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Morphology and taxonomy of Aulacoseira muzzanensis (Bacillariophyta)
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Abstract. Morphological investigation of wild populations of Aulacoseira granulata shows signi-
ficant variability of its quantitative morphological characteristics: valve diameter and height; num-
ber of rows of areolae and number of areolae in 10 pm on the valve mantle; and number of spines
and their length on separation valves. Low values of mantle height to valve diameter ratio and large
numbers of areolae in 10 um, typical for A. muzzanensis, are also found in populations of A. granulata.
The valve height/diameter ratio decreases as the valve diameter increases, and such relationships
also occur in other taxa of this genus (A. baicalensis, A. islandica, and A. subarctica). No correlation is
found between valve diameter and number of spines in separation valves. Our investigations confirm
the correctness of referring A. muzzanensis to the synonymy of A. granulata, and based on original
and published data, we suggest emendation of the diagnosis of A. granulata.
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Pesiome. V3yuenne Mophoornu maHIups B IPUPOAHBIX Homyssinusax Aulacoseira granulata
MTOKA3JI0 3HAYUTETHHYIO M3MEHUYUBOCTD KOJIMYECTBEHHDIX MTPU3HAKOB: THAMETPA CTBOPKU U €€ BBI-
COTBI, YHCJIa PSIIOB apeost u apeost B 10 MKM Ha 3arube CTBOPKH, YNCJIA U AJTUHbL IINITOB HA Pa3/Ies-
TEJIbHBIX CTBOPKaXx. He6OJI])H_[I/I€ 3HaY€HUA OTHOIIEHUS BBICOTBI CTBOPKU K €€ INaMETPy U BBICOKHNE
uucsia apeost B 10 MKM, XapakTepHbie [Jist A. muzzanensis, BCTpeYaroTes U B nonyJsiiusx A. granulata.
ITokazaHo, 4TO ¢ YBETNYEHNEM AUAMETPA CTBOPKH YMEHDITAETCST OTHOIIEHIE BHICOTA CTBOPKI,/THA-
METP CTBOPKHU ¥ TaKasi 3aBUCUMOCTH HaOJIIO/IAeTCst Uy APYTHX TIpeJcTaBuTesielt atoro poua: A. bai-
calensis, A. islandica, A. subarctica. He BBISIBJIEHO KOPPEIALUY MEK/LY IUAMETPOM CTBOPKU U YKCIIOM
HINIOB y Pa3/IeNTEIbHBIX CTBOPOK. Harm nccsesoBaHmst HOATBEPIK/IAI0T KOPPEKTHOCTD CBEACHNUS
A. muzzanensis B CHHOHUMUKY K A. granulata v Ha OCHOBE OPUTMHAJIBHBIX U JINTEPATYPHBIX JAHHBIX
Mpe/IaraeTcst pacupuTh auarunos A. granulata.

Kimouessie cinoBa: Aulacoseira, Aulacoseira granulata, inatomMoBbie, MOPGhOTOTHS TTAHIAPSI, CKa-
HUPYIOMIAs 3JIEKTPOHHASI MEKPOCKOIIHST, TAKCOHOMUSL.

Melosira muzzanensis F. Meist. was described in 1912 (Meister, 1912). Then, a
new combination for M. granulata was suggested — M. granulata var. muzzanensis
(F. Meist.) Hust. (Hustedt, 1930). This combination is the variety included in the first
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Russian systematic report of diatom algae (Zabelina et al., 1951). Later, M. granulata
var. muzzanensis was changed to Aulacoseira muzzanensis (F. Meist.) Krammer (Kram-
mer, 1991), but the systematic position of this species remains in question. Melosira
granulata var. muzzanensis was mentioned in some publications in the 1960° (Ermolae-
va, 1967; Kuzmin, Elizarova, 1967), but a monograph by Skabichevsky (1960) referred
this variety to the synonymy of M. granulata (Ehrenb.) Ralfs. In work on Centrophy-
ceae this variety is described as a synonym of Aulacoseira granulata (Ehrenb.) Simon-
sen (Davydova, Moiseeva, 1992).

