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NUPELA MATRIOSCHKA SP. NOV., NUPELA THURSTONENSIS
COMB. NOV. AND NUPELA NEOGRACILLIMA COMB. & NOM. NOV.
(BACILLARIOPHYCEAE): CRITICAL ANALYSIS
OF THEIR MORPHOLOGY

MAXIM KULIKOVSKIY, HORST LANGE-BERTALOT & ANDRZEJ WITKOWSKI

Abstract. Light and electron microscopic observations of the diatom flora from the Polistovo-Lovatsky Sphagnum bogs (Russia,
Novgorod region) revealed the occurrence of an unknown species comparable to Navicula thurstonensis Kaczmarska, a taxon
described from Hawaii. Nupela matrioschka is described here as a species new to science, based on its valve morphology typical
for the genus Nupela Vyverman & Compere. The major features conforming to Nupela are the ultrastructure of the raphe system
and areolae. We propose formal transfer of Navicula thurstonensis to Nupela as N. thurstonensis (Kaczmarska) Kulikovskiy,
Lange-Bertalot & Witkowski comb. nov. Both species are compared to similar taxa belonging to Nupela described from tem-
perate climate zones. Also proposed is transfer of Achnanthes gracillima Hustedt to Nupela. Since the epithet gracillima is not
available due to the priority of Nupela gracillima (Hustedt) Lange-Bertalot 1993, we propose as a necessary new name Nupela
neogracillima (Hustedt) Kulikowskiy & Lange-Bertalot comb. nov., nom. nov.
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INTRODUCTION

The genus Nupela Vyverman & Compere was de-
scribed based on the ultrastructure of areolae and
of the raphe system. As shown by Rumrich et al.
(2000), Monnier ef al. (2003) and Potapova et al.
(2003), areolae in Nupela are occluded by external
hymens. Likewise the particular raphe structure can
only be detected in SEM. The external terminal
raphe endings in most cases form a double hook
(e.g., Rumrich et al. 2000; Monnier et al. 2003;
Potapova et al. 2003) or occasionally a single hook
(Lange-Bertalot 1993). The internal proximal raphe
endings are variable, either simple or hooked or
sometimes T-shaped (Vyverman & Compere 1991;
Lange-Bertalot 1993; Potapova et al. 2003). Mor-
phological analysis reveals that at present Nupela
is to a certain extent heterogenous, as it includes
frustules with a naviculoid or with a achnanthoid

raphe system. In the first case both valves possess
fully developed raphe branches; in the second case
either the frustule is heterovalvar with one raphid
valve and the other one araphid or else the raphe is
strongly reduced on the second valve. This problem
has already been raised by Monnier et al. (2003),
Siver et al. (2005), Kulikovskiy (2007), Antoniades
et al. (2008) and others. Since the early 1990s, many
naviculoid and achnanthoid species have been ei-
ther transferred to this genus or described as new to
science (e.g., Lange-Bertalot 1993; Lange-Bertalot
& Moser 1994; Lange-Bertalot & Metzeltin 1996;
Moser et al. 1998; Lange-Bertalot & Genkal 1999;
Rumrich et al. 2000; Kusber & Metzeltin 2001;
Monnier et al. 2003; Potapova et al. 2003; Met-
zeltin & Lange-Bertalot 1998, 2007; Antoniades
et al. 2008).
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Floristic studies of Sphagnum bog diatoms in
the European part of Russia resulted in the iden-
tification of an unknown species similar to Na-
vicula thurstonensis described by Kaczmarska in
Rushfort ef al. (1984) from Hawaii. Both species
have principally naviculoid frustule morphology.
Based on light and electron microscopic obser-
vations we describe a new species Nupela ma-
trioschka and propose the transfer of Navicula
thurstonensis to Nupela. Likewise we propose the
transfer of Achnanthes gracillima Hustedt, which
possesses features of achnanthoid taxa in Nupela.
The general taxonomy of Nupela is also briefly
discussed.

