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Introduction

Bukhtiyarova, L. N. (2021). Bacillaviophyta of the Yavorivsky National Park, Broadleaf Forest Zone of Ukraine, including Caloneis
albus-columba, sp. nov. Biosystems Diversity, 29(2), 185-194. doi:10.15421/012123

Diatoms (Bacillariophyta) are one of the major biological components in all kinds of aquatic ecosystems both in freshwater and ma-
rine ones. The nature reserve fund of Ukraine includes 52 national parks, in the vast majority of which Bacillariophyta have not been
studied. This investigation presents first data on the diatoms in Yavorivsky National Park located in Lviv region. The material consists of
the epiphytic samples of microalgae that were collected from different substrates in aquatic ecosystems of the Yavorivsky National Park
in 2014. In the hydrotopes of the park 180 diatom species from 56 genera were found, among them Achnanthidium catenatum (Bily &
Marvan) Lange-Bertalot, Cymbopleura apiculata Krammer, Fallacia sublucidula (Hustedt) D. G. Mann in Round, Crawford & Mann,
Gomphonema lagenula Kiitzing, G. supersedens Reichardt, G. pseudopusillum Reichardt, Paraplaconeis minor (Grunow) Lange-
Bertalot, Placoneis constans (Hustedt) E. J. Cox, Psammothidium bioretii (Germain) Bukhtiyarova & Round, P. vernadskyi Bukhtiyaro-
va et Stanislavskaya, Sellaphora gracillima Zidarova, Kopalova & Van de Vijver, S. insolita (Manguin) Hamilton et Antoniades, Stauro-
neis fluminopsis Van de Vijver et Lange-Bertalot were recorded for the first time in Ukraine. Besides that, Amphora hemicycla Stoermer
& J. J. Yang and Sellaphora bacilloides (Hustedt) Levkov, Krstic & Nakov also were new findings in the country from the Broadleaf
Forest Zone of Ukraine. Many species rare in the world flora and in Ukraine were found. A new diatom species Caloneis albus-columba
Bukhtiyarova, sp. nov., was described from the pond in stationary recreation area Kozulka. This new species possesses strongly three-
undulate valves with three thombic segments, which in morphology is most similar to Caloneis lamella Zakrzewski, however it differs
from it by having thombic distal valve segments instead of oval ones as well as noticeably smaller width of the central valve segment.
The morphology of other similar species is discussed. For proper description of the new species new definitions for the raphe system
morphology were grounded on functional morphology of the diatom frustule. New combinations lconella alaskaensis (Foged) Bukhtiya-
rova, comb. et stat. nov., leconella baltica (Schumann) Bukhtiyarova, comb. nov., Iconella brebissonii (Krammer & Lange-Bertalot)
Bukhtiyarova, comb. nov., lconella brightwellii (W. Smith) Bukhtiyarova, comb. nov., Iconella constricta (Grunow) Bukhtiyarova,
comb. et stat. nov., lconella didyma (Kiitzing) Bukhtiyarova, comb. nov. and Iconella elegans (Ehrenberg) Bukhtiyarova, comb. nov.
were formally proposed. The lectotype for Eunotia glacialis F. Meister was designated here. Illustrations with light and scanning electron
microscopy are presented. A primary inventory of Bacillariophyta and their subsequent study on protected territories in Ukraine is still an
important task in the context of preservation of biodiversity of the country.

Keywords: biodiversity; conservation; taxonomy; functional morphology; diatom frustules; new terminology.

Recreation areas have been fixed and equipped here, including the Ve-
reshchytsia River with two ponds and the Kozulka River with two reser-

Diatoms are among the major biological components in aquatic eco-
systems. These unicellular algae accumulate 20-25% of the world net
primary production (Treguer et al., 1995) and play a significant role in
biogeochemical processes (Vemnadskiy, 1923; Streett-Perrott et al., 2008),
in contribution to the global oxygen biosynthesis (Streett-Perrott & Bark-
er, 2008) and as a primary link in food chains.

The nature reserve fund of Ukraine includes 52 national parks, in the
vast majority of which diatoms have not been studied. At the present time
data on Bacillariophyta are published for Dermansko-Ostrozkyi National
Park (Bukhtiyarova, 2017a), Desniansko-Starogutsky National Nature
Park (Burova & Zhezhera, 2013), National Nature Park ‘Pyriatynsky”
(Kryvosheia, 2017), Nyzhniosulsky National Park (Kryvosheia & Kapus-
tin, 2019a, b), Pryp’yat’-Stokhid National Park (Konischuk, 2017), Shatsk
National Park (Bukhtiyarova, 2007a; Krivenda, 2007, 2012; Malakhov
etal., 2017).

Yavorivsky National Park is located in Yavoriv district, Lviv region
(Fig. 1), total area about 7,100 ha. Its territory is a part of Ukrainian Roz-
tochya — narrow range of hills 75 km long. This area has the features of
three geographic regions — the Carpathians, Polissya and Podillya
(Yavorivsky National Park,
www karpaty.info/en/uk/Iv/jv/ivano.frankove/sights/yavorivsky.npp).
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Systematic of Bacillariophyta and their species identification are
based on morphology of the siliceous frustule — solid transperant outer
shell with various structural elements that are still insufficiently studed.
Functional morphology of the diatom frustule includes a number of the-
ses. In particular, the division of all its structural elements into basic ele-
ments and functional units, can provide encouraging results in the field of
studies of diatoms (Bukhtiyarova, 2009a, 2019a, b).

