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Abstract: Tardigrade studies in Poland have been carried out for more than a century and to date, 102 species have been reported
from this central European country. This constitutes nearly 9% of all known species within the phylum. Although previous studies
have been thorough, a number of taxa now known to belong to species complexes have been treated in only a very general way. One
such complex is the Macrobiotus hufelandi group, which has a worldwide distribution. To date, only three hufelandi group species have
been recorded from Poland: M. hufelandi hufelandi C.A.S. Schultze, 1834; M. macrocalix Bertolani & Rebecchi, 1993; and M. polonicus
Pilato, Kaczmarek, Michalczyk & Lisi, 2003. Here we first report M. vladimiri Bertolani, Biserov, Rebecchi & Cesari, 2011 from Poland.
Moreover, we provide new morphometric data for the type series of the species.
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Tardigrada is a phylum of microinvertebrates living in
aquatic and terrestrial environments throughout the world
(Nelson et al., 2015), with approximately 1200 described
species (Guidetti and Bertolani, 2005; Degma and Guidetti,
2007; Degma et al,, 2016). Studies on Polish tardigrades
have been conducted for more than a century (Minkiewicz,
1914; Jakubski, 1915), and up to now, 102 species have
been reported from this country (e.g., Kaczmarek, 2008;
Kaczmarek et al., 2010; Zawierucha et al., 2015). However,
the most comprehensive account on this subject so far
is that of Dastych (1988). Although his monograph is
both thorough and extensive, some tardigrade groups
or species complexes were treated in very general terms.
This was particularly the case for specimens identified as
“Macrobiotus hufelandi C.A.S. Schultze, 1834”. This species
was previously thought to be cosmopolitan but now is
considered a species group comprising over 40 species.
The complex, known as the Macrobiotus hufelandi group,
is characterized by a porous cuticle, two macroplacoids
and a microplacoid in the pharynx, and eggs most often
ornamented with mushroom-shaped processes that make
them easily distinguishable from those of other tardigrades
(Bertolani and Rebecchi, 1993; Guidetti et al., 2013). For
many years, specimens exhibiting these morphological
traits were commonly and erroneously identified as the
nominal species. Following the revision of this group
by Bertolani and Rebecchi (1993), researchers began to

* Correspondence: daniel_stec@interia.eu

558

recognize differences in morphological details, and as a
result, numerous new species within the complex were
identified (e.g., Bertolani and Rebecchi, 1993; Guidetti et
al., 2013; Stec et al.,, 2015; Bakowski et al., 2016).

Although M. hufelandi has been reported from Poland
by several authors (Pigon and Weglarska, 1953; Weglarska,
1959, 1973; Pilato and Dastych, 1974; Heciak, 1976;
Weglarska and Korecka, 1983), these records should be
considered as dubious because the formal redescription
of this species comes from 1993 (Bertolani and Rebecchi,
1993). To date, only three Macrobiotus hufelandi group
species have been reported from Poland for which the
records are considered valid: Macrobiotus hufelandi
hufelandi by Dastych, (1997), Macrobiotus macrocalix
Bertolani & Rebecchi, 1993 by Kaczmarek and Michalczyk
(2004); and Macrobiotus polonicus Pilato, Kaczmarek,
Michalczyk & Lisi, 2003. In this report, we record for the
first time in Poland the presence of a fourth hufelandi
group species, Macrobiotus vladimiri Bertolani, Biserov,
Rebecchi & Cesari, 2011. We also provide additional
morphometrics for the type population of the species.

A moss sample containing M. vladimiri individuals and
eggs was collected from calcareous rock in the Zakrzéwek
district of Krakow, Poland (50°02'12"N, 19°53'56"E; 206
m a.s.l.) in September 2015 by the first author. The sample
was collected and examined for terrestrial tardigrades
using standard methods (e.g., as described by Stec et al.,
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2015). Animals and eggs of M. vladimiri were extracted
from the sample and mounted on microscope slides
following the protocol of Morek et al. (2016). Slides were
then dried for 5 days at 60 °C, sealed with transparent nail
polish, and examined under a Nikon Eclipse 50i phase
contrast light microscope (PCM) equipped with a Nikon
Digital Sight DS-L2 digital camera. All slides are deposited
in the Department of Entomology, Institute of Zoology
and Biomedical Research Jagiellonian University.

