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Abstract

This paper describes two new species of Mallomonas. Mallomonas temonis was identified in the Table Mountain 
Plateau, South Africa; Mallomonas divida was identified in Aquitaine, France. The descriptions are based on silica-scale 
morphology studied by means of transmission and scanning electron microscopy. Mallomonas temonis belongs to the 
section Heterospinae. A scale is surrounded by a submarginal rib connected at lateral parts by a strong, more or less 
transversal rib. Mallomonas divida belongs to the section Torquatae. The shield of scales is covered by regularly 
arranged, delicate papillae and marked by one or several rows of more distinctive papillae.

Introduction

Synurales, including Synura Ehrenberg 1834: 314 and Mallomonas Perty 1852: 170, are often important 
components of the phytoplankton community of freshwater lakes and reservoirs. Mallomonas represents the 
most diversified genus of the group (Siver 1991). Currently, it is comprised of approximately 280 taxa; 
however, only 163 taxa are accepted taxonomically (Guiry & Guiry 2012). The cell body of the flagellates is 
covered with an armor of imbricated silica scales. The scales represent flat, bilateral, almost symmetrical 
objects with dimensions of 2.5–6.0 × 1.5–4.0 μm in most species. In Mallomonas, some or all scales may 
harbor a bristle. The oldest record for the genus dates to ∼40 million years ago, and is represented by 
numerous Mallomonas scales and bristles discovered in Eocene maar lake sediments (Siver & Wolfe 2005). 
Siver & Wolfe (2005) reported several extinct species along with scales significantly similar to contemporary 
taxa, and they concluded that the scale morphology is an old and reliable morphological character. 
Mallomonas also represents the flag ship genus to study biogeography and to evaluate the neutral dispersal 
model in protists (Řezáčová & Neustupa 2007). 

Early classification of Mallomonas was based on characteristics like cell size and shape, colonial versus 
solitary habitat, number of visible flagella, number of chloroplasts, scale outline, and position of bristles 
visible under a light microscope (Starmach 1985). The introduction of electron microscopy into silica-scaled 
chrysophyte research was initially performed by Fott (1955) and Asmund (1955), and it revolutionized the 
Mallomonas taxonomy. Mallomonas is considered to have one of the best morphological species concepts 
within Stramenopiles. The taxonomically diagnostic morphology of scales and bristles enables this concept of 
morphospecies to be applied reproducibly. Intensive investigation resulted in description of numerous new 
species and several recently published monographs (Siver 1991, Kristiansen 2002, Kristiansen & Preisig 
2007). Several analyses using molecular markers were performed to set a baseline for understanding of 
synurophyte phylogeny (Lavau et al. 1997, Andersen 2007); however, the genus Mallomonas was shown to 
be polyphyletic in the rbcL phylogenetic tree, and it was not resolved based on nuclear SSU rDNA data 
(Andersen 2007). The most recent study examined the phylogenetic relationship among Mallomonas species 
isolated from Korean localities using scale morphology combined with nuclear SSU and LSU rDNA and rbcL
genes (Jo et al. 2011).
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Although new species of Mallomonas are continuously described (e.g., Kim & Kim 2008, Němcová et al.
2011), the real diversity of the genus is unknown and probably strongly underestimated. The purpose of this 
study is to describe two additional species, Mallomonas temonis and M. divida, from Western Cape (South
Africa) and Aquitaine (France), respectively. Two new species, Mallomonas solea-ferrea Němcová & 
Kristiansen in Němcová et al. (2011: 378) and M. siveri Němcová & Kristiansen in Němcová et al. (2011: 
379), have been described recently from Western Cape (Němcová et al. 2011). Water-bodies in Aquitaine 
have been investigated recently and a high percentage of all known synurophyte species, including the rare 
ones, was revealed (Němcová et al. 2012).

