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Abstract: A new fossil species of Mallomonas, M. elephantussp. nov., is described from an Eocene
maar lake situated near the Arctic Circle in northern Canada. The new species has three distinctly
different types of scales, craspedodont bristles, and is believed to represent a stem taxon of the
section Planae. Body scales are large, oval to square-shaped, with a shallow U-shaped transverse
rib centrally positioned on the base plate, large rimmed pores at the base of the posterior rim, and
large widely-spaced papillae. The anterior margin of a second, and smaller, scale type bends sharply
90° to the right forming a unique type of extension and resulting in a highly asymmetrical shape.
The size of the asymmetric scales is highly variable, and this scale type likely covered the posterior
end of the cell. The third scale type has a triangular-shape caused by a short projecting spine. The
variation in size of the triangular scales is small and these scales are believed to have formed a ring
around the flagellar pore. Bristles are long with smooth, rolled shafts, and a broad flat foot. The
surface area of body scales is about three times the size of the mean for modern species, supporting
the hypothesis that many extinct synurophyte species had gigantic scales. Based on a model relating
scale length to cell length, the size of M. elephantus cells is estimated to have been twice as large
as the mean for modern species.
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I ntroduction

Mallomonas Perty, the largest genus within the heterokont Synurophyceae clade,
consists of motile, unicellular, freshwater organisms commonly found in the plankton
of lakes, ponds, bogs and wetlands (Kristiansen 2005, Siver 2015a). The most diverse
floras of synurophytes are commonly observed from habitats that are slightly acidic,
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dilute, poorly buffered, with low to moderate concentrations of nutrients and humic
substances (Siver 1995). The Mallomonas cell consists of a series of relatively flat,
siliceous structures, or scales, that are organized into a covering surrounding the
entire plasma membrane with the exception of a small pore from which the flagellum
emerges. Practically all species of Mallomonas possess a second type of siliceous
component known as the bristle. Bristles are long, needle-like structures composed
of a foot and shaft (Siver 1991, Kristiansen 2002). The foot is flattened, bent at an
angle relative to the shaft, and tucked under the apical end of a scale, allowing the
shaft to radiate outwards from the cell. The ultrastructural details of the scales and
bristles are of taxonomic significance at the species level, a concept well supported
by molecular phylogenetic studies (Jo et al. 2011, 2013, Skaloud et al. 2012; 2014).

In his monograph on Mallomonas, Kristiansen (2002) recognized 172 taxa that could
be distinguished on the basis of examination of the siliceous components with electron
microscopy. Other species have since been described using EM (e.g. Kristiansen &
Preisig 2007, Némcova et al. 2012, 2015). In addition to species known well with EM,
there are numerous taxa that were originally described with light microscopy (LM),
but where the ultrastructural details of the siliceous components remain unknown
(Kristiansen 2002, 2005). This has resulted in a discrepancy between the two different
methods, and it is unlikely that the identity of many of the species described with
LM will ever be known.

All Mallomonasscales consist of a base plate with an upturned rim along the posterior
margin. The base plate is usually partially or fully perforated with pores, and the
upturned rim usually encircles about one-half of the scale perimeter (Siver 1991).
Scales of many species contain additional structures on the external surface, including
ribs, reticulations, papillae, anterior submarginal ribs and V-ribs, collectively referred
to as secondary structures (Wee 1982, Siver 1991, Kristiansen 2002). The V-rib is a
prominent ridge of silica with a base in the proximal region of the scale, and arms
that extend to about the middle of the scale. The V-rib is involved in spacing and
aligning the scales on the cell coat (Siver & Glew 1990), and is of significance in
the evolutionary history of the genus (Jo et al. 2011, Siver et al. 2015). The overall
design of the base plate and secondary structures is unique at the species level, and
therefore of taxonomic significance.