All figures were assembled in Corel Photo-Paint X6,
ver. 16.4.1.1281. For deep structures that could not be
tully focused on in a single photograph, a series of 2-10
images were taken approximately every 0.25 um and then
assembled into a single deep-focus image.

Allmeasurements are given in micrometers. Sample size
for morphometry was chosen following recommendations
by Stec et al. (2016). Structures were measured only if their
orientation was suitable. Body length was measured from
the anterior extremity to the end of the body, excluding
the hind legs. The terminology used to describe oral cavity
armature follows that established by Hansen and Katholm
(2003) and adopted by Michalczyk and Kaczmarek (2003).
Buccal tube length and the level of the stylet support
insertion point were measured according to Pilato (1981).
Buccal tube width was measured as the external and
internal diameter at the level of the stylet support insertion
point. Macroplacoid length sequence is given according
to Kaczmarek et al. (2014). Lengths of the claw branches
were measured from the base of the claw (i.e. excluding
the lunula) to the top of the branch, including accessory
points. The pt index is the ratio of the length of a given
structure to the length of the buccal tube expressed as a
percentage (Pilato, 1981). Distance between egg processes
was measured as the shortest line connecting the base
edges of the 2 closest processes. Morphometric data were
handled using the Parachela ver. 1.2 template available
from the Tardigrada Register (Michalczyk and Kaczmarek,
2013). Taxonomy for Eutardigrada follows Bertolani et al.
(2014).

For exact identification, our specimens were compared
with original descriptions of all Macrobiotus hufelandi
group species. Moreover, they were also compared with
the type material of M. vladimiri kindly loaned to us by
Michele Cesari (University of Modena and Reggio Emilia,
Italy).

Phylum: Tardigrada Doyére, 1840

Class: Eutardigrada Richters, 1926

Order: Parachela Schuster, Nelson, Grigarick &
Christenberry, 1980

Superfamily: Macrobiotoidea Thulin, 1928 (Sands,
McInnes, Marley, Goodall-Copestake, Convey & Linse,
2008)

Family: Macrobiotidae Thulin, 1928

Genus: Macrobiotus C.A.S. Schultze, 1834

Macrobiotus vladimiri, Bertolani, Biserov, Rebecchi
and Cesari, 2011

(Tables 1-4, Figures 1-4)

Material examined: Twenty-two animals (including
3 simplexes) and 2 eggs from Poland (mounted on
microscope slides in Hoyer’s medium, slide codes:
PL.103.19-25, 29, 30, 32, 35; preserved at the Department
of Entomology, Institute of Zoology and Biomedical Research
Jagiellonian University, Gronostajowa 9, 30-387 Krakow,
Poland); 3 paratypes and 3 eggs from the type population
(mounted on microscopic slides in polyvinyl-lactophenol,
slide codes: C475-S2, C475-SU1; collected in Andalo
(Italy): 46°10'07"N, 11°00'01"E; 1050 m a.s.L.).

Description of Polish specimens:

Animals (measurements and statistics in Tables 1
and 2): Body white/transparent without any transversal
bands of pigmentation, transparent after fixation in
Hoyer’s medium (Figure 1A). Eyes present (visible also
after mounting). Body cuticle smooth with small round
(diameter range: 0.5-1.1 um) and oval (diameter range:
1.0-1.7 um) pores, situated mostly on the posterior part
of the dorsum and poorly visible under a light microscope
(LM) (Figure 1B, empty arrowhead). Ventral cuticle
smooth. Granulation on the external surface of legs I-IV
present, but not very developed (Figure 1C-D).