The independent taxonomic status of A. muzzanensis was recognized in other
publications (Krammer, 1991; Krammer, Lange-Bertalot, 1991; Algae..., 2009; Po-
tapova, English, 2011). Notably, Krammer and Lange-Bertalot (1991) believe that
A. muzzanensis differs from A. granulata by a lower mantle height to valve diameter
ratio (h/d) and a greater number of areolae in a row on the valve mantle. How-
ever, one more combination, A. granulata var. australiensis (Grunow) Moro was
described based on the difference from the type variety in the valve diameter, posi-
tion of areolae on the valve face and the number of spines on the separating spines
(Moro, 1991).

There are other species similar to A. muzzanensis. One is A. gessneri (Hust.) Simon-
sen (Wetzel et al., 2014). Valves of A. muzzanensis have usually slightly spiral dextrorse
rows of areolae on the valve mantle, which have never been observed in A. gessneri
and clearly separate these species. A species similar to A. muzzanensis, A. brasiliensis
Tremarin, Torgan et T. Ludwig (Tremarin et al., 2012), has been recently described.
It differs from A. muzzanensis by the length of spines, position of areolae on the valve
face and mantle, and the position and structure of rimoportulae. Even more recently,
A. pseudomuzzanensis Olsynski et Zelana-Wieczorek was described by Olszyriski et
Zelazna-Wieczorek (2018). This species differs from A. muzzanensis by the number of
areolae in 10 um on the mantle, position of areolae on the valve face, and structure of
rimoportula.

The aim of this study is to investigate the morphological variability in populations
of A. granulata and specify the systematic position of A. muzzanensis.

Material and methods

This study used SEM micrographs of valves of A. granulata from Cheboksar (July
1981), Ivankovo (August 1991) and Sestroretsk Razliv reservoirs (August 2016);
A. islandica from the Amur River (March 1997) and Lake Khanka (March 1993); A.
baicalensis from Middle Baikal (May 1984); A. subarctica from lakes Krasnoe (August
2004) and Kurilskoe (August 1967).

Diatom frustules were treated from organic matter by cold burning (Balonov,
1975) with sulphuric acid and potassium dichromate. Cleaned specimens were dried
on stubs, coated with gold using an EIKO—-IB—-3 sputter coater, and examined using a
JSM-25S scanning electron microscope operating at 15 kV.
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Results and discussion

