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A B S T R A C T
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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Р Е З Ю М Е
Генкал С.И., Лепская Е.В. Диатомовые водоросли (Bacillariophyta) 
Толмачевского водохранилища (Камчатка, Россия). Проведено иссле-
дование диатомовых водорослей Толмачевского водохранилища (Камчат-
ка) с помощью электронной микроскопии. В результате выявлено 45 видов 
и разновидностей Bacillariophyta из 28 родов и 4 водоросли определены 
только до рода. Обнаружено 12 видов из 11 родов – новых для флоры диа-
томовых водорослей Камчатки. Большинство обнаруженных новых таксо-
нов для флоры Камчатки относятся к редким видам, и наше исследование 
расширило их ареал.
Ключевые слова: диатомовые водоросли, электронная микроскопия, новые виды, 
Толмачевское водохранилище, Камчатка

Sergei I. Genkal 1* 
e-mail: genkal47@mail.ru

Ekaterina V. Lepskaya 2 
e-mail: lepskaya.e.v@kamniro.ru

Papanin Institute for Biology of  Inland 
Waters RAS, Borok, Russia

Kamchatka Branch of  the Russian Federal 
Research Institute of  Fisheries and Ocean-
ography, Petropavlovsk-Kamchatsky, 
Russia

* corresponding author

Manuscript received: 22.06.2022 
Review completed: 09.11.2022 
Accepted for publication: 30.11.2022 
Published online: 03.12.2022

Sergei I. Genkal ¹* & Ekaterina V. Lepskaya 2

Diatoms (Bacillariophyta) of the 
Tolmachev reservoir (Kamchatka, 
Russia) 

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, с, 2014а, 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-
ser voir ecosystem, which includes, among other things, 
quan ti ta tive 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 spe cies 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

rio phyta of  Kamchatka based on scanning electron mic ro-
scopy study of  new materials from the Tolmachevo Re ser-
voir and current ideas about the taxonomy of  this group.

M A T E R I A L  A N D  M E T H O D S
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 sea level) (Tep nin et al. 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 km2, maximum depth – 38 m, ave rage depth – 
9.9 m, shoreline length – 63.2 km, volume – 253.4 million 
m3 (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 icefree pe riod is short (July–
September) which is characteristic of  high-moun tainous 
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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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 μm. To determine the species composition of  diatoms, 
the sediment was washed off  the filters, thus preparing a 
qua li tative 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 & 
Gen kal 2012, Kulikovskiy et al. 2016, Genkal et al. 2020).

