 – 7.9 4.1 6.6 0.9 1.1 5.2 7.6
     Spur/branch height ratio 7 17% – 27%  –  21% – 4% – 27% –
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TABLE 43. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus scabrocirrosus 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 10 238 – 315 520 – 594 274 562 23 24 315 576
Scapular plate length 10 44.6 – 54.7 –  48.8 – 3.4 – 54.7 –
Head appendages lengths      
     Cirrus internus 9 10.2 – 17.4 20.4 – 31.8 12.7 26.0 2.3 4.0 17.4 31.8
     Cephalic papilla 10 7.8 – 10.8 17.2 – 20.3 9.1 18.7 0.8 1.0 10.0 18.3
     Cirrus externus 10 15.7 – 24.0 32.5 – 43.9 18.3 37.4 2.4 3.3 24.0 43.9
     Clava 10 5.7 – 8.6 11.5 – 18.4 6.8 13.9 0.9 2.1 6.3 11.5
     Cirrus A 8 34.8 – 52.3 75.0 – 102.9 42.5 87.9 5.7 9.7 52.3 95.6
     Cirrus A/Body length ratio 8 13% – 19% –  16% – 2% – 17% –
Body appendages lengths      
     Cirrus C 8 74.3 – 138.0 150.1 – 294.9 105.3 219.8 22.4 47.8 132.6 242.4
     Cirrus Cd 10 49.0 – 90.5 99.0 – 165.4 66.7 137.0 11.9 22.4 90.5 165.4
     Cirrus D 8 104.2 – 159.8 224.5 – 297.6 127.1 259.3 19.8 27.8 142.9 261.2
Spine on leg I length 7 2.7 – 4.1 5.2 – 7.5 3.1 6.3 0.5 0.8 4.1 7.5
Papilla on leg iV length 10 3.7 – 4.8 7.5 – 12.0 4.1 8.8 0.4 1.2 4.6 12.0
Number of teeth on the collar 5 14 – 17 –  15.2 – 1.3 – 16 –
Claw I heights      
     Branch 8 13.2 – 16.7 26.8 – 32.7 14.9 30.1 1.3 2.1 15.7 28.7
     Spur 7 2.8 – 3.7 5.6 – 7.7 3.3 6.7 0.3 0.7 3.4 6.2
     Spur/branch height ratio 7 18% – 25% –  22% – 2% – 22% –
Claw II heights      
     Branch 9 11.5 – 15.5 24.1 – 31.9 14.1 28.9 1.2 2.7 15.3 28.0
     Spur 8 2.0 – 3.7 4.3 – 7.4 3.2 6.5 0.6 1.0 3.7 6.8
     Spur/branch height ratio 8 15% – 25% –  22% – 3% – 24% –
Claw III heights      
     Branch 9 12.4 – 15.5 25.9 – 31.6 13.8 28.5 1.1 1.9 15.5 28.3
     Spur 8 2.6 – 3.6 5.3 – 7.3 3.2 6.5 0.3 0.6 3.3 6.0
     Spur/branch height ratio 8 20% – 27% –  23% – 3% – 21% –
claw iV heights      
     Branch 5 14.6 – 17.4 32.7 – 38.8 16.3 35.1 1.0 2.3 ? ?
     Spur 5 2.8 – 3.6 6.0 – 7.4 3.2 6.9 0.3 0.6 ? ?
     Spur/branch height ratio 5 17% – 22%  –  20% – 2% – ? –
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TABLE 44. Measurements [in µm] of selected morphological structures of the juveniles of Echiniscus scabrocirrosus 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 259 – 283 525 – 624 272 573 9 44
Scapular plate length 5 43.4 – 53.8 –  47.6 – 4.0 –
Head appendages lengths      
     Cirrus internus 4 8.3 – 14.7 18.2 – 27.3 10.9 22.2 3.0 4.6
     Cephalic papilla 5 7.5 – 10.8 15.7 – 20.1 8.6 18.0 1.3 1.6
     Cirrus externus 5 11.1 – 18.7 24.7 – 34.8 14.5 30.4 2.7 3.7
     Clava 5 5.2 – 6.1 11.2 – 13.1 5.7 12.0 0.4 0.9
     Cirrus A 4 29.0 – 40.1 64.6 – 86.6 36.1 78.3 4.9 9.7
     Cirrus A/Body length ratio 4 11% – 15% –  13% – 2% –
Body appendages lengths      
     Cirrus C 3 89.0 – 117.6 202.3 – 218.6 101.1 208.7 14.8 8.7
     Cirrus Cd 4 49.4 – 83.9 110.0 – 193.3 64.6 137.2 14.6 37.9
     Cirrus D 2 123.8 – 141.9 275.7 – 327.0 132.9 301.3 12.8 36.2
Spine on leg I length 5 1.9 – 3.0 4.0 – 6.2 2.4 5.1 0.4 0.9
Papilla on leg iV length 4 3.0 – 3.8 6.3 – 8.8 3.4 7.5 0.3 1.0
Number of teeth on the collar 3 13 – 14 –  13.3 – 0.6 –
Claw I heights      
     Branch 5 13.3 – 14.3 26.4 – 31.8 13.9 29.4 0.4 2.1
     Spur 5 2.8 – 3.6 5.9 – 6.9 3.1 6.5 0.3 0.5
     Spur/branch height ratio 5 20% – 25% –  22% – 2% –
Claw II heights      
     Branch 5 13.1 – 14.3 26.6 – 32.3 13.8 29.2 0.4 2.4
     Spur 5 2.7 – 3.1 5.4 – 6.7 2.9 6.2 0.1 0.5
     Spur/branch height ratio 5 19% – 23% –  21% – 1% –
Claw III heights      
     Branch 5 13.4 – 15.0 27.9 – 31.6 14.0 29.4 0.6 1.4
     Spur 5 2.5 – 3.2 5.2 – 6.7 2.9 6.1 0.3 0.7
     Spur/branch height ratio 5 18% – 23% –  21% – 2% –
claw iV heights      
     Branch 5 14.8 – 16.4 30.5 – 36.3 15.8 33.4 0.6 2.8
     Spur 5 3.3 – 3.9 6.9 – 9.0 3.6 7.6 0.2 0.8
     Spur/branch height ratio 5 20% – 25%  –  23% – 2% –
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TABLE 45. Measurements [in µm] of selected morphological structures of the larvae of Echiniscus scabrocirrosus sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 2 162 – 178 600 – 602 170 601 11 2
Scapular plate length 2 26.9 – 29.7 –  28.3 – 2.0 –
Head appendages lengths      
     Cirrus internus 1 5.1 – 5.1 17.2 – 17.2 5.1 17.2 ? ?
     Cephalic papilla 2 4.9 – 5.8 16.5 – 21.6 5.4 19.0 0.6 3.6
     Cirrus externus 2 7.2 – 7.6 24.2 – 28.3 7.4 26.2 0.3 2.8
     Clava 2 4.0 – 4.3 13.5 – 16.0 4.2 14.7 0.2 1.8
     Cirrus A 2 22.3 – 24.0 75.1 – 89.2 23.2 82.2 1.2 10.0
     Cirrus A/Body length ratio 2 13% – 15% –  14% – 2% –
Body appendages lengths      
     Cirrus C 1 45.0 – 45.0 151.5 – 151.5 45.0 151.5 ? ?
     Cirrus Cd 2 22.8 – 34.0 84.8 – 114.5 28.4 99.6 7.9 21.0
     Cirrus D 1 47.1 – 47.1 158.6 – 158.6 47.1 158.6 ? ?
Spine on leg I length 0 ? ?  ? ? ? ?
Papilla on leg iV length 2 2.7 – 3.0 9.1 – 11.2 2.9 10.1 0.2 1.5
Number of teeth on the collar 2 9 – 12 –  10.5 – 2.1 –
Claw I heights      
     Branch 2 9.0 – 9.9 30.3 – 36.8 9.5 33.6 0.6 4.6
     Spur 2 2.1 – 2.2 7.4 – 7.8 2.2 7.6 0.1 0.3
     Spur/branch height ratio 2 21% – 24% –  23% – 2% –
Claw II heights      
     Branch 1 9.1 – 9.1 30.6 – 30.6 9.1 30.6 ? ?
     Spur 1 1.8 – 1.8 6.1 – 6.1 1.8 6.1 ? ?
     Spur/branch height ratio 1 20% – 20% –  20% – ? –
Claw III heights      
     Branch 1 8.7 – 8.7 29.3 – 29.3 8.7 29.3 ? ?
     Spur 1 2.3 – 2.3 7.7 – 7.7 2.3 7.7 ? ?
     Spur/branch height ratio 1 26% – 26% –  26% – ? –
claw iV heights      
     Branch 1 9.0 – 9.0 30.3 – 30.3 9.0 30.3 ? ?
     Spur 1 2.4 – 2.4 8.1 – 8.1 2.4 8.1 ? ?
     Spur/branch height ratio 1 27% – 27%  –  27% – ? –

Geographic distribution. The new species is known only from South Africa, possibly even to the Swartberg 
range (Fig. 120H).

Remarks. The new species was always accompanied by other echiniscids, most frequently by E. draconis sp. 
nov., as well as by milnesiids and ramazzottiids.

Differential diagnosis. The species is compared to other Echiniscus spp. without appendages B and E, but with 
very long, filamentous cirri C and D. Therefore, it can be distinguished from:

• E. becki, a likely Nearctic endemic (Schuster & Grigarick 1966a), by the body appendage formula (A-C-Cd-D 
in E. scabrocirrosus sp. nov. vs A-C-D in E. becki), and by secondary spurs on external claws iV (absent in 
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 E. scabrocirrosus sp. nov. vs present in E. becki);
• E. knowltoni, by the body appendage formula (A-C-Cd-D in E. scabrocirrosus sp. nov. vs A-C-Cd-D-Dd in 
 E. knowltoni), and by secondary spurs on external claws iV (absent in E. scabrocirrosus sp. nov. vs present in 

E. knowltoni);
• E. punctus, known from the sub-Antarctic Signy Island (McInnes 1995), by the body appendage formula (A-

C-Cd-D in E. scabrocirrosus sp. nov. vs A-C-Cd-D-Dd in E. punctus), and by the number of teeth in the dentate 
collar iV (11–20 in adults of E. scabrocirrosus sp. nov. vs 5–8 in adults of E. punctus);

• E. trisetosus, widely distributed in the Palaearctic realm (Cuénot 1932; McInnes 1994), by the body append-
age formula (A-C-Cd-D in E. scabrocirrosus sp. nov. vs A-C-Cd-D-Dd in E. trisetosus), the secondary spurs on 
external claws iV (absent in E. scabrocirrosus sp. nov. vs present in E. trisetosus), and by the dorsal sculpturing 
(minute pores densely arranged in the endocuticular matrix in E. scabrocirrosus sp. nov. vs large pores sur-
rounded by polygonal edges [the blumi-canadensis type] in E. trisetosus).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0095.htm).

25.	 Echiniscus	scabrospinosus Fontoura, 1982
Figures 82–85

Data source:
a total of 323 specimens (251 ♀♀, 35 juveniles, 4 larvae, and 33 specimens of unknown instar/sex):
• Sample ZA.081: 1 specimen (1 juvenile on a slide).
• sample za.097:4 specimens (4 ♀♀ on slides); found with Echiniscus lichenorum.
• sample za.098: 9 specimens (4 ♀♀, 2 juveniles on slides, and 3 specimens used for dna extraction, including 

1 hologenophore); found with Echiniscus draconis sp. nov., E. lichenorum, and E. marginatus.
• sample za.125: 2 specimens (2 ♀♀ on a slide).
• sample za.141: 1 specimen (1 ♀ on a slide).
• sample za.145: 1 specimen (1 ♀ on a slide).
• sample za.157: 20 specimens (20 ♀♀ on slides); found with Pseudechiniscus (P.) cf. ehrenbergi and P. (Me-

ridioniscus) wallacei sp. nov.
• sample za.158: 1 specimen (1 ♀ on a slides); found with Echiniscus virginicus and Pseudechiniscus (Meridi-

oniscus) wallacei sp. nov. 
• Sample ZA.183: 1 specimen (1 juvenile on a slide); found with Doryphoribius maasaimarensis, Echiniscus 

oreas sp. nov., E. regularis sp. nov., Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi, P. (Meridioniscus) wal-
lacei sp. nov., and Ramazzottius szeptycki.

• sample za.185: 1 specimen (1 ♀ on a slide); found with Echiniscus oreas sp. nov., E. regularis sp. nov., and 
E. virginicus.

• sample za.190: 1 specimen (1 ♀ on a slide); found with Echiniscus oreas sp. nov., E. regularis sp. nov., and 
Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi.

• Sample ZA.196: 4 specimens (4 specimens used for DNA extraction).
• Sample ZA.199: 1 specimen (1 juvenile on a slide).
• sample za.200: 11 specimens (4 ♀♀ and 1 juvenile on slides, 4 specimens used for seM analysis, and 2 speci-

mens used for DNA extraction, including 1 hologenophore).
• sample za.202: 23 specimens (11 ♀♀ on slides, 10 specimens used for seM analysis, and 2 specimens used 

for DNA extraction); found with Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.206: 4 specimens (4 ♀♀ on slides); found with Echiniscus oreas sp. nov., E. regularis sp. nov., and 

E. virginicus.
• sample za.224: 1 specimen (1 ♀ on a slide); found with Echiniscus imitans sp. nov., E. oreas sp. nov., and 
 E. regularis sp. nov.
• sample za.230: 6 specimens (3 ♀♀ and 3 juveniles on slides); found with Echiniscus blumi, E. oreas sp. nov., 

and E. regularis sp. nov.
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• sample za.231: 13 specimens (6 ♀♀ and 3 juveniles on slides, and 4 specimens used for dna extraction, 
including 3 retrieved hologenophores); found with Pseudechiniscus (P.) cf. ehrenbergi.

• sample za.259: 2 specimens (2 ♀♀ on a slide); found with Echiniscus pellucidus and Pseudechiniscus (P.) cf. 
ehrenbergi.

• sample za.260: 2 specimens (2 ♀♀ on a slide); found with Doryphoribius bindae, Echiniscus baius, E. lon-
gispinosus, E. oreas sp. nov., E. pellucidus, and E. virginicus.

• sample za.265: 11 specimens (9 ♀♀ and 2 juveniles on slides); found with Echiniscus regularis sp. nov. and 
Pseudechiniscus (P.) cf. ehrenbergi.

• sample za.266: 4 specimens (3 ♀♀ and 1 juvenile on slides); found with Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.288: 77 specimens (66 ♀♀ and 7 juveniles on slides, and 4 specimens used for dna extraction, 

including 2 hologenophores).
• sample za.296: 90 specimens (84 ♀♀, 4 juveniles and 2 larvae on slides).
• sample za.337: 1 specimen (1 ♀ on a slide).
• sample za.360: 1 specimen (1 ♀ on a slide); found with Echiniscus draconis sp. nov., E. lichenorum, and 
 E. longispinosus.
• sample za.366: 1 specimen (1 ♀ on a slide); found with Echiniscus virginicus.
• sample za.367: 7 specimens (5 ♀♀ and 2 larvae on slides); found with Pseudechiniscus (P.) linnaei sp. nov. 

and Ramazzottius szeptycki.
• sample za.404: 1 specimen (1 ♀ on a slide); found with Echiniscus cavagnaroi.
• sample za.418: 2 specimens (1 ♀ and 1 juvenile on a slide).
• Sample ZA.490: 1 specimen (1 juvenile on a slide); found with Echiniscus setaceus sp. nov.
• sample za.513: 2 specimens (2 ♀♀ on a slide); found with Echiniscus gracilis sp. nov., E. latruncularis sp. 

nov., and E. setaceus sp. nov.
• sample za.518: 2 specimens (1 ♀ and 1 juvenile on slides); found with Echiniscus dentatus sp. nov., E. ir-

roratus sp. nov., Pseudechiniscus (P.) cf. ehrenbergi, and P. (Meridioniscus) wallacei sp. nov.
• sample za.519: 1 specimen (1 ♀ on a slide).
• sample za.524: 1 specimen (1 ♀ on a slide); found with Diphascon zaniewi kaczmarek & Michalczyk, 2004, 

Echiniscus dentatus sp. nov., and Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.525: 1 specimen (1 ♀ on a slide).
• sample za.529: 3 specimens (1 ♀ and 2 juveniles on slides); found with Echiniscus merokensis, E. setaceus sp. 

nov., and Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.532: 5 specimens (2 ♀♀ and 3 juveniles on slides); found with Echiniscus setaceus sp. nov.
• sample za.534: 1 specimen (1 ♀ on a slide).
• sample za.539: 2 specimens (1 ♀ and 1 juvenile on a slide).
• Comparative Iberian material: Sample PT.002: 38°41’32’’N, 9°25’18’’W, 16 m asl: Portugal, Cascais, Parque 

do Gandarinha; lichen from tree bark in an urban park (20 specimens: 14 ♀♀, 1 juvenile, and 1 larva on slides, 
and 4 specimens used for dna extraction); coll. 04.12.2015, Paulina kosztyła.

Literature:
• Original description: Fontoura (1982).
• Later records: Binda & Pilato (1995a), Fontoura et al. (2008), Gąsiorek et al. (2019a).

Shortened description. Body plump, with short stout limbs (Fig. 82A–B, 83). Light yellow to dark orange 
body and small red eyes; body colour and eyes disappeared soon after mounting in Hoyer’s medium. Dactyloid 
cephalic papillae (Fig. 84A). Body appendage formula A-C-D-Dd-E. Dorsal sculpturing of the E. spinulosus type, 
pores with the endocuticular rings (Fig. 84B–C). Median plates 1, 3 unipartite (m3 reduced to the tiny triangular 
surface with pores covered by the paired segmental plate II and caudal plate), but m2 bipartite with the anterior 
smooth portion. Lateral, non-porous portions of the scapular and paired segmental plates present. Faceting of the 
caudal plate delineated by epicuticular ridges/sutures (Fig. 82–83). Ventral plates absent. Pedal plates absent. Pul-
vini present (Fig. 82A). External claws spurless, but internal ones with thin acute spurs positioned at ca. 25% of the 
claw branch (Fig. 85).
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FIGURE 82. Habitus (A–B, females in dorsolateral and dorsal view) and dorsal sculpturing (C) of Echiniscus scabrospinosus 
Fontoura, 1982 (PCM). Scale bars in µm.
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FIGURE 83. Habitus of Echiniscus scabrospinosus (SEM, female in dorsal view). Scale bar = 50 µm.

FIGURE 84. Morphology of Echiniscus scabrospinosus (SEM, females): A—cephalic appendages, B, C—pores in close-up. 
Scale bars in µm.

DNA markers and phylogenetic position. Echiniscus scabrospinosus is the sister species of E. oreas sp. nov. 
within the E. spinulosus complex (Fig. 117). The species closest in COI is E. cavagnaroi (p-distance = 15.2–16.2%), 
in ITS-1 and ITS-2—E. oreas sp. nov. (0.3–1.4% and 0.3–0.6%, respectively). The ranges of intraspecific vari-
ability in all three sequenced fast evolving markers were as follows: COI: 0.6–2.4%, ITS-1: 0.3–2.0%, and ITS-2: 
0.3%.



Gąsiorek Et AL.154  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

FIGURE 85. Claws of Echiniscus scabrospinosus: a—claws iV (PcM, female), B—claws iV (seM, female), c—larval claws 
(SEM). Scale bars in µm.

Geographic distribution. The species was originally described from the Iberian Peninsula (Portugal; Fon-
toura 1982) and subsequently reported from the Atlantic Ocean (Azores; Fontoura et al. 2008) and Central Africa 
(Tanzania; Binda & Pilato 1995a). The species is ubiquitous in South Africa (Fig. 120E), although it is most often 
represented by small populations of several individuals. Given that genetic data are available for both the Iberian 
(Gąsiorek et al. 2019a) and the South African populations (the present study), it can be stated with confidence that 
the range of E. scabrospinosus encompasses the south-western Palaearctic and the Afrotropic. The ubiquity of the 
species in South Africa may suggest natural dispersal that occurred a long time ago. Alternatively, the wide distribu-
tion of E. scabrospinosus in the region may be explained by recent anthropogenic dispersal if the species exhibits 
high reproductive rate and good short distance dispersal abilities (these alternative hypotheses could be tested by 
investigating genetic structure of a number of European and African populations).

Remarks. Parthenogenetic. The morphological and ontogenetic variability are considerable in E. scabrospino-
sus (Pilato et al. 2008), but the phylogenetic analysis confirmed the species identity of the Portuguese (Gąsiorek et 
al. 2019a) and African populations (Fig. 117).

26.	 Echiniscus	setaceus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:55AB5DCF-9AFC-4478-8CA4-D1277B4A07DB
Figures 86–93, Tables 46–49

Data source:
a total of 309 specimens (146 ♀♀, 23 ♂♂, 59 juveniles, 13 larvae, and 68 specimens of unknown instar/sex):
• sample za.015: 36 specimens (27 ♀♀, 3 ♂♂, 1 larva and 1 specimen of unknown sex on slides, and 4 speci-

mens used for DNA extraction and secured as hologenophores); found with Echiniscus attenboroughi sp. nov., 
E. draconis sp. nov., E. lichenorum, and E. virginicus.

• sample za.020: 12 specimens (5 ♀♀, 5 juveniles and 2 larvae on slides); found with Echiniscus dentatus sp. 
nov., E. draconis sp. nov., E. lichenorum, and E. longispinosus.

• sample za.022: 1 specimen (1 ♀ on a slide); found with Echiniscus attenboroughi sp. nov., E. dentatus sp. 
nov., E. gracilis sp. nov., E. lichenorum, and E. longispinosus.

• sample za.026: 5 specimens (4 ♀♀ and 1 ♂ on slides).
• sample za.029: 45 specimens (14 ♀♀, 11 ♂♂ and 2 juveniles on slides, 10 specimens on seM stub 19.04, and 

8 specimens used for DNA extraction, including 7 hologenophores).
• sample za.089: 1 specimen (1 ♀ on a slide).
• sample za.096: 1 specimen (1 ♀ on a slide); found with Echiniscus gracilis sp. nov. and E. longispinosus.
• sample za.436: 1 specimen (1 ♀ on a slide); found with Echiniscus attenboroughi sp. nov., E. draconis sp. 

nov., and E. scabrocirrosus sp. nov.
• sample za.490: 25 specimens (9 ♀♀, 2 ♂♂, 1 larva and 3 specimens of unknown sex on slides, and 10 speci-

mens used for DNA extraction, including 6 hologenophores); found with Echiniscus scabrospinosus.
• sample za.493: 8 specimens (6 ♀♀, 1 ♂ and 1 juvenile on slides).
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• sample za.495: 2 specimens (2 ♀♀ on a slide); found with Echiniscus dentatus sp. nov.
• Sample ZA.502: 3 specimens (1 larva on a slide, and 2 specimens used for DNA extraction, including 1 

hologenophore); found with Cornechiniscus madagascariensis, Echiniscus dentatus sp. nov., E. irroratus, and 
E. latruncularis sp. nov.

• Sample ZA.505: 3 specimens (2 juveniles and 1 specimen of unknown sex on slides); found with Echiniscus 
dentatus sp. nov.

• sample za.506: 11 specimens (7 ♀♀, 3 juveniles and 1 specimens of unknown sex on slides).
• sample za.507: 2 specimens (2 ♀♀ on slides); found with Echiniscus dentatus sp. nov. and E. longispinosus.
• sample za.509: 25 specimens (16 ♀♀, 2 ♂♂ and 7 juveniles on slides).
• sample za.510: 6 specimens (6 ♀♀ on slides).
• sample za.513: 45 specimens (28 ♀♀ and 3 juveniles on slides, 10 specimens on seM stub 19.03, and 4 

specimens used for DNA extraction, including 3 hologenophores); found with Echiniscus gracilis sp. nov., 
 E. latruncularis sp. nov., and E. scabrospinosus.
• Sample ZA.517: 1 specimen (1 juvenile on a slide).
• sample za.529: 4 specimens (1 ♀, 2 ♂♂, 1 juvenile on slides); found with Echiniscus merokensis, E. sca-

brospinosus, and Pseudechiniscus (P.) cf. ehrenbergi.
• Sample ZA.530: 1 specimen (1 larva on a slide).
• sample za.532: 61 specimens (5 ♀♀, 1 ♂, 34 juveniles and 7 larvae on slides, 10 specimens on seM stub 

19.06, and 4 specimens used for DNA extraction, including 3 hologenophores); found with Echiniscus sca-
brospinosus.

• sample za.537: 2 specimens (2 ♀♀ on slides); found with Echiniscus dentatus sp. nov.
• sample za.538: 3 specimens (3 ♀♀ on slides); found with Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.540: 3 specimens (3 ♀♀ on a slide); found with Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.541: 1 specimen (1 ♀♀ on a slide); found with Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.542: 1 specimen (1 ♀♀ on a slide); found with Echiniscus latruncularis sp. nov. and E. longispino-

sus.