The basic element of the diatom frustule (db-element) is a morpho-
logically detached, homogeneous part of the fiustule that possesses special
physical-chemical features and provides a primary basis for the frustule
hierarchical construction. They belong to db-elements of the diatom frus-
tule as different apertures and cavities in its thickness, regularly repeated
and unique silica microelements (Bukhtiyarova, 2009a: Figs. 1-5).

Morph of the diatom frustule (df-morph) is a compound structural
unit of the diatom frustule that is constructed of db-elements or structural
units of lower orders, realizes particular functions in the diatom organism
and has its own evolution (Bukhtiyarova, 2009a).

Recently taxonomical changes in the genera Surirella Tirpin and Cy-
matopleura W. Smith were introduced and genus Iconella Jurilj was
recovered. In Iconella species the raphe channel is raised above valve
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surface and the wing channels extend from it (Ruck et al., 2016a, b; Jahn
et al., 2017). Several species in the diatom flora of Ukraine are still incor-
rectly placed in the taxonomy.

The universal layout for the diatom species and genera description
that reflects the hierarchal structure of the diatom frustule was first sug-
gested and applied for monoraphid species and genera (Bukhtiyarova,
2007b, 2017b; Bukhtiyarova & Stanislavskaya, 2013) and then for a
number of new taxa fiom Lake Baikal (Bukhtiyarova & Pomazkina,
2013) and species of the genus Eunotia Ehrenberg (Bukhtiyarova, 2019b).
Some refined definitions on morphology of the raphe system of the di-
atom frustule that were introduced recently (Bukhtiyarova, 2019b) will be
used in the present study.

The aim of this study was primary inventory of Bacillariophyta in ag-
uatic ecosystems of the Yavorivsky National Park. New morphological
structures in the raphe system in Caloneis Cleve species and correspon-
dent terminology are suggested on the base of functional morphology.

Materials and methods

Samples of epiphytic microalgae were collected from different sub-
strates in the aquatic ecosystems of the Yavorivsky National Park in 2014.

Organic matter was removed by cold burning with concentrated sul-
furic acid and cleaned materials were rinsed several times with distilled
water (Wasser et al., 1989). Permanent slides with cleaned materials were
mounted in Naphrax (R.1 = 1.7). Diatom species were examined with
light microscope (LM) Olympus BX 51 (Japan) using 100x oil immer-
sion PlanAchromat objective. The frustules fine structure was observed
with scanning electron microscope JEOL 6060LA (Japan), the Centre of
Collective Use at the M. G. Kholodny Institute of Botany of the National
Academy of Sciences of Ukraine. The micrographs were obtained with
Canon EOS 600 D digital camera using program Helicon Remote (ver-
sion 3.6.2 w).

The frequency of occurrence of the species was estimated as the
number of samples in which it was found to the total number of studied
samples. Species with a frequency of occurrence over 50% were attri-

Table1
Bacillariophyta of the Yavorivsky National Park

buted to the species complex with frequent occurrence. Species whose
frequency of occureance did not exceed 1-2% were attributed to the rare
species. For valid taxa names and their distribution in the world flora a
database of information on algae was used: AlgaeBase, world-wide elec-
tronic publication, National University of Ireland, Galway
www.algaebase.org = (Guiry, M. D. in Guiry, M. D., & Guiry, G. M.
(2021). Morphology of Caloneis lewisii R. M. Patrick is discussed on the
basis of the illustrations in: Diatoms of North America. Retrieved June 12,
2021, from https://diatoms.org/species/caloneis_lewisii = (Keith & Rosen,
2012).
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Fig. 1. Location of the Yavorivsky National Park,
indicated by red dot, on the map of Ukraine

Results

Primary inventory of Bacillariophyta in the Yavorivsky National Park
(YNP) resulted in recording 180 species from 56 genera (Table 1). This
included numerous species rare in the world flora and in Ukraine.

Frequency

Taxon name
of occurrence

Frequency

Taxon name
of occurrence

Achnanthes adnata Bory

**Achnanthidium catenatum (Bily & Marvan) Lange-Bertalot
A. minutissimum (Kiitzing) Czamecki
Amphipleura pellucida (Kiitzing) Kiitzing
Amphora commutata Grunow

A. copulata (Kiitzing) Schoeman et EM. Archibald
**4. hemicycla Stoermer et J.J.Yang

A.ovalis (Kiitzing) Kiitzing

A. pediculus (Kiitzing) Grunow

Aneumastus stroesei (@strup) D.G.Mann et Stickle
A. tusculus (Ehrenberg) D.G.Mann et Stickle
Anomoeoneis sphaerophora Pfitzer

Halamphora oligotrafenta (Lange-Bertalot) Levkov

H. veneta (Kiitzing) Levkov

Hantzschia amphioxys (Ehrenberg) Grunow

Hippodonta capitata (Ehrenberg) Lange-Bertalot, Metzeltin et Witkowski
H. hungarica (Grunow) Lange-Bertalot, Metzeltin et Witkowski
Karayevia clevei (Grunow) Bukhtiyarova

