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The genus Barbaria, recently established to accommodate the former Echiniscus bigranulatus group, is a tardigrade 
group emblematic for the South American tardigrade fauna. This unappendaged echiniscid lineage is widely recognized 
for the so-called ‘double’ sculpturing composed of endocuticular pillars and pseudopores or pores in the dorsal cuticle. 
The phylogenetic relationships in the genus have so far been completely unknown, but the discovery of two new 
species (B. paucigranulata sp. nov. and B. weglarskae sp. nov.), together with new genetic data for further six 
species (B. bigranulata, B. charrua comb. nov., B. danieli, B. jenningsi, B. madonnae and B. ollantaytamboensis), 
create an opportunity not only to uncover phyletic relationships, but also to reconstruct morphological evolution in 
the genus. To achieve this, we sequenced five genetic markers (18S rRNA, 28S rRNA, ITS1, ITS2, COI) for multiple 
populations of eight species of Barbaria (two-thirds of all known species) collected in Alabama (USA), Argentina 
and the Antarctic, and we analysed them in tandem with detailed morphological data. Our phylogentic analysis 
and the reconstruction of evolution of morphological traits suggests that the ancestor of the genus inhabited the 
Neotropics, and it was morphologically most similar to B. bigranulata. We also analyse literature records of Barbaria 
and conclude that the genus is most likely limited to the Neotropics, Antarctica and southern parts of the Nearctic. 
The findings are discussed in the context of the phylogeny of the Echiniscus evolutionary line.

ADDITIONAL KEYWORDS:  cuticle – integrative taxonomy – morphometry – phylogeny – species delineation 
– tardigrades – trait evolution.

INTRODUCTION

The phylum Tardigrada comprises over 1350 species 
described to date (Degma et al., 2009–21). Three 
main morphotypes can be distinguished within this 
metazoan group: (1) soft-bodied, unappendaged and 
generally limnoterrestrial eutardigrades (Bertolani 
et al., 2014); (2) soft-bodied, appendaged and marine 
arthrotardigrades (Fontoura et al., 2017); and (3) 
usually plated, mostly appendaged and generally 
limnoterrestrial echiniscoideans (Kristensen, 1987). 

The remarkably sclerotized dorsum (and sometimes 
also the venter) covered with richly ornamented plates 
is a distinguishing feature of the largest echiniscoidean 
family, the Echiniscidae (Thulin, 1928; Kristensen, 
1987), which inhabit all continents, from the tropical 
rainforests to the polar regions. Many echiniscid genera 
are cosmopolitan (e.g. Bryodelphax Thulin, 1928, 
Echiniscus Schultze, 1840, Hypechiniscus Thulin, 1928 
or Pseudechiniscus Thulin, 1911), but numerous cases 
of distributions restricted to particular continents or 
climate zones are also known (e.g. Western Palaearctic 
Parechiniscus Cuénot, 1926 or tropical Kristenseniscus 
Gąsiorek et al., 2019). One of the genera exhibiting a 
limited geographic range is Barbaria Michalczyk et al., 
2019 (Gąsiorek et al., 2019). The vast majority of species 
in this genus have been recorded in the Neotropics 
(see Michalczyk & Kaczmarek, 2006, 2007 for the most 
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comprehensive summaries), with only two species known 
from adjacent zoogeographic realms: Barbaria jenningsi 
(Dastych, 1984) in Antarctica and the neighbouring sub-
Antarctic archipelagos (e.g. Dastych, 1984; McInnes, 
1995), and Barbaria danieli (Meyer et al., 2017) in the 
southern Nearctic.

The first species of Barbaria was described more 
than a hundred years ago as Echiniscus bigranulatus 
(Richters, 1908). The specific epithet, referring to two 
types of granulation, is probably an unfortunate result 
of misinterpretation of the dorsal plate structure. The 
light and electron microscopy analyses in the first 
revision of Barbaria (the Echiniscus bigranulatus group 
then) showed that the dorsal plates of B. bigranulata 
do not exhibit any cuticular granulation (Michalczyk 
& Kaczmarek, 2006). What Richters (1908) interpreted 
as two types of granules and what has been termed 
as ‘double sculpture’, ‘bigranular sculpture’ or ‘double 
granulation’ are, in fact, endocuticular pillars (appearing, 
similarly to epicuticular granules, as dark dots in a 
light microscope, hence sometimes they are referred 
to as ‘pseudogranulation’; Michalczyk & Kaczmarek, 
2006) and cuticular pores (visible as bright dots in a 
light microscope). Confusing the intra- and epicuticular 
elements of armour and the limited original description 
led to many false reports of Barbaria bigranulata 
throughout the world. Perhaps the best-known case 
is the New Zealand endemic echiniscid with eminent 
epicuticular granules and the endocuticular sponge 
layer or fine pillars, Zealandiscus palmai (Dastych, 
1997), originally recorded as Echiniscus bigranulatus 
by Horning et al. (1978). In summary, when identifying 
echiniscids, some authors have interpreted the 
co-occurrence of epicuticular pores and endocuticular 
pillars as two types of granulation (e.g. Richters, 1908), 
some have understood this term as the co-occurrence of 
epicuticular granules and an endocuticular sponge layer 
or pillars (e.g. Horning et al., 1978), whereas others have 
correctly separated cuticular pores from endocuticular 
pillars and did not refer to them as ‘granulation’ (e.g. 
Ramazzotti, 1964). Currently, a wider spectrum of 
sculpturing variability is recognized in the genus, because 
there are species with fully developed pillars and pores 
[Barbaria bigranulata, B. danieli, B. ollantaytamboensis 
(Nickel et al., 2001), B. ranzii (Ramazzotti, 1964)], with 
pillars and pseudopores [B. jenningsi, B. madonnae 
(Michalczyk & Kaczmarek, 2006)], with poorly 
developed pillars and pores [B. ganczareki (Michalczyk 
& Kaczmarek, 2007)], and with plate portions devoid of 
pillars and pores [B. hannae (Roszkowska et al., 2019)].

Here, we present the broadest study to date that 
encompasses the phylogeny, morphological evolution 
and species delineation in Barbaria. We address these 
issues by DNA sequencing of five genetic markers, light 
microscopy analyses and statistical morphometry of 
numerous Barbaria populations from the Americas and 

the Antarctic. One new species, Barbaria paucigranulata 
sp. nov., is described using minute sculpturing 
differences regarding its congeners, and the second new 
species, Barbaria weglarskae sp. nov., is established for 
echiniscids with peculiarly elongated cirri A. Conclusions 
related to the sculpturing evolution in the Echiniscus 
evolutionary line are drawn and discussed.

MATERIAL AND METHODS

Sampling and data collection

Abundant populations of Barbaria were found in 
moss/lichen samples collected by Witold Morek and 
Bartłomiej Surmacz in Argentina, and samples 
provided by our collaborators from the USA and 
Antarctica (see Table 1 for populations used for DNA 
barcoding and Supporting Information, Material S1 
for all examined populations from Argentina). Air-
dried material was placed in paper envelopes and 
subsequently re-hydrated using tap or distilled water, 
vigorously shaken in beakers and the supernatant 
was transferred to measuring cylinders. Excess of 
water was first discarded, then sediments comprising 
bryophilous and lichenophilous animals, soil and 
plant particles were poured on to Petri dishes and 
searched for tardigrades using stereomicroscopes. 
Each specimen was drawn into a glass pipette and 
placed in distilled water. After extraction, the animals 
were divided into two groups destined for different 
analyses: (1) qualitative and quantitative morphology 
investigated with phase contrast microscopy (PCM) and 
(2) DNA sequencing. Due to the scarcity of specimens 
representing new species, only four specimens of 
B. paucigranulata (sample AR.303) were analysed in 
scanning electron microscopy (SEM). These animals 
were dried out in a CO2 critical point, sputter-coated 
with gold and observed in Versa 3D DualBeam SEM 
at the ATOMIN facility of the Jagiellonian University.

comparative material and terminology

We examined the following species that we loaned from 
various museums and universities: Barbaria jenningsi 
paratypes (King George Island, Antarctic; Dastych, 
1984; University of Hamburg) and its additional 
representatives (Signy Island, Antarctic; McInnes, 
1995; University of Hamburg), B. madonnae paratypes 
(Peru; Michalczyk & Kaczmarek, 2006; Jagiellonian 
University), B. pseudowendti (Dastych, 1984) paratypes 
(Enderby Land; Dastych, 1984; University of Hamburg), 
B. ranzii syntypes (Chile; Ramazzotti, 1964; Museo Civico 
di Storia Naturale in Verona and University of Modena 
and Reggio Emilia) and Echiniscus quitensis Pilato, 2007 
topotypes (Ecuador, not examined by Pilato, 2007 in the 
species description, but coming from the same sample 
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as the type series; Museo Civico di Storia Naturale in 
Verona and University of Modena and Reggio Emilia). 
The Ramazzotti and Maucci collections were inspected 
in order to verify species identifications present in 
literature (McInnes, 1994). In addition, unpublished 
microphotographs of the type series of Barbaria danieli 
(courtesy of Harry Meyer, McNeese State University, 
USA) were analysed, and microphotographs of the type 
series of B. hannae (courtesy of Milena Roszkowska 
and Łukasz Kaczmarek, Adam Mickiewicz University, 
Poland).

Terminology for sclerotized structures follows 
Kristensen (1987). Primary spurs are placed on 
internal claws and are directed downwards; secondary 
spurs are on external claws and are directed upwards. 
The dorsal plate naming system is consistent with that 
of Jørgensen et al. (2011). Epicuticular pores are holes 
in the epicuticle and appear in PCM as bright dots 
with sharp edges, whereas epicuticular pseudopores 
are depressions in the epicuticle and appear in PCM 
as less bright dots with fuzzy edges (Michalczyk & 
Kaczmarek, 2006). The characterization of elements of 
dorsal plate sculpturing follows Gąsiorek et al. (2019). 
The term ‘appendaged’ describes species with at least 
one pair or cuticular appendages on the trunk in any of 
the positions B–E, whereas the term ‘unappendaged’ 
describes species with cuticular appendages limited 
to the head (i.e. cephalic cirrus internus and externus 
and cirri in the position A; Gąsiorek et al., 2019). Claws 
are classified as homomorphic/isonych when claws and 
spurs I–III and IV are similar in size and shape (e.g. 
B. pseudowendti; Dastych, 1984), and as heteromorphic/
heteronych when claws IV are typically more robust 
and with differently formed spurs compared to claws 
I–III (e.g. B. jenningsi; Dastych, 1984).

microScopy, imaging and morphometry

Specimens for light microscopy and morphometry 
were mounted in Hoyer’s medium and examined 
under Olympus BX53 light microscope with phase 
contrast (PCM), associated with an Olympus DP74 

digital camera. All figures were assembled in Corel 
Photo-Paint X8. For deep structures that could not be 
fully focused on a single PCM photograph, a series of 
images were taken every c. 0.1 μm of vertical focusing 
and then assembled manually in Corel Photo-Paint 
into a single deep-focus image. Structures were 
measured only when oriented properly and not broken 
or deformed. Body length was measured from the 
anterior to the posterior end of the body, excluding 
the hind legs. The sp index is the ratio of the length 
of a given structure to the length of the scapular plate 
(Dastych, 1999). Morphometric data were handled 
using the Echiniscoidea v.1.3 template available from 
the Tardigrada Register, http://tardigrada.net/register 
(Michalczyk & Kaczmarek, 2013).

genotyping and phylogeneticS

A Chelex 100 resin (Bio-Rad) method was used for 
DNA extraction (Casquet et al., 2012; Stec et al., 
2020). Hologenophores (Pleijel et al., 2008) were 
obtained after DNA extraction for all species, except 
for B. weglarskae sp. nov. Five DNA fragments were 
sequenced: the small ribosome subunit 18S rRNA, 
the large ribosome subunit 28S rRNA, the internal 
transcribed spacers ITS1 and ITS2 and the cytochrome 
c oxidase subunit I (COI). All fragments were 
amplified and sequenced according to the protocols 
described in Stec et al. (2020); primers and original 
references for specific PCR programmes are listed 
in Supporting Information, Material S2. GenBank 
accession numbers for all utilized species with fully 
complementary marker datasets are provided in 
Table 2. All markers were aligned with sequences 
from Diploechiniscus oihonnae (Richters, 1903) and 
Testechiniscus spitsbergensis tropicalis Gąsiorek et al. 
2018 as outgroups (Supporting Information, Material 
S2), using the Q-INS-i strategy in MAFFT v.7 (Katoh 
et al., 2002; Katoh & Toh, 2008) or ClustalW Multiple 
Alignment tool (Thompson et al., 1994) implemented 
in BioEdit (Hall, 1997) for both ITS markers. The 
aligned fragments were edited and checked manually 