MATERIAL AND METHODS

The material studied was collected from different parts
of the Polistovo-Lovatsky Sphagnum Bogs (Novgorod
region, Russia) in July 2005. Altogether 49 samples
were collected including plankton, benthos and peri-
phyton from Sphagnum spp. Preparation of the diatoms
for microscopic observations followed the methods of
Balonov (1975). A part of each sample was placed in
glass test-tubes and potassium chromide was added.
After 3—5 min of reaction the samples were washed with
distilled water by centrifugation, and the supernatant was
removed. Centrifugation was repeated several times.

Permanent diatom preparations were mounted with
Naphrax®. Light microscopic (LM) observations em-
ployed a Nikon Eclipse E600 with a Plan-apochromatic
100x% oil immersion objective and a Nikon DS-5M dig-
ital camera. Diatom valve ultrastructure was analyzed
with a JSM-25S (JEOL, Japan) scanning electron mi-
croscope and an H-300 (Hitachi, Japan) transmission
electron microscope.

RESULTS AND DISCUSSION

Nupela matrioschka Kulikovskiy, Lange-Bertalot
& Witkowski, sp. nov.

Differens versus Nupela thurstonensis (Kacz-
marska) Kulikovskiy, Lange-Bertalot, Witkowski
comb. nov. Valvae distincte late ellipticae apicibus
plus minusve late rotundatis (nec angustius el-
lipticeae ad elliptico-lanceolatas apicibus saepe
leviter protractis). Longitudo 9.7—12.0 um, latitudo
4.3-6.3 (non 3.2.—4.2) um. Raphe, area axialis

centralisque circiter conformantes. Areolae 30-40
(non 40-50) in 10 um, quasi irregulariter sitae
(non fere regulariter) inter se cum areis hyalynis
apicalibus. Disordinatio Voigtii conspicue latius
inter duas strias extendens.

TyPE: RUSSIA, Novgorod, Polisto-Lovatsky
Sphagnum bog, 21 July 2005, leg. M. Kulikovskiy.
Slide no. 13629 in collection A. Witkowski, Insti-
tute of Marine Sciences, University of Szczecin
(SZCZ); 1s0TYPES: Slide no. 6 in collection M.
Kulikovskiy, Institute for Biology of Inland Wa-
ters, Russian Academy of Sciences, Borok, Russia;
slide no. BMR ZU6/78 deposited in Alfred We-
gener Institute, Bremerhaven (BMR), Germany.

ETYMOLOGY: The epithet may be seen as
a neo-Latin substantive referring to traditional
Russian dolls.

Differential diagnosis versus Nupela thurston-
ensis (Kaczmarska) Kulikovskiy, Lange-Bertalot
& Witkowski comb. nov. Valves distinctly broad-
elliptical with broad, never protracted apices (not
narrower elliptical to elliptical-lanceolate with
often slightly protracted ends). Length 9.7-12
pm, breadth 4.3—6.3 (not 3.2—4.2) pm. Raphe,
axial and central area approximately conforming.
Transapical striae radiate, becoming moderately
convergent near the ends on either valve side (this
feature is less distinct on the valve side opposite
to the Voigt fault in Nupela thurstonensis). The
Voigt fault is (comparatively) more broadly ex-
panded between two distal striae. Areolac 30—40
(not 40-50) in 10 pm, forming irregular wavy lines
apically with narrow hyaline areas in between, as
in many other Nupela taxa.

TEM AND SEM

Valve surface flat, strongly bent towards the very
shallow valve mantle. Axial area very narrow,
linear; central area weakly developed, as an in-
distinct expansion of the raphe sternum. A com-
pletely developed raphe occurs on both valves of
the frustule (Fig. 2: 1). Raphe filiform, straight
(Fig. 1: 1-10), external, central raphe endings
simple (Fig. 2: 1-4), internally slightly expanded
(Fig. 1: 11, 12), ending in a small helictoglossa
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Fig. 1. Nupela matrioschka Kulikovskiy, Lange-Bertalot & Witkowski, sp. nov. (1-10 — LM, 11 & 12. SEM). Internal views of
the valves showing areolae, simple slit-like raphe and a small helictoglossa. Scale bars 1-10 = 10 pm, 11 & 12 =1 pm.

