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ABSTRACT ARTICLE HISTORY
Species description constitutes a fundamental endeavour, as it lays the foundation for Received 28 November 2025
subsequent disciplines which require precise identifications. Nevertheless, species must Accepted 18 February 2026
be regarded as hypothetical constructions requiring validation through diverse lines of KEYWORDS
evidence. Most of the Ramazzottius species were described with limited information “baumanni” complex;
according to contemporary standards, underscoring the need to integrate morphologi- integrative taxonomy;
cal and molecular data in new species descriptions. This study presents the first new Mexico; Ramazzottius;
species of Ramazzottius from Mexico found in lichen samples. Morphological assessment species delimitation
comprised light and electron microscopy imaging as well as linear morphometrics.

Uncorrected p-distance calculations, Assemble Species by Automatic Partitioning

(ASAP), and Poisson Tree Processes (PTP) were applied for molecular species delimita-

tion, using the genes COI and ITS-2. Additionally, phylogenetic relationships within the

genus Ramazzottius were reconstructed through maximum likelihood and Bayesian

inference approaches, concatenating fragments of four genes: 18S, ITS-2, 28S and COI.

The new species Ramazzottius suzithuae sp. nov. exhibits morphological similarity to

Ramazzottius belubellus but is distinguished by a particular arrangement of the spines on

the dorsal cuticle. All delimitation analyses confirm the molecular distinctiveness of the

new species and the existence of at least two species within “Ramazzottius cf. saltensis”.

The multi-locus tree recovered five major clades and positions the new species close to

these Ramazzottius cf. saltensis species in their own clade, separated from the “bau-

manni” species grouped in another clade. The lack of complete and consistent diagnostic

traits for all these clades still prevents the erection of separate genera.

http://www.zoobank.org/urn:lsid:zoobank.org:act:6D0A7409-8282-41A9-8CF2-
1F418EE85F

Introduction

Describing species is the most fundamental task to better know the biodiversity of this world, especially in
case of poorly studied taxa. It also lays the foundation for any other discipline that intends to focus on them
as models or resources, as it requires accurate identification of the studied species (Gasiorek et al. 2018).
However, it is always important to consider species as hypotheses that are based on different lines of
evidence (Pante et al. 2015). Traditionally, the first line comes from morphology; however, the need to go
further has been emphasized to give better precision and certainty to descriptions (Padial et al. 2010;
Goldstein & DeSalle 2011). Nevertheless, there are biological groups that still require these integrative
studies, such as the tardigrade genus Ramazzottius Binda and Pilato 1986.

Most of the species within this genus were described decades ago with limited information compared
with current standards (Guidetti et al. 2022), raising the question of whether subsequent morphological
records additional to their locus typicus are valid. In this sense, it is likely that many records, such as
Ramazzottius oberhaeuseri (Doyére 1840) or Ramazzottius baumanni (Ramazzotti 1962), which are the only
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species allegedly recorded in Mexico (Beasley 1972; Moreno-Talamantes et al. 2019; Lépez-Sandoval et al.
2025), correspond to false cosmopolitan records (Ugarte & Garraffoni 2024), or belong to species complexes
(Kaczmarek et al. 2014; Dey et al. 2023). This situation is clearly exemplified in Europe, where records of
R. oberhaeuseri, the nominal species of the family Ramazzottidae, masked eight pseudocryptic species
distributed in different European countries (Stec et al. 2018).

The validity of the genus Ramazzottius, currently including 32 species (Guidetti & Bertolani 2005; Degma &
Guidetti 2025; Polishchuk et al. 2025) is supported by molecular evidence; however, only seven of the species
are properly delineated by integrative taxonomy — namely, Ramazzottius claudii Vecchi and Stec 2024;
Ramazzottius groenlandensis Kihm et al. 2023; Ramazzottius kretschmanni Guidetti et al. 2022; Ramazzottius
oberhaeuseri (Doyere 1840); Ramazzottius sabatiniae Guidetti et al. 2019; Ramazzottius subanomalus (Biserov
1985); Ramazzottius varieornatus Bertolani and Kinchin 1993.

Even though the number of available sequences of the genus has recently increased, representing the
suggested “baumanni” and “szeptycki” complexes, these species and populations were only partially
described, emphasizing the dorsal cuticle characters (Dey et al. 2023) but neglecting any further description
of other characters and measurements of animals, as well as lacking information on the egg morphology.

Ramazzottius has been recorded all around the world in diverse microhabitats, such as various species of
mosses, lichens, soil, several types of leaf litter (Kaczmarek et al. 2014; Mclnnes et al. 2017; Guidetti et al. 2019;
Michalczyk et al. 2022) and even rock pools (Vecchi & Stec 2024). However, in Mexico only mosses and lichens
have been explored; hence, many microhabitats, vegetation types, and biogeographic provinces have yet to
be sampled. Therefore, the present study aimed to increase the knowledge of the genus in Mexico,
delimiting a new species found in the state of Querétaro through integrative taxonomy and showing its
phylogenetic affinities and providing an updated multi-locus phylogeny for the genus.

Materials and methods
Extraction, imaging and morphological analysis of tardigrades

The specimens were found in a lichen sample collected in January 2017 by Jorge Jiménez, southeast from the
“Campo Deportivo de Camargo” in Pefiamiller, Querétaro (21°06°17.1”N, 99°43°22.9"W). The extraction was
carried out by rehydrating fragments of the lichen with tap water for at least 2 h. The wet lichen was
examined for tardigrades, which were mostly located on the underside of the lichen, among its rhizines. After
soaking the sample, the remaining water was examined under a stereomicroscope, and the animals and eggs
were mounted on slides in Hoyer's liquid. A portion of these specimens were mounted in group in 2017 and
posteriorly remounted individually in 2024 as a requirement to be accepted in the Tardigrada Collection
associated with the Coleccidon Nacional de Acaros, Instituto de Biologia, Universidad Nacional Auténoma de
México (UNAM). The unmounting procedure consisted in a simple immersion into tap water for 24 h or until
the mounting medium was softened enough to slide the coverslip. Animals and eggs were then recovered
and washed in clean water before individual mounting.

Observations with light microscopy (LM) were carried out under phase contrast (PhC) and bright field (BF)
up to the maximum magnification (100x oil objective) with a Nikon Eclipse E200 equipped with a Lumenera
Infinity 1 digital camera, at the Instituto de Biologia, UNAM. Males were detected by the presence of
spermatids and spermatozoa within the gonads and gonoducts in animals mounted in Hoyer’s liquid.

Roman numerals, previously used for the localization of gibbosities (Michalczyk & Kaczmarek 2010), are
employed here to designate the body segmentation, coinciding with the cuticular folds observed from the
head to the fourth pair of legs. Following this criterion, segment | is located anterior to the elliptic organs and
segment X just before the hind legs (see Figure 1).

