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Abstract: We describe three new tardigrade species from Canada, i.e., one representing
Paramacrobiotus richtersi complex, the other Macrobiotus hufelandi complex and one belonging to the
genus Bryodelphax. Integrative analysis is made based on morphological and morphometrical data
(using both light and scanning electron microscopy (SEM)) combined with multilocus molecular
data (nuclear sequences, i.e., 185 rRNA, 28S rRNA and ITS-2 as well as mitochondrial COI barcode
sequences). Paramacrobiotus sp. nov. differs from most species of the genus by a different type of the
oral cavity armature, details of egg morphology (number of areoles around egg processes and shape
of egg processes) and some morphometric characters of adults (presence or absence of eyes,
presence or absence of granulation on legs, dentate lunules under claws IV). Based on COI
molecular data, Macrobiotus sp. nov. is most similar to Mac. canaricus Stec, Krzywanski & Michalczyk,
2018 (p-distance 17%). Bryodelphax sp. nov. is most similar to Bry. parvulus Thulin, 1928 (p-distance
16%). Moreover, both species differs also from their congeners in some morphological and
morphometrical characters of adults and/or details of eggs. Additionally, a large population of
Mesobiotus skorackii Kaczmarek, Zawierucha, Buda, Stec, Gawlak, Michalczyk & Roszkowska, 2018
was found in Canada and this is the first report of this species outside terra typica in Kirghizia. The
original description of this species was based solely on the morphology. Here we provide an
updated description of the species by means of integrative taxonomy.
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1. Introduction

The phylum Tardigrada, also commonly called water bears, inhabit terrestrial and aquatic
(freshwater and marine) environments. They are found in mosses, lichens, soil, leaf litter, sediments
and on aquatic plants [1-3]. Till date, more than ca. 1300 species of tardigrades have been described
throughout the world [4-7]. Tardigrade fauna of Canada is rather poorly known and up to now only
ca. 120 species have been reported from this region [8-9].

In this study, we applied integrative taxonomy for description of three new species from Canada
belonging to Paramacrobiotus richtersi complex, Macrobiotus hufelandi complex and the genus
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Bryodelphax, and update description Mesobiotus skorackii Kaczmarek, Zawierucha, Buda, Stec, Gawlak,
Michalczyk & Roszkowska [10].

2. Material and Methods

Sample processing

Moss sample was collected in Banff National Park (Alberta, Canada) in March 2019. The sample
was then packed in a paper envelope, dried at a temperature of ca. 20 °C, and delivered to the
Department of Animal Taxonomy and Ecology at the Faculty of Biology, Adam Mickiewicz
University in Poznan (Poland). The tardigrade collection, extraction and mounting techniques
followed the protocol of Stec et al. [11].

Microscopy and imaging

In total 171 animals and 77 eggs were mounted on microscope slides in the Hoyer’s medium,
and then examined under Olympus BX41 Phase Contrast light Microscope (PCM) associated with
Olympus SC50 digital camera (Olympus Corporation, Shinjuku-ku, Japan).

The 60 animals and 36 eggs were prepared for Scanning Electron Microscope (SEM) analysis
according to the protocol in Roszkowska et al. [12] and examined under high vacuum in Hitachi
S3000N SEM.

All figures were assembled in Corel Photo-Paint 2017. For deep structures that could not be fully
focused in a single photograph, a series of 2-10 images were taken every ca. 0.5 um and then
manually assembled into a single deep-focus image in Corel Photo-Paint 2017.