Materials and Methods

This paper is based on either surface sediment samples fixed with Lugol’s solution (Mallomonas temonis) or 
on freshly collected plankton and surface sediment samples (M. divida). Surface sediment samples were 
obtained by syringe suction from the upper sediment layers. Plankton samples (20 μm mesh net) were 
combined with water squeezed from the submerged vegetation. Selected environmental variables were 
measured at the collection site of M. divida (pH, conductivity and surface water temperature; pH-
conductometer WTW 340). The Lugol-fixed samples were washed by repeated centrifugation in deionized 
water. Drops of the fresh or washed samples were dried onto Formvar-coated transmission electron 
microscopy (TEM) grids. The TEM grids were examined with a JEOL 1011 transmission electron 
microscope. Photomicrographs were obtained using a Veleta CCD camera equipped with image analysis 
software (Olympus Soft Imaging Solution GmbH). For scanning electron microscopy (SEM), the Formvar-
coated grid (already observed in TEM) was mounted onto an SEM stub with double-sided adhesive carbon 
tape, coated with gold for 5 min (forming a 3 nm layer) with a Bal-Tec SCD 050 sputter coater, and observed 
with a JEOL 6380 LV scanning electron microscope. Typification of the new species is based on the 
illustrations hereby published, as it was impossible to preserve specimen showing the features attributed to the 
taxon (ICN art. 40.5). 

Taxonomy 

Mallomonas temonis Němcová sp. nov. (Figs 1A–L)

Type:—SOUTH AFRICA. Western Cape: unnamed small pool at Table Mountain, 33° 57.499´ S, 18° 24.282´ E, 1064 m 
a.s.l., sample collected by Y. Němcová, 20 August 2010. Figure 1D.

Three types of scale may be discerned including apical, body, and rear scales; however, a continuous 
transition between body and rear scales exists. Apical scales (2.6–3.2 × 1.9–2.5 μm) are broad and remarkably 
asymmetric, with one lateral edge shorter than the other. A large, broad, flat dome is eccentrically situated and 
its posterior part is extended, which forms a lip. The base plate is marked with closely spaced pores, which are 
clearly visible on the less silicified scale (Fig. 1I). A scale is surrounded by a submarginal rib curving toward 

FIGURE 1. Mallomonas temonis. A–B, asymmetric apical scales with an eccentrically situated dome; C–D, oval body scales; E–F, 
rear scales; G–H, a body scale bearing a bristle; G, a scale viewed in a transmission electron microscope; H, the same scale viewed in 
a scanning electron microscope (SEM); I, a body scale with a bristle anchored to the dome, a rounded rearmost scale and a less 
silicified scale marked with closely spaced pores; J, a slightly curved bristle with a sharp tip; K, a group of body scales including one 
rearmost scale; L, a group of body scales viewed in SEM. Note that the side of the scale adjacent to the plasma membrane is 
smooth. Bar = 0.5 μm, if not stated otherwise. A–F and I are shown at the same magnification. 
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the dome. At the posterior part of the scale, a strong, more or less transversal rib connects the lateral parts of 
the submarginal rib. A secondary reticulum of smaller meshes with more delicate ribs may be developed 
under the transversal rib (Fig. 1A). The submarginal areas possess struts (occasionally bifurcated) radiating 
from the submarginal rib; the struts do not reach the proximal border. The proximal border surrounds 
approximately half of the scale outline (Figs 1A–B). Body scales (3.2–3.9 × 2.1–2.7 μm) are oval and 
essentially bilaterally symmetrical (Figs 1C–D). The submarginal rib fuses with the dome forming the 
continuous entity (Figs 1H, 1L). The strong transversal rib crosses the shield in approximately the lower half 
to third (Figs 1K–L). Remnants of the reticulum of smaller meshes are sometimes visible on the shield (Fig. 
1G). Rear scales (2.1–2.7 × 1.4–1.9 μm) are smaller and more rhomboidal compared to body scales (Figs 
1E–F). The rearmost scales (1.4–1.6 × 0.8–1.1 μm) are oval, lack a dome, and have a rudimentary reticulum 
formed by delicate ribs. Bristles (3.2–3.5 μm) are smooth, slightly curved and attenuated, with a sharp tip. The 
foot of the bristle is thin (Figs 1G–J). Only one type of bristle was observed. Cyst unknown. Cell shape and 
dimensions unknown.

Habitat:—Small, humic pool.
Distribution:—South Africa, the species was only found in the type locality.
Etymology:—The epithet refers to the strong transversal rib, from Latin “temo” (pole or beam).

Mallomonas divida Němcová & Kreidlová sp. nov. (Figs 2A–K)

Type:—FRANCE. Aquitaine: unnamed lake south of the Reserve Naturelle Marais d'Orx, 43° 34.398´ N, 1° 23.464´ W, 
23 m a.s.l., sample collected by Y. Němcová & J. Kreidlová, 27 March 2011. Figure 2E.