*K. rostrata (Hustedt) Kulikovskiy et Genkal

Lemnicola hungarica (Grunow) Round et Basson

Mastogloia braunii Granow

M. elliptica (C. Agardh) Cleve

Meridion circulare (Greville) C. Agardh

Navicula capitatoradiata H. Germain

r +
r +
+ +
+ +
+ f
+ r
r +
+ +
+ r
r +
+ f
T +
Aulacoseira ambigua (Grunow) Simonsen + N. cincta (Ehrenberg) Ralfs +
A. gramulata (Ehrenberg) Simonsen f N. cnyptocephala Kiitzing +
A. italica (Ehrenberg) Simonsen + N. cryptotenella Lange-Bertalot +
~*Caloneis albus-columba Bukhtiyarova sp. nov. r N. gregaria Donkin +
C. amphisbaena (Bory) Cleve r N. lanceolata Ehrenberg +
C. bacillum (Grunow) Cleve + N. menisculus Schumann +
*C. limosa (Kiitzing) R.M.Patrick r N. radiosa Kiitzing f
C. molaris (Grunow) Krammer r N. reichardtiana Lange-Bertalot +
Cocconeis disculus (Schumann) Cleve + N. reinhardtii (Grunow) Grunow +
C. eughypta Ehrenberg + N. slesvicensis Grunow +
C. lineata Ehrenberg + N. tripunctata (O.F. Miiller) Bory +
C. pediculus Ehrenberg + N. veneta Kiitzing +
C. placentula Ehrenberg f N. viridula (Kiitzing) Ehrenberg r
*Craticula ambigua (Ehrenberg) D.G.Mann r Neidium ampliatum (Ehrenberg) Krammer +
C. buderi (Hustedt) Lange-Bertalot + N. dubium (Ehenberg) Cleve f
C. cuspidata (Kutzing) D.G.Mann + Navigeia decussis (Qstrup) Bukhtiyarova r
C. halophila (Grunow) D.G.Mann + Nitzschia acicularis (Kiitzing) W. Smith +
Cyclostephanos dubius (Hustedt) Round r N. dissipata (Kiitzing) Rabenhorst +
Cyclotella meneghiniana Kiitzing + N. fonticola (Grunow) Grunow +
Cymbella affiniformis Krammer + N. frustulum (Kiitzing) Grunow +
C. affinis Kiitzing + N. linearis W. Smith +
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Taxon name Frequency Taxon name Frequency
of occurrence of occurrence
C. aspera (Ehrenberg) Cleve + N. palea (Kiitzing) W. Smith +
C. cistula (Ehrenberg) O. Kirchner N. paleacea (Grunow) Grunow
C. compacta Dstrup **Paraplaconeis minor (Grunow) Lange-Bertalot
C. cymbiformis C.Agardh P. placentula (Ehrenberg) Kulikovskiy et Lange-Bertalot
C. helvetica Kutzing Pinnularia borealis Ehrenberg
C. neocistula Krammer P. brebissonii (Kiitzing) Rabenhorst
C. tumida (Brébisson) Van Heurck P. gibba (Ehrenberg) Ehrenberg
C. tumidula Grunow P. interrupta W. Smith
**Cymbopleura apiculata Krammer P. macilenta Ehrenberg
C. cuspidata (Kiitzing) Krammer P. mesogongila Ehrenberg
C. inaequalis (Ehrenberg) Krammer P. major (Kiitzing) Rabenhorst
C. naviculiformis (Auerswald) Krammer P. microstauron (Ehrenberg) Cleve

C. subaequalis (Grunow) Krammer

*C. subcuspidata (Krammer) Krammer

Denticula temuis Kiitzing

Diatoma tenuis C. Agardh

D. vulgaris Bory

Diploneis oculata (Brébisson) Cleve

D. parma Cleve

Ellerbeckia arenaria (D. Moore) Dorofeyuk et Kulikovskiy
Encyonema cespitosum Kiitzing

E. leibleinii (C. Agardh) W. J. Silva, R. Jahn et al.
E. minutum (Hilse) D. G. Mann

E. silesiacum (Bleisch) D. G. Mann

Encyonopsis cesatii (Rabenhorst) Krammer
Epithemia adnata (Kiitzing) Brébisson

E. sorex Kiitzing

E. turgida (Ehrenberg) Kiitzing

Eunotia curtagrunowii Norpel-Schempp et Lange-Bertalot
*E. glacialis F. Meister

E. lunaris (Ehrenberg) Grunow

E.minor (Kiitzing) Grunow in Van Heurck
Fallacia pygmaea (Kiitzing) Stickle et D. G. Mann
**F. sublucidula (Hustedt) Mann

Fragilaria capucina Desmaziéres

F. crotonensis Kitton

F. rumpens (Kiitzing) G. W. F. Carlson

F. tenera (W. Smith) Lange-Bertalot
F.vaucheriae (Kiitzing) J. B. Petersen

Iconella constricta (Grunow) Bukhtiyarova, comb. et stat. nov.
Gomphonema acuminatum Ehrenberg

*G. angusticephalum Reichardt et Lange-Bertalot
G. augur Ehrenberg

G. brebissonii Kiitzing

G. capitatum Ehrenberg

G. coronatum Ehrenberg

G. gautieri (Van Heurck) Lange-Bertalot et Metzeltin
G. gracile Ehrenberg

G. italicum Kiitzing

G lagenula Kiitzing

G. minutum (C. Agardh) C. Agardh

G. parvulum (Kiitzing) Kiitzing

G. pseudoaugur Lange-Bertalot

~*G. supersedens Reichardt

"*G. pseudopusillum Reichardt

G. subclavatum (Grunow) Grunow

G. truncatum Ehrenberg

Gyrosigma acuminatum (Kiitzing) Rabenhorst

B e T T i i e T e T B e B T e T T e T e T e T e T S e R R N

*Placoneis abiskoensis (Hustedt) Lange-Bertalot et Metzeltin
**P. constans (Hustedt) E. J. Cox

P. elginensis (W. Gregory) E. J. Cox

P. gastrum (Ehrenberg) Mereschkowsky

P. incerta Vishnyakov

Planothidium frequentissimum (Lange-Bertalot) Lange-Bertalot
P. lanceolatum (Brébisson) Lange-Bertalot