In the population from the Cheboksar Reservoir, the range of variability of quan-
titative morphological characteristics, including mantle height/diameter (h/d) ra-
tio, is similar in separation valves and valves in the filament (Table 1). These features
correspond to the published data on A. granulata and A. muzzanensis, except for the
separation valves by the number of areola rows in 10 um and areolae in 10 pm, and
fine-structure valves in the filament of A. muzzanensis by the number of areola rows in
10 um and areolae in 10 um (Table 2). Unfortunately, no information is available on
the number of spines on separation valves. Kiss et al. (2012) reported 2—4 long spines
for A. granulata. In valves from the Cheboksar Reservoir population, we recorded 1
to 7 spines, including long and more short ones (Fig. 1b). There were usually more
longer spines, and we found no relationship between their number and the valve dia-
meter (Fig. 1c). In their quantitative morphological characteristics, the valves from
the Ivankovo Reservoir and Sestroretsk Razliv (Table 1) also corresponded to pub-
lished data (Table 2), except for maximum values of valve diameter in the population
from the highly eutrophic Sestroretsk Razliv (37.1 um).
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Fig. 1. (a) Aulacoseira granulata, relationship between the valve diameter (axis X, pm)
and mantle height to valve diameter ratio (axis Y); e: separation valves, x: valves in the colony,
A valves from Lago di Muzzeno (Krammer, 1991). (b) A. granulata, relationship between valve
diameter (axis X, pm) and long and more short spines (axis Y). (¢) A. granulata, relationship
between valve diameter (axis X, um) and long spines (axis Y).
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Table 1
The variability of morphological features of Aulacoseira granulata
Valve Valve Mantle height to| Number of | Number of
diameter, height. um valve diameter | areolae rows areolae Waterbody
pm sht 1 ratio in 10 um in 10 um
6.7-26.7 | 7.1-211 0.33-2.48 6—11 4—12 Cheboksar Reservoir
(separation valves)
6.7-24.4 | 10.0-21.1 0.41-3.14 6-10 5-11 Cheboksar Reservoir
(valves in the colony)
6.8-25.0 | 12.8-25.7 0.56-2.94 8-12 6-12 Ivankovo Reservoir
14.4-37.1 | 10.0-18.9 0.30-0.92 6-8 5-10 Sestroretsk Razliv
Reservoir
Table 2
The variability of morphological features of Aulacoseira granulata
and A. muzzanensis according to published data
Valve Valve Mantle height to| Number of Number of
diameter, height. um valve diameter | areolae rows | areolaein 10 References
pm gt 1 ratio in 10 um pum
Aulacoseira granulata
5-21 5-18 8-15 8-12 Zabelina et al., 1951
(as Melosira granulata)
5-21 5-22 8-15 6-14 Skabichevsky, 1960
(as Melosira granulata)
2-21 8-15 8-12 Davydova, Moiseeva,
1992
4-30 5-24 >0.8 7-15 5-12 Krammer, Lange-
Bertalot, 1991
3.5-19.5 11-20 8-12 9-16 Genkal, 1992
10-21 12.8-24 7-8 6-8 Genkal, Yeshko, 1998
3-30 4-24 7-15 Houk, 2003
7-20 7.7-13.3 10-14 714 Genkal, Mikheyeva,
2006
3.6-27.7 12-16.8 0.3-5.4* 8-20 8-15 Genkal, Trifonova, 2006
4.3-18.8 | 10.0-26.6 9-15 8-18 Maystrova et al., 2007
10.0-24.4 13-21 0.4-3.2* 9-12 10-12 Genkal, Golokolenova,
2008
3.9-20.7 | 3.6-21.6 0.2-4.3* 8-15 9-16 Genkal, Gorokhova,
2008
6.4-121 | 13.3-17.9 8-16 5-14 Genkal, Kulikovskiy,
2008
2.7-27.0 7.8-24 0.5-5.3* 6-15 5-14 Genkal, Trifonova, 2008
6.6-14.4 | 16.6-23.5 8-10 8-10 Popovskaya, Genkal,
2008
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Table 2 (continued)
3.0-11.5 10-17 10-15 Manoylov et al., 2009
5.7-22.8 | 20.0-26.6 0.8-3.7* 6—-12 7-12 Genkal, Okhapkin,
2010
7.8-14.3 | 10.7-21.0 7-9 7-10 Genkal, Bondarenko,
2011
7.8-14.3 | 10.7-21.0 7-9 7-10 Genkal et al.,, 2011a
7.1-17 9.3-22.8 7-11 7-14 Genkal, Trifonova, 2011
5.5-17.7 12-18 812 9-14 Popovskaya et al., 2011
7.8-20.0 20-24.4 7-8 Genkal et al., 2011b
5-23.3 10-21 10 6-12 Genkal, Romanov, 2012
3-30 4-24 7-15 Kiss et al., 2012
6.2-84 | 12.6-13.4 13-14 Bazhenova et al., 2013
5-20 7.8-17.8 8-9 7-11 Genkal, Okhapkin,
2013
6.6—18.8 13.3-20 8—-12 8—-12 Genkal et al., 2013a
6.4—-15.5 | 14.3-22.8 8—11 9-14 Genkal et al., 2013b
14.3-23.3 10-17 7-8 7 Genkal, Afonina, 2014
71-78 | 17.8-255 8-10 8-10 Genkal, Lepskaya, 2013
4.3-6.0 11.3-16 7-9 Ector et al., 2015
5-17 14.4-20 9-12 8-12 Genkal, Okhapkin,
2016
43-278 | 11.7-25.5 6—-10 5-12 Genkal et al., 2015
8.3—-16.7 | 13.3—-18.9 8-9 9 Genkal, Bilous, 2015
6.0-8.9 10-15.5 9-13 8-10 Genkal, Yarmoshenko,
2013
2-30 5-24 8-15 9-14 Kulikovskiy et al., 2016
5.7-20.0 12-19.1 7-13 6-14 Chudaev, Gololobova,
2016
Aulacoseira muzzanensis
12—-14 6-8 11-13 Meister, 1912
12-25 4-8 12 20 Zabelina et al., 1951(as
Melosira granulata var.
Mmuzzanensis)
8-25 4-8 0.3-0.6 separation separation | Krammer, Lange-
valves 13—-15; | valves 12—13 | Bertalot, 1991
thin struc- and 17-21;
ture valves thin struc-
in the colony |ture valves
11-13, coarse | in the colony
structured 20, coarse
valves 7-10 |structured
valves 8—10
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separation separation Krammer, 1991
valves 13—-15; | valves 12—13
thin struc- and 17-21;
ture valves thin struc-
in the colony |ture valves
11-13, coarse | in the col-
structured ony 16-20,
valves 7-10 | coarse struc-
tured valves
8-10