R E S U L T S
When identifying the material, we found 49 species of  

dia tom 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-
gi nal 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 µm, width 3.2–4 µm, striae 28–
35 in 10 µm. Europe (LangeBertalot 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. Wil liams (Thalassiosira weissflogii (Grunow) Fryxell et Hasle) 
(Fig. 2 C). Valve diameter 14 µm, marginal fultoportulae 13 in 
10 µm. Europe (Krammer & LangeBertalot 1991a). Widely dis
tri buted in Russia (Genkal et al. 2020). 
Cyclotella distinguenda Hustedt (Fig. 2 D, E, F).Valve diameter 
13.5–16 µm, striae 18 in 10 µm. Europe (Krammer & LangeBer
ta lot 1991a, Houk et al. 2010). The species was recorded from 
several locations in the European part of  Russia (Kozyrenko et al. 
1992, Genkal et al. 2019), the Far East (southern part) (Medvedeva 
& Nikulina 2014).
Cymbopleura sp. (Fig. 2G). Valve very weakly dorsiventral, linear, 
sub elliptical, dorsal and ventral sides slightly convex, length 
30 µm, width 7.5 µm, central area in form of  rectangular fascia, 
striae weakly radial, 11 in 10 µm. 
Eunotia subarcuatoides Alles, Norpel et Lange-Bertalot 
(Fig. 2H). Valve length 10 µm, width 4.2 µm, striae 22 in 10 µm. 
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) (Kharitonov & Genkal 
2012, Medvedeva & Nikulina 2014).
Fallacia pygmaea (Kützing) Stickle et D.G. Mann (Navicula pyg
maea Kützing) (Fig. 2I). Valve length 20–30 µm, width 10.7 µm, 
striae 26 in 10 µm. Europe (Krammer & LangeBertalot 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 µm, width 2.6 µm, striae 30 in 10 µm. Several localities 
of  the species are known in Russia: in reservoirs and streams of  
the European part (Chudaev & Gololobova 2016) and Western 
Siberia (Genkal & Yarushina 2018).
Halamphora borealis (Kützing) Levkov (Amphora borealis Küt-
zing) (Fig. 3B).Valve length 20.5 µm, width 4 µm, striae 40 
in 10 µm. 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 var. 
hybrida Grunow, A. angularis var. lyrata (Gregory) Van Heurck, 
A. coffeaeformis var. angularis (Grunow) Cleve) (Fig. 3 C,D). Valve 
length 37.5–52.5 µm, width 5–5.7 µm, striae 25 in 10 µm. 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 (Achnanthes 
suchlandtii Hustedt, Kolbesia suchlandtii (Hustedt) J.C. Kingston) 
(Fig. 3E).Valve length 10.6 µm, width 4.7 µm, striae 18 in 10 
µm. Europe (Krammer & LangeBertalot 1991b). In Russia, 
it was recorded in water bodies and streams of  the European 
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 schulzü (C. Brockmann) Snoeijs (Fragilaria schulzü 
C. Brockmann) (Fig. 3F).Valve length 11 µm, width 3.6 µm, 
striae 20 in 10 µm. Europe (Krammer & LangeBertalot 1991a). 
In Russia, it occurs in freshwater reser voirs and streams of  the 
European part (Genkal et al. 2015).
Navicula salinarum Grunow (Fig. 3G).Valve length 35.5 µm, 
width 9.8 µm, striae 14 in 10 µm. 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 µm, width 4 µm, fibulae 12 in 10 µm, striae 35 in 10 µm.
Pantocsekiella sp. (Fig. 3I).Valve round, diameter 7 µm, in center 
2 fultoportulae with 2 satellite pores, marginal fultoportulae on 
every 6–7 costa, striae 25 in 10 µm.

Figure 1 Map-scheme of  the sampling site
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Placoneis paraelginensis Lange-Bertalot (Fig. 3J).Valve length 
21.2 µm, width 7 µm, striae 16 in 10 µm. Europe (LangeBertalot 
et al. 2017). In Russia, several records of  the species are known 
from water bodies and streams of  the European part, Eastern 
and Western Siberia (Chudaev & Gololobova 2016, Genkal & 
Yarushina 2022).
Planothidium sp. (Fig. 3K). Valve elliptical-lanceolate, ends wi de-
ly rounded, length 13 µm, width 4.7 µm. Raphe valve with narrow 
axial area. Central area rectangular-elongated. Raphe straight. 
Striae radial, threerow, 14 in 10 µm.

D I S C U S S I O N
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 Achanthidium minutissimum 
(Küt zing) Czarnecki, Aulacoseira ambigua (Grunow) Si mon-
sen, A. scalaris (Grunow) Houk, Klee et Passauter, A. sub
arc tica (O. Müller) Haworth, Brachysira brebissonii Ross, Cha
mae pinnularia krookii (Grunow) Lange-Bertalot et Kram-
mer, Cocconeis lineata Ehrenberg, Cyclotella atomus Hustedt, 
C. me ne ghiniana Kützing, Cymbella cymbiformis Agardh, Dis co
stel la stelligera (Cleve et Grunow) Houk et Klee, En cyo ne ma 
silesiacum (Bleish) D.G. Mann, Epithemia adnata (Küt zing) 
Bré bisson, Eunotia minor (Kützing) Grunow, Fra gi la ria ca
pu cina Desmazieres, F. crotonensis Kitton, F. gracilis Oes trup, 
Frustulia crassinervia (Brébisson) Lange-Bertalot et Krammer, 