Linear morphometric data of taxonomically relevant structures were handled with a modified “Parachela”
v. 1.8 template available on the Tardigrada Register website (Michalczyk & Kaczmarek 2013). All measure-
ments were taken in micrometres (um). Body length was measured from the anterior extremity to the
posterior end of the body, excluding the hind legs. Buccal tube length and the level of the stylet support
insertion point were measured according to Pilato (1981). In the morphometry of the class Eutardigrada, the
pt value is the relationship between the length of a given structure and the length of the buccal tube,
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Figure 1. Ramazzottius suzithuae sp. nov. A, dorsal view of the body. B, the same dorsal view as a with Roman numerals (I-X)
indicating the body segments (transversal bands) and ellipses highlighting the arrangement of the sculpturing present on
each segment. C, smaller tubercles (sometimes referred to as granulation) present dorsally on legs I-lIl. All Phase Contrast.
The number above each scale line corresponds to its length in um.

expressed as a percentage (Pilato 1981). Claws were measured according to Beasley et al. (2008). Egg
measurements were taken according to Kaczmarek and Michalczyk (2017).

Additional specimens and eggs were extracted from the sample for scanning electron microscopy (SEM)
observation and processed with the A2 (boiling EtOH + EtOH drop) protocol standardized by Camarda et al.
(2024). Specimens were mounted on stubs and sputter coated with a thin layer of gold. The observations and
images were acquired with a JEOL JSM6360LV Scanning Electron Microscope at the Instituto de Ciencias del
Mar y Limnologia, UNAM.

DNA extraction and sequencing

Prior to DNA extraction, 10 specimens and 4 eggs were temporarily mounted in water on a glass slide and
examined under LM to confirm identification and obtain photogenophores. DNA was extracted from
individual specimens and eggs using the HotSHOT technique (Truett et al. 2000), modified by Montero-
Pau et al. (2008): each specimen was placed in a 0.2 mL polymerase chain reaction (PCR) tube with 12.5 pL of
alkaline lysis buffer (NaOH 25 mM, disodium Ethylenediaminetetraacetic (EDTA) 0.2 mM, pH 8.0) and incu-
bated at 95°C for 30 min. The tubes were then placed in a refrigerator at 4.0°C for 5 min. After that, an
additional 12.5 pL of a neutralizing solution (Tris-HCl 40 mM, pH 5.0) was added to the tube. The samples
were briefly vortexed, centrifuged, and stored at —20°C.



506 e J. ROMERO-MENDOZA ET AL.

Table 1. Primers and references for the specific protocols for amplification of the four DNA fragments sequenced in the
present study.

DNA fragment  Primer name Primer direction Primer sequence (5'-3') Primer source PCR programme
18s 18S_Tar_1Ff Forward AGGCGAAACCGCGAATGGCTC Stec et al. (2017) Stec et al. (2020)
18S_Tar_1Rr Reverse GCCGCAGGCTCCACTCCTGG
28s 28S_Eutar_F Forward ACCCGCTGAACTTAAGCATAT Gasiorek et al. (2018)
28SR0990  Reverse CCTTGGTCCGTTTTTCAAGAC Mironov et al. (2012)
391 Forward AGCGGAGGAAAAGAAACTAA Nadler and Hudspeth Herndndez-Mena et al.
(1998) (2022)
536 Reverse CAGCTATCCTGAGGGAAAC Stock et al. (2001)
ITS BD1 Forward GTCGTAACAAGGTTTCCGTA Luton et al. (1992)
BD2 Reverse TATGCTTAAATTCAGCGGGT
Ccol COl_Ram_F3 Forward CGCTCAAYTDAGHGAACC Stec et al. (2018) Michalczyk et al. (2012)
COI_Ram_R2 Reverse ACTTCWGGRTGDCCAAARAATCA
LCO Forward GGTCAACAAATCATAAAGATATTGG Folmer et al. (1994)
HCOoutout Reverse GTAAATATATGRTGDGCTC Prendini et al. (2005)

Fragments of four DNA markers were amplified (for PCR primers and protocols see Table 1): one
mitochondrial, the cytochrome c oxidase subunit | (COIl); and three nuclear, the small ribosome subunit
(18S rRNA), the large ribosome subunit (28S rRNA) and the complete internal transcribed spacer region (ITS1
+ 5.85+ITS-2). The PCR reaction volume was prepared according to Hernandez-Mena et al. (2022), and the
products were controlled by 1.0% agarose gel electrophoresis stained with GelRed Nucleic Acid Gel Stain,
10000X (Biotium™). The sequencing reaction was prepared with 4 uL of water, 2 uL of Buffer 5X, 2 pL of Big
Dye Terminator v. 3.1 (Applied Biosystems), 1 uL of the primer and 2.5 pL of the purified product. The reaction
was placed on a PCR 2720 with the manufacturer’'s suggested protocol schedule. At the end, the PCR
products were purified with Sephadex CentriSep™ plates (Princeton) and read in a 3730xI| sequencer (Applied
Biosystems), at LANABIO, UNAM.

Molecular characterization and alignment

The identity of the sequences obtained was first verified using the Basic Local Alignment Search Tool
(Altschul et al. 1990). Then, chromatograms were inspected with FinchTV 1.4.0 (https://digitalworldbiology.
com/FinchTV) for the presence of ambiguous bases. Final nucleotide sequences were aligned with the
MAFFT algorithm (Katoh et al. 2002) as implemented in the EMBL-EBI Job Dispatcher sequence analysis tools
framework (Madeira et al. 2024; https://www.ebi.ac.uk/jdispatcher).

Alignments were visually inspected, trimmed, and analysed for uncorrected genetic p-distances using
MEGA?7 (Kumar et al. 2016). Due to the very gappy alignment and the numerous ambiguous bases present in
sequences from the “baumanni” and “szeptycki” complexes, pairwise deletion of gaps/missing data was
chosen in computing the genetic distances for the ITS-2 marker. The COIl sequences were translated to amino
acids using the invertebrate mitochondrial code implemented in the same software, to check for the
presence of stop codons and therefore of pseudogenes. The final alignments, including sequences available
on National Center for Biotechnology Information (NCBI), were constituted as follows:

- 124 COl sequences of the genus Ramazzottius available from NCBI, trimmed to 576 bp. The sequence of
Ramazzottius cf. saltensis AR.365.01 from “near Uruguay River”, Argentina, was excluded from subse-
quent analyses due to its extremely divergent sequence, producing a disproportionately long branch.

- 295 ITS-2 sequences of the genus Ramazzottius available from NCBI, trimmed to 483 bp, were used for
exploration. Given that extremely long branches, as well as unbalanced over-sampled species, can affect
inferences (Zhang et al. 2013; Magoga et al. 2021; Yin et al. 2023), the disproportionately longest-
branched sequences within a given clade were excluded and only 12 specimens of Ramazzottius. sp. 1
and eight of Ramazzottius sp. 2 from Denmark (Gasiorek et al. 2024) were considered, resulting in a final
alignment with 91 sequences.