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 46). Me-
dium-sized Echiniscus with a very wide spectrum of morphological variability. Light yellow to dark orange body 
and large red eyes; body colour and eyes disappeared soon after mounting in Hoyer’s medium. Body massive, with 
thick limbs (Fig. 86A, 87–88). Dactyloid cephalic papillae (secondary clavae) and (primary) clavae (Fig. 86A, 87, 
91A, D); cirri growing out from bulbous cirrophores. Cirri A short. Body appendage configuration A-C-Cd-D-(Dd)-
(E). Appendage Cd formed as a cirrus longer than other trunk appendages, which are short flexible spines (Fig. 86A, 
87–88, 90). Aberrant asymmetric appendage B (17.6 μm) in the holotype. the configuration is very unstable, and 
single asymmetries are common.

Dorsal plates with a variable sculpture: typically, pores and pseudopores (visible as bright dots under PCM) are 
randomly distributed in plates between minute epicuticular granules (visible as dark dots under PCM) (Fig. 86–91). 
However, epicuticular granules may merge into a mostly smooth plate surface (Fig. 87B, 90). The cephalic plate 
with a large chalice-shaped anterior incision (Fig. 86A, 87A). The cervical (neck) plate visible only under SEM as a 
thin belt embedded on the anterior margin of the scapular plate (Fig. 91A, D). The scapular plate large, with lateral 
sutures demarcating lateral trapezoid portions (Fig. 86A, 87B, 90), and belts without pores in the central portion 
identifiable under SEM (Fig. 91A, D). Thin transverse belts on the paired segmental plates I–II (Fig. 90), with deli-
cate epicuticular sculpturing identifiable under SEM (Fig. 91B, E). Median plate 1 and the posterior portion of m2 or 
equal in size; the anterior portion of m2 smooth, narrow and very reduced (Fig. 91B, E). Median plate 3 absent. The 
caudal (terminal) plate with two unsclerotised incisions, and with facets formed by weakly developed epicuticular 
ridges (Fig. 91c, F). Ventral cuticle with minute endocuticular pillars distributed throughout the whole venter; ven-
tral plates absent. sexpartite gonopore placed anteriorly to legs iV, and a trilobed anus between legs iV.

Pedal plates in the form of darker unsculptured areas in the central portions of all legs under PCM (Fig. 87A), 
not visible under SEM (Fig. 89C). Pulvini narrow but clearly marked (Fig. 86B, 87A, 89C). A minuscule spine on 
leg i and a tiny papilla on leg iV (Fig. 86a, 87). dentate collar iV with a variable number of minute teeth. claws 
i–iV similar in size. all external claws spurless. all internal claws with large, long spurs positioned at ca. 25%–30% 
of the branch height and highly divergent from it (Fig. 92).
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Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics 
in Table 47). Qualitatively like females, excluding the circular gonopore (Fig. 92B). On average smaller and less 
massive than females (Fig. 86B, 89). Body size differences: mean body length ±sd: 225 ±28 μm vs 272 ±22 μm 
(one-tailed Welch’s t-test with n♀♀=10 and n♂♂=10: t13=3.92; p<0.001); mean scapular plate length: 42.3 ±3.5 
μm vs 54.6 ±7.1 μm (t13=4.66; p<0.001). 

FIGURE 86. Habitus of Echiniscus setaceus sp. nov. (PCM): A—holotype, female in dorsolateral view, B—allotype, male in 
dorsolateral view. Scale bars = 50 µm.
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FIGURE 87. Variability of females of Echiniscus setaceus sp. nov. (PCM): A—dorsolateral view, B—lateral view. Scale bars 
= 50 µm.
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FIGURE 88. Variability of females of Echiniscus setaceus sp. nov. (SEM, dorsal view). Scale bars = 50 µm.
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FIGURE 89. Variability of males of Echiniscus setaceus sp. nov. (SEM, dorsal and lateral view). Scale bars = 50 µm.
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FIGURE 90. Dorsal sculpturing of Echiniscus setaceus sp. nov. in close-up (PCM, female). Scale bar = 20 µm.

FIGURE 91. Dorsal sculpturing of Echiniscus setaceus sp. nov. in close-up (SEM, females): A, D—scapular plate, B, E—
paired segmental and median plates, C, F—caudal (terminal) plate. Scale bars in µm.

juveniles (i.e. the second instar; measurements and statistics in Table 48). No gonopore. Qualitatively like 
adults, but the dorsal sculpturing may be weakly developed (Fig. 93A). Morphometric gap between juveniles and 
adults present.
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FIGURE 92. Claws of Echiniscus setaceus sp. nov.: a—claws ii (PcM, female), B—claws iV (PcM, male), c—claws ii 
(SEM, female), D—claws III (SEM, female). Scale bars = 10 µm.

Larvae (i.e. the first instar; measurements and statistics in Table 49). Gonopore and anus absent. The dorsal 
sculpturing developed as in some adults, which lack epicuticular granules (Fig. 93B). The body size overlaps with 
juveniles.

eggs. up to five yellow eggs per exuvia were found.
DNA markers and phylogenetic position. The new species is sister to all other representatives of the South-

African endemic clade (Fig. 117). The species closest in ITS-1 is E. lichenorum (p-distance = 5.7–7.1%), and in 
ITS-2—E. gracilis sp. nov. (3.8–4.1%). The ranges of intraspecific variability are narrow in both ITS: ITS-1—0.3–
1.4%, and ITS-2—0.3–1.2%.

Type material. 14 ♀♀, 11 ♂♂ and 2 juveniles on slides za.029.01–7; holotype: mature ♀ on slide za.029.05, 
allotype: mature ♂ on slide za.029.06. 10 specimens on seM stub 19.04, 8 specimens used for dna extraction, 
including 7 secured as hologenophores.

Type locality. 33°34’23.5’’s, 19°08’10.6’’e, 345 m asl: republic of south africa, Western cape, Bain’s kloof 
Pass; fynbos, lichen from rock (sample ZA.029).

Etymology. From Latin saeta = hair, referring to the cirrous appendage Cd usually longer than other trunk ap-
pendages. An adjective in the nominative singular.

Geographic distribution. the new species is widely distributed in south africa (Fig. 120j) and the populations 
are often large (>20 specimens).
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FIGURE 93. Habitus of sexually immature stages of Echiniscus setaceus sp. nov. (PCM): A—juvenile, dorsal view, B—larva, 
dorsal view. Scale bars in µm.

Remarks. This morphologically variable echiniscid may form both monospecific populations and be mixed 
with other echiniscids.

Differential diagnosis. The combination of body appendage configuration A-C-Cd-D-(Dd)-(E) and the dissimi-
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larity in the length of appendages (with the cirrus Cd much longer than spines in other positions) makes E. setaceus 
sp. nov. unique among all known Echiniscus spp.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0096.htm).

TABLE 46. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus setaceus sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 11 247 – 310 448 – 667 272 504 22 66 285 462
Scapular plate length 11 42.5 – 63.6 –  54.6 – 7.1 – 61.7 –
Head appendages lengths      
     Cirrus internus 10 14.2 – 21.8 23.0 – 34.7 16.7 30.0 2.2 3.6 14.2 23.0
     Cephalic papilla 11 7.0 – 11.2 14.1 – 22.6 9.3 17.1 1.3 2.3 8.7 14.1
     Cirrus externus 10 18.5 – 29.4 33.9 – 50.2 22.9 41.2 3.0 5.0 22.4 36.3
     Clava 11 5.1 – 8.4 8.8 – 14.7 6.4 11.8 1.2 2.1 5.6 9.1
     Cirrus A 11 31.1 – 54.6 52.9 – 110.4 45.2 83.9 7.5 16.8 50.3 81.5
     Cirrus A/Body length ratio 11 11% – 20% –  17% – 3% – 18% –
Body appendages lengths      
     Appendage C 11 27.8 – 38.9 44.3 – 72.2 33.3 61.8 3.4 8.4 33.6 54.5
     Cirrus Cd 11 43.5 – 66.2 82.2 – 136.7 57.3 106.2 6.5 15.7 56.0 90.8
     Appendage D 11 12.2 – 34.5 23.0 – 73.4 27.2 50.8 6.0 14.4 25.2 40.8
     Appendage Dd 6 7.3 – 11.3 11.8 – 26.6 9.3 18.3 1.7 6.2 7.3 11.8
     Appendage E 10 14.1 – 29.8 22.5 – 68.5 24.9 45.8 5.5 13.7 27.1 43.9
Spine on leg I length 11 2.0 – 5.8 3.4 – 10.6 3.5 6.4 1.0 1.8 3.8 6.2
Papilla on leg iV length 11 3.9 – 6.1 7.6 – 13.9 5.2 9.6 0.6 1.6 4.7 7.6
Number of teeth on the collar 11 7 – 16 –  11.7 – 2.5 – 16 –
Claw I heights      
     Branch 10 12.6 – 18.4 25.6 – 38.4 16.1 29.7 1.5 3.6 15.8 25.6
     Spur 10 2.5 – 5.5 5.8 – 8.8 4.1 7.4 0.9 1.2 5.4 8.8
     Spur/branch height ratio 10 20% – 34% –  25% – 5% – 34% –
Claw II heights      
     Branch 11 11.3 – 18.6 25.5 – 42.1 15.3 28.2 2.0 4.9 16.0 25.9
     Spur 11 3.3 – 4.4 6.3 – 8.2 3.8 7.0 0.3 0.6 4.4 7.1
     Spur/branch height ratio 11 20% – 29% –  25% – 3% – 28% –
Claw III heights      
     Branch 10 11.4 – 17.5 24.0 – 40.2 15.3 28.3 1.8 4.5 14.8 24.0
     Spur 8 3.0 – 4.3 5.8 – 9.2 3.7 6.9 0.4 1.0 3.6 5.8
     Spur/branch height ratio 8 23% – 26% –  24% – 1% – 24% –
claw iV heights      
     Branch 10 13.1 – 19.9 28.0 – 45.2 17.8 32.7 2.1 4.6 17.3 28.0
     Spur 8 3.7 – 5.7 6.6 – 13.4 4.6 8.7 0.7 2.2 ? ?
     Spur/branch height ratio 8 20% – 31%  –  26% – 4% – ? –
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TABLE 47. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus setaceus sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 10 184 – 258 460 – 602 225 533 28 47 189 460
Scapular plate length 10 36.8 – 49.1 –  42.3 – 3.5 – 41.1 –
Head appendages lengths      
     Cirrus internus 9 10.2 – 18.3 27.7 – 41.9 14.8 34.9 2.4 4.1 13.7 33.3
     Cephalic papilla 10 7.3 – 9.9 18.1 – 23.0 8.6 20.3 0.7 1.4 7.9 19.2
     Cirrus externus 9 15.7 – 23.6 38.2 – 57.2 20.6 48.9 3.0 6.6 15.7 38.2
     Clava 10 4.2 – 8.9 10.2 – 20.4 6.8 16.0 1.4 2.7 4.2 10.2
     Cirrus A 10 25.2 – 44.6 61.3 – 96.3 34.0 79.9 7.6 13.7 25.2 61.3
     Cirrus A/Body length ratio 10 10% – 18% –  15% – 3% – 13% –
Body appendages lengths      
     Appendage C 10 19.4 – 41.4 46.3 – 100.7 32.2 76.0 6.8 15.0 34.7 84.4
     Cirrus Cd 10 31.3 – 54.9 83.3 – 125.6 43.3 102.3 8.3 17.6 49.0 119.2
     Appendage D 9 12.7 – 39.3 30.3 – 95.6 29.0 69.2 10.1 24.1 39.3 95.6
     Appendage Dd 8 5.5 – 34.5 12.6 – 83.9 13.9 33.7 9.9 24.1 34.5 83.9
     Appendage E 10 13.1 – 53.6 26.7 – 130.4 26.7 63.4 12.5 29.8 33.3 81.0
Spine on leg I length 10 1.6 – 3.0 3.7 – 6.6 2.3 5.4 0.5 1.0 2.0 4.9
Papilla on leg iV length 10 3.5 – 5.8 9.2 – 13.3 4.7 11.2 0.8 1.3 4.7 11.4
Number of teeth on the collar 10 10 – 17 –  13.5 – 2.1 – 13 –
Claw I heights      
     Branch 7 11.1 – 15.1 27.0 – 33.8 13.2 31.0 1.4 2.2 11.1 27.0
     Spur 7 2.9 – 3.9 6.9 – 8.8 3.2 7.5 0.4 0.7 3.6 8.8
     Spur/branch height ratio 7 21% – 32% –  25% – 4% – 32% –
Claw II heights      
     Branch 9 11.9 – 14.5 28.8 – 34.6 13.2 31.2 0.9 2.1 ? ?
     Spur 9 2.9 – 3.7 6.6 – 9.4 3.3 7.9 0.3 1.0 ? ?
     Spur/branch height ratio 9 23% – 30% –  25% – 2% – ? –
Claw III heights      
     Branch 8 10.6 – 14.4 25.8 – 35.0 12.5 30.6 1.1 2.9 10.6 25.8
     Spur 8 2.7 – 3.5 6.6 – 8.5 3.0 7.3 0.3 0.8 3.5 8.5
     Spur/branch height ratio 8 19% – 33% –  24% – 4% – 33% –
claw iV heights      
     Branch 7 11.8 – 14.8 28.7 – 35.8 13.7 32.8 1.1 2.5 11.8 28.7
     Spur 7 3.0 – 3.6 7.3 – 9.8 3.3 7.8 0.2 0.9 3.0 7.3
     Spur/branch height ratio 7 20% – 28%  –  24% – 2% – 25% –
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TABLE 48. Measurements [in µm] of selected morphological structures of the juveniles of Echiniscus setaceus sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 151 – 182 446 – 511 167 479 11 24
Scapular plate length 5 29.5 – 38.3 –  35.0 – 3.4 –
Head appendages lengths      
     Cirrus internus 5 9.3 – 12.9 27.9 – 34.9 11.0 31.5 1.6 2.5
     Cephalic papilla 5 4.8 – 6.9 16.3 – 18.0 6.0 17.2 0.8 0.8
     Cirrus externus 5 11.8 – 19.6 37.5 – 53.0 14.9 42.3 3.0 6.2
     Clava 4 2.7 – 5.8 9.2 – 15.7 4.4 12.4 1.4 3.1
     Cirrus A 5 27.4 – 33.9 87.3 – 95.0 31.6 90.4 2.7 3.4
     Cirrus A/Body length ratio 5 18% – 20% –  19% – 1% –
Body appendages lengths      
     Appendage C 5 11.8 – 34.4 31.3 – 93.0 17.9 50.8 9.8 25.2
     Cirrus Cd 5 18.7 – 54.6 48.8 – 147.6 31.7 89.7 15.2 39.0
     Appendage D 5 11.6 – 30.2 30.3 – 81.6 16.6 47.1 7.8 20.0
     Appendage Dd 5 4.2 – 16.7 11.0 – 45.1 8.3 23.4 5.1 13.3
     Appendage E 3 12.1 – 24.2 31.6 – 65.4 16.1 46.0 7.0 17.4
Spine on leg I length 5 0.9 – 3.1 3.1 – 8.4 2.1 5.9 0.8 1.9
Papilla on leg iV length 5 2.6 – 4.3 6.8 – 11.8 3.5 10.0 0.8 2.2
Number of teeth on the collar 4 8.0 – 11.0 23.3 – 33.9 9.8 28.2 1.3 4.6
Claw I heights      
     Branch 5 8.5 – 12.0 22.2 – 32.4 9.7 27.9 1.5 3.9
     Spur 5 1.7 – 2.8 4.8 – 7.6 2.2 6.4 0.5 1.3
     Spur/branch height ratio 5 18% – 25% –  23% – 3% –
Claw II heights      
     Branch 4 7.7 – 11.5 20.1 – 31.1 9.2 26.4 1.8 4.7
     Spur 4 2.2 – 3.0 6.0 – 8.1 2.5 7.1 0.4 1.0
     Spur/branch height ratio 4 22% – 30% –  27% – 4% –
Claw III heights      
     Branch 5 7.3 – 10.8 19.1 – 29.2 8.9 25.5 1.5 4.0
     Spur 5 1.9 – 3.1 5.3 – 8.4 2.4 6.8 0.5 1.4
     Spur/branch height ratio 5 20% – 33% –  27% – 6% –
claw iV heights      
     Branch 4 8.9 – 11.6 23.2 – 33.7 9.8 28.7 1.3 4.4
     Spur 4 2.1 – 2.5 5.9 – 7.8 2.3 6.7 0.2 0.9
     Spur/branch height ratio 4 21% – 26%  –  24% – 3% –
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TABLE 49. Measurements [in µm] of selected morphological structures of the larvae of Echiniscus setaceus sp. nov. 
mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the larg-
est structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a given 
structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 154 – 169 446 – 569 159 527 7 50
Scapular plate length 5 27.0 – 34.5 –  30.3 – 3.1 –
Head appendages lengths      
     Cirrus internus 5 7.9 – 10.7 25.2 – 36.3 9.3 30.9 1.0 4.2
     Cephalic papilla 5 4.5 – 5.0 13.0 – 17.8 4.8 16.0 0.2 1.9
     Cirrus externus 5 10.6 – 13.2 37.4 – 46.0 12.0 39.9 1.0 3.5
     Clava 5 2.5 – 4.3 8.7 – 15.6 3.4 11.3 0.7 2.7
     Cirrus A 5 25.1 – 33.4 85.8 – 106.7 28.7 94.9 3.2 8.0
     Cirrus A/Body length ratio 5 16% – 20% –  18% – 1% –
Body appendages lengths      
     Appendage C 5 16.1 – 20.9 54.5 – 66.8 18.3 60.4 1.8 4.6
     Cirrus Cd 5 21.2 – 27.2 67.7 – 88.5 23.6 78.2 2.4 7.4
     Appendage D 5 15.4 – 21.7 53.6 – 69.3 18.3 60.6 2.3 7.3
     Appendage Dd 5 10.6 – 13.6 35.3 – 43.5 12.1 39.8 1.4 3.1
     Appendage E 5 15.1 – 17.1 43.8 – 60.9 16.1 53.5 0.8 6.7
Spine on leg I length 4 1.3 – 1.6 4.1 – 5.8 1.4 4.8 0.1 0.7
Papilla on leg iV length 4 2.5 – 7.0 8.1 – 25.9 3.7 12.9 2.2 8.7
Number of teeth on the collar 5 3 – 9 –  6.9 – 2.5 –
Claw I heights      
     Branch 5 7.7 – 8.7 22.9 – 30.1 8.2 27.4 0.4 2.7
     Spur 5 2.1 – 2.8 7.0 – 10.1 2.5 8.4 0.3 1.2
     Spur/branch height ratio 5 27% – 34% –  31% – 3% –
Claw II heights      
     Branch 4 7.8 – 8.1 23.5 – 28.9 8.0 26.6 0.2 2.5
     Spur 4 1.8 – 2.2 6.4 – 8.1 2.1 6.9 0.2 0.8
     Spur/branch height ratio 4 23% – 28% –  26% – 2% –
Claw III heights      
     Branch 5 7.3 – 8.6 22.6 – 31.2 8.0 26.7 0.5 3.9
     Spur 5 2.0 – 2.5 7.0 – 8.5 2.3 7.5 0.2 0.6
     Spur/branch height ratio 5 23% – 32% –  28% – 3% –
claw iV heights      
     Branch 4 8.6 – 9.1 27.5 – 31.9 8.8 30.1 0.2 2.2
     Spur 4 2.1 – 2.8 7.6 – 10.4 2.5 8.6 0.3 1.3
     Spur/branch height ratio 4 24% – 33%  –  29% – 4% –
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27.	 Echiniscus	similaris sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:C57AB055-4F5B-4549-BE32-F8777517A53E
Figure 94, Tables 50–51

Data source:
a total of 16 specimens (8 ♀♀, 3 ♂♂, and 5 specimens of unknown instar/sex):
• sample za.449: 16 specimens (8 ♀♀ and 3 ♂♂ on slides, and 5 specimens used for dna extraction, all secured 

as hologenophores).

Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 50). Large 
Echiniscus with a massive, plump body and short thick limbs (Fig. 94A). Dark orange body and large red eyes; 
body colour and eyes disappeared soon after mounting in Hoyer’s medium. Dactyloid cephalic papillae (secondary 
clavae) and (primary) clavae; cirri growing out from bulbous cirrophores. Cirri A short. Body appendage configura-
tion A-B-C-Cd-D-Dd. All trunk appendages in the form of short cirri of similar lengths. The configuration is stable, 
and single asymmetries uncommon.

Dorsal plates with a simple sculpture: pores of diverse size irregularly distributed in plates. Posterior portions of 
median plates 1–2 and paired segmental plates I–II unsculptured. The cephalic plate with a small anterior incision. 
The cervical (neck) plate developed as a wide belt adjacent to the anterior margin of the scapular plate. The scapular 
plate large, with lateral sutures demarcating lateral trapezoid poreless portions (Fig. 94A). Thin transverse belts on 
the paired segmental plates I–II poorly developed. Median plate 1 and the posterior portion of m2 equal in size; the 
anterior portion of m2 smooth, but of a similar size as the posterior fragment. Median plate 3 present as a narrow 
triangular surface with pores. the caudal (terminal) plate with two extremely poorly developed incisions. Ventral 
cuticle with minute endocuticular pillars distributed throughout the whole venter. Ventral plates absent. sexpartite 
gonopore placed anteriorly to legs iV, and a trilobed anus between legs iV.

Pedal plates in the form of slightly darker unsculptured areas in the central portions of all legs (Fig. 94A). Pul-
vini clearly visible (Fig. 94a). a minuscule spine on the anterior margin of the pedal plate i and a papilla on leg iV. 
dentate collar iV with numerous large teeth. claws iV much longer than claws i–iii. all external claws spurless. all 
internal claws with small spurs positioned at ca. 25% of the branch height (Fig. 94B, insert).

Mature males and sexually dimorphic traits (i.e. from the third instar onwards; measurements and statistics in 
Table 51). Quantitatively and qualitatively like females (Fig. 94B), excluding the circular gonopore.

juveniles. unknown.
larvae. unknown.
eggs. unknown.
DNA markers and phylogenetic position. The species is the sister taxon of E. lichenorum (Fig. 117). The 

species closest in COI and ITS-1 is E. lichenorum (p-distance = 1.2–1.8% and 1.4–1.7%, respectively), and in ITS-
2—E. draconis sp. nov., E. imitans sp. nov., and E. lichenorum (0.9–1.8%).

Type material. 8 ♀♀ and 3 ♂♂ on slides za.449.01–3; holotype: mature ♀ on slide za.449.03, allotype: ma-
ture ♂ on slide za.449.03. 5 specimens used for dna extraction and secured as hologenophores.

Type locality. 33°20’32”S, 21°53’31”E, 1025 m asl: Republic of South Africa, Western Cape, Groot Swartberg 
Nature Reserve; renosterveld, lichen from rock (sample ZA.449).

Etymology. From Latin similaris = similar, referring to the similarity to E. lichenorum. An adjective in the 
nominative singular.