Gomphonema micropus Kützing, Karayevia amoe na (Hustedt) 
Bukhtiyarova, Meridion circulare var. con stric tum (Ralfs) V. 
Heuick, Navicula cryptocephala Kützing, N. cryptotenella Lange-
Bertalot, Nitzschia bacilliformis Hustedt, N. frustulum (Kützing) 
Grunow, N. perminuta (Grunow) Pe ra gallo, Pantocsekiella 
ocellata (Pantocsek) K.T. Kiss et Ács, P. tripartita (Håkansson) 
K.T. Kiss et Ács, Planothidium hel ve ticum (Hustedt) 
Bukhtiyarova et Round, P. lanceolatum (Bré bis son) Lange-
Bertalot, Psammothidium bioretii (Ger main) Bukhtiyarova et 
Round, P. subatomoides (Hustedt) Bukh tiya rova et Round, 
Tabellaria flocculosa (Roth) Kützing (Gen kal & Lu pikina 
1998, Genkal et al. 2004, 2007, Genkal & Lep skaya 2009, 
2013а,б,с, 2014а,б, 2015, Kharitonov & Genkal 2012, Med
ve deva & 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, Nitzschia, 
Pantocsekiella, Planothidium.

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

Figure 2 A, B – Achanthidium dolomiticum M. Cantonati et H. LangeBertalot; C – Conticribra weissflogii (Grunow) K. Stachura-Suchoples et 
D.M. Williams; D, E, F – Cyclotella distinguenda Hustedt; G – Сymbopleura sp.; H – Eunotia subarcuatoides Alles, Norpel et LangeBertalot; I – 
Fallacia pygmaea (Kützing) Stickle et D.G. Mann. Scale bars: A – 1 µm; B, E, G – 2 µm; C, D, F, H, I – 5 µm
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acicularis W. Smith, N. filiformis (W.Smith) Hustedt, Staurosira 
elliptica (Shum.) Williams et Round, Stephanodiscus sp., Synedra 
acus Kützing, S. cf. actinastroides Lemm., S. cf. delicatissima 
(W. Smith) Lange-Bertalot, S. ulna (Nitzsch.) Ehrenberg, 
S. ulna var. danica (Kützing) Grunow, S. vaucheriae Kützing, 
Tabellaria fenestrata (Lyngb.) Kützing, T. flocculosa (Roth.) 
Kützing, Urosolenia eriensis (H.L. 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 sta tus: Cyclotella pseudostelligera Hustedt – Discostella  

pseudostelligera (Hustedt) Houk et Klee, Cyclotella tripartita 
Håkansson – Pantocsekiella tripartita (Håkansson) K.T. Kiss 
et Ács, Synedra acus Kützing – Ulnaria acus (Kützing) Aboal,  
Synedra ulna var. danica (Kützing) Grunow – Ulnaria danica 
(Kützing) Compere et Bukhtiyarova, Synedra vaucheriae 
Kützing – Fragilaria vaucheriae (Kützing) Petersen. Of  the 
18 taxa iden ti fied earlier (Lepskaya 2003), we recorded only 
three (Aulacoseira subarctica, Pantocsekiella tripartita, Tabellaria 
flocculosa). 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 

Figure 3 A – Gomphosphenia stoermeri Kocioleket Thomas; B – Halamphora borealis (Kützing) Levkov, C, D – Halamphora hybrida (Grunow) 
Levkov; E – Karayevia suchlandtii (Hustedt) Bukhtiyarova; F – Martyana schulzü (C. Brockmann) Snoeijs; G – Navicula salinarum Grunow; H – 
Nitzschia sp.; I – Pantocsekiella sp.; J – Placoneis paraelginensis LangeBertalot; K – Planothidium sp. Scale bars:A, B, H, K – 2 µm; C, D, G – 10 µm; 
E, F, I – 1 µm; J – 5 µm
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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.

C O N C L U S I O N
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.

A C K N O W L E D G E M E N T S
This study was conducted in the framework of  state 

assign ment, projects No. 121051100099-5.
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