- The final alignment of the Large ribosome SubUnit (LSU) rRNA consists of 61 sequences trimmed to 663
bp. Sequences of Ramazzottius sabatiniae Guidetti et al. 2019, R. sp. from Niva and R. sp. TarCPH31 from
Sweden were excluded since they correspond to ulterior regions of the marker.


https://digitalworldbiology.com/FinchTV
https://digitalworldbiology.com/FinchTV
https://www.ebi.ac.uk/jdispatcher
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— The Small ribosome SubUnit (SSU) rRNA alignment encompasses 78 sequences trimmed to 789 bp.
Sequences of Ramazzottius sp. TarCPH31 from Sweden and R. “oberhaeuseri” from France were excluded
due to the short overlapping fragments in the trimmed alignment and their inconsistent position in
preliminary tree topologies.

Phylogenetic inference and species delimitation

The four DNA markers were concatenated using the software Concatenator (Vences et al. 2021, 2022) to
construct a matrix of 200 sequences, 2508 bp long. Sequences of Hebesuncus conjugens (Thulin 1911)
generated by Vecchi and Stec (2024) were used to root the phylogenetic tree. After exploration analyses,
the matrix was thinned to 114 sequences, excluding specimens with only one conservative marker (18S or
28S) and most of the single-sequence representatives of each species. Accession numbers of the remaining
sequences in this matrix (representing the final dataset used for the phylogenetic analyses) are given as
supplementary material (Supporting information S1).

Model selection (Kalyaanamoorthy et al. 2017; Supporting information S2) and maximum likelihood (ML)
phylogenetic reconstruction with the IQTREE algorithm (Nguyen et al. 2015) were performed on the IQTREE
web server (Trifinopoulos et al. 2016; http://igtree.cibiv.univie.ac.at/) with the parameters pers=0.3 and
numstop =500 as recommended in the web server for data with short sequences, an ultrafast bootstrap
(Hoang et al. 2018) with 5000 replicates, as well as a partition scheme (Chernomor et al. 2016) for the three
codon positions of the COIl and the concatenated four markers.

The Bayesian inferences (Bl) were carried out in MrBayes 3.2.7 (Ronquist et al. 2012). The analyses
consisted of 30 million generations, sampling a tree every 1000 generations and discarding the first 25%
as burn-in. Evolutionary models used for Bl are given in Supporting information S2.

Visualization and primary edition of all the trees was conducted in FigTree (Rambaut 2007). Exported SVG
images of each tree were then edited in Inkscape (Inkscape Project 2020) to depict the Primary Species
Hypothesis (PSH) schemes of each species delimitation analysis in a single tree and to highlight the clades
and subclades recovered in the multi-locus phylogeny.

Molecular analyses for species delimitation were performed using two different single-locus methods.
Only the COI and ITS-2 markers were used for these analyses. The first was a distance-based method
(Assemble Species by Automatic Partitioning (ASAP); Puillandre et al. 2021), performed on https://bioinfo.
mnhn.fr/abi/public/asap/. Second, we used a tree-based method (Bayesian Poisson Tree Processes (bPTP);
Zhang et al. 2013) conducted on the webserver (http://species.h-its.org/ptp), with 500,000 Markov chain
Monte Carlo (MCMC) generations, thinning the set to 100, discarding the outgroup and the first 25% as burn-
in to search for ML and Bayesian solutions.

Results

Taxonomic account
Phylum Tardigrada Doyere 1840
Class Eutardigrada Richters, 1926
Order Parachela Schuster, Nelson, Grigarick and Christenberry, 1980
Superfamily Hypsibioidea Pilato, 1969
Family Ramazzottiidae Sands, Mclnnes, Marley, Goodall-Copestake, Convey and Linse, 2008

Genus Ramazzottius Binda and Pilato 1986
http://www.zoobank.org/urn:lsid:zoobank.org:act:6D0A7409-8282-41A9-8CF2-1F418EE85F

Ramazzottius suzithuae sp. nov.
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Holotype. Slide CNAC-TTar000525

Paratypes. 30 animals and 6 eggs mounted on slides, 12 animals and 1 egg mounted on stubs for SEM
observation.

Type repositories. Holotype, 25 paratypes and 5 eggs deposited in the Tardigrada Collection associated
with the Coleccién Nacional de Acaros of the Instituto de Biologia, UNAM (CNAC-TTar000500-530); 4
paratypes and 1 egg deposited in the Bertolani collection, University of Modena and Reggio Emilia (Italy).

Type locality. Lichen growing on tree bark, Camargo, Querétaro, Mexico. 21°06°17.1"N, 99°43°22.9"W, 1895
m asl.

The new species was found along with Macrobiotus sp. Milnesium sp. 1, Milnesium sp. 2, Minibiotus sp. and
Ramazzottius aff. oberhaeuseri sp. 7 (PX064187, PX071482-87; Table 2).

Etymology

According to a legend of the Otomi (a native culture in Mexico, with large representation in the state of
Querétaro), the dark supernatural entity Suzithd was the one who gave plants their spines from her hair to
defend themselves from the voracious humans. Since both the animals and eggs appear “spiny”, the species
name (a Latin patronym in genitive) honours Suzith(, as if these tardigrades were gifted with spines by her too.

Description

Animals (morphometric summary in Table 3; raw measurements in Supporting information S3): Cuticle has
no pigmentation. Darker epidermic pigmentation on dorsal bands composed of very fine intracellular solid
granules (Figure 2A). Purple to pink body cavity cells in dead specimens. Eyes absent. Two elliptical organs
are present on dorso-lateral sides of the head (segment Il), visible under both LM and SEM (Figure 2(C,D)).
Dorsal cuticle strongly sculptured with very evident sharp conical tubercles (also called spines), arranged in
10 transversal bands corresponding to the body segmentation; only minute granules are present between
these segments (Figures 1A, 3(A-C)). In addition, tubercles on bands IV-IX are grouped in round patches
(faint gibbosities) that decrease in size radially (Figure 3(D-F)) and are longitudinally aligned along lateral
bands at each side of the body and in one wider central band (Figure 3(A-C)); the configuration of these
patches is VI: 3-5-5-5-5-3. The dorsomedial patch on segments IV, VI and VIII appears slightly less marked
in some specimens (Figure 3(A-B)). Smaller specimens have the sharpest and most marked tubercles
(Figure 3(A,D)), while bigger specimens have fewer sharp tubercles, almost hemispherical in several
specimens (Figure 3(E,F)), which could lead to confusion with R. baumanni. The surface of the spines’
bases is covered with nanogranulation (Figure 2B; note that it is much smaller than 1 pm).

