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ABSTRACT

A study of diatoms from the Tolmachev Reservoir (Kamchatka) was carried out
using electron microscopy. As a result, 45 species and varieties of Bacillariophyta
from 28 genera were identified, and 4 algae were identified only to the genus
level. 12 species from 11 genera, new for the flora of Kamchatka diatoms, were
found. Most of the new taxa for Kamchatka flora are rare species, and our study
expanded their range.
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PE3IOME

TI'enxaa C.H., Aetickaa E.B. AmaTromosrie Bopopocau (Bacillariophyta)
Toamauesckoro Bopoxpanuanma (Kamuarka, Poccus). [1poseaero mccae-
AOBAHHE AMATOMOBBIX BOAOpPOCAeii ToamadeBckoro BopoxpanuAniia (Kavaar-
Ka) C IIOMOIIBIO 9ACKTPOHHON MEKpockonuu. B pesyarTaTe BoIABACHO 45 BUAOB
u pasaoBuAHOCTeH Bacillariophyta n3 28 poAoB 1 4 BOAOPOCAH OITPEAEACHDI
TOABKO AO POAQ. O6Hapy>KeHo 12 BuaoB m3 11 pOAOB — HOBBIX AAS q)/\opbr AWA-
TOMOBBIX BOAOpOcAeii Kamuarkn. BOABIMHHCTBO OOHAPY/KEHHBIX HOBBIX TAKCO-
HOB AAft pAOpEr KaM9aTKir OTHOCATCA K PEAKHM BHAAM, M HAIIIE HCCACAOBAHIE
PACIIIIPHAO HX apeaa.

KaroueBrnie caoBa: AHUATOMOBBIC BOAOPOCAI/I, 3/\€KTPOHH3H MI/IKPOC}\'OHI/IH, HOBBIC BUABDIL,
ToamageBckoe BOAOXpaHI/IAI/IH_[C, Kamuarka

Published online: 03.12.2022

For more than 100 years of study of Kamchatka diatoms
with light microscopy, more than 500 species, varieties and
forms were found in water bodies, watercourses and hot
springs of the peninsula (Elenkin 1914, Golovenkina 1981,
Shkurina et al. 2004, Lepskaya 2007, 2008, 2014, Nikulina et
al. 2016, Nikulina & Grishchenko 2017, Nikulina & Sorokin
2021). Further studies of the material mainly from lakes with
electron microscopy provided new data on Bacillariophyta
in Kamchatka (Genkal & Lupikina 1998, Genkal et al. 2004,
2007, Genkal & Lepskaya 2009, 2013a, b, ¢, 2014a, b, 2015,
Kharitonov & Genkal 2012, Medvedeva & Nikulina 2014).

In 1999, the natural Tolmachev Lake was transformed
into the reservoir to support the operation of the Tolmachev
cascade of small hydroelectric power plants.

Despite long-term monitoring of the Tolmachev Re-
servoir ecosystem, which includes, among other things,
quantitative assessment of the dominant phytoplankton
taxa, there are few published data on its algoflora. Thus,
the only publication containing data on the taxonomic
composition of phytoplankton in the reservoir (the study
was carried out using light microscopy) at the initial stage
of its formation shows that the greatest species diversity in
plankton was characteristic of the Bacillariophyta division.
While 11 species and varieties of diatoms were found in
the natural lake in 1999, there were 14 in the reservoir in
2000-2001. (Lepskaya 2003). No special taxonomic studies
of the diatom flora using modern microscopic methods
have ever been conducted.

This study aims at determining the species composition
of diatoms and supplementing the floristic list of Bacilla-

riophyta of Kamchatka based on scanning electron micro-
scopy study of new materials from the Tolmachevo Reser-
voir and current ideas about the taxonomy of this group.

MATERIAL AND METHODS

Tolmachev Reservoir, a lake-type reservoir (here and after
— Tolmachev Lake), is located in the basin of the Bolshaya
River (Kamchatka) (Fig. 1, 52°36'32"N 157°38'46"E, altitude
627 m above sealevel) (Tepnin etal. 2018). During the period
of maximum filling, the length of the reservoir was 14.3 km,
average width — 2.9 km, maximum width — 4.1 km, surface
area — 30.3 km?, maximum depth — 38 m, average depth —
9.9 m, shoreline length — 63.2 km, volume — 253.4 million
m’ (Pogodaev et al. 2010). About half of Tolmachev lake is
shallow (water depth of 5 m or less). The flow of the lake is
regulated, water level fluctuations may reach 2-5 m during
a short period of time. The ice-free period is short (July—
September) which is characteristic of high-mountainous
water bodies. The water body is affected by ash emissions
from the Gorely volcano (Lepskaya et al. 2014).

Lake Tolmachev did not have its own ichthyofauna
before the introduction of the resident form of Pacific
salmon, the sockeye salmon. Access of anadromous fish to
the lake was blocked by a 17-meter waterfall located 9 km
from the source of the Tolmachev River. At present, the
riverbed has been drained and access of anadromous fish to
Tolmachev Lake and, accordingly, introduction of marine
and estuarine diatom species by fish is impossible.

Phytoplankton samples were collected with a bathometer
on October 2, 2019 in the central deep-water part of the
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Figure 1 Map-scheme of the sampling site

lake from the horizons 0, 2, 5, 7, 10, 15, 20 and 28 m. The
sample from each horizon was concentrated by filtering 50
ml through Vladipor membrane filterswith a pore size of
0.45 pm. To determine the species composition of diatoms,
the sediment was washed off the filters, thus preparing a
qualitative integral sample. Diatom frustules were freed
from organic matter by cold calcination (Balonov 1975).
Algae specimens were examined in a JSM-6510 LV scanning
electron microscope.