9-24 5-13 7-15 Potapova, English,
2011

Note. * — based on measurements on negatives from the archive of S. I. Genkal.

A certain relationship was observed in all A. granulata populations (Fig. 1a, 2a) —
with increasing valve diameter, the mantle height to valve diameter ratio decreases
and the h/d ratio typical for A. muzzanensis (0.3—-0.8), is found in large-diameter valves
(Fig. 1a, 2a). Such correlation occurs in other representatives of the genus Aulacoseira
(Fig. 2b, 3a, b). Skabichevsky (1960) also noted that A. granulata narrow cells have
longer valves and its cells with a larger diameter are shorter.
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Fig. 2. (a) Aulacoseira granulata, relationship between valve diameter (axis X, pm) and mantle

height to valve diameter ratio (axis Y), e: Ivankovo reservoir, X: Sestroretsky Razliv reservoir.

(b) A. islandica, relationship between valve diameter (axis X, um) and mantle height to valve
diameter ratio (axis Y), ®: Amur River, x: Khanka Lake.

According to the diagnosis of Krammer and Lange-Bertalot (1991) A. muzzanensis
is characterized by shorter valves, a lower h/d ratio and a larger number of areolae
in 10 um than A. granulata (Table 2). According to the published data the first two
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characteristics correspond with A. granulata (Table 2), but the valve diameter and the
height of its mantle significantly vary in a manner that may be due to seasonal, long-
term or interpopulational variability (Genkal, 1990, 2007; Kiss et al., 2013; Genkal,
Chekryzheva, 2016). In A. granulata the ratio of the mantle height to valve diameter is
more than 0.8, and in A. muzzanensis it is 0.3—0.6 (Table 2). Measurement and calcula-
tion of this characteristic in the other populations of A. granulata has shown similar re-
sults (Table 1). Measurements from published micrographs (Florin, 1970: Fig. 21-23)
show that the mantle height to valve diameter ratio in A. granulata varies from 0.19 to
0.24. Krammer, Lange-Bertalot (1991: Taf. 20, Fig. 1) present a micrograph of A. muz-
zanensis with a ratio of mantle height to valve diameter of about 0.8. Noteworthy that
measurements of A. muzzanensis from micrographs (Krammer, 1991: Fig. 3, 4, 6, 8, 10,
10a, 11, 11a, 12, 13, 16) have shown that in this species population from the type loca-
lity the h/d ratio varies quite a bit — from 0.3 to 1.06 — and this ratio depends on the
valve diameter as in other representatives of the genus (Fig. 1a, 2, 3).
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Fig. 3. (a) Aulacoseira baicalensis, relationship between valve diameter (axis X, pm) and mantle
height to valve diameter ratio (axis Y), o: Middle Baikal, x: Krasnoe Lake. (b) A. subarctica,
relationship between valve diameter (axis X, um) and mantle height to valve diameter ratio

(axis Y), e: Kurilskoe Lake, x: Krasnoe Lake.

