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Abstract:

A new sphagnicolous testate amoeba of the genus Longinebela is described. It was isolated from wet
moss Sphagnum flexuosum from the Stara Planina Mountains (Bulgaria). The shell ultrastructure and the
morphological variability of Longinebela ampulla sp. n. were studied using light and scanning electron
microscopy. The newly described species is characterised by an almost uncompressed, elongated cylindri-
cal shell with a distinct short neck and by the absence of lateral margins and lateral pores. The analysis
of the variation coefficients showed that the studied population of the new species was homogeneous;
the main morphological characters such as shell length, breadth and depth as well as breadth/length and
depth/breadth ratios, had little variation (CV range from 1.90% to 4.18%). The size frequency distribution
analysis indicates that L. ampulla is a size-monomorphic species, characterised by a well-expressed main-
size class and a small size range. A biometrical and morphological comparison between L. ampulla and L.
penardiana showed that the new species could clearly be discriminated from L. penardiana on the basis

of its size, shell shape and shell structure.
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Introduction

The family Hyalospheniidae Schultze, 1877
(Amoebozoa: Arcellinida) includes comparatively
large and widespread species inhabiting mainly
Sphagnum peatlands, wet mosses, forest litter and,
rarely, freshwater pools. Many of hyalospheniid
testate amoebae are clearly identifiable by their
large size and by the characteristic shape of their
shells. Due to these peculiarities, they have been
extensively studied in the past by many authors and
are among the best-studied lobose testate amoe-
bae (TARANEK 1882, PENARD 1902, DEFLANDRE
1936, JuNG 1936, 1942, GAUTHIER-LIEVRE 1954,
1957, GrOSPIETSCH 1965). Until the beginning of
the 21st century, more than 120 species and around
100 infraspecific taxa have been described in the
genus Nebela Leidy, 1875 (MEISTERFELD 2002,
Toporov & GOLEMANSKY 2009). Currently, hya-
lospheniids are also intensively studied for their
taxonomy, morphology, biometry, biogeography

and phylogeny (TOrOk 2001, Toporov 2002,
2010, SMiTH & WILKINSON 2007, LARA et al. 2008,
Toporov & GOLEMANSKY 2009, Toporov et al.
2010, HEGER et al. 2011a, KosAKYAN et al. 2012,
2013, 2016, LUukeTA 2015a, b, 2016, 2017a, b, c,
NicHoLLs 2015). Nowadays, they are considered
as important bioindicators and are increasingly be-
ing used in environmental monitoring and palaeo-
ecology (CHARMAN 2001, MITCHELL et al. 2008a,
b, 2013, BooTH & MEYERS 2010, CHARMAN et al.
2010, MEYER et al. 2012, PAYNE et al. 2012, TURNER
& SWINDLES 2012, LameNTOWICZ et al. 2013,
SWINDLES et al. 2015). Despite the great interest in
hyalospheniids and their intense study, they are not
yet fully explored. The discovery and description
in recent years of several new species and genera
is a proof of this (Toporov 2010, KOSAKYAN et al.
2012, 2016, BoBrROV & KOSAKYAN 2015, SINGER et
al. 2015, QN et al. 2016, PEREZ-JUAREZ et al. 2017).
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Results of new molecular techniques used in phy-
logenetic study of testate amoebae also support the
above statement, showing the presence of a large
cryptic and pseudocryptic diversity in many broadly
defined morpho-species (HEGER et al. 2011b, 2013,
Kosakyan et al. 2012, OLIVERIO et al. 2014, SINGER
et al. 2015).

In the present paper, we report a new sphag-
nicolous testate amoeba of the genus Longinebela
Kosakyan et al., 2016 observed during studies on
the Sphagnum-dwelling testate amoebae in Bulgaria
(herein described as L. ampulla sp. n.). This new
species was found in association along with domi-
nant species such as Nebela collaris, Argynnia
dentistoma, Assulina muscorum, Corythion du-
bium, Euglypha tuberculata, Heleopera rosea,
Quadrulella symmetrica and Trinema lineare.

The goal of the present study is to describe
morphologically and biometrically Longinebela
ampulla sp. n. and to compare it with the closest
species Longinebela penardiana Deflandre, 1936.