(Fig. 1: 11, 12). External apical raphe endings on  on each side of the raphe (Fig. 1: 1-10; 2: 1-4).
both valves of the frustule strongly doubly hooked A row of elongated poroids pervalvar on the valve
towards the same side of the valve (Fig. 2: 1-4).  mantle (Fig. 2: 1-4).

Transapical striae uniseriate, radiate becoming par-

allel or slightly convergent near the apices, 42—48 DISTRIBUTION. So far found only at the type
in 10 pm. Areolae form 4-5 longitudinal rows locality, Polistovo-Lovatsky Sphagnum bogs.
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Fig. 2. Nupela matrioschka Kulikovskiy, Lange-Bertalot & Witkowski, sp. nov. (TEM). 1 — both valves of a cell slightly shifted
apart from each other; 1-4 — note slit-like poroids along the valve mantle, and external terminal raphe endings (arrows) strongly

hooked to one side. Scale bar = 1 pm.

NOTES. No other established Nupela species
except N. thurstonensis may be confused with the
new taxon. The features of three more or less sim-
ilar taxa from North America are given in Table 1
for comparison.

Nupela thurstonensis (Kaczmarska) Kulikovskiy,
Lange-Bertalot & Witkowski, comb. nov.

BASIONYM: Navicula thurstonensis Kaczmarska in
Rushfort, Kaczmarska & Johansen 1984, Bacillaria 7:
145-146, Figs 81-83, 107-110, 125.

Our proposal to transfer Navicula thurstonensis
to Nupela is based on ultrastructural features of the
raphe system and the type of areolation. The ul-
trastructure of areolae was discussed by Potapova
et al. (2003), who noted that Nupela described
from North America have areolae occluded by ex-
ternal hymens and that in specimens after strong
cleaning processes the hymenate occlusions are
dissolved. Vyverman and Compere (1991) based
the generic description of Nupela on the presence
of perforated hymenate occlusions located on the
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valve interior, but they used the term ‘hymen’ in-
correctly. As the number of Nupela species is still
increasing, raphe ultrastructure can be pointed out
as one of the crucial criteria for delimitation of the
genus. In Navicula thurstonensis, hymenate are-
olae occlusions were not observed, but the raphe
system is typical of species belonging in Nupela
(cf. Vyverman & Compere 1991; Lange-Bertalot
& Moser 1994; Rumrich et al. 2000; Potapova
et al. 2003; Table 1). Hence we propose formal
transfer of Navicula thurstonensis to the genus
Nupela.

Most of the more than 40 established Nupela
species are known from the tropics. Only a few taxa
have so far been either described or recorded from
the temperate climate zone (e.g., Lange-Bertalot
& Metzeltin 1996; Potapova ef al. 2003). Some of
the species originally described from either low or
high geographic latitudes have subsequently been
found to occur also under temperate or tropical
climate conditions (Rumrich et al. 2000). It is
difficult to characterize Nupela thurstonensis au-
tecologically and biogeographically, as the data
originate from only one locality.

In terms of the autoecology of Nupela ma-
trioschka, it is known only from subaerial
habitats with low pH, for example Sphagnum
bog, which is always characterized by exposed
substrate and low pH (e.g., Johanssen 1999;
Buczko 2006; Witkowski et al. 2006; Kuliko-
skiy 2007). As pointed out by Rushforth et al.
(1984), numerous taxa identified in subaerial
habitats in Hawaii are also capable of growth in
similar conditions worldwide. Included in this
group are Melosira dickiei (Thwaites) Kiitzing,
Adlafia bryophila (Petersen) Lange-Bertalot and
Fallacia insociabilis (Krasske) D. G. Mann (see
also Lange-Bertalot & Metzeltin 1996; Metzeltin
& Lange-Bertalot 1998, 2007). In the Polistovo-
Lovatsky Sphagnum bog ecosystem, Nupela ma-
trioschka belongs to a diatom assemblage typical
for raised oligotrophic bogs consisting of, for
example, Tabellaria flocculosa (Roth) Kiitzing,
Aulacoseira subarctica (O. Miiller) Haworth,
A. tenella (Nygaard) Simonsen, Frustulia kram-
meri Lange-Bertalot & Metzeltin, F. saxonica
Rabenhorst, Eunotia serra Ehrenberg, E. meis-

teri Hustedt, Pinnularia subcapitata var. elon-
gata Krammer and Kobayasiella parasubtilissima
(Kobayasi & Nagumo) Lange-Bertalot (Kuliko-
vskiy 2007).