Table 2. GenBank accession numbers for the Barbaria spp. sequenced in this work

Species 18S rRNA 28S rRNA ITS1 ITS2 COI

B. bigranulata MZ820792–5 MZ820810–3 MZ820828–31 MZ822376–9 MZ820846–9
B. charrua comb. nov. MZ820796–9 MZ820814–7 MZ820832–5 MZ822380–3 MZ820850–2
B. danieli MZ820800 MZ820818 MZ820836 MZ822384 MZ820853
B. jenningsi MZ820801–2 MZ820819–20 MZ820837–8 MZ822385–6 –
B. madonnae MZ820803 MZ820821 MZ820839 MZ822387 MZ820854
B. ollantaytamboensis MZ820804–7 MZ820822–5 MZ820840–3 MZ822388–91 MZ820855–8
B. paucigranulata sp. nov. MZ820808 MZ820826 MZ820844 MZ822392 MZ820859
B. weglarskae sp. nov. MZ820809 MZ820827 MZ820845 MZ822393 MZ820860
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in BioEdit with remaining gaps left intact. Beside the 
newly sequenced species, two previously published 
COI sequences (HM193406 labelled as Barbaria 
bigranulata in Jørgensen et al., 2011 and KP013596 
identified as B. jenningsi in Velasco-Castrillón et al., 
2015) were used to calculate uncorrected pairwise 
distances in MEGA7 (Kumar et al., 2016).

The sequences were concatenated to generate a 
matrix of 3372 bp in SequenceMatrix (Vaidya et al., 
2011). Using PartitionFinder v.2.1.1 (Lanfear et al., 
2016) with applied Bayesian information criterion 
(BIC) and greedy algorithm (Lanfear et al., 2012), the 
best substitution model and partitioning scheme was 
chosen for posterior phylogenetic analysis. As the best-
fit partitioning scheme, PartitionFinder suggested 
six partitions characterized by various evolution 
models (I: 18S rRNA + 28S rRNA – GTR+I+G; II: 
ITS1 – GTR+G; III: ITS2 – TVM+G; IV: the first coding 
position of COI – GTR+G; V: the second coding position 
of COI – TVM; VI: the third coding position of COI – 
HKY+G). Bayesian inference (BI) marginal posterior 
probabilities were first calculated using MrBayes v.3.2 
(Ronquist & Huelsenbeck, 2003). Random starting 
trees were used, and the analysis was run for 10 million 
generations, sampling the Markov chain every 1000 
generations. An average standard deviation of split 
frequencies of < 0.01 was used as a guide to ensure 
that the two independent analyses had converged. 
TRACER v.1.3 (Rambaut et al., 2014) was then used 
to ensure Markov chains had reached stationarity 
and to determine the correct ‘burn-in’ for the analysis 
i.e. the first 10% of generations. The effective sample 
size values were greater than 200 and the consensus 
tree was obtained after summarizing the resulting 
topologies and discarding the ‘burn-in’.

ModelFinder (Kalyaanamoorthy et al., 2017) was 
used to choose the best-fit models in maximum 
likelihood (ML): I: 18S rRNA + 28S rRNA – K2P+I; 
II: ITS1 – TIM2e+G4; III: ITS2 – TPM2u+F+G4; 
IV: the first coding position of COI – TN+F+G4; V: 
the second coding position of COI – F81+F; VI: the 
third coding position of COI – HKY+F+G4, chosen 
according to the Bayesian information criterion. 
W-IQ-TREE was used for ML reconstruction (Nguyen 
et al., 2015; Trifinopoulos et al., 2016). A thousand 
ultrafast bootstrap (UFBoot) replicates were applied 
to provide support values for branches (Hoang et al., 
2018).

morphological evolution

A set of Bayesian phylogenetic trees needed for 
ancestral state reconstruction analyses was obtained 
using BEAST (Drummond & Rambaut, 2007). Four 
clock and tree prior combinations were chosen and 

run in parallel: (1) random local clock (Drummond 
& Suchard, 2010) with the coalescent tree prior, (2) 
random local clock with the speciation: Yule process 
as the tree prior, (3) strict clock (Ferreira & Suchard, 
2008) with the coalescent tree prior and (4) strict clock 
with the speciation: Yule process as the tree prior. Tree 
searches were run for 10 million generations, sampling 
a tree each 1000 steps. These trees were summarized 
with the TREEANNOTATOR software (distributed 
with BEAST) removing the first 1000 trees. TRACER 
v.1.3 (Rambaut et al., 2014) was then used to ensure 
Markov chains had reached stationarity. The effective 
sample size values were greater than 200 and the 
consensus tree was obtained after summarizing the 
resulting topologies and discarding the ‘burn-in’. All 
final consensus trees were viewed and visualized using 
FigTree v.1.4.3 available from https://tree.bio.ed.ac.uk/
software/figtree.

Consensus trees constructed according to 
combinations of parameters a–d, described in the 
previous paragraph, shared identical topologies, 
congruent with the MrBayes tree. A set of 1000 
most credible trees was used in ancestral state 
reconstruction analyses in BayesTraits (Pagel et al., 
2004) implemented in RASP (Yu et al., 2020) to include 
phylogenetic uncertainty in calculations. We chose to 
reconstruct the evolution of four key morphological 
traits used or potentially usable in the delineation of 
species of Barbaria: dorsal plate sculpturing, pedal 
plate I–III sculpturing (pedal plate IV is typically 
better developed in echiniscids than the remaining 
ones, thus more homogeneous between pairs of 
closely related species), the shape of papillae IV and 
claw isomorphy (claws homomorphic/isonych vs. 
heteromorphic/heteronych).

RESULTS

taxonomic account

Species transfers
Gąsiorek et al.  (2019) transferred Echiniscus 
pseudowendti to Barbaria, because the dorsal 
sculpturing was characterized in the original 
description of the species by Dastych (1984) as 
‘double’, which is a historical term used to describe 
the bigranulata-type sculpturing. However, our 
examination of B. pseudowendti paratypes revealed 
that the dorsal sculpturing is of the wendti-type [see 
Degma et al. (2021) for an amended definition of the 
morphotype], and the species is similar to Claxtonia 
wendti (Richters, 1903), as originally reported 
(Dastych, 1984). Therefore, here, we transfer the 
species to Claxtonia and designate it as Claxtonia 
pseudowendti (Dastych, 1984) comb. nov.
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Based on drawings in the original description of 
Echiniscus charrua Claps & Rossi, 1997, Kaczmarek 
et al. (2015) hypothesized that the species could 
represent Barbaria (the Echiniscus bigranulatus 
group then). Finding numerous representatives of 
E. charrua in northern Argentina and subsequent 
genetic (Fig. 5) and morphological (Figs 7B, 8B, 9B, 
10B) analyses in this contribution confirmed that it 
indeed belongs in Barbaria. Therefore, it is placed 
here in that genus as Barbaria charrua (Claps & 
Rossi, 1997) comb. nov.

Finally, since the dorsal sculpturing of Echiniscus 
quitensis is of the Barbaria-type (Figs 7J, 8J, 9J, 
10J), it is also transferred to Barbaria as Barbaria 
quitensis (Pilato, 2007) comb. nov. The specimen that 
became the holotype of B. quitensis was first identified 
by Maucci as Viridiscus rufoviridis (du Bois-Reymond 
Marcus, 1944). Thus, Pilato (2007) hypothesized that 
B. quitensis could exhibit green pigment. However, 
the dorsal sculpturing of B. quitensis is clearly of the 
bigranulata-type and the pigment colour needs to be 
verified with live individuals.

Descriptions of new species
BarBaria paucigranulata WilamoWski, 

Vončina, Gąsiorek & michalczyk, sp. noV.
(FigS 1–3, 7i, 8i, 9i, 10i, 11K, l; tableS 3, 4)

Z o o b a n k  r e g i s t r a t i o n :  u r n : l s i d : z o o b a n k .
org:act:A11E6BDF-7E2A-4F0A-BD6A-9BC87FCE147A 

M o r p h o m e t r i c  d a t a :  w w w. t a r d i g r a d a . n e t /
register/0109.htm

Type material:  Holotype (adult female, slide 
AR.303.02) and 12 paratypes (eight adult females 
on slides AR.302.02, AR.303.01, 3, 5–6 and four 
juveniles on slides AR.303.03–4). Found together with 
B. ollantaytamboensis.

Type locality: 24°47′14″S, 65°43′30″W, 2150 m 
asl: Argentina, Salta Province, Rosario de Lerma 
Department, vicinity of Río Rosario; lichen on rock in a 
shrubland (see also Table 1).

Etymology: From Latin paucus, few, and granulatus, 
grained, alluding to the scarcity of epicuticular 
granulation on the dorsal plates. An adjective in 
nominative singular.

Description: Adult females (i.e. from the third instar 
onwards, measurements in Table 3). Dark orange body 
with large red eyes; the pigment and eyes dissolve 
quickly after mounting in Hoyer’s medium. Body 
massive with stumpy limbs (Figs 1A, B, 2). Cylindrical, 

Echiniscus-type cephalic papillae (secondary clavae) 
and (primary) clavae; cirri embedded in bulbous 
cirrophores (Fig. 3D). Cirrus A is short (< 20% of the 
body length) and with evident, but small cirrophore 
(Fig. 1A, B).

Dorsal plate sculpturing of the bigranulata-
type, comprising minute, poorly developed pillars 
(pseudogranulation) and pores (Figs 1C, 2, 3A–C, 
7I, 8I, 9I, 10I). Pillars are densely packed and 
additionally interconnected by thin striae in the 
scapular (Fig. 7I) and caudal (terminal) plates (Fig. 
10I). Pores are slightly larger in the scapular plate, 
median plate1, posterior portion of median plate 2 
and centroposterior portions of paired segmental 
plates compared with posterolateral portions of 
paired segmental plates and the caudal plate (Figs 
1, 2); pores of similar diameter are rarely present 
in the entire dorsum. Pores are always absent in 
the anterior portion of median plate 2 (Fig. 8I), 
paired segmental plates (Fig. 9I) and the entirety of 
median plate 3; and all these areas are covered with 
epicuticular, multangular granules. Lateralmost 
portions of the scapular and paired segmental 
plates can be poreless or with single minute pores 
(Figs 1A, B, 2). The cephalic plate is large, with a 
pronounced chalice-shaped anterior incision and 
with only pillars in the posterior portion of the plate. 
A broad and strongly sclerotized cervical plate is 
divided into sculptured anterior portion and smooth 
posterior portion bordering with the scapular plate 
(Figs 1A, 2A). Lateral sutures in the scapular plate 
demarcate lateralmost, trapezoidal portions (Figs 
1A, B, 2B). Median plates 1 and 3 are unipartite (the 
latter with strongly developed granules), median 
plate 2 is bipartite (Fig. 8I). Paired segmental plates 
are without transverse unsculptured bands, as 
epicuticular granules of anterior portion transition 
gradually into pillars of the posterior portions (Fig. 
9I). The caudal plate with short, poorly sclerotized 
incisions and no signs of faceting (Figs 1A, 2, 10I). 
Ventral cuticle with minute endocuticular pillars 
(Fig. 11K) distributed evenly throughout the entire 
venter, lacking plates, beside of rarely developed 
subcephalic plates (Fig. 3D). Sexpartite gonopore 
placed anteriorly to a trilobed anus between legs IV.