18k

Materials and Methods

The material for the present study was extracted from
wet moss Sphagnum flexuosum Dozy & Molk. gath-
ered around the Kopilovtsi Village below Kopren
hut, Western Stara Planina Mountains, Bulgaria
(43°19°49.58” N, 22°51°39.35” E, 881 m a.s.l.) on
22 November 2016.

The shell dimensions of 27 specimens of L. am-
pulla and LM photographs were taken using an Axio
Imager M2-Carl Zeiss compound microscope with a
digital camera (ProgRes C7) and specialised software
(CapturePro Software 2.8). Six specimens were meas-
ured with scanning electron microscope JEOL JSM-
5510. For biometrical comparison between L. ampulla
and L. penardiana, 100 specimens of the latter species
were additionally measured using LM microscope. The
isolated specimens were placed in a drop of glycerol to
achieve optimal orientation for the measurement.

The biometric description was made accord-
ing to SCHONBORN et al. (1983). The following ba-

Fig. 1. SEM micrographs of Longinebela ampulla sp. n. A. Broad lateral view showing the general shape of the shell.
B. Narrow lateral view showing absence of lateral compression, lateral margins and pores. C. Detail of shell surface
showing shell plates and abundant organic cement. D. Latero-apertural view showing aperture outline and thin aper-

tural collar.
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sic statistics were calculated: arithmetic mean; me-
dian (M); standard deviation (SD); standard error of
mean (SE); coefficient of variation in % (CV); ex-
treme values (Min and Max). Frequency distribution
analysis was carried out in order to describe varia-
tion of characters. Statistical analysis was performed
using the computer program STATISTICA, version
7.0 (StarSorT 1999).

For scanning electron microscopy (SEM),
specimens were isolated by searching through small
isolates of material in a petri dish. Specimens were
extracted using a glass micropipette, washed several
times in distilled water, and then individual shells
were positioned with a single-hair brush on a pre-
viously mounted double-sided adhesive tape on a
standard aluminium stub and air-dried. The shells
were coated evenly with gold in a vacuum coating
unit. The photomicrographs were obtained using a
JEOL JSM-5510, operating at 10 kV.

Results

Longinebela ampulla sp. n.

Figs. 1-4; Table 1.

Description: Shell colourless, elongated-cylin-
drical, with distinct short neck and rounded aboral
region (Fig. 1A); laterally flattened only in the neck
region; all remaining part of shell almost uncom-
pressed laterally, with no lateral margins and lateral
pores (Fig. 1B). Shell composed mainly of small
oval, rarely circular shell plates, arranged regularly
without overlapping. Shell plates embedded in thick
layer of organic cement; their outer part appears
to be covered with layer of cement, thus edges not
clearly defined (Fig. 1C). Aperture oval, truncate but
not convex and bordered by thin collar of organic
cement (Fig. 1D).

Biometry: The biometrical characterisation
of L. ampulla is given in Table 1. The analysis of
the variation coefficients shows that the studied
population of the newly described species is very
homogeneous and almost all characters measured
are weakly to moderately variable (CV range from
1.90% to 15.90%). The shell length, breadth and
depth as well as breadth/length and depth/breadth
ratios are the most stable characters (CV between
1.90% and 4.18%). Moderate variability is observed
for the large and small axes of the aperture (5.83%
and 10.60%, respectively), whereas the length of the
neck has maximal variation coefficient (15.90%).

The analysis of the size frequency distribution
indicates that L. ampulla is a size-monomorphic
species characterised by a well-expressed main-
size class and a small size range (Fig. 2). All indi-
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Fig. 2. Histograms showing the size frequency distribu-
tion of the shell length (A), breadth (B), depth (C) and
large axis of aperture (D) in Longinebela ampulla.

viduals measured had a shell length of 116—132 pm.
Moreover, 51.5% of them were within the close
limits of 124128 pum (main-size class) and propor-
tionally 24.2% had a shell length less than 124 pm
and 24.3% — more than 128 pm (Fig. 2A). The shell
breadth, depth and large axis of aperture of all indi-
viduals also ranged in close limits (43-51 um, 42—45
pm and 21-26 pum, respectively; Figs. 2B-D). The
main-size classes for these characters were well-ex-
pressed: 70% of the individuals had a shell breadth
within 44-47 pm, 96.3% a shell depth within 4244
um and 85% a large axis of aperture within 22-24
pum. The presence of well-expressed main-size class
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Table 1. Morphometric characterisation of Longinebela ampulla sp. n. and L. penardiana: M — median; SD — standard
deviation; SE — standard error of the mean; CV — coefficient of variation in %; Min — minimum; Max — maximum;

n — number of individuals examined (measurements in pm).