Geographic distribution. The species is likely endemic to the Swartberg range (Fig. 120I).
Remarks. Relatively low genetic disparity between E. similaris sp. nov. and E. lichenorum suggests that their 

lineages split recently.
Differential diagnosis. E. similaris sp. nov. shares body appendage configuration A-B-C-Cd-D-Dd and similar 

dorsal sculpturing with E. lichenorum, but the two species can be distinguished by: body size (body length 306–395 
µm in E. similaris sp. nov. vs 226–315 µm in E. lichenorum/the upper value after Maucci 1983), the scapular 
plate length (58.0–72.5 µm in E. similaris sp. nov. vs 44.8–58.7 µm in E. lichenorum), the cephalic papilla length 
(7.9–10.2 µm in E. similaris sp. nov. vs 5.5–8.2 µm in E. lichenorum), and by the appendage Cd and Dd lengths 
(34.1–59.1 µm and 43.4–64.8 µm long and in the form of cirri similar in length to lateral cirri in E. similaris sp. nov. 
vs 12.7–27.2 µm and 11.1–31.5 µm and in the form of spines shorter than lateral cirri in E. lichenorum).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0097.htm).
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FIGURE 94. Habitus of Echiniscus similaris sp. nov. (PCM): A—holotype, female in dorsolateral view, B—allotype, male in 
dorsolateral view (insert shows claws III). Scale bars in µm.
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TABLE 50. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus similaris sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 8 308 – 395 502 – 545 347 524 31 16 308 518
Scapular plate length 8 59.3 – 72.5 –  66.2 – 5.0 – 59.5 –
Head appendages lengths      
     Cirrus internus 8 10.5 – 15.7 15.8 – 22.1 12.3 18.5 1.9 1.9 11.1 18.7
     Cephalic papilla 8 8.5 – 10.2 12.4 – 15.7 9.3 14.1 0.7 1.1 9.0 15.1
     Cirrus externus 7 16.6 – 33.9 25.9 – 46.8 26.8 39.9 5.2 7.0 26.8 45.0
     Clava 8 7.0 – 9.2 10.3 – 14.1 8.1 12.3 0.8 1.1 7.3 12.3
     Cirrus A 7 30.2 – 71.9 50.9 – 112.0 56.5 83.7 14.2 19.8 ? ?
     Cirrus A/Body length ratio 7 10% – 22% –  16% – 4% – ? –
Body appendages lengths      
     Cirrus B 8 18.6 – 45.8 31.4 – 70.2 35.2 52.7 9.1 11.5 27.3 45.9
     Cirrus C 7 35.3 – 60.6 59.3 – 92.9 47.6 72.7 9.1 13.1 35.3 59.3
     Cirrus Cd 7 34.1 – 59.1 57.5 – 92.1 49.8 76.3 7.7 11.7 52.5 88.2
     Cirrus D 7 35.2 – 69.1 59.2 – 107.6 52.7 80.3 10.8 15.4 35.2 59.2
     Cirrus Dd 8 43.4 – 64.8 73.2 – 94.5 55.8 84.1 7.0 7.6 53.4 89.7
Spine on leg I length 7 3.7 – 5.8 5.8 – 8.0 4.8 7.2 0.8 0.9 3.9 6.6
Papilla on leg iV length 7 5.3 – 7.2 8.3 – 10.4 6.2 9.5 0.7 0.8 5.9 9.9
Number of teeth on the collar 7 8 – 13 –  10.3 – 1.9 – ? –
Claw I heights      
     Branch 5 18.1 – 21.8 29.6 – 30.5 19.3 30.2 1.5 0.4 18.1 30.4
     Spur 5 2.9 – 3.5 4.3 – 5.9 3.2 5.0 0.2 0.6 2.9 4.9
     Spur/branch height ratio 5 14% – 19% –  16% – 2% – 16% –
Claw II heights      
     Branch 5 17.2 – 20.8 28.2 – 30.2 19.3 28.9 1.4 0.8 17.2 28.9
     Spur 5 3.0 – 3.4 4.5 – 5.0 3.2 4.8 0.2 0.2 3.0 5.0
     Spur/branch height ratio 5 15% – 17% –  17% – 1% – 17% –
Claw III heights      
     Branch 6 17.5 – 20.7 27.9 – 31.4 19.4 29.6 1.2 1.4 17.5 29.4
     Spur 6 2.8 – 3.7 4.5 – 5.6 3.3 5.0 0.4 0.4 2.8 4.7
     Spur/branch height ratio 6 14% – 18% –  17% – 1% – 16% –
claw iV heights      
     Branch 7 19.6 – 28.1 30.1 – 40.8 23.1 35.1 3.3 3.7 21.3 35.8
     Spur 7 3.2 – 4.1 5.0 – 6.4 3.7 5.7 0.4 0.5 3.5 5.9
     Spur/branch height ratio 7 15% – 17%  –  16% – 1% – 16% –
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TABLE 51. Measurements [in µm] of selected morphological structures of the adult males of Echiniscus similaris sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 3 306 – 323 504 – 552 317 520 9 28 306 504
Scapular plate length 3 58.0 – 64.1 –  61.0 – 3.1 – 60.8 –
Head appendages lengths      
     Cirrus internus 3 11.8 – 12.9 19.7 – 20.3 12.2 20.1 0.6 0.3 12.0 19.7
     Cephalic papilla 3 7.9 – 9.3 13.1 – 15.3 8.5 14.0 0.7 1.1 9.3 15.3
     Cirrus externus 3 18.2 – 28.0 31.4 – 43.7 22.9 37.4 4.9 6.2 22.5 37.0
     Clava 3 8.3 – 8.4 12.9 – 14.3 8.3 13.7 0.1 0.7 8.4 13.8
     Cirrus A 3 30.0 – 56.2 46.8 – 96.9 46.0 76.4 14.1 26.2 51.9 85.4
     Cirrus A/Body length ratio 3 9% – 18% –  15% – 5% – 17% –
Body appendages lengths      
     Cirrus B 3 26.1 – 34.8 44.5 – 57.2 29.8 48.9 4.5 7.2 34.8 57.2
     Cirrus C 3 40.8 – 46.9 66.6 – 77.1 43.5 71.4 3.1 5.3 46.9 77.1
     Cirrus Cd 3 34.9 – 47.6 57.4 – 82.1 40.5 66.7 6.5 13.4 34.9 57.4
     Cirrus D 2 47.0 – 52.6 77.3 – 82.1 49.8 79.7 4.0 3.4 47.0 77.3
     Cirrus Dd 3 42.5 – 49.1 72.4 – 76.6 45.2 74.1 3.5 2.2 44.0 72.4
Spine on leg I length 3 3.7 – 4.6 6.1 – 7.6 4.1 6.7 0.5 0.8 4.6 7.6
Papilla on leg iV length 3 5.0 – 6.0 7.8 – 9.9 5.5 9.1 0.5 1.1 6.0 9.9
Number of teeth on the collar 3 10 – 11 –  10.3 – 0.6 – 10 –
Claw I heights      
     Branch 2 17.6 – 18.4 28.7 – 30.3 18.0 29.5 0.6 1.2 ? ?
     Spur 2 3.2 – 3.8 5.0 – 6.6 3.5 5.8 0.4 1.1 ? ?
     Spur/branch height ratio 2 17% – 22% –  19% – 3% – ? –
Claw II heights      
     Branch 3 18.3 – 19.4 28.5 – 33.1 19.0 31.2 0.6 2.4 19.4 31.9
     Spur 3 3.0 – 3.2 5.0 – 5.2 3.1 5.1 0.1 0.1 3.1 5.1
     Spur/branch height ratio 3 16% – 17% –  16% – 1% – 16% –
Claw III heights      
     Branch 2 19.5 – 19.6 30.4 – 32.2 19.6 31.3 0.1 1.3 19.6 32.2
     Spur 2 3.0 – 3.4 4.7 – 5.6 3.2 5.1 0.3 0.6 3.4 5.6
     Spur/branch height ratio 2 15% – 17% –  16% – 1% – 17% –
claw iV heights      
     Branch 3 20.1 – 23.1 34.3 – 38.0 21.7 35.7 1.5 2.0 23.1 38.0
     Spur 3 3.4 – 3.9 5.3 – 6.4 3.6 5.9 0.3 0.6 3.9 6.4
     Spur/branch height ratio 3 15% – 17%  –  16% – 1% – 17% –

28.	 Echiniscus	tetraspinosus sp. nov. Gąsiorek, Vončina, Morek & Michalczyk
urn:lsid:zoobank.org:act:398ED64B-8194-44B3-91E7-1BD3885CBA82
Figure 95, Tables 52–53

Data source:
a total of 18 specimens (11 ♀♀, 3 juveniles, and 4 specimens of unknown instar/sex):
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• sample za.130: 12 specimens (8 ♀♀ on slides and 4 specimens used for dna extraction, including 1 holo-
genophore); found with Echiniscus intricatus sp. nov.

• sample za.201: 5 specimens (2 ♀♀ and 3 juveniles on slides); found with Echiniscus intricatus sp. nov., 
 E. oreas sp. nov., and E. tristis.
• sample za.218: 1 specimen (1 ♀ on a slide); found with Echiniscus draconis sp. nov., E. intricatus sp. nov., 

E. lichenorum.

FIGURE 95. Detailed morphology of Echiniscus tetraspinosus sp. nov. (PCM): A—holotype, female in dorsolateral view, 
B—paratype, juvenile in lateral view, C—claws II. Scale bars in µm.
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Description. Mature females (i.e. from the third instar onwards; measurements and statistics in Table 52). A 
medium-sized Echiniscus with a plump body and short thick limbs (Fig. 95A). Dark orange body and large red eyes; 
body colour and eyes disappeared soon after mounting in Hoyer’s medium. Dactyloid cephalic papillae (second-
ary clavae) and (primary) clavae; cirri growing out from bulbous cirrophores. Cirri A very short. Body appendage 
configuration A-Cd-Dd. All trunk appendages in the form of short smooth spines. The configuration is stable, and 
single asymmetries do not occur.

Dorsal plates with a heteromorphic sculpture of the spinulosus type: (I) sparsely distributed, somehow faint 
pores in the scapular plate, median plates 1–2, posterior portions of paired segmental plates I–II, and the caudal 
(terminal) plate, and (II) larger and densely arranged pores with clear edges, penetrating much darker (= thicker) 
endocuticular matrix of the cephalic plate, narrow anterior portions of paired segmental plates I–II, and the evident 
pedal plates i–iV (Fig. 95a). the cephalic plate with a chalice-shaped anterior incision; the cervical (neck) plate 
absent. The scapular plate uniform, without a median groove, but with poorly marked lateral sutures separating 
small rectangular lateral portions. Wide transverse belts on the paired segmental plates I–II present, with single 
pores. Median plate 1 and the posterior portion of m2 equal in size; the anterior portion of m2 smooth and narrow. 
Median plate 3 absent. the caudal (terminal) plate with two extremely poorly developed and short incisions. Ventral 
cuticle with minute endocuticular pillars distributed throughout the whole venter. Ventral plates absent. sexpartite 
gonopore placed anteriorly to legs iV, and a trilobed anus between legs iV.

Pulvini present and well-marked (Fig. 95A). Minuscule spine on the anterior margin of the pedal plate I and a 
papilla on leg iV present. dentate collar iV formed by numerous minute teeth. claws i–iV similar in size. all exter-
nal claws spurless. All internal claws with large spurs positioned at ca. 30–50% of the branch height (Fig. 95C).

juveniles (i.e. the second instar; measurements and statistics in Table 53). No gonopore. Phenotypically indis-
tinguishable from adult females (Fig. 95B), but there was a clear morphometric gap between the few juveniles and 
adult females analysed in this study.

larvae. unknown.
eggs. unknown.
DNA markers and phylogenetic position. The species constitutes a separate lineage within the E. spinulo-

sus group (Fig. 117), but, in the Maximum Likelihood phylogeny, E. tetraspinosus sp. nov. is the sister species to 
all other representatives of the E. spinulosus complex (bootstrap value = 100%). The species closest in ITS-1 is 
E. oreas sp. nov. (p-distance = 5.1%), and in ITS-2—E. oreas sp. nov. and E. tristis (3.5%).

FIGURE 96. Habitus of Echiniscus murrayi Iharos, 1969 (PCM, syntype). Scale bar = 50 µm.
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TABLE 52. Measurements [in µm] of selected morphological structures of the adult females of Echiniscus tetraspinosus 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 9 198 – 272 435 – 553 241 520 22 37 249 539
Scapular plate length 10 29.2 – 49.8 –  44.6 – 5.8 – 46.2 –
Head appendages lengths      
     Cirrus internus 10 8.6 – 15.8 18.6 – 45.9 12.9 29.5 2.0 7.0 12.8 27.7
     Cephalic papilla 10 6.0 – 8.4 12.8 – 24.0 7.4 16.9 0.7 3.0 8.3 18.0
     Cirrus externus 10 14.5 – 20.4 32.5 – 50.7 17.7 40.0 2.2 5.5 19.0 41.1
     Clava 9 3.6 – 7.0 7.9 – 20.2 5.5 12.8 1.1 3.5 6.6 14.3
     Cirrus A 10 21.7 – 33.5 47.7 – 108.2 29.3 67.3 3.8 16.1 25.1 54.3
     Cirrus A/Body length ratio 9 10% – 14% –  12% – 1% – 10% –
Body appendages lengths      
     Cirrus Cd 10 17.0 – 22.3 37.3 – 62.3 19.2 43.7 1.5 7.2 20.2 43.7
     Cirrus Dd 9 13.3 – 18.2 31.2 – 45.5 16.0 36.7 1.8 4.5 15.3 33.1
Spine on leg I length 9 2.6 – 3.5 5.4 – 10.6 3.0 6.9 0.3 1.5 2.6 5.6
Papilla on leg iV length 10 2.9 – 3.9 6.2 – 11.6 3.4 7.7 0.3 1.6 3.1 6.7
Number of teeth on the collar 6 11 – 15 –  14.2 – 1.6 – 15 –
Claw I heights      
     Branch 10 11.1 – 14.7 24.9 – 38.0 12.7 28.8 1.2 3.8 12.3 26.6
     Spur 7 3.1 – 4.5 6.9 – 9.0 3.6 7.8 0.5 0.7 3.8 8.2
     Spur/branch height ratio 7 22% – 31% –  28% – 3% – 31% –
Claw II heights      
     Branch 10 11.3 – 14.5 24.8 – 39.0 12.8 29.0 1.1 3.9 12.4 26.8
     Spur 8 2.4 – 3.7 4.9 – 10.6 3.2 7.5 0.4 1.6 3.6 7.8
     Spur/branch height ratio 8 17% – 29% –  25% – 4% – 29% –
Claw III heights      
     Branch 10 11.3 – 14.8 25.5 – 41.1 12.8 29.1 1.1 4.6 11.8 25.5
     Spur 6 2.5 – 3.7 5.7 – 11.0 3.1 7.3 0.5 2.0 ? ?
     Spur/branch height ratio 6 20% – 28% –  24% – 3% – ? –
claw iV heights      
     Branch 10 12.8 – 15.4 27.5 – 44.5 13.9 31.7 0.8 4.8 14.4 31.2
     Spur 6 3.5 – 4.4 7.5 – 13.0 3.8 9.1 0.3 2.1 3.7 8.0
     Spur/branch height ratio 6 26% – 31%  –  28% – 2% – 26% –
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TABLE 53. Measurements [in µm] of selected morphological structures of the juveniles of Echiniscus tetraspinosus sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 2 156 – 171 520 – 529 163 525 11 7
Scapular plate length 2 29.4 – 32.9 –  31.2 – 2.5 –
Head appendages lengths      
     Cirrus internus 2 5.3 – 6.6 16.1 – 22.4 6.0 19.3 0.9 4.5
     Cephalic papilla 2 5.7 – 5.8 17.6 – 19.4 5.8 18.5 0.1 1.2
     Cirrus externus 2 9.6 – 10.4 29.2 – 35.4 10.0 32.3 0.6 4.4
     Clava 2 2.9 – 3.1 8.8 – 10.5 3.0 9.7 0.1 1.2
     Cirrus A 2 15.1 – 18.1 51.4 – 55.0 16.6 53.2 2.1 2.6
     Cirrus A/Body length ratio 2 10% – 11% –  10% – 1% –
Body appendages lengths      
     Cirrus Cd 2 9.8 – 15.0 33.3 – 45.6 12.4 39.5 3.7 8.7
     Cirrus Dd 2 9.6 – 11.8 32.7 – 35.9 10.7 34.3 1.6 2.3
Spine on leg I length 2 1.6 – 2.0 4.9 – 6.8 1.8 5.8 0.3 1.4
Papilla on leg iV length 2 2.3 – 2.9 7.0 – 9.9 2.6 8.4 0.4 2.0
Number of teeth on the collar 0 ? –  ? – ? –
Claw I heights      
     Branch 2 7.5 – 7.8 23.7 – 25.5 7.7 24.6 0.2 1.3
     Spur 2 2.1 – 2.8 7.1 – 8.5 2.5 7.8 0.5 1.0
     Spur/branch height ratio 2 28% – 36% –  32% – 6% –
Claw II heights      
     Branch 2 6.2 – 7.1 21.1 – 21.6 6.7 21.3 0.6 0.3
     Spur 1 2.4 – 2.4 7.3 – 7.3 2.4 7.3 ? ?
     Spur/branch height ratio 1 34% – 34% –  34% – ? –
Claw III heights      
     Branch 2 6.6 – 7.5 22.4 – 22.8 7.1 22.6 0.6 0.2
     Spur 1 2.2 – 2.2 6.7 – 6.7 2.2 6.7 ? ?
     Spur/branch height ratio 1 29% – 29% –  29% – ? –
claw iV heights      
     Branch 2 8.3 – 8.8 26.7 – 28.2 8.6 27.5 0.4 1.0
     Spur 0 ? ?  ? ? ? ?
     Spur/branch height ratio 0  ?   –  ? – ? –

Type material. 8 ♀♀ on slides za.130.01–5; holotype: mature ♀ on slide za.130.05. Mounted together with 
29 ♀♀, 2 ♂♂, 4 juveniles of E. intricatus sp. nov. 4 specimens used for DNA extraction, including 1 secured as a 
hologenophore.

Type locality. 33°37’33.4”s, 25°26’4.6”e, 210 m asl: republic of south africa, eastern cape, Valley Bushveld 
Country Lodge; shrubland, lichen from rock (sample ZA.130).

Etymology. The name refers to the four dorsal spines in the new species. An adjective in the nominative sin-
gular.

Geographic distribution. Only a few small populations of the new species were found in South Africa (Fig. 
120L).

Remarks. The three samples, in which the new species was found, were co-habited by E. intricatus sp. nov.
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Differential diagnosis. The body appendage configuration A-Cd-Dd and the dorsal sculpturing of the E. spinu-
losus type constitute a combination of characters present only in E. tetraspinosus sp. nov. and in E. murrayi, known 
only from the Andean Altiplano (Iharos 1969). Nevertheless, the two species cane be differentiated by: the dorsal 
sculpture (heteromorphic in E. tetraspinosus sp. nov. vs uniform in E. murrayi, see Fig. 96), the cirrus A length 
(15.1–33.5 µm in E. tetraspinosus sp. nov. vs 55 µm in E. murrayi), the lengths of spines Cd and Dd (9.8–22.3 µm 
and 9.6–18.2 µm, respectively, in E. tetraspinosus sp. nov. vs 40 µm and 30 µm, respectively, in E. murrayi), and by 
the number of teeth in the dentate collar iV (11–15 in E. tetraspinosus sp. nov. vs 4–5 in E. murrayi).

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0098.htm).

29.	 Echiniscus	tristis Gąsiorek & Kristensen, 2018

Data source:
a total of 103 specimens (57 ♀♀, 27 juveniles, 2 larvae, and 17 specimens of unknown instar/sex):
• sample za.201: 103 specimens (57 ♀♀, 27 juveniles and 2 larvae on slides, 10 specimens on seM stub 19.01, 

and 7 specimens used for DNA extraction, including 3 hologenophores); found with E. intricatus sp. nov., E. 
oreas sp. nov., and E. tetraspinosus sp. nov.

Literature:
• original description: Gąsiorek & kristensen (2018).
• Later records: Bartylak et al. (2019), Bochnak et al. (2020).

Shortened description. A medium-sized member of the E. spinulosus complex. Body appendage formula A-
(C)-Dd-E. Median plate 3 developed as a reduced stripe covered under the paired segmental plate II and caudal 
(terminal) plate. Faceting of the caudal plate in the form of six rectangles demarcated by epicuticular ridges.

DNA markers and phylogenetic position. The analysed nuclear markers show that E. tristis is a sister species 
of E. manuelae (Fig. 117). Among species for which COI sequences are available, the closest species is E. lineatus 
(p-distance = 15.8–16.2%), whereas in the ITS-1 and ITS-2 dataset, E. manuelae is most similar (0.9% in both 
markers).

Geographic distribution. This likely Afrotropical endemic was found four times, always in the highlands: 
afromontane rainforests in tanzania and Madagascar (Gąsiorek & kristensen 2018; Bartylak et al. 2019; Bochnak 
et al. 2020), and mountainous shrublands in south africa (Fig. 120k).

Remarks. None.

30.	 Echiniscus	virginicus Riggin, 1962
Figure 97

Data source:
a total of 83 specimens (70 ♀♀ and 13 juveniles):
• sample za.015: 2 specimens (2 ♀♀ used for dna extraction); found with Echiniscus attenboroughi sp. nov., 

E. draconis sp. nov., E. lichenorum, and E. setaceus sp. nov.
• sample za.152: 2 specimens (2 ♀♀ on slides); found with Echiniscus longispinosus and E. oreas sp. nov.
• sample za.157: 1 specimen (1 ♀ on a slide); found with Echiniscus scabrospinosus, Pseudechiniscus 

(Pseudechiniscus) cf. ehrenbergi, and P. (Meridioniscus) wallacei sp. nov.
• sample za.158: 9 specimens (9 ♀♀ on slides); found with Echiniscus scabrospinosus and Pseudechiniscus 

(Meridioniscus) wallacei sp. nov.
• Sample ZA.185: 1 specimen (1 juvenile on a slide); found with Echiniscus oreas sp. nov., E. regularis sp. nov., 

and E. scabrospinosus.
• sample za.206: 20 specimens (16 ♀♀ on slides and 4 ♀♀ used for dna extraction); found with Echiniscus 

oreas sp. nov., E. regularis sp. nov., and E. scabrospinosus.
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• sample za.214: 9 specimens (6 ♀♀ and 3 juveniles on slides); found with Doryphoribius bindae, Echiniscus 
africanus, E. baius, E. oreas sp. nov., E. perarmatus, Pseudechiniscus (Pseudechiniscus) cf. ehrenbergi, and 
Ramazzottius szeptycki.

• sample za.242: 2 specimens (2 ♀♀); found with Cornechiniscus madagascariensis and Echiniscus blumi.
• sample za.245: 12 specimens (10 ♀♀ and 2 juveniles on slides); found with Pseudechiniscus (Pseudechinis-

cus) cf. ehrenbergi.
• sample za.260: 3 specimens (2 ♀♀ and 1 juvenile on slides); found with Doryphoribius bindae, Echiniscus 

baius, E. longispinosus, E. oreas sp. nov., E. pellucidus, and E. scabrospinosus.
• sample za.302: 15 specimens (10 ♀♀ and 5 juveniles on slides).
• sample za.321: 6 specimens (5 ♀♀ and 1 juvenile on slides).
• sample za.360: 1 specimen (1 ♀ on a slide); found with Echiniscus draconis sp. nov., E. lichenorum, E. lon-

gispinosus, and E. scabrospinosus.

Literature:
• Original description: Riggin (1962).
• later trustworthy records: summarised in Gąsiorek et al. (2019b).

Shortened description. Small representative of the E. virginicus complex. Body appendage formula A-C-Cd-
D-Dd-E. Dorsal epicuticular ornamentation overlapping with endocuticular pillars usually strongly developed and 
evident (Fig. 97). Pedal plates and pulvini I–III barely demarcated. All external claws spurless, all internal claws 
with spurs positioned at ca. 25% of the claw height and strongly bent downwards (Fig. 97, insert).

DNA markers and phylogenetic position. E. virginicus belongs in the E. virginicus-perarmatus clade at the 
base of the generic phylogeny, being the sister species of E. lineatus (Fig. 117). The species closest in all fast evolv-
ing markers is E. lineatus (COI p-distance = 14.7%, ITS-1: 1.1–1.7%, and ITS-2: 1.2%).

FIGURE 97. Habitus of Echiniscus virginicus Riggin, 1962 (PCM, dorsolateral view; insert shows claws II). Scale bars in µm.
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Geographic distribution. Although widely distributed in South Africa (Fig. 120L), it is not common and forms 
small populations (usually below ten individuals). Given that all other confirmed records of E. virginicus are limited 
to the eastern nearctic (Gąsiorek et al. 2019b), we hypothesise that the presence of the species in the southernmost 
Afrotropic is a result of anthropogenic dispersal.

Remarks. All examined South African individuals lack spines B, which may be present in specimens from 
the Nearctic. Found accompanying much larger populations of other echiniscids, such as E. oreas sp. nov. (in the 
mountains) and E. scabrospinosus (in the lowlands).

Genus: Hypechiniscus Thulin, 1928

1.	 Hypechiniscus	africanus sp. nov. Gąsiorek, Morek & Michalczyk
urn:lsid:zoobank.org:act:6757406E-43DE-4017-AAFC-7925305B0B73
Figures 98–100, Table 54

Data source:
a total of 7 specimens (2 ♀♀ and 2 ♂♂, and 3 specimens of unknown instar/sex):
• sample za.246: 7 specimens (2 ♀♀ and 2 ♂♂ on slides, 3 specimens used for dna extraction); found with 

Pseudechiniscus (P.) aquatilis sp. nov. and P. (Meridioniscus) wallacei sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements in Table 54). Body white and 
elongated, with ovoid black eyes that disappeared soon after mounting in Hoyer’s medium (Fig. 98A). Elongated, 
dactyloid cephalic papillae (secondary clavae) and (primary) clavae; peribuccal cirri without cirrophores. Cirrus A 
very short, with cirrophore. Cirrus dorsalis absent.

Dorsal plates poorly sclerotised, with the Pseudechiniscus-type sculpturing, i.e. endocuticular pillars protrud-
ing through the epicuticle and visible as dark dots under PCM (Fig. 98A, 99A). Epicuticular ornamentation visible 
under PCM as darker ridges of plates and sutures (Fig. 99A). Generally, the sculpture is well-developed and evident 
in LCM. The cephalic plate is large and clearly sexpartite, with three small anterior portions, a central keel-like por-
tion, and two significantly larger trapezoid portions (Fig. 100A). The cervical (neck) plate reduced to a thickening 
anterior to the scapular plate. The scapular plate divided in two parts by a central longitudinal suture (Fig. 98A, 
100A). Three median plates, all weakly outlined: m1–2 bipartite, m3 unipartite; six lateral intersegmental platelets 
flanking their boarders (Fig. 99a, 100a). two pairs of large segmental plates. Very large caudal (terminal) plate 
with short and weakly developed incisions (Fig. 99A, 100A).