Recently, Siver et al. (2015) used a combination of morphometric, molecular and
paleobiological methods to summarize what is known on the evolutionary history
of synurophytes. The study included morphometric data on 100 modern taxa and 27
fossil species, and molecular data on 40 modern species. Siver et al. (2015) found that
Mallomonas diverged from other synurophytes during the Early Cretaceous at 130
Ma, and soon thereafter the genus further split into two major subclades, signaling
the evolution of the V-rib. These authors further noted that the group of extinct fossil
species lacking modern counterparts had gigantic scales, significantly larger than
those found on modern taxa, and that the large scale size may have played a role
in their demise. The purpose of this paper is to describe a new species of extinct
Mallomonas from an ancient Eocene Arctic lake with large scales featuring a unique
suite of features.



Materials and methods

Samples from the Giraffe core are identified with a three-part number (Siver 2015b). The first number
represents the core box. The larger the number, the deeper the section is within the core. Box 11
represents the top and end of the lacustrine phase within the sequence. Each box contains three 1.5
m core lengths, identified as channels 1, 2 and 3. The second number represents the channel. The
third number is the measurement in cm down from the top of a core length. For example, sample
13-1-130 represents a sample taken from 130 cm down along the core length positioned in channel
1 from box 13. This study includes samples from 13-1-130, 14-1-40, 14-1-60 and 15-1-15.

Mudstone fragments (50-100 mg) from each section of the Giraffe core examined were oxidized
using 30% H,O, under low heat for a minimum of an hour, rinsed with distilled water, and the
slurries stored in glass vials at 4°C. This mild oxidation procedure results in separation of many
siliceous microfossils from the mudstone matrix as well as small remaining fragments. An aliquot
of each slurry was air dried onto a piece of heavy duty aluminum foil. The aluminum foil samples
were trimmed and attached to aluminum stubs with Apiezon® wax. In addition, fragments of rocks
were mounted directly onto SEM stubs using double-sided carbon tape. Silver paint was used to
connect the base of each rock fragment to the stub to reduce charging. All samples were coated with
a mixture of gold and palladium for 2 min with a Polaron Model E sputter coater. Samples were
examined with a Leo (Zeiss) 982 FESEM or a FEI Nova NanoSEM 450 field emission scanning
electron microscope (SEM).

Measurements of scales were made directly from electron micrographs. The length and width
estimates for the asymmetric scales do not include the right-sided extension of the margin. Three
measurements are given for the triangular-shaped scales: the width including the apical spine; the
length from the base of the posterior rim to the opposing margin and; the width between the opposing
ends of the posterior rim.

Site pEscripTioN: The Giraffe Pipe locality (64°44'N, 109°45'W) is a kimberlite diatreme that was
emplaced into the Slave Craton in the Northwest Territories of Canada approximately 47.8 million
years ago during the middle Eocene (Siver & Wolfe 2005, Wolfe et al. 2006). The diatreme crater
filled with water, becoming a maar lake, and slowly infilled with a sequence of lacustrine and later
paludal sediments. The sediment strata were capped by Neogene glacial deposits (Siver & Wolfe
2005, Wolfe et al. 2006). The Giraffe Pipe is one of many kimberlites in the Lac de Gras field, most
of which have Cretaceous or Paleogene emplacement ages (Heaman et al. 2004). A 163 m long
drilled core, collared at a 47° angle, was uncovered from the Giraffe maar in 1999 by BHP Billiton
Inc. (Siver & Wolfe 2009). A total of 113.1 m of the core contain well preserved stratified organic
sediment, including 68.3 m of lacustrine mudstones, overlain with 44.8 m of peaty and terrestrial
remains. An air-fall tephra bed located near the end of the aquatic phase was dated at approximately
40 million years using fission tracking (Doria et al. 2011), indicating that the lake sediments were
deposited during the Eocene. We envisage that, after phreatomagmatic kimberlite emplacement, a
waterbody formed within the crater that persisted for hundreds of thousands of years, varying in
depth and physical attributes over time, slowly infilling, and eventually transitioning to a terrestrial
environment.

