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Abstract

Two new heterotardigrade (Tardigrada) species, Bryodelphax pucapetricolus sp. nov.
and Bryodelphax wallacearthuri sp. nov., are described from moss associated with
limestone pavement in the Republic of Ireland. The species description process for
these two taxa initiated a more detailed exploration of several morphological
characters of importance in Bryodelphax Thulin including cuticular sculpture
elements and ventral plate morphology. Division of the third dorsal median plate in
the context of the genera Bryochoerus Marcus and Bryodelphax is further discussed.
We recommend minor emendations to the generic diagnoses of Bryochoerus and
Bryodelphax. Also, we emend the species diagnoses of Bryodelphax aaseae
Kristensen, Michalczyk and Kaczmarek and Bryodelphax parvuspolaris Kaczmarek,
Zawierucha, Smykla and Michalczyk, record the genus Parechiniscus Cuénot from
the Republic of Ireland for the first time, and make suggestions relevant to the
taxonomy of limnoterrestrial heterotardigrades.
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and Fernandez, 2013). The majority of this habitat type is
concentrated in Burren region in the west of Ireland.

Introduction

Tardigrades (Phylum Tardigrada Doyere, 1840) are
obligate aquatic, microscopic animals that occur in
marine, freshwater, and diverse limnoterrestrial situations.
The All-Ireland Tardigrade Survey (AITS) is an on-going

research project with an aim to investigate the importance (Parr et al., 2009). Yet, only two previous
biodiversity and ecology of Tardigrada within multiple records of tardigrades existed from the region prior to
habitat types in all 32 counties of the Republic of Ireland the present investigation: Isohypsibius panovi
and Northern Ireland (subsequently referred to together as Tumanov, 2005 described from lichen on sandy soil

The Burren is renowned for its characteristic and
expansive limestone karst topography and further
recognized as a complex mosaic of biological and
habitat diversity of international conservation

‘Ireland’). Limestone pavement, a habitat of particular
focus of the AITS project, occurs over a larger area in
Ireland than elsewhere in the European Union (Wilson

(Tumanov, 2005) and Echiniscus quadrispinosus
quadrispinosus Richters, 1902 recorded in Ireland for
the first time from moss on a tree trunk (DeMilio et
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al., 2016). Neither of these previous samples was
taken from limestone pavement substrate.

We found two undescribed species of Bryodelphax
Thulin, 1928 in new AITS moss samples from
limestone pavement in the Burren region. The
heterotardigrade genus Bryodelphax contains 27
previously described species that have been considered
to be divided into two taxonomically operational groups
(Kristensen et al., 2010) that are characterized by the
presence of ventral plates of sclerotized cuticle in the
‘weglarskae group’ (14 species), or the absence of such
plates in the ‘parvulus group’ (13 species).

The genus Bryochoerus Marcus, 1936 was essentially
separated from Bryodelphax by the division of all
three median plates of the dorsal cuticle on the
former, compared to only the two anteriormost
median plates divided in the later. There are
taxonomic issues surrounding Bryochoerus that
originate in part from the outdated practice of
erecting, moving, or otherwise emending taxa from
another geographic area (sometimes very distant) on
the basis of observations made on local material that
the author believed to represent the original
description without having observed the type (which
was often loosely described by modern standards).

Murray (1910) described ‘Echiniscus intermedius
intermedius’ and its Hawaiian variety (both from
Oceania) and Canadian variety (Pacific North
America). All three taxa were indicated to have
divided median plates. However, the third median
plate seems to have been considered by Murray
(1910) to be structured slightly different between the
type and Hawaiian variety compared to the Canadian
variety, although this was ambiguously stated. Thulin
(1911) collected Swedish heterotardigrade specimens
that he determined to be the ‘Echiniscus intermedius’
Canadian variety with the identification confirmed by
Murray. Thulin (1928) considered this Swedish
material (treated as equivalent to the ‘Echiniscus
intermedius’ Canadian variety), the Australian type,
and Hawaiian variety described by Murray (1910) to
comprise the new genus Bryodelphax. The original
diagnosis for that genus included 5-6 “Schaltplatten”
(i.e. median plates) because Thulin (1928) stated that
he interpreted Murray’s description of these taxa to
mean that the third median plate could be composed
of two parts (in the type and Hawaiian variety, i.e. 6
median plate parts in total) or to have only one part
as a result of the second part being completely fused
with the caudal plate (the Canadian variety, i.e. 5
median plate parts in total). Thulin (1928) named the
Canadian variety Bryodelphax parvulus Thulin 1928
and designated it as the genus type as he considered
the other associated infermedius taxa as only
temporarily placed in Bryodelphax.