Six peribuccal lobes are present around the antero-ventral mouth opening (Figure 4A lower left). Bucco-
pharyngeal apparatus of the Ramazzottius type (Figure 4A). Oral cavity armature visible under PhC as only one
row composed of two granular teeth, located in the posterior oral cavity (Figure 4A, upper left). Apophyses for
the insertion of stylet muscles (AISM) in the shape of blunt hooks and asymmetrical in size and shape with

Table 2. Specimens and GenBank accession numbers of the molecular markers obtained for the two Ramazzottius species
found in this study.

Taxon Specimens 18s ITS 28s col

Ramazzottius suzithuae sp. nov Ramazzottius_sp_MXQT_Camargo_R2 PV623147 PV623151 PV623143 PV576544
Ramazzottius_sp_MXQT_Camargo_D1 PV576545
Ramazzottius_sp_MXQT_Camargo_D2 PV623149 PV623152 PV623144 PV576546
Ramazzottius_sp_MXQT_Camargo_D3 PV623150 PV623145 PV576547
Ramazzottius_sp_MXQT_Camargo_D4 PV623146
Ramazzottius_sp_MXQT_Camargo_D5 PV576548
Ramazzottius_sp_MXQT_Camargo_Egg1 PV623148

Ramazzottius aff. oberhaeuseri sp. 7 Ramazzottius_sp_MXQT_CamargoL3c_R1 PX071483 PX071482 PX071486 PX064187
Ramazzottius_sp_MXQT_CamargolL3c_R4 PX071487

Ramazzottius_sp_MXQT_CamargolL3c_Egg4 PX071485
Ramazzottius_sp_MXQT_CamargolL3c_J1 PX071484
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Table 3. Morphometric summary of animals of Ramazzottius suzithuae sp. nov.

RANGE MEAN SD
CHARACTER N pm pt um pt pum Pt
Body length 30 109 — 294 605 — 996 226 866 57 106
Buccopharyngeal tube
Buccal tube length 28 17.2-315 - 25.9 - 43
Stylet support insertion point 29 78 -17.8 45.1-61.2 14.9 56.9 25 2.9
Buccal tube external width 28 13-24 6.4-9.0 2.0 7.6 0.3 0.5
Buccal tube internal width 23 05-1.0 26-39 0.8 3.1 0.1 0.3
Placoid lengths
Macroplacoid 1 28 14-3.0 7.6 —10.9 2.3 8.7 0.5 0.8
Macroplacoid 2 28 13-28 6.9-95 2.0 7.7 0.4 0.7
Macroplacoid row 28 32-63 18.0 — 23.6 5.1 19.6 1.0 1.3
Mac2/Mac1 28 79.8 —99.3 88.9 4.2
Claw 1 heights
External base 16 51-99 25.0 - 36.6 7.9 30.1 1.5 3.1
External primary branch 24 55-132 30.8 —45.8 9.3 37.1 2.2 3.6
External secondary branch 17 43-83 20.6 — 28.7 6.3 25.2 1.2 2.6
Internal base 12 42-72 17.8 — 24.9 6.2 22.2 0.8 2.0
Internal primary branch 9 48 - 8.0 21.9 - 30.9 6.6 254 1.2 3.2
Internal secondary branch 5 42 -6.1 17.6 — 22.8 5.2 20.7 0.8 2.2
Claw 2 heights
External base 15 52-104 25.7 - 36.3 8.2 30.7 1.6 3.2
External primary branch 25 59-135 34.6 —47.1 10.3 39.5 2.1 3.2
External secondary branch 10 44 -86 24.0 - 29.2 6.3 26.1 15 1.4
Internal base 18 4.1 -80 19.0 - 27.3 6.2 23.1 1.1 2.5
Internal primary branch 10 40-85 19.7 — 31.8 6.3 24.8 17 4.1
Internal secondary branch 4 45-74 21.8 - 26.7 6.4 24.1 13 2.3
Claw 3 heights
External base 17 54 -106 24.4 - 37.7 83 308 1.7 3.8
External primary branch 25 54-139 31.2-483 10.4 40.5 23 4.1
External secondary branch 17 47 -9.0 20.3 - 30.1 6.9 26.7 1.6 2.5
Internal base 12 36-74 17.9 — 28.2 6.0 22.6 14 3.0
Internal primary branch 12 49-83 21.7 - 31.6 6.9 25.3 1.1 3.2
Internal secondary branch 6 46-79 22.3-277 6.6 24.7 13 2.5
Claw 4 lengths
Posterior base 6 76-99 29.5 - 334 9.0 320 0.8 1.4
Posterior primary branch 16 72 -144 40.9 - 50.1 12,6 45.1 2.0 3.0
Posterior secondary branch 6 51-9.8 244 - 31.7 7.8 28.8 1.8 2.7
Anterior base 7 65-79 21.3-27.4 7.1 24.4 0.5 2.4
Anterior primary branch 5 48-76 25.7 — 285 6.3 274 14 1.5
Anterior secondary branch 6 45-6.7 22.7 - 27.8 5.6 254 1.1 2.1

N, number of structures measured; RANGE, smallest to largest structure amongst all measured specimens; SD, standard deviation.

respect to the frontal plane (Figure 4B). Each stylet furca has two wide semispherical condyles laterally flattened
and internally sclerified, supported by short branches with large apophyses (Figure 4C). Buccal tube with a
posterior bend and thickened walls after the stylet support insertion point. Pharyngeal apophyses triangular,
smaller than the two roundish macroplacoids (Figure 4(A,D)). Macroplacoid length configuration 1 > 2. Both
macroplacoids have a medial incision (Figure 4D). Microplacoid and septulum are absent.

Claws of the Ramazzottius type (oberhaeuseri variant according to Guidetti et al. 2019; Figure 5(A,F)).
Primary branches of external and posterior claws are long and thin, curved only distally. A non-sclerotized
light refracting unit (LRU) is present between the claw base (continuous with the secondary branch) and the
primary branch, connected to the base by a thin cuticular filament (Figure 5C). Internal and anterior claws
have a different shape than external claws. Accessory points on primary branches of all claws present.
Smaller spiny tubercles present on the external portion of all legs, decreasing in size and sharpness in a
posterior-to-anterior direction (Figures 1C, 5(B,D,E) similarly, the claws become smaller in a posterior-to-
anterior direction (Table 3). Bars and other cuticular thickenings on legs absent.

Eggs (morphometric summary in Table 4; raw measurements in Supporting information S3): laid freely,
whitish and spherical. Processes with variable size and shape, ranging from tiny spines to flexible filaments;
however, the major part has an intermediate elongated conical shape (Figures 6(A-D), 7(B-D)); a few rare
processes have a septate bubble-like internal structure (Figure 6A). The surface between processes densely
dotted under PhC (Figure 6(A-D)), smooth or slightly lumpy under SEM (Figure 7(B,C)). The processes are
irregularly distributed on chorion, so there are several clearings between more widely spaced processes. One



510 J. ROMERO-MENDOZA ET AL.

Figure 2. Ramazzottius suzithuae sp. nov. A, detail of the dorsal epidermal pigmentation. B, close-up of a group of tubercles
to show the nanogranulation (white arrows). C,D, elliptical organs. A, C, Phase Contrast; B, D, Scanning Electron Microscopy.
The number above each scale line corresponds to its length in um.

egg with a fully developed embryo was found (Figure 7A). Females carrying eggs in development (Figure 8A),
as well as males with spermatids (Figure 8B) and developed spermatozoa (Figure 8C), were also found. A large
papilla is present on the external side of legs IV of some males, although it is not visible on others (Figure 8D, F).