Prestauroneis protracta (Grunow) Kulikovskiy et Glushchenko
**Psammothidium bioretii (Germain) Bukhtiyarova et Round
P, vernadskyi Bukht. et Stanislavsk

Pseudostaurosira brevistriata (Grunow) D. M. Williams et Round
Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot
Rhopalodia gibba (Ehrenberg) O. Miiller

Sellaphora americana (Ehrenberg) D. G. Mann

**S. bacilloides (Hustedt) Levkov, Krstic et Nakov

S. bacillum (Ehrenberg) D. G. Mann

**S. gracillima Zidarova, Kopalova et Van de Vijver

**S. insolita (Manguin) Hamilton et Antoniades

S. laevissima (Kiitzing) D. G. Mann

S. pupula (Kiitzing) Mereschkovsky

Stauroneis anceps Ehrenberg

*&S. fluminopsis Van de Vijver et Lange-Bertalot

*S. lauenburgiana Hustedt

S. phoenicenteron (Nitzsch) Ehrenberg

S. smithii Grunow

Staurosira binodis (Ehrenberg) Lange-Bertalot

S. construens Ehrenberg

Staurosirella leptostauron (Ehrenberg) D. M. Williams et Round
Stephanodiscus hantzschii Grunow

S. neoastrea Hakansson et Hickel

Surirella angusta Kiitzing

1 brebissonii (Krammer & Lange-Bertalot) Bukhtiyarova, comb. nov.
S. hibernica (W. Smith) Kapustin et Kryvosheya

S. librile (Ehrenberg) Ehrenberg

Tabellaria flocculosa (Roth) Kiitzing

Tryblionella angustata W.Smith

T angustata var. acuta (Grunow) Bukhtiyarova

T. gracilis W. Smith

T levidensis W. Smith

T. ungarica (Grunow) Frenguelli

Ulnaria acus (Kiitzing) Aboal

U. amphiriynhus (Ehrenberg) Compére et Bukhtiyarova

U. biceps (Kiitzing) Compére

U. capitata (Ehrenberg) Compére

U. danica (Kiitzing) Compeére et Bukhtiyarova

U. ulna (Nitzsch) Compere

e T i T T e i e T e T e i S N T T i T e T e S S S e T

+

Notes: ** — species recorded for the first time in Ukraine, ** — rare species in the world flora that are recorded for the first time in Ukraine; * — rare species in Ukraine; frequency

of occurrence: f—over 50%, r—not exceed 1-2%, +— was not calculated.

Species that occurred most frequently in the studied water ecosystems
were Stephanosiscus hantzschii, Aulacoseira granulata, Tabellaria flocculo-
sa, Meridion circulare, Navicula radiosa, Neidium dubium, Cymbella tumi-
da, Lemnicola hungarica, Cocconeis placentula, Sellaphora americana, S.
pupula, Rhoicosphenia abbreviata, Rhopalodia gibba, Epithemia adnata
and E. sorex. A large proportion of the species occurred very rarely, actually,
as single specimens in one sample, which gives evidence about their low
populations and the threat to their survival even in protected areas.

To describe the new species, it was necessary to introduce new mor-
phological structures of the diatom frustule. The new definitions suggested
here are based on the functional morphology of the diatom frustue.

Raphe lamina (r-lamina) — micro- db-element in the form of narrow
thin long hyaline plate which ranges along one of the raphe edge and

Biosyst. Divers., 2021, 29(2)

covered part or whole raphe slit together with central raphe pores on inner
valve surface. Lamina restricts contact of the protoplast with the environ-
ment through the raphe (Fig. 9a, arrows).

The raphe lamina in some species of the genus Caloneis is so thin that
central raphe pores on the outer valve surface are shone through from the
inner valve surface, which allowed us to discover this db-element. Mor-
phology of raphe lamina in Caloneis has species rank of taxonomy.

Raphe lamina alas (1l-alas) — proximal raphe lamina parts which co-
vered central raphe pores and proximal parts of the raphe slits (Fig. 9a,
double arrows).

In small species rl-alas may absent, for instance, in Caloneis fonti-
nalis (Grunow) Lange-Bertalot et Reichardt (see Van de Vijver et al.,
2020: Fig. 53).
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Figs. 2-9. Caloneis albus-columba Bukhtiyarova, sp. nov., from the Yavorivsky National Park, Ukraine: 2 — Holotype; 3—7 — Isotypes, designated here;
8-8b— outer valve surface; 8a — fragment of central valve part with widened central raphe pores tumed to one side; 8b— valve pole with terminal
raphe fissures; 9, 9 — inner valve surface; 9a — fragment of central valve part; (2—7) — light microscopy; (8-9a) — scaning electron microscopy;
scale bars— 10 pm (2-7), 5 um (8, 9), | pm (8a, b, 9a)
188 Biosyst. Divers., 2021, 29(2)



Caloneis albus-columba Bukhtiyarova, sp. nov. (Figs. 2-7 LM, 8-9a
SEM)

Holotype: Fig. 2.

Isotypes: Figs. 37, designated here.

Description. Morphometric data: length 26-28 um; width centre 9—
9.5, midlle 3-4, poles 7.0-7.5 pmy; striae density 2024 in 10 pm.

Frustule three-symmetric, bi- and isopolar, biraphid with mirror-
symmetric raphe system. Valves strongly three-undulate with three thom-
bic segments and sometimes slightly rostrate poles (Figs. 2-7). Axial area
very narrow, central area thombic, occupies 0.5 of valve width (Fig. 8a).
Striae alveolate with oval alveola openings along valve mantle, multise-
riate — 4-rows, compacted, at the right angle to the axial valve axis, at
central segment can be arch-like (Figs. 8, 8a). Areolae with small round
outer foramens. Raphe system mirror-symmetric; on the outer valve sur-
face central raphe pores are long wide, slightly tumed to the same side, on
the inner surface, they are closed by raphe lamina; terminal raphe fissures
have a long hook-like finish on the valve mantle (Fig. 9b).