Ventral cuticle with a clear species-specific pattern reaching the lateroventral sides of the body, and composed 
of endocuticular pillars of variable sizes; epicuticular thickenings absent (Fig. 100B). Larger accumulations of 
pillars present only in the centromedian portion of the venter, extending from the level slightly anterior to legs II 
towards the genital zone. Crescent-shaped accumulation of pillars surrounds the anus. Subcephalic zone smooth. 
sexpartite gonopore located anteriorly of legs iV and a trilobed anus between legs iV.

Pedal plates and dentate collar iV absent, instead large patches of pillars are present centrally on each leg (Fig. 
98A). Pulvini absent. Markedly sclerotised areas present on the inner side of each leg below the claws. A small spine 
or papilla on leg i absent, and a papilla on leg iV present (Fig. 98a). claws iV longer than claws i–iii. all external 
claws spurless. All internal claws with small spurs positioned at ca. 10–20% of the claw height and perpendicular 
to the branch (Fig. 98A, insert).

Mature males (i.e. from the third instar onwards; measurements in Table 54). No secondary sexual dimorphism 
except for the circular gonopore (Fig. 98, 99B).

juveniles. unknown.
larvae. unknown.
eggs. unknown.
DNA markers and phylogenetic position. The species is the only representative of the genus Hypechiniscus 

known from South Africa (Fig. 118). Hypechiniscus africanus sp. nov. belongs in the paraphyletic H. exarmatus 
morphogroup, being the sister species of the Taiwanese H. crassus Gąsiorek et al., 2021 (Fig. 118).

Type material. 2 ♀♀ and 2 ♂♂ on slides za.246.01–3; holotype: mature ♀ on slide za.246.03, allotype: 
mature ♂ on slide za.246.01. Mounted together with 4 ♀♀ of Pseudechiniscus (P.) aquatilis sp. nov. and 2 ♀♀ of 
P. (M.) wallacei sp. nov. 3 specimens used for DNA extraction.
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FIGURE 98. Habitus of Hypechiniscus africanus sp. nov. (PCM): A—holotype, female in dorsolateral view (insert shows 
claws III), B—allotype, male in dorsolateral view. Scale bars in µm.

Type locality. 29°45’13.7”s, 29°11’33.2”e, 1900 m asl: republic of south africa, kwazulu-natal, drakens-
berg, Garden Castle Nature Reserve; river bank surrounded by mountainous grassland, moss from rock partially 
submerged by lotic water (sample ZA.246).
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FIGURE 99. Sculpturing of Hypechiniscus africanus sp. nov. (PCM, allotype): A—dorsal view, B—ventral view. Scale bars 
= 20 µm.

Etymology. The name refers to the continent in which the species was discovered and underlines that it is the 
first Hypechiniscus species to be found in Africa. An adjective in the nominative singular.

Geographic distribution. Only recorded from the type locality in South Africa (Fig. 120B).
Remarks. This is the first report of the genus in Africa.
Differential diagnosis. The species belongs to the Hypechiniscus exarmatus morphogroup (sensu Gąsiorek et 

al. 2021b), but it differs from:

• H. cataractus, widely distributed in the Malay Archipelago, by the presence of dorsal sculpturing (minute, 
densely arranged endocuticular pillars appearing as dark dots under PCM in H. africanus sp. nov. vs uniform 
cuticular matrix appearing as smooth cuticle in H. cataractus);

• H. crassus, recently described from taiwan (Gąsiorek et al. 2021d), by the presence of striae between pillars in 
dorsal plates (absent in H. africanus sp. nov. vs present in H. crassus);

• H. exarmatus, with reliable records from the Western Palaearctic, by the relative length of the cephalic papil-
lae (sp values: ♀♀: 19.4–25.6, ♂♂: 26.7–29.9 in H. africanus sp. nov. vs ♀♀: 13.3–19.6, ♂♂: 22.1–25.1 in 
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H. exarmatus), and by the relative length of (primary) clavae (♀♀: 19.8–20.7 in H. africanus sp. nov. vs ♀♀: 
10.8–17.9 in H. exarmatus);

• H. flavus, known only from japan, by the body colour (white in H. africanus sp. nov. vs yellow in H. flavus).
 Moreover, the ventral pattern of pillars separates all five species (see Gąsiorek et al. 2021b, d for comparison). 

The main differences between H. africanus sp. nov. and the most similar H. exarmatus, i.e. the lengths of ce-
phalic appendages and ventral sculpturing, are congruent with the analyses in Gąsiorek et al. (2021b), pinpoint-
ing these characters as crucial for correct species delineation in the genus.

Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0099.htm).

TABLE 54. Measurements [in µm] of selected morphological structures of the adults of Hypechiniscus africanus sp. nov. 
mounted in Hoyer’s medium. sp—the proportion between the length of a given structure and the length of the scapular 
plate.

CHARACTER ♀ (holotype) ♀ ♂ (allotype) ♂
µm sp µm sp µm sp µm sp

Body length 217 879 205 847 200 922 223 953
Scapular plate length 24.7 – 24.2 – 21.7 – 23.4 –
Head appendages lengths         
     Cirrus internus 7.2 29.1 10.6 43.8 8.4 38.7 10.7 45.7
     Cephalic papilla 4.8 19.4 6.2 25.6 5.8 26.7 7.0 29.9
     Cirrus externus 20.3 82.2 16.0 66.1 17.9 82.5 17.4 74.4
     Clava 4.9 19.8 5.0 20.7 4.4 20.3 4.5 19.2
     Cirrus A 26.4 106.9 23.8 98.3 23.8 109.7 23.7 101.3
     Cirrus A/Body length ratio 12% – 12% – 12% – 11% –
Body appendages lengths         
Papilla on leg iV length 2.8 11.3 2.5 10.3 2.7 12.4 3.2 13.7
Claw I heights         
     Branch 12.5 50.6 12.2 50.4 11.3 52.1 12.1 51.7
     Spur 2.5 10.1 2.1 8.7 2.0 9.2 2.0 8.5
     Spur/branch height ratio 20% – 17% – 18% – 17% –
Claw II heights         
     Branch 11.9 48.2 11.8 48.8 10.5 48.4 10.5 44.9
     Spur 2.2 8.9 2.2 9.1 2.1 9.7 ? ?
     Spur/branch height ratio 18% – 19% – 20% –  ? –
Claw III heights         
     Branch 11.3 45.7 12.2 50.4 11.1 51.2 10.8 46.2
     Spur 2.4 9.7 2.0 8.3 1.8 8.3 ? ?
     Spur/branch height ratio 21% – 16% – 16% – ? –
claw iV heights         
     Branch 13.5 54.7 13.8 57.0 12.4 57.1 12.5 53.4
     Spur ? ? ? ? ? ? ? ?
     Spur/branch height ratio ? –  ? –  ? –  ? –
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A B

FIGURE 100. Schematic drawings of Hypechiniscus africanus sp. nov.: A—dorsal view, B—ventral view.

Genus: Pseudechiniscus Thulin, 1911

Subgenus: Meridioniscus Gąsiorek et	al., 2021

1.	 Pseudechiniscus	(Meridioniscus)	wallacei sp. nov. Vončina, Gąsiorek, Morek & Michalczyk
Pseudechiniscus cf. angelusalas in Gąsiorek et al. 2021a, d
urn:lsid:zoobank.org:act:2648337E-42EC-465C-996D-9EF63E7187C6
Figures 101–105, Tables 55–56

Data source:
a total of 134 specimens (74 ♀♀, 18 juveniles, 2 larvae, and 40 specimens of unknown instar/sex):
• sample za.157: 4 specimens (4 ♀♀ on slides); found with Echiniscus scabrospinosus and Pseudechiniscus (P.) 

cf. ehrenbergi.
• sample za.158: 4 specimens (4 ♀♀ on slides); found with Echiniscus scabrospinosus and E. virginicus.
• sample za.169: 13 specimens (3 ♀♀ on slides, and 10 specimens on seM stub 19.09).
• sample za.177: 33 specimens (12 ♀♀, 5 juveniles and 2 larvae on slides, 10 specimens on seM stub 19.03, 

and 4 specimens used for DNA extraction); found with Pseudechiniscus (P.) cf. ehrenbergi.
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• sample za.178: 3 specimens (1 ♀ on a slide and 2 specimens used for dna extraction); found with Pseudechinis-
cus (P.) cf. ehrenbergi.

• sample za.183: 16 specimens (13 ♀♀ and 3 juveniles on slides); found with Doryphoribius maasaimaren-
sis, Echiniscus oreas sp. nov., E. regularis sp. nov., E. scabrospinosus, Pseudechiniscus (P.) cf. ehrenbergi, 

 and Ramazzottius szeptycki.
• sample za.216: 2 specimens (2 ♀♀ on a slide); found with Echiniscus intricatus sp. nov. and Pseudechiniscus 

(P.) cf. ehrenbergi.
• sample za.237: 2 specimens (1 ♀ and 1 juvenile on a slide).
• sample za.246: 2 specimens (2 ♀♀ on a slide); found with Hypechiniscus africanus sp. nov., Pseudechiniscus 

(P.) aquatilis sp. nov., and P. (P.) cf. ehrenbergi.
• sample za.256: 14 specimens (9 ♀♀ and 1 juvenile on slides, and 4 specimens used for dna extraction, 

including 2 hologenophores); found with Doryphoribius bindae, Echiniscus cavagnaroi, and Ramazzottius 
szeptycki.

• sample za.261: 12 specimens (2 ♀♀ on a slide, and 10 specimens on seM stub 18.20); found with Bryodelphax 
sp. nov. and Pseudechiniscus (P.) cf. ehrenbergi.

• sample za.263: 1 specimen (1 ♀ on a slide); found with Echiniscus longispinosus, E. regularis sp. nov., 
 and Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.346: 21 specimens (16 ♀♀ and 5 juveniles on slides).
• sample za.364: 2 specimens (2 ♀♀ on a slide); found with Echiniscus perarmatus, Pseudechiniscus (P.) linnaei 

sp. nov., and P. (P.) cf. ehrenbergi.
• sample za.518: 4 specimens (1 ♀ and 3 juveniles on slides); found with Echiniscus dentatus sp. nov., 
 E. irroratus sp. nov., E. scabrospinosus, and Pseudechiniscus (P.) cf. ehrenbergi.
• sample za.531: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements in Table 55). Body orange and 
more rounded than in typical Pseudechiniscus (Fig. 101A–B, 102), with round black eyes that disappeared after 
mounting in Hoyer’s medium in some specimens. Dactyloid cephalic papillae (secondary clavae) and minute (pri-
mary) clavae (Fig. 101A–B, 103A, 104A); peribuccal cirri with poorly developed cirrophores. Cirrus A short, with 
cirrophore.

Dorsal plates poorly sclerotised, but well-demarcated, with the Pseudechiniscus-type sculpturing, i.e. endocu-
ticular pillars protruding under the epicuticle, visible under PCM as dark dots (Fig. 101A–B, 103) and as granules 
under SEM (Fig. 102, 104A, C–E); additionally, pores may be identifiable under SEM (Fig. 104C–E). Striae pres-
ent, best visible in the caudal plate (Fig. 103C–E), but typically not identifiable under SEM (Fig. 104C–E), only 
sometimes striae observable in the cephalic region (Fig. 104A); epicuticular ornamentation visible as darker belts in 
all dorsal plates (Fig. 101A–B, 103A, C–E). The cephalic plate tetrapartite, with the anterior bi-halved portion and 
three posterior portions roughly equal in size (Fig. 101A–B). The cervical (neck) plate absent. The scapular plate 
with sutures, separating elongated, rectangular posterior portion (Fig. 104C). Three median plates: m1–2 bipartite, 
with much reduced, narrow posterior portions, m3 unipartite (Fig. 104C–E); two pairs of lateral intersegmental 
platelets flanking the boarders of m1–2. Two pairs of large segmental plates with well-delineated median longitu-
dinal suture. the pseudosegmental plate iV’ divided by a median suture; the posterior margin of the plate wide, but 
without lobes (Fig. 101A–B, 103A, E, 104E). The caudal (terminal) plate with short longitudinal crests (Fig. 103A, 
E, 104E).

Ventral cuticle with a pronounced species-specific pattern reaching the lateroventral sides of the body (Fig. 
103A–B, 105), being a typical reticulum composed of large multangular, longitudinal shapes; epicuticular thick-
enings absent. The subcephalic zone with a wide belt of pillars (Fig. 103B), but more frequently a pair of large 
lateroventral plates occur (Fig. 104a, 105). sexpartite gonopore located anteriorly of legs iV and a trilobed anus 
between legs iV.

Pedal plates and dentate collar iV absent, but large patches of pillars are present centrally on each leg. Pulvini 
faint. Papilla on leg i absent and papilla on leg iV present (Fig. 101a–B, 102–103a, e). claws i–iV similar in size, 
short and delicate (Fig. 101A, insert, 104B). All external claws spurless. All internal claws with minuscule, thin 
spurs positioned at ca. 10–20% of the claw height.
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FIGURE 101. Habitus of Pseudechiniscus (M.) wallacei sp. nov. (PCM): A,—holotype, female in dorsolateral view (insert 
shows claws III), B—paratype, female in dorsolateral view, C—juvenile in dorsolateral view, D—larva in dorsal view. Scale 
bars in µm.
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FIGURE 102. Habitus of Pseudechiniscus (M.) wallacei sp. nov. (SEM, female in lateral view). Scale bar = 50 µm.

FIGURE 103. Sculpturing of Pseudechiniscus (M.) wallacei sp. nov. (PCM, females): A—dorsolateral view, B—ventral view, 
C–E—close-up on the parts of plates with discernible striae. Scale bars in µm.
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FIGURE 104. Morphology of Pseudechiniscus (M.) wallacei sp. nov. (SEM, females): A—cephalic appendages in lateral view, 
B—claws iV and papilla iV, c—anterior portion of the body, d—central portion of the body, e—posterior portion of the body. 
Scale bars in µm.

juveniles (i.e. from the second instar onwards; measurements in Table 56). Phenotypically similar to females 
(Fig. 101C), beside of the lacking gonopore. On average smaller than females, but with no morphometric gap be-
tween juveniles and adult females.

Larvae (i.e. the first instar). No gonopore and anus. The distinction between dorsal plates blurred, so the armour 
seems uniform (Fig. 101D). Morphometric data for the two found larvae: body length 87–119 µm, the scapular plate 
length 14.6–16.8 µm; cephalic appendages: cirrus internus 3.6–4.6 µm, cephalic papilla 3.1–3.7 µm, cirrus exter-
nus 4.8–6.8 µm, (primary) clava 3.0–3.4 µm, cirrus A 11.7–15.1 µm; papilla iV length: 1.7–1.8 µm; claw heights 
5.2–6.7 µm, claw spurs 1.0–1.2 µm.

DNA markers and phylogenetic position. The sister species of yet undescribed Meridioniscus species from 
the Malay Archipelago (Pseudechiniscus sp. 6 in Fig. 119; p-distance = 19.3–21.8% in ITS-1), conforming to the 
data presented in Gąsiorek et al. (2021a, d).

Type material. 12 ♀♀, 5 juveniles and 2 larvae on slides za.177.03–7; holotype: mature ♀ on slide za.177.04. 
Mounted together with 9 ♀♀ and 8 juveniles of P. (P.) cf. ehrenbergi, 4 specimens used for DNA extraction.

Type locality. 29°02’57.4’’s, 29°24’18.2’’e, 1415 m asl: republic of south africa, kwazulu-natal, drakens-
berg, Giants Castle Game Reserve; secondary forest, mosses and lichens from rocks (sample ZA.177).

Etymology. The name honours Alfred Russel Wallace, the father of biogeography and an independent con-
ceiver of the theory of evolution by natural selection. A noun in the genitive singular.
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FIGURE 105. Schematic drawing of the venter of Pseudechiniscus (M.) wallacei sp. nov.
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TABLE 55. Measurements [in µm] of selected morphological structures of the adult females of Pseudechiniscus wallacei 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 138 – 197 592 – 816 173 702 15 55 162 631
Scapular plate length 20 21.0 – 29.1 –  24.7 – 2.0 – 25.7 –
Head appendages lengths      
     Cirrus internus 19 5.3 – 8.7 22.6 – 35.4 7.4 29.7 1.0 3.4 7.2 28.0
     Cephalic papilla 20 3.4 – 6.1 12.9 – 25.1 4.5 18.4 0.6 2.7 5.2 20.2
     Cirrus externus 19 8.5 – 13.0 36.3 – 53.7 11.0 44.4 1.3 4.9 10.4 40.5
     Clava 20 3.4 – 6.1 14.0 – 24.5 4.8 19.5 0.7 2.8 4.8 18.7
     Cirrus A 17 17.5 – 24.0 71.3 – 102.9 21.4 86.9 1.7 9.2 20.6 80.2
     Cirrus A/Body length ratio 17 10% – 16% –  12% – 1% – 13% –
Body appendages lengths      
Papilla on leg iV length 20 2.3 – 4.3 9.3 – 18.9 3.1 12.5 0.5 2.3 3.1 12.1
Claw I heights      
     Branch 18 6.6 – 9.4 26.9 – 38.8 8.4 34.0 0.7 3.2 9.3 36.2
     Spur 11 1.0 – 2.1 4.0 – 8.2 1.5 6.2 0.3 1.2 2.1 8.2
     Spur/branch height ratio 11 11% – 23% –  18% – 3% – 23% –
Claw II heights      
     Branch 20 6.1 – 9.4 24.9 – 37.5 8.3 33.5 0.8 2.9 9.2 35.8
     Spur 14 0.9 – 1.8 3.6 – 6.8 1.2 4.9 0.3 1.0 1.5 5.8
     Spur/branch height ratio 14 10% – 20% –  14% – 3% – 16% –
Claw III heights      
     Branch 20 6.6 – 9.2 26.9 – 39.0 8.5 34.4 0.6 3.0 8.6 33.5
     Spur 15 0.8 – 2.0 3.1 – 9.5 1.2 5.1 0.4 1.7 1.2 4.7
     Spur/branch height ratio 15 9% – 24% –  15% – 4% – 14% –
claw iV heights      
     Branch 13 8.4 – 10.1 8.0 – 41.7 9.2 35.3 0.4 8.5 ? ?
     Spur 11 1.0 – 2.0 1.5 – 9.5 1.5 5.8 0.3 2.1 ? ?
     Spur/branch height ratio 11 12% – 23%  –  16% – 4% – ? –

Geographic distribution. Widely distributed in South Africa (Fig. 120M) and Asia: Malay Archipelago and 
Vietnam (Gąsiorek et al. 2021a).

Remarks. P. wallacei sp. nov. is the second most common Pseudechiniscus species in South Africa (Fig. 
120M). It often inhabits the same moss cushions/lichen thalli, as P. cf. ehrenbergi does.

Differential diagnosis. To date, this is the only Meridioniscus species found in South Africa and it can be 
distinguished from the most similar species (lacking appendages on the pseudosegmental plate iV’ and lateral 
hemispherical projections) of the subgenus:

• P. angelusalas Roszkowska et al., 2020, described from Madagascar, by the presence of males (absent in 
 P. wallacei sp. nov. vs present in P. angelusalas), by dorsal sculpturing (darker belts in all dorsal plates present 

in P. wallacei sp. nov. vs evenly distributed, uniform pillars in P. angelusalas), and by the body size (138–197 
μm in P. wallacei sp. nov. vs 113–143 μm in P. angelusalas);

• P. dastychi Roszkowska et al., 2020, described from Antarctica, by the length of cephalic appendages: cirrus 
internus (5.3–8.7 μm in P. wallacei sp. nov. vs 10.4–12.7 μm in P. dastychi), cirrus externus (8.5–13.0 μm in 

 P. wallacei sp. nov. vs 15.9–19.1 μm in P. dastychi), cirrus A (17.5–25.0 μm in P. wallacei sp. nov. vs 40.0–40.5 
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μm in P. dastychi), and by the dorsal sculpturing (epicuticular ornamentation visible as dark transversal belts in 
P. wallacei sp. nov. vs uniformly distributed pillars in P. dastychi);

• P. dreyeri Gąsiorek et al., 2021, described from taiwan, by the length of papilla iV (2.3–4.3 μm in P. wallacei 
sp. nov. vs 1.5–2.3 μm in P. dreyeri) and comparatively larger spurs with regard to claw branches (spur/branch 
height ratios I–III: 9–24% in P. wallacei sp. nov. vs 23–34% in P. dreyeri);

• P. indistinctus Roszkowska et al., 2020, described from the Scandinavian Peninsula, by the shorter cirrus A 
(17.5–25.0 μm in P. wallacei sp. nov. vs 27.6–34.2 μm in P. indistinctus), by the presence of the longitudinal 
suture dividing the scapular plate in P. indistinctus, and the distribution of the pillars on the dorsum (epicuticular 
ornamentation visible as darker belts in all dorsal plates in P. wallacei sp. nov. vs evenly distributed pillars in 

 P. indistinctus);
• P. mascarenensis kiosya et al., 2021, described from Mauritius, by the length of papilla iV (2.3–4.3 μm in 
 P. wallacei sp. nov. vs 1.5–2.4 μm in P. mascarenensis) and the presence of epicuticular ornamentation (present 

in P. wallacei sp. nov. vs absent in P. mascarenensis);

TABLE 56. Measurements [in µm] of selected morphological structures of the juveniles of Pseudechiniscus wallacei sp. 
nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and the 
largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 120 – 155 654 – 714 137 694 16 23
Scapular plate length 5 17.1 – 22.0 –  19.7 – 2.1 –
Head appendages lengths      
     Cirrus internus 5 6.5 – 8.2 31.4 – 38.6 7.0 35.5 0.7 3.2
     Cephalic papilla 5 3.7 – 4.4 18.9 – 21.6 4.0 20.3 0.3 1.2
     Cirrus externus 5 7.7 – 11.2 39.3 – 51.9 9.4 47.4 1.7 5.5
     Clava 5 3.7 – 4.3 17.7 – 24.6 4.0 20.3 0.3 2.6
     Cirrus A 5 15.0 – 24.0 82.0 – 109.1 19.3 97.5 3.6 10.0
     Cirrus A/Body length ratio 5 12% – 16% –  14% – 1% –
Body appendages lengths      
Papilla on leg iV length 5 1.8 – 2.6 9.8 – 12.9 2.3 11.8 0.3 1.2
Claw I heights      
     Branch 4 6.2 – 8.3 32.1 – 38.8 6.9 35.8 1.0 2.7
     Spur 4 0.9 – 1.1 4.6 – 5.3 1.0 5.0 0.1 0.3
     Spur/branch height ratio 4 13% – 15% –  14% – 1% –
Claw II heights      
     Branch 5 5.7 – 7.9 29.1 – 36.9 6.8 34.4 0.9 3.1
     Spur 4 0.8 – 1.1 4.1 – 5.8 1.0 5.0 0.1 0.7
     Spur/branch height ratio 4 14% – 16% –  15% – 1% –
Claw III heights      
     Branch 5 6.0 – 7.7 30.6 – 37.4 6.8 34.5 0.6 3.1
     Spur 3 1.0 – 1.2 5.1 – 5.6 1.1 5.4 0.1 0.3
     Spur/branch height ratio 3 15% – 17% –  16% – 1% –
claw iV heights      
     Branch 3 6.8 – 8.2 35.9 – 39.8 7.6 38.0 0.7 1.9
     Spur 1 1.5 – 1.5 7.0 – 7.0 1.5 7.0 ? ?
     Spur/branch height ratio 1 18% – 18%  –  18% – ? –
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• P. santomensis Fontoura et al., 2010, described from São Tomé Island, Gulf of Guinea, by the presence of small 
projections on the pseudosegmental plate iV’ (posterior margin with the plate wide, but without any projections 
in P. wallacei sp. nov. vs small projections variously developed in P. santomensis, generally tooth-shaped), and 
by the dorsal sculpturing (ornamentation visible as darker belts of the pillars in P. wallacei sp. nov. vs densely 
and regularly distributed pillars in P. santomensis).

Moreover, all abovementioned species can be also differentiated by the ventral sculpturing pattern.
Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/

register/0100.htm).

Subgenus: Pseudechiniscus Thulin, 1911 in Gąsiorek et	al. (2021a)

2.	 Pseudechiniscus	(Pseudechiniscus)	aquatilis sp. nov. Vončina, Gąsiorek, Morek & Michalczyk
Pseudechiniscus sp. 11 in Gąsiorek et al. 2021a, d
urn:lsid:zoobank.org:act:685B76AA-8733-415E-A256-A0B5708F9E49
Figures 106–108, Table 57

Data source:
a total of 6 specimens (4 ♀♀ and 2 specimens of unknown instar/sex):
• sample za.246: 6 specimens (4 ♀♀ on slides, 2 specimens used for dna extraction); found with and 

Hypechiniscus africanus sp. nov., Pseudechiniscus (P.) cf. ehrenbergi, P. (M.) wallacei sp. nov.