Mouth anteroventral. Buccopharyngeal apparatus of
the Macrobiotus type (Figure 2), with 10 small peribuccal
lamellae and ventral lamina. The oral cavity armature
is composed of two bands of teeth (the first band is not
visible under LM; Figure 2). The second band of teeth is
situated between the ring fold and the third band of teeth
and comprises several rows of small, barely visible dots
(Figure 2, lower insert, empty indented arrowhead). The
teeth of the third band are located within the posterior
portion of the oral cavity, between the second band
of teeth and the buccal tube opening (Figure 2, empty
arrowhead). The third band of teeth is discontinuous
and divided into the dorsal and the ventral portion. It
comprises three dorsal, distinctly separated, thin ridges
(Figure 2, empty arrowhead) and three ventral teeth: two
lateral ridges (Figure 2, lower insert) and one round or oval
median tooth (Figure 2, lower insert, empty arrowhead).
Pharyngeal bulb spherical, with triangular apophyses,
two rod-shaped macroplacoids (2 < 1), and a triangular
microplacoid (Figure 2). Both macroplacoids with slight
central constrictions (in the second microplacoid being
almost undetectable) (Figure 2, upper insert).

Claws small and slender, of the hufelandi type (Figures
3A and 3B). Primary branches with distinct accessory
points. The common tract short and wide with an evident
peduncle connecting the claw to the lunula (Figures 3A
and 3B). Lunulae on legs I-III smooth (Figure 3A), but on
legs IV slightly crenulated and occasionally with very faint
indentations (Figure 3B). Bars under claws absent.
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Table 1. Measurements (in pm) of selected morphological structures of individuals of Macrobiotus vladimiri Bertolani, Biserov,
Rebecchi & Cesari, 2011 from the Polish population mounted in Hoyer’s medium (N- number of specimens/structures
measured; Range- the smallest and the largest structure among all measured specimens; SD- standard deviation).

Range Mean SD
Character N

pm pt pm pt pm pt
Body length 10 403-540 997-1254 457 1104 50 94
Buccopharyngeal tube
Buccal tube length 10 39.6-43.9 _ 41.3 - 1.4 -
Stylet support insertion point 10 30.6-34.7 77.0-81.9 32.4 78.4 1.3 1.6
Buccal tube external width 10 5.2-6.6 12.8-16.0 5.9 14.3 0.4 1.0
Buccal tube internal width 10 3.3-4.5 7.9-10.3 3.8 9.1 0.4 0.8
Ventral lamina length 8 26.1-29.8 63.2-69.1 27.4 65.6 1.2 2.1
Placoid lengths
Macroplacoid 1 10 9.9-14.0 23.1-34.0 11.4 27.5 1.3 2.9
Macroplacoid 2 10 [6.0-9.2 14.2-22.4 7.4 180 |10 24
Microplacoid 10 2.3-39 5.7-9.9 3.0 7.3 0.5 1.2
Macroplacoid row 10 16.8-24.3 39.3-59.0 19.9 48.2 2.1 4.9
Placoid row 10 [193-268 45.2-65.1 230 [55.8 |22 5.0
Claw 1 lengths
External primary branch 8 10.8-12.7 26.8-29.4 11.6 28.2 0.6 0.9
External secondary branch 8 82-10.9 20.0-25.3 9.5 23.1 0.8 1.9
Internal primary branch 8 10.2-12.1 25.2-28.5 11.0 26.8 0.7 1.1
Internal secondary branch 8 7.0-11.2 17.6-25.9 8.6 20.9 1.2 24
Claw 2 lengths
External primary branch 10 10.6-12.9 26.6-31.1 11.9 28.9 0.7 1.7
External secondary branch 10 9.3-10.8 22.1-26.5 10.0 24.3 0.5 1.5
Internal primary branch 10 10.6-12.3 26.2-29.8 11.5 27.8 0.5 1.2
Internal secondary branch 10 7.1-10.5 17.8-25.1 9.5 22.9 1.1 2.3
Claw 3 lengths
External primary branch 10 11.1-13.3 28.0-32.3 12.4 29.9 0.7 14
External secondary branch 10 9.4-12.7 22.0-30.7 10.7 25.8 1.0 2.5
Internal primary branch 10 10.5-12.8 26.5-31.1 11.8 28.6 0.6 1.2
Internal secondary branch 10 6.9-10.9 17.4-26.5 9.6 23.3 1.2 2.8
Claw 4 lengths
Anterior primary branch 10 13.1-15.1 325-36.7 14.1 34.1 0.7 1.1
Anterior secondary branch 10 10.5-11.8 254275 10.9 26.4 0.4 0.7
Posterior primary branch 10 12.6-16.2 31.1-37.6 14.4 34.9 1.0 1.8
Posterior secondary branch 10 10.3-13.5 25.5-32.3 11.9 28.7 0.9 2.0