Marcus (1936) later concluded that Murray’s
‘Echiniscus intermedius intermedius’, the Hawaiian
variety, and a new German form, ‘laevis’, should be

placed into the new Bryochoerus based upon the
shared character of a division in third median plate.
Marcus (1936), in disagreement with Thulin (1928),
considered both Bryodelphax and Bryochoerus as
subgenera, not genera. Contrarily, Kristensen (1987)
found evidence in Thulin’s collection to indicate that
Thulin regarded Bryodelphax and Bryochoerus as
synonyms. Confusion over the status of Bryochoerus
was perhaps further compounded by variation in
how the “divisions” of the median plates have been
precisely interpreted by the original and later
authors, several of whom have also discussed the
validity of the genus (Ramazzotti and Maucci, 1983;
Kristensen, 1987; Kristensen et al., 2010; Lisi et al.,
2017; Xue et al., 2017).

At the outset of our analyses of the two undescribed
Bryodelphax and accompanying taxa collected from
the Burren, we encountered two main obstacles that
prevented straightforward descriptions of the two
new species. First, our initial analysis showed
conflicting evidence for the generic placement of one
of the undescribed species as it exhibited characters
of both the Bryodelphax ‘weglarskae group’ and
Bryochoerus. Second, our detailed analyses of both
undescribed species and Bryodelphax comparative
material as part of the species description process
found variation in several morphological characters
that had not been previously well accounted for in
relation to Bryodelphax. Both of these issues required
us to expand our work on these taxa to include a
broader, more in-depth presentation of our
observations of the morphological characters of these
heterotardigrade taxa.

Material and Methods
Isolation of specimens

Moss samples were collected from limestone pavement
surfaces with permission from the Irish National Parks
and Wildlife Service (permit number: 2013-1234).
Samples were immediately dried and subsequently stored
in paper envelopes. Dried moss was rehydrated in
distilled water for 24 hours prior to vigorous agitation in a
glass jar, after which the contents were passed through
1.2 mm and 36 um sieves. Material retained on the finer
sieve was examined under a stereomicroscope at a
minimum of 40x magnification in order to manually sort
tardigrades from the host material.

Microscopy and imaging

Collected specimens were mounted either on
permanent slides in Heinz’s Polyvinyl Alcohol
(PVA) or Hoyer’s medium or on temporary slides in
water to be identified prior to molecular analyses.
Other individuals were prepared for scanning
electron microscopy (SEM). Permanent slides for
light microscopy (LM) were examined on an
Olympus BX51 or Leica DM2500 microscope using
differential interference contrast (DIC) and phase
contrast (PhC) techniques and/or an AMScope T720
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with PhC kit. Specimens on permanent and
temporary slides were measured and photographed
up to the maximum magnification (100x oil objective
(and 2x magnification changer)) with digital camera
and AMScope capture software (Version 3.7).
Drawings for figures were made using a drawing
tube. Specimens were prepared for and examined
with SEM as per the protocol described by Pérez-
Pech et al. (2020). All figures were assembled with
Corel Draw Graphics Suite X6.