Genotyping

Methods used to obtain voucher specimens after DNA isolation follows Kaczmarek et al. [14].
In total 10 of the specimens were used for DNA isolation. The polymerase chain reaction (PCR) was
carried out for four DNA fragments with different mutation rates, i.e., mitochondrial cytochrome
oxidase subunit I (COI), cytoplasmic ribosome small and large subunit components (185 rRNA and
285 rRNA, respectively) and nuclear internal transcribed spacer 2 (ITS-2). We used HCO2198 and
LCO1490 primers to amplify the COI gene fragment [15]. The 185 rRNA gene fragment was amplified
using primers: SSUO1_F and SSU82_R [16]. To amplify the 28S rRNA gene fragment we applied the
following primers: 285F0001 and 285SR0990 [17]. In turn, for the ITS-2 fragment we used primers: ITS3
and ITS4 [18]. Amplification of mitochondrial and nuclear sequences, visualization of obtained PCR
product and sequencing directly in both directions was performed according to Kaczmarek et al. [19].

Comparative molecular analysis

To verify the homology of the amplified molecular markers with sequences deposited in the
NCBI database, BLAST (Basic Local Alignment Search Tool [20]) searches were performed. All
obtained sequences were checked for quality and consensus sequences were created for each
individual in BioEdit v. 7.2.5 [20]. The COI sequences were translated into amino acid sequences to
check for indels and internal using the EMBOSS-TRANSEQ application [21-22]. Finally, the the
MEGA X [24] was applied to calculate the uncorrected pairwise distances (p-distances) for COI
sequences.

3. Results
Taxonomic account

Type Locality: 51°24'21”N, 116°14'27”"W, 1900 m a.s.l., Canada, Alberta, Banff National Park, near
east end of the Louise Lake, moss on stone, May 2019, leg. Milena Roszkowska and Lukasz
Kaczmarek.

Type depositories: All type materials were deposited at deposited at the Department of Animal
Taxonomy and Ecology, Institute of Environmental Biology, Adam Mickiewicz University in Poznan,

Uniwersytetu Poznanskiego 6, 61-614 Poznan, Poland.

Bryodelphax sp. nov.
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DNA sequences

We obtained good quality sequences for the applied molecular markers:

18S rRNA: two sequences; 528 bp long;

28S rRNA: two seguences; 671 bp long;

COTL: three sequences; 584-672 bp;

Based on COI molecular data, Bryodelphax sp. nov. is most similar to Bry. parvulus Thulin, 1928 (p-
distance 16%).

Short diagnosis: Bryodelphax from weglarskae group. Colour light yellow. Cirri interni and externi with
poorly developed cirrophores. Cirri A of typical length for Bryodelphax, i.e. reaching ca. 25% of the
total body length. Paired and median plates divided into anterior and posterior parts. Dorsal
sculpture, visible in PCM, composed of dark granules and white pores. Venter with three rows of
greyish plates (IIl:2-2-1). Spine on leg I absent. Papilla on leg IV present. Dentate collar absent on leg

IV. Claws slender, claws IV always slightly longer than claws I-III. External claws smooth, internal

ones with a small spur pointing downwards and placed very close to the claw bases.

Figure 1. Bryodelphax sp. nov.: A — Dorsal view, adult (SEM); B — Ventral view, adult (SEM); C -
Claws of leg I (SEM), arrowhead indicates spur; D — Claws of leg IV (SEM), arrowhead indicates spur.

Scale bars in pm.

Macrobiotus sp. nov.

DNA sequences

We obtained good quality sequences for the applied molecular markers:
18S rRNA: single sequence; 553 bp long;

28S rRNA: single sequence; 721 bp long;

ITS-2: single sequence; 350 bp long;

The 1st International Electronic Conference on Biological Diversity, Ecology, and Evolution, 15-31 March 2021



The 1st International Electronic Conference on Biological Diversity, Ecology, and Evolution, 15-31 March 2021

COI: single sequence; 609 bp long;

Based on COI molecular data, Macrobiotus sp. nov. is most similar to Mac. canaricus Stec, Krzywanski
& Michalczyk, 2018 (p-distance 17%).