Pedal plates without pores, their sculpturing 
consists of poorly developed endocuticular pillars 
formed as belts in the central portions of the legs 
(Figs 1A, B, 11K, L). Thick pulvini on outer side 
of all legs (Figs 1A, B, 2B). Dentate collar IV has 
numerous irregular short teeth (Fig. 11L). A small, 
elongated spine I and a tubby papilla IV (Figs 1B, 
2B, 11K, L). Claws slightly heteronych with claws 
IV (Fig. 3F) higher and more robust than claws I–III 
(Fig. 3E). Internal claws IV have needle-like spurs 
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Figure 1. Habitus of Barbaria paucigranulata (PCM): A, holotype (female) in dorsolateral view; B, paratype (female) in 
lateral view; C, dorsal sculpturing in close-up. Abbreviations: Ia–IIb, paired segmental plates; c, caudal plate; cA, cirrus A; 
ce, cirrus externus; ci, cirrus internus; cl, (primary) clava; co, dentate collar IV; cp, cephalic plate; cv, cervical plate; m1–3, 
median plates; p, cephalic papilla (secondary clava); pIV, papilla IV; pl, pulvinus; pp, pedal plate; sI, spine I; sc, scapular 
plate. Scale bars in μm.
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more divergent from branches compared to spurs I–
III (Fig. 11K, L). Cuticular bars below claw bases on 
the inner side of legs present. Buccal apparatus with 
a rigid tube and round pharynx containing placoids. 
Flexible stylet supports present.

Juveniles (i.e. the second instar, measurements in 
Table 4). Clear morphometric gap between juveniles 
and adult females. Qualitatively alike adult females, 
excluding the lack of gonopore.

Adult males, larvae or eggs not found.

Figure 2. Habitus of Barbaria paucigranulata (SEM): A, paratype (sex undetermined) in dorsal view; B, paratype (female) 
in lateral view. Scale bars in μm.
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D i f f e r e n t i a l  d i a g n o s i s :  T h e  n e w  s p e c i e s 
B. paucigranulata is distinguished from its congeners 
(alphabetically):

 • Barbaria bigranulata, by the distribution of 
pores in plates [absent in the anterior portion 
of median plate 2 (Fig. 8I), paired segmental 
plates (Fig. 9I) and the entirety of median 
plate 3 in B. paucigranulata vs. present in the 
anterior portion of m2 (Fig. 8A), paired segmental 
plates (Fig. 9A) and the entirety of m3 in 
B. bigranulata], the shape of papilla IV [tubby 
in B. paucigranulata (Fig. 11L) vs. elongated in 
B. bigranulata (Fig. 11B)] and the primary spur 
morphology [needle-like and adjacent to the claw 
branch in B. paucigranulata (Fig. 11K, L) vs. 
robust, hook-shaped and divergent from the claw 
branch in B. bigranulata (Fig. 11A, B)].

 • Barbaria charrua, by the shape of papilla IV [tubby 
in B. paucigranulata (Fig. 11L) vs. elongated in 
B. charrua (Fig. 11D)] and by the primary spurs 
[present in B. paucigranulata (Fig. 11K, L) vs. 
typically absent in B. charrua (Fig. 11C, D)].

 • Barbaria danieli, by the shape of papilla IV [tubby 
in B. paucigranulata (Fig. 11L) vs. elongated in 
B. danieli (Fig. 12)] and by the primary spurs 

[present in B. paucigranulata (Fig. 11K, L) vs. 
absent in B. danieli (Fig. 11O)].

 • Barbaria ganczareki, by the dorsal sculpturing 
[both pillars and pores easily identifiable in 
B. paucigranulata (Figs 7I, 8I, 9I, 10I) vs. pillars so 
poorly developed that pores become the dominant 
element of the sculpture in B. ganczareki (Figs 
7C, 8D, 9C, 10C)], the pores in the subcephalic 
region (absent in B. paucigranulata vs. present 
in B. ganczareki) and in pedal plates (absent in 
B. paucigranulata vs. present in B. ganczareki) and 
by the primary spur morphology [needle-like and 
adjacent to the claw branch in B. paucigranulata 
(Fig. 11K, L) vs. robust, hook-shaped and divergent 
from the claw branch in B. ganczareki, fig. 21–22 in 
Michalczyk & Kaczmarek (2007)].

 • Barbaria hannae, by the dorsal sculpturing 
[no smooth plate portions in B. paucigranulata  
(Figs 8I, 9I, 10I) vs. thickened plate portions devoid of 
sculpturing present in B. hannae (Figs 8E, 9D, E, 10D, 
E)] and the primary spur morphology [needle-like 
and adjacent to the claw branch in B. paucigranulata 
(Fig. 11K, L) vs. robust, hook-shaped and divergent 
from the claw branch in B. hannae (Fig. 11P)].

 • Barbaria jenningsi, by the cirrus A length (< 20% of 
the body length in B. paucigranulata vs. > 50% of the 

Figure 3. Details of Barbaria paucigranulata (SEM): A, pores in the scapular plate; B, pores in the posterior portion of the 
paired segmental plate II; C, pores in the caudal plate; D, cephalic appendages and a pair of subcephalic plates; E, claws I; 
F, claws IV. Scale bars in μm.
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body length in B. jenningsi), the type of perforation 
in the dorsal plates [pores in B. paucigranulata 
(Fig. 7I) vs. pseudopores in B. jenningsi (Fig. 7E, 
F)] and by the primary spur morphology [slightly 

heteronych, needle-like and adjacent to the claw 
branch in B. paucigranulata (Fig. 11K, L) vs. fully 
heteronych, robust, hook-shaped and divergent 
from the claw branch in B. jenningsi (Fig. 11E, F)].

Figure 4. Habitus of Barbaria weglarskae (PCM): A, holotype (female) in dorsal view; B, dorsal sculpturing in close-up 
(paratype); C, subcephalic plates (paratype); D, subcephalic plates (holotype); E, gonoporal area (holotype). Scale bars in μm.
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 • Barbaria madonnae, by striae between pillars 
in the scapular and the caudal plate [present 
in B. paucigranulata (Figs 7I, 10I) vs. absent in 
B. madonnae (Figs 7G, 10G)], the shape of papilla IV 
[tubby in B. paucigranulata (Fig. 11L) vs. elongated 
in B. madonnae (Fig. 11H)] and the primary spur 
morphology [needle-like and adjacent to the claw 
branch in B. paucigranulata (Fig. 11K, L) vs. robust, 
hook-shaped and divergent from the claw branch in 
B. madonnae (Fig. 11G, H)].

 • Barbaria ollantaytamboensis, by the distribution 
of pores in plates [absent in the anterior portion of 
median plate 2 (Fig. 8I), paired segmental plates 
(Fig. 9I) and the entirety of median plate 3 in 
B. paucigranulata vs. present in the anterior portion 
of m2 (Fig. 8H), paired segmental plates (Fig. 9H) 
and the entirety of m3 in B. ollantaytamboensis] 
and claw isomorphy [slightly heteronych 
(heteromorphic) in B. paucigranulata (Fig. 11K, L) 
vs. isonych (homomorphic) in B. ollantaytamboensis 
(Fig. 11I, J)].

 • Barbaria quitensis, by the type of perforation in the 
dorsal plates [pores in B. paucigranulata (Figs 7I, 8I, 
9I, 10I) vs. pseudopores in B. quitensis (Figs 7J, 8J, 
9J, 10J)] and the distribution of pores/pseudopores 
[scarcer on lateralmost portions of the caudal plate 
(Fig. 10I) in B. paucigranulata vs. roughly equally 
distributed in all portions of the caudal plate (Fig. 
10J) in B. quitensis].

 • Barbaria ranzii, by the cirrus A length (< 20% of the 
body length in B. paucigranulata vs. > 50% of the body 
length in B. ranzii), the distribution of pores in plates 
[absent in the anterior portion of median plate 2 (Fig. 
8I), paired segmental plates (Fig. 9I) and the entirety 
of median plate 3 in B. paucigranulata vs. present in 
the anterior portion of m2 (Fig. 8K), paired segmental 
plates (Fig. 9K) and the entirety of m3 in B. ranzii] 
and the by secondary spurs directed upwards on 
external claws IV [absent in B. paucigranulata (Fig. 
11L) vs. present in B. ranzii, Fig. 11R].

 • Barbaria weglarskae, by the cirrus A length 
(< 20% of the body length in B. paucigranulata 

ET.004  Testechiniscus spitsbergensis tropicalis

GB.098  Diploechiniscus oihonnae

*
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AR.184  Barbaria madonnae
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AR.303  Barbaria paucigranulata sspp..  nnoovv..
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Figure 5. Phylogeny of the genus Barbaria based on five concatenated markers conducted in MrBayes and W-IQ-TREE 
(values above the nodes signify posterior probabilities, whereas bootstraps are provided below the nodes; maximal supports 
are denoted with asterisks). Diploechiniscus oihonnae and Testechiniscus spitsbergensis tropicalis were used as an outgroup. 
The scale bar represents 0.2 substitutions per nucleotide position and refers to the Bayesian inference.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/195/4/1037/6515343 by U

niw
ersytet Jagiellonsky w

 Krakow
ie user on 05 Septem

ber 2022



1048 P. GĄSIOREK ET AL.

© 2022 The Linnean Society of London, Zoological Journal of the Linnean Society, 2022, 195, 1037–1066

vs. > 50% of the body length in B. weglarskae)  
and by the primary spur morphology [needle-like 
and adjacent to the claw branch in B. paucigranulata 
(Fig. 11K, L) vs. robust, hook-shaped and divergent 
from the claw branch in B. weglarskae (Fig. 11M, N)].

BarBaria weglarskae Gąsiorek, WilamoWski, 
Vončina & michalczyk, sp. noV.

(FigS 4, 7l, 8l, 9l, 10l, 11m, n; table 5)

Z o o b a n k  r e g i s t r a t i o n :  u r n : l s i d : z o o b a n k .
org:act:F083907B-741F-48C0-A127-2FC28482C9AA 

Barbaria bigranulata

Barbaria ollantaytamboensis

Barbaria weglarskae sspp.. nnoovv..

Barbaria madonnae

Barbaria paucigranulata sspp.. nnoovv..

Barbaria charrua

Barbaria danieli

Barbaria jenningsi

AA Barbaria bigranulata

Barbaria ollantaytamboensis

Barbaria weglarskae sspp.. nnoovv..

Barbaria madonnae

Barbaria paucigranulata sspp.. nnoovv..

Barbaria charrua

Barbaria danieli

Barbaria jenningsi

BB

pores and pillars dominant, pseudopores present in anterior por�ons of paired segmental plates,
median plate 2, and the en�rety of median plate 3

pseudopores and pillars dominant, pseudopores absent in anterior por�ons of paired segmental
plates, m2, and the en�rety of m3 OR pseudopores and pillars dominant in all plates

pores and pillars dominant in all plates

pores and pillars dominant, pores absent in anterior por�ons of paired segmental plates, m2, and
the en�rety of m3

pores absent, evident pillars

pores absent, weak pillars

pseudopores present, evident pillars

ddoorrssaall ppllaattee ssccuullppttuurriinngg ppeeddaall ppllaattee II––IIIIII ssccuullppttuurriinngg

Barbaria bigranulata

Barbaria ollantaytamboensis

Barbaria weglarskae sspp.. nnoovv..

Barbaria madonnae

Barbaria paucigranulata sspp.. nnoovv..

Barbaria charrua

Barbaria danieli

Barbaria jenningsi

CC Barbaria bigranulata

Barbaria ollantaytamboensis

Barbaria weglarskae sspp.. nnoovv..

Barbaria madonnae

Barbaria paucigranulata sspp.. nnoovv..

Barbaria charrua

Barbaria danieli

Barbaria jenningsi

DD

elongated (dactyloid)

short/tubby

claws homomorphic/isonych

claws slightly or strongly heteronych

primary spurs typically absent

ppaappiillllaa IIVV sshhaappee ccllaawwss aanndd pprriimmaarryy ssppuurrss

Figure 6. Ancestral state reconstruction in the genus Barbaria conducted in BEAST on identical dataset as in MrBayes 
(species are represented by single lineages for simplicity): A, dorsal plate sculpturing; B, pedal plate I–III sculpturing; C, 
papilla IV shape; D, claw isomorphy. Outgroup character states were coded as independent from the Barbaria matrix.
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M o r p h o m e t r i c  d a t a :  w w w. t a r d i g r a d a . n e t /
register/0110.htm

Type material:  Holotype (adult female, slide 
AR.059.04) and two paratypes (adult females, slides 
AR.059.01, 05).