Modern systematic summaries and guides were used to
identify the algae (Krammer 2002, 2003, Krammer & Lan-
ge-Bertalot, 1986, 1988, 1991a, b, 2001, Lange-Bertalot et
al. 1994, 2011, 2017, Lange-Bertalot & Genkal 1999, Gen-
kal & Vekhov 2007, Levkov 2009, 2016, Kharitonov &
Genkal 2012, Kulikovskiy et al. 2016, Genkal et al. 2020).

RESULTS

When identifying the material, we found 49 species of
diatom algae. Of these, 16 diatom species, including four
identified only to the genus, were found in Kamchatka for
the first time. Brief diagnoses of 12 species and detailed
descriptions of 4 algae in open nomenclature based on ori-
ginal data and their original illustrations are given below.

Achanthidium dolomiticum M. Cantonati et H. Lange-Bertalot
Fig. 2A, B). Valve length 8.4-13.3 um, width 3.2—4 um, striac 28—
5in 10 wm. Europe (Lange-Bertalot et al. 2006). In Russia, the

only find in the Middle Urals is known (Genkal & Eremkina 2022).

Conticribra weissflogii (Grunow) K. Stachura-Suchoples et
D.M. Williams (Thalassiosira weissflogii (Grunow) Fryxell et Hasle)
(Fig. 2 C). Valve diameter 14 um, marginal fultoportulac 13 in
10 um. Europe (Krammer & Lange-Bertalot 1991a). Widely dis-
tributed in Russia (Genkal et al. 2020).

Cyclotella distinguenda Hustedt (Fig. 2 D, E, F).Valve diameter
13.5-16 um, striae 18 in 10 um. BEurope (Krammer & Lange-Ber-
talot 1991a, Houk et al. 2010). The species was recorded from
several locations in the European part of Russia (IKozyrenko et al.
1992, Genkal et al. 2019), the Far East (southern part) (Medvedeva
& Nikulina 2014).

Gymbopleura sp. (Fig. 2G). Valve very weakly dorsiventral, linear,
subelliptical, dorsal and ventral sides slightly convex, length
30 wm, width 7.5 um, central area in form of rectangular fascia,
striac weakly radial, 11 in 10 pm.

Eunotia subarcuatoides Alles, Notrpel et Lange-Bertalot
(Fig. 2H). Valve length 10 pm, width 4.2 um, striae 22 in 10 um.
Europe (Krammer & Lange-Bertalot 1991, Lange-Bertalot et al.
2017). In Russia, it was recorded in water bodies and streams
of the European part (Genkal & Trifonova 2009, Genkal et al.
2015), Western Siberia (Genkal et al. 2011, Genkal & Yarushina
2018), the Russian Arctic (Genkal & Vekhov 2007), the Far East
(Chukotka, southern part of the Far East) (IKKharitonov & Genkal
2012, Medvedeva & Nikulina 2014).

Fallacia pygmaea (Kiitzing) Stickle et D.G. Mann (Navicula pyg-
maea Kitzing) (Fig. 2I). Va%ve length 20-30 pm, width 10.7 um,
striae 26 in 10 um. Europe (Krammer & Lange-Bertalot 1986,
Lange-Bertalot et al. 2017). In Russia, it occurs in freshwater reser-
voirs and streams of Western Siberia (Genkal & Yarushina 2018),
the Far East (southern part) (Medvedeva & Nikulina 2014).

Gomphosphenia stoermeri Kocioleket Thomas (Fig. 3A). Valve
length 13 um, width 2.6 um, striae 30 in 10 pm. Several localities
of the species are known in Russia: in reservoirs and streams of
the European Fart (Chudaev & Gololobova 2016) and Western
Siberia (Genkal & Yarushina 2018).

Halamphora borealis (Kitzing) Levkov (Amphora borealis Kit-
zing) (Fig. 3B).Valve length 20.5 pm, width 4 um, striac 40
in 10 pm. Europe (Levkov et al. 2009). In Russia, it has been
recorded in water bodies and streams of Western Siberia (Genkal
& Yarushina 2018), the Russian Arctic (Lange-Bertalot & Genkal
1999, Genkal & Vekhov 2007).

Halamphora hybrida (Grunow) Levkov (Amphora angularis vat.
hybrida Grunow, A. angularis var. lyrata (Gregory) Van Heurck,
A. coffeacformis ~var. angularis (Grunow) Cleve) (Fig. 3 C,D). Valve
length 37.5-52.5 um, width 5-5.7 um, striae 25 in 10 um. Europe
(Levkov et al. 2009). In Russia, the only record of the species is
known from the European part (Genkal & Gorokhova 2021).

Karayevia suchlandtii (Hustedt) Bukhtiyarova (Adhnanthes
suchlandtii Hustedt, Kolbesia suchlandtii (Hustedt) ].C. Kingston)
(Fig. 3E).Valve length 10.6 pm, width 4.7 um, striac 18 in 10
um. Europe (Krammer & Lange-Bertalot 1991b). In Russia,
it was recorded in water bodies and streams of the FEuropean
part (Genkal & Trifonova 2009, Genkal et al. 2015, Chudaev &
Gololobova 2016), Eastern and Western Siberia (Genkal et al.
2011, Genkal & Yarushina 2018), the Far East (Yakutia, Chukotka)
(Kharitonov & Genkal 2012).