Differential diagnosis

The exact combination of characters from animals and eggs of the new species has not been reported for any
other Ramazzottius species. However, since many of the descriptions and records of Ramazzottius species
lack some information, comparisons are held separately.

The cuticular sculpture of the animals (including nanogranulation on the base of tubercles) is similar to
that of Ramazzottius cf. baumanni in Dey et al. (2023, Figure 3A-C) collected in Argentina. The two species
have a similar arrangement of strongly sclerotized and conical (rather than hemispherical) tubercles.
Nevertheless, since Ramazzottius cf. baumanni was not properly described (only molecular data and images
of the dorsal cuticle were published), a deeper morphological and morphometrical comparison cannot be
made for now (although see the molecular characterization for clear distinction).

Ramazzottius suzithuae sp. nov. is also different from other species of the so-called baumanni complex, for
which eggs are unknown. Particularly, it differs from:

— Ramazzottius belubellus Bartels et al. 2011 (compared only with similar sized specimens of R. suzithuae sp.
nov.), in the arrangement of the dorsal sculpture (spines homogeneously distributed on the entire dorsum
in R. belubellus, spines grouped in patches from segment IV to segment IX in R. suzithuae sp. nov.), a more
posterior stylet support insertion point (pt range of 55.2-57.1 in R. belubellus, pt range of 57.3-61.2 in R.
suzithuae sp. nov.), a wider buccal tube (pt of the external width 6.5-7.1 in R. belubellus, pt of 7.7-9.1 in R.
suzithuae sp. nov.), a bigger second macroplacoid (pt 4.3-6.9 in R. belubellus, pt 8.3-9.5 in R. suzithuae sp.
nov.) and a higher external base of claws | (pt of 16.7-20.7 in R. belubellus, pt of 24.6-30.6 in R. suzithuae
sp. nov.).

— Ramazzottius baumanni (Ramazzotti 1962; recent images in Dey et al. 2023), in the shape of the
dorsal tubercles (always semispherical in R. baumanni, spines to flattened cones in the new
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Figure 3. Variation in the tubercles of Ramazzottius suzithuae sp. nov. under Scanning Electron Microscopy; Roman
numerals (I-X) indicate the same body segments as in Figure 1. A-C, Habit of animals increasing in size. D-F, detail of
the tubercles of each animal in A-C, respectively. Notice that the larger the size of the animal, the less sharp its tubercles
are. The number above each scale line corresponds to its length in um.

species), the arrangement of the dorsal sculpture (tubercles homogeneously distributed on the
entire dorsum in R. baumanni, spines grouped in patches from segment IV to segment IX in R.
suzithuae sp. nov.) and a subtle difference in the level of sclerotization of the tubercles’ apex as
seen under PhC (solid black polygons in R. baumanni, blurred dark grey polygons in R. suzithuae
sp. nov.)

— Ramazzottius syraxi Polishchuk, Kayastha, Warguta and Kaczmarek 2025, in the coverage of the sculpture
on the body (only eight body segments in R. syraxi, all 10 body segments in R. suzithuae sp. nov.) and
legs (absent on all legs in R. syraxi, present on all legs in R. suzithuae sp. nov.), the configuration of the
faint gibbosities (VIII:1-2-3-4-5-4-3-1 in R. syraxi, VI: 3-5-5-5-5-3 in R. suzithuae sp. nov.) and the shape
of the tubercles (pebble-shaped polygonal granules with ragged edges under PhC in R. syraxi, spines of
sclerotized apex with smooth and blurry edges in R. suzithuae sp. nov.).

— Ramazzottius cf. saltensis (Dey et al. 2023), in the presence of well-developed gibbosities (faint in the
new species) and the tubercles constitution (more translucent with wrinkled apex in R. cf. saltensis, more
sclerotized with smooth apex in the new species).

Additionally, Ramazzottius theroni Dastych 1993 is not considered within the baumanni complex (Dey et
al. 2023) despite having a strongly sculptured dorsal cuticle with sclerotized polygons. It differs from
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Figure 4. Buccopharyngeal apparatus of Ramazzottius suzithuae sp. nov. A, buccopharyngeal apparatus in toto; insets show
the dorsal band of teeth (above) and the peribuccal lobes (below). B, dorsal and ventral Apophyses for the Insertion of Stylet
Muscles (AISM). C, stylet furca. D, upper view of the macroplacoids. A-C, Phase Contrast. D, BF. The number above each
scale line corresponds to its length in pm.

R. suzithuae sp. nov. by the presence of eyes (absent in the new species) and sharpness of the cuticle
sculpturing (always hemispherical in R. theroni vs spines to flattened cones in the new species).

The rest of the known Ramazzottius species differ from Ramazzottius suzithuae sp. nov. in the absence of
strongly sculptured cuticle with elevated “polygons” and sclerotized apices (definition of the baumanni
complex), but the eggs are similar to six other species having dense punctuation in the egg surface under
PhC, differing particularly from:

— Ramazzottius horningi Binda and Pilato 1994, in the presence of a crown of dots bigger than chorion
punctation around the base of the processes, absent in the new species.

— Ramazzottius claudii Vecchi and Stec 2024, in the presence of dots in the egg processes under PhC (egg
processes smooth under both, PhC and SEM in the new species) and the absence of tiny processes
(mostly medium to large processes in R. claudii, tiny to large processes in the new species).

— Ramazzottius anomalus (Ramazzotti 1962; recent images in Guidetti et al. 2022), in the shape of the egg
processes (aculeus in R. anomalus, conical to filamentous in the new species).

— Ramazzottius groenlandensis Kihm et al. 2023 in the shape of processes (mostly stumpy with bulbous or
concave apices in R. groenlandensis, mostly elongated conical and filamentous in the new species).

— Ramazzottius valaamis Biserov and Tumanov 1993 (recent images in Guidetti et al. 2022) by the shape of
the egg processes (only tiny filaments in R. valaamis, mostly large spines or filaments in the new species).
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Figure 5. Claws of Ramazzottius suzithuae sp. nov. A, claws |. B, claws IV. C, cuticular filament connecting primary branch and
claw base. D, leg | with a smooth dorsal portion. E, leg IV with evident tubercles. F, Claws Ill. A-C, Phase Contrast; D-F,
Scanning Electron Microscopy. The number above each scale line corresponds to its length in pm.

Table 4. Measurements (in um) of morphological structures of the eggs of Ramazzottius suzithuae sp. nov.