Collar, body, and rear scales are discerned. Collar scales, surrounding the flagellar pore (3.1–3.3 × 1.9–2.1 
μm), are of trapezoid shape and relatively broad at the base (Figs 2A–D). The large and suboval dome has a 
small peak that rises as the extension of the dorsal submarginal rib. The dome is partly reticulated by circular 
meshes and possesses a ridge dorsally marked with delicate struts (Figs 2B–C). The submarginal rib is 
distinctly developed at the dorsal part of the scale. The flange is smooth, forming a prominent elongated 
protrusion on the dorsal edge of the collar scale adjacent to the dome ridge. A proximal border circulates the 
posterior and dorsal parts of the scale. The submarginal rib is smooth and less prominent at the ventral part of 
the scale. The shield of the scale is covered by more or less regularly arranged delicate papillae, and divided 
by one or several rows of more distinctive papillae (Fig. 2D). At the articulation, the submarginal rib window 
(depression without secondary layer) possesses the row of 3−5 pores. Body scales (2.6–2.9 × 1.7–2.0 μm) are 
rhomboid and domeless (Figs 2E–H). The posterior submarginal rib is not prominent; it is more flattened and 
smooth. There is no anterior submarginal rib; the anterior flange and shield are not distinctly separated. There 
are rows of papillae outlining the outer surface of the anterior scale part, whereas the posterior flange is 
smooth. The ornamentation of the shield is similar to the collar scales. Posteriorly on the shield, a window 
with 2–3 pores is present. Rear scales (2.2–2.5 × 1.2–1.5 μm) are asymmetric with one anterior flange 
considerably longer than the other, and possessing a short spine (Figs 2I– J). The rearmost scales (1.1 × 0.8 
μm) are oval with a spine (Fig. 2J). Bristles not observed. Cyst unknown. Dimensions of the cell unknown, 
first row is formed by approximately 5–6 collar scales (Fig. 2K).

Habitat:—Mesotrophic lake.
Distribution:—France, the species was only found in the type locality.
Etymology:—The epithet refers to shield divided by one or several rows of more distinctive papillae.
Observations:—Selected environmental variables were measured during the sampling: pH 6.6, 

conductivity 395 μS⋅cm-1, surface water temperature 16.1°C.
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FIGURE 2. Mallomonas divida. A–D, collar scales with different shield patterns. The dome is partly reticulated by circular meshes; 
A–C, scales viewed in a transmission electron microscope (TEM); D, a scale viewed in a scanning electron microscope (SEM). The 
pattern on the shield is formed by one or several rows of more distinctive papillae; E–H, body scales with different shield patterns; 
E–G, scales viewed in TEM; H, a scale viewed in SEM; I, a rear scale with one anterior flange considerably longer than the other; J, 
two rearmost scales possessing spines; K, the scales comprising the scale case. Bar = 0.5 μm, if not stated otherwise. A–J are shown 
at the same magnification. 
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Discussion