Both taxa under discussion belong to a group of
small-celled forms with elliptic to elliptic-lanceo-
late valves, which are not difficult to distinguish
within Nupela. They show close relationships to
species like Nupela exotica Monnier, Lange-Ber-
talot & Bertrand, Nupela neglecta Ponader, Lowe
& Potapova, Nupela carolina Potapova & Clason
and Nupela rumrichorum Lange-Bertalot. These
species are very well circumscribed by a com-
plex of features including raphe ultrastructure,
which shows different degrees of heterovalvy
(e.g., N. matrioschka, N. thurstonensis, N. exotica,
N. carolina, N. rumrichorum, N. neglecta; Table 1).
The raphe system of N. matrioschka, N. thursto-
nensis, N. exotica, and N. carolina appears to be
a criterion typical of naviculoid Nupela taxa. Other
Nupela species have a raphe on only one valve
(e.g., N. rumrichorum). In N. matrioschka and
N. thurstonensis, autecology is an additional dis-
criminating criterion. They inhabit either intermit-
tently wet habitats (V. thurstonensis) or Sphagnum
bogs (N. matrioschka) with low pH, whereas other
Nupela species occur in habitats with moderately
low to higher pH, ranging from 5.4 to 8.5, usually
close to or exceeding 7.0 (cf. Table 1).

Achnanthes gracillima Hustedt is a rare spe-
cies inhabiting oligotrophic water bodies of the
Northern Hemisphere (Krammer & Lange-Ber-
talot 1991). The first SEM images were published
by Marciniak (1986), and later by Genkal and
Kharitonov (2006). Raphe ultrastructure and the
areolae are typical for the genus Nupela (Fig.
IV: 1-3 in Marciniak 1986; Figs 1: 1-5, 2: 1-8
in Genkal & Kharitonov 2006). Based on these
criteria we propose the transfer of Achnanthes
gracillima to Nupela. However, the specific epi-
thet ‘gracillima’ is already occupied in the genus,
since Stauroneis gracillima Hustedt (Hustedt
1943; see also Simonsen 1987) was transferred to
Nupela as N. gracillima (Hustedt) Lange-Bertalot
(Lange-Bertalot 1993). Therefore, we propose
a new specific epithet ‘neogracillima’ to replace
‘gracillima’.



POLISH BOTANICAL JOURNAL 54(1). 2009

18

€00C /v 12 eAOdelOg

€00 v 12 eAOdeIOg

€00 /v 42 JOIUUOI

Apms sty

¥861 '[P 12 J0Jysny

Q0ULIOJY

$'8—t's Hd
V'S JO S)00Iq pue SIOALL

$'8—'s Hd
VS JO SY00Iq pue SIOALI

Qouel]
‘wnirenbe ysy [eordon

(ss—L¢HI)
s3oq oydonogijo wnudvydg

Iremey
‘S3[001 UO S)EIIqRY Jom

uonnqrusip
pue A30j009g

AA[eA AU} JO OpIS
Arewnid oty 03 Suruado poaInd
Surwioy aInssy oyder [euruiid}

soyoueIq }Ioys
uo a10d [eNUdO 9[qISIA Aue
moyum pue sayouelq Suof
uo sarod [BIUSD YSIPUNOI

sa1od [e1udo ysIpunox
yIm ojendre K[ojeropow

sazod [enuoo uuoynound
[Jews AI0A YIIM Q)BUIULID)

sarod [enuoo uuoynound
[Jews AI9A YIIM OJeuIuLIo)

(A]1eUI91X9) Spud
oyder ewrxord

SOATEA T[}0q UT Suoj

SoyoURIq POUD
-110ys AT)ounsIp ym Ioyjo
) ‘oyder Suof e YIm OATRA
QUO ‘SIATRA U2OMIDq SULIAJIIP