Description. Mature females (i.e. from the third instar onwards; measurements in Table 57). Body light yellow 
and elongated, with ovoid black eyes that disappeared soon after mounting in Hoyer’s medium (Fig. 106). Pseu-
dohemispherical cephalic papillae (secondary clavae) and minute (primary) clavae; peribuccal cirri with poorly 
developed cirrophores. Cirrus A short, with cirrophore.

Dorsal plates poorly sclerotised and barely demarcated, with the Pseudechiniscus-type sculpturing, i.e. endocu-
ticular pillars protruding under the epicuticle as granules, visible under PCM as dark dots (Fig. 106–107). Striae 
or epicuticular ornamentation absent (Fig. 107A). The cephalic plate pentapartite, with two small anterior portions 
and three larger posterior portions (Fig. 106). The cervical (neck) plate absent. The scapular plate uniform, without 
grooves or sutures (Fig. 106–107A). Three median plates: m1–2 bipartite, m3 unipartite; a pair of lateral interseg-
mental platelets flanking the boarders of m1–2 (Fig. 107A). Two pairs of large segmental plates with weakly delin-
eated median longitudinal suture. single pseudosegmental plate iV’, undivided by a median suture; appendages on 
the posterior margin of the plate absent. The caudal (terminal) plate with short and weakly developed longitudinal 
crests (Fig. 106–107A).

Ventral cuticle with a clear species-specific pattern reaching the lateroventral sides of the body (Fig. 107–108), 
and composed of endocuticular pillars of similar size; epicuticular thickenings absent (Fig. 108). Belts of pillars 
thin and forming an intricate reticulum between three larger accumulations of pillars: at the levels of legs II, III, and 
in the genital zone, where pillars uniformly surround gonopore and anus. Sexpartite gonopore located anteriorly of 
legs iV and a trilobed anus between legs iV.

Pedal plates and dentate collar iV absent, instead large patches of pillars are present centrally on each leg (Fig. 
107a). Pulvini weakly developed. a small spine or papilla on leg i absent, and a papilla on leg iV present (Fig. 
107a). claws i–iV similar in size, rather elongated. all external claws spurless. all internal claws with moderately 
large spurs positioned at ca. 20–25% of the claw height (Fig. 106A, insert).

DNA markers and phylogenetic position. The species is the sister taxon to P. linnaei sp. nov. (Fig. 119; p-
distance = 2.9% in ITS-1).

Type material. 4 ♀♀ on slides za.246.01–2; holotype: mature ♀ on slide za.246.01. two specimens used for 
DNA extraction.

Type locality. 29°45’13.7”s, 29°11’33.2”e, 1900 m asl: republic of south africa, kwazulu-natal, drakens-
berg, Garden Castle Nature Reserve; river bank surrounded by mountainous grassland, moss from rock partially 
submerged by lotic water (sample ZA.246).
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FIGURE 106. Habitus of Pseudechiniscus (P.) aquatilis sp. nov. (PCM, holotype, female in dorsolateral view). Insert shows 
claws III. Scale bars in µm.

Etymology. From Latin aquatilis = aquatic, underlying the limno-terrestrial habitat, in which the new species 
was found. An adjective in the nominative singular.

Geographic distribution. Recorded only in South Africa (Fig. 120M).
Remarks. None.
Differential diagnosis. The species can be distinguished from other Pseudechiniscus spp. inhabiting South 

Africa based on the pattern of ventral sculpturing. Moreover, it is differentiated from:

• P. beasleyi, described from China (Li et al. 2007), by the faceting of the scapular plate (almost indiscernible in 
P. aquatilis sp. nov. vs present and well-developed in P. beasleyi);

• P. chengi, described from China (Xue et al. 2017), by the presence of longitudinal fold dividing the pseudoseg-
mental plate iV’ (absent in P. aquatilis sp. nov. vs present in P. chengi) and by the dorsal sculpturing (pillars 
arranged more sparsely and less pronounced in P. aquatilis sp. nov. vs densely arranged and more pronounced 
in P. chengi);

• P. cf. ehrenbergi, by a relatively longer cirrus internus (36.6–50.8 in P. aquatilis sp. nov. vs 19.8–34.6 in 
 P. cf. ehrenbergi) and a relatively shorter primary clava (13.8–15.1 in P. aquatilis sp. nov. vs 16.1–22.7 in P. cf. 

ehrenbergi), and longer claws (i–iii: 8.9–9.7 µm, iV: 10.1 µm in P. aquatilis sp. nov. vs i–iii: 6.8–9.0 µm, iV: 
7.4–9.8 µm in P. cf. ehrenbergi);

• P. ehrenbergi, described from Italy (Roszkowska et al. 2020) and reported from Mongolia (Cesari et al. 2020), 
by the subdivision of the scapular plate (absence of the median longitudinal suture in P. aquatilis sp. nov. vs 
with the median longitudinal suture in P. ehrenbergi), and by the presence of a rudimentary papilla I (absent in 
P. aquatilis sp. nov. vs present in P. ehrenbergi) and by the presence of males (absent in P. aquatilis sp. nov. vs 
present in P. ehrenbergi);

• P. formosus, described from taiwan (Gąsiorek et al. 2021d), by the size of granules on the central portions 
of paired segmental plates and the pseudosegmental plate iV’ (similar to other granules in the dorsum in 

 P. aquatilis sp. nov. vs much larger than other granules in the dorsum in P. formosus) and slenderer, higher claws 
(8.3–10.1 μm in P. aquatilis sp. nov. vs 7.9–8.4 μm in P. formosus);

• P. lacyformis, described from Norway (Roszkowska et al. 2020), by the presence of males (absent in P. aquatilis 
sp. nov. vs present in P. lacyformis) and by the presence of longitudinal fold dividing the scapular plate (absent 
in P. aquatilis sp. nov. vs present in P. lacyformis);
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• P. lalitae, described from the azores (kayastha et al. 2020), by the presence of epicuticular ornamentation (ab-
sent in P. aquatilis sp. nov. vs present in P. lalitae) and slenderer, higher claws (i–iii: 8.3–9.7 μm, iV: 9.3–10.1 
μm in P. aquatilis sp. nov. vs i–iii: 5.4–7.6 μm, iV: 6.5–8.8 μm in P. lalitae);

• P. linnaei sp. nov., by the shape of the posterior margin of pseudosegmental plate iV’ (smooth in P. aquatilis sp. 
nov. vs with an eminent lobe overlapping with the caudal plate in P. linnaei sp. nov.);

• P. shintai, described from honshu, japan (Vončina et al. 2020), by the presence of epicuticular ornamentation 
(absent in P. aquatilis sp. nov. vs present in P. shintai);

• P. suillus (Ehrenberg, 1853), redescribed from Italy (Grobys et al. 2020), by the longer claws (8.3–10.1 μm in 
P. aquatilis sp. nov. vs 6.3–8.7 μm in P. suillus);

• P. totoro, described from taiwan (Gąsiorek et al. 2021d), by slenderer, higher claws (8.3–10.1 μm in P. aquatilis 
sp. nov. vs 6.1–8.0 μm in P. totoro);

• P. xiai, described from China (Wang et al. 2018), by the dorsal sculpturing (more pronounced and denser in 
 P. xiai than in P. aquatilis sp. nov.) and by the presence of males (absent in P. aquatilis sp. nov. vs present in 
 P. xiai).

FIGURE 107. Sculpturing of Pseudechiniscus (P.) aquatilis sp. nov. (PCM, paratype): A—dorsolateral view, B—ventrolateral 
view. Scale bars = 20 µm.
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FIGURE 108. Schematic drawing of the venter of Pseudechiniscus (P.) aquatilis sp. nov.
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Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0101.htm).

TABLE 57. Measurements [in µm] of selected morphological structures of the adult females of Pseudechiniscus aquatilis 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 4 174 – 195 657 – 810 184 738 10 70 188 810
Scapular plate length 4 23.2 – 26.5 –  25.0 – 1.4 – 23.2 –
Head appendages lengths      
     Cirrus internus 4 6.9 – 12.7 27.3 – 50.8 9.7 38.6 2.5 9.7 8.5 36.6
     Cephalic papilla 4 2.7 – 4.6 10.7 – 19.8 3.9 15.6 0.8 3.8 4.6 19.8
     Cirrus externus 4 11.6 – 15.2 45.8 – 60.8 13.3 53.0 1.9 6.5 11.6 50.0
     Clava 4 3.2 – 4.0 13.8 – 15.1 3.6 14.5 0.3 0.5 3.2 13.8
     Cirrus A 4 25.1 – 30.3 99.2 – 121.2 27.7 110.9 2.7 9.0 25.8 111.2
     Cirrus A/Body length ratio 4 14% – 17% –  15% – 2% – 14% –
Body appendages lengths      
Papilla on leg iV length 4 3.2 – 3.8 12.1 – 15.0 3.4 13.6 0.3 1.4 3.4 14.7
Claw I heights      
     Branch 2 9.2 – 9.5 38.0 – 39.7 9.4 38.8 0.2 1.2 9.2 39.7
     Spur 2 2.1 – 2.6 9.1 – 10.4 2.4 9.7 0.4 1.0 2.1 9.1
     Spur/branch height ratio 2 23% – 27% –  25% – 3% – 23% –
Claw II heights      
     Branch 4 8.3 – 9.7 32.8 – 39.2 9.0 36.2 0.6 3.3 9.1 39.2
     Spur 4 1.7 – 2.5 6.7 – 10.0 2.2 8.8 0.4 1.4 2.2 9.5
     Spur/branch height ratio 4 20% – 27% –  24% – 3% – 24% –
Claw III heights      
     Branch 4 8.9 – 9.6 35.5 – 38.4 9.2 37.0 0.3 1.7 8.9 38.4
     Spur 4 2.0 – 2.6 7.9 – 10.4 2.2 8.8 0.3 1.1 2.0 8.6
     Spur/branch height ratio 4 22% – 27% –  24% – 2% – 22% –
claw iV heights      
     Branch 2 9.3 – 10.1 36.8 – 38.1 9.7 37.4 0.6 1.0 ? ?
     Spur 2 1.8 – 2.7 7.1 – 10.2 2.3 8.7 0.6 2.2 ? ?
     Spur/branch height ratio 2 19% – 27%  –  23% – 5% – ? –

3.	 Pseudechiniscus	(Pseudechiniscus)	cf. ehrenbergi Roszkowska et	al., 2020
Pseudechiniscus cf. ehrenbergi in Gąsiorek et al. 2021a, d
Figures 109–113, Tables 58–59

Data source:
a total of 275 specimens (174 ♀♀, 34 juveniles and 67 specimens of unknown instar/sex):
• sample za.153: 2 specimens (2 ♀♀ on a slide).
• sample za.157: 16 specimens (12 ♀♀ on slides, and 4 specimens used for dna extraction, including 2 retrieved 

as hologenophores); found with Echiniscus scabrospinosus and Pseudechiniscus (Meridioniscus) wallacei sp. 
nov.

• Sample ZA.173: 10 specimens (4 juveniles on slides and 6 specimens used for DNA extraction).
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• sample za.177: 23 specimens (12 ♀♀ and 11 juveniles on slides); found with Pseudechiniscus (M.) wallacei 
sp. nov.

• sample za.178: 1 specimen (1 ♀ on a slide); found with Pseudechiniscus (M.) wallacei sp. nov.
• sample za.183: 30 specimens (14 ♀♀ and 2 juveniles on slides, 10 specimens on seM stub no. 18.07, and 4 

specimens used for DNA extraction); found with Doryphoribius maasaimarensis, Echiniscus oreas sp. nov., 
 E. regularis sp. nov., E. scabrospinosus, Pseudechiniscus (M.) wallacei sp. nov., and Ramazzottius szeptycki.
• sample za.190: 8 specimens (4 ♀♀ on slides and 4 specimens used for dna extraction); found with Echinis-

cus oreas sp. nov., E. scabrospinosus.
• sample za.202: 89 specimens (55 ♀♀ and 6 juveniles on slides, 20 specimens on seM stub no. 18.16, and 8 

specimens used for DNA extraction); found with Echiniscus scabrospinosus.
• sample za.205: 1 specimen (1 ♀ on a slide); found with Echiniscus longispinosus.
• sample za.214: 3 specimens (2 ♀♀ and 1 juvenile on slides); found with Diphascon zaniewi, Doryphoribius 

bindae, Echiniscus africanus, E. baius, E. oreas sp. nov., E. perarmatus, E. virginicus, and Ramazzottius 
szeptycki.

• sample za.216: 8 specimens (6 ♀♀ and 2 juveniles on slides); found with Echiniscus intricatus sp. nov. and 
Pseudechiniscus (M.) wallacei sp. nov.

• sample za.231: 1 specimen (1 ♀ on a slide); found with Echiniscus scabrospinosus.
• Sample ZA.246: 9 specimens (9 specimens used for DNA extraction); found with Hypechiniscus africanus sp. 

nov., Pseudechiniscus (P.) aquatilis sp. nov., and P. (M.) wallacei sp. nov.
• sample za.249: 3 specimens (2 ♀♀ and 1 juvenile); found with Echiniscus oreas sp. nov. and E. regularis sp. 

nov.
• Sample ZA.254: 1 specimen (1 juvenile on a slide).
• sample za.258: 10 specimens (10 ♀♀ on slides); found with Echiniscus blumi, E. longispinosus, and E. oreas 

sp. nov.
• sample za.259: 2 specimens (2 ♀♀ on slides); found with Echiniscus pellucidus and E. scabrospinosus.
• sample za.261: 7 specimens (2 ♀♀, 3 juveniles and 2 adults of unknown sex on slides); found with Bryodelphax 

sp. nov. and Pseudechiniscus (M.) wallacei sp. nov.
• sample za.262: 1 specimen (1 ♀ on a slide).
• sample za.263: 22 specimens (20 ♀♀ and 2 juveniles on slides); found with Echiniscus longispinosus, 
 E. regularis sp. nov., and Pseudechiniscus (M.) wallacei sp. nov.
• sample za.265: 7 specimens (7 ♀♀ on slides); found with Echiniscus regularis sp. nov. and E. scabrospino-

sus.
• sample za.266: 1 specimen (1 ♀ on a slide); found with Echiniscus scabrospinosus.
• Sample ZA.364: 1 specimen (1 juvenile on a slide); found with Echiniscus perarmatus, Pseudechiniscus (P.) 

linnaei sp. nov., and P. (M.) wallacei sp. nov.
• sample za.518: 1 specimen (1 ♀ on a slide); found with Echiniscus dentatus sp. nov., E. irroratus sp. nov., 
 E. scabrospinosus, and Pseudechiniscus (M.) wallacei sp. nov.
• sample za.524: 6 specimens (6 ♀♀ on slides); found with Diphascon zaniewi, Echiniscus dentatus sp. nov., 

and E. scabrospinosus.
• sample za.529: 1 specimen (1 ♀ on a slide); found with Echiniscus merokensis, E. scabrospinosus, 
 and E. setaceus sp. nov.
• sample za.538: 10 specimens (10 ♀♀ on slides); found with Echiniscus setaceus sp. nov.
• sample za.540: 1 specimen (1 ♀ on a slide); found with Echiniscus setaceus sp. nov.

Literature:
• Original description of Pseudechiniscus (P.) ehrenbergi: Roszkowska et al. (2020), containing type COI se-

quences (MN528470).
• Other studies: Cesari et al. (2020) with coi sequence from Mongolia (Mk804906), Gąsiorek et al. (2021a) con-

taining dna sequences from the oriental region (Burma, indonesia, and Vietnam), identified as representing 
Pseudechiniscus (P.) cf. ehrenbergi (MW031174–5, MW031183–4, MW031186–7, MW031201, MW031215–
6).
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FIGURE 109. Habitus of females of Pseudechiniscus (P.) cf. ehrenbergi (PCM): A—dorsal view (insert shows claws II), 
B—dorsolateral view, C—lateral view. Scale bars in µm.
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Description. Mature females (i.e. from the third instar onwards; measurements in Table 58). Body light yel-
low and elongated (Fig. 109–110), with round black eyes that do not disappear after mounting in Hoyer’s medium. 
Pseudohemispherical cephalic papillae (secondary clavae) and minute (primary) clavae (Fig. 109A, 110, 112A); 
peribuccal cirri with poorly developed cirrophores. Cirrus A short, with cirrophore.

FIGURE 110. Habitus of Pseudechiniscus (P.) cf. ehrenbergi (SEM, females in lateral view; arrowhead indicates the rudimen-
tary receptor on the leg I). Scale bars = 50 µm.
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FIGURE 111. Sculpturing of Pseudechiniscus (P.) cf. ehrenbergi (PCM, female): A—dorsolateral view, B—ventral view. Scale 
bars = 20 µm.

Dorsal plates poorly sclerotised, but well-demarcated, with the Pseudechiniscus-type sculpturing, i.e. endocu-
ticular pillars protruding under the epicuticle as granules, visible under PCM as dark dots (Fig. 109, 111A) and as 
granules under SEM (Fig. 110, 112A, C–E); additionally, irregularly distributed pores may be identifiable under 
SEM (Fig. 110, 112A, D–E). Striae absent (Fig. 111A), but epicuticular ornamentation present (Fig. 112C–E) and 
visible under PCM as a system of dark epicuticular ridges (Fig. 109A, 111A). The cephalic plate hexapartite, with 
the anteriormost oval portion, two median trapezoid portions, and three posterior, largest portions (Fig. 109A). The 
cervical (neck) plate absent. The scapular plate with sutures (Fig. 109A, 111A) dividing it into the largest anterior 
portion and four smaller posterior rectangular facets, with the lateral ones being smaller than internal parts (Fig. 
109A, 111A, 112C). Three median plates: m1–2 bipartite, with much reduced posterior portions, m3 unipartite (Fig. 
109A, 111A, 112C–E); two pairs of lateral intersegmental platelets flanking the borders of m1–2 (Fig. 110–111A). 
two pairs of large segmental plates with a pronounced median longitudinal suture. the pseudosegmental plate iV’ 
divided by a median suture; appendages on the posterior margin of the plate absent. The caudal (terminal) plate with 
short and weakly developed longitudinal crests (Fig. 109A, 111A, 112E).
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FIGURE 112. Morphology of Pseudechiniscus (P.) cf. ehrenbergi (SEM, females): A—cephalic appendages in lateral view 
(arrowhead indicates the rudimentary receptor on the leg I), B—claws II, C—anterior portion of the body, D—central portion 
of the body, E—posterior portion of the body. Scale bars in µm.

Ventral cuticle with a faint species-specific pattern reaching the lateroventral sides of the body (Fig. 110, 111B), 
but usually only the accumulations of pillars at the level of legs I–III and in the genital zone are visible, not reaching 
the anal zone (Fig. 113). Ventral epicuticular thickenings absent. sexpartite gonopore located anteriorly of legs iV 
and a trilobed anus between legs iV.

Pedal plates and dentate collar iV absent, instead large patches of pillars are present centrally on each leg. Pul-
vini weakly developed. A minuscule papilla on leg I present and visible only under SEM (Fig. 112A), and a papilla 
on leg iV present (Fig. 110). claws i–iV similar in size, short and delicate (Fig. 109a, insert, 112B). all external 
claws spurless. All internal claws with minute, thin spurs positioned at ca. 20–25% of the claw height.

juveniles (i.e. from the second instar onwards; measurements in Table 59). The morphometric gap between 
juveniles and adult females does not exist, juveniles are similar to adults beside of the lack of the gonopore.

DNA markers and phylogenetic position. The species stays in polytomy with three Asian species (P. asper 
Abe et al., 1998, P. shintai, P. totoro) and two undescribed species from the Madagascan and Nearctic regions 
(P. sp. 12–13) (Fig. 119).

Geographic distribution. Originally described from Italy (Roszkowska et al. 2020), and with a genetically 
verified record from Mongolia (Cesari et al. 2020). Populations ascribed to Pseudechiniscus (P.) cf. ehrenbergi were 
found in numerous locations in South Africa (Fig. 120N), but also in East Asia (specifically in Burma, Indonesia, 
and Vietnam; see Gąsiorek et al. 2021a for details).
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FIGURE 113. Schematic drawing of the venter of Pseudechiniscus (P.) cf. ehrenbergi.
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Remarks. We noted that there is a considerable variability in the ventral sculpturing patterns between popula-
tions of otherwise genetically close populations of P. ehrenbergi. This requires further studies to ascertain whether 
these populations constitute indeed a single, widely distributed species or a complex of closely related taxa, each 
with a limited geographic range. Hence, we have provided a cautious identification for the South African records.

Raw measurements. Supplementary Materials (SM.03).

TABLE 58. Measurements [in µm] of selected morphological structures of the adult females of Pseudechiniscus cf. 
ehrenbergi mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest 
and the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length 
of a given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 20 146 – 200 626 – 889 176 733 15 66 179 747
Scapular plate length 20 21.1 – 26.7 –  24.1 – 1.3 – 24.0 –
Head appendages lengths      
     Cirrus internus 19 4.7 – 8.7 19.8 – 34.6 7.1 29.4 0.9 3.7 7.0 29.2
     Cephalic papilla 20 2.6 – 5.0 10.3 – 19.6 3.9 16.0 0.6 2.4 4.7 19.6
     Cirrus externus 20 8.9 – 13.7 36.8 – 55.5 10.9 45.1 1.4 5.0 11.2 46.7
     Clava 20 4.0 – 5.4 16.1 – 22.7 4.7 19.5 0.5 1.7 4.0 16.7
     Cirrus A 17 17.5 – 30.8 73.8 – 125.7 23.1 95.1 2.8 11.1 24.0 100.0
     Cirrus A/Body length ratio 17 11% – 16% –  13% – 2% – 13% –
Body appendages lengths      
Papilla on leg iV length 20 1.7 – 4.5 7.1 – 17.8 3.2 13.3 0.6 2.2 1.7 7.1
Claw I heights      
     Branch 18 7.1 – 8.9 29.3 – 37.1 8.0 33.2 0.6 1.8 7.7 32.1
     Spur 17 0.9 – 1.8 3.7 – 7.1 1.4 5.7 0.3 1.1 1.2 5.0
     Spur/branch height ratio 17 9% – 22% –  17% – 3% – 16% –
Claw II heights      
     Branch 18 6.8 – 8.7 29.2 – 36.3 7.9 32.7 0.6 2.0 8.1 33.8
     Spur 16 1.0 – 1.8 3.9 – 7.3 1.3 5.5 0.3 1.2 1.7 7.1
     Spur/branch height ratio 16 11% – 22% –  17% – 3% – 21% –
Claw III heights      
     Branch 17 6.9 – 9.0 28.5 – 39.1 8.1 33.2 0.7 2.7 8.0 33.3
     Spur 16 0.9 – 2.1 3.5 – 8.6 1.4 5.9 0.3 1.3 1.2 5.0
     Spur/branch height ratio 16 11% – 26% –  18% – 3% – 15% –
claw iV heights      
     Branch 12 7.4 – 9.8 30.6 – 40.6 8.9 37.1 0.8 3.3 ? ?
     Spur 12 1.2 – 2.1 4.9 – 9.0 1.6 6.7 0.3 1.3 ? ?
     Spur/branch height ratio 12 12% – 22%  –  18% – 3% – ? –
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TABLE 59. Measurements [in µm] of selected morphological structures of the juveniles of Pseudechiniscus cf. ehren-
bergi mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD
µm sp µm sp µm sp

Body length 5 142 – 151 715 – 771 145 743 4 21
Scapular plate length 5 19.1 – 20.1 –  19.5 – 0.4 –
Head appendages lengths      
     Cirrus internus 5 5.0 – 5.8 26.2 – 29.2 5.5 28.1 0.3 1.3
     Cephalic papilla 5 2.3 – 3.2 11.6 – 16.5 2.6 13.5 0.4 2.0
     Cirrus externus 5 7.6 – 10.3 39.8 – 51.2 9.0 46.0 1.1 5.0
     Clava 5 3.0 – 4.0 15.6 – 20.6 3.7 18.7 0.4 1.9
     Cirrus A 5 14.4 – 18.7 74.2 – 97.9 17.3 88.6 1.7 8.9
     Cirrus A/Body length ratio 5 10% – 13% –  12% – 1% –
Body appendages lengths      
Papilla on leg iV length 5 2.0 – 3.1 10.1 – 16.0 2.6 13.4 0.5 2.4
Claw I heights      
     Branch 5 6.3 – 7.9 33.0 – 39.3 7.0 35.9 0.6 2.8
     Spur 4 1.0 – 1.3 5.0 – 6.7 1.1 5.8 0.2 0.8
     Spur/branch height ratio 4 13% – 19% –  16% – 2% –
Claw II heights      
     Branch 4 5.4 – 7.0 27.1 – 36.5 6.4 32.8 0.7 4.1
     Spur 3 1.0 – 1.4 5.2 – 7.2 1.1 5.9 0.2 1.2
     Spur/branch height ratio 3 14% – 21% –  17% – 3% –
Claw III heights      
     Branch 4 5.7 – 7.6 28.6 – 38.0 6.9 35.3 0.8 4.5
     Spur 2 1.0 – 1.1 5.2 – 5.5 1.1 5.3 0.1 0.2
     Spur/branch height ratio 2 14% – 14% –  14% – 1% –
claw iV heights      
     Branch 4 8.0 – 8.5 41.9 – 43.8 8.3 42.5 0.3 0.9
     Spur 4 1.0 – 1.6 5.0 – 8.2 1.3 6.4 0.3 1.4
     Spur/branch height ratio 4 12% – 19%  –  15% – 3% –

4.	 Pseudechiniscus	(Pseudechiniscus)	linnaei sp. nov. Vončina, Gąsiorek, Morek & Michalczyk
Pseudechiniscus sp. 10 in Gąsiorek et al. 2021a, d
urn:lsid:zoobank.org:act:C6549A50-8286-4E04-8517-F946C11FFCB5
Figures 114–116, Tables 60–61

Data source:
a total of 28 specimens (16 ♀♀, 6 ♂♂, 1 juvenile, 1 larva, and 4 specimens of unknown instar/sex):
• sample za.364: 2 specimens (2 ♀♀ on a slide); found with Echiniscus perarmatus, Pseudechiniscus (P.) cf. 

ehrenbergi, and P. (M.) wallacei sp. nov.
• sample za.366: 8 specimens (4 ♀♀ and 4 specimens used for dna extraction); found with Echiniscus sca-

brospinosus and E. virginicus.
• sample za.367: 18 specimens (10 ♀♀, 6 ♂♂, 1 juvenile and 1 larva on slides); found with Echiniscus sca-

brospinosus, and Ramazzottius szeptycki.
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Description. Mature females (i.e. from the third instar onwards; measurements in Table 60). Body orange and 
elongated (Fig. 114A), with ovoid black eyes that do not disappear after mounting in Hoyer’s medium. Pseudohe-
mispherical cephalic papillae (secondary clavae) and minute (primary) clavae (Fig. 114A, 115A); peribuccal cirri 
with poorly developed cirrophores. Cirrus A short, with cirrophore.