Results

Mallomonas elephantus sp. nov. Siver & Wolfe

Cells of Mallomonas el ephantus possess three types of scales, body scales, scales with
a large, trunk-like extension along one margin, and triangular-shaped scales (Figs 1-4).
Body scales are large, range in size from 6.7-9.6 x 4.4-6.1 um, and possess a broadly
rounded posterior margin, and a square-shaped anterior end (Figs 1; 4A-B; 5). The
mean size of body scales is 7.8 x 5.3 um. The posterior rim is shallow and encircles
approximately half of the scale perimeter. A shallow, U-shaped rib crosses the scale



Fig. 1. Body scales of Mallomonas elephantus. Note the square (A-B, E-F) to oval (C-D) shape,
position of the U-shaped transverse rib, the posterior rib encircling approximately 1/2 the scale
perimeter, and the widely-spaced surface papillae. The size, arrangement and distribution of base
plate pores is shown on the undersurface of the scale (F). The variability of the transverse rib ranges
from wide (A), to shallow (D), to interrupted (B), to irregular (C), to incomplete (E). Note the
positions of isolated (A-B) and small groups (C-D, F) of rimmed pores in the posterior region of
the scale. Scale bars = 2 pym.



Fig. 2. Asymmetric scales of Mallomonas elephantus with the anterior margin bending 90° to the
right side forming a trunk-like extension (A-E). Note the arrangement of large papillae on the
anterior half of the scale, the distribution of large rimmed pores, and position of the posterior rim.
The shape of the transverse rib ranges from complete (A, D), to interrupted (B), to incomplete (C).
E) Undersurface of a scale denoting the base plate pores and delineation of the trunk-like extension.
F) Close-up of the central region denoting a small transverse rib, the relative arrangement of surface
papillae, and groups of surface pores. Scale bars =1 um (F) and 2 um (A-E).



Fig. 3. Triangular-shaped scales (A—C) and bristles (D-F) of Mallomonas elephantus. A—C) Note
the extention of the spine to the left side of the scale relative to the posterior rim, and the irregularly
raised portion of the base plate on the triangular-shaped scales. D) Whole bristle depicting the large
foot, smooth and rolled shaft, and toothed distal apex. E-F) Close-ups of the foot and distal apex of
the bristle in "D." Scale bars = 500 nm (F), 2 um (A-C, E) and 5 um (D).

approximately 2/3 the distance from the anterior margin with the ends becoming aligned
with the ends of the posterior rim (Figs 1A-D). The transverse rib is highly variable,
ranging from small (Fig. 1D), to large (Fig. 1A), to interrupted and incomplete (Figs 1B,



Fig. 4. Micrographs of fractured mudstone surfaces containing numerous scales, especially
representing Mallomonas elephantus and Synura cronbergiae. A-B) Groups of body scales of
M. elephantus showing the surface and undersurface of the scales. The arrow in (B) denotes the foot
of a bristle. C) Several triangular-shaped scales of M. elephantus possibly still overlapped in their
original positions. D) Rock surface showing all three types of scales and bristles of M. elephantus,
and remains of S cronbergiae scales. The arrows denote the foot portions of bristles. Scale bars =
2 um (C), 5 um (A-B) and 10 um (D).

E), to sometimes missing altogether. Large widely-spaced papillae cover the anterior
half of the scale, but are lacking in the posterior region behind the transverse rib (Figs
1A-E). Three types of pores are found on body scales. The posterior two-thirds of the
base plate has small, evenly-spaced pores easily observed on the undersurface of the
scale (Fig. 1F). However, the base plate pores are not visible on the scale surface. A
second, much larger type of pore with a reinforced rim penetrates the base plate along
the posterior rim. The number and spacing of the large pores is highly variable. Many
scales have one or two isolated pores, while others have multiple clusters of one to
four (or more) pores each. Lastly, distinct groups of roughly 10 to 15 very small pores
cover the majority of the scale surface (Fig. 2F), however, these pores are only observed
from the surface of the scale and can’t be detected from the undersurface (Fig. 2E).

The second type of scale is significantly smaller and more oval-shaped than the body
scales, but highly asymmetrical caused by the anterior end bending 90° to the right



side, forming a trunk-like extension (Figs 2A-E). The asymmetric scales are highly
variable in dimensions, range in size from 3.8-6.5 x 1.6-4.0 pm (Fig. 5), and the wing
can extend up to 2 um past the perimeter. Most of these scales have either a shallow,
or more often incomplete, transverse rib. The majority of asymmetric scales have one
or two large posterior rimmed pores (Figs 2A-E), and all possess the large surface
papillae and groups of very small surface pores. As viewed from the underside, the
wing portion lacks base plate pores and is clearly delineated from the remainder of
the scale (Fig. 2E).