Martyana schulzii (C. Brockmann) Snoeijs (Fragilaria schulzii
C. Brockmann) (Fig. 3F).Valve length 11 wm, width 3.6 um,
striae 20 in 10 pm. BEurope (Krammer & Lange-Bertalot 1991a).
In Russia, it occurs in freshwater reservoirs and streams of the
European part (Genkal et al. 2015).

Navicula salinarum Grunow (Fig. 3G).Valve length 35.5 um,
width 9.8 um, striae 14 in 10 um. Europe (Krammer & Lange-
Bertalot 1986, Lange-Bertalot et al. 2017). In Russia, it was
found in water bodies and streams of Western Siberia (Genkal
& Yarushina 2018), the Russian Arctic (Lange-Bertalot & Genkal
1999, Genkal & Vekhov 2007), and the Far East (southern part)
(Medvedeva & Nikulina 2014).

Nitzschia sp. (Fig. 3H).Valve liner-lanceolate, ends slightly capitate,
length 14 um, width 4 um, fibulae 12 in 10 pm, striae 35 in 10 um.

Pantocsekiella sp. (Fig. 31).Valve round, diameter 7 um, in center
2 fultoportulae with 2 satellite pores, marginal fultoportulaec on
every 0—7 costa, striae 25 in 10 um.
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Figure 2 A, B — Achanthidinm dolomiticum M. Cantonati et H. Lange-Bertalot; C — Conticribra weissfiogii (Grunow) K. Stachura-Suchoples et
DM. Williams; D, E, F — Cyelotella distingnenda Hustedt; G — Cymbaoplenra sp.; H — Eunotia subarcnatoides Alles, Norpel et Lange-Bertalot; I —
Fallacia pygmaea (Kitzing) Stickle et D.G. Mann. Scale bars: A—1 pm; B, E, G -2 um; C, D, E H, I - 5 um

Placoneis paraelginensis Lange-Bertalot (Fig. 3]).Valve length
21.2 um, width 7 um, striae 16 in 10 pm. Europe (Lange-Bertalot
et al. 2017). In Russia, several records of the species are known
from water bodies and streams of the European part, Eastern
and Western Sibetia (Chudaev & Gololobova 2016, Genkal &
Yarushina 2022).

Planothidium sp. (Fig. 3K). Valve elliptical-lanceolate, ends wide-
ly rounded, length 13 pm, width 4.7 um. Raphe valve with narrow
axial area. Central area rectangular-elongated. Raphe straight.
Striae radial, three-row, 14 in 10 um.

DISCUSSION

Of the 49 species of algae we found in the Tolmachev
Lake, 37 were previously described from other water bo-
dies of Kamchatka. These are Acbanthidinm minutissimnm
(Kitzing) Czarnecki, Awulacoseira ambigna (Grunow) Simon-
sen, A. scalaris (Grunow) Houk, Klee et Passauter, 4. sub-
arctica (O. Muller) Haworth, Brachysira brebissonii Ross, Cha-
maepinnularia krooksi (Grunow) Lange-Bertalot et Kram-
mer, Cocconeis lineata Ehrenberg, Cyclotella atomus Hustedt,
C. meneghiniana Kitzing, Cymbella cymbiformis Agardh, Disco-
stella stelligera (Cleve et Grunow) Houk et Klee, Encyonena
silesiacum (Bleish) D.G. Mann, Epithenia adnata (Kitzing)
Brébisson, Eunotia minor (Kutzing) Grunow, Fragilaria ca-
pucina Desmazieres, I crotonensis Kitton, F. gracilis Oestrup,
Frustulia crassinervia (Brébisson) Lange-Bertalot et Krammer,

Gomphonema  micropus Kutzing, Karayevia amoena (Hustedt)
Bukhtiyarova, Meridion circulare var. constrictum (Ralfs) V.
Heuick, Navicula cryptocephala Kitzing, N. cryptotenella 1ange-
Bertalot, Nitzschia bacilliformis Hustedt, N. frustulum (Kitzing)
Grunow, N. perminuta (Grunow) Peragallo, Pantocsekiella
ocellata (Pantocsek) K.T. Kiss et Acs, P. #ripartita (Hakansson)
K'T. Kiss et Acs, Planothidium hebveticnm  (Hustedt)
Bukhtiyarova et Round, P. /anceolatum (Brébisson) Lange-
Bertalot, Psammothidinm bioretii (Germain) Bukhtiyarova et
Round, P. subatomoides (Hustedt) Bukhtiyarova et Round,
Tabellaria  flocenlosa (Roth) Kitzing (Genkal & Lupikina
1998, Genkal et al. 2004, 2007, Genkal & Lepskaya 2009,
2013a,0,c, 20144,06, 2015, Kharitonov & Genkal 2012, Med-
vedeva & Nikulina 2014, Nikulina et al. 2016, Nikulina &
Grishchenko 2017, Nikulina & Sorokin 2021, Genkal 2022).

Most of the identified genera (14) were represented by
by a single species, and only 7 genera included 3 species
each: Aulacoseira, Cyclotella, Fragilaria, Navicula, Nitgschia,
Pantocsekiella, Planothidium.