Type locality: 48°25′42″S, 71°44′48″W, 803 m asl: 
Argentina, Patagonia, Santa Cruz Province, Río 
Chico Department, vicinity of La Florida; lichen 
from on in the Andean Patagonian forest (see also 
Table 1).

Figure 7. Variability of the scapular plate sculpturing (PCM): A, Barbaria bigranulata; B, Barbaria charrua; C, Barbaria 
ganczareki; D, Barbaria hannae; E, F, Barbaria jenningsi at two focus levels; G, Barbaria madonnae; H, Barbaria 
ollantaytamboensis; I, Barbaria paucigranulata; J, Barbaria quitensis; K, Barbaria ranzii; L, Barbaria weglarskae. Scale 
bars = 10 μm.
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Etymology: A patronym honouring Professor Barbara 
Węglarska, 20.02.1922–02.10.2020, whose death left a 
void in the community of tardigradologists. A noun in 
the genitive case.

Description: Adult females (i.e. from the third instar 
onwards, measurements in Table 5). Orange body 

with large, red eyes; the entire pigment and eyes 
dissolve quickly after mounting in Hoyer’s medium. 
Body massive (Fig. 4A). Cylindrical, Echiniscus-type 
cephalic papillae (secondary clavae) and (primary) 
clavae; cirri embedded in bulbous cirrophores. Cirrus 
A is long (> 50% of the body length) and with evident, 
conical cirrophore (Fig. 4A, B).

Figure 8. Variability of the median plate 2 sculpturing (PCM): A, Barbaria bigranulata; B, Barbaria charrua; C, 
Barbaria danieli; D, Barbaria ganczareki; E, Barbaria hannae; F, Barbaria jenningsi; G, Barbaria madonnae; H, Barbaria 
ollantaytamboensis; I, Barbaria paucigranulata; J, Barbaria quitensis; K, Barbaria ranzii; L, Barbaria weglarskae. Scale 
bars = 10 μm.
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Dorsal plate sculpturing of the bigranulata-type, 
composed of pillars present in all plate portions 
(pseudogranulation) and pores and pseudopores 
present in different elements of armour (Figs 4A, B, 
7L, 8L, 9L, 10L). Pseudopores can be present or absent 
exclusively in the anterior portion of the median 
plate 2 and paired segmental plates and the entirety 
of median plate 3 (Fig. 4A, B). Minute pores of equal 

size are regularly distributed in the remaining plate 
portions (Figs 4A, B, 7L, 8L, 9L, 10L). The cephalic 
plate large, with a pronounced chalice-shaped 
anterior incision and lateral sutures demarcating 
roughly triangular lateralmost portions of the plate  
(Fig. 4A, B). Thin cervical plate with developed pillars 
and pseudopores. Lateral sutures in the scapular 
plate demarcate lateralmost, rectangular portions 

Figure 9. Variability of the paired segmental plate II sculpturing (PCM): A, Barbaria bigranulata; B, Barbaria charrua; C, 
Barbaria ganczareki; D, E, Barbaria hannae; F, Barbaria jenningsi; G, Barbaria madonnae; H, Barbaria ollantaytamboensis; 
I, Barbaria paucigranulata; J, Barbaria quitensis; K, Barbaria ranzii; L, Barbaria weglarskae. Scale bars = 10 μm.
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with identical sculpturing as on the rest of the plate 
(Fig. 4A, B). Median plates 1 and 3 unipartite (the 
latter strongly reduced and partially covered by the 
caudal plate), median plate 2 bipartite (Figs 4A, B, 8L).  
Paired segmental plates with broad, transverse, 
unsculptured bands (Figs 4A, B, 9L). The caudal plate 
with short, poorly sclerotized incisions clearly joined 
by a transversal suture (Figs 4A, B, 10L). Ventral 

cuticle with minute endocuticular pillars distributed 
evenly throughout the entire venter; a pair of small, 
subcephalic plates present (Fig. 4C–D). Sexpartite 
gonopore (Fig. 4E) placed anteriorly to a trilobed anus 
between legs IV.

Pedal plates I–IV with evident pillars and 
pseudopores (Figs 4A, 11M, N). Evident pulvini on 
outer sides of all legs. Dentate collar IV with numerous 

Figure 10. Variability of the caudal (terminal) plate sculpturing (PCM): A, Barbaria bigranulata; B, Barbaria charrua; C, 
Barbaria ganczareki; D, E, Barbaria hannae; F, Barbaria jenningsi; G, Barbaria madonnae; H, Barbaria ollantaytamboensis; 
I, Barbaria paucigranulata; J, Barbaria quitensis; K, Barbaria ranzii; L, Barbaria weglarskae. Scale bars = 10 μm.
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Figure 11. Claws and leg structures (PCM): A, claws III of 
Barbaria bigranulata; B, claws IV of Barbaria bigranulata; C, 
claws II of Barbaria charrua; D, claws IV of Barbaria charrua; E, 
claws II of Barbaria jenningsi; F, claws IV of Barbaria jenningsi; 
G, claws III of Barbaria madonnae; H, claws IV of Barbaria 
madonnae; I, claws II of Barbaria ollantaytamboensis; J, claws 
IV of Barbaria ollantaytamboensis; K, claws I of Barbaria 
paucigranulata; L, claws IV of Barbaria paucigranulata; 
M, claws II of Barbaria weglarskae; N, claws IV of Barbaria 
weglarskae; O, claws I of Barbaria danieli; P, claws I of 
Barbaria hannae; Q, claws III of Barbaria quitensis; R, claws 
IV of Barbaria ranzii. Arrowheads indicate asymmetrically 
developed primary spurs. Scale bars = 10 μm.

Figure 11. Continued.
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irregular short teeth (Fig. 11N). A tiny spine I and a 
tubby papilla IV (Fig. 11N). Claws slightly heteronych, 
because primary spurs on internal claws IV are 
positioned higher than those on claws I–III (Fig. 11M, 
N). The shape and angle at which spurs diverge from 
branches are almost identical on all limbs. Cuticular 
bars below claw bases on the inner side of legs present. 
Buccal apparatus with a rigid tube and round pharynx 
containing placoids. Lacking stylet supports.

Adult males, juveniles, larvae or eggs not found.

Differential diagnosis: There are only two other species 
of Barbaria with a cirrus A/body length ratio > 50% 
[the titles and values in the last five rows of table 1 
in Michalczyk & Kaczmarek (2007) are mismatched 
in the case of sexes treated separately, but the ratio 
statistics for all measured specimens of B. ganczareki 
stands valid: min = 15%, max = 23%, mean = 19%]: 
B. jenningsi and B. ranzii, but B. weglarskae can be 
distinguished from:

 • Barbaria jenningsi, by the type of perforation in 
the dorsal plates [dominant pores in B. weglarskae 
(Fig. 7L) vs. pseudopores in B. jenningsi (Figs 7E, 
F, 8F, 9F, 10F)] and claw isomorphy [anisonych/
slightly heteronych in B. weglarskae (Fig. 11M, N) 
vs. strongly heteronych in B. jenningsi (Fig. 11E, 
F)].

 • Barbaria ranzii, by the pedal plate sculpturing 
[with evident pillars in B. weglarskae (Fig. 11M, 
N) vs. without pillars in B. ranzii (Fig. 11R)], the 
shape of papilla IV [tubby in B. weglarskae (Fig. 
11N) vs. elongated in B. ranzii] and by the presence 
of secondary spurs directed upwards on external 
claws IV [absent in B. weglarskae (Fig. 11N) vs. 
present in B. ranzii (Fig. 11R)].

molecular phylogeny

Phylogeny based on the five concatenated markers 
brought fully resolved relationships between all 
eight analysed species of Barbaria, which form 
clades characterized by low intraspecific and 
large interspecific genetic variability (Fig. 5). The 
topology is as follows: B. madonnae is a sister-
species to all other sequenced Barbaria spp., which 
are clustered in two clades: the first comprising 
(B. paucigranulata (B. danieli + B. charrua)) and the 
second grouping ((B. weglarskae + B. jenningsi) + 
(B. ollantaytamboensis + B. bigranulata)).

intra- and interSpeciFic genetic variability

Regarding COI sequences deposited in GenBank, 
the data are available only for B. bigranulata and 
B. jenningsi. COI p-distances between populations 

of B. bigranulata and the previously published 
data for a population from Chile (HM193406; 
Jørgensen et al., 2011) ranged between 2.6 and 
2.9% (alignment length = 585 bp). Analogous index 
for the pair B. weglarskae–B. jenningsi (KP013596; 
Velasco-Castrillón et al., 2015) was 18.9% (alignment 
length = 472 bp).

More than one haplotype per marker has been 
found for all markers, but only in a few species. The 
intraspecific p-distances are as follows: 18S rRNA: 
0.1% (in B. bigranulata and B. charrua); 28S rRNA: 
0.1–0.4% (B. bigranulata, B. ollantaytamboensis);  
I T S 1 :  0 . 5 %  ( B.  b i g r a n u l a t a ) ,  0 . 1 – 1 . 0 % 
(B. charrua); ITS2: 0.2% (B. bigranulata), 0.2–0.4% 
(B. ollantaytamboensis); COI: 0.1–2.3% (B. bigranulata) 
and 0.7% (B. charrua).

Interspecific p-distances in the analysed dataset are 
as follows:

 • 18S rRNA: 0.0–2.5% (1.2% on average), with the 
most similar being B. charrua (MZ820796) and 
B. danieli (MZ820800); and the least similar being 
B. madonnae (MZ820803) and B. ollantaytamboensis 
(MZ820804).

 • 28S rRNA: 0.0–4.3% (2.4% on average), with the 
most similar being B. charrua (MZ820814) and 
B. danieli (MZ820818); and the least similar being 
B. madonnae (MZ820821) and B. ollantaytamboensis 
(MZ820823).

 • ITS1: 0.3–10.3% (5.5% on average), with the 
most similar being B. charrua (MZ820833) and 
B. danieli (MZ820836); and the least similar being 
B. madonnae (MZ820839) and B. bigranulata 
(MZ820828).

 • ITS2: 1.6–10.8% (8.1% on average), with the most 
similar being B. charrua (MZ822380) and B. danieli 
(MZ822384); and the least similar being B. danieli 
+ B. madonnae (MZ822384, MZ822387) and 
B. ollantaytamboensis (MZ822388–91).

 • COI: 9.1–20.4% (16.0% on average), with the 
most similar being B. charrua (MZ820850) and 
B. danieli (MZ820853); and the least similar being 
B. ollantaytamboensis (MZ820855) and B. weglarskae 
(MZ820860).

morphological evolution

Mapping morphological traits on to the phylogeny 
suggests that the ancestor of Barbaria was most 
probably covered with uniform dorsal sculpturing 
comprising both pillars and pores (Fig. 6A) and well-
delimited pedal plates on legs I–III with densely packed 
pillars and pseudopores (Fig. 6B). Its papillae on legs 
IV were elongated (Fig. 6C), meaning that they were 
much longer than wide. Internal claws were exhibiting 
heteronychy or lacking primary spurs (Fig. 6D). In 
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other words, among the extant species, B. bigranulata 
is morphologically overall the most similar to the last 
common ancestor of the analysed species.