Morphometrics, terminology, and identification

Morphometric data are given in micrometers (um).
Measured traits were checked for the influence of
allometric growth following Bartels et al. (2011) in
order to validate the use of morphometric ratios and
to eliminate body size effects in intra- and
interspecific comparisons. For each measured trait
(except scapular plate length) a psc value, i.e. the per
cent ratio between the length of a structure and the
scapular plate length (Dastych, 1999; Fontoura and
Morais, 2011; Kaczmarek et al., 2021) was
calculated. An additional morphometric index, pbl,
which we define as the per cent ratio of a length of
the structure and the body length, was calculated for
the measured distance between the gonopore and
anus (see below). Body length (bl) was measured
from the cephalic to caudal extremities excluding
legs IV. Cirri were measured including the
cirrophore. Secondary clavae were measured in two
dimensions with length (1) measured as the distance
from the base at the point of attachment to the head
to the distal apex, and width (w) at the widest point
across the circumference. If claws were oriented in a
position for reliable measurement, claw length, claw
height, spur length, and spur insertion point were
obtained as shown in Fig. 1A, B. Female gonopore
diameter (@) was measured at the widest transverse
distance including the surrounding rosette of
myoepithelial cells (Fig. 1C). Male gonopore
diameter (@) was measured at the widest transverse
distance across the external circumference (Fig. 1D).
Gonopore to anus distance was measured from the
center of the gonopore aperture to the center of the
anal aperture (Fig. 1C, D). Statistical analyses were
performed with JASP (Version 12.2).

Species identifications and determinations of new
species were performed by comparisons with the
original descriptions, any subsequent related
literature, and type or museum specimens of
previously described species. We followed the most
recent checklist of tardigrades species (2009-2021,
40™ Edition: 19-07-2021) by Degma et al. (2021a)
(Guidetti and Bertolani, 2005; Degma and Guidetti,
2007). We wused the general terminology of
Kristensen (1987) and Tumanov (2020a) for
Pseudechiniscus with modification, and our own
terms. Regarding features of the cuticle, we employ
the traditional usage of the term ‘sculpture’ to
include both the outermost structures and those

visible within more internal layers (i.e. pillars).
Terminology of the anal system was adapted from
Magbjerg et al. (2019). We used the abbreviations for
the genera Bryochoerus Marcus, 1936 (Brc.),
Bryodelphax Thulin, 1928 (Bry.), Parechiniscus
Cuénot, 1926 (Par.), and Pseudechiniscus Thulin,
1911 (Pse.) recommended by Perry et al. (2019).

Additional material studied

We examined the following museum material (slides)
for comparative purposes: Bryochoerus intermedius
intermedius (Murray, 1910) (one specimen (Australia),
Natural History Museum of Denmark (NHMD), slide
NHMD-111560); Bryochoerus intermedius laevis
(Marcus, 1936) (eight specimens (Greenland), slides
NHMD-111559, NHMD-111605, NHMD-866887);
Bryodelphax aaseae Kristensen, Michalczyk and
Kaczmarek, 2010 (holotype and 41 paratypes, slides
NHMD-111877-111879, NHMD-111882, NHMD-
111891-111892, NHMD-111894-111896); Bryodelphax
arenosus Gasiorek, 2018 (one paratype, slide NHMD-

304931); Bryodelphax  australasiaticus — Gasiorek,
Vonc¢ina, Degma and Michalczyk, 2020a (four
paratypes, slides NHMD-304919-304921);

Bryodelphax decoratus Gasiorek, Voncina, Degma and
Michalczyk, 2020a (three paratypes, slide NHMD-
915770); Bryodelphax instabilis Gasiorek and Degma,
2018 (two paratypes, slides NHMD-304929-304930);
Bryodelphax iohannis Bertolani, Guidi and Rebecchi,
1996 (holotype and 27 paratypes, Bertolani Collection,
University of Modena and Reggio Emilia); Bryodelphax
maculatus Gasiorek, Stec, Morek, Marnissi and
Michalczyk, 2017 (2 paratypes, slide NHMD-304922);
Bryodelphax mareki Kayastha, Roszkowska,
Mioduchowska, Gawlak and Kaczmarek, 2021 (two
paratypes, slides NHMD-916144-916145); Bryodelphax
nigripunctatus ~ Gasiorek, Voncina, Degma and
Michalczyk, 2020a (seven paratypes, slides NHMD-
304923-304928); Bryodelphax olszanowskii Kaczmarek,
Pamnikoza, Gawlak, Esefeld, Peter, Kozeretska and
Roszkowska, 2018 (6 paratypes, slide NHMD-645471);
and Bryodelphax weglarskae (Pilato, 1972) (holotype,
Binda and Pilato Collection, University of Catania and one
paratype, Bertolani Collection).