SOATeA Tj0q ur Suoj

SOATEA T)0q UT Suo]

SOATEA Tj0q ur Suoj

uydey

OB[0AIR PIJR[OSI [BIOADS )IM
9o ‘oens [enudd poydniojul
Kq pawioy ‘padeys-o1A] 10 drenbs

Teondi[e 1o punor ‘[rews

Sunyoe] 1o padojoasp AJa1eq

Suryoe| sownAwWos
‘punoi  [[ews Ioyjel

Suryor| soWNAWOS
‘punoI  [[ews Joyjer

BOIE [RIUS))

Ieaul| ‘moLreu

9)e[09dUE[-1BAUI|

IBdUI| ‘MOLIRU

Ieaul] ‘MoLIeU

Ieaul| ‘moireu

BOIE [RIXY

44

870

Sv—0v

8¥V—Cv

st—5¢(0€)

wrt ] ur eng

sojod oy Jeou Juo3
-10AU09 APY3IS 10 [o[eted

oB[0aIR MO € AJUO

sojod
oy Ieau JUAFI0AU0d APYSIIS

sojod oy
Ieou JU9ZI10AU0d APYSII[S 10

ojerper | Surwooaq ‘ejerper AYSIfs | ureluod usyo dewns oyerpel | 1o [dfered Surwoosoq ‘orerper | [ofjered Surwoodq ‘OjeIpel | UONERIUSLIO BINS
Y+ Sr9tC I'v0'¢ €90 44 wt “gIpim
SI=§ Sl-¢ €e1-98 €0I-L'6 €l-L wrl ‘I3ua]
soueld
[eordesuen; pue [eoide jnoqe pajoenoid-uoys Apysis
[eorowuAse APY31s ‘soorde | uvljo pue papunol A[onoe Spud

ayej09oue]-feondif[o

pajoenold AySi[s yam 9je[o
-ooue[-[eondif[o 0} 9jejodouL]

orowr 0) A[osmyqo A[irej
spuo ‘ojejoooue|-[eondr[[o

soorde pojoenjord 1oAdu
‘peoiq yim [eondife-peoiq

payoenoxd APYSIys Yim usyo
‘ayejooouef-ondio 0y ondifjo

odeys aaJeA

uose[) ¥
eaodejod puijoind pjadny

eaodejod 2 omo|
‘1opeuod p1aaj3au vjadnn

puenioq 29 jojenog-oSue]
SISTUUOIN Po1jOX2 pjadnN

‘aou “ds pyyossorypu vjadnp

"AOU "qUIOD
sisuauojsiny) vjadnp

amyea
/sa10adg

“eXE) JOUJO YIIM “A0U “qUI0D ‘DISMONIIAN 29 Jo[ertog-oSue ArysAoiny| (evsiewzoey]) sisuauopsinyy vjadny jo uosuredwo)) *| dqeL



M. KULIKOVSKIY ET AL.: THREE SPECIES OF NUPELA

19

Nupela neogracillima (Hustedt) Kulikovskiy
& Lange-Bertalot, comb. nov. & nom. nov.

BASIONYM: Achnanthes gracillima Hustedt 1927, Arch.
Hydrobiol. 18: 161, Figs 5: 10-11.

With the description of a new species, and the
transfer of two additional taxa, the number of spe-
cies in the genus Nupela now exceeds 40 (e.g.,
Lange-Bertalot 1993; Lange-Bertalot & Moser
1994; Lange-Bertalot & Metzeltin 1996; Moser
et al. 1998; Lange-Bertalot & Genkal 1999; Rum-
rich et al. 2000; Metzeltin & Kusber 2001; Mon-
nier et al. 2003; Potapova et al. 2003; Metzeltin
& Lange-Bertalot 1998, 2007; Antoniades et al.
2008).

To conclude we stress that the results of our
study reported here show that further discoveries
and transfers in established genera of small-celled
taxa, such as Nupela, can be expected. This will
occur through the routine use of electron micro-
scopes in studies of the ultrastructure of small
raphid diatoms.
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