Short diagnosis: Macrobiotidae with Y-shaped claws. Colour white. Eyes present. Cuticle with small
pores 0.6 — 1.8 um in diameter. Two macroplacoids and a relatively small microplacoid close to the
last macroplacoid. The oral cavity armature of the hufelandi-type with first and the second band
composed of numerous minute teeth and a system of three dorsal and three ventral transverse ridges.
Macroplacoid length sequence 2<1. Granulation present on all legs. Eggs spherical, ornamented,
white and laid freely. Egg chorion reticulated (hufelandi type). Processes in the shape of inverted
concave cups with terminal discs (diameter 3.2 — 6.1 um). Morphologically, Macrobiotus sp. nov. is
most similar to Mac. porifini [25] and differs from it by higher mean buccal tube length, higher mean

stylet support insertion point, higher mean buccal tube external and internal width, higher pt of

placoid row, higher egg bare and egg full diameter.

50 : g 2 0
Figure 2. Macrobiotus sp. nov.: A — Dorsal view, adult (PCM); B — Claws of leg II (PCM); C — Egg
general view (SEM); D — Egg surface and egg processes (SEM). Scale bars in pm.

Mesobiotus skorackii Kaczmarek et al., 2018

DNA sequences

We obtained good quality sequences for the applied molecular markers:

18S rRNA: two sequences; 667-715 bp long;

28S rRNA: single sequence; 735 bp long;

COTL: single sequence; 631 bp long;

Based on COI molecular data, Mesobiotus skorackii is most similar to Mesobiotus occultatus Kaczmarek
et al., 2018 (p-distance 20%).

Short diagnosis: Macrobiotidae with Y-shaped claws. Colour white. Eyes present. Cuticle smooth

and without pores. Three roundish macroplacoids and a relatively large microplacoid close to the
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last macroplacoid. The oral cavity armature well developed and composed of three bands of teeth
(harmsworthi type). Macroplacoid length sequence 2<3<1. Granulation hardly visible on legs I-III,
whereas on legs IV always clearly visible. Eggs laid freely, white, spherical and ornamented, with
short wide cones and delicate areolation. Egg processes reticulated with mesh and surrounded by six
areolae delimited by thin brims which are often discontinuous, thus areolae are not always fully

formed (semi-areolation).

N

Figure 3. Mesobiotus skorackii.: A — Oral cavity amature, adult (SEM); B — Claws of leg IV (SEM); C
— Egg general view (SEM); D — Egg surface and egg processes (SEM). Scale bars in pum.

Paramacrobiotus sp. nov.

Diagnosis: Macrobiotidae with Y-shaped claws. Colour white. Eyes absent. Cuticle smooth and
without pores. Oral cavity armature typical with three bands of teeth. Macroplacoid length sequence
2<1<3. Granulation present on all legs. Smooth lunules under all claws. Eggs laid freely, white,
spherical with processes in shape of short wide cones ended with flat and granulated cap. Egg shells
areolated with ca. 10 areolae around each process and internal surface of the areoles with pores
(richtersi type). Morphologically, Paramacrobiotus sp. nov. is most similar to Pam. gerlachae (Pilato,
Binda & Lisi [26]) but it differs from it by longer placoid row, longer macroplacoid row, higher pt of
microplacoid, larger primary branches of legs I-IIl and larger anterior and posterior primary

branches of leg IV.
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Figure 4. Paramacrobiotus sp. nov.: A — Dorsal view, adult (SEM); B — Claws of leg IV (SEM); C —
Egg general view (SEM); D — Oral cavity amature (SEM). Scale bars in pm.

4. Conclusions

Bryodelphax sp. nov., Macrobiotus sp. nov., Mesobiotus skorackii and Paramacrobiotus sp. nov. were
found in a single moss sample collected in Canada. We described all these species using an integrative
approach. These four species discovery brings the current number of tardigrade taxa in Canada to ca.
124.

Taking into consideration that in the present study, in one analysed sample we found three species
new for science and one new regordmeans that with hight probability we can assume that many new
species will be discovered in this region in the future.
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