Diagnosis. Morphology of the new species is most similar to Calo-
neis lamella Zakrzewski (1934: Fig. 4), which was described from Lake
Balkhash but differs from it by having thombic distal valve segments vs
oval ones as well as by the noticeably smaller width of the central segment
(9.0-9.5 um vs 15 um) having comparable valve length (2628 pm vs
35 um). The valve outline is the main difference between both species.

Type information. Locality and hydrotope: Ukraine, Lvivska region,
Yavorivsky district, Yavorivsky Natonal Park, stationary recreation area
Kozulka, Lake N 2, epiphyton on dead Typha sp. Coordinates:
50°04°20.6""N 23°77°92.8”’E. Materials: slide N 14-77 with the Holotype
and Isotype specimens, sample N 14-77 in Collection of L. Bukhtiyarova,
Kyiv, Institute for Evolutionary Ecology of the National Academy of
Sciences of Ukraine.

Etymology. The specific epithet, the noun albus-columba, is derived to
commemorate the memory of Dmitriy Maksimov, Hero of Ukraine, bronze
and silver prize-winner of Deaf-Olympic Games in Judo. During the Revo-
lution of Dignity 2014, Dmitriy spent many nights guarding the barricades
on Maydan in Kyiv city centre and holding back attacks by the security
forces. On 18 February 2014, Dmitriy jumped to cover with his own body a
grenade that was thrown at the people. He perished, saving the people
around him. When his fiiend came afterwards to that place to remember
Dmitriy, a white dove sat on the Maydan asphalt. When that same friend
came there with Dmitriy’s mother, a white dove again sat on the asphalt.

Hlustrations. As Caloneis lamella Zakrzewski: Krammer et Lange-
Bertalot 1986: P1. 171/Fig. 4; Rumrich et al. 2000: PL. 135/Fig. 5.

Ecology. Freshwater epiphytic species.

Distribution. Europe: Type locality — Ukraine, Lvivska region, Yavo-
rivsky Natonal Park. North America: USA (Krammer & Lange-Bertalot
1986, as Caloneis lamella). South America: Venezuela (Rumrich et al.
2000, as Caloneis lamella). In Ukraine. Type locality.

Three taxa comparable in valve outline with Caloneis albus-columba,
sp. nov., were typified based on the original illustrations by the authors of
those taxa. Every taxon was represented with single illustration, which in
such case is a holotype even the author did not choose it in a protolog
(Turland et al., 2018 (Art. 9.1); Turland, 2019).

Caloneis lamella Zakrzewski, 1934: Fig. 4 (= Holotype).

Navicula trinodis var. inflata Schultze, 1889: P1. 90/Fig. 7 (=Holotype).

Caloneis lewisii R. M. Patrick, 1945: P1. 2/Fig. 4 (= Holotype).

Distribution of every species below was checked using AlgaeBase
(Guiry M.D. in Guiry & Guiry 2021), however the references with diffe-
rent kind of compilations or checklists that are not new records in fact were
not taken into account or were included one time for the same country.

Achnanthidium  catenatum (Bily et Marvan) Lange-Bertalot in
Lange-Bertalot et Genkal, 1999: p. 271. (Figs. 28-30)**

Morphometric data: length 9-15 pm; width 3 um, striae density 28—
30in 10 pm.

Distribution. Europe: Type locality — Czech Republic, R. Zelivka,
Sedlice Reservoir. Albania, France, Germany, the Netherlands, North
Macedonia, Slovakia, Romania, Scandinavia. Asia: China, Korea. North
America: Mexico. South America: Argentina, Colombia (Guiry M. D. in
Guiry & Guiry, 2021). In Ukraine. YNP, Fiina village, River Fiina near
old mill, fishery “Mlynky”, sporty pond N4.
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Amphora hemicycla Stoermer et J. J. Yang, 1971: p. 402, Figs. Sa—<
(Fig. 10)™*

Morphometric data: length 50-60 pm; width 12—15 pm, striae densi-
ty 11-12in 10 pm.

Distribution. Europe: Germany. North America: USA. Asia: Russia
(Gury M. D. in Guiry & Guiry, 2021). In Ukraine. Rivne region, Dubna
district, between the villages Bushcha and Sosnivka, River Zamyshivka.

Craticula ambigua (Ehrenberg) D. G. Mann in Round, Crawford &
Mann, 1990: p. 666. (Fig. 34) *

Morphometric data: length 62 pum; width 20 um, striae density 14 in
10 pm.

Distribution. Species is widely distributed in fresh waters (Guiry
M. D. in Guiry & Guiry, 2021). In Ukraine. Kiev Upland Region (Bere-
zovskaya, 2019), Nyzhniosulsky National Nature Park (Kryvosheia &
Kapustin, 2019); YNP, Fishery “Maydan”, pond N2.

Cymbopleura anglica (Lagerstedt) Krammer, 2003: p. 10, P1. 4/Figs. 1—
12, PL 5/Figs. 1-11, PL 6/Figs. 1-4, P1. 7/Figs. 1-6, P 8/Figs. 1-9. (Fig. 33)*

Morphometric data: length 62 pm; width 20 um, striae density 9 in
10 pm.