CHARACTER N RANGE MEAN SD
Egg bare diameter 4 50.5 - 68.3 59.5 73
Egg full diameter 4 65.4 - 85.4 74.6 8.8
Average Processes height 12 6.9 - 1.1 8.7 13
Average Processes base width 12 1.6 - 34 2.6 1.2
Average processes base/height ratio 12 14% - 40% 30% 14
Inter-process distance 12 1.6 - 6.2 43 0.7
Number of processes on the egg circumference 4 16 - 26 19.0 0.5

N, number of eggs/structures measured; RANGE, smallest to largest structure amongst all measured specimens; SD, standard deviation.

- Ramazzottius varieornatus Bertolani and Kinchin 1993 by having smaller eggs (bare diameter 69.9-73.3
uUm in R. varieornatus, 58.9-68.3 um in the new species) and more irregularly spaced processes (closer
together processes in R. varieornatus, large clearings without processes in the new species).

Genetic distances

Fifteen sequences of fragments of the regions COI (five), 18S (four) and 28S (four), as well as the complete ITS
region (two) were obtained from five animals and one egg of Ramazzottius suzithuae sp. nov.; additionally,
seven sequences from three animals and one egg of the other Ramazzottius species found in the sample
were generated for disambiguation (Table 4).

The ranges of uncorrected genetic p-distances between other Ramazzottius species and within the species
population were:
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Figure 6. Variability of processes on the eggs of Ramazzottius suzithuae sp. nov. All pictures were taken under Phase
Contrast. The number above each scale line corresponds to its length in um.

Figure 7. Eggs of Ramazzottius suzithuae sp. nov. A, an embryonated egg. B, general view under Scanning Electron
Microscopy. C,D, details of the chorion and processes. A, Phase Contrast; B-D, Scanning Electron Microscopy. The number
above each scale line corresponds to its length in pm.
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Figure 8. Sexual distinction in specimens of Ramazzottius suzithuae sp. nov. A, a female with three eggs. B,C, a male with
developing spermatids. D, legs IV of the same male as in B,C showing bulges on the external portion of the legs. E,F, another
male with developed spermatozoa, but with no visible bulge on the legs IV. The number above each scale line corresponds
to its length in um.

COI (259 positions in the final data set): intraspecific distances range 0-1.4%; interspecific distances
ranged 14.67-21.24%, with the most similar being Ramazzottius kretschmanni Guidetti Cesari, Giovannini,
Ebel, Forschler & Schill, 2022 from Germany (OM370801-4) and the least similar being R. oberhaeuseri (Doyére
1840) from Denmark (PQ356866-7) [Pairwise deletion considering all positions ranged from 15.7% to 20.7%].
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18S rRNA (789 positions in the final data set): intraspecific distance was 0%; range of interspecific
distances 0.7-13.2%, with the most similar being Ramazzottius cf. saltensis from near Uruguay River,
Argentina (OP930858) and the least similar being Ramazzottius sp. from Oregon, USA (JX888523).

ITS-2 (483 positions in the final data set): intraspecific distance was 0%; interspecific distances ranged
16.47-31.27%, with the most similar being Ramazzottius cf. saltensis from Chaco, Argentina (OP930941) and
the least similar being Ramazzottius aff. szeptycki from South Africa (OP930925).

28S rRNA (663 positions in the final data set): range of intraspecific distances 0-0.2%; range of interspecific
distances 2.7-13.9%, with the most similar being Ramazzottius cf. saltensis from Campifia de América,
Argentina (OP930903) and the least similar being Ramazzottius aff. szeptycki from Bharat (OP930891).

Species delimitation

The validity of R. suzithuae sp. nov. is supported by both the ASAP and bPTP analyses for the COI (Figure 9)
and ITS-2 regions (Figure 10). Particularly for the COI fragment, ASAP identified 25 PSH at the lowest asap
score = 2.5, while bPTP recognizes 28 PSH. The difference lies in the split of Ramazzottius cf. saltensis from
Campifa de América + Near Uruguay River (OP926996-0P927001) and R. aff. oberhaeuseri sp. 8 (FJ435799,
FJ435800) into three and two separate PSH, respectively (Figure 9; accession numbers present in the tree).

Additionally, concordant subsets between ASAP and bPTP are: the divergence of Ramazzottius szeptycki
sequences from the same South African sample (splitting specimens 131-01 and 131-02 into two different
PSH), the split of R. cf. saltensis from Chaco and Campifia de América + Near Uruguay River into at least two
different PSH, the inclusion of a Russian population in R. oberhaeuseri sensu stricto (s.s.) and the inclusion of
North American populations from USA and Mexico to Ramazzottius sp. 7, greatly extending its distribution
from the Palearctic (Figure 9).

The COl tree could not recover any clade encompassing Ramazzottius suzithuae sp. nov., suggesting a lack
of closely related taxa among sequences available to date.

In the case of the ITS-2 region, the results of species delimitation were partially incongruent with respect to the
COI delimitations and even known taxonomy. The best ASAP partition identified 22 PSH at the lowest ASAP
score =5, over-splitting previously delimited species (such as Ramazzottius subanomalus (Biserov 1985) but at the
same time clustering six species, among which are species as different as Ramazzottius claudii and R. oberhaeuseri
s.s. The bPTP analysis recovered 20 PSH, mostly consistent with COI delimitation and current taxonomy, but still
lacking the resolution to separate Ramazzottius varieornatus from R. aff. varieornatus. Ramazzottius suzithuae sp.
nov. was clearly distinguished from any other species in both approaches and is positioned in a well-supported
clade with the two R. cf. saltensis species (Figure 10; accession numbers present in the tree).

Otherwise, the delimitation with a complete ITS-2 alignment (295 sequences) yielded highly irrational
partitions, such as 28-36 species for ASAP and 40-101 species for bPTP, showing the sensitivity of these
analyses to over-sampled species.

Multi-locus phylogeny

The phylogenetic analyses of the thinned alignment with four concatenated markers consistently recovered
five major clades and one ambiguous clade (called clade X; Figure 11) which are also recovered from the full
alignment before thinning, the ITS-2 + 18S + 28S matrix and partially from COI +18S +28S and COI+ITS-2
matrices (Supporting information S4.1-5). These clades are described below.

Clade A. Can be subdivided into several clusters: the subclade AA (R. groenlandensis + R. sp. from Nivaa,
DK+ R. aff. oberhaeuseri sp. 1), the subclade AB (R. varieornatus + R. sabatiniae + R. aff. varieornatus + R.
claudii), both clades not well supported; the subclade AC (R. oberhaeuseri s.s.), the subclade AD (R. kretsch-
manni+ R. sp. 3 from Denmark), the not well-supported subclade AE (R. aff. oberhaeuseri sp. 7 +R. aff.
oberhaeuseri sp. 8) and the subclade AF (R. subanomalus+ R. aff. oberhaeuseri sp. 3). The inclusion of short
and conservative single-locus sequences from Ithaca and Alaska in the complete allignment decreased
support and obscured different relationships within Clade A (Supporting information S4.1-2).