Mallomonas temonis belongs to the section Heterospinae Momeu & Péterfi (1979: 19). Within this section, it 
is most similar to Mallomonas canina Kristiansen (1982: 294). All members of this section possess obovate 
domed scales. The base plate is perforated with closely spaced pores. Scales are marked with a more or less 
elaborated reticulum of ribs. In M. canina, the surface of the scale is ornamented with a series of prominent 
papillae, and except for the continuous submarginal rib, several (mostly four) primary ribs cover the shield, 
with the longitudinal apical rib terminating at the base of the dome (Kristiansen 1982). The scales of M.
temonis are distinguishable from those of M. canina, in that they lack the prominent papillae and the reticulum 
is composed solely of the continuous submarginal rib connected by a single transversal rib. Moreover, only 
needle-shaped bristles were observed in M. temonis, whereas in M. canina, both types of bristles, needle-
shaped and hooked, were documented. Mallomonas temonis also closely resembles Mallomonas hindonii
Nicholls (1982: 92). The scales of both species are similar in that they lack prominent papillae on the shield 
and have a submarginal rib that fuses with the dome, forming a continuous entity. The scales of M. hindonii
are ornamented with a group of primary ribs that usually originate from a central point (Nicholls 1982), 
whereas in M. temonis, only the transversal rib, in addition to the continuous submarginal rib, is present. A 
taxon that is similar to M. temonis is Mallomonas pugio Bradley (1964: 325). The scales of both species are 
similar, with a continuous submarginal rib connected by a single transversal rib. However, in M. pugio, well 
developed posterior flange ribs and a longitudinal apical rib are present (Bradley 1964). The elongated dome 
is ornamented with a group of thick ribs, whereas in M. temonis, the dome is oval and smooth. The scales of 
Mallomonas harrisiae Takahashi (1975: 41) are distinguishable from those of M. temonis in that the system of 
primary ribs of the shield is more elaborated and their rounded dome is marked with longitudinal ribs 
(Takahashi 1975). Moreover, apical scales of M. harrisiae, M. hindonii and M. pugio possess very broad and 
highly asymmetric domes, with one side drawn into a pointed apex and the longitudinal apical rib crossing the 
dome. By contrast, the dome of M. temonis is round, and the anterior part is extended and forms a lip. To 
conclude, the most distinctive scale character, discerning M. temonis from the other species of the section 
Heterospinae, is the transversal rib which leaves both the apical and posterior parts of the shield almost 
without any further structures. Mallomonas temonis was found in an unnamed small pool at Table Mountain 
together with the recently described M. siveri (Němcová et al. 2011), Mallomonas temonis was relatively 
frequent in the sample. 

Mallomonas divida belongs to the section Torquatae Momeu & Péterfi (1979: 16), series Mangoferae 
Asmund & Kristiansen (1986: 110). The taxon that is most similar to M. divida is Mallomonas mangofera var. 
gracilis (Dürrschmidt 1983: 186) Kristiansen in Kristiansen & Preisig (2007: 82). The scales of both taxa are 
similar in having the shield ornamented by numerous delicate papillae. In M. mangofera var. gracilis, the 
papillae are irregularly scattered and form a dense secondary layer (Dürrschmidt 1983). By contrast, in M.
divida, the papillae are arranged more regularly and the shield is ornamented by one to several rows of more 
distinctive papillae. Moreover, all types of scales are slightly smaller in M. mangofera var. gracilis than in M.
divida. Mallomonas villosa Dürrschmidt (1986: 101) differs from M. divida by the presence of the mesh 
pattern on the shield formed by groups of papillae, and in having depressions of thinner scale material on the 
anterior flange. Moreover, the dome of collar scales in M. villosa is marked with patches of minute pores and 
papillae and is terminated by a sharply pointed peak. The rear scales of M. villosa may also possess one to 
several spines (Dürrschmidt 1986), whereas only a single spine was observed in M. divida. Mallomonas 
divida also resembles Mallomonas madagascariensis P. Hansen in Hansen & Kristiansen (1995: 216), but this 
last differs in that it has the shield papillae arranged in a regular hexagonal way and an almost unornamented 
dome. The body scales of Mallomonas crocodilorum P. Hansen in Hansen & Kristiansen (1995: 222) are 
distinguishable from those of M. divida in the shield pattern that comprises distinctive papillae with even 
spacing but with no apparent symmetry. Moreover, approximately two rows of shield papillae continue into 
one side of the anterior flange (Hansen & Kristiansen 1995). All types of scales are slightly larger than those 
of M. divida. Finally, rear scales of M. crocodilorum are spine-less. A similar taxon to M. divida is also 
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Mallomonas inornata Nicholls (1989: 293) from the series Eoae Asmund & Kristiansen (1986: 106) (section 
Torquatae). Several features may be used to distinguish these two species. Mallomonas inornata differs in that 
there is only a single prominent pore posteriorly on the shield window, the shield is unpatterned, and collar 
scales possess an apically positioned rounded dome with a prominent beak-like protrusion (Nicholls 1989). 
Mallomonas divida shared an unnamed lake south of the Reserve Naturelle Marais d'Orx (Aquitaine) with a 
diverse silica-scaled community and was relatively rare.

Future research will reveal whether Mallomonas temonis and M. divida are restricted to warm areas with 
mild winters, or whether their distribution is wider and they have been unnoticed because of their rare 
occurrence and/or low population numbers. Description of new species often initiates new reports from other 
parts of the world. Further studies on silica-scaled chrysophytes may help to evaluate the distribution patterns 
and environmental requirements of these newly described species.
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