Earlier studies of the phytoplankton of the Tolmachev
Lake using light microscopy revealed 18 Bacillariophyta
species  (Aulacoseira  subarctica  (O. Miller) Haworth,
Asterionella formosa Hassal, Cyclotella psendostelligera Hustedt,
C. tripartita Hakansson, Fragilaria crotonensis Kitton, Nitzschia

Botanica Pacifica. A journal of plant science and conservation. 2023. 12(1): 133-139 135



Genkal & Lepskaya

Figure 3 A — Gomphosphenia stoermeri Kocioleket Thomas; B — Halamphora borealis (Kitzing) Levkov, C, D — Halamphora hybrida (Grunow)
Levkov; B — Karayevia suchlandtii (Hustedt) Bukhtiyarova; F — Martyana schulzii (C. Brockmann) Snoeijs; G — Navicula salinarum Grunow; H —
Nitzschia sp.; 1 — Pantocsekiella sp.; | — Placoneis paraelginensis Lange-Bertalot; K — Planothidium sp. Scale bars:A, B, H, K — 2 um; C, D, G — 10 umy;
E,EI-1pum;J—5um

acicularis W. Smith, N. filiformis (W.Smith) Hustedt, Staurosira
elliptica (Shum.) Williams et Round, Stephanodiscus sp., Synedra
acus Kutzing, S. cf. actinastroides Lemm., S. cf. delicatissima
(W. Smith) Lange-Bertalot, S. #/na (Nitzsch.) Ehrenberg,
S. ulna var. danica (Kitzing) Grunow, S. vaucheriae Kiitzing,
Tabellaria fenestrata (Lyngb.) Kitzing, T. flocculosa (Roth.)
Kitzing, Urosolenia eriensis (H.I. Sm.) Round et Crawford)
from 10 genera (Lepskaya 2003). At present, some of
the listed taxa have changed their systematic position and
have been transferred to other genera or have changed
their status: Cyclotella pseudostelligera Hustedt — Discostella

psendostelligera (Hustedt) Houk et Klee, Cyclotella tripartita
Hakansson — Pantocsekiella tripartita (Hakansson) K.T. Kiss
et Acs, Synedra acus Kiitzing — Ulnaria acns (Kiitzing) Aboal,
Synedra ulna var. danica (Kutzing) Grunow — Ulnaria danica
(Kitzing) Compere et Bukhtiyarova, Synedra vaucheriae
Kitzing — Fragilaria vaucheriae (Kitzing) Petersen. Of the
18 taxa identified earlier (Lepskaya 2003), we recorded only
three (Auwlacoseira subarctica, Pantocsekiella tripartita, Tabellaria
Jflocenlosa). Most of the discovered new taxa for the flora of
Kamchatka are rare species, and our study has expanded
their range. Considering the species described in electron
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microscopy studies, the taxonomic spectrum of diatoms
from the Lake Tolmachev expanded significantly — from 17
species to 58 and from 9 genera to 29.

CONCLUSION

According to the electron microscopy data, 45 species of
diatoms from 28 genera were found in the phytoplankton
of the Tolmachev Reservoir (Lake Tolmachev) and 4 algae
were identified only to the genus. The diatom species
we detected include 12 taxa from 11 genera new to the
Bacillariophyta flora of Kamchatka which expanded the
list of algae in this waterbody at the species and generic
levels. The data obtained complement our understanding
of the species ranges and are a valuable contribution to the
knowledge of Kamchatka biodiversity.

ACKNOWLEDGEMENTS

This study was conducted in the framework of state
assignment, projects No. 121051100099-5.

LITERATURE CITED

Balonov, .M. 1975. Preparation of algae for electron mic-
roscopy. In: Methods of studying biogeocenoses of inland water
bodies (FD. Mordukhai-Boltovskoi, ed.), pp. 87-89, Nau-
ka, Moscow (in Russian). [basomos V.M. 1975. IToaro-
TOBKA BOAOPOCACH K 9ACKTPOHHON MuKpockormu //
MeroAnka n3ydeHus OHOICOLICHO30B BHYTPCHHUX BO-
AOEMOB / OTB. pea. DA, Mopayxait-boaTosckoit. M.:
Hayxa. C. 87-89].

Cantonati, M. & H. Lange-Bertalot 2006. Achnanthidium
dolomiticum sp. nov. (Bacillariophyta) from oligotrophic
mountain springsand lakes fed by dolomite aquifers. Josur-
nal of Phycology 42:1184-1188.

Chudaev, D.A. & M.A. Gololobova 2016. Diatom algae in Lafke
Glubokoe (Moscow Region). KMK, Moscow, 447 pp. (in Rus-
sian). [Uyaaes A.A., F'onoro6osa M.A. 2016. Amaromosbie
BoAOpocAn o3epa I'aybokoro (MockoBckas obAacTs). M.:
Tosapurmectso Hayunbix msaanuit KMK. 447 c.].

Elenkin, A.A. 1914. Fresh water algac of Kamchatka. In:
RKamichatka expedition of F.P. Ryabushinsky. Botanical Depart-
ment. Issue II: Spore plants: 1) algae, 2) fungi (A.A. Elenkin,
ed.), pp. 3402, Tip. PP. Ryabushinskogo, Moscow (in
old Russian). [Eacurkua A.A. 1914. TlpecHoBoAHBIE BO-
sopocan Kavaartku // Kamaarckas sxcrieanmis ©.11. Ps-
OyrmHckoro. borarmdeckiit otabab. Beir. I1: Criopossisa
pacrenis Kavuarku: 1) Boaopocamn, 2) rpuber / mOA pea.
A.A. Eaenkuma. M.: Tum. ILIT. Paoyrmurckoro. C. 3—402].

Genkal, SI. & L.G. Lupikina 1998. New and rare species of
Auwlacosira (Bacillariophyta) from Caldera Lakes of Kamchat-
ka. Botanicheskii Zhurnal 83(2):104-110, 158-161 (in Russian).
[Ferkaa CI., Ayrmkuaa AT 1998. Hosble u peaxrie BUABI
Abnlacosira (Bacillatiophyta) xaapaeprerx osep Kamaarku //
Borarmaeckuii sxypraa. T. 83, Ne 2. C. 104-110, 158-161].