Distribution. Arctic. Europe: Bulgaria, France, Germany, the Nether-
lands, North Macedonia, Romania. Asia: China, Korea, Mongolia, Rus-
sia, Tajikistan. North America: Canada, USA. South America: Brasil
(Guiry M. D. in Guiry & Guiry, 2021). In Ukraine. Nyzhniosulsky Na-
tional Nature Park (Kryvosheia & Kapustin, 2019); YNP, Fishery “May-
dan”, pond N2.

Cymbopleura apiculata Krammer, 2003: pp. 12, 152, PL. 7/Figs. 8
10, P1. 9: Figs. 1-6, PL. 10/Figs. 1-4, P1. 11/Figs. 1-3 b. (Fig. 22) *

Morphometric data: length 66 pm; width 23 um, striae density 9-10
in 10 pm.

Distribution. Europe: Finland, France, Germany, Romania. Asia:
China, Japan, Mongolia, Russia. North America: Canada, USA. Austra-
lia: Tasmania (Guiry M. D. in Guiry & Guiry, 2021). In Ukraine. YNP,
Fishery “Maydan”, wintering pond N1.

Eunotia glacialis F. Meister, 1912: pp. 85, 234, Pl 10/Figs. 2, 3.
(Figs. 26,27) *

Lectotype: F. Meister, 1912: P1. 10/Fig. 3, designated here.

Morphometric data: length 97 pum; width 6 pm, striae density 10 in
10 pm.

Distribution. Widely distributed species (Guiry M. D. in Guiry &
Guiry, 2021). In Ukraine. YNP, Fishery “Maydan”, pond N2.

Fallacia sublucidula (Hustedt) D. G. Mann in Round, Crawford &
Mann 1990: p. 669 (Figs. 12, 13) **

Morphometric data: length 15-25 pm; width 5-6 pm, striae density
30in 10 um.

Distribution. Europe: Britain, France, Germany, the Netherlands,
North Macedonia, Poland, Romania, Serbia. North America: USA.
(Guiry M. D. in Guiry & Guiry, 2021). In Ukraine. YNP, Fiina village,
River Fiina near old mill, fishery “Mlynky”, sporty pond N2.

Gomphonema lagenula Kiitzing 1844: p. 85, P1. 30/Fig. 60. (Fig. 24) **

Morphometric data: length 25 pum; width 5 pm, striae density 12-14
in 10 pm.

Distribution. Europe: France, Ireland, Germany, the Netherlands,
North Macedonia, Serbia, Slovakia. North America: Mexico, USA. South
America: Brasil, Colombia, Ecuador, Uruguay. Afica: Cote d'lvoire,
Democratic Republic of Congo, Gambia, Ghana. Asia: China, Korea,
India, Iraq, Myanmar, Japan, Russia, Tajikistan, Thailand. Australia:
Australia, New Zealand (Guiry M. D. in Guiry & Guiry, 2021). In
Ukraine. YNP, Fishery “Maydan”, wintering pond N1; YNP, Fiina vil-
lage, River Fiina near old mill, fishery “Mlynky”, sporty pond N4.

Gomphonema pseudopusillum Reichardt, 1999: p. 48, PL. 59/Figs. 1—
15 (Fig. 21) ~*

Morphometric data: length 57 pum; width 8 pm, striae density 12 in
10 pm.

Distribution. North America: Type locality — USA, Manzanita Lake,
Lassen Volcanic National Park, California. Asia: China, Mongolia, Russia
(Lake Baikal, Far East) (Guiry M.D. in Guiry & Guiry, 2021). Europe:
In Ukraine. YNP, Fishery “Maydan”, pond N2.

Comment. In Europe this species rare in the world flora was recorded
for the first time.
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Figs. 10-25. Species of Bacillariophyta that were found for the first time in Ukraine in the Yavorivsky National Park and other locations in the Broadleaf
Forest Zone: 10— Amphora hemicycla Stoermer & J. J.Yang; 11, 11a— Psammothidium bioretii (H. Germain) Bukhtiyarova & Round; 12, 13 — Fallacia
sublucidula (Hustedt) D. G. Mann; 14— Sellaphora gracillima Zidarova, Kopalova & Van de Vijver; 15— Psammothidium vernadskyi Bukhtiyarova &
Stanislavskaya; 16— Sellaphora bacilloides (Hustedt) Levkov, Krstic & Nakov; 17— Paraplaconeis minor (Grunow) Lange-Bertalot; /8 — Placoneis
constans (Hustedt) E. J. Cox; 19— Sellaphora insolita (E. Manguin ex Kociolek & B. de Reviers) Hamilton & Antoniades; 20— Gomphonema superse-
dens Reichardt; 21 — Gomphonema pseudopusillum Reichardt; 22 — Cymbopleura apiculata Krammer; 23 — Cymbopleura sp.; 24 — Gomphonema lage-
nula Kiitzing; 25 — Stauroneis fluminopsis Van de Vijver & Lange-Bertalot; (/(0-25) — light microscopy; scale bar— 10 pm

Gomphonema supersedens Reichardt, 1999: pp. 54-55, Pl. 65/Figs. Karayevia rostrata (Hustedt) Kulikovskiy et Genkal in Kulikovskiy,
1-9 (Fig. 20) ™* Genkal & Mikheyeva, 2013 (Figs. 31, 32, 32a) *

Morphometric data: length 73 pm; width 10 pm, striae density 8 in Morphometric data: length 18-20 pm; width 7-8 pm, striae density
10 pm, areolae 18 in 10 pm. 16-19in 10 um.