In A. muzzanensis separation valves and those in filaments can have the same num-
ber areolae in 10 um as in A. granulata, as well as much more (16—21) (Table 2). How-
ever, according to the literature, such numbers of areolae were found in A. granulata
too: Genkal (1992) and Genkal and Gorokhova (2008) reported 16 and Maystrova et
al. (2007) reported 18. In illustrations of A. granulata (Florin, 1970: Fig. 21-23) the
number of areolae in 10 um ranges from14 to 20. Measurements from micrographs
indicate that the number of areolae in 10 pm on separation valves of A. muzzanensis
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can differ even on one valve of the colony (14 and 18: Krammer, 1991: Fig. 11a), which
indicates a wider range of variability of this characteristic coinciding with that of
A. muzzanensis. Skabichevskiy (1960) also noted variations in the number of rows and
areolae on the valve mantle and attributed it to cell age — old frustules have 11.2 rows
of pores in 10 um and 6.7 pores in a row and young ones have 13.2 rows and 13.3 pores.
In our opinion the results of our investigations and data from the literature con-
firm the correctness of referring Melosira granulata var. muzzanensis to the synonym of
Aulacoseira granulata and make it possible to refine the diagnosis of the latter.

Aulacoseira granulata (Ehrenb.) Simonsen, 1979, Bacillaria, 2: 58, emend. Genkal
(Plate T)

= Gallionella granulata Ehrenb., 1843, Abh. Konigl. Akad. Wiss. Berlin, 1841: 415. =
Melosira granulata (Ehrenb.) Ralfs in Pritchard, 1861, A History of Infusoria, inclu-
ding the Desmidiaceae and Diatomaceae, British and Foreign, 4™ ed.: 820.

= M. granulata var. angustissima (Ehrenb.) O. F. Miill., 1899, Hedwigia, 38(6): 315,
pl. 12, fig. 28.

= M. muzzanensis F. Meist., 1912, Beitr. Kryptogamenfl. Schweiz 4(1): 41, 232, pl. 1,
fig. 10. = M. granulata var. muzzanensis (F. Meist.) Hust., 1930, Die SiiBwasser-Flo-
ra Mitteleuropas, Heft 10: 88, fig. 7. = Aulacoseira muzzanensis (F. Meist.) Krammer,
1991, Nova Hedwigia, 52(1-2): 98.

= A. granulata var. australiensis (Grunow) Moro, 1991, Arq. Biol. Technol. 34(2): 355.

Frustule from low to high, cylindrical with several bands. Valves straight or bent
along central axis, round, flat, 2.0-37.1 um in diameter. Valve face areolae arranged
randomly, sometimes only along margin, or are structureless. Mantle with longitudinal
straight or inclined areola rows 6—20, and transverse undulate rows (4—20 in 10 pm).
Circular groove shallow, narrow, ringleist not wide. Linking spins along margin small,
bifurcated, teardrop-shaped, branching, elongated and pointed; separation valves with
long coarse spines of different lengths (1-7), overlying similarly shaped structureless
parts (grooves) of adjacent valve mantle. Auxospores spherical.

Aulacoseira granulata var. australiensis has a range of variability of quantitative fea-
tures (valve diameter 18—31 um, height 11-17 pm, 8—16 striae in 10 um, 8—16 areolae
in 10 um) coinciding with those of A. granulata var. granulata (Table 2). According
to the diagnosis, areolae on the valve face of A. granulata var. australiensis are located
over the entire surface; however, they are absent in the type variety in the author’s
opinion (Moro, 1991). This statement is untrue, and areolae in A. granulata var. granu-
lata are distributed over the entire surface (Krammer, Lange-Bertalot, 1991: Taf. 17,
Fig. 7-10; Houk, 2003: Tab. XXV, Fig. 14, 15). One of the features that differentiates
A. granulata var. australiensis from the type species is a smaller number of spines in the
latter (2—3) compared to A. granulata var. australiensis (3—4). However, according to
our data, their number may vary from 1 to 7 (Fig. 1b). In our opinion, in view of the
above, A. granulata var. australiensis belongs to the group A. granulata var. granulata.
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Plate I. Aulacoseira granulata, SEM (Ivan'kovo Reservoir, 16 VII 1981, sample 817, IBIW).
1-10 — external view, the separation valves, variations in the number of spines and their length;
11 — valves in the colony. Scale bars: 1, 2, 4, 6-8 —5 um; 6, 8, 12—14 —10 um.
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