Genkal, S.I., E.G. Lupikina & E.V. Lepskaya 2004. Cyclotella
tripartite Hikansson (Bacillariophyta) from lakes of Kam-
chatka and Eastern Baikal Region. Botanicheskii Zhurnal
89(3):426—435 (in Russian). [I'emxaa C.J., Ayrwmkm-
na E.I'., Aerickas E.B. 2004. Cyclotella tripartita (Bacillario-
phyta) ns osep Kamuarkn n 3abaiikaaws // Borannuec-
kuii sxypHaA. T, 89, Ne 3. C. 426-435].

Genkal, SI., E.V. Lepskaya & E.G. Lupikina 2007. Dia-
toms of Khangar Lake (Kamchatka). Botanicheskii zhurnal
92(10):1500-1507 (in Russian). [lemxaa C.J., Aen-
ckasg E.B., Ayrmkuna E.I'. 2007. ApatomoBbie BOAOPOC-

Diatoms from Kamchatka, Russia

an o3epa Xaurap (Kamuarka) // Boranuaeckuil sypHaA.

T. 92, Ne 10. C. 1500-1507].

Genkal, S.I. & N.V. Vekhov 2007. Diaton algae of water bodies
in the Russian Arctic: Novaya Zemlya Archipelago and Vaigach
island. Nauka, Moscow, 64 pp. (in Russian). [I'erxaa C.1.,
Bexos H.B. 2007. AmaromoBEIC BOAOPOCAH BOAOEMOB

Pycckoit Apkruku : apxureaar Hosas 3emast u ocrpos
Baiirau. M.: Hayxa. 64 c.].

Genkal S. I. & E.V. Lepskaya 2009. Ecology, morphological
variability and distribution of Stephanodiscus niagarae (Bacil-
lariophyta) in Russia. Povolzhskii Ekologicheskii Zhurnal 1:15—
25 (in Russian). [I'emkan C.H., Aerckaa E.B. 2009. Dxo-
Aorusi, MOP(POAOIIYECKas N3MEHINBOCTD U PACIIPOCTPA-
uenwe Stephanodiscus niagarae (Bacillatiophyta) B Poccun //
IMoBoaskckmit askoAormaeckuit xypHaA. Ne 1. C. 15-25].

Genkal, S.I. & 1.S. Trifonova 2009. Diatom algae of the plankton
of Lake Ladoga and water-bodies of ifs basin. Rybinskii Dom
Pechati, Rybinsk, 72 pp. (in Russian). [I'eaxaa C.M., Tpu-
donosa 1.C. 2009. ArnaTroMOBBIC BOAOPOCAH ITAAHKTOHA
AapoKCKOro o3epa M BOAOEMOB €ro Oacceiina. PrromHck:
Poibnackuit Aom neuarn. 72 c.].

Genkal, S.I., N.A. Bondarenko & LL.A. Shchur 2011. Diatom
algae of lakes in southern and northern Eastern Siberia. Rybin-
skii Dom Pechati, Rybinsk, 72 pp. (in Russian). [I'en-
kan C.1., Boraapenko H.A., Ilyp A.A. 2011. Amatomo-
BBIE BOAOPOCAHM 03€p fora u cesepa Bocrouno#t Cubnpu.
PorOnmck: Perbumckuit Aoom mevartu. 72 c.].

Genkal,S. 1. & E.V. Lepskaya 2013a. On morphology, ecology
and distribution of Stephanodiscus alpinus (Bacillariophyta).
Novosti sistematiki nizshikh rastenii 47:28-36 (in Russian).
[I'erxan C.J., Aerckas E.B. 2013a. K mopdoarorum, sxo-
AOTHH U pacipoctpaneHuto Stephanodiscus alpinus (Bacilla-
riophyta) // HoBoctu cucreMaTnkyn HUSIIMX PACTCHHMIL.

T. 47. C. 28-30].

Genkal, S.I. & E.V. Lepskaya 2013b. Stephanodiscus popovskayae,
a new species from the volcanic lakes of Kamchatka in
East Asia, Russia. Diatom Research 28(4):365-372.

Genkal, SI. & E.V. Lepskaya 2013c. Materials for the flora
of centric diatoms of the lake Nerpichye (estuaries of the
Kamchatka River). Issledovaniya vodnykh biologicheskikh resur-
sov Kamchatki i severo-zapadnoi chasti Tikbogo okeana 31: 62—73
(in Russian). [I'emkaa C.M., Aemckas E.B. 2013c. Mare-
PHAABL K (DAOPE HEHTPHYCCKIX AHATOMOBBIX BOAOPOCAEH
03. Heprirube (sctyapun p. Kamuarka) // MccaeaoBanus
BOAHBIX OHOAOIHYECKHX pecypcos Kamuatku u ceBepo-
3arraAHOH vactu Tuxoro okeana. Bemr. 31. C. 62-73].

Genkal, S.I. & E.V. Lepskaya 2014a. Flora of diatoms of salmon
lakes of the Koryak highlands of Kamchatka. Isskedovaniya
vodnykh biologicheskikh resursov Kamichatki i severo-zapadnoi chasti
Tikhogo okeana 35:31-47 (in Russian). [I'erxaa C.I1., Aerckas
E.B. 2014a. ®Aopa AHATOMOBBIX BOAOPOCAEH AOCOCEBBIX
osep Kopsikekoro maropes Kamwarku // VecaeaoBarms
BOAHBIX Omoaormueckux pecypcos Kavearkn u Cesepo-
3amaapoit gactu Tuxoro oxeana. Bemr. 35. C. 31-47).