Eggs (measurements and statistics in Tables 3 and 4):
Eggs laid freely, white, spherical (Figures 4A and 4B).
The surface between processes of the hufelandi type, i.e.
chorion covered with a reticulum with oval or round
meshes, slightly larger and wider in the peribasal ring
around the processes (Figures 4B and 4D). Processes
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of inverted goblet shape (Figures 4A and 4C), and with
concave distal disks that have jagged margins (Figure 4D).

To date, M. viadimiri has been recorded from three
European countries: Italy (Andalo, the type locality),
Germany (St. Ulrich), and Spain (Bertolani et al., 2011).
The Spanish population was discovered only on the basis
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Table 2. Measurements (in pm) of selected morphological structures of individuals of Macrobiotus vladimiri Bertolani, Biserov,
Rebecchi & Cesari, 2011 from the type population mounted in polyvinyl-lactophenol medium (N- number of specimens/
structures measured; Range- the smallest and the largest structure among all measured specimens; SD- standard deviation).

Range Mean SD
Character N

um pt um Pt um pt
Body length 3 322-419 805-1042 360 952 52 129
Buccopharyngeal tube
Buccal tube length 3 33.5-40.2 - 37.9 - 3.8 -
Stylet support insertion point 3 26.5-31.1 76.6-79.1 29.5 77.8 2.6 1.2
Buccal tube external width 3 5.7-6.9 15.8-17.2 6.3 16.6 0.6 0.8
Buccal tube internal width 3 47-58 12.5-14.4 5.2 13.7 0.6 1.0
Ventral lamina length 3 22.9-25.8 61.4-68.4 24.5 64.8 1.5 3.5
Placoid lengths
Macroplacoid 1 3 9.1-11.0 25.8-27.4 101|268 |10 0.9
Macroplacoid 2 3 5.4-7.4 16.1-18.5 6.5 17.2 1.0 1.2
Microplacoid 3 1.9-2.6 55-6.5 2.2 59 0.4 0.5
Macroplacoid row 3 15.7-20.3 46.9-50.5 18.4 48.5 2.4 1.9
Placoid row 3 18.7-24.5 55.8-60.9 222|583 |31 2.6
Claw 1 lengths
External primary branch 2 8.9-9.6 23.9-26.6 9.3 252 0.5 1.9
External secondary branch 2 6.9-7.2 17.9-20.6 7.1 19.3 0.2 1.9
Internal primary branch 2 8.4-8.9 22.1-25.1 8.7 23.6 0.4 2.1
Internal secondary branch 2 6.7-7.0 17.4-20.0 6.9 18.7 0.2 1.8
Claw 2 lengths
External primary branch 2 9.1-92 22.9-27.2 9.2 25.0 0.1 3.0
External secondary branch 2 7.1-7.9 17.7-23.6 7.5 20.6 0.6 4.2
Internal primary branch 2 8.5-9.1 21.1-27.2 8.8 24.2 0.4 4.3
Internal secondary branch 2 6.7-7.3 16.7-21.8 7.0 19.2 0.4 3.6
Claw 3 lengths
External primary branch 3 9.2-10.5 22.9-28.4 9.7 25.8 0.7 2.8
External secondary branch 3 7.3-8.2 18.2-22.7 7.7 20.4 0.5 2.3
Internal primary branch 3 8.8-9.9 21.9-27.8 9.3 24.8 0.6 2.9
Internal secondary branch 3 7.1-8.1 17.7-22.7 7.6 20.2 0.5 25
Claw 4 lengths
Anterior primary branch 3 10.7-11.4 26.6-34.0 11.2 29.7 0.4 3.9
Anterior secondary branch 1 10.4 26.0 10.4 26.0 ? ?
Posterior primary branch 3 11.4-13.1 29.6-34.0 12.1 32.1 0.9 2.3
Posterior secondary branch 1 8.3 20.6 8.3 20.6 ? ?