Distribution. Europe: Type locality — Czech Republic, near Kundra- Distribution. Widely distributed species (Guiry M. D. in Guiry &
tice. In Ukraine. YNP, stationary recreation area N3, pond. Guiry, 2021). In Ukraine. YNP, Fishery “Maydan”, wintering pond N3.
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Figs. 26-35. Newly recorded and rare in Ukraine species of Bacillariophyta from the Yavorivsky National Park:
26, 27— Eunotia glacialis F. Meister, 26 — Lectotype of Eunotia glacialis F. Meister, 1912: PL. 10/Fig. 3, designated here; 28-30— Achnanthidium
catenatum (Bily & Marvan) Lange-Bertalot; 3/-32, 32a — Karayevia rostrata (Hustedt) Kulikovskiy & Genkal; 33 — Cymbopleura anglica (Lagerstedt)
Krammer; 34 — Craticula ambigua (Ehrenberg) D. G. Mann; 35 — Neidium sp.; scale bars — 10 pm; (26-35) — light microscopy; Figs. 31-39 =10 um

Neidium sp. (Fig. 35).
Morphometric data: length 110 pum; width 22 pm, striae density 16 in
10 pm.

Distribution. Ukraine, YNP, Fishery “Maydan”, pond N3.

Paraplaconeis minor (Grunow) Lange-Bertalot in Lange-Bertalot
etal, 2017: p. 471, Pl 47/Figs. 47-51 (Fig. 17) *

Morphometric data: length 29 pm; width 12 pm, striae density 11 in
10 um.

Distribution. Europe: Germany, the Netherlands, North Macedonia,
Poland (Guiry M. D. in Guiry & Guiry, 2021). In Ukraine. YNP, Fishery
“Maydan”, wintering pond N1.

Comment. Rare in the world flora species, probably European endemic.

Placoneis constans (Hustedt) E. J. Cox, 2003: p. 73. (Fig. 18) **

Morphometric data: length 27 pm; width 10 pm, striae density 13 in
10 pm.

Distribution. Europe: Britain, Czech Republic, France, Germany, the
Netherlands, North Macedonia, Romania. North America: USA. South
America: Brazil Asia: India, Iraq, Russia, Thailand, Colombia. Australia
(Guiry M. D. in Guiry & Guiry, 2021). In Ukraine. YNP, Fishery ‘May-
dan”, wintering pond N1.

Psammothidium bioretii (Germain) Bukhtiyarova et Round, 1996:
p- 9, Figs. 26-31 (Figs. 11, 11a) **

Morphometric data: length 14-17 pm, width 7-8 pm, striae density
28in 10 um.
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Distribution. Arctic: Canada. Europe: Britain, Bulgaria, Czech Re-
public, France, Germany, the Netherlands, Poland, Romania, Russia,
Serbia. North America: Canada, USA (Alaska, Laurentian Great Lakes).
Asia: Korea, Mongolia, Russia (Bering Island, Far East, Sakha). Pacific
islands: Hawaiian Islands. Atlantic islands: Azores (Guiry M. D. in Guiry
& Guiry, 2021). In Ukraine. YNP, stationary recreation area, pond N4.

Psammothidium vernadskyi Bukhtiyarova et Stanislavskaya, 2013:
p. 97, Figs. 1, 1a—7b (Fig. 15)"*

Morphometric data: length 30 pm; width 11 pm, striae density 26 in
10 pm.

Distribution. Asia: Type locality — Russia, East Siberia, Khanty-Man-
siyskiy region, 70 km south-east of city Hanty-Mansiysk, Blue Lake
N 29. Europe: Ukraine, YNP, stationary recreation area, pond N3.

Comment. This is second finding of this species after its description
and first record in Europe.

Sellaphora gracillima Zidarova, Kopalova et Van de Vijver, 2016:
p. 51, Figs. 157-177 (Fig. 14) ~*

Morphometric data: length 10 pm; width 3.5 pm, striae density 30 in
10 pm.

Distribution. Antarctic: Type locality — Antarctica, South Shetland Is-
lands, Livingston Island, Byers Peninsula; Antarctic islands (Guiry M. D.
in Guiry & Guiry, 2021). Europe: In Ukraine. YNP, Fishery “Maydan”,
pond N5.

Sellaphora insolita (Manguin ex Kociolek et Reviers) Hamilton et
Antoniades in Antoniades et al., 2008: 279 (Fig. 19) **

Morphometric data: length 40-46 pm; width 9-10 pm, striae density
c15-16p22 in 10 um.

Distribution. North America: Type locality — USA, Alaska, Lake
Karluk. Asia: Russia. (Guiry M.D. in Guiry & Guiry, 2021). Europe:
Ukraine, YNP, Fiina village, River Fiina near old mill, fishery “Mlynky”,
pond N5.

Stauroneis fluminopsis Van de Vijver et Lange-Bertalot in Van de
Vijver, Beyens & Lange-Bertalot, 2004: p. 34, Pl 8/Figs. 1-16;
PlL. 9/Figs. 1-7 (Fig. 25) "*

Morphometric data: length 100 pm, width 18 pm, striae density 18 in
10 pm.

Distribution. Subantarctic Islands: Type location: Prince Edward Is-
lands. North America: USA (Guiry M. D. in Guiry & Guiry, 2021). Eu-
rope: Ukraine, YNP, village Seredniy Horb, pond.

The following diatom species most of which were recorded in the flo-
ra of Ukraine under the names that do not correspond current taxonomy
were transferred to the genus Iconella.

Iconella alaskaensis (Foged) Bukhtiyarova, comb. et stat. nov.

Basionym: Surirella amphioxys var. alaskaensis Foged, 1981. Dia-
toms in Alaska. Bibliotheca Phycologica 53: 164, P1. 62/Fig. 6.