Characters Species Mean | M SD SE CV | Min | Max n
Leneth L. ampulla 125.8 | 1259| 3.53| 0.61| 281 117.1| 131.3 33
en
& L. penardiana 1529 | 151.2 15.7 1.57| 1.03| 127.1 | 180.2 100
L. ampulla 459 456| 192 033| 4.18| 43.1| 51.0 33
Breadth
L. penardiana 70.7| 704 84| 0.84| 11.88| 54.6| 857 100
Denth L. ampulla 432 432| 0.82| 0.16| 190, 41.7| 448 27
e
P L. penardiana 4441 454 404, 044 9.10| 381 | 523 84
i L. ampulla 235 237| 137, 024| 583 21.1| 269 33
Large axis of aperture 5
L. penardiana 2721 273| 193, 0.19| 7.10| 22.7| 31.7 100
. L. ampulla 124 119] 132| 025 106| 10.1 15.6 27
Small axis of aperture -
L. penardiana 129 129] 090| 0.10] 6.98 11.2| 149 84
L. ampulla 6.6 65| 1.05| 0.18| 159 4.7 9.3 27
Length of neck -
L. penardiana - - - - - - - -
) L. ampulla 036| 0.36| 0.01] 0.002| 278 0.35| 0.39 33
Breadth/Length ratio -
L. penardiana 046 | 046| 0.02] 0.002| 435 040| 0.51 100
. L. ampulla 095| 0.95| 0.02] 0.003| 2.10, 0.92| 0.99 27
Depth/Breadth ratio -
L. penardiana 0.62| 0.61| 0.03| 0.004| 4.84| 0.55| 0.70 84

of the measured shell characters and the lack of sub-
sidiary peaks (bell-shaped curves) indicated a nor-
mal distribution (Fig. 2). Furthermore, the arithmeti-
cal means of these characters (Table 1) correlated
with the established main-size classes and suggested
monomorphism of the species.

Ecology: Longinebela ampulla inhabits the
wet moss Sphagnum flexuosum growing on a small
mire in a mixed deciduous forest of beech (Fagus
sylvatica L.) and birch (Betula pendula L.) at 881
m a.s.l. in the Western Stara Planina Mountains,
Bulgaria. It was found in associations with the domi-
nant species Nebela collaris, Argynnia dentistoma,
Assulina muscorum, Corythion dubium, Euglypha
tuberculata, Heleopera rosea, Quadrulella symmet-
rica and Trinema lineare, and with some hyalosphe-
niid testate amoebae presented with a small number
of individuals such as L. tubulosa, Nebela guttata,
N. pechorensis, Quadrulella longicolis and Q. vari-
abilis. The habitat, where L. ampulla was found, was
characterised by an acid reaction of the environment
(pH=4.93), low conductivity of the water (82.3 uS),
moderate water content of the moss (92.3%) and low
water table depth (36 cm).

Type locality: Wet moss Sphagnum flexuosum
around the Kopilovtsi Village below the Kopren
hut, Western Stara Planina Mountains, Bulgaria
(43°19°49.58” N, 22°5139.35” E, 881 m a.s.1.).

Material from type locality: Retained by the
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authors in sample No. 226/2016 collected on 22
November, 2016.

Type specimens: Holotype and paratypes
mounted in Canada balsam on a glass slide, are re-
tained in the collection of Dr. M. Todorov, Institute
of Biodiversity and Ecosystem Research, Bulgarian
Academy of Sciences, Sofia; preparations Nos.
LA-H/2016 (holotype) and LA-P-01/2016, LA-P-
02/2016, LA-P-03/2016 (paratypes).

Etymology: The species is named after its
characteristic form of the ampoule.