For our analyses of morphological characters (in
addition to the comparative material above and the
newly collected specimens) we studied all published
LM and/or SEM micrographs of previously
described Bryodelphax or Bryochoerus species in:
Weglarska, 1959; Maucci, 1986; Bertolani et al.,
1996; Kaczmarek and Michalczyk, 2004;
Kaczmarek et al.,, 2005; Fontoura et al., 2008;
Kristensen et al.,, 2010; Pilato et al., 2010;
Kaczmarek et al., 2012; Lisi et al., 2017; Gasiorek et
al., 2017; Xue et al., 2017; Gasiorek, 2018; Gasiorek
and Degma, 2018; Kaczmarek et al., 2018; Gasiorek
et al., 2020a; and Kayastha et al., 2021. We also
examined unpublished micrographs of the holotype
of Bryodelphax parvuspolaris (courtesy of L.
Kaczmarek).
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A

Figure 1: Diagrams demonstrating performance of measurements. A claw measurements, h= claw height, I=
claw length; B spur measurements, 1= spur length, i= spur insertion point; C measurements of the female
gonopore diameter and distance between female gonopore and anus; D measurements of the male gonopore

diameter and distance between male gonopore and anus.

Genotyping

Molecular analyses were executed for 10 specimens
fixed in RNAlater® (Qiagen, Hilden, Germany)
solution. DNA was extracted using QuickExtract™
DNA Extraction Solution (Lucigen Corporation,
USA) (complete protocol description in Tumanov,
2020b). Four genetic regions were sequenced: small
ribosome subunit (18S rRNA), large ribosome
subunit (28S rRNA), internal transcribed spacer
(ITS-1), and cytochrome oxidase subunit I (COI).
PCR reactions included 5 pl template DNA, 1 pl of
each primer, 1 ul ANTP, 5 pl Taq Buffer (10X)
(—Mg), 4 ul 25 mM MgCl, and 0.2 pl Tag DNA
Polymerase (Thermo Scientific™) in a final volume
of 50 ul. The primers and PCR programs used are
provided in Supplementary File 1. PCR products
were visualized in 1.5% agarose gel stained with
ethidium bromide. All amplicons were sequenced
directly using the ABI PRISM Big Dye Terminator
Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA, USA) with the help of an ABI Prism 310
Genetic Analyzer. Sequences were edited and assembled
using ChromasPro software (Technelysium, USA). COI
sequences were translated to amino acids using the
invertebrate mitochondrial code, implemented in AliView
version 1.27 (Larsson, 2014), in order to check for the
presence of stop codons and therefore of pseudogenes.

Phylogenetic analysis

All sequences of 18S and 28S genes available in
GenBank for Bryodelphax at the time of analysis
were downloaded. Sequences of appropriate length
that were homologous to the sequences obtained and
that originated from publications with a reliable
attribution of the investigated taxa were selected
(Supplementary File 2). Both 18S rRNA and 28S
rRNA are nuclear markers used in phylogenetic
analyses to investigate high taxonomic levels
(Jorgensen et al., 2010, 2011; Bertolani et al., 2014;
Gasiorek, 2018; Guil et al., 2019). COI and ITS-1
were not included in the analysis because too few
sequences were available for these markers. Two
sequences of Echiniscus Schultze, 1840 (E. testudo
(Doyeére, 1840) and E. masculinus Gasiorek, Voncina
and Michalczyk, 2020) were used as an outgroup.
Sequences were automatically aligned using the
MAFFT algorithm (Katoh et al, 2002) using
AliView version 1.27 (Larsson, 2014); the
alignments were cropped to a length of 968 bp for
18S and 748 bp for 28S. Sequences of both genes
were concatenated using SeaView 4.0 (Gouy et al.,
2010) (final alignment presented in Supplementary
File 3). The best substitution model and partitioning
scheme for posterior phylogenetic analysis was
chosen under the Akaike Information Criterion
(AICc), using IQ-TREE multicore version 1.6.12
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(Kalyaanamoorthy et al., 2017; Minh et al., 2020).
IQ-TREE suggested to retain two predefined
partitions separately, and GTR+G4+F model was
recognized as the most suitable for both datasets.