The shape of the base plate on the third type of scale is more circular, but takes an
overall triangular-shape as a result of a forward projecting spine (Figs 3A-C; 4C-D).
These scales lack the transverse rib, the groups of small surface pores, and rarely possess
surface papillae. Scales range in size from 6.7-8.3 um (with the spine) x 5.1-5.4 um
x 4.5-5.3 um (Fig. 5). From one to four large rimmed pores are found at the base of
the posterior rim, and the anterior margin is reinforced with a thick rib. The center of
the scale is irregularly raised relative to the base plate (Figs 3A-B), forming a shallow
cavity (Fig. 3C).

Bristles of M. elephantus range in length from about 20 to 38 pum, are craspedodont
with rolled shafts that are smooth and hollow, and a broad, flat foot that can reach 3
to 4 pm in length (Figs 3D-F). The apical tip is often lined with small teeth (Fig. 3F).

Numerous fractured rock surfaces containing rich assemblages of in-situ scales,
especially of M. elephantusand Synura cronbergiae Siver, were examined in an attempt
to determine the arrangement of scales and bristles on the cell (Fig. 4). Although this
task proved to be difficult, several observations are noteworthy. Groups of scales
apparently still in relative position to one another were observed. Within these remains,
the smaller asymmetric scales with trunk-like extensions were often found to one side
of the larger body scales (Fig. 4B). In addition, groups of triangular-shaped scales, some
still overlapped, were commonly observed (Fig. 3C). The remains of bristles (arrows,
Figs 4B, D) were often broken and no longer associated with the scales. However, the
number of bristles was roughly equivalent to the number of apical scales.

Hovorype: Here designated the collection of specimens on SEM stub deposited at the Canadian
Museum of Nature, CANA 110,023. Material from section 13-1-130 of the Giraffe Pipe core
collected by P.A. Siver.

Iconorypus: Figure 1A, uncovered from section 13-1-130 of the Giraffe Pipe core.

EprrHET: Mallomonas elephantus is taken from the Latin word for elephant and refers
to the trunk-like extension found on the asymmetric scales.

Remains of Mallomonas elephantus were uncovered in the 4 sections of the Giraffe
core examined in the study, with massive numbers of specimens contained in mudstones
from section 13-1-130. This region of the core is dominated by Synura cronbergiae,
and also contains significant numbers of chrysophyte cysts. Other notable taxa found
with M. elephantus include remains of Spiniferomonas, Mallomonas pleuriforamen
Siver, Lott, Jo, Shin, Kim & Andersen and an undescribed species of Mallomonas
that belongs in section Punctiferae. In previous publications (e.g. Siver et al. 2015)
M. elephantus was referred to as Mallomonas GP 9.



Discussion

The combination of characteristics of the three scale types of Mallomonas elephantus
is unlike that found on any known modern species within the genus, leading to the
conclusion that this Eocene taxon is extinct. Jo et al. (2011) and Siver et al. (2015)
documented that the genus Mallomonas split into two major clades in the Early
Cretaceous around 130 Ma ago. One clade contains species that have scales with
a true V-rib and ribbed bristles often bearing teeth along the shaft. The other major
clade, containing the large section Planae, has species with scales that lack a \/-rib and
commonly possess craspedodont bristles. This type of bristle forms when an elongated
siliceous sheet folds to produce a hollow shaft with a seam where the margins of the
sheet meet (Kristiansen 2002, Siver et al. 2015). Given the lack of a true V-rib, coupled
with craspedodont bristles, Mallomonas el ephantus represents a stem taxon within the
clade lacking this former structure. Although the position of M. elephantus within the
clade is difficult to determine, this species does share some features with taxa in the
Series Peronoides of the section Planae. Series Peronoides diverged at 111 Ma, at the
base of the large clade with species lacking a V-rib. Like M. elephantus, taxa in series
Peronoides have specialized triangular-shaped apical scales with a forward projecting
spine, and body scales with a central thickened rib. However, other features of M.
elephantus, such as the scales with trunk-like extensions, are unique. As additional
fossil species are uncovered, a better understanding of the placement of M. elephantus
within the phylogeny can be made.