DISCUSSION

morphological evolution

Our phylogenetic analysis (Fig. 5), based on as many 
as eight out of the 12 known Barbaria species, allows 
for initial hypothesizing on evolutionary trends in the 
genus (Fig. 6). One of the crucial taxonomic characters 
in Echiniscidae is the dorsal sculpturing pattern that 
has been demonstrated to bear a phylogenetic signal 

(e.g. Guil et al., 2013; Vicente et al., 2013; Gąsiorek 
et al., 2019). The analysis indicated that the ancestor 
of Barbaria probably had both well-developed pillars 
and pores in all elements of the dorsal armour 
(Fig. 6A), as currently exhibited by B. bigranulata, 
B. ollantaytamboensis and B. ranzii (e.g. Figs 7A, H, 
K, 10A, H, K). This suggests that B. ranzii could be 
directly related to the two former species. Moreover, 
the development of pseudopores either in the entire 
dorsum, as in B. madonnae (e.g. Figs 7G, 8G, 9G) and 
B. quitensis, or in some plate portions, as in B. jenningsi 
(e.g. Fig. 7E, F), is a secondary change in the light 
of this hypothesis. Analogously, the dominance of 
epicuticular pores associated with the miniaturization 
of endocuticular pillars in B. ganczareki (e.g. Figs 

Table 3. Measurements (in μm) of selected morphological structures of adult females of Barbaria paucigranulata (type 
series) mounted in Hoyer’s medium. Abbreviations: 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 of the length 
of a given structure to the length of the scapular plate

Character N RANGE Mean SD Holotype

μm sp μm sp μm sp μm sp

Body length 9 258 – 327 482 – 539 283 513 22 17 302 539
Scapular plate length 9 49.0 – 62.0  –  55.1 – 3.7 – 56.0 –
Head appendage lengths              
 Cirrus internus 9 13.5 – 20.0 26.0 – 32.7 16.3 29.5 2.2 2.7 16.6 29.6
 Cephalic papilla 9 7.5 – 9.5 14.1 – 19.0 8.5 15.5 0.7 1.6 9.5 17.0
 Cirrus externus 9 23.0 – 32.0 46.0 – 51.6 26.6 48.3 2.5 2.3 26.0 46.4
 Clava 9 5.2 – 6.2 9.0 – 11.7 5.8 10.5 0.3 1.0 5.5 9.8
 Cirrus A 8 41.8 – 51.9 74.7 – 93.5 45.3 82.5 3.0 5.9 ? ?
 Cirrus A/Body length ratio 8 14% – 18%  –  16% – 1% – ? –
Body appendage lengths              
 Spine on leg I length 9 3.1 – 4.2 5.8 – 7.9 3.7 6.7 0.4 0.7 4.2 7.5
 Papilla on leg IV length 9 4.0 – 5.4 7.1 – 9.4 4.4 8.1 0.4 0.8 4.7 8.4
 Number of teeth on the 

collar
9 8 – 13  –  10.4 – 1.8 – 13 –

Claw I heights              
 Branch 9 15.0 – 18.5 24.2 – 34.9 17.4 31.7 1.0 3.1 18.0 32.1
 Spur 8 1.9 – 2.5 3.3 – 5.1 2.3 4.2 0.2 0.6 2.5 4.5
 Spur/branch height ratio 8 11% – 15%  –  13% – 2% – 14% –
Claw II heights              
 Branch 9 14.8 – 18.4 28.5 – 33.5 16.7 30.3 1.0 1.6 16.9 30.2
 Spur 9 1.5 – 2.6 2.8 – 4.6 2.2 4.0 0.3 0.6 2.0 3.6
 Spur/branch height ratio 9 9% – 16%  –  13% – 2% – 12% –
Claw III heights              
 Branch 9 15.5 – 17.8 27.7 – 34.3 16.7 30.4 0.8 2.0 17.5 31.3
 Spur 8 2.1 – 2.5 3.7 – 5.1 2.3 4.1 0.1 0.5 2.2 3.9
 Spur/branch height ratio 8 12% – 15%  –  13% – 1% – 13% –
Claw IV heights              
 Branch 9 17.6 – 20.4 31.2 – 37.9 19.1 34.8 0.9 2.0 18.9 33.8
 Spur 6 2.0 – 3.2 3.8 – 5.9 2.6 4.7 0.5 0.9 2.4 4.3
 Spur/branch height ratio 6 11% – 16%  –  13% – 2% – 13% –
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7C, 8D) and in B. hannae (Fig. 7D) is an apomorphy. 
Furthermore, the presence of wide epicuticular ridges 
on dorsal plates in B. hannae (Figs 8E, 9D, E, 10D, 
E; Roszkowska et al., 2019) is another apomorphic 
condition. Of the remaining species, B. charrua, 
B. danieli, B. paucigranulata and B. quitensis (Figs 
7B, I, J, 8C) share a similar sculpturing pattern, as 
noted by Pilato (2007) for B. charrua and B. quitensis. 
Thus, considering that B. charrua, B. danieli and 
B. paucigranulata form a clade in congruence with 
dorsal plate sculpturing (Fig. 6A), we hypothesize that 
B. quitensis could be directly related with these three 
species.

Pedal plate sculpturing has started to be used in 
echiniscid taxonomy only recently [e.g. Michalczyk 
& Kaczmarek (2007) in the case of Barbaria; Pilato 
et al. (2008) in the case of the Echiniscus spinulosus 

complex, and further proposed as an important 
taxonomic criterion by Gąsiorek & Degma (2018)]. The 
present analysis shows that the last common ancestor 
of Barbaria exhibited weakly sculptured pedal plates 
on legs I–III, i.e. with endocuticular pillars and 
pseudopores (Fig. 6B). Pedal plate IV, equipped with 
the dentate collar, is usually clearly sculptured and 
more homogeneous within the genus. This is typical for 
many Echiniscidae, and it should be stressed that the 
pores in pedal plates I–III of B. ganczareki (Michalczyk 
& Kaczmarek, 2007) are an autapomorphic state.

The differentiation of papillae IV into two 
morphotypes: elongated and tubby (barrel-like), was 
recently underlined as a discriminant trait in the 
delineation of closely related species of Pseudechiniscus 
(Tumanov, 2020). Our analysis is in accordance with 
this suggestion, as some similar species can be easily 

Table 4. Measurements (in μm) of selected morphological structures of juveniles of Barbaria paucigranulata (type series) 
mounted in Hoyer’s medium. Abbreviations: 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 of the length of a 
given structure to the length of the scapular plate

Character N RANGE Mean SD

μm sp μm sp μm sp

Body length 4 227 – 236 472 – 540 231 512 4 29
Scapular plate length 4 42.0 – 50.0  –  45.3 – 3.4 –
Head appendage lengths
 Cirrus internus 4 10.7 – 15.6 24.3 – 31.2 12.9 28.4 2.2 3.3
 Cephalic papilla 4 6.2 – 7.3 13.8 – 16.2 6.8 15.0 0.5 1.0
 Cirrus externus 4 16.3 – 24.8 37.0 – 50.7 20.9 45.9 3.7 6.2
 Clava 4 3.6 – 5.8 8.0 – 12.4 4.6 10.0 1.1 2.3
 Cirrus A 4 32.3 – 41.8 73.4 – 98.1 37.6 83.3 4.6 10.7
 Cirrus A/Body length ratio 4 14% – 18%  –  16% – 2% –
Body appendage lengths
 Spine on leg I length 3 3.5 – 3.8 8.0 – 9.0 3.6 8.3 0.2 0.6
 Papilla on leg IV length 4 3.4 – 4.4 7.7 – 8.9 3.9 8.6 0.4 0.6
 Number of teeth on the collar 4 8 – 10  –  9.3 – 1.0 –
Claw I heights
 Branch 4 12.2 – 14.0 24.4 – 31.4 13.2 29.3 0.7 3.3
 Spur 3 2.0 – 2.3 4.2 – 5.2 2.1 4.6 0.2 0.5
 Spur/branch height ratio 3 14% – 17%  –  16% – 2% –
Claw II heights
 Branch 4 12.9 – 15.8 28.7 – 33.8 14.0 31.0 1.3 2.2
 Spur 4 1.5 – 2.4 3.6 – 4.8 1.9 4.2 0.4 0.6
 Spur/branch height ratio 4 11% – 15%  –  14% – 2% –
Claw III heights
 Branch 4 12.5 – 15.6 28.4 – 32.6 13.7 30.3 1.3 1.9
 Spur 4 1.4 – 2.6 3.3 – 5.2 2.0 4.4 0.5 0.9
 Spur/branch height ratio 4 10% – 18%  –  15% – 3% –
Claw IV heights
 Branch 4 14.8 – 17.5 32.9 – 40.2 16.1 35.7 1.3 3.2
 Spur 3 2.0 – 2.6 4.0 – 5.8 2.2 4.9 0.3 0.9
 Spur/branch height ratio 3 11% – 18%  –  14% – 3% –
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distinguished based on the shape of papillae IV (Fig. 
6C). On the other hand, this fact implies re-examination 
of many type series as the morphotype of papillae was 
seldom reported in earlier taxonomic contributions 
since researchers usually noted the presence/absence 
of these receptors, without their further morphological 
description (Ramazzotti & Maucci, 1983).

Perhaps the most intriguing ancestral state 
reconstruction is the claw morphotype, as the analysis 
did not unambiguously indicate whether the ancestor 
of Barbaria was heteronych or spurless (Fig. 6D). In 
the first scenario of ancestrally heteronych claws in 
Barbaria, spurless claws of B. charrua and B. danieli 
are autapomorphic. The second scenario involves 
acknowledging that spurless claws of B. charrua and 
B. danieli are a retained plesiomorphy and this is 
supported by another character, not reported in the 
original description (Meyer et al., 2017), i.e. the presence 

of rudimentary spines/papillae on legs II–III (Fig. 12), 
which are a plesiomorphy in Echiniscidae in general 
[present also in Echiniscus perarmatus Murray, 1907 or 
Hypechiniscus papillifer (Robotti, 1972); see Gąsiorek 
et al. (2021a) for details]. Since one of the ancestral 
echiniscid traits are internal claws equipped with 
primary spurs (Kristensen, 1987), the re-acquisition 
of spurs in other members of Barbaria would be an 
example of evolutionary reversal. A contrasting 
pattern was recently hypothesized for Pseudechiniscus 
(Gąsiorek et al., 2021b), whose representatives have 
typically reduced and small primary spurs, thus the 
likelihood of spur loss is high in the course of evolution 
in that genus (some Pseudechiniscus spp. are spurless; 
Tumanov, 2020; Gąsiorek et al., 2021b). Similar to the 
papillae IV, pairs of closely related species of Barbaria 
can be readily separated by the claw morphotype. 
Overall, our analyses augment what was revealed 

Table 5. Measurements (in μm) of selected morphological structures of adults females of Barbaria weglarskae (type 
series) mounted in Hoyer’s medium. Abbreviations: sp, the proportion of the length of a given structure to the length of 
the scapular plate;?, unknown

Character Holotype Paratype 1 Paratype 2

μm sp μm sp μm sp

Body length 291 549 246 559 207 410
Scapular plate length 53.0 – 44.0 – 50.5 –
Head appendage lengths
 Cirrus internus 18.9 35.7 18.1 41.1 ? ?
 Cephalic papilla 10.6 20.0 8.2 18.6 7.9 15.6
 Cirrus externus 24.5 46.2 19.8 45.0 ? ?
 Clava 7.3 13.8 6.2 14.1 6.3 12.5
 Cirrus A 222.0 418.9 125.4 285.0 157.0 310.9
 Cirrus A/Body length ratio 76% – 51% – 76% –
Body appendage lengths
 Spine on leg I length  ? ? 1.6 3.6 3.1 6.1
 Papilla on leg IV length 4.7 8.9 4.0 9.1 ? ?
 Number of teeth on the collar 13.0 – 12.0 – 12.0 –
Claw I heights
 Branch 15.3 28.9 13.3 30.2 14.8 29.3
 Spur 4.2 7.9 3.8 8.6 3.9 7.7
 Spur/branch height ratio 27% – 29% – 26% –
Claw II heights
 Branch 14.2 26.8 12.3 28.0 14.8 29.3
 Spur 4.0 7.5 3.6 8.2 3.4 6.7
 Spur/branch height ratio 28% – 29% – 23% –
Claw III heights
 Branch 14.4 27.2 11.1 25.2 13.5 26.7
 Spur  ? ? 3.0 6.8 4.2 8.3
 Spur/branch height ratio  ? – 27% – 31% –
Claw IV heights
 Branch 16.6 31.3 14.2 32.3 17.0 33.7
 Spur  ? ? 4.1 9.3 ? ?
 Spur/branch height ratio  ? – 29% – ? –
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for Hypechiniscus (Gąsiorek et al., 2021a), i.e. that 
detailed examination of dorsal plate sculpturing and 
spur morphology may significantly affect taxonomic 
and phylogenetic inference.

biogeography

As many as 83% Barbaria species have a Neotropical 
distribution (Kaczmarek et al., 2014; Kaczmarek et al., 
2015; Roszkowska et al., 2019) (Fig. 13). Only two of 
the 12 known species, B. danieli and B. jenningsi, were 
found outside this zoogeographic realm: in the southern 
Nearctic (south-eastern USA; Meyer et al., 2017) and 
the Antarctic Peninsula and adjacent islands (McInnes, 
1995), respectively. Given that the greatest Barbaria 
diversity is found in South and Central America, and 
because the Nearctic and Antarctic are adjacent to the 
Neotropics, it is most likely that these two species (or 
their ancestors) dispersed to the north and the south, 
respectively. The fact that both species are nested 
among Neotropical species (Fig. 5), suggests that the 
dispersal was recent relative to the age of the genus. 