of DNA sequences (Bertolani et al., 2011; Guil and Giribet,
2012). Therefore, the Polish locality is the fourth record for
this species and, at the same time, it is also a first record
for the Polish tardigrade fauna. Thanks to the detailed
morphological and morphometric examination of the
discovered tardigrades, we were able to identify them as

M. viadimiri. Thus, now the number of known tardigrade
species from Poland has risen to 103.

By comparing Polish individuals of M. vladimiri with
paratypes from Italy, we have discovered several small
morphometric differences in animals and eggs between
the two populations. The type population is characterized
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Table 3. Measurements (in um) of selected morphological structures of eggs of Macrobiotus vladimiri
Bertolani, Biserov, Rebecchi & Cesari, 2011 from the Polish population mounted in Hoyer’s medium
(N- number of eggs/structures measured; Range- the smallest and the largest structure among all

measured eggs; SD- standard deviation).

Character N Range Mean |SD
Egg bare diameter 2 76.6-81.2 78.9 3.2
Egg full diameter 2 90.0-96.9 93.4 4.9
Process height 6 7.1-8.2 7.5 0.5
Process base width 6 6.5-8.6 7.8 0.9
Process base/height ratio 6 92%-118% 104% [13%
Terminal disk width 6 5.4-6.4 6.0 0.5
Process base/terminal disk ratio 6 101%-148% 130% |20%
Distance between processes 6 3.6-5.0 43 0.5
Number of processes on the egg circumference 6 26-27 26.5 0.7

Table 4. Measurements (in pm) of selected morphological structures of eggs of Macrobiotus vladimiri
Bertolani, Biserov, Rebecchi & Cesari, 2011 from the type population mounted in polyvinyl-lactophenol
medium (N- number of eggs/structures measured; Range- the smallest and the largest structure among

all measured eggs; SD- standard deviation).

Character N Range Mean |SD
Egg bare diameter 3 96.8-99.3 98.3 1.3
Egg full diameter 3 104.5-109.2 106.7 |24
Process height 9 4.6-6.9 5.7 0.8
Process base width 9 5.6-8.5 6.8 0.9
Process base/height ratio 9 99%-136% 119% | 9%
Terminal disk width 9 4.8-6.3 5.6 0.5
Process base/terminal disk ratio 9 107%-149% 121% [13%
Distance between processes 9 3.5-6.5 4.9 1.1
Number of processes on the egg circumference 3 26-28 26.7 1.2