A possible hypothesis regarding the arrangement of scale types on the cell covering of
M. elephantusis that the triangular-shaped scales surrounded the anterior flagellar pore,
the body scales were arranged along the majority of the cell surface, and the smaller
asymmetrical scales were localized in the posterior region. Triangular-shaped scales
similar in structure to those on M. elephantus are commonly found arranged in a ring
around the flagellar pore with the spines directed outward from the cell (Kristiansen
2002). For example, similar shaped scales surrounding the flagellar pore are found on
some species within the section Planae, including M. peronoides (Harris) Momeu &
Péterfi and M. bangladeshica (Takahashi & Hayakawa) Wujek & Timpano, and on
species within the section Punctiferae. This scale type has also been noted on fossil
species, such as Mallomonas schumachii Siver (Siver 2015b). In addition, scales that
surround the flagellum pore typically have a small range in size (Kristiansen 2002),
probably because these scales need to fit precisely within the ring surrounding the
emergent flagellum. It is most reasonable to assume that the triangular scales of
M. elephantus, which have a narrow size range (Fig. 5), served a similar function in
encircling and forming the flagellar pore.

Unlike the triangular-shaped scales, the position of the highly asymmetric scales
on the cell covering, as well as the function of the 90° extension from the anterior
margin, are less clear. In fact, there are no known species, modern or fossil, that have
this type of structure. There are several modern species, for example Mallomonas
vannigera Asmund, M. pseudocoronata Prescott and M. duerrschmidtiae Siver, with
wing-like extensions. However, the structures on these modern species all originate
from submarginal ribs and extend upward from the base plate away from the cell. On
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Fig. 5. Scatter plot of scale length versus scale width for body, asymmetric and triangular-shaped
spine scales of Mallomonas elephantus.

M. elephantus scales the extension is a continuation of the margin and is more or
less on the same plane as the base plate. One possible role of this structure was to
aid in attaching bristles. However, it is not known if bristles were even associated
with this scale type, and there is no evidence that the extension wrapped around the
shaft or formed a cavity to accommodate the bristle foot. Mallomonas species with
large body scales, as is the case for M. elephantus, often produce smaller scales
with modified designs to more efficiently bend around and cover the posterior end.
Furthermore, specialized posterior scales often have a larger range in size since they
typically become progressively smaller closer to the caudal end of the cell. Given
their smaller size and high degree of size variability, the asymmetric scales were
likely found on the posterior end of the cell. If this is true, the extensions could have
offered a more proficient means by which the organism formed a complete scale
covering around the posterior end of the cell.

The V-rib structure found on many species of Mallomonasis proposed as a mechanism
to evenly space and align scales and bristles into a highly organized arrangement on
the cell surface (Siver & Glew 1990, Siver 1991). In a recent study of the evolutionary
history of the synurophytes, Siver et al. (2015) noted that a few species in the clade
lacking a V-rib, such as Mallomonas bangladeschica and M. heterospina Lund,
evolved different types of rib designs that probably function like, but are analogous
to, a true V-rib. The transverse rib found on M. elephantus scales falls into this
category and likely evolved to serve a similar role in aligning scales on the cell.
However, given the large degree of variability in the structure it was probably less
efficient than a well formed V-rib.

Based on rough estimates of the ratio of scales to bristles made from fractured
rock surfaces, it is clear that not all scales were associated with bristles. Rather, the
number of bristles was similar to the number of triangular-shaped scales, and it is
possible that only these scales had bristles. However, the possibility that bristles
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were associated instead with the asymmetric scales, or both scale types, can’t be
ruled out. The craspedodont bristles of M. elephantus are stout and wide structures
with a relatively large and flat foot compared to modern forms (Siver et al. 2015).
Other fossil species from the Eocene that are within the section Planae, including
M. porifera (Siver & Wolfe 2010) and M. schumachii (Siver 2015b), also have thick,
hollow bristles with more complex foot structures as compared to modern species.
This suggests that the evolutionary trend for the craspedodont bristle type has been a
reduction in width, size and complexity of the foot, likely coincident with a reduction
in overall scale size.