The single record of B. jenningsi from South America, 
reported from high elevation in Bolivia (Garitano-
Zavala, 1995), is a misidentification (Kaczmarek et al., 
2015). Because B. weglarskae is morphologically similar 
to B. jenningsi, we hypothesize that the Bolivian record 
represents B. weglarskae or another new species.

Of all known species in the genus, B. bigranulata 
has the longest list of records, but also the largest 
percentage of erroneous and dubious reports. Being 
the first and for decades the only described species 
without trunk appendages and with cuticular 
sculpturing of the Barbaria type, B. bigranulata 
was probably mistaken for most congeners in the 
Neotropics. The ambiguous original description 
contributed further to misidentifications with various 
echiniscids in other parts of the world [see Table 6 
for the results of our examination of the Ramazzotti 
and Maucci collections and falsified records from 
Italy (Ramazzotti, 1945) and Austria (Maucci, 1974)]. 
Thus, the only confirmed records of this species are 
the following reports from the Neotropics: the original 
record (Argentina in Richters, 1908), the redescription 

Figure 12. Habitus of Barbaria danieli (PCM, female from Alabama). Arrowheads indicate rudimentary papillae on legs 
II–III. Scale bar in μm.
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taxonomic Key

After taxonomic re-shuffling (see above), the genus currently comprises 12 species. Since females are currently 
known for all species of Barbaria, but we still lack data on immature instars and the presence of males in 
some species, this key uses exclusively qualitative traits of sexually mature females.

1. Secondary spurs on external claws IV present* .................................................................................. B. ranzii
–. Secondary spurs on external claws IV absent .................................................................................................. 2
2(1). Internal claws spurless** .............................................................................................................................. 3
–. Internal claws with primary spurs ................................................................................................................... 4
3(2). Pores of similar diameter in all dorsal plates  ............................................................................. B. charrua
–. Pores of the caudal (terminal) plate clearly smaller than in the remaining dorsal plates .............. B. danieli
4(2). Pores present in pedal plates and in ventral subcephalic cuticle .......................................... B. ganczareki
–. Pores absent in pedal plates and in ventral subcephalic cuticle ..................................................................... 5
5(4). Cirrus A/body length ratio > 50% (typically >> 50%) .................................................................................. 6
–. Cirrus A/body length ratio < 50% (typically < 25%)  ........................................................................................ 7
6(5). Pseudopores present, claws strongly heteronych  ...................................................................... B. jenningsi
–. Pores present, claws slightly heteronych  .................................................................................... B. weglarskae
7(5). Pronounced thick and poreless ridges on the caudal plate present  ............................................ B. hannae
–. Pronounced thick and poreless ridges on the caudal plate absent  ................................................................. 8
8(7). Pores dominant .............................................................................................................................................. 9
–. Pseudopores dominant  .................................................................................................................................... 11
9(8). Pores absent in anterior portion of median plate 2 and anterior portion of paired segmental plates and 
in the entirety of median plate 3  .............................................................................................  B. paucigranulata
–. Pores present in anterior portion of median plate 2 and anterior portion of paired segmental plates and in 
the entirety of median plate 3 ............................................................................................................................. 10
10(9). Papilla IV elongated, claws slightly heteronych .................................................................  B. bigranulata
–. Papilla IV tubby, claws isonych ...................................................................................... B. ollantaytamboensis
11(8). Papilla IV elongated, primary spurs robust and hook-shaped .............................................. B. madonnae
–. Papilla IV tubby, primary spurs delicate and needle-like ..............................................................  B. quitensis

* The examination of syntypes (slides 154, 157 in the Ramazzotti collection) revealed that secondary spurs 
may be occasionally present also on claws I–III.

** Barbaria charrua may rarely have asymmetrically developed, needle-like spurs on one of the internal 
claws (Fig. 11D).

(Argentina, Chile and Costa Rica in Michalczyk & 
Kaczmarek, 2006) and reports verified against the 
redescription [Chile in Binda & Pilato (1999) and in 
Jørgensen et al. (2011); Ecuador in Pilato et al. (2001) 
and Roszkowska et al. (2019); and Argentina in Maucci 
(1988), Rossi et al. (2009), Roszkowska et al. (2016) and 
in the present study]. The above-mentioned records 
pre-dating the redescription were verified either by 
Michalczyk & Kaczmarek (2006) or in the present 
study, and the COI sequence from Jørgensen et al. 
(2011) was verified herein. Whereas the following 
records of B. bigranulata from the Neotropics should 
be treated as Barbaria sp., because they could 
represent almost any species of the genus (even 
though some of them may represent B. bigranulata, 
their exact identity remains unverified): Richters 
(1911); Marcus (1939); Iharos (1963); Riggin (1963); 
Mehlen (1969); Rossi & Claps (1980, 1989); Claps 
& Rossi (1981, 1984, 1988); Garitano-Zavala (1995, 

1996). Finally, all B. bigranulata records outside the 
Neotropics should be considered erroneous or highly 
dubious: the Nearctic [Kansas in Lehmann et al., 
2007], Palaearctic [Italy in Ramazzotti (1956) and 
Arcidiacono (1964); China in Yang (2007); Spain in 
Rodríguez-Candela et al. (2016)], Afrotropics [South 
Africa mentioned in Heinis (1928); Cameroon in 
Iharos (1969); Botswana in Middleton (2003)], Orient 
[Indonesia in Heinis, 1928] and Australasia [New 
Zealand in Horning et al., 1978]. Specifically, the 
New Zealand example turned out to represent a new 
species, Z. palmai (Dastych, 1997), the Italian records 
were invalidated by Ramazzotti & Maucci (1983), the 
record from Spain is a misidentified Pseudechiniscus 
sp. [see figs 2–3 in Rodríguez-Candela et al. (2016) and 
Kaczmarek (2021)], and the Chinese and the African 
reports are highly unreliable, most likely representing 
Echiniscus species (McInnes et al., 2017). Even 
recently, Barbaria was reported from India (Bhakare 
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& Pai, 2021), but the specimens found represent an 
undescribed species of Viridiscus (Bhakare, personal 
communication based on microphotographs). In 
fact, there is no sound evidence for any Barbaria 
species outside the Nearctic, Neotropic and Antarctic 
realms. Thus, Barbaria is a good example of how 
misidentifications led to false records for the genus, 
which, in consequence, provided false support for the 

‘everything is everywhere’ (‘EiE’) hypothesis (Baas-
Becking, 1934).

Despite the numerous invalid records, B. bigranulata 
still has the widest documented geographic range of 
all species in the genus, extending from Tierra del 
Fuego in the south to Costa Rica in the north (Fig. 
13). Importantly, together with B. madonnae and 
B. weglarskae, they seem to be the only Barbaria 
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Figure 13. The extant verified distributions of all known species of Barbaria: the main map – Neotropic; the upper insert 
– south-eastern Nearctic; the lower insert – the Antarctic Peninsula. See the Discussion for discarded records. Maps from 
www.freeworldmaps.net.
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species inhabiting Patagonia, but further sampling is 
needed to confirm this. Such a vast geographic range, 
spanning more than 7000 km longitudinally, with 
elevations ranging from sea level to c. 4500 m asl and 
across several climate types (from tropical rainforest 
in Costa Rica, through temperate with hot summer 
and without dry season in Argentina, to polar tundra 
in Chile; classification according to Peel et al., 2007), 
suggest that B. bigranulata is eurytopic. Barbaria 
madonnae also has a broad distribution ranging 
from the Colombian Sierra Nevada de Santa Marta 
(Lisi et al., 2014) to southern Patagonia (Maucci, 
1988). Furthermore, B. charrua is known from many 
locales in northern Argentina (Claps et al., 2008) 
and Uruguay (Kaczmarek et al., 2015). New records 
of B. ollantaytamboensis in north-western Argentina, 
northern Chile and Ecuador are the first reports 
of the species outside Peru (Table 6; Fig. 13; Nickel 
et al., 2001). The remaining species of the genus are 
known exclusively from their type localities (B. ranzii 
from Chile, B. hannae and B. quitensis from Ecuador, 
B. paucigranulata and B. weglarskae from Argentina) 
or from several close locales (B. ganczareki from Costa 
Rica, B. jenningsi from Antarctica, B. danieli from 
USA). The limited geographic ranges of Barbaria 
species, and of the genus itself, go against the EiE 
hypothesis. This is in concordance with recent 
discoveries in other tardigrade lineages, such as two 
clades representing the Western Palaearctic and 
Orient in the echiniscid genus Bryodelphax (Gąsiorek 
et al., 2020), and an overwhelming percentage of 
species restricted to single geographic realms in the 
echiniscid genus Pseudechiniscus (Gąsiorek et al., 
2021b) and in the apochelan genus Milnesium Doyère, 
1840 (Morek et al., 2021). Thus, the present study 
provides further evidence supporting the hypothesis 
that widely distributed tardigrade species are an 
exception rather than the rule.

Future directionS

With two-thirds of the known species that have been 
analysed under the integrative taxonomy framework, 
Barbaria is now one of the few tardigrade genera with 
such a high proportion of integratively analysed species. 
Nevertheless, there are still many unknowns about the 
natural history of the genus. As shown above, Barbaria 
is common and widely distributed in the Neotropics. 
However, the numerous uncertain species records, 
combined with a recent influx of new taxa in the genus 
[as many as eight of 12 (67%) species have been described 
since the beginning of the present century], may 
suggest that there could be many more species awaiting 
discovery. If this is the case, then adding the known 
and yet undescribed species to the current dataset is 
likely to clarify or change some of the conclusions about 

the morphological evolution of the genus presented 
in this study. Other issues are the dubious records of 
Barbaria outside the Neotropics, southern Nearctic 
and Antarctica, as well as the northern boundary of 
the geographic range of the genus. Hopefully, with the 
increasing use of integrative methods, future records 
of Barbaria will be easily verifiable and genetically 
confirmed geographic ranges of species in the genus 
will allow for more reliable reconstructions of historical 
biogeography of Barbaria.

ACKNOWLEDGEMENTS

Witold Morek, Bartłomiej Surmacz, Sogol Momeni and 
Jason Pienaar kindly provided samples for analyses 
and are sincerely thanked. We are also immensely 
grateful to Hieronymus Dastych, Roberto Guidetti, 
Harry Meyer, Museo Civico di Storia Naturale 
in Verona, Zoological Museums in Hamburg and 
Kraków for loans of the comparative material. Harry 
Meyer, Milena Roszkowska and Łukasz Kaczmarek 
kindly provided microphotographs of B. danieli and 
B. hannae. Two reviewers significantly helped to 
improve the manuscript. The study was supported 
by the Preludium programme (grant no. 2019/33/N/
NZ8/02777 to PG, supervised by ŁM) and the Sonata 
Bis programme (grant no. 2016/22/E/NZ8/00417 to 
ŁM) funded by the Polish National Science Centre, and 
a grant from the European Commission’s Integrated 
Infrastructure Initiative programme SYNTHESYS 
(HU-TAF-2224 to ŁM). PG is a recipient of the Etiuda 
(2020/36/T/NZ8/00360, funded by the Polish National 
Science Centre) and the Start stipend (START 
28.2020, funded by the Foundation for Polish Science).