Genkal, S.I. & E.V. Lepskaya 2014b. Centric diatom algae of
volcanic Verkhneavachinsk lakes (Kamchatka). Bio/ogy of
Inland Waters 7(1):1-9.

Genkal, SI., T.A. Chekryzheva & S.FE Komulaynen 2015.
Diatom algae in waterbodies and waterconrses of Karelia. Nauch-
nyi mir, Moscow, 202 pp. (in Russian). [I'erxaa C.M., Ye-
kporxeBa T.A., Komyaatinen C.®@. 2015. Amaromossie
BOAOPOCAHT BOAOEMOB B BOAOTOKOB Kapeamm. M.: Hayu-
merit mup. 202 c.].

Genkal, S.I. & E.V. Lepskaya 2015. Materials to the flora of
Bacillariophyta of Lake Kronotskoye (The Kamchatka
Peninsula). International Jonrnal on Algae 17(1):14-22.

Botanica Pacifica. A journal of plant science and conservation. 2023. 12(1): 133-139 137



Genkal & Lepskaya

Genkal, S.I., A.G. Okhapkin & E.L. Vodeneeva 2019. On
the morphology and taxonomy of Cyclotella distinguenda
(Bacillariophyta). Novosti sistematiki nizshikh rastenzi 53(2):
247-253.

Genkal, S.I. & O.G. Gorokhova 2021. Diatoms (Bacillario-
phyta) of rivers flowing into the Lake Elton. Bozaniches-
kii Zhurnal 106(4): 315-323 (in Russian). [I'enkaa C.I.,
T'opoxosa O.I'. 2021. Amaromossie Bopopocan (Bacilla-
riophyta) pek, Brraparomux B 03epo Dapron // borann-
geckmit xkypHaA. T. 106, Ne 4. C. 315-323].

Genkal, SI. & T.V. Eremkina 2022. Morphological varia-
bility of species of the genus Achnanthidium (Bacillario-
phyta) rare for the flora of Russia. Trudy Instituta biologii
vnutrennib vod im. 1.D. Papanina RAN 98(101):55-61 (in
Russian). [I'enkaa C.J1., Epemkrra T.B. 2022. Mopdo-
AOTHYECKAS U3MEHUNBOCTh PEAKHX AAf pAOpBI Poccru
BHAOB poAa Achnanthidium (Bacillariophyta) // Tpyast
Mucruryra Guosornn BHyTpeHHHX BOA uM. VA, Ilarma-

nnua PAH. Beir. 98(101). C. 55-61].

Genkal,S.I.,M.S. Kulikovskiy & I.V. Kuznetsova2020. Modern
freshwater centric diatom algae of Russia. Filigran', Yaroslavl,
433 pp. (in Russian). [I'enxan C.J., Kyaukosckuit M.C.,
Kysueropa M.B. 2020. CoBpemeHHEIC ITPECHOBOAHBIE
IEHTPHYIECKIE AHATOMOBBIE Boaopocan Poccum. fIpo-
caaBAb: Puanrpans. 433 cl].

Genkal, S.I. & M.I. Yarushina 2022. Species of the genus
Placoneis (Bacillariophyta) in Russia: morphology, taxono-
my, distribution. Bofanicheskii zhurnal 107(2):159-172 (in
Russian). [I'erxaa C.J., Spyrumna M. 2022, Buasr po-
Aa Placoneis (Bacillatiophyta) 8 Poccnn: mopdoaormus, Tak-

conomus, pactipocrpanerne // Boranuaeckuii xypHaa.
T. 107, Ne 2. C. 159-172].

Golovenkina, N.I. 1981. Diatoms from thermal springs of
the Uzon volcano caldera in Kamchatka. Trudy Biolog:-
cheskogo Nauchno-Issledovatel'skogo Instituta 30:132-148 (in
Russian). [l'orosenxnra H.J. 1981. AmatomoBsre BoAO-
POCAHM B3 TEPMAABHBIX HCTOYHHKOB KAABACPBI BYAKAHA
V3on na Kamaarke // TpyAbr GHOAOIMIECKOIO HAYIHO-
nccaeaoBaTeabckoro uucrutyra. Bemr. 30. C. 132-148].

Houk, V., R. Klee & H. Tanaka 2010. Atlas of freshwater
centric diatoms with a brief key and descriptions. Part
I11. Stephanodiscaceae. A. Cyclotella, Tertiarius, Discostella.
Fottea 10(Suppl.):1-498.

Houk, V., R. Klee & H. Tanaka 2017. Atlas of freshwater centric
diatoms with a brief key and descriptions. Second emended
ediion of Part T and II. Melosiraceae, Orthoseraceae,
Paraliaceae and Aulacoseiraceae. Fortea 17 (Suppl.):1-616.

Kharitonov, V.G. & S.1. Genkal 2012. Diatoms of the Elgygytoyn
Lake and its vicinities (Chukotka). SVNTs DVO RAN, Maga-
dan, 402 pp. (in Russian). [Xapuronos B.I', I'erxaa C.11. 2012.
AHaToMOBBIE BOAOPOCAH 03€Pa DABIBITBITTBIH U €10 OKPECT-
nocreit (Uyxorka). Maraaar: CBHL] ABO PAH, 402 c].