by shorter primary branches of external and internal claws
on the first pair of legs (external primary branch length:
8.9-9.6 um [pt = 23.9%-26.6%] in the type population vs.
10.8-12.7 um [pt = 26.8%-29.4%] in the Polish population;
internal primary branch length: 8.4-8.9 um [pt = 22.1%-
25.1%] in the type population vs. 10.2-12.1 pym [pt =
25.2%-28.5%] in the Polish population), a slightly wider
buccal tube (buccal tube external width: 5.7-6.9 um [pt =
15.8%-17.2%) in the type population vs. 5.2-6.6 um [pt
= 12.8%-16.0%] in the Polish population; buccal tube
internal width: 4.7-5.8 um [pt = 12.5%-14.4%] in the type
population vs. 3.3-4.5 um [pt = 7.9%-10.3%] in the Polish
population), and larger eggs (egg bare diameter: 96.8-99.3
um in the type population vs. 76.6-81.2 pum in the Polish
population; egg full diameter: 104.5-109.2 pm in the type
population vs. 90.0-96.9 um in the Polish population) but
with shorter processes (4.6-6.9 um in the type population
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vs. 7.1-8.2 pm in the Polish population) compared to the
Polish population. Moreover, the processes of the eggs
from the type population measured in our work are slightly
shorter than the dimensions presented by Bertolani et
al. (2011) (4.6-6.9 um in the type population measured
by us vs. 6.5-8.0 um in the original description), which
extends the range of the variability within this trait in
M. viadimiri. The differences in the external and internal
primary branch lengths of claws on the first pair of legs
might be caused by low sample size, especially for the
type population. Moreover, paratypes were also generally
smaller than animals from the newly found population
(mean body length: 360 + 52 um in the type population vs.
457 + 50 um in the Polish population). The recent study
by Morek et al. (2016) showed that cover slip pressure may
influence the buccal tube morphometrics, but the pressure
has to be considerable to cause detectable deformation.
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Figure 1. Macrobiotus vliadimiri Bertolani, Biserov, Rebecchi & Cesari, 2011 from the Polish population A- habitus (PCM)
dorsoventral projection; B- cuticular pores on the posterior part of the body indicated by empty arrowhead; C- granulation on
leg IT; D- granulation on leg I'V. Scale bars in pm.

Figure 2. Macrobiotus vladimiri Bertolani, Biserov, Rebecchi & Cesari, 2011 from the Polish population - buccal apparatus (PCM),
dorsoventral projection with dorsal teeth of the third band and dorsal placoids, the lower insert showing ventral teeth of the third band
(of the same individual) whereas the upper insert shows ventral placoids (of the same individual), and empty indented arrowhead
indicates second band of teeth whereas empty arrowheads indicate third band of teeth in the oral cavity. Figure 2 was assembled from
several photos. Scale bars in pm.
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Figure 3. Macrobiotus viadimiri Bertolani, Biserov, Rebecchi & Cesari, 2011 from the Polish population - claws (PCM): A- claws II,
with smooth lunula; B- claws IV, with barely visible weak and irregular indentation on lunula. Figures 3A and 3B were assembled from
several photos. Scale bars in pm.

Figure 4. Macrobiotus vladimiri Bertolani, Biserov, Rebecchi & Cesari, 2011 from the Polish population - egg (PCM): A- midsection;
B- surface; C- midsection under 1000x magnification; D- surface of egg hemisphere under 1000x magnification. Empty indented
arrowheads indicate the ring of larger meshes around the process base, empty indented arrowhead indicates the jagged margins of distal
disk. All photos show the details of the same egg. Scale bars in um
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It is, however, possible that some medium types could
also affect cuticular structures by softening them and
making them more prone to deformation (Morek et al.,
2016). Given that the two populations were mounted in
different media (polyvinyl-lactophenol and Hoyer’),
it could be hypothesized that the observed difference in
buccal tube width is a preparation methodology artifact
(Nelson and Bartels, 2007). In fact, the buccal tube seems
to have thicker walls with distinguishable external and
internal walls when mounted in Hoyer’s medium, whereas
in polyvinyl-lactophenol, the walls seem thinner and with
no clear external and internal boundaries. This might be
the reason why pt values of internal widths of the buccal
tube do not overlap in these two populations while pt
values of external widths do. Specimens mounted in
Hoyer’s medium have shorter internal buccal tube width
than specimens mounted in polyvinyl-lactophenol, which
resulted in nonoverlapping pt ranges. Unfortunately,
no studies investigating the effects of these media on
tardigrade morphometric traits are available (Morek et
al., 2016); thus, currently it cannot be stated whether the
difference in buccal tube diameter is a preparation artifact
or a true difference between the two populations.

The shell morphology of freely laid eggs is used widely
for delimiting tardigrade species because it provides a
number of morphological and morphometric traits that
vary considerably between species, even closely related
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