Clade B. Limited to Ramazzottius cf. baumanni and R. aff. baumanni species.

Clade C. Includes the two species previously obscured in Ramazzottius cf. saltensis as a subclade CA and R.
suzithuae sp. nov. as subclade CB.
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Figure 9. Molecular species delimitation of the COI sequences of the genus Ramazzottius. Left: putative species from the PTP
analysis are indicated by transitions from blue-coloured branches to red-coloured branches. Right: different coloured sets
denote specimens grouped by the best partition of the ASAP analysis. Posterior probability and bootstrap values are shown
above and below branches, respectively.
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Figure 10. Molecular species delimitation of the ITS-2 sequences of the genus Ramazzottius. Left: putative species from the
PTP analysis are indicated by transitions from blue-coloured branches to red-coloured branches. Right: different coloured
sets denote specimens grouped by the best partition of the ASAP analysis. Posterior probability and bootstrap values are
shown above and below branches, respectively.

Clade D. Comprises the szeptycki complex, divided into the subclades DA (Ramazzottius szeptycki + R. aff.
szeptycki sp. n. 2) and DB (R. aff. szeptycki sp. n. 1+ R. aff. szeptycki sp. n. 3).

Clade X. Constituted by Ramazzottius aff. oberhaeuseri sp. 4 and R. aff. oberhaeuseri sp. 5, this clade is so
named because its position was variable among clades (Supporting information S4). This is likely due to the
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Figure 11. Phylogenetic inference of the thinned COI + ITS-2 + 28S + 18S matrix of the genus Ramazzottius reconstructed
with ML and BI analyses. Different colours denote each major clade, while vertical bars and two-letter labels denote
subclades when present. Bootstrap and posterior probability values are presented above and below the branches,
respectively. Only bootstrap values >=70% and posterior probability values >0.95 are shown.

lack of any more conserved marker than COI for these species. When this clade is also pruned, the topology is
maintained and most of the support values of the major clades increase (Supporting information S4.6-7).

Clade E. Comprises the most basal species of all the multi-locus sequenced specimens available for the
genus Ramazzottius, but it has no associated morphological data.

Discussion
Single-locus trees and species delimitation

The species delimitation with the COIl marker is mostly consistent with current taxonomy of the Ramazzottius
genus (Guidetti et al. 2022; Kihm et al. 2023; Vecchi & Stec 2024), with the exceptions of over-splits in
Ramazzottius sp. 8 and Ramazzottius cf. saltensis from Campifa de América + Near Uruguay River in bPTP, as
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well as R. szeptycki from the same sample in both analyses. This was most likely due to the large number of
ambiguous bases in these sequences.

Well-supported clades above the species level in the COI phylogeny suggest closely related species, as COI
exhibits good resolution in this rank, but little deeper phylogenetic signal (Rubinoff & Holland 2005;
Doorenweerd et al. 2024), so that the support of deeper nodes should not be considered.

On the other hand, the topology of the ITS-2 tree was partially similar to that inferred with
concatenated data in previous studies (Dey et al. 2023), illustrating the deeper phylogenetic resolution
and representativeness of the ITS-2 marker with respect to COl. However, although ITS-2 was high-
lighted as a useful tool even for intraspecific distinction (Stec et al. 2016), its performance for species
delimitation was ambiguous and incongruent with respect to COI delimitation and even between ASAP
and bPTP analyses. Over-splits of Ramazzottius cf. saltensis from Campifia de América + Near Uruguay
River and Ramazzottius sp. 1 from Denmark were recovered despite the low number of ambiguous
bases.

At the same time, ITS-2 failed to delimit known different species that were clearly separated with the COI
gene, like the cluster Ramazzottius subanomalus + R. claudii + R. varieornatus + R. oberhaeuseri s.s. in the ASAP
partition or Ramazzottius aff. varieornatus + R. varieornatus in both delimitation analyses.

The congruent bPTP delimitation recovered subsets detected in COIl delimitation such as the
inclusion of a Russian population to R. oberhaeuseri s.s. and the split of R. cf. saltensis from Chaco
and Campifa de América + Near Uruguay River into at least two different PSH, strongly suggesting that
the Ramazzottius cf. saltensis are actually two or more sibling species within their own complex,
splitting the baumanni complex sensu Dey et al. (2023). This confusion recalls statements of Pilato
(2024) on the prevailing importance of adequate morphological characterization and diagnosis accom-
panying molecular data to increase the consistency of species delimitation in an integrative taxonomy
framework.

Rethinking the COI role?

Recently, Gasiorek et al. (2024) used ITS-2 as a primary barcoding tool, leaving COIl in the background. COI
displays high support values at the level of closely related species and below, but as expected for a highly
variable marker, the support of more internal nodes plummets. In contrast, the ITS-2 fragments usually
recover better supported internal and external nodes, although in this study it failed to distinguish closely
related species such as Ramazzottius aff. varieornatus and R. varieornatus.

In any case, alternatives to alleviate the lack of depth provided by the COI fragment without neglecting
mitochondrial information go from adding more mitochondrial markers with different rates of evolution to
compensate COl's performance, to dramatically shifting the use of the COI gene to more representative
regions of the mitochondrial genome.

Firstly, markers such as mitochondrial rRNA 12S and 16S have been considered better in the resolution of
molecular systematics, comparable to the 18S and 28S nuclear rRNA genes (Chan et al. 2021). Secondly,
changing COI for another marker should be evaluated in depth, since it is highly recommended to first assess
which genes could represent more closely the full mitogenome phylogeny (Havird & Santos 2014; Main et al.
2024), and such an approach has never been carried out in the Phylum Tardigrada.

In our opinion, the use of mitochondrial markers should not be neglected. COI, for instance, still shows
good support for closely related species and a better performance in molecular species delimitation than ITS-
2, making it suitable for studies with correctly delimited context and taxa (Rubinoff & Holland 2005; Menezes
et al. 2024; Doorenweerd et al. 2024). We also suggest that regardless of the choice of molecular marker to
delimit species, it is always desirable to add as much information as possible; that is, sequencing several loci,
both mitochondrial and nuclear, is ideal to obtain more information that complements and serves for the
comparison of species (Padial et al. 2010).

Deeper research on these topics is desirable, since the concordance of mitochondrial and nuclear
topologies have never been evaluated in tardigrades and a handful of phenomena can influence them
differentially, such as the presence of polyploidy and sperm-dependent asexual species, markers of different
inheritance dynamics, introgression, ancient hybridization events, secondary breaches of reproductive
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barriers or incomplete lineage sorting (Rebecchi & Bertolani 1988; Toews & Brelsford 2012; Poroshina et al.
2020; Janko et al. 2023; Villegas et al. 2024).