The formation of pores in the posterior region of the scale that are greater in
diameter than base plate pores is not unique to M. elephantus. Rather, isolated or
groups of such pores are quite common within the genus, and found in both of the
major clades identified by Siver et al. (2015). One or two isolated pores are found in
diverse taxa such as Mallomonas matvienkoae (Matvienko) Asmund & Kristiansen,
M. rasilis Durrschmidt and M. binocularis Siver, while linear arrays are present in
M. maculata Bradley, M. favosa Nicholls and M. mangofera Harris & Bradley. Groups
of closely spaced large pores most similar to those found in M. elephantusare present
on scales of M. matvienkoae var. myakkana Siver and var. grandis Dirrschmidt &
Cronberg, and on the fossil species, M. pleuriforamen. Differences in the structure
and distribution of pores can be an effective character used to distinguish between
species (Kristiansen 2002, Siver 2002, Jo et al. 2013). The function of these large
pores is unknown. Perhaps these pores are involved in distributing adhesives used to
help hold scales in position, especially in species lacking other pores that penetrate
the base plate.

Based on an in-depth analysis of the differences in scale size between fossil and
modern species of Mallomonas, Siver et al. (2015) reported that extinct species have
significantly larger scales than modern taxa. In that study, body scales of modern
species had a mean size of 4.3 x 2.8 um as compared to 8.7 x 4.2 um for extinct
taxa lacking modern analogs. On average, the surface area of extinct species was 3
times greater than modern forms. With a mean size of 7.8 x 5.3 um, body scales of
M. elephantusare also significantly larger than the average body scale found on modern
species. Siver et al. (2015) further established a significant relationship between scale
length and cell length for modern species. Assuming this relationship is valid for fossil
taxa, cells of M. elephantusare estimated to have been approximately 40 um long as
compared to the mean of 22 um for modern species. Thus, as hypothesized by Siver et al.
(2015) for other extinct species of Mallomonas, the gigantic and heavy scales found on
M. elephantus, coupled with potentially large cells, may have proved disadvantageous
for survival during the warm greenhouse climates of the middle Eocene, eventually
resulting in its demise. Perhaps large and heavy cells were cumbersome, more difficult
to propel through the water, and subject to increased sinking rates given the lower
densities associated with warmer water. Lastly, scale size and surface area for this
species is comparable to the means for other extinct forms, including Mallomonas
porifera Siver & Wolfe (Siver & Wolfe, 2010) and M. media Siver & Lott (Siver
& Lott 2012), supporting the hypothesis that the size of scales has declined over
recent geologic time.

11



Acknowledgements

This work was funded with support to PAS from the U.S. National Science Foundation (DEB-0716606
and DEB-1144098), and by an NSF equipment grant (NSF#1126100) to Marie Cantino (University
of Connecticut). The work was performed, in part, at the Biosciences Electron Microscopy Facility
of the University of Connecticut. The authors thank Anne Lott (Connecticut College) for help with
sample preparation and James Romanow and Xuanhao Sun for assistance with the SEM facilities.

References

DORIA, G., D.L. ROYER, A.P. WOLFE, A. FOX, J.A. WESTGATE & D.J. BEERLING 2011:
Declining atmospheric CO, during the late Middle Eocene climate transition. — American Journal
of Science, 311: 63-75.

HEAMAN, L.M. et al. 2004: The temporal evolution of North American kimberlites. — Lithos 76:
377-397.

JO, B.Y., W. SHIN, S.M. BOO, H.S. KIM & P.A. SIVER 2011: Studies on ultrastructure and three-
gene phylogeny of the genus Mallomonas (Synurophyceae). — Journal of Phycology 47: 415-425.