Kozyrenko, T.F, L.P. Loginova, S.I. Genkal, GK. Khur-
sevich & V.S. Sheshukova-Poretskaya 1992. The genus
Cyelotella Kitz. 1n: Diatoms of the USSR (fossil and modern),
vol. 1L, issue 2 (1.V. Makarova, ed.), pp. 24—46, Nauka, Le-
ningrad (in Russian). [Kossiperko T.®., Aornnosa A.IT,
T'enkaa C.M., Xypcepma I'.K., [Ilerrykosa-IToperikan B.C.
1992. Poa Cyclotella Kitz. // AmatromoBsie BOAOPOCAH
CCCP (uckomaemple M COBpeMEHHBIE) / IIOA PEA.
M.B. Makaposoii. A.: Hayka. T. II. Beim. 2. C. 24-40].

Krammer, K. 2002. Diatoms of Europe, vol. 3. Cymbella,
Koeltz Botanical Books, Oberreifenberg, 584 pp.

Krammer, K. 2003. Dzatoms of Eunrope, vol. 4. Cymboplenra,
Delicata, Navicymbula, Gomphocymbellopsis, _Afrocymbella.
Koeltz Botanical Books, Oberreifenberg, 530 pp.

Krammer, K. & H. Lange-Bertalot 1986. Bacillariophyceae.
Teil 1. Naviculaceae. In: Sufwassweflora von Mitteleuropa,
Bd. 2 (berg. Von A. Pascher), S. 1-876. Gustav Fisher
Verlag, Stuttgart.

Krammer, K. & H. Lange-Bertalot 1988. Bacillariophyceae.
Teil 2. Epithemiaceae, Bacillariaceae, Surirellaceae. In:
Supwassweflora von Mittelenropa, Bd. 2 (berg. H. Ettl, ]. Ger-
loff, H. Heynig & D. Mollenhauer), S. 1-437. Gustav Fi-
sher Verlag, Jena.

Krammer, K. & H. Lange-Bertalot 1991. Bacillatiophyceae.
Teil. 4. Achnanthaceae, Kritische Erganzungen zu Navicula
(Lineolatae) und Gomphonema In: Sufwassweflora von Mittel-
europa, Bd. 4 (berg. H. Ettl, . Gerloff, H. Heynig & D. Mol-
lenhauer), S. 1-437. Gustav Fisher Verlag, Stuttgart.

Kulikovskiy, M.S., A.M. Glushchenko, SI. Genkal &
LV. Kuznetsova 2016. Key 7o diatoms of Russia, Filigran’,
Yaroslavl, 803 pp. (in Russian). [Kyauxosckuit M.C., T'ay-
menko A.M., I'erkan C.1., Kysuerros M.B. 2016. Omnpe-
ACAHTEAD AHATOMOBEIX BoAOpocAeit Poccrm. SIpocaasas:
Quanrpane. 803 c.].

Lange-Bertalot, H. 2001. Navicula sensu stricto, 10 genera
separated from Navicula sensu lato, Frustulia. 1n: Diatoms
of Europe, vol. 2 (H. Lange-Bertalot, ed.), pp. 1-526,
AR.G. Gantner Verlag K.G.

Lange-Bertalot, H. & G. Moser 1994. Brachysira Mono-
graphie der Gattung, Wichtige indicator-species fiir das
gewisser-monitoring und naviculadicta nov. gen. Ein 16-
sungsvorschlag zu dem problem Navicula sensu lato onhe
Navienla sensu stricto. In: Bibliotheca Diatonologica, Bd 29,
Berlin, Stuttgart, 212 s.

Lange-Bertalot, H. & S.I. Genkal 1999. Diatomeen aus
Sibirien, I: Inseln im Arktischen Ozean. In: Ieonographia
Diatomologica, volume 6: Phytogeography, Diversity, Taxononzy
(H. Lange-Bertalot & S.I. Genkal, eds), pp. 7-272, AR.G.
Gantner Verlag K.G.

Lange-Bertalot, H., M. Bak & A. Witkowski 2011. Eunotia and
some related genera. In: Diatoms of Europe, vol. 6 (H. Lange-
Bertalot, ed.), pp. 1-747, A.R.G. Gantner Verlag K.G.

Lange-Bertalot, H., G. Hofmann, M. Werum & M. Cantonati
2017. Freshwater benthic diatoms of Central Eurgpe. Schmitten,
Oberreifenberg, 942 pp.

Lepskaya, E.V. 2003. Phytoplankton of the Tolmachevo re-
servoir in the initial stage of its existence. In: Proceedings of
the 3rd scientiffic conference “Conservation of biodiversity of Kamchat-
ka and adjacent seas” November 27-28, 2002 (A.M. Tokranov,
ed.), pp. 80-86, Petropavlovsk-Kamchatskiy (in Russian).
[Aerickas E.B. 2003. @uronaankron ToAmMaueBCKOro Bo-
AOXPAHUAHINA B HAYAABHOH CTAAHH €TO CYILICCTBOBAHUSA
// Aokaaast 11T mayun. koudepennu “Coxpanexue 6u1o-
pasnooOpaswa Kamuarkn u mpraerarorimx Mopeir” 27-28
nos6pst 2002, r. [Nerpomasaosck-Kamaarckuit / OTB. peA.
AM. Tokpanos. IlerporraBarosck-Kamaarckmii. C. 80-86.

Lepskaya, E.V. 2007. Phytoplankton of the Lake Palansky.
Taxonomy, ecology, dynamics of quantitative characteris-
tics. The researches of the aquatic biological resources of Kamchat-
ka and the North-West Part of the Pacific Ocean 9:10-20.

Lepskaya, E.V. 2008. Synedra cyclopum Brutschy in several lakes
of Kamchatka. In: Proceedings of the 19th International Diatom:
Symposinm held at Listvyanka, Irkutsk, Russia, from 28 Angust to
3 Septenber 2008 (E. Likhoshway, ed.), p. 86, Irkutsk.