Dorsal plates poorly sclerotised, but well-demarcated, with the Pseudechiniscus-type sculpturing, i.e. endocu-
ticular pillars protruding under the epicuticle, visible under PCM as dark dots (Fig. 115A). Striae and epicuticular 
ornamentation absent. The cephalic plate tetrapartite, with the anterior bi-halved portion and three posterior por-
tions, all roughly equal in size (Fig. 114A). The cervical (neck) plate absent. The scapular plate with sutures, sepa-
rating less (Fig. 114A) or more (Fig. 115A) delineated anterior facets, and more elongated rectangular posterior 
facets. Three median plates: m1–2 bipartite, with much reduced, narrow posterior portions, m3 unipartite (Fig. 
114A, 115A); the anterior portion of m2 with an incomplete suture; two pairs of lateral intersegmental platelets 
flanking the boarders of m1–2. Two pairs of large segmental plates with well-delineated median longitudinal suture. 
Paired segmental plate II with sutures on both anterior and posterior margins (Fig. 115A). The pseudosegmental 
plate iV’ divided by a median suture; the posterior margin of the plate with a broadened lobe overlapping with the 
caudal plate (Fig. 114A, 115A). The caudal (terminal) plate with long and evident longitudinal crests bifurcating in 
the proximity of the anterior margin of the plate (Fig. 114A, 115A).

FIGURE 114. Habitus of Pseudechiniscus (P.) linnaei sp. nov. (PCM): A—holotype, female in dorsal view, B—allotype, male 
in dorsolateral view (insert shows claws II). Scale bars in µm.
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FIGURE 115. Sculpturing of Pseudechiniscus (P.) linnaei sp. nov. (PCM, paratype): A—dorsal view, B—ventral view. Scale 
bars = 20 µm.

Ventral cuticle with a pronounced species-specific pattern reaching the lateroventral sides of the body (Fig. 
115B–116), being a typical reticulum; epicuticular thickenings absent. Sexpartite gonopore located anteriorly of 
legs iV and a trilobed anus between legs iV.

Pedal plates and dentate collar iV absent, but large patches of pillars are present centrally on each leg. Pulvini 
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weakly developed. a papilla on leg i absent and a papilla on leg iV present. claws i–iV similar in size, short and 
delicate (Fig. 114B, insert). All external claws spurless. All internal claws with minute, thin spurs positioned at ca. 
25% of the claw height.

Mature males (i.e. from the second instar onwards; measurements in Table 61). Dorsal plates more sclerotised 
than in females (Fig. 114B). Gonopore circular.

juveniles (i.e. the second instar). Phenotypically like females, beside of the lacking gonopore. Morphometric 
data for the single found juvenile: body length 146 µm, the scapular plate length 18.1 µm; cephalic appendages: 
cirrus internus 5.8 µm, cephalic papilla 3.7 µm, cirrus externus 10.3 µm, (primary) clava 3.4 µm, cirrus A 17.8 µm; 
papilla iV length: 2.7 µm; claw heights 6.0–6.3 µm, claw spurs 1.0–1.2 µm.

Larvae (i.e. the first instar). The distinction between dorsal plates blurred. No gonopore and anus. Morphomet-
ric data for the single found larva: body length 126 µm, the scapular plate length 17.3 µm; cephalic appendages: 
cirrus internus 5.2 µm, cephalic papilla 2.7 µm, cirrus externus 7.2 µm, (primary) clava 2.8 µm, cirrus A 13.9 µm; 
papilla iV length: 2.0 µm; claw heights 6.1–6.8 µm, claw spurs 1.5–1.8 µm.

DNA markers and phylogenetic position. The species is the sister taxon to P. (P.) aquatilis sp. nov. (Fig. 119; 
p-distance = 2.9% in ITS-1).

Type material. 10 ♀♀, 6 ♂♂, 1 juvenile and 1 larva on slides za.367.01–4; holotype: mature ♀ on slide 
ZA.367.02, allotype: mature ♂ on slide za.367.03. Mounted together with 5 ♀♀ and 1 juvenile of E. scabrospino-
sus. 4 specimens used for DNA extraction.

Type locality. 33°20’0.06”S, 26°32’41.28”E, 690 m asl: Republic of South Africa, Eastern Cape, vicinity of 
Grahamstown; shrubland, lichen from tree branch (sample ZA.367).

Etymology. The name honours Carl von Linné, the inventor of modern biological systematics. A noun in the 
genitive singular.

Geographic distribution. Recorded only from two localities in South Africa (Fig. 120N).
Remarks. None.
Differential diagnosis. The species can be distinguished from other Pseudechiniscus spp. inhabiting South 

Africa based on the pattern of ventral sculpturing. See above for the distinction with other members of the subgenus 
Pseudechiniscus. Moreover, it differs from:

• P. beasleyi, by the wide lobe on the pseudosegmental plate iV’ (present in P. linnaei sp. nov. vs absent in 
 P. beasleyi);
• P. chengi, by the wide lobe on the pseudosegmental plate iV’ (present in P. linnaei sp. nov. vs absent in 
 P. chengi);
• Pseudechinicus ehrenbergi, by presence of the papillae on the leg I (absent in P. linnaei sp. nov. vs rudimentarily 

developed in P. ehrenbergi) and by the subdivision of the scapular plate (without the median longitudinal suture 
in P. linnaei sp. nov. vs with the median longitudinal suture in P. ehrenbergi);

• P. formosus, by the wide lobe on the pseudosegmental plate iV’ (present in P. linnaei sp. nov. vs absent in 
 P. formosus);
• P. lacyformis, by the wide lobe on the pseudosegmental plate iV’ (present in P. linnaei sp. nov. vs absent in 
 P. lacyformis);
• P. lalitae, by the wide lobe on the pseudosegmental plate iV’ (present in P. linnaei sp. nov. vs absent in 
 P. lalitae), the cirrus A/body length ratio (12–15% in P. linnaei sp. nov. vs 13–20% in P. lalitae), and higher 

claws (8.1–12.4 μm in P. linnaei sp. nov. vs 5.4–8.8 μm in P. lalitae);
• P. shintai, by the presence of epicuticular ornamentation (absent in P. linnaei sp. nov. vs present in P. shintai);
• P. suillus, by the body length (181–235 μm in adult females of P. linnaei sp. nov. vs 142–186 μm in adult fe-

males in P. suillus), and by the claw lengths (8.1–12.4 μm in adult females of P. linnaei sp. nov. vs 5.8–8.7 μm 
in P. suillus);

• P. totoro, by the body length (181–235 μm in adult females of P. linnaei sp. nov. vs 141–170 μm in adult females 
in P. totoro), the cirrus A/body length ratio (12–15% in P. linnaei sp. nov. vs 14–20% in P. totoro), and higher 
claws (8.1–12.4 μm in P. linnaei sp. nov. vs 6.1–8.0 μm in P. totoro);

• P. xiai, by the wide lobe on the pseudosegmental plate iV’ (present in P. linnaei sp. nov. vs absent in P. xiai), 
and by the subdivision of the pseudosegmental plate iV’ (divided in P. linnaei sp. nov. vs undivided in P. xiai).



south aFrican arMoured tardiGrades Zootaxa 5156 (1) © 2022 Magnolia Press  ·  205

FIGURE 116. Schematic drawing of the venter of Pseudechiniscus (P.) linnaei sp. nov.
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Raw measurements. Supplementary Materials (SM.03) and Tardigrada Register (www.tardigrada.net/
register/0102.htm).

TABLE 60. Measurements [in µm] of selected morphological structures of the adult females of Pseudechiniscus linnaei 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Holotype
µm sp µm sp µm sp µm sp

Body length 10 181 – 235 693 – 787 207 737 17 34 203 703

Scapular plate length 10 23.1 – 32.8 –  28.1 – 2.7 – 28.8 –

Head appendages lengths      

     Cirrus internus 9 8.2 – 12.0 29.2 – 42.7 10.7 38.8 1.4 4.2 11.8 41.0

     Cephalic papilla 10 3.7 – 5.5 11.3 – 20.3 4.6 16.6 0.6 3.1 3.8 13.2

     Cirrus externus 9 13.7 – 18.0 47.6 – 63.7 16.0 56.7 1.5 4.6 13.7 47.6

     Clava 10 3.6 – 5.7 12.4 – 17.7 4.4 15.5 0.6 1.9 4.2 14.6

     Cirrus A 8 23.7 – 29.2 82.3 – 109.5 26.6 96.1 1.9 7.9 23.7 82.3

     Cirrus A/Body length ratio 8 12% – 14% –  13% – 1% – 12% –

Body appendages lengths      

Papilla on leg iV length 10 3.2 – 4.4 11.4 – 14.6 3.7 13.2 0.4 1.1 3.5 12.2

Claw I heights      

     Branch 8 9.0 – 11.2 33.5 – 39.0 10.3 36.5 0.7 1.9 ? ?

     Spur 8 2.2 – 2.8 7.3 – 10.0 2.5 8.9 0.2 0.9 ? ?

     Spur/branch height ratio 8 22% – 101% –  24% – 2% – ? –

Claw II heights      

     Branch 10 8.1 – 10.9 30.5 – 36.6 9.8 34.8 0.9 2.0 9.2 31.9

     Spur 10 1.9 – 2.6 6.7 – 11.3 2.3 8.1 0.2 1.3 2.2 7.6

     Spur/branch height ratio 10 20% – 32% –  23% – 3% – 24% –

Claw III heights      

     Branch 9 8.8 – 11.2 30.9 – 39.0 9.8 35.0 0.9 2.5 8.9 30.9

     Spur 9 2.0 – 2.7 6.9 – 11.7 2.4 8.7 0.2 1.4 2.0 6.9

     Spur/branch height ratio 9 21% – 30% –  25% – 3% – 22% –

claw iV heights      

     Branch 4 9.8 – 12.4 38.8 – 42.4 11.2 40.7 1.1 1.6 ? ?

     Spur 4 2.3 – 3.2 8.3 – 11.0 2.7 9.7 0.4 1.1 ? ?

     Spur/branch height ratio 4 21% – 28%  –  24% – 3% – ? –

Incertae	sedis

5.	 Pseudechiniscus	(Pseudechiniscus)	bispinosus (Murray, 1907)

Literature:
• Original description: Murray (1907a).

Geographic distribution. Recorded only in South Africa (Murray 1907a) and Brazil (Rahm 1931, 1932), al-
though the South American record needs to be verified under modern taxonomic standards.
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Remarks. Pseudechiniscus embraces two monophyletic subgenera: Pseudechiniscus (the former suillus-facet-
talis group) and Meridioniscus (the former novaezeelandiae group) (Cesari et al. 2020; tumanov 2020b; Gąsiorek 
et al. 2021a). according to the current diagnosis of the genus (Gąsiorek et al. 2021a), only cephalic cirri are present, 
thus the two species with filamentous/long trunk appendages, P. pulcher from Australia and P. bispinosus from 
South Africa, should be transferred from Pseudechiniscus either to Antechiniscus (P. pulcher; see Claxton 2004; 
Tumanov 2020b) or to another (probably new) genus (P. bispinosus; see Gąsiorek et al. 2021a). The drawing from 
Murray (1907a) leaves no doubt that P. bispinosus has the pseudosegmental plate iV’ between the paired segmental 
plate II and the caudal plate, i.e. it is a Pseudechiniscus-like echiniscid. unfortunately, animals fitting the descrip-
tion were not found in our samples, confirming Murray’s observation that P. bispinosus is rare.

TABLE 61. Measurements [in µm] of selected morphological structures of the adult males of Pseudechiniscus linnaei 
sp. nov. mounted in Hoyer’s medium. N—number of specimens/structures measured, RANGE refers to the smallest and 
the largest structure among all measured specimens; SD—standard deviation; sp—the proportion between the length of a 
given structure and the length of the scapular plate.

CHARACTER N RANGE MEAN SD Allotype
µm sp µm sp µm sp µm sp

Body length 6 168 – 203 677 – 789 183 734 13 43 186 789

Scapular plate length 6 23.6 – 26.9 –  25.0 – 1.2 – 23.6 –

Head appendages lengths      

     Cirrus internus 4 9.5 – 12.1 38.3 – 46.2 10.7 42.9 1.1 3.5 10.9 46.2

     Cephalic papilla 6 5.3 – 6.6 21.4 – 27.3 5.9 23.8 0.6 2.2 5.6 23.7

     Cirrus externus 4 16.1 – 17.0 63.2 – 69.1 16.4 66.3 0.4 2.5 16.3 69.1

     Clava 6 5.0 – 5.9 19.3 – 25.0 5.3 21.4 0.3 2.1 5.9 25.0

     Cirrus A 6 22.3 – 28.1 89.6 – 109.3 24.4 97.7 2.0 6.6 22.3 94.5

     Cirrus A/Body length ratio 6 12% – 15% –  13% – 1% – 12% –

Body appendages lengths      

Papilla on leg iV length 6 3.5 – 4.4 14.5 – 17.1 3.9 15.5 0.3 1.0 3.5 14.8

Claw I heights      

     Branch 4 9.1 – 10.7 36.7 – 45.3 10.2 40.9 0.7 3.8 10.7 45.3

     Spur 4 2.3 – 2.8 9.3 – 10.4 2.5 9.8 0.2 0.5 2.3 9.7

     Spur/branch height ratio 4 21% – 27% –  24% – 2% – 21% –

Claw II heights      

     Branch 3 10.4 – 11.2 41.6 – 44.1 10.8 43.2 0.4 1.4 10.4 44.1

     Spur 3 2.4 – 2.6 9.3 – 10.5 2.5 10.0 0.1 0.6 2.4 10.2

     Spur/branch height ratio 3 22% – 24% –  23% – 1% – 23% –

Claw III heights      

     Branch 3 10.0 – 10.5 39.0 – 43.0 10.3 40.8 0.3 2.0 ? ?

     Spur 3 2.6 – 2.6 9.7 – 10.7 2.6 10.3 0.0 0.6 ? ?

     Spur/branch height ratio 3 25% – 26% –  25% – 1% – ? –

claw iV heights      

     Branch 0 ? ?  ? ? ? ? ? ?

     Spur 0 ? ?  ? ? ? ? ? ?

     Spur/branch height ratio 0  ?   –  ? – ? – ? –
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Diagnostic key to the formally described Echiniscidae recorded to date in South Africa

The key refers to adults (females and males treated collectively). The majority of the representatives of the Echinis-
cus spinulosus complex are extremely similar to each other, thus we advise utmost caution when identifying these 
species (i.e. an observation of many individuals is needed).

1.  Cirri A horn-shaped (Fig. 121B), cephalic papillae hemispherical (Fig. 123c) pseudosegmental plate iV’ with posterior pro-
jections in the form of clearly delineated lobes (not a thickened posterior margin) or spines (Fig. 122D), found only in ter-
restrial moss samples with large amounts of soil. . . . . . . . . . . . . . . . . . . . . . . . . Cornechiniscus madagascariensis (Figs 6–8)

-.  Cirri A filamentous (Fig. 121A), cephalic papillae dactyloid (Fig. 123A) or pseudohemispherical (Fig. 123B), pseudosegmen-
tal plate iV’ absent (Fig. 122B) or only with a slightly broadened posterior edge (Fig. 122c), found mostly in moss and lichen 
samples without a significant admixture of soil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2(1).  Pseudosegmental plate iV’ present  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
-.  Pseudosegmental plate iV’ absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3(2).  Long flexible spine C present  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pseudechiniscus bispinosus
-.  Trunk unappendaged . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4(3).  Dactyloid cephalic papillae (Fig. 123A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pseudechiniscus (M.) wallacei (Figs 101–105)
-.  Pseudohemispherical cephalic papillae (Fig. 123B) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5(4).  Epicuticular ornamentation in the form of dark belts visible under PCM (Fig. 124C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Pseudechiniscus (P.) ehrenbergi (Figs 109–113)
-.  Epicuticular ornamentation absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6(5).  Posterior margin of the pseudosegmental plate iV’ thickened/slightly lobate  . . . Pseudechiniscus (P.) linnaei (Figs 114–116)
-.  Posterior margin of the pseudosegmental plate iV’ straight  . . . . . . . . . . . . . . . Pseudechiniscus (P.) aquatilis (Figs 106–108)
7(2).  Elongated body with the Pseudechiniscus-like dorsal sculpturing (only granules present, Fig. 124C), ventral sculpturing in the 

form of a complex ornamented pattern (Fig. 126B), cephalic plate composed of facets (Fig. 122A)  . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Hypechiniscus africanus (Figs 98–100)

-.  Typically plump body with the dorsal sculpturing comprising at least pores/pseudopores (Fig. 124A–B, 125), ventral sculp-
turing in the form of uniform punctuation covering the entire venter (Fig. 126A), cephalic plate unipartite with an anterior 
incision or semicircular (Fig. 123A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

8(7).  Dorsal plate margins with minute spines and spicules  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
-.  Dorsal plate margins without supernumerary cuticular protrusions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
9(8).  Minute spines only on the posterior margin of the scapular plate, dorsal sculpturing of the mixed type (Fig. 125C): large pores 

of the Echiniscus blumi-canadensis type with polygonal edges present only in the scapular and the caudal plate, whereas the 
remaining plates with endocuticular pillars and epicuticular ornamentation, centrodorsal spines present . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus africanus (Fig. 9A)

-.  Minute spines distributed along all plate margins and caudal incisions, dorsal sculpturing uniform, with the dominant dense 
epicuticular matrix visible as dark grey elements under PCM, centrodorsal spines absent  . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus dentatus (Figs 20–25)

10(8).  Dorsal plate sculpturing of the Echiniscus spinulosus type (only pores without thickened margins in the form of polygons 
present—only a dark circumporal ring may be present, Fig. 124A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

-.  Dorsal plate sculpturing different (with epicuticular granules, endocuticular pillars and/or pores with thickened margins in the 
form of polygons, Fig. 124B, 125A–B) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

11(10).  Body appendage configuration A-Cd-Dd, pedal plates with large pores identical to pores present in the cephalic and the anterior 
portions of paired segmental plates I–II  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus tetraspinosus (Fig. 95)

-.  Body appendage configuration different, pedal plates poreless or with minute pores developed differently to pores present in 
the dorsal plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

12(11).  Body appendage configuration A-E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus baius (Fig. 13)
-.  Body appendage configuration different . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
13(12).  Spines Dd much thicker than the remaining spines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus crassispinosus (Fig. 19)
-.  Spines Dd of a similar thickness to the remaining spines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
14(13).  Dark circumporal rings visible under PCM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus oreas (Figs 63–65)
-.  Dark circumporal rings absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
15(14).  Caudal plate typically with a pattern of faceting caused by dark epicuticular ridges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
-.  Caudal plate typically non-faceted  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
16(15).  Body appendage configuration A-(C)-Dd-E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus tristis
-.  Body appendage configuration A-C-D-Dd-E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus scabrospinosus (Figs 82–85)
17(15).  Dark intraporal (endocuticular) rings absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus regularis (Figs 73–76)
-.  Dark intraporal (endocuticular) rings present (e.g. Fig. 17A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
18(17).  Body appendage configuration A-(C)-(Dd)-(E), pedal plates iV typically porous  . . . . . . Echiniscus cavagnaroi (Figs 16–18)
-.  Body appendage configuration A-C-(D)-Dd-E, pedal plates iV typically poreless . . . . . . . . . . . . . . . . . Echiniscus marginatus
19(10).  Trunk unappendaged . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus intricatus (Figs 40–43D)
-.  Trunk appendaged . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
20(19).  Spines on legs II–III present, the posterior margin of the caudal plate with minuscule teeth . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus perarmatus (Figs 68–72)
-.  Spines on legs II–III absent, the posterior margin of the caudal plate smooth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
21(20).  At least the scapular and caudal plates with the Echiniscus blumi-canadensis type of sculpturing (large pores with polygonal 

edges, Fig. 125A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
-.  Dorsal plates without the Echiniscus blumi-canadensis type of sculpturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
22(21).  Body appendage configuration A-(B)-C-Cd-D-Dd, all appendages but Dd in the form of long filamentous cirri, pores in all 

dorsal plates, typically secondary and tertiary spurs on external claws iV (Fig. 121c) . . . . . . . . . . Echiniscus blumi (Fig. 14)
-.  Body appendage configuration A-(B)-C-Cd-D-Dd-E, all appendages in the form of long stiff spines, pores in the scapular, 

posterior portions of paired segmental I–II and caudal plates, the remaining plates with endocuticular pillars and epicuticular 
ornamentation, external claws iV spurless  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus pusae* (Fig. 125C)

23(21).  Appendages E present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
-.  Appendages E absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
24(23).  Appendage Cd in the form of a filamentous cirrus, much longer than the remaining appendages . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus setaceus (Figs 86–93)
-.  Appendage Cd in the form of a filamentous cirrus or a short rigid spine, shorter or similar in length to the remaining append-

ages  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
25(24).  Dorsal plate sculpturing of the Echiniscus merokensis type, with large polygonal granules joined by striae and pseudopores/

pores between them (Fig. 124B) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
-.  Dorsal plate sculpturing different  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
26(25).  Epicuticular granules on dorsal plates with a strong tendency towards merging and forming uniform smooth matrix, males 

present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Echiniscus latruncularis (Figs 49–52)
-.  Epicuticular granules on dorsal plates always separated, males absent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
27(26).  Cirri B–E of similar lengths, anterior portions of paired segmental plates and median plate 2 with large pillars protruding as 

granules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Echiniscus merokensis (Fig. 62)
-.  Cirri E usually much longer than cirri B–E, anterior portions of paired segmental plates and median plate 2 without pillars, or 

with pillars not joined by striae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus pellucidus (Figs 66–67)
28(25).  Dorsal plate sculpturing of the Echiniscus virginicus type, comprising prominent endocuticular pillars and ridge-like epicu-

ticular ornamentation (Fig. 125B), males absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Echiniscus virginicus (Fig. 97)
-.  Dorsal plate sculpturing comprising epicuticular granules and scarce, minute pores, males present . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus attenboroughi (Figs 10–12)
29(23).  All trunk appendages in the form of thick cirri with irregular (tufted) surface . . . . . . Echiniscus scabrocirrosus (Figs 77–81)
-.  All trunk appendages with smooth surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
30(29).  Subcephalic and genital plates porous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
-.  Subcephalic and genital plates poreless or absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
31(30).  Body appendage configuration A-(B)-(Bd)-C-Cd-D-Dd, appendages in the form of short cirri/long spines, pedal plate sculptur-

ing evident under PCM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus longispinosus (Figs 57–61)
-.  Body appendage configuration A-B-C-Cd-D-Dd, appendages in the form of long filamentous cirri, pedal plate sculpturing 

(minute wrinkling) not visible under PCM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus imitans (Figs 35–39)
32(30).  Dorsal sculpturing dominated by clearly separated granules  . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus irroratus (Figs 45–48)
-.  Dorsal sculpturing comprises solid endocuticular matrix and, sometimes, reticulum  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
33(32).  Spines B present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
-.  Spines B absent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
34(33).  Body length 226–315 µm, the scapular plate length 33.6–58.7 µm, the cephalic papilla length 5.5–8.2 µm, appendages Cd 

(12.7–27.2 µm long) and Dd (11.1–31.5 µm long) in the form of spines and shorter than lateral cirri . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus lichenorum (Figs 53–56)

-.  Body length 306–395 µm, the scapular plate length 58.0–72.5 µm, the cephalic papilla length 7.9–10.2 µm, appendages Cd 
(34.1–59.1 µm long) and Dd (43.4–64.8 µm long) in the form of cirri and similar in length to lateral cirri . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus similaris (Fig. 94)

35(33).  Dorsal appendages present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus draconis (Figs 26–29)
-.  Dorsal appendages absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
36(35).  Claws short and robust, with robust spurs positioned at ca. 30–40% of the internal claw length  . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Echiniscus capensis (Fig. 15)
-.  Claws slender, with delicate, acute spurs positioned at ca. 25% of the internal claw length . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echiniscus gracilis (Figs 30–34)
*Echiniscus pusae is a very rare, potentially pantropical echiniscid species that requires a redescription. Marcus (1928) estab-

lished it after observing individuals found in Lombok (Malay Archipelago) and comparing them to specimens from South 
africa. We compared populations of that species originating from tanzania (Gąsiorek & kristensen 2018, Bochnak et al. 
2020), Gunung silam in northern Borneo and Gunung kiematubu in tidore, the Moluccas (unpublished data), and austra-
lia (Claxton 2004 and Claxton pers. comm.), and saw no morphological disparities between them. However, genetic data 
are necessary to exclude crypsis.