Discussion

Several phylogenetic analyses of the genus Nebela
have been carried out over the recent years and the
non-monophyly of Nebela was showed by studies on
COlI, SSU rRNA and other genes (LARrA et al. 2008,
Kosakyan et al. 2012, LAHR et al. 2013, OLIVERIO et
al. 2014). Subsequent comprehensive phylogenetic
analysis of the family Hyalospheniidae performed
by Kosakyan et al. (2016) has also confirmed that
the genus Nebela is paraphyletic and, based on the
general shell shape, these authors have split Nebela
into six monophyletic assemblages: Nebela sensu
stricto, Longinebela, Planocarina, Gibbocarina,
Mrabella and Cornutheca.

The species described by us has a pronounced
elongated cylindrical shell, with a distinct but short
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Fig. 3. LM and SEM micrographs showing differences between Longinebela ampulla (A-C) and L. penardiana (D-F).
LM broad lateral view in L. ampulla (A) and in L. penardiana (D). SEM broad lateral view in L. ampulla (B) and in L.
penardiana (E). SEM lateral view in L. ampulla (C) and in L. penardiana (F).

neck and has no lateral margin. Based on these
morphological traits, it matches best the genus
Longinebela and, therefore, we refer it to this genus.
Of the known ‘nebelids’, Longinebela penardiana
(Deflandre, 1936) is the closest to the newly de-
scribed species L. ampulla. That was the main rea-
son to perform more detailed comparison between
these two species (Table 1, Figs. 3, 4).

Our study shows that the new species could
clearly be discriminated from L. penardiana on the

basis of its size, shell shape and structure. The main
morphological differences between them are the fol-
lowing:

1) Longinebela ampulla has an elongated cy-
lindrical shell, with a distinct short neck, while the
shell of L. penardiana is pyriform, tapering evenly
from the swollen and rounded aboral region to the
aperture (Figs. 3A, B, D, E);

2) Longinebela ampulla is almost uncom-
pressed laterally and is flattened in the region of the
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Fig. 4. Scatter plot of shell length versus shell breadth in Longinebela ampulla (33 specimens) and in L. penardiana

100 specimens; with 95% confidence ellipses).
P p

neck only, while L. penardiana is always laterally
compressed (Figs. 3C, F);

3) Longinebela ampulla has no lateral margins
and lateral pores, which are characteristic and almost
always well visible in L. penardiana (Figs. 3C, F);

4) In broad view, the aperture of L. ampulla
is not convex but rather truncate and this one of L.
penardiana is usually convex and concave in lateral
view (Figs. 3A-F)

5) The shell of L. ampulla is composed mainly
of small oval, rarely circular shell plates, embedded
in a thick layer of organic cement, while the shell
of L. penardiana is composed of larger and clearly
defined plates, embedded in thin layer of organic ce-
ment (Figs. 3B, E).

Besides the morphological differences, these
two species differ significantly in a number of met-
ric characteristics. Table 1 clearly shows that despite
the presence of almost the same shell depth, these
species have a very different depth/breadth ratio:
0.95 £ 0.02 (n=27) in L. ampulla and 0.62 + 0.03
(n=84) in L. penardiana. This difference is due to
the fact that the shell of L. penardiana is flattened
laterally and that of L. ampulla is almost uncom-
pressed. Moreover, they clearly differ in the main
shell’s characters — length and breadth. Longinebela
penardiana is significantly more variable in size and
much larger and wider than L. ampulla: 152.9 +15.7
and 70.7 + 8.4 (n=100) versus 125.8 £ 3.53 and 45.9
+1.92 (n=33).

The above-mentioned differences between L.
ampulla and L. penardiana are also confirmed by
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the scatterplot of the shell length versus shell breadth
(Fig. 4). This figure illustrates that L. penardiana is
quite variable and, on the basis of these characters,
two forms can be distinguished — large and small
(roughly, length over 150 um and under 150 pm).
Individuals of the large form correspond to the typi-
cal L. penardiana and those of the small form are
closer to the infraspecific taxon N. penardiana var.
minor, described from material collected in Africa
(GAUTHIER-LIEVRE 1957). Regardless of the poly-
morphism of L. penardiana, based on the scatterplot,
this species can clearly be distinguished from L. am-
pulla, even for individuals of the small form.
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