JO, B.Y., W. SHIN, H.S. KIM, PA. SIVER & R.A. ANDERSEN 2013: Phylogeny of the genus
Mallomonas (Synurophyceae) and descriptions of five new species on the basis of morphological
evidence. — Phycologia 52: 266-278.

KRISTIANSEN, J. (2002): The genus Mallomonas (Synurophyceae) — A taxonomic survey based
on the ultrastructure of silica scales and bristles. — Opera Botanica 139: 1-218.

KRISTIANSEN, J. 2005: Golden algae: A Biology of Chrysophytes. — Kénigstein, Germany: Koeltz
Scientific Books, 167 p.

KRISTIANSEN, J. & H.R. PREISIG 2007: Chrysophyte and Haptophyte Algae. — In: BUDEL,
B., G. GARTNER, L. KRIENITZ, H.R. PREISIG & M. SCHAGERL (eds.): Susswasserflora von
Mitteleuropa, Volume 2. Berlin: Spektrum Akademischer Verlag, p. 252.

NEMCOVA, Y., J. KREIDLOVA, A. KOSOVA & J. NEUSTUPA 2012: Lakes and pools of Aquitaine
region (France) — a biodiversity hotspot of Synurales in Europe. — Nova Hedwigia 95: 1-24.

NEMCOVA, Y., M. PICHRTOVA & V. ZEISEK 2015: Mallomonas al pestrina sp. nov. (Synurales,
Chrysophyceae, Stramenopiles) and its spineless relatives — Mallomonas alata group. — Phytotaxa
222: 111-120.

SIVER, P.A. 1991: The Biology of Mallomonas: Morphology, Taxonomy and Ecology. — Dordrecht:
Kluwer Academic Publishers, 230 p.

SIVER, P.A. 1995: The distribution of chrysophytes along environmental gradients: Their use as
biological indicators. — In: SANDGREN, C.D., J.P. SMOL & J. KRISTIANSEN (eds.): Chrysophyte
Algae: Ecology, Phylogeny and Development: Cambridge University Press, p. 232—-268.

SIVER, P.A. 2002: Two new taxa in the section Papillosae of the genus Mallomonas (Synurophyceae)
from the Ocala National Forest, Florida, USA. — Nordic Journal of Botany 22: 123-128.

SIVER, P.A. 2015a: The Synurophyceae. — In: WEHR, J.D., R.G. SHEATH & J.P. KOCIOLEK
(eds.): Freshwater Algae of North America: Ecology and Classification. 2nd ed., 605-650. Academic
Press, San Diego, California, USA.

SIVER, P.A. 2015h: Mallomonas schumachii sp. nov., a fossil synurophyte bearing large scales
described from an Eocene maar lake in Northern Canada. — Nova Hedwigia 101: 285-298.

SIVER, P.A. & J.R. GLEW 1990: The arrangement of scales and bristles on Mallomonas
(Chrysophyceae) —a proposed mechanism for the formation of the cell covering. — Canadian Journal
of Botany 68: 374-380.

12



SIVER, P.A. & A.P. WOLFE 2005: Eocene scaled chrysophytes with pronounced modern affinities.
— International Journal of Plant Sciences 166: 533-536.

SIVER, P.A. & A.P. WOLFE 2009: Tropical ochrophyte algae from the Eocene of Northern Canada:
A biogeographic response to past global warming. — Palaios 24: 192-198.

SIVER, P.A. & A.P. WOLFE 2010: A whole-cell reconstruction of Mallomonas porifera Siver and
Wolfe from the Eocene: Implications for the evolution of chrysophyte cell architecture. — Nova
Hedwigia Beih. 136: 117-127.

SIVER, PA. & AM. LOTT 2012: Fossil species of Mallomonas from an Eocene maar lake with
recessed dome structures: Early attempts at securing bristles to the cell covering? — Nova Hedwigia
95: 517-529.

SIVER, P.A,, B.Y. JO, J.I. KIM, W. SHIN, A.M. LOTT & A.P. WOLFE 2015: Assessing the
evolutionary history of the class Synurophyceae (Heterokonta) using molecular, morphometric, and
paleobiological