Iconella baltica (Schumann) Bukhtiyarova, comb. nov.

Basionym: Surirella baltica Schumann, 1867. Preussische Diato-
meen. Schriften der koniglichen physikalisch-okonomischen Gesellschaft
zu Konigsberg, 8: p. 52, P1. 1/Fig. 7.

Synonym: Surirella brightwellii var. baltica (Schumann) Krammer.

Iconella brebissonii (Krammer & Lange-Bertalot) Bukhtiyarova,
comb. nov.

Basionym: Surirella brebissonii Krammer & Lange-Bertalot, 1987.
Morphology and taxonomy of Surirella ovalis and related taxa. Diatom
Research, 2(1): pp. 82, 85, Figs. 21-26.

Comment. In the primary description the authors represented 33 illu-
strations of S. brebissonii among them Figs. 21-26 (LM) indicated as the
Holotype from slide P 11007A in Coll. Krammer.

Iconella brightwellii (W. Smith) Bukhtiyarova, comb. nov.

Basionym: Surirella brightwellii W. Smith, 1853. A synopsis of the
British Diatomaceae with remarks on their structure, function and distribu-
tion; and instructions for collecting and preserving specimens. Vol. 1:
p. 33, PL 9/Fig. 69.

Iconella constricta (Grunow) Bukhtiyarova, comb. et stat. nov.

Basionym: Surirella linearis var. constricta Grunow, 1862. Die Oster-
reichischen Diatomaceen nebst Anschluss einiger neuen Arten von andem
Lokalitéten und einer kritischen Uebersicht der bisher bekannten Gattun-
gen und Arten. Verhandlungen der kaiserlich-kdniglichen zoologisch-
botanischen Gesellschaft in Wien. 12: p. 455.
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Synonym: Surirella grunowii Kulikovskiy et al. in Kulikovskiy et al.,
2010: p. 64.

non Surirella constricta W. Smith 1853: p. 31, PL 8/Fig. 59.

Iconella didyma (Kiitzing) Bukhtiyarova, comb. nov.

Basionym: Surirella didyma Kiitzing, 1844. Die Kieselschaligen Ba-
cillarien oder Diatomeen. Nordhausen: p. 60, Pl. 3/Fig. LXVII [67].

Iconella elegans (Ehrenberg) Bukhtiyarova, comb. nov.

Basionym: Surirella elegans Ehrenberg, 1843. Verbreitung und Ein-
fluss des mikroskopischen Lebens in Stid- und Nord-Amerika. Abhan-
dlungen der Kéniglichen Akademie der Wissenschaften zu Berlin (1841):
p. 424, PL. 3/Fig. 1.22.

Discussion

The specimen of Caloneis lewisii var. inflata (Schultze) Patrick in Pa-
trick & Reimer (1966: Pl. 54/Fig. 12) has similar valve outline, except
rostrated poles, and striac arrangement compared with Caloneis albus-
columba, sp. nov. but larger size: length 42 pm; width 13, md, p10 pm;
striac density 21 in 10 um (my measurements). However, this specimen
differs significantly from the valve outline and type of striae in Navicula
trinodis var. inflata Schultze (1889: p. 101, P1. 90/Fig. 7) which served as
a basionym for nomenclature combination. In later taxon description
Schultze (1889: p. 101) underlined that it has “linear-punctate’ striae that
is rather similar to the species Stauroneis Ehrenberg than Caloneis. Thus,
the specimen of Caloneis lewisii var. inflata sensu auct. nom., could be the
one which belongs to Caloneis albulus-columba but certainly does not
belong to N. trinodis var. inflata.

The illustrations of Caloneis lewisii R. M. Patrick (1945: p. 172,
Pl. 2/Fig. 4) that are presented from population in Lakeside Lab, Pipestone
National Park (Keith & Rosen, 2012: 5 specimens) show that during
vegetative reproduction frustules reduce proportionally except the smallest
specimenr. These specimens (Figs. 3-5) if they are in length 35 pum are
conspecific with the holotype of Caloneis lamella except being less wide
(12 umvs 15 um). Therefore, the opinion is supported here that Caloneis
lewisii is a synonym of Caloneis lamella (Rumrich et al., 2000: p. 510).

Modem floristic-taxonomic investigations on the diatoms are very in-
tensive in Europe. However, they mostly concern taxomomy of particular
genera and species or much larger regions (Ector et al., 2015; Peeters &
Ector, 2017, 2018, 2019; Wojtal, 2013; Buczko et al., 2019) than the
present study. Many studies are dedicated to particular kinds of aquatic
ecosystems: brackish, mineral, karst etc. (Lai et al., 2019; Lai et al., 2020;
Heudrea et al., 2021) therefore it is impossible to use them in comparison
of the results presented here.

Conclusion

In this study numerous species of Bacillariophyta rare in Ukraine and
in the world flora were found, which evidences the significant role of
protected areas in conservation of microalgae, diatoms in particular. How-
ever, all those species were present in very low numbers in the studed
water ecosystems, often as single specimens in the samples, which indi-
cates a high level of threat to their survival. Therefore, a higher status of
protection can be recomended for the locations of the Yavorivsky Nation-
al Park where rare species were recorded.

This research has been carried out under the scientific project No. 0120U102586 of
the National Academy of Sciences of Ukraine. The author expresses sincere gratitude
to SEM operator Anastasiya Terebilenko for help in obtaining SEM micrographs; to
Professor Michael Guiry, the Founder and Director of the AlgacBase project, for the
consultations on Latin names and some taxonomical questions; to all of the reviewers
for attentive work with my manuscript and valuable comments for its improvement.
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