Multi-locus phylogeny

Clade A includes Ramazzottius oberhaeuseri s.s. and the most widely distributed species known to date in the
genus (Ramazzottius aff. oberhaeuseri sp. 7). Although it encompasses the most closely related species to the
neotype species of the genus, Clade A does not have consistent diagnostic traits. The dorsal sculpture ranges from
smooth (Ramazzottius kretschmanni, R. subanomalus) to “strongly sculptured” (Ramazzottius aff. oberhaeuseri spp.
1 and 7) as evidenced since the study of Stec et al. (2018). Even the well supported subclade AF includes species
with very different egg morphology (e.g. hemispherical processes in Ramazzottius aff. oberhaeuseri sp. 3 and small
to minute conical processes in R. subanomalus) despite both species having a smooth dorsal cuticle.

In fact, the similarity between eggs of Ramazzotius claudii (Clade A) and R. suzithuae sp. nov. (Clade C)
suggests that eggs evolving separately could converge to a similar morphology in distant clades. Hence, this
homoplasy could prevent reliable identifications based solely on egg morphology.

This need to provide descriptions with sufficient information on animals and eggs is illustrated in the
baumanni clade (Clade B), for which there is no information on the egg morphology and the dorsal sculpture
can be confused with that of the saltensis clade (e.g. with some adults of R. suzithuae), preventing a
conclusive morphological diagnosis despite their evident molecular distinction.

Similarly, the szeptycki clade (Clade D) has a unique cuticular sculpture and body shape (Dey et al. 2023);
however, declaring this clade in a further nomenclatural act (e.g. erecting a new genus) requires, at least,
information on the egg morphology, totally unknown to date.

A clade comprising a true oberheuseri complex remains elusive, corresponding only to a morphogroup, as
noted by Kihm et al. (2023), since Ramazzottius oberhaeuseri s.s. does not cluster with any other species in our
analysis nor in any previous multilocus phylogeny (Guidetti et al. 2019; Dey et al. 2023; Kihm et al. 2023;
Vecchi & Stec 2024).

Knowing that the recognized clades could eventually become different genera when enough diagnostic
information is available (even encompassing more than one genus within Clade A based on its variability),
the premature inclusion of the Cryoconicus species (from a still paraphyletic genus) within Ramazzottius
could double the work, as Cryoconicus species are located externally to the whole Clade A in the present
study (as suggested by the analysis in Dey et al. 2023). Therefore, the current Cryoconicus species would not
be a part of Ramazzottius s.s., but they are closer to what Ramazzottius s.s. is likely to be than Clades B-E.

Clade B in Dey et al. (2023) is consistently positioned as the most basal group in our analysis (Clade E). Not so
the positioning of Ramazzottius aff. oberhaeuseri sp. 4 and 5, so it is necessary to survey their localities again and
integrate more morphological and molecular information to unveil their affinities within Ramazzottius.

In Clade E, the inclusion of short conservative single-locus sequences clusters specimens from Alaska
within this species (Supporting information S4.1-2), but more variable markers are needed to confirm the
relationship between these specimens.

Additional taxonomical comments

Considering that Ramazzottius cf. saltensis from Argentina (Dey et al. 2023) most probably comprises two
different species, it is important to note that the PhC and SEM images provided by Dey et al. (2023; Figures 2
and 3) correspond to specimens only from Chaco.

Even if differences in a particular stage of life have not been previously stressed in Ramazzottius, R. suzithuae sp.
nov. showed that potentially ontogenetic changes can occur in the genus (Figure 3). This brings new questions on
morphological records based only on one life stage and/or a reduced number of specimens. An immediate
example comes from a species morphologically similar to R. suzithuae sp. nov: Ramazzottius belubellus Bartels et al.
2011. Hence, there is a possibility that the other Ramazzottius specimens reported by Bartels et al. (2011),
attributed to R. baumanni, were adults of R. belubellus with flattened spines, especially considering the small
size of the type series. However, this assumption requires revision of the original material and obtaining more
animals for DNA amplification, a hard task given the low abundance and frequency reported for the species.
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An additional problematic this study would like to address is the fact that most of the Neotropical records
have been historically associated with Holarctic species and considered therefore widely distributed or
cosmopolitan (“False cosmopolitan records” in Ugarte & Garraffoni 2024) with only limited morphological
evidence. To break through this issue, it is important to revisit morphological records in the Neotropics and
generate molecular data, at least for the more variable markers such as COIl and ITS-2, as well as trying to
include this information in every description of a new species.

A very interesting example of the consequences in this matter is a Brazilian record reported as
“Ramazzottius oberhaeuseri” (De Barros 1943), even though the morphology of the cuticle is completely
different from the species publicly known at that time, and even today, consisting of a dense granulation on
the entire dorsal cuticle, accompanied by five rows of four gibbosities from the first to the third pair of legs.
Specimens with similar characteristics have been found in the Mexican state of Hidalgo (in prep., Supporting
information S5), suggesting that the drawings of “Ramazzottius oberhaeuseri” in De Barros (1943) may not be
an exaggerated mistake, but a true extant new species.

At the same time, poorly detailed descriptions can obscure the actual validity of some species, as occurred
with Ramazzottius edmondabouti Séméria 1993, considered species dubia (Guidetti et al. 2022) due to its
vague original description. However, specimens with a very similar dorsal sculpture (polygonal tubercles
with sclerotized apices present on the dorsum except for segments I-1l and the medial portion of segments
IV, VI, VIl and X) have been found in Mexico (in prep., Supporting information S5), thence we consider that
the status of species dubium for R. edmondabouti should be revoked or changed to species inquirenda, since
its poor description hinder comparative analysis, but still shows morphological novelty in the dorsal
sculpture, unseen in the rest of formally described species in the genus.

Additionally, according to the phylogenetic reconstruction, Ramazzottius suzithuae sp. nov belongs to a
broader “baumanni” morphogroup (but not strictly a complex sensu Dey et al. 2023) and forms a monophyletic
clade with at least two more species, previously thought to be a single species (Ramazzottius cf. saltensis in Dey
et al. 2023). Since R. belubellus has the most similar dorsal sculpture to that of the new species, it is probable that
it is more closely related to the “saltensis” clade C. Finally, Ramazzottius theroni is similar to the new species, in
both its sculpture and its eggs (Dastych 1993), so we consider including it in the baumanni morphogroup,
extending its distribution far beyond the Neotropics, but await available information on the egg morphology of
the baumanni clade B to better understand its differences from the saltensis clade C.

Conclusions

A new species from Mexico, Ramazzottius suzithuae sp. nov., is described and molecularly delimited from
other species with both ASAP and bPTP analysis. Moreover, its discovery evidences the existence of a
separate clade hidden in the previously suggested “baumanni” complex, encompassing at least two species
formerly identified as Ramazzottius cf. saltensis and the new species. The phylogeny of the genus
Ramazzottius shows its complex nature, requiring comprehensive examination in future research.
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