DATA AVAILABILITY

Raw morphometric data for both new species 
are deposited in the Tardigrada Register. Raw 
morphometric data for Barbaria jenningsi from Signy 
Island are presented as Supporting Information, 
Material S3. All DNA sequences were uploaded to 
GenBank (Table 2).

CONFLICTS OF INTEREST

The Authors declare no conflict of interest.

REFERENCES

Arcidiacono R. 1964. Ricerche sulla fauna e zoogeografia della 
Sicilia. XXII. Secondo contributo alla conoscenza dei tardigradi 

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/195/4/1037/6515343 by U

niw
ersytet Jagiellonsky w

 Krakow
ie user on 05 Septem

ber 2022

https://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlab087#supplementary-data
https://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlab087#supplementary-data


EVOLUTION OF BARBARIA 1063

© 2022 The Linnean Society of London, Zoological Journal of the Linnean Society, 2022, 195, 1037–1066

dei Monti Nebrodi. Bollettino delle Sedute dell’Accademia 
Gioenia di Scienze Naturale Catania, Serie IV 8: 187–203.

Baas-Becking LGM. 1934. Geobiologie of inleiding tot de 
milieukunde. The Hague: W.P. Van Stockum & Zoon.

Bertolani R, Guidetti R, Marchioro T, Altiero T, 
Rebecchi L, Cesari M. 2014. Phylogeny of Eutardigrada: 
new molecular data and their morphological support lead to 
the identification of new evolutionary lineages. Molecular 
Phylogenetics and Evolution 76: 110–126.

Bhakare KCR, Pai K. 2021. An overview of freshwater 
Tardigrada in northern Western Ghats of India. Aquatic 
Ecology 55: 1327–1338.

Binda MG, Pilato G. 1999. Macrobiotus erminiae, new species 
of eutardigrade from southern Patagonia and Tierra del 
Fuego. Entomologische Mitteilungen aus dem Zoologischen 
Museum Hamburg 13: 151–158.

Casquet JT, Thebaud C, Gillespie RG. 2012. Chelex 
without boiling, a rapid and easy technique to obtain stable 
amplifiable DNA from small amounts of ethanol-stored 
spiders. Molecular Ecology Resources 12: 136–141.

Claps MC, Rossi GC. 1981. Contribución al conocimiento 
de los tardígrados de Argentina II. Revista de la Sociedad 
Entomológica Argentina 40: 107–114.

Claps MC, Rossi GC. 1984. Contribución al conocimiento de 
los tardígrados de Argentina IV. Acta Zoologica Lilloana 38: 
45–50.

Claps MC, Rossi GC. 1988. Tardígrados de Argentina VI. 
Iheringia (Série Zoología) 67: 3–11.

Claps MC, Rossi GC. 1997. Tardígrados de Uruguay, 
con descripción de dos nuevas especies (Echiniscidae, 
Macrobiotidae). Iheringia (Série Zoología) 83: 17–22.

Claps MC, Rossi GC, Ardohain DM. 2008. Tardigrada. In: 
Claps LE, Debandi G, Roig-Juñent S, eds. Biodiversidad 
de artrópodos argentines, Vol. 1. Mendoza: Sociedad 
Entomológica Argentina, 63–77.

Cuénot L. 1926. Description d’un tardigrade nouveau de la 
faune francaise. Comptes Rendus de l’Académie des Sciences, 
Paris 182: 744–745.

Dastych H. 1984. The Tardigrada from Antarctic with 
descriptions of several new species. Acta Zoologica 
Cracoviensia 27: 377–436.

Dastych H. 1997. A new species of the genus Echiniscus 
(Tardigrada) from New Zealand. Entomologische Mitteilungen 
aus dem Zoologischen Museum Hamburg 12: 209–215.

Dastych H. 1999. A new species of the genus Mopsechiniscus 
Du Bois-Reymond Marcus, 1944 (Tardigrada) from the 
Venezuelan Andes. Acta Biologica Benrodis 10: 91–101.

Degma P, Bertolani R, Guidetti R. 2009–21. Actual 
checklist of Tardigrada species. Available at: https://doi.
org/10.25431/11380_1178608 (accessed 31.7.2021).

Degma P, Meyer HA, Hinton JG. 2021. Claxtonia goni, a 
new species of Tardigrada (Heterotardigrada, Echiniscidae) 
from the island of Maui (Hawaiian Islands, U.S.A., North 
Pacific Ocean), with notes to the genus Claxtonia Gąsiorek & 
Michalczyk, 2019. Zootaxa 4933: 527–542.

Drummond AJ, Rambaut A. 2007. BEAST: Bayesian 
evolutionary analysis by sampling trees. BMC Evolutionary 
Biology 7: 214.

Drummond AJ, Suchard MA. 2010. Bayesian random local 
clocks, or one rate to rule them all. BMC Biology 8: 114.

du Bois-Reymond Marcus E. 1944. Sobre tardígrados 
brasileiros. Comunicaciones Zoológicas del Museo de Historia 
Natural de Montevideo 13: 1–19, pls I–IV.

Ferreira MAR, Suchard MA. 2008. Bayesian analysis of 
elapsed times in continuous‐time Markov chains. Canadian 
Journal of Statistics 36: 355–368.

Fontoura P, Bartels PJ, Jørgensen A, Kristensen RM, 
Hansen JG. 2017. A dichotomous key to the genera of 
the marine heterotardigrades (Tardigrada). Zootaxa 4294: 
1–45.

Garitano-Zavala A. 1995. Primer reporte de las especies de 
tardígrados muscícolas (phylum Tardigrada) presentes en la 
vertiente occidental de la Cordillera de los Andes (La Paz-
Bolivia). Ecología en Bolivia 24: 1–39.

Garitano-Zavala A.  1996. Efecto de la humedad 
microambiental y la altura, sobre la distribución de la 
tardigradifauna muscícola (phylum Tardigrada) en la 
vertiente occidental de la Cordillera Real de los Andes (La 
Paz, Bolivia). Ecología en Bolivia 26: 1–48.

Gąsiorek P, Degma P. 2018. Three Echiniscidae species 
(Tardigrada: Heterotardigrada) new to the Polish fauna, 
with the description of a new gonochoristic Bryodelphax 
Thulin, 1928. Zootaxa 4410: 77–96.

Gąsiorek P, Morek W, Stec D, Michalczyk Ł. 2019. 
Untangling the Echiniscus Gordian knot: paraphyly of the 
‘arctomys group’. Cladistics 35: 633–653.

Gąsiorek P, Vončina K, Degma P, Michalczyk Ł. 2020. 
Small is beautiful: the first phylogenetic analysis of 
Bryodelphax Thulin, 1928 (Heterotardigrada: Echiniscidae). 
Zoosystematics and Evolution 96: 103–113.

Gąsiorek P, Oczkowski A, Blagden B, Kristensen RM, 
Bartels PJ, Nelson DR, Suzuki AC, Michalczyk Ł. 
2021a. New Asian and Nearctic Hypechiniscus species 
(Heterotardigrada: Echiniscidae) signalize a pseudocryptic 
horn of plenty. Zoological Journal of the Linnean Society 192: 
794–852.

Gąsiorek P , Vončina K , Zając K , Michalczyk Ł. 
2021b. Phylogeography and morphological evolution of 
Pseudechiniscus (Heterotardigrada: Echiniscidae). Scientific 
Reports 11: 7606.

Guil N, Jørgensen A, Giribet G, Kristensen RM. 
2013. Congruence between molecular phylogeny and  
cuticular design in Echiniscoidea (Tardigrada, Heterotardigrada). 
Zoological Journal of the Linnean Society 169: 713–736.

Hall TA. 1997. BIOEDIT: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/98/
NT. Nucleic Acids Symposium Series 41: 95–98.

Heinis F. 1928. Die Moosfauna des Krakatau. Treubia 10: 
231–244, p. IX.

Hoang DT, Chernomor O, von Haeseler A, Minh BQ, 
Vinh LS. 2018. UFBoot2: improving the ultrafast bootstrap 
approximation. Molecular Biology and Evolution 35: 
518–522.

Horning DS , Schuster RO , Grigarick AA.  1978. 
Tardigrada of New Zealand. New Zealand Journal of 
Zoology 5: 185–280.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/195/4/1037/6515343 by U

niw
ersytet Jagiellonsky w

 Krakow
ie user on 05 Septem

ber 2022

https://doi.org/10.25431/11380_1178608
https://doi.org/10.25431/11380_1178608


1064 P. GĄSIOREK ET AL.

© 2022 The Linnean Society of London, Zoological Journal of the Linnean Society, 2022, 195, 1037–1066

Iharos G. 1963. The zoological results of Gy. Topal’s collectings 
in South Argentina 3. Tardigrada. Annales Historico-
Naturales Musei Nationalis Hungarici 55: 293–299.

Iharos G. 1969. Tardigraden aus Mittelwestafrika. Opuscula 
Zoologica, Budapest 9: 115–120.

Jørgensen A, Møbjerg N, Kristensen RM. 2011. Phylogeny 
and evolution of the Echiniscidae (Echiniscoidea, Tardigrada) 
– an investigation of the congruence between molecules 
and morphology. Journal of Zoological Systematics and 
Evolutionary Research 49(S1): 6–16.

Kaczmarek Ł. 2021. Clarification of the presence of 
Barbaria bigranulata (Richters, 1907) (Heterotardigrada, 
Echiniscidae) on the Iberian Peninsula (Spain, Europe). 
Zootaxa 5005: 249–250.

Kaczmarek Ł, Michalczyk Ł, McInnes SJ. 2014. Annotated 
zoogeography of non-marine Tardigrada. Part I: Central 
America. Zootaxa 3763: 1–62.

Kaczmarek Ł, Michalczyk Ł, McInnes SJ. 2015. Annotated 
zoogeography of non-marine Tardigrada. Part II: South 
America. Zootaxa 3923: 1–107.

Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, 
Jermiin LS. 2017. ModelFinder: fast model selection 
for accurate phylogenetic estimates. Nature Methods 14: 
587–589.

Katoh K, Toh H. 2008. Recent developments in the MAFFT 
multiple sequence alignment program. Briefings in 
Bioinformatics 9: 286–298.

Katoh K, Misawa K, Kuma K, Miyata T. 2002. MAFFT: a 
novel method for rapid multiple sequence alignment based 
on fast Fourier transform. Nucleic Acids Research 30: 
3059–3066.

Kristensen RM. 1987. Generic revision of the Echiniscidae 
(Heterotardigrada), with a discussion of the origin of the 
family. In: Bertolani R, ed. Biology of Tardigrades, Vol. 
1. Modena: Selected Symposia and Monographs, U.Z.I., 
261–335.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular 
evolutionary genetics analysis version 7.0 for bigger datasets. 
Molecular Biology and Evolution 33: 1870–1874.

Lanfear R , Calcott B , Ho SY , Guindon S.  2012. 
PartitionFinder: combined selection of partitioning schemes 
and substitution models for phylogenetic analyses. Molecular 
Biology and Evolution 29: 1695–1701.

Lanfear R, Frandsen PB, Wright AM, Senfeld T, 
Calcott B. 2016. PartitionFinder 2: new methods for 
selecting partitioned models of evolution for molecular and 
morphological phylogenetic analyses. Molecular Biology and 
Evolution 34: 772–773.

Lehmann RE, Shively SD, Miller WR. 2007. Tardigrades 
of North America: an historical collection from Kansas and 
Missouri. Transactions of the Kansas Academy of Science 
110: 169–178.

Lisi O, Londoño R, Quiroga S. 2014. Tardigrada from a 
sub-Andean forest in the Sierra Nevada de Santa Marta 
(Colombia) with the description of Itaquascon pilatoi sp. nov. 
Zootaxa 3841: 551–562.

Marcus E. 1939. IV. Tardigrada. Transactions of the Linnean 
Society of London, Series 3 1: 45–49.