Levkov, Z. 2009. Amphora sensu lato. In: Diatoms of Eurgpe,
vol. 5 (H. Lange-Bertalot, ed.), pp. 1-916, A.R.G. Gantner
Verlag K.G.

Levkov, Z., D. Miti¢-Kopanja & E. Reichardt. 2016. The
diatom genus Gozphonema from the Republik of Macedo-

138 Botanica Pacifica. A journal of plant science and conservation. 2023. 12(1): 133-139



nia. In: Diatoms of Europe, vol. 5 (H. Lange-Bertalot, ed.),
pp. 1-552, AR.G. Gantner Verlag K.G.

Medvedeva, L.A. & T.V. Nikulina 2014. Catalogue of freshwater
algae of the Southern part of the Russian Fare East. Dalnau-
ka, Vladivostok, 271 pp. (in Russian). [Measeaea A.A.,
Hukyamma T.B. 2014. Karasor mpecHOBOAHBIX BOAO-
pocAeit rora Aaabuero Bocroka Poccun. Baaansocrox:
Aaabnayka. 271 c.].

Nikulina, T.V., E.G. Kalitina, E.A. Vakh & N.A. Khatitonova
2016. List of diatoms from three hot springs from
Kamchatka — Malkinskiye, Nachikinskiye and Verhne-
Paratunskiye (Russia). Zbizn’ presnykh vod 2:108-115 (in
Russian with English abstract). [Hukyauna T.B., Kaau-
tuaa B.I'., Bax E.A., Xapuronosa H.A. 2016. Crmcox
AMATOMOBBIX BOAOPOCACH TPEX TEPMAABHBIX HCTOYHH-
xoB Kamuarkn — Maxknnckux, Haunkunackux i Bepxme-
[Maparyuckux (Poccns) // ZKusup npecusrx BoA. Bem.
2.108-115].

Nikulina, T.V. & O.V. Grishchenko 2017. Diatom flora of
Dachnye thermal springs (Kamchatka peninsula, Russia).
Viadimir Ya. Levanidovs Biennial Memorial Meetings 7:185—
193 (in Russian with English abstract). [Hukyansa T.B.,
I'pumenxo O.B. 2017. ®Aopa AnaTOMOBEIX BOAOPOCAEH
Aaunbix  tepmanpHbIXx  ucrourukoB  (Kamuarka,
Poccust) // Yrennst mamsatn Baaamvupa Sxosacsuua
Aepannaosa. Bemr. 7. C. 185-193.]

Nikulina, T.V. & Yu.V. Sorokin 2021. Diatom flora of the
Fal’shivaya river (Kamchatka). Viadimir Ya. Levanidov’s
Biennial Memorial Meetings 9:129—139 (in Russian with En-
glish abstract). [Hukyausa T.B., Copoxur FO.B. 2021.
Awmaromosas daopa p. Passmmsasn (Kamuarka) // Ure-
HuA mamaTa  Baaamvupa SIkoBaeBumua AeBaHHAOBA.
B 8. C. 129-139].

Diatoms from Kamchatka, Russia

Pogodaev, E.G., S.I. Kurenkov, L..A. Bazarkina, S.V. Shubkin

& N.Yu. Voronin 2010. Population of introduced koka-
nee in the conditions of transformation of the Tolmachev
Lake into water-reservoir. Voprosy Rybolovstva 11(1): 65-78
(in Russian). [IToroaaes E.I', Kypenxos C.J., basapxnna
AA., Hlyokuu C.B., Bopornn H.FO. 2010. [omyasrus
HHTPOAYIINPOBAHHON KOKAHH B YCAOBHAX IIpeobpa-
3oBanus osepa Toamauesa B Boaoxpaumane // Bom-
pocer perborosersa. T. 11, Nel. C. 65-78].

Tepnin, O.B., E.V. Lepskaya, T.V. Bonk & M.A. Pokhodina

2018. The habitat of Kokanee (Oncorhynchus nerka, ken-
netley's salmon) in Tolmachev Reservoir in 2018. Bulleten
Tzucheniya Tikhookeanskikh 1ososei Na Dal’nem 1 ostoke
13:210-221 (in Russian). [Terrmun O.B., Aerckas E.B.,
bouk T.B., IToxoamma M.A. 2018. Vcaosust cpeast
obwranust  kokauu  (Oncorbynchus — nerka, kennetley's
salmon) B ToamaueBckom Bopoxpanmamine B 2018 r.
// BroarereHb M3YYEHUS THXOOKEAHCKUX AOCOCEH
ma Aaasaem Bocroke. Baaamsocrox: THHPO-mentp.
Ne 13. C. 210-221.]

Shkurina, N.A, E.V. Lepskaya & G.V. Belyakova 2004. Dia-

tom algae of Dal’nee Lake (Kamchatka). Issledovaniya
vodnykh  biologicheskikh resursov Kamchatki i severo-zapadnoi
chasti Tikhogo okeana 7:88-93 (in Russian with English
abstract). [[LIxypuna H.A., Aerckas E.B., Beasixosa I'.B.
2004. Amaromossie Boaopocan osepa Aaspree (Kamaar-
Kka) // VlccAeAOBaHHS BOAHBIX GHOAOITMICCKHX PECYPCOB
Kamuarkn u Cesepo-3ammaanoit wactu Tuxoro oxeana.

Bem. 7. C. 88-93].

Botanica Pacifica. A journal of plant science and conservation. 2023. 12(1): 133-139 139