Maximum-likelihood (ML) topologies were constructed
using IQ-TREE software (Minh et al, 2020) with
GTR+G4+F model. Bayesian analysis of the same
datasets was performed using MrBayes ver. 3.2.6, GTR
model with gamma correction for intersite rate variation
(8 categories) and the covariation model (Ronquist and
Huelsenbeck, 2003). Analyses were run as two separate
chains (default heating parameters) for 20 million
generations, by which time they had ceased converging
(final average standard deviation of the split frequencies
was less than 0.01). The quality of chains was estimated
using built-in MrBayes tools. MrBayes program was run
at the CIPRES ver. 3.3 website (Miller et al., 2010).
Bayesian analysis quality was verified using the program
Tracer v1.7.1 (Rambaut et al., 2018). Uncorrected
pairwise distances were calculated for sequences
automatically aligned with the help of the MUSCLE
algorithm as implemented in SeaView 4.0 using MEGA7
(Kumar et al., 2016) with gaps/missing data treatment set
to “complete deletion”.

Abbreviations for morphological terms

alr anterior latitudinal ridge

bl body length

cap caudal plate

cep cephalic plate

clr central latitudinal ridge

cxp coxal plate

dfr distal femoral ridge

EE epicuticular element

fp femoral plate

1 length

Icp lateral cephalic plate

lip lateral intersegmental plate
m1 median plate 1

mla median plate 1 anterior part
m1p median plate 1 posterior part
m?2 median plate 2

m2a median plate 2 anterior part
m2p median plate 2 posterior part
m3 median plate 3

m3a median plate 3 anterior part
m3p median plate 3 posterior part
np neck plate

p1 sense organ of leg 1

p3 sense organ of leg 111

p4 sense organ of leg IV

pfr proximal femoral ridge

plr posterior latitudinal ridge
pp1 paired plate 1

pPp2 paired plate 2

scp scapular plate

svp subcephalic ventral plate

w width

Results
Collected taxa

Two samples of moss were collected from limestone
pavement, one from the Burren National Park (BNP)
(53° 0" 57" N, 8° 58" 58" W) and the other from
Glensleade (53° 4' 12" N, 9° 9' 36" W), both in
County Clare, Ireland. Each sample contained over
100 adult tardigrades. We identified three taxa from
the BNP: an undescribed Bryodelphax species of the
‘weglarskae group’ (i.e. Bry. pucapetricolus sp. nov.,
91 specimens), Pseudechiniscus sp. (1 specimen),
and Hypsibius cf. convergens (Urbanowicz, 1925) (3
specimens). We identified five taxa from Glensleade:
a second undescribed species of the Bryodelphax
‘weglarskae group’ (i.e. Bry. wallacearthuri sp. nov.,
16 specimens), Bryodelphax cf. parvulus Thulin,
1928 (6 specimens), Parechiniscus cf. chitonides
Cuénot, 1926 (23 specimens), Pseudechiniscus sp.
(22 specimens), and Paramacrobiotus sp. of the
‘richtersi group’ (31 specimens). In addition to the
two new Bryodelphax species, Par. cf. chitonides is a
new record for Ireland.

Observations of ‘weglarskae
morphology

group’ species

Our morphological analyses of the collected
specimens, comparative type material (Figs. 2-16,
18-27), and published micrographs identified a need
for the appraisal of several characters relevant to
taxonomic descriptions of Bryodelphax ‘weglarskae
group’ species (and perhaps other limnoterrestrial
heterotardigrade genera). These characters were:

Cuticular sculpture and relief

We observed three main types of sculpture elements
associated with the cuticular plates of all ‘weglarskae
group’ species that we examined (although not all
three types were necessarily present on all plated
areas). These were intracuticular pillars, cuticular
pores, and epicuticular elements (EEs) (Fig. 2). EEs
are elevations of the cuticle with varying
morphologies. EEs are clearly observable in SEM
(Fig. 2D), but are also inferable in LM with PhC as
darkened areas on the cuticle (Fig. 2E, F) and more
subtly with DIC when present in larger sizes as
thickenings on the cuticle surface (Fig. 2B). Our
SEM studies showed that the degree of development,
shape, size, and distribution of EEs all exhibited
interspecific variation (Fig. 3). EEs were observed as
rounded or more subcircular elevations (Bry. aaseae,
Bry. australasiaticus, Bry. maculatus, Bry. mareki,
Bry. pucapetricolus sp. nov.) or as irregular,
polygonal elevations (Bry. instabilis, Bry. nigripunctatus,
Bry.  olszanowskii, Bry. wallacearthuri sp. mnov.).
Individual EEs occurred in close proximity to one
another forming a mosaic-like network (e.g. Bry.
instabilis), more spaced apart so that individual
elements were easily recognizable (e.g. Bry. mareki),
or in combination of both situations depending on the
area of the plate (e.g. Bry. australasiaticus). EEs also
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varied in size on the same individual (Bry.
pucapetricolus sp. nov.). On some areas of the dorsal
plates EEs were merged resulting in a ridge-like
appearance (e.g. along plate margins) (Fig. 4A). In
addition to the three main types of sculpture
elements, fine cuticular pillars were visible in LM on
unplated areas of the cuticle, including areas
immediately adjacent to or diffusing along plate
margins (Fig. 2A).

The surfaces of most plated areas of the ‘weglarskae
group’ species that we observed all shared an
unlevel, knobby relief. The dorsal plate relief viewed
with PhC, gave a dappled appearance that consisted
of circular (or subcircular) light and dark areas with a
gradation of shades of greys to black (Fig. 4). The
relief was also observable with DIC in which the
dorsal plate surfaces appeared undulating (Fig. 2A,
B). A similar relief to that of the dorsal plate surfaces
was visible on lateral cephalic and ventral plate
surfaces (Figs. 6A-D, 19B, D, 22B). The unlevel
relief was not clearly observable in LM on the
interior regions of the median plates and paired plates
or on lateral intersegmental plates (lips), where
intracuticular pillars tended to be the dominant
sculpture element type.

While all of ten ‘weglarskae group’ species that we
observed in our microscopy studies displayed the
knobby relief to some extent, the degree of
development of the relief varied between species.
The variation in the development of the relief was
visualized with PhC as differences in the relative
amount of contrast between light and dark areas, the
size of the circular areas, and the relative abundances
of light and dark areas (Fig. 4). Some species
exhibited high relief with high contrast between light
and dark areas, larger circular areas, and an
abundance of very dark grey and black areas (Bry.
maculatus, Bry. nigripunctatus, Bry. wallacearthuri
sp. nov.) (Fig. 4A). Other species (Bry. aaseae, Bry.
australasiaticus, Bry. decoratus, Bry. pucapetricolus
sp. nov.) displayed the relief in a clear but less
conspicuous manner than the high relief species,
where there was moderate contrast between light and
dark areas and less abundant but still clearly visible
black areas (Fig. 4B). The remaining ‘weglarskae
group’ species that we examined (Bry. instabilis, Bry.
iohannis, Bry. mareki, Bry. olszanowskii, Bry.
weglarskae) showed low relief, which was observed
with PhC as faintly dappled plated areas with low
contrast between light and dark areas, smaller
circular areas and with black areas still always
present, but only scarcely (Fig. 4C).

The four ‘weglarskae group’ species that we did not
observe directly in our LM studies were Bry.
amphoterus (Durante Pasa and Maucci, 1975), Bry.

kristenseni Lisi, Daza, Londofio and Quiroga, 2017,
Bry. parvuspolaris, and Bry. sinensis (Pilato, 1974).
Our review of the primary literature found that the
descriptions of Bry. kristenseni and  Bry.
parvuspolaris included PhC micrographs (Figure 1 A-
D in Lisi et al., 2017; Figures 2, 3 in Kaczmarek et
al., 2012) which showed indications of weakly
developed EEs (i.e. sparse black areas visible on the
dorsal plates). The descriptions of Bry. amphoterus
and Bry. sinensis included drawings but not
micrographs, as was at the time common practice,
thus we were not able to informally check these
species for indications of EEs.