Gąsiorek Et AL.210  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

gr
an

ul
at

us
 c

om
pl

ex

vi
rg

in
ic

us
-p

er
ar

m
at

us
 c

om
pl

ex

bl
um

i-c
an

ad
en

sis
 co

m
pl

ex

m
er

ok
en

sis
 co

m
pl

ex

spinulosusmorphogroup

te
st

ud
o

co
m

pl
ex

South-African endemic clade

spinulosuscomplex

Ec
hi

ni
sc

us
 tr

ist
is

Ec
hi

ni
sc

us
 d

ra
co

ni
ss

p.
 n

ov
.♂

ZA
.4

49
 E

ch
in

isc
us

 si
m

ila
ris

sp
. n

ov
.♂

ZA
.2

19
ZA

.2
19

ZA
.2

19
ZA

.2
19

Ec
hi

ni
sc

us
 ca

va
gn

ar
oi

ZA
.2

25
ZA

.2
25

TZ
.0

72
 E

ch
in

isc
us

 ta
nt

ul
us

ID
.0

32
 E

ch
in

isc
us

 tr
op

ic
al

is

ZA
.2

11
 E

ch
in

isc
us

 b
lu

m
i♂

ZA
.2

04
 

PL
.3

12
 E

ch
in

isc
us

 ca
na

de
ns

is
PL

.0
23

 E
ch

in
isc

us
 tr

ise
to

su
s

KG
.0

05
 E

ch
in

isc
us

 tr
ise

to
su

s
TW

.0
08

ZA
.0

15
TW

.0
01

 E
ch

in
isc

us
 lin

ea
tu

s
TW

.0
08

D
E.

19
9 

Ec
hi

ni
sc

us
 q

ua
dr

isp
in

os
us

N
O

.3
79

 E
ch

in
isc

us
 la

pp
on

ic
us

FR
.1

35
 E

ch
in

isc
us

 g
ra

nu
la

tu
s

AR
.3

12
 E

ch
in

isc
us

 e
ve

lin
ae

0.
01

*

G
B.

09
8 

Di
pl

oe
ch

in
isc

us
 o

ih
on

na
e

ET
.0

04
 T

es
te

ch
in

isc
us

 sp
its

be
rg

en
sis

 tr
op

ic
al

is

Ec
hi

ni
sc

us
 p

er
ar

m
at

us
ID

.5
18

M
M

.0
10

ID
.8

50 ZA
.2

14
M

U
.0

01
M

Y.
02

6 
Ec

hi
ni

sc
us

 m
as

cu
lin

us
♂

0.
64

0.
55

0.
64

*

*

*

AR
.1

48 FR
.0

57
PT

.0
44

 E
ch

in
isc

us
 a

zo
ric

us
FR

.1
35

 E
ch

in
isc

us
 m

er
ok

en
sis

AR
.1

75

JP
.0

09
 E

ch
in

isc
us

 h
oo

ns
oo

i

G
B.

05
7 

Ec
hi

ni
sc

us
 q

ua
dr

isp
in

os
us

PL
.2

68
 E

ch
in

isc
us

 g
ra

nu
la

tu
sU

S.
03

6
ZA

.2
06

0.
96

0.
99

*

0.
70

0.
97

0.
95

*

0.
76

TZ
.0

30
 E

ch
in

isc
us

 b
el

lo
po

ru
s

ZA
.2

18
Ec

hi
ni

sc
us

 in
tr

ic
at

us
sp

. n
ov

.♂

TZ
.0

22
 E

ch
in

isc
us

 o
rn

am
en

ta
tu

s
M

G
.0

05
 E

ch
in

isc
us

 su
cc

in
eu

s
AU

.0
80

 E
ch

in
isc

us
 si

tic
ul

os
us
♂

ZA
.1

30
 E

ch
in

isc
us

 te
tr

as
pi

no
su

ss
p.

 n
ov

.
*

0.
74

0.
77

AR
.1

75
Ec

hi
ni

sc
us

 a
on

ik
en

k
♂

*

*

0.
93

ZA
.2

25
Ec

hi
ni

sc
us

 re
gu

la
ris

sp
. n

ov
.♂

0.
53

0.
92

0.
99

0.
66

*
0.

74

*

Ec
hi

ni
sc

us
 sc

ab
ro

sp
in

os
us

PT
.0

02
ZA

.0
98

ZA
.2

02

ZA
.2

00
ZA

.2
00

ZA
.2

31
ZA

.1
96

ZA
.2

88

ZA
.1

96
ZA

.1
96

Ec
hi

ni
sc

us
 o

re
as

sp
. n

ov
.♂

ZA
.1

83

ZA
.1

83

ZA
.2

04
ZA

.2
06

M
U

.0
01

 E
ch

in
isc

us
 in

su
la

ris
♂

ZA
.0

37
ZA

.4
04

ZA
.4

16
AR

.4
45

 E
ch

in
isc

us
 m

an
ue

la
e

U
G

.0
04

 E
ch

in
isc

us
 m

an
ue

la
e

ZA
.2

01
ZA

.2
01

TZ
.0

30

0.
97

Ec
hi

ni
sc

us
 a

tt
en

bo
ro

ug
hi

sp
. n

ov
.♂

ZA
.0

15 ZA
.4

36
ZA

.4
36

ZA
.5

02
ZA

.5
45

Ec
hi

ni
sc

us
 la

tr
un

cu
la

ris
sp

. n
ov

.♂
ZA

.4
31

ZA
.4

31
ZA

.4
36

Ec
hi

ni
sc

us
 sc

ab
ro

ci
rr

os
us

sp
. n

ov
.♂

ZA
.2

27
 E

ch
in

isc
us

 im
ita

ns
sp

. n
ov

.♂
ZA

.4
31

ZA
.4

31

ZA
.4

36
ZA

.0
56

ZA
.0

22
 E

ch
in

isc
us

 d
en

ta
tu

ss
p.

 n
ov

.
ZA

.2
73

 E
ch

in
isc

us
 lo

ng
isp

in
os

us
♂

ZA
.5

04
 E

ch
in

isc
us

 ir
ro

ra
tu

ss
p.

 n
ov

.♂
ZA

.5
54

 E
ch

in
isc

us
 g

ra
cil

is
sp

. n
ov

.♂
ZA

.3
78

 E
ch

in
isc

us
 ca

pe
ns

is
sp

. n
ov

.

Ec
hi

ni
sc

us
 se

ta
ce

us
sp

. n
ov

.♂

ZA
.0

29
ZA

.0
29

ZA
.4

90
ZA

.4
90

ZA
.5

02
ZA

.5
13

ZA
.5

13

ZA
.5

32

Ec
hi

ni
sc

us
 li

ch
en

or
um

♂
ES

.1
56

ES
.1

62

ES
.1

66ZA
.0

10
ZA

.0
40

*

56

52

77
63

68

93

84
* *

*
94

99

#

85

67

#

98

*93

82

80
88

#

73

97
94

9787
97* 89

#

#

–

Ec
hi

ni
sc

us
 vi

rg
in

icu
s

* *

* ** *

* *

* *
* *

* *
* *

* *

* *

* *

* *

* *

* *

* *

* ** *
* ** *

* *

* *

* *

* *
* *

* *

* *

* ** *
* *

* *

* *

* *

* *

Ec
hi

ni
sc

us
 p

el
lu

ci
du

s

Ec
hi

ni
sc

us
 cl

ev
el

an
di
♂

Ec
hi

ni
sc

us
 te

st
ud

o

FI
G

U
R

E
 1

17
. P

hy
lo

ge
ny

 o
f E

ch
in

is
cu

s, 
w

ith
 D

ip
lo

ec
hi

ni
sc

us
 a

nd
 t

es
te

ch
in

is
cu

s 
us

ed
 a

s 
th

e 
ou

tg
ro

up
, b

as
ed

 o
n 

co
nc

at
en

at
ed

 1
8s

 rr
n

a
 +

 2
8s

 rr
n

a
 +

 it
s-

1 
+ 

it
s-

2 
nu

cl
eo

tid
e 

se
-

qu
en

ce
s (

26
04

 b
p 

in
 to

ta
l).

 V
al

ue
s a

bo
ve

 b
ra

nc
he

s i
nd

ic
at

e 
B

ay
es

ia
n 

po
st

er
io

r p
ro

ba
bi

lit
ie

s, 
w

he
re

as
 th

os
e 

be
lo

w
 b

ra
nc

he
s s

ho
w

 b
oo

ts
tra

p 
su

pp
or

ts
; a

st
er

is
ks

 (*
) i

nd
ic

at
e 

m
ax

im
um

 v
al

ue
s, 

w
he

re
as

 h
as

ht
ag

s 
(#

) s
ig

ni
fy

 a
 d

iff
er

en
t t

op
ol

og
y 

in
 M

l.
 B

i e
vo

lu
tio

n 
m

od
el

s:
 G

tr
+i

+G
 (1

8s
 rr

n
a

 +
 2

8s
 rr

n
a

), 
G

tr
+i

+G
 (i

ts
-1

 +
 it

s-
2)

; e
dg

e-
un

lin
ke

d 
pa

rti
tio

n 
m

od
el

s 
in

 M
l:

 
ti

M
3e

+i
+G

4,
 t

V
M

e+
i+

G
4,

 t
iM

3+
F+

i+
G

4,
 t

PM
2+

F+
i+

G
4 

(m
ar

ke
r s

eq
ue

nc
e 

as
 a

bo
ve

). 
th

e 
sc

al
e 

re
fe

rs
 to

 th
e 

B
ay

es
ia

n 
tre

e.
 B

ol
de

d 
na

m
es

 in
di

ca
te

 n
ew

ly
 s

eq
ue

nc
ed

 s
pe

ci
es

. c
la

de
 

co
lo

ur
in

g 
co

rr
es

po
nd

 w
ith

 G
ąs

io
re

k 
et

 a
l. 

(2
02

1c
). 

A
ll 

ne
w

 sp
ec

ie
s w

er
e 

fo
un

d 
on

ly
 in

 S
ou

th
 A

fr
ic

a.



south aFrican arMoured tardiGrades Zootaxa 5156 (1) © 2022 Magnolia Press  ·  211

Phylogeny

Both BI and ML Echiniscus phylogenies gave relatively well-supported and resolved trees of mostly congruent 
topologies (Fig. 117). The tree was subdivided into seven major clades: the E. granulatus, E. virginicus-perar-
matus, E. blumi-canadensis, E. merokensis, and E. testudo complexes, the E. spinulosus morphogroup, and the 
“South-African endemic clade”. There were three topological differences between the two analytical approaches 
that are not relevant from the perspective of the evolution of South African echiniscid fauna: (1) in ML, Echiniscus 
aonikenk Gąsiorek et al., 2021 constituted the sister lineage (with 100% bootstrap support) to the “South-African 
endemic clade” + the E. spinulosus morphogroup, instead being the sister lineage to the former as in BI; (2) in ML, 
E. tetraspinosus sp. nov. was the sister species to all other species from the E. spinulosus complex (with 100% boot-
strap support); and (3) in ML, the relationships between three members of the E. spinulosus complex: E. tantulus 
Gąsiorek et al., 2020, E. succineus Gąsiorek & Vončina, 2019, and E. ornamentatus Gąsiorek & kristensen, 2018, 
were resolved as follows: (E. tantulus (E. succineus + E. ornamentatus)).
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FIGURE 118. the concatenated 18s rrna + 28s rrna + its-1 (2363 bp in total) consensus Bayesian phylogenetic tree of 
Hypechiniscus, with Acanthechiniscus islandicus (Richters, 1904) as the outgroup. Branch support is given as BI posterior 
probability values above branches and ML bootstrap values below branches. Maximum supports, i.e. 1.00 for BI and 100 for 
Ml, are indicated by asterisks (*). the Ml and the Bi tree had the same topology. Bi evolution models: trn+i+G, Gtr+G, 
tVM+i; edge-unlinked partition models in Ml: k2P+G4, tVMe+G4, k3Pu+F+i (marker sequence as above). scale bar rep-
resents substitutions per site.

In the phylogenetic tree of Hypechiniscus, H. africanus sp. nov. was placed as the sister species of H. crassus 
Gąsiorek et al., 2021 within the H. exarmatus morphogroup (Fig. 118).

The Pseudechiniscus phylogeny showed the topology known from previous reconstructions (Gąsiorek et al. 
2021a, d), with one South African species, P. wallacei sp. nov., belonging to the subgenus Meridioniscus, and three 
species: P. cf. ehrenbergi, P. aquatilis sp. nov., and P. linnaei sp. nov. (the latter two being closely related sister 
taxa), representing the nominal subgenus Pseudechiniscus (Fig. 119).
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Discussion

Composition of the South African fauna of Echiniscidae
Diverse echiniscid fauna of South Africa is unique in many aspects, which are discussed in the following paragraphs. 
A glaring observation is the overwhelming dominance of Echiniscus (30 out of total 38 species representing 5 
genera, ~79%) against other echiniscid genera found in the South African samples (only 8 species belonging in 4 
genera). Although Echiniscus is usually the most frequently found among heterotardigrade genera, this dominance 
is exceptionally high in contrast to other comprehensively studied tardigrade faunae of the world. Specifically, in the 
Swedish part of the Scandinavian Peninsula, characterised by a subarctic climate changing into humid continental 
climate in the southern provinces, Echiniscus comprises around a half of all echiniscids (8/17 spp., ~47%, 9 genera 
in total; Guidetti et al. 2015 with amendments from Degma et al. 2009–2021 applied also to the examples given 
below); in Poland, with a transitional humid continental climate, this ratio is similar (10/24 spp., ~42%, 9 genera 
in total; dastych 1988 with amendments from Gąsiorek & degma 2018); but the dominance is even less evident 
in Italy, mostly with a Mediterranean climate: 15/39 spp., ~38%, 12 genera in total (Maucci 1986), and in Costa 
rica, characterised by a tropical rainforest climate: 6/16 spp., ~38%, 6 genera in total (kaczmarek et al. 2014). 
Interestingly, within Echiniscus, the E. spinulosus group, a complex of species usually most speciose in the tropics 
(Bochnak et al. 2020), is in minority compared to other groups (8/30 spp.), although it is still frequently found.

The second most speciose genus within Echiniscidae and also in South Africa is Pseudechiniscus (Cesari et al. 
2020). The hitherto concealed species richness of Pseudechiniscus is currently being unravelled (Roszkowska et al. 
2020; Gąsiorek et al. 2021a), and high genetic diversity disclosed within few samples (Cesari et al. 2020) implies 
that this taxon may eventually even surpass Echiniscus in the number of species, especially that new genera are be-
ing extracted from the polyphyletic Echiniscus (e.g. see Gąsiorek et al. 2018b, 2019a). However, with the exception 
of the relatively common P. cf. ehrenbergi and P. wallacei sp. nov., the remaining three species reported from South 
Africa remain rare or extremely rare, further underlining Echiniscus predominance in this region of the continent.

The three remaining heterotardigrade genera found in South Africa, i.e. Bryodelphax, Hypechiniscus, and 
Cornechiniscus, are generally rare (kristensen 1987). this is evidenced in the extremely small number of samples in 
which they were found (5 out of 558; ~1%). However, a risk of sampling bias should be considered when reporting 
this figure. For example, Cornechiniscus prefers xeric habitats with dispersed moss cushions containing high 
amounts of soil, which is usually avoided by other echiniscids (kristensen 1987; Gąsiorek & Michalczyk 2020a). 
Given that we did not sample in such habitats, e.g. in the Northern Cape, we may have missed many Cornechiniscus 
populations. Consequently, e.g. C. madagascariensis may be more common in the semi-desertic and arid regions 
of south africa, especially that it has already been reported from other regions harbouring such habitats (Gąsiorek 
& Michalczyk 2020a).

Interestingly, our survey revealed two geographic clusters of Echiniscus spp. in South Africa, south-western and 
south-eastern assemblages. Ten species are specific to the first subregion (E. attenboroughi sp. nov., E. capensis 
sp. nov., E. dentatus sp. nov., E. gracilis sp. nov., E. irroratus sp. nov., E. latruncularis sp. nov., E. marginatus, 
E. merokensis, E. scabrocirrosus sp. nov. and E. similaris sp. nov.), whereas six are found only in the second sub-
region (E. baius, E. blumi, E. cavagnaroi, E. oreas sp. nov., E. pellucidus, E. tristis). However, the reason for this 
geographic division remains unknown.

Although the high species diversity observed in the South Africa is definitely striking, equally interesting is 
the absence of some otherwise widespread echiniscid genera from samples collected in the region. Cosmopolitan 
Claxtonia and Nebularmis seem to be absent in this part of the World, as habitats preferred by many representatives 
of both genera, such as high elevations and humid river banks, were sampled and returned negative results. Steno-
thermic testechiniscus, known from the holarctic and arctic, but also from eastern parts of central africa (Gąsiorek 
et al. 2018a), also does not seem to inhabit South Africa. This is particularly interesting, because other species 
exhibiting similar thermic preferences and found in the Palaearctic and Arctic, e.g. E. blumi, has been found in the 
Drakensberg range in South Africa. Finally, tropical Kristenseniscus has not been found either, although it should be 
underlined that the northernmost Limpopo Province, which exhibits some habitats that could harbour populations of 
this genus, has not been sampled. Thus, its absence in South Africa requires further investigation.
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FIGURE 120. Distribution map for South African Echiniscidae: (A) sampling sites, (B–F) species.
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FIGURE 120. distribution map for south african echiniscidae: (G–j) species. (continued).

Altitudinal zonation of South African Echiniscidae
Most typically, animal α-diversity is negatively correlated with an increasing elevational gradient (Peters et al. 
2016). Interestingly, it was shown several times that tardigrades, as a phylum, deviate from this pattern and their 
species richness is usually higher in mountains than in adjacent lowlands, both in the temperate zone (Ramazzotti 
1956; dastych 1987, 1988) and in the tropics (kaczmarek et al. 2011). However, in the Arctic, there seem to be 
no correlation between altitude and species richness (Zawierucha et al. 2015), suggesting that tardigrades, in gen-
eral, prefer cold habitats. The specificity of mountain habitats is usually augmented by increasing local endemism 
due to insular speciation (Merckx et al. 2015) and relictual character of animal species inhabiting mountain peaks 
(Bertolani & Rebecchi 1996). Importantly, in tropical mountain forests, the elevational gradient is non-linear, with 
the largest numbers of species occurring at intermediate altitudes (i.e. between 500–2000 m asl) and much lower 
biodiversity being recorded outside this range (kessler & kluge 2008).

Altitudinal floral zones for Afrotropical mountains were distinguished by Boughey (1956). All four zones (Fig. 
127) are found in South Africa only in the Drakensberg, which contains the highest peaks in this part of the conti-
nent, with the most prominent Thabana Ntlenyana (ca. 3500 m asl). The Cape Fold Mountains (potentially serving 
as the main place of echiniscid radiation in South Africa), which were also sampled for the purpose of this work (i.a. 
Swartberg, Hottentots-Holland Mts.) or in past contributions (Tsitsikamma), do not exhibit the highest zone; that is 
the montane zone above 2,300 m asl. Our extensive sampling in the fynbos formation, characteristic for the highland 
zone, and in the scrub dominated by Greyia and Protea or in Afromontane forests in the riverbanks of the highland 
zone, revealed that, in contrast to what was documented for the Western Palaearctic and Central America, South Af-
rican echiniscid fauna shows limited signs of elevational zonation (Fig. 127). As many as 13 species are eurytopic, 
inhabiting the entire set of sampled altitudes, i.e. from the lowlands to mountain summits. Few species are specific 
to a particular zone, mostly those that were found only in one locality (10 spp.). However, some echiniscids seem 
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to have preferences regarding the elevation: widely distributed E. setaceus sp. nov. is distinctive for the lowlands 
(I), rare E. perarmatus is specific for the foothills (II), and E. blumi occurs only in the highlands (III). The highland 
zone is the most distinct compared to the remaining zones, as common eurytopic species mix with many stenotopic 
taxa that prefer colder habitats: E. baius, E. imitans sp. nov., E. oreas sp. nov., E. tristis. Overall, 24 species inhabit 
both zone I and II, and 22 species occur only in zone III. This means that the species distribution curve is not hump-
shaped, as observed for many animals in tropical mountains (kessler & kluge 2008), but rather a constant number 
of echiniscid species dwell in South African lowlands and mountains.

FIGURE 120. distribution map for south african echiniscidae: (k–n) species. (continued).

Biogeographic and phylogenetic relationships of the South African Echiniscidae
The available data imply that the majority of originally Gondwanan South African echiniscid fauna was outcompeted 
by rivals dispersing from the Northern Hemisphere, as it was documented for the mite clade Hydrachnidia (Proctor 
et al. 2015). An analogous scenario, in which relictual Gondwanan descendants with restricted distributions survived 
only in some parts of the continent, was the case for several beetle (Toussaint et al. 2017), orthopteran (Allegrucci & 
Sbordoni 2019), and spider lineages (Labarque et al. 2018; Chousou-Polydouri et al. 2019). The post-Gondwanan 
lineages seem to be absent in the South African echiniscid fauna, since typical components of some post-Gondwanan 
lands, such as genera Antechiniscus, Barbaria, and Mopsechiniscus, or the family Oreellidae, closely related to 
echiniscidae and of Gondwanan origin (Mcinnes & Pugh 2007), have not been found in africa (kristensen 1987; 
Guidetti et al. 2017; but see also the critique of the term “Gondwanan” in McGlone 2005; Goldberg et al. 2008). 
The only puzzling exception is the presence of the Neotropical E. pellucidus in Drakensberg (Fig. 120I), which 
might represent an example of a long-distance dispersal. A record by Heinis (1928) of another Neotropical species, 
Barbaria bigranulata (Richters, 1907), in South Africa is unreliable and should be considered erroneous (it likely 
represents E. intricatus sp. nov., which is relatively common in the region). A recent revision of Barbaria showed 
that the genus inhabits the new World and antarctica, and records from other parts of the world are wrong (Gąsiorek 
et al. 2022).
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FIGURE 121. Taxonomic key aid I: A—flexible cirrus A (E. setaceus sp. nov.), B—horn-shaped appendage A (C. madagas-
cariensis), C—primary (I) and secondary (II) claw spurs (E. blumi). Sometimes even tertiary spurs are present, above (II). Scale 
bars in µm.