M a u c c i  W.  1 9 7 4 .  H y p s i b i u s  ( H . )  c a t a p h r a c t u s 
(Tardigrada: Macrobiotidae) und weitere Nachrichten 
uber  Tard igraden  aus  Osterre i ch . Ber i ch t e  des 
Naturwissenschaf t l i ch-Mediz inischen Vere ins  in 
Innsbruck 61: 83–86.

Maucci W. 1988. Tardigrada from Patagonia (southern South 
America) with description of three new species. Revista 
Chilena de Entomología 16: 5–13.

McInnes SJ. 1994. Zoogeographic distribution of terrestrial/
freshwater tardigrades from current literature. Journal of 
Natural History 28: 257–352.

McInnes SJ. 1995. Tardigrades from Signy Island, South 
Orkney Islands, with particular reference to freshwater 
species. Journal of Natural History 29: 1419–1445.

McInnes SJ, Michalczyk Ł, Kaczmarek Ł. 2017. Annotated 
zoogeography of non-marine Tardigrada. Part IV: Africa. 
Zootaxa 4284: 1–74.

Mehlen RH. 1969. Tardigrada: taxonomy and distribution 
in Costa Rica. Transactions of the American Microscopical 
Society 88: 498–505.

Meyer HA, Tsaliki M, Sorgee B. 2017. New water bear 
records (phylum Tardigrada) from South Carolina, 
southeastern USA, with the description of Echiniscus danieli 
sp. nov. (Heterotardigrada, Echiniscidae, bigranulatus group). 
Proceedings of the Biological Society of Washington 130: 
98–107.

Michalczyk Ł, Kaczmarek Ł. 2006. Revision of the 
Echiniscus bigranulatus  group with a description 
of a new species Echiniscus madonnae (Tardigrada: 
Heterotardigrada: Echiniscidae) from South America. 
Zootaxa 1154: 1–26.

Michalczyk Ł, Kaczmarek Ł. 2007. Echiniscus ganczareki, 
a  new species  o f  Tardigrada (Heterotardigrada: 
Echiniscidae, bigranulatus group) from Costa Rica. 
Zootaxa 1471: 15–25.

Michalczyk Ł, Kaczmarek Ł. 2013. The Tardigrada 
Register: a comprehensive online data repository for 
tardigrade taxonomy. Journal of Limnology 72(S1): 
175–181.

Middleton RC. 2003. Tardigrades in southern Africa. African 
Journal of Ecology 41: 280–282.

Morek W, Surmacz B, López-López A, Michalczyk Ł. 
2021. ‘Everything is not everywhere’: time-calibrated 
phylogeography of the genus Milnesium (Tardigrada). 
Molecular Ecology 30: 3590–3609.

Murray J. 1907. Some South African Tardigrada. Journal 
of the Royal Microscopical Society 12: 515–524, plates 
XVII–XVIII.

Nguyen L-T, Schmidt HA, von Haeseler A, Minh BQ. 
2015. IQ-TREE: a fast and effective stochastic algorithm 
for estimating maximum likelihood phylogenies. Molecular 
Biology and Evolution 32: 268–274.

Nickel K, Miller WR, Marley N. 2001. Tardigrades of 
South America: Machu Picchu and Ollantaytambo, Peru. 
Zoologischer Anzeiger 240: 505–509.

Pagel M, Meade A, Barker D. 2004. Bayesian estimation 
of ancestral character states on phylogenies. Systematic 
Biology 53: 673–684.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/195/4/1037/6515343 by U

niw
ersytet Jagiellonsky w

 Krakow
ie user on 05 Septem

ber 2022



EVOLUTION OF BARBARIA 1065

© 2022 The Linnean Society of London, Zoological Journal of the Linnean Society, 2022, 195, 1037–1066

Peel MC, Finlayson BL, McMahon TA. 2007. Updated world 
map of the Köppen-Geiger climate classification. Hydrology 
and Earth System Sciences 11: 1633–1644.

Pilato G. 2007. Echiniscus quitensis, a new species of 
tardigrade from Ecuador (Heterotardigrada: Echiniscidae). 
Zootaxa 1389: 55–60.

Pilato G, Binda MG, Napolitano A, Moncada E. 2001. Notes 
on South American tardigrades with the description of two 
new species: Pseudechiniscus spinerectus and Macrobiotus 
danielae. Tropical Zoology 14: 223–231.

Pilato G, Fontoura P, Lisi O, Beasley C. 2008. New 
description of Echiniscus scabrospinosus Fontoura, 1982, and 
description of a new species of Echiniscus (Heterotardigrada) 
from China. Zootaxa 1856: 41–54.

Pleijel F, Jondelius U, Norlinder E, Nygren A, Oxelman B, 
Schander C , Sundberg P , Thollesson M.  2008. 
Phylogenies without roots? A plea for the use of vouchers in 
molecular phylogenetic studies. Molecular Phylogenetics and 
Evolution 48: 369–371.

Ramazzotti G. 1945. Nuovi tardigrade della fauna italiana. 
Atti della Società Italiana di Scienze Naturali e del Museo 
Civico di Storia Naturale in Milano 84: 98–104.

Ramazzotti G. 1956. I tardigradi delle Alpi. Memorie 
dell’Istituto Italiano di Idrobiologia 9: 273–290.

Ramazzotti G. 1962. Tardigradi del Cile, con descrizione 
di quattro nuove specie e di una varietá. Atti della Società 
Italiana di Scienze Naturali e del Museo Civico di Storia 
Naturale di Milano 101: 275–287.

Ramazzotti G. 1964. Tardigradi del Cile – II – con descrizione 
di due nuove specie e note sulla scultura degli Echiniscidae. 
Atti della Società Italiana di Scienze Naturali e del Museo 
Civico di Storia Naturale in Milano 103: 89–100.

Ramazzotti G, Maucci W. 1983. Il Phylum Tardigrada. III 
edizione riveduta e aggiornata. Memorie dell’Istituto Italiano 
di Idrobiologia 41: 1–1011.

Rambaut A, Suchard MA, Xie D, Drummond AJ. 2014. 
Tracer v.1.6. 2014. Available at: https://beast.bio.ed.ac.uk/
Tracer. Accessed 10 April 2021.

Richters F. 1903. Nordische Tardigraden. Zoologischer 
Anzeiger 27: 168–172.

Richters F. 1908. Moosbewohner. Wissenschaftliche Ergebnisse 
der Schwedischen Südpolar-Expedition (1901–1903) 6: 1–16, 
plate I.

Richters F.  1911. Südamerikanische Tardigraden. 
Zoologischer Anzeiger 38: 273–277.

Riggin GT. 1963. Tardigrades from Costa Rica. Proceedings of 
the Louisiana Academy of Sciences 26: 15–17.

Robotti C. 1972. Secondo contributo alla conoscenza 
dei tardigradi del Piemonte, con la descrizione di 
Echiniscus (Hyp.) papillifer spec. nov. e di Hexapodibius 
pseudomicronyx spec. nov. Atti della Società Italiana di 
Scienze Naturali e del Museo Civico di Storia Naturale in 
Milano 133: 153–162.

Rodríguez-Candela M, Guil N, Parapar J. 2016. Tardigrades 
of Fragas do Eume Natural Park (Galicia, NW Spain) with 
the first record of Echiniscus bigranulatus Richters, 1907 
(Tardigrada, Heterotardigrada) in the Iberian Peninsula. 

Boletín de la Real Sociedad Española de Historia Natural, 
Sección Biológica 110: 61–70.

Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian 
phylogenetic inference under mixed models. Bioinformatics 
19: 1572–1574.

Rossi GC, Claps MC. 1980. Contribución al conocimiento 
de los tardígrados de Argentina I. Revista de la Sociedad 
Entomológica Argentina 39: 243–250.

Rossi GC, Claps MC. 1989. Contribución al conocimiento 
de los tardígrados de Argentina V. Revista de la Sociedad 
Entomológica Argentina 47: 133–142.

Rossi GC, Claps MC, Ardohain D. 2009. Tardigrades from 
northwestern Patagonia (Neuquén Province, Argentina) 
with the description of three new species. Zootaxa 2095: 
21–36.

Roszkowska M, Stec D, Ciobanu DA, Kaczmarek Ł. 2016. 
Tardigrades from Nahuel Huapi National Park (Argentina, 
South America) with descriptions of two new Macrobiotidae 
species. Zootaxa 4105: 243–260.

Roszkowska M, Gawlak M, Draga M, Kaczmarek Ł. 
2019. Two new species of Tardigrada from Ecuador (South 
America). Zootaxa 4545: 511–530.

Schultze CAS. 1840. Echiniscus Bellermanni; animal 
crustaceum, Macrobioto Hufelandii affine. Apud G. Reimer, 
Berolini, 8 pp.

Stec D, Kristensen RM, Michalczyk Ł. 2020. An integrative 
description of Minibiotus ioculator sp. nov. from the Republic 
of South Africa with notes on Minibiotus pentannulatus 
Londoño et al . , 2017 (Tardigrada: Macrobiotidae). 
Zoologischer Anzeiger 286: 117–134.

Thompson JD, Higgins DG, Gibson TJ. 1994. CLUSTAL W: 
improving the sensitivity of progressive multiple sequence 
alignment through sequence weighting, position-specific gap 
penalties and weight matrix choice. Nucleic Acids Resources 
22: 4673–4680.

Thulin G. 1911. Beitrag zur Kenntnis der Tardigradenfauna 
Schwedens. Arkiv för Zoologi 7: 1–60.

Thulin G. 1928. Über die Phylogenie und das System der 
Tardigraden. Hereditas 11: 207–266.

Trifinopoulos J, Nguyen L-T, von Haeseler A, Minh BQ. 
2016. W-IQTREE: a fast online phylogenetic tool for 
maximum likelihood analysis. Nucleic Acids Research 44: 
232–235.

Tumanov DV.  2020. Analysis of non-morphometric 
morphological characters used in the taxonomy of the genus 
Pseudechiniscus (Tardigrada: Echiniscidae). Zoological 
Journal of the Linnean Society 188: 753–775.

Vaidya G, Lohman DJ, Meier R. 2011. SequenceMatrix: 
concatenation software for the fast assembly of multi‐gene 
datasets with character set and codon information. Cladistics 
27: 171–180.

Velasco-Castrillón A, McInnes SJ, Schultz MB, Arróniz-
Crespo M, D’Haese CA, Gibson JAE, Adams BJ, 
Page TJ, Austin AD, Cooper SJB, Stevens MI. 2015. 
Mitochondrial DNA analyses reveal widespread tardigrade 
diversity in Antarctica. Invertebrate Systematics 29: 
578–590.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/195/4/1037/6515343 by U

niw
ersytet Jagiellonsky w

 Krakow
ie user on 05 Septem

ber 2022

https://beast.bio.ed.ac.uk/Tracer
https://beast.bio.ed.ac.uk/Tracer


1066 P. GĄSIOREK ET AL.

© 2022 The Linnean Society of London, Zoological Journal of the Linnean Society, 2022, 195, 1037–1066

Vicente F, Fontoura P, Cesari M, Rebecchi L, Guidetti R, 
Serrano A, Bertolani R. 2013. Integrative taxonomy allows 
the identification of synonymous species and the erection of 
a new genus of Echiniscidae (Tardigrada, Heterotardigrada). 
Zootaxa 3613: 557–572.

Yang T. 2007. Tardigrades from some mosses of Shennong 
Frame State Forest Park in China. Acta Zootaxonomica Sinica 
32: 186–189.

Yu Y, Blair C, He XJ. 2020. RASP 4: ancestral state 
reconstruction tool for multiple genes and characters. 
Molecular Biology and Evolution 37: 604–606.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher’s web-site.

Material S1. The list of all examined Barbaria populations from Argentina.
Material S2. Primers and references for specific protocols for amplification of the five DNA fragments sequenced 
in the study. GenBank accession numbers for outgroup taxa used in phylogenetics. 
Material S3. Morphometric data for Barbaria jenningsi from Signy Island (sub-Antarctic zone). 

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/195/4/1037/6515343 by U

niw
ersytet Jagiellonsky w

 Krakow
ie user on 05 Septem

ber 2022