In SEM the three main types of sculpture elements we
observed in the ‘weglarskae group’ species, particularly
pores and EEs, but also surface indications of
intracuticular pillars (Fig. 2C), were found to be
interrelated to, and contribute to the general relief of the
plated areas of the cuticle. The depth of pores and the
degree of development of the EEs observed in SEM
corresponded to the appearance of the cuticle relief in
LM. Species with shallow pores and small, weakly
developed EEs in SEM images, showed only low relief
in LM (e.g. Bry. mareki). Species with deep pores and
large, strongly developed EEs showed high relief in LM
(e.g. Bry. wallacearthuri sp. nov.). The relief type and
corresponding  sculpture elements were therefore
determined not to be present/absent characters in the
‘weglarskae group’, but ones occurring on spectra of
conspicuousness.

Additionally, we examined two ‘parvulus group’ taxa as
part of our comparative material, Bry. arenosus (one
paratype) and Bry. cf. parvulus (six Irish specimens),
both of which exhibited very weakly developed EEs
that appeared as scarce black areas on the dorsal plates
when viewed with PhC (Fig. 5A). Our literature search
found published micrographs of type material of 7/13
(total of 13 is including the probably wrongly placed
Bry. lijiangensis Yang, 2002) described ‘parvulus
group’ species (Bry. arenosus, Bry. asiaticus
Kaczmarek and Michalczyk, 2004, Bry. atlantis
Fontoura, Pilato and Lisi, 2008, Bry. brevidentatus
Kaczmarek, Michalczyk and Degma, 2005, Bry.
mateusi (Fontoura, 1982), Bry. meronensis Pilato, Lisi
and Binda, 2010, and Bry. tatrensis (Weglarska, 1959)).
The published LM micrographs that we studied did
indicate that weakly developed EEs were present in all
seven species, except for those of Bry. arenosus.
However, we did observe the indications of weakly
developed EEs in our own DIC and PhC studies of Bry.
arenosus. We did not find published SEM micrographs
of any of these seven species. However, a SEM
micrograph of a specimen identified as ‘Bry. parvulus’
(Figure 91 in Maucci, 1986) from Italy showed the
anterior dorsal plates with EEs present upon them.
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Two new Bryodelphax Thulin, 1928 species (Heterotardigrada: Echiniscidae) from the Republic of Treland ...
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Figure 2: Cuticular structures present among Bryodelphax spp. A types of cuticular sculpture element (DIC); B
scapular plate ridges and epicuticular elements (DIC); C types of cuticular sculpture element (SEM); D scapular
plate ridges and epicuticular elements (SEM); E femoral plate ridges (PhC) including a pair of proximal femoral
ridges (pfr) and a pair of distal femoral ridges (dfr); F scapular plate ridges and epicuticular elements (PhC).
Filled white arrowheads= intracuticular pillars, hollow white arrows= pores, dashed circle= zone of fine pillars,
filled white arrows= epicuticular elements, scapular plate ridges: “= longitudinal ridge, alr= anterior latitudinal
ridge, clr= central latitudinal ridge, plr= posterior latitudinal ridge.
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Figure 3: Schematic representations of epicuticular elements on scapular and mla plates of Bryodelphax
species. A Bry. aaseae; B Bry. australasiaticus; C Bry. instabilis; D Bry. maculatus; E Bry. mareki; F Bry.
nigripunctatus; G Bry. olszanowskii; H Bry. pucapetricolus sp. nov.; I Bry. wallacearthuri sp. nov.

Figure 4: Degrees of relief of the dorsal cuticle in PhC. A high relief and contrast (Bry. wallacearthuri sp. nov.); B
standard relief and contrast (Bry. pucapetricolus sp. nov.); C low relief and contrast (Bry. iohannis paratype).
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