FIGURE 122. Taxonomic key aid II: A—cephalic plate composed of facets (P. (M.) wallacei sp. nov.), B—pseudosegmental 
plate iV’ absent (E. regularis sp. nov.), c—pseudosegmental plate iV’ straight (P. (P.) cf. ehrenbergi), D—pseudosegmental 
plate iV’ lobated (C. madagascariensis). abbreviations: pii—paired segmental plate ii, m3—median plate 3, psiV’—pseu-
dosegmental plate iV’, c—caudal plate, arrowhead—projection on the pseudosegmental lobe. scale bars in µm.
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Although the absence of evidence is not necessarily evidence of absence, and even though the majority of the taxa 
mentioned above are rare, the combined sampling of past studies and the current survey tend towards the rejection 
of the hypothesis about an ancient origin of South African Echiniscidae. The Echiniscus phylogeny (Fig. 117) 
indicates colonisation from other regions followed by isolation, but currently it is impossible to hypothesise about 
the geographic origin of the colonisers. The colonisation hypothesis is further supported by species composition 
and phylogeny of South African echiniscids. Specifically, as many as 20 of species found in this study (54%) are 
new to science and, together with further 4 species described earlier, are presumably endemic to Africa (65%); 
2 species.: E. lichenorum and E. scabrospinosus (5%), are found both in the Afrotropic and Western Palaearctic; 
8 species: C. madagascariensis, E. africanus, E. baius, E. cavagnaroi (Fig. 128A), E. marginatus, E. perarmatus 
(Fig. 128B), E. pusae, and P. wallacei sp. nov. (22%), have a pantropical distribution extending towards regions 
with the Mediterranean climate or they exhibit wide tropical and subtropical ranges, and finally 2 spp.: E. blumi 
and E. merokensis (5%), are cosmopolitan. It is of pivotal significance for the phylogenetic interpretation that 
the majority of endemic Echiniscus species cluster into young clades, and that the remaining Echiniscus spp. are 
mainly effective dispersalists (i.e. widely distributed or possibly even cosmopolitan taxa, i.e. effective dispersalists). 
Surprisingly, the ubiquitous E. testudo (jørgensen et al. 2007) was not found, but this might be due to the omission 
of urban areas during sampling. The interpretation for this pattern in the framework of historical biogeography 
(Sanmartín 2012) is that the echiniscid fauna of South Africa is relatively young, which agrees with the estimates of 
a middle-aged origin (the duration of the Cape Orogeny: ca. 280–250 Mya; Hansma et al. 2016) of the mountains 
that harbour their largest diversity (Truswell 1977). The disjunct distribution of E. lichenorum (Portugal and South 
Africa) can be explained by two hypotheses: (a) anthropogenic dispersal (e.g. with Portuguese sailors in historical 
times), or (b) the species occurs also in Central Africa, presumably exhibiting a continuous range, but has yet to been 
found there. In our opinion, the second option is more probable because signs of continuous distribution has already 
been documented for E. scabrospinosus (see Fig. 128C). An interesting datum is the presence of E. virginicus in 
South Africa (Fig. 120L). We suppose that it constitutes an example of anthropogenic dispersal from the Nearctic 
(Gąsiorek et al. 2019b). A recent analysis of apochelan tardigrades extracted from the same South African samples 
as analysed in the present study indicated the presence of at least ca. 24 Milnesium species, including 18 potentially 
endemic (75%), in the region (Morek et al. 2021). Moreover, similar to echiniscids, the great majority of these 
endemic South African milnesiids are grouped in two clades that evolved in situ and are ca. 130 My old (Morek et 
al. 2021). This shows that South Africa is an important and valuable region in terms of limnoterrestrial tardigrade 
diversity.

FIGURE 123. Taxonomic key aid III: A—dactyloid cephalic papillae and simple cephalic plate with an anterior incision (E. 
regularis sp. nov.), B—pseudohemispherical cephalic papillae (P. (P.) cf. ehrenbergi), C—hemispherical cephalic papillae (C. 
madagascariensis). Scale bars in µm.
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FIGURE 124. taxonomic key aid iV—dorsal sculpturing: a—the E. spinulosus type (E. oreas sp. nov.), B—the E. merokensis 
type (E. merokensis), C—the Pseudechiniscus type (P. (P.) cf. ehrenbergi), arrowheads indicate epicuticular ornamentation. 
Scale bars = 20 µm.
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FIGURE 125. taxonomic key aid V—dorsal sculpturing: a—the E. blumi-canadensis type (E. blumi), B—the E. virginicus 
type (E. lineatus), C—the mixed type (E. pusae). Scale bars = 20 µm.
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FIGURE 126. taxonomic key aid Vi—ventral sculpturing: a—simple, uniform, typical for Echiniscus (E. imitans sp. nov.), 
B—complex, typical for Hypechiniscus and Pseudechiniscus (P. (P.) linnaei sp. nov.). Scale bars = 20 µm.

The abundance of dioecious Echiniscus spp. in South Africa is a compelling peculiarity of its fauna since males 
were found only in small number of species in this genus in other parts of the world (e.g. see Gąsiorek et al. 2020). 
Over a half of all Echiniscus species recorded to date in South Africa by us (15/29 spp.) were represented by at least 
one population in which males were found (Figs 117 and 127), more than doubling the number of known amphigonic 
species in this genus (Gąsiorek et al. 2020). Most South African species of Echiniscus exhibited typically unbalanced 
sex ratios, with males constituting below 10% of the adults in a population (Table 62; see also Guil & Giribet 
2009). Although in several species (E. attenboroughi sp. nov., E. scabrocirrosus sp. nov., E. setaceus sp. nov., 
E. similaris sp. nov.) males were much more common, they were always the less frequent sex (10–44% of adults).
In the Echiniscidae, dioecy is considered a plesiomorphic state, whereas parthenogenesis (both obligatory and fac-
ultative) is thought to be an advanced state (kristensen 1987). since until only recently echiniscid males were found 
almost exclusively in the Southern Hemisphere, Miller et al. (1999) hypothesised that Echiniscus evolved from 
a dioecious ancestor in Gondwana, and then spread to the Northern Hemisphere, where parthenogenesis became 
the predominant reproductive mode. Even though currently males are found in an increasing number of Northern 
Hemisphere Echiniscus species (Gąsiorek et al. 2020), dioecy seems to be more common in the Southern Hemi-
sphere (Fig. 117), which is in line with the hypothesis by Miller et al. (1999). Importantly, however, the phylogeny 
of Echiniscus (Fig. 117) clearly shows that the basal clades of Echiniscus are either exclusively (the E. granulatus 
complex) or predominantly parthenogenetic (the E. blumi-canadensis, E. virginicus-perarmatus and E. merokensis 
complexes; when species representing these clades are dioecious, males are ultra-rare—see Miller et al. 1999 and 
Guil & Giribet 2009). Thus, there is a possibility is that South African species indeed exhibit dioecy more frequently 
than their congeners in other parts of the world. Notwithstanding this hypothesis, in light of the presented phylog-
eny (Fig. 117), the “Gondwanan” hypothesis (Miller et al. 1999) on the origin of the genus Echiniscus is falsified. 
We acknowledge the incomplete sampling in many lineages of the hyperdiverse Echiniscus (Gąsiorek et al. 2019a), 
especially in Australia (Claxton 2004), but current data infer cosmopolitan-cold/montane (E. blumi, E. meroken-
sis), Palaearctic/Holarctic (E. granulatus, E. quadrispinosus), or pantropical (E. lineatus, E. perarmatus) taxa as 
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the oldest branches of the tree. It means that the place of origin of Echiniscus should be sought in the Northern 
rather than in the Southern Hemisphere. The hypothesis about the Laurasian origin of Echiniscus concurs with 
data for several other echiniscid genera that are found solely in the Holarctic, or are most speciose in the Northern 
Hemisphere, which suggests that they originated in the Northern Hemisphere: Cornechiniscus (see Gąsiorek & Mi-
chalczyk 2020a), Diploechiniscus (see Vicente et al. 2013), Stellariscus (see Gąsiorek et al. 2018b), testechiniscus 
(see Gąsiorek et al. 2018a), or Proechiniscus, Novechiniscus, and Parechiniscus (see kristensen 1987). Moreover, 
our phylogenetic analyses suggest that the evolution of reproductive modes (dioecy vs [facultative?] parthenogen-
esis) in Echiniscus is mosaic; as in Milnesium (Morek et al. 2021) and Paramacrobiotus (Guidetti et al. 2019), or 
other groups of microscopic invertebrates (e.g. oribatids, Domes et al. 2007).

TABLE 62. Approximate sex ratios in the populations of African dioecious Echiniscus species. Indices were calculated 
for populations consisting of above ten sexually mature specimens (adults). N—number of adults mounted on slides.

Species Population N ♂♂ : (♀♀+♂♂) Remarks
Echiniscus attenboroughi sp. nov. ZA.436 43 37.2% ♂♂ only in one of six examined popu-

lations

Echiniscus blumi ZA.258 28 3.6% see Guil & Giribet (2009)
Echiniscus gracilis sp. nov. ZA.022 12 8.3% –

ZA.554 23 4.3%
ZA.555 18 5.6%

Echiniscus imitans sp. nov. ZA.227 59 22.0% –
ZA.247 15 20.0%
ZA.248 13 7.7%

ZA.480 13 7.7%
Echiniscus intricatus sp. nov. ZA.130 32 6.2% –

ZA.219 47 4.3%
Echiniscus lichenorum ZA.010 38 2.6% ♂♂ not recorded before
Echiniscus longispinosus ZA.257 11 18.2% ♂♂ not recorded before
Echiniscus regularis sp. nov. ZA.232 48 2.1% –

ZA.249 21 4.8%
ZA.252 22 31.8%

Echiniscus scabrocirrosus sp. nov. ZA.431 78 35.9% the only species in which ♂♂ are 
almost always present in a populationZA.432 18 38.9%

ZA.480 18 27.8%
Echiniscus setaceus sp. nov. ZA.015 30 10.0% –

ZA.029 25 44.0%
ZA.490 11 18.2%
ZA.509 18 11.1%

Echiniscus similaris sp. nov. ZA.449 11 27.3% secondary sexual dimorphism absent

We did not include five species in our list of South-African records that were reported from the region in the 
past: B. bigranulata, E. crassispinosus fasciatus Marcus, 1928, E. duboisi Richters, 1902, P. jiroveci Bartoš, 1963, 
and P. suillus (Ehrenberg, 1853). As discussed above, B. bigranulata is a valid species, but the South African 
record represents a different species. Pseudechiniscus jiroveci must be considered as a nomen dubium (Tumanov 
2020b), and all former records of P. suillus were invalidated with the neotype redescription (Grobys et al. 2020). 
Echiniscus duboisi is certainly a bona species, but the details of its phenotype are unknown (Claxton 2004), as it has 
not yet been redescribed from the type locality in java (richters 1902). considering that serration of trunk spines, 
once thought to be unique for E. duboisi, is a common trait among members of the E. spinulosus complex, the 
species is currently unidentfiable and designated herein as a nomen inquirendum. Finally, the subspecies of E. 
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crassispinosus recognised in the Marcus’s monograph (1928) is highly dubious, because Marcus (1928) did not 
specify whether he examined Murray’s specimens or erected a new taxon using only the description and illustration 
from Murray (1913). We stress that the description of E. crassispinosus, as provided by Murray (1913), is inconsis-
tent (see remarks in the taxonomic part of this monograph), and so is the description of E. crassispinosus fasciatus, 
especially when these descriptions are confronted with the number of similar species of the E. spinulosus complex. 
Therefore, we designate E. crassispinosus fasciatus as a nomen dubium.
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FIGURE 127. Altitudinal distribution of Echiniscidae in South Africa: (A) taxa arranged alphabetically, (B) taxa arranged with 
an increasing minimal elevation at which they occur. Floral zones follow Boughey (1956); the red line delimits the maximal 
elevation sampled during the expedition. Schematic drawings of three echiniscid species characteristic for the three lowest zones 
are depicted. New species are indicated by bold font.



Gąsiorek Et AL.224  ·  Zootaxa 5156 (1) © 2022 Magnolia Press

FIGURE 128. Modelled geographic distribution of: (A) E. cavagnaroi, (B) E. perarmatus, (C) E. scabrospinosus.
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Untangling the Echiniscus Gordian knot: the diversity of sculpturing
The position of some Echiniscus spp. on the phylogenetic tree calls for a commentary with regard to their phenotype, 
especially to the dorsal sculpture. Specifically, E. perarmatus appeared as embedded within the E. virginicus complex 
(Fig. 117), which is in agreement with the supposition made by Gąsiorek et al. (2019a). The dominant endocuticular 
pillars in the dorsal plates are a distinctive characteristic of this clade. Consequently, we merge the E. perarmatus 
and E. virginicus complexes in a single E. virginicus-perarmatus complex of related species. The evolutionarily 
old character of the clade is corroborated by plesiomorphic characters of E. perarmatus (spines/receptors on all 
legs, cirri in the position E), whereas the evident epicuticular layer of ornamentation, specific for E. lineatus and its 
relatives, should be considered as an apomorphy.

In a recent step towards revising Echiniscus diversity (Gąsiorek et al. 2019a), a comparison of E. granulatus 
and the E. blumi-canadensis complex showed that a confident interpretation of the structure of cuticular sculpture 
can be performed only when LCM and SEM are used in tandem. In South Africa, the pair E. imitans sp. nov. + 
E. quadrispinosus is another example of a delusive convergence in the dorsal sculpturing. Large pores occur in the 
plates of both species, but E. imitans sp. nov. lacks endocuticular pillars typical for E. quadrispinosus. Another 
South African conundrum, whether E. latruncularis sp. nov. and Claxtonia vincula exhibit convergent sculpturing, 
cannot currently be solved since SEM photomicrographs are not available for C. vincula.

The monophyly of the E. spinulosus morphotype is challenged in the light of the presented diphyly (Fig. 117) 
and in accordance with our previous findings (Gąsiorek et al. 2021c): E. belloporus forms a clade of unappendaged 
species with E. intricatus sp. nov., while all other species representing this complex belong to the second lineage. 
The important reason for such grouping may be highly aberrant barcodes for E. belloporus, that are much longer 
than for a typical Echiniscus species. Since the branch leading to E. intricatus sp. nov. is also very long, the clade 
E. belloporus + E. intricatus sp. nov. is potentially a long-branch attraction artefact (Bergsten 2005). From the 
morphological point of view, the sculpturing of E. belloporus is of a classic spinulosus type (Gąsiorek & kristensen 
2018) and having little in common with the complex sculpturing of E. intricatus sp. nov.

Conclusions

The diversity of echiniscids recovered from our large-scale survey, together with recently uncovered milnesiid 
lineages representing a number of potentially enedemic species (Morek et al. 2021), and the unusual species from 
other tardigrade families reported to date (McInnes et al. 2017), such as Paradiphascon manningi or Ramazzottius 
szeptycki, suggest that South Africa played an important role in the diversification of limno-terrestrial tardigrades. 
The two main mountain ranges of the Great Escarpment: Cape Fold Mountains and the Drakensberg, are of particular 
significance in this respect, as numerous endemic, stenotopic species inhabit the high elevations of these mountains. 
This is worrying from the nature conservation point of view, as it has been demonstrated that montane species with 
limited ranges are more vulnerable to extinction due to the climate changes (Ohlemüller et al. 2008). Tardigrades, 
together with nematodes and rotifers, are the main component of nival and glacier fauna (Zawierucha et al. 2018), 
thus the temperature raise will entail massive extinction of high-mountain biota.

Our analyses suggest that the South African echiniscid fauna is dominated by Echiniscus, with potential species 
complexes (E. draconis sp. nov.). More importantly, the regional Echiniscus community is largely specific, with a 
small fraction of species shared with Central Africa and other regions of the world. Premises leading to this biogeo-
graphic hypothesis are: (i) the mostly endemic South-African clade of Echiniscus uncovered in this study (Fig. 117); 
(ii) the absence of the genus Kristenseniscus, characterised by a tropical-subtropical distribution (Gąsiorek et al. 
2019a); and (iii) the Echiniscus spinulosus group, which typically dominates Echiniscus communities in the tropics 
(Bochnak et al. 2020), not being a dominant component in South Africa. The topology of an updated phylogeny of 
Echiniscus (Fig. 117), in which the majority of South African species are grouped in mostly isolated clades (with no 
or few close African or extra-African relatives), indicates a derived and recent character of the South African fauna 
of Echiniscidae.
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APPENDIX 1. Alphabetic index of the 95 echiniscid species mentioned in this work.
Species Authority Reference
Barbaria bigranulata (Richters, 1907) Richters (1907)
Bryodelphax parvulus Thulin, 1928 Thulin (1928)
Claxtonia vincula Horning, Schuster & Grigarick, 1978 Horning et al. (1978)
Cornechiniscus lobatus (Ramazzotti, 1943) Ramazzotti (1943)
Cornechiniscus madagascariensis Maucci, 1993 Maucci (1993)
Diploechiniscus oihonnae (Richters, 1903) Richters (1903)
Echiniscus africanus Murray, 1907 Murray (1907a)
Echiniscus angolensis da Cunha & do Nascimento Ribeiro, 1964 da Cunha & do Nascimento 

Ribeiro (1964)
Echiniscus attenboroughi Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus baius Marcus, 1928 Marcus (1928)
Echiniscus baloghi Iharos, 1973 Iharos (1973)
Echiniscus belloporus Gąsiorek & kristensen, 2018 Gąsiorek & kristensen (2018)
Echiniscus bisculptus Maucci, 1983 Maucci (1983)
Echiniscus becki Schuster & Grigarick, 1966 Schuster & Grigarick (1966a)
Echiniscus blumi Richters, 1903 Richters (1903)
Echiniscus canadensis Murray, 1910 Murray (1910)
Echiniscus capensis Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus cavagnaroi Schuster & Grigarick, 1966 Schuster & Grigarick (1966b)
Echiniscus crassispinosus Murray, 1907 Murray (1907a)
Echiniscus dentatus Vončina, Gąsiorek, Morek & Michalczyk, 2022 This study
Echiniscus dikenli Maucci, 1973 Maucci (1973)
Echiniscus draconis Vončina, Gąsiorek, Morek & Michalczyk, 2022 This study
Echiniscus dreyfusi de Barros, 1942 de Barros (1942)
Echiniscus duboisi Richters, 1902 Richters (1902)
Echiniscus egnatiae Durante Pasa & Maucci, 1979 Durante Pasa & Maucci (1979)
Echiniscus elaeinae Pilato, Binda & Lisi, 2005 Pilato et al. (2005)
Echiniscus gracilis Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus hoonsooi Moon & kim, 1990 Moon & kim (1990)
Echiniscus imitans Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus insularis Gąsiorek, Vončina & kiosya, 2021 kiosya et al. (2021)
Echiniscus intricatus Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus irroratus Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus knowltoni Schuster & Grigarick, 1971 Schuster & Grigarick (1971)
Echiniscus lapponicus Thulin, 1911 Thulin (1911)
Echiniscus laterosetosus Ito, 1993 Ito (1993)
Echiniscus latruncularis Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus lichenorum Maucci, 1983 Maucci (1983)
Echiniscus lineatus Pilato, Fontoura, Lisi & Beasley, 2008 Pilato et al. (2008)
Echiniscus longispinosus Murray, 1907 Murray (1907a)
Echiniscus manuelae da Cunha & do Nascimento Ribeiro, 1962 da Cunha & do Nascimento 

Ribeiro (1962)
Echiniscus marcusi Pilato, Claxton & Binda, 1989 Pilato et al. (1989)
Echiniscus marginatus Binda & Pilato, 1994 Binda & Pilato (1994)

......conitnued on the next page
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APPENDIX 1. (Continued)
Species Authority Reference
Echiniscus merokensis Richters, 1904 Richters (1904)
Echiniscus murrayi Iharos, 1969 Iharos (1969)
Echiniscus oreas Gąsiorek, Morek & Michalczyk, 2022 This study
Echiniscus ornamentatus Gąsiorek & kristensen, 2018 Gąsiorek & kristensen (2018)
Echiniscus pellucidus Gąsiorek, Bochnak, Vončina & Michalczyk, 2021 Gąsiorek et al. (2021c)
Echiniscus perarmatus Murray, 1907 Murray (1907a)
Echiniscus polygonalis Ito, 1993 Ito (1993)
Echiniscus punctus McInnes, 1995 McInnes (1995)
Echiniscus pusae Marcus, 1928 Marcus (1928)
Echiniscus quadrispinosus Richters, 1902 Richters (1902)
Echiniscus regularis Gąsiorek, Morek & Michalczyk, 2022 This study
Echiniscus scabrocirrosus Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus scabrospinosus Fontoura, 1982 Fontoura (1982)
Echiniscus setaceus Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus similaris Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus siticulosus Gąsiorek & Michalczyk, 2020 Gąsiorek & Michalczyk 

(2020b)
Echiniscus succineus Gąsiorek & Vončina, 2019 Gąsiorek & Vončina (2019)
Echiniscus tantulus Gąsiorek, Bochnak, Vončina & kristensen, 2020 Bochnak et al. (2020)
Echiniscus tetraspinosus Gąsiorek, Vončina, Morek & Michalczyk, 2022 This study
Echiniscus trisetosus Cuénot, 1932 Cuénot (1932)
Echiniscus tristis Gąsiorek & kristensen, 2018 Gąsiorek & kristensen (2018)
Echiniscus tropicalis Binda & Pilato, 1995 Binda & Pilato (1995)
Echiniscus virginicus Riggin, 1962 Riggin (1962)
Echiniscus weisseri Maucci, 1978 Maucci (1978)
Echiniscus zetotrymus Horning, Schuster & Grigarick, 1978 Horning et al. (1978)
Hypechiniscus africanus Gąsiorek, Morek & Michalczyk, 2022 This study
Hypechiniscus cataractus Gąsiorek, oczkowski, kristensen & Michalczyk, 

2021
Gąsiorek et al. (2021b)

Hypechiniscus crassus Gąsiorek, Vončina, kristensen & Michalczyk, 2021 Gąsiorek et al. (2021d)
Hypechiniscus exarmatus (Murray, 1907) Murray (1907b)
Hypechiniscus flavus Gąsiorek, oczkowski, suzuki, kristensen & 

Michalczyk, 2021
Gąsiorek et al. (2021b)

Pseudechiniscus (Meridioniscus) 
angelusalas 

roszkowska, Grobys, Bartylak & kaczmarek, 
2020

Roszkowska et al. (2020)

Pseudechiniscus (Meridioniscus) 
dastychi 

roszkowska, Grobys, Bartylak & kaczmarek, 
2020

Roszkowska et al. (2020)

Pseudechiniscus (Meridioniscus) 
dreyeri 

Gąsiorek, Vončina, kristensen & Michalczyk, 2021 Gąsiorek et al. (2021d)

Pseudechiniscus (Meridioniscus) 
indistinctus 

roszkowska, Grobys, Bartylak & kaczmarek, 
2020

Roszkowska et al. (2020)

Pseudechiniscus (Meridioniscus) 
mascarenensis 

kiosya, Vončina & Gąsiorek, 2021 kiosya et al. (2021)

......conitnued on the next page
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APPENDIX 1. (Continued)
Species Authority Reference
Pseudechiniscus (Meridioniscus) 
santomensis 

Fontoura, Pilato & Lisi, 2010 Fontoura et al. (2010)

Pseudechiniscus (Meridioniscus) 
wallacei 

Vončina, Gąsiorek, Morek & Michalczyk, 2022 This study

Pseudechiniscus 
(Pseudechiniscus) aquatilis 

Vončina, Gąsiorek, Morek & Michalczyk, 2022 This study

Pseudechiniscus 
(Pseudechiniscus) asper 

abe, utsugi & takeda, 1998 Abe et al. (1998)

Pseudechiniscus 
(Pseudechiniscus) beasleyi 

X. li, l. Wang & yu, 2007 Li et al. (2007)

Pseudechiniscus 
(Pseudechiniscus) chengi 

Xue, X. Li, L. Wang, Xian, Chen, 2017 Xue et al. (2017)

Pseudechiniscus 
(Pseudechiniscus) ehrenbergi 

roszkowska, Grobys, Bartylak & kaczmarek, 
2020

Roszkowska et al. (2020)

Pseudechiniscus 
(Pseudechiniscus) formosus 

Gąsiorek, Vončina, kristensen & Michalczyk, 2021 Gąsiorek et al. (2021d)

Pseudechiniscus 
(Pseudechiniscus) lacyformis 

roszkowska, Grobys, Bartylak & kaczmarek, 
2020

Roszkowska et al. (2020)

Pseudechiniscus 
(Pseudechiniscus) lalitae 

kayastha, Bartylak, Gawlak & kaczmarek, 2020 kayastha et al. (2020)

Pseudechiniscus 
(Pseudechiniscus) linnaei 

Vončina, Gąsiorek, Morek & Michalczyk, 2022 This study

Pseudechiniscus 
(Pseudechiniscus) shintai 

Vončina, kristensen & Gąsiorek, 2020 Vončina et al. (2020)

Pseudechiniscus 
(Pseudechiniscus) suillus 

(Ehrenberg, 1853) Ehrenberg (1853)

Pseudechiniscus
(Pseudechiniscus) totoro 

Gąsiorek, Vončina, kristensen & Michalczyk, 2021 Gąsiorek et al. (2021d)

Pseudechiniscus 
(Pseudechiniscus) xiai 

L. Wang, Xue & X. Li, 2018 Wang et al. (2018)

Pseudechiniscus bispinosus (Murray, 1907) Murray (1907a)
Pseudechiniscus pulcher (Murray, 1910) Murray (1910)
testechiniscus spitsbergensis 
tropicalis

Gąsiorek, stec, zawierucha, kristensen & 
Michalczyk, 2018

Gąsiorek et al. (2018a)
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