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Abstract


Pasvik State Nature Reserve is situated in the Arctic zone and its chrysophyte flora is poorly studied. The diversity of the golden-brown algae (chrysophytes) from the Paz river, as well as the peat-bog on its bank, has been investigated using light and scanning electron microscopy. Overall, 34 chrysophyte taxa have been recorded. They represent fifteen genera from five orders. A new species of Synura, S. skaloudiorum, has been described. Morphologically, it resembles S. hibernica, a species restricted in its distribution to Ireland and Newfoundland, but differs mainly in size and structure of the apical scales. Nomenclatural issues on the selected chrysophyte taxa are discussed. The name Kephyrion starmachii was invalidly published, and it was validated. The new nomenclatural combination Chrysothecopsis tubulosus has been proposed. Also, Dinobryon sertularia var. annulatum Shi and Wei has been synonymized with D. annulatum Hilliard and Asmund.
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1. Introduction


Golden-brown algae or chrysophytes are a large group of almost exclusively freshwater organisms [1]. According to a recent estimate, it includes 1274 species in 180 genera [2]. Many chrysophytes prefer ponds and small lakes, often with brownish water and with a low content of nutrients. In the temperate zone, the chrysophytes show seasonal occurrence being most abundant in early spring and late autumn [3].



Chrysophytes are characterized by different nutrition modes, namely heterotrophs (e.g., Paraphysomonas), mixotrophs (e.g., Dinobryon), and phototrophs (e.g., Synura). They play an important role in aquatic ecosystems as primary producers and bacteriovores influencing the microbial loop [1,4]. Chrysophytes are widely distributed, but in polar regions, their abundance in freshwater ecosystems may be extremely high [5,6,7]. For instance, in High Arctic lakes, they represented 50–70% of total protist community biomass and 25–50% of total 18S rDNA sequences [5].



Contemporary taxonomy of the chrysophytes is developing rapidly using an integrative approach. Currently, the golden-brown algae are classified within a single class, Chrysophyceae, and nine orders, namely Ochromonadales, Chromulinales, Apoikiales, Chrysosaccales, Hydrurales, Hibberdiales, Segregatospumellales, Synurales, and Paraphysomonadales [3].



The number of studies dealing with the species composition of the golden-brown algae (especially scale-bearing forms) from the (sub-)Arctic has increased in the last decade, e.g., [8,9,10], and several new species have been described [11,12]. Nevertheless, the data on chrysophyte diversity in the waterbodies of the Pasvik State Nature Reserve are still scarce. Sharov [13] studied phytoplankton of the lakes from Kola Peninsula and listed about 20 chrysophyte taxa. Recently, Kapustin and Kapustina [14] have recorded stomatocysts of Chrysococcus furcatus from the Paz River and Kapustin has described the new species of Chrysosphaerella from the peat bog on its bank [15].



The aim of this study is to supplement information on the biodiversity of the golden-brown algae from the Pasvik State Nature Reserve with emphasis on taxonomy and nomenclature of this algal group.




2. Materials and Methods


Pasvik State Nature Reserve is situated in the Pechenga district (Murmansk region) as a narrow zone along the right bank of the Paz (Paatsjoki) River from the Hevoskoski Hydroelectric Station in the south to the Lake Salmiyarvi in the north. Its area is 146.8 km2 [16].



Material for this study was collected in 2017 and 2019. Plankton samples were taken with a plankton net (mesh size 20 μm). A sample from a peat bog was obtained by squeezing water from Sphagnum mosses. Environmental variables (temperature, pH, and conductivity) were measured in situ using a Hanna Combo device (HI 98129, Hanna Instruments, Smithfield, RI, USA).



The samples were taken at the following localities:




	(1)

	
The Paz River (N 69°12′46.8″, E 29°18′20.6″); 7 October 2017: environmental variables were not measured;




	(2)

	
The Paz River (N 69°00′01.2″, E 28°56′32.0″); 19 June 2019: pH 3.1, temperature 16.5, conductivity 25 µS·cm−1;




	(3)

	
A peat bog on the bank of the Paz River (N 69°23.489′, E 29°45.388′); 19 June 2019: environmental variables were not measured.









Microscopical light observations were performed with an Olympus IX71 inverted microscope (Olympus, Hamburg, Germany). For electron-microscopical studies, a few drops of the unpreserved samples were placed on aluminum stubs, air-dried, sputter-coated with 50 nm gold for ten minutes, and observed with a JEOL 6510LV (Papanin Institute for Biology of Inland Waters RAS, Borok, Russia) and a TESCAN Vega III (Borissiak Paleontological Institute RAS, Moscow, Russia) scanning electron microscope, operated at 10 kV and 8 mm distance.




3. Results


A total of 34 taxa of chrysophytes have been recorded from the Pasvik State Nature Reserve (Table 1). They represent fifteen genera from five orders. The most taxon rich genera were Mallomonas (eight taxa), Paraphysomonas, Synura and Dinobryon (four species each). Other genera are represented by one or two species. The number of taxa recorded from the Paz river and from the peat-bog on its bank was almost the same, 18 and 17 taxa, respectively. However, the species compostion was completely different, and only Paraphysomonas aff. vulgaris brevispina was observed at both locations. Only Dinobryon bavaricum, D. divergens, D. sertularia, and Mallomonas akrokomos had previously been recorded in the Paz River [13]. Four taxa (Neotessella laponica, Synura americana, S. macracantha, and Kephyrion starmachii) are reported for the second time in Russia.





 





Table 1. List of chrysophyte taxa recorded from the Pasvik State Nature Reserve (“+” means the presence of the taxon).






Table 1. List of chrysophyte taxa recorded from the Pasvik State Nature Reserve (“+” means the presence of the taxon).





	
Taxon

	
Site Number




	
1

	
2

	
3






	
Paraphysomonadales

	

	

	




	
Paraphysomonas aff. vulgaris brevispina Scoble and Cavalier-Smith (Figure 1A,B)

	

	
+

	
+




	
Paraphysomonas aff. ovalis Scoble and Cavalier-Smith (Figure 1C,D)

	

	

	
+




	
Paraphysomonas cf. acuminata Scoble and Cavalier-Smith (Figure 1E)

	

	

	
+




	
Paraphysomonas vulgaris vulgaris Scoble and Cavalier-Smith (Figure 1F)

	

	
+

	




	
Synurales

	

	

	




	
Mallomonas akrokomos Ruttner (Figure 2A,B)

	
+

	

	




	
Mallomonas crassisquama (Asmund) Fott var. crassisquama (Figure 2C)

	
+

	
+

	




	
Mallomonas crassisquama var. papillosa Siver and Skogstad(Figure 2D)

	
+

	

	




	
Mallomonas caudata Iwanoff emend. W. Krieger (Figure 2E)

	
+

	

	




	
Mallomonas elongata Reverdin (Figure 2F)

	
+

	
+

	




	
Mallomonas papillosa K. Harris and D.E. Bradley (Figure 2G)

	

	

	
+




	
Mallomonas punctifera Korshikov (Figure 2I,J)

	
+

	

	




	
Mallomonas striata Asmund (Figure 2H)

	

	

	
+




	
Neotessella lapponica (Skuja) Jo et al. (Figure 3A)

	

	
+

	




	
Synura americana Kynčlová and Škaloud (Figure 3B)

	

	
+

	




	
Synura echinulata Korshikov (Figure 3C,D)

	

	

	
+




	
Synura macracantha (J.B. Petersen and J.B. Hansen) Asmund (Figure 3E)

	

	

	
+




	
Synura skaloudiorum Kapustin sp. nov. (Figure 3F–K)

	

	

	
+




	
Chromulinales

	

	

	




	
Chrysococcus biporus Skuja

	

	

	
+




	
Chrysococcus furcatus K.H. Nicholls

	
+

	

	




	
Chrysosphaerella longispina Lauterborn (Figure 4A)

	

	
+

	




	
Chrysosphaerella septentrionalis Kapustin

	

	

	
+




	
Lepochromulina calyx Scherffel

	

	

	
+




	
Spiniferomonas abei E. Takahashi (Figure 4B)

	

	

	
+




	
Spiniferomonas cf. trioralis E. Takahashi (Figure 4C)

	
+

	
+

	




	
Chrysosaccales

	

	

	




	
Chrysastrella paradoxa Chodat (Figure 4D)

	

	

	
+




	
Chrysopyxis bipes F. Stein

	

	

	
+




	
Chrysothecopsis tubulosus (Pascher) Kapustin

	

	

	
+




	
Ochromonadales

	

	

	




	
Dinobryon anulatum D.K. Hilliard and Asmund (Figure 4E,F)

	

	

	
+




	
Dinobryon bavaricum O.E. Imhof

	

	
+

	




	
Dinobryon divergens O.E. Imhof

	
+

	
+

	




	
Dinobryon sertularia Ehrenberg

	

	
+

	




	
Epipyxis utriculus (Ehrenberg) Ehrenberg

	

	

	
+




	
Kephyrion starmachii (Czosnowski) Bourrelly (Figure 4G)

	

	
+

	




	
Uroglenopsis botrys (Pascher) Pascher

	

	
+

	









Several Paraphysomonas taxa were observed from the Pasvik State Nature Reserve; however, their exact identification was impossible.



Paraphysomonas aff. vulgaris brevispina Scoble and Cavalier-Smith (Figure 1A,B)



The base plate of the scales is subcircular, 1.88–2.14 × 1.77–2.0 µm, with a dense rim (average width is 0.11 µm); the spines are 1.67–2.0 µm long, uninflated at the base (0.17–0.35 µm wide), and gently tapering to an oblique, dull tip (45–86 nm wide); the S/P ratio is 0.78–1.03.



This species seems to be identical to P. vulgaris brevispina Scoble and Cavalier-Smith [17]. The morphometric data of both taxa overlap. For instance, in P. vulgaris brevispina, the base-plate diameter is 1.7–2.2 µm, whereas, in P. aff. vulgaris brevispina, it is 1.88–2.14 µm. The spines of P. vulgaris brevispina are longer than those of P. aff. vulgaris brevispina (1.8–3.1 µm vs. 1.67–2.0 µm, respectively). However, in P. aff. vulgaris brevispina, the spines are always equal or shorter than base-plate; so, the spine length to base-plate diameter ratio (S/P ratio) is lesser than in P. vulgaris brevispina (0.78–1.03 vs. 1.0–1.6). Scoble and Cavalier-Smith [17] depicted only scales with spines which are longer than the base-plate. Notably, the spine of P. vulgaris brevispina is inflated at the base, whereas in P. aff. vulgaris brevispina it is uninflated.



Interestingly, a specimen similar to my Paraphysomonas aff. vulgaris brevispina was reported from the Boguchany Reservoir (Krasnoyarsk Territory and Irkutsk Region, Russia) under the name P. bandaiensis E. Takahashi [18]. The differences between P. vulgaris brevispina and P. aff. vulgaris brevispina are sufficient enough to describe at least a new subspecies of P. vulgaris or even a new species. However, I would prefer to accumulate additional data before the final decision.



Paraphysomonas aff. ovalis Scoble and Cavalier-Smith (Figure 1C,D)



The base plate of the scales is oval, 1.07–1.19 × 0.77–0.84 µm, with an irregularly thickened margin (average width is 0.11 µm); the spines are 2.21–2.22 µm long, and the spine base is 0.15–0.26 µm wide, tapering to rounded tip (29–68 nm wide); the S/P ratio is 1.85–2.07.



Paraphysomonas aff. ovalis resembles P. ovalis Scoble and Cavalier-Smith [17], which is the only known species with oval scales. Unfortunately, Scoble and Cavalier-Smith did not mention base-plate length, so it was measured using depicted scales (Figure 3F, [17]). The base-plates of P. ovalis are smaller than those of P. aff. ovalis (0.7–0.9 × 0.47–0.55 µm vs. 1.07–1.19 × 0.77–0.84 µm, respectively). Also, P. aff. ovalis has scales with much denser margin and longer spines (1.1–1.9 µm vs. 2.21–2.22 µm, respectively).



Also, both taxa differ in their ecological preferences. Paraphysomonas ovalis was isolated from the soil in Harcourt Arboretum, Oxfordshire, UK. P. aff. ovalis is a paludal species, recorded from a peat-bog on the bank of the Paz River. Similar scales have observed from the peatlands in Moscow Region and Kamchatka (Kapustin, unpubl. observ.). Also, the specimens from a mire in the North Caucasus [19] identified as P. ovalis correspond better to P. aff. ovalis than to P. ovalis. Probably, P. aff. ovalis can be segregated into a new species, but further investigations are needed.



The scales of unusual Synura species were observed from a peat-bog on the bank of the Paz River. Once compared with the similar taxa, this Synura represents a new species to science. Its description is given below.



Synura skaloudiorum Kapustin sp. nov. (Figure 3F–K)



Colony dimensions unknown. Body scales 5.2–6.0 µm long and 1.8–2.3 µm wide, consisting of a basal plate with a centrally raised rounded keel protruding into an acute tip (Figure 3H,I). The keel is cylindrical and occasionally slightly widened anteriorly. The basal plate is anteriorly perforated by a rounded or elongated base hole (diameter 0.35–0.52 × 0.23–0.28 µm). Numerous struts (32–40), sometimes interconnected by transverse folds, extend regularly from the keel to the scale perimeter (Figure 3H,I). Apical scales are 4.1–4.5 µm long and 1.9–2.2 µm wide (Figure 3F,G). Struts are less numerous (21–25) without interconnections. The keel of the apical scales is widened in the central part and ends in a long, prominent, and acute tip (Figure 3F,G). Rear scales are 5.0–6.1 µm long and 1.3–1.7 µm wide (Figure 3J,K).



Holotype (here designated): Portion of a single gathering of cells on SEM stub #P32 deposited at the Herbarium of the Papanin Institute for Biology of Inland Waters RAS, Borok (IBIW). The sample was collected on 19 June 2019. Figure 3F–K illustrates the holotype.



Registration: https://phycobank.org/105064



Type locality: peat bog on the bank of the Paz River (69°23.489′ N, 29°45.388′ E), Pasvik Nature Reserve, Murmansk Region (Russia).



Etymology: the species is named after my colleagues from the Charles University in Prague (Czech Republic), Drs. Pavel Škaloud and Magda Škaloudová, for their contribution in the taxonomy of the genus Synura and, particularly, the S. petersenii species complex.



Distribution: this species is distributed in other far-north Russian regions, like the Magadan Region (Figure 10, [20]) and the Republic of Sakha (Yakutia) (Figure 7H, [9]).



3.1. Nomenclatural and Taxonomic Comments on the Selected Taxa


3.1.1. The Correct Authorship of Chrysococcus furcatus


This species was described as a member of euglenoids under the name Trachelomonas furcata Dolgoff based on the empty loricae [21]. Woronichin [22] pointed out that this species is a chrysophycean cyst. Later, Deflandre transferred it into a cyst genus Chrysastrella Chodat under the name Chrysastrella furcata (Dolgoff) Deflandre [23]. In 1981, Nicholls discovered a vegetative stage of this species and redefined it as Chrysococcus furcatus [24]. Although Nicholls stated that he proposed a new combination, he provided a Latin description and designated his material from West Twin Lake, Ontario, Canada as a holotype [24]. Whereas, according to Art. 7.3 of the International Code of Nomenclature for algae, fungi, and plants, a new combination is typified by the type of the basionym [25]. Therefore, Chrysococcus furcatus should be treated as a new species described by Nicholls, and the correct author citation should be Chrysococcus furcatus K.H. Nicholls, not C. furcatus (Dolgoff) K.H. Nicholls.




3.1.2. Validation of Kephyrion starmachii


In 1948, Czosnowski described a new loricate Chrysophyte genus, Cyathochrysis, which differed from Kephyrion mainly by its thick brown lorica [26]. Later, Bourrelly [27] revised the genus Kephyrion and synonymized the genera Cyathochrysis and Stenokalyx with it. However, his combination, K. starmachii (Czosnowski) Bourrelly, was introduced without a full and direct reference to the place of valid publication of basionym, so it is invalid. This combination is validated herein:



Kephyrion starmachii (Czosnowski) Bourrelly, comb. nov.



Basionym: Cyathochrysis starmachii Czosnowski. 1948. Poznań. Towarz. Przyj. Nauk Wydz. Mat.-Przyr., Prace Kom. Biol. 11 (4): 4, pl. I: Figure 20.



Synonym: Kephyrion starmachii (Czosnowski) Bourrelly [27], nom. inval. (Art. 41.5)



Registration: https://phycobank.org/105065




3.1.3. A New Combination in the Genus Chrysothecopsis Conrad


According to Ellis-Adam [28], the name Stephanoporos Conrad and Pascher ex Pascher is a superfluous substitute name for Chrysotheca Scherffel, and it should be rejected. So, a new combination for Stephanoporos tubulosus is proposed:



Chrysothecopsis tubulosus (Pascher) Kapustin, comb. nov.



Basionym: Stephanoporos tubulosus Pascher. 1940. Arch. Protistenk. 93: 344, figs. 7, 8a–d.



Registration: https://phycobank.org/105066




3.1.4. Mallomonas dubia vs. Mallomonas caudata


Recently, Kapustin and Kulikovskiy have proposed to conserve the name Mallomonas caudata Iwanoff emend. W. Krieger against M. fastigata Zacharias ex Lemmermann [29]. However, the Nomenclature Committee for Algae did not recommend the conservation [30] because the name Mallomonas dubia (Seligo) Lemmermann has priority against both M. caudata and M. fastigata.



Molecular evidence shows that several linages exist within M. caudata species complex (P. Škaloud, pers.comm.) Interestingly, scales of M. caudata from the Paz River were covered with small, scattered papillae (see Figure 2E), and they possibly belong to another pseudocryptic species. Therefore, it is better to continue using the name M. caudata instead of M. dubia until further taxonomic revision.




3.1.5. New Synonyms of Dinobryon annulatum


Dinobryon annulatum (“anulatum”) was described from the sphagnous bogs and Carex marshes in Alaska [31]. This species can easily be recognized by its colonies, which have tight-fitting loricae with thickened ring-like structures. Skuja (Pl. 63, Figures 14–18, [32]) illustrated a colony of Dinobryon sertularia from Abisko in the Swedish Lapland, which actually belongs to D. annulatum.



In 1984, Shi and Wei [33] described a morphologically similar taxon under the name Dinobryon sertularia var. annulatum from Tibet. Quite recently, Pang et al. [34] provided LM and SEM micrographs of this taxon and carried out an elemental analysis of its loricae. Since both D. annulatum and D. sertularia var. annulatum seem to be identical in colony appearance, lorica and stomatocyst structure, and dimensions, the latter taxon should be regarded as a synonym of D. annulatum.



Dinobryon annulatum [“anulatum”] Hilliard and Asmund. 1963. Hydrobiologia 22: 383, text-Figure 31, Pl. 3: Figure 11 [31].



= Dinobryon sertularia apud Skuja [32]



= Dinobryon sertularia var. annulatum Shi and Wei in Shi [33], syn. nov.






4. Discussion


4.1. Chrysophyte Flora of the Pasvik State Nature Reserve with Comments on the Selected Taxa


The chrysophyte flora of the Pasvik Reserve is rather typical for the temperate zone of Europe. For example, in the 1960s, Kristiansen revealed 23 chrysophyte taxa from 13 lakes in the Finnish Lapland [35], and many of them occurred in the Paz River too.



Many taxa from the Pasvik Reserve are widely distributed or cosmopolitan (e.g., Dinobryon divergens, D. sertularia, Mallomonas akrokomos, M. caudata, Spiniferomonas abei, etc.) Nevertheless, the flora contains some taxa with limited distribution. For instance, Neotessella lapponica, formerly known as Synura lapponica, is a rare species restricted in its distribution to the Northern Hemisphere [36]. In Russia, it had previously been reported from Rybinsk Reservoir (Yaroslavl Region) [37,38,39]. The record of N. lapponica in the Paz River seems to be the northernmost one. Dinobryon annulatum is distributed in the Arctic and Subarctic [31,32,40], but it also occurs in the mountain regions of China [33,34].



Mallomonas crassisquma is one of the most widely distributed Mallomonas taxa [41]. In Russia, it is also often encountered [39], but M. crassisquama var. papillosa is less common than M. crassisquama var. crassisquama. Siver and Skogstad [41] believed it was unlikely that the papillae formed in response to ecological conditions. However, since both varieties occurred together in the Paz River, the question arises whether the presence of papillae is a reliable taxonomic feature or not. A stomatocyst of M. crassisquama (Figure 2K), which resembles the one observed by other authors [42], was also revealed.



Synura macracantha and S. americana were recorded for the second time in Russia. Voloshko [43] erroneously included S. macracantha in her monograph and mentioned that it was reported from the Upper Volga and the Bolshezemelskaya tundra. However, Balonov [38], who studied silica-scaled Chrysophytes from the Upper Volga, noted “the species was not found in the USSR” [38] (p. 79). Similarly, this species was not included in the paper by Siver et al. [44] devoted to the scaled Chrysophyte flora of the Bolshezemelskaya tundra. Only recently has it been reported in the Yaroslavl Region [39]. Synura americana had previously been reported from the waterbodies of South Urals [45].



We revealed several epiphytic chrysophytes attached to the filamentous algae, e.g., Chrysothecopsis tubulosus, Epipyxis utriculus, and Lepochromulina calyx. The latter species is a rather common epiphytic chrysophyte, but it is rarely reported [46,47]. In Russia, it has previously been recorded by Wisłouch [48] from the Leningrad Region. This species has a lorica that is attached to the filamentous algae with a gelatinous stalk [46,47].



A mass development of Chrysastrella paradoxa was revealed in a peat-bog on the bank of the Paz River. Together with a cryptophyte, Cryptomonas loricata Chodat emend. Hoef-Emden, they were the most abundant flagellates in this locality [49]. Initially, we identified it as Ochromonas sp. and established several monoclonal cultures, which, unfortunately, died soon after encystment. However, further morphological examination of stomatocysts using SEM allowed us to identify our isolates as Chrysastrella paradoxa (see Figure 4D).



For many years, Chrysastrella Chodat has been treated as a cyst genus, and only recently has it been re-instated and re-defined by Andersen et al. [50]. Based on the similarity of stomatocysts of Ochromonas tuberculata Hibberd with those of Chrysastrella paradoxa, Andersen et al. [50] synonymized the former species. Interestingly, Charvet et al. [5] revealed several clones from the Char Lake (Canadian Arctic Archipelago) which had 96% similarity to O. tuberculata in 18S rDNA sequences. Similarly, Esp24 clones from the lake Esperanza (Antarctic Peninsula) were moderately related to O. tuberculata (96.7% similarity) [7]. These clones from polar regions most likely represent yet undescribed new genera of the Ochromonas-like Chrysophytes. Nevertheless, C. paradoxa (=O. tuberculata) seems to be a rather common species in peatlands. Recently, Kapustin et al. [51] has recorded a mass development of stomatocysts of this species from a bog in Subpolar Urals (Russia).



A rare Chrysophyte Kephyrion starmachii was recorded in Russia only once [52], but without any illustrations that could confirm this record. Our Figure 4G is the first SEM micrograph of this species.




4.2. Morphological Comparison of Synura skaloudiorum with Similar Taxa


Synura skaloudiorum belongs to Synura sect. Petersenianae. Taxa from this section are characterized by scales having a central keel that may end in spine-like projections. Currently, this section includes 26 taxa [12,53,54,55,56,57,58].



Although S. skaloudiorum lacks genetic characterization, based on morphological similarity, we can assume it might belong to the same subclade as Synura hibernica Škaloud and Škaloudová [56] and Synura fluviatilis Škaloud, Škaloudová, and Siver [58]. The body scales of both S. skaloudiorum and S. hibernica are almost identical, but in S. skaloudiorum, they are slightly longer and wider (5.2–6.0 μm × 1.8–2.3 μm vs. 3.4–5.6 μm × 1.2–2.0 μm) with a longer keel tip. The apical scales of S. skaloudiorum are larger than those of S. hibernica (4.1–4.5 μm × 1.9–2.2 μm vs. 2.9–3.3 μm × 1.6–1.9 μm), with a wider keel of completely different shape. The scales of S. fluviatilis can be easily differentiated from those of S. skaloudiorum by their general appearance and lesser dimensions.



Synura hibernica is restricted in its distribution to Ireland and Newfoundland [56,58], and S. fluviatilis is currently only known from Newfoundland [58]. In Russia, the scales of S. skaloudiorum have been previously observed from the Magadan Region as S. petersenii f. kufferathii (Figure 10, [20]) and Republic of Sakha (Yakutia) as Synura sp. 1 (Figure 7H, [9]).





5. Conclusions


In this preliminary study based on a limited number of samples, a rich chrysophyte flora has been found. A total of 34 taxa have been identified, including some rare and new species. The discovery of the new species (Synura skaloudiorum) and putatively new taxa (Paraphysomonas aff. vulgaris brevispina and P. aff. ovalis) shows that the Arctic chrysophytes remain unexplored and require further studies.
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Figure 1. (A–F) Paraphysomonas taxa from the Pasvik State Nature Reserve, SEM. (A,B) Paraphysomonas aff. vulgaris brevispina; (C,D) Paraphysomonas aff. ovalis; (E) Paraphysomonas cf. acuminata; (F) Paraphysomonas vulgaris. Scale bars: (A): 5 µm; (B–E): 2 µm; (F): 1 µm. 
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Figure 2. (A–I) Mallomonas taxa from the Pasvik State Nature Reserve, SEM. (A,B) Mallomonas akrokomos; (A) the whole cell; (B) close-up view of the central part; (C) Mallomonas crassisquama var. crassisquama; (D) Mallomonas crassisquama var. papillosa; (E) Mallomonas caudata; (F) Mallomonas elongata; (G) Mallomonas papillosa; (H) Mallomonas striata; (I,J) Mallomonas punctifera. (I) the whole cell; (J) body scale; (K) stomatocyst of Mallomonas crassisquama. Scale bars: (A): 10 µm; (B,E,G,H): 2 µm; (C,D,J): 1 µm; (F,I,K) 5 µm. 
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Figure 3. (A–K) Neotessella and Synura taxa from the Pasvik State Nature Reserve, SEM. (A) Neotessella lapponica; (B) Synura americana; (C,D) Synura echinulata; (E) Synura macracantha; (F–K) Synura skaloudiorum, sp. nov. (F,G) Apical scales; (H,I) body scales; (J,K) rear scales. Scale bars: (A,B,F,G,I,K): 1 µm; (C–E): 2 µm; (H,J): 5 µm. 
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Figure 4. (A–F) Chrysosphaerella, Spiniferomonas, Chrysastrella, Dinobryon, and Kephyrion taxa from the Pasvik State Nature Reserve. (A) Chrysosphaerella longispina, SEM; (B) Spiniferomonas abei, SEM; (C) Spiniferomonas cf. trioralis, SEM; (D) stomatocyst of Chrysastrella paradoxa, SEM; (E,F) Dinobryon annulatum. (E) LM; (F) SEM; (G) Kephyrion starmachii, SEM. Scale bars: (A,B): 2 µm; (C,G): 1 µm; (D,E): 10 µm; (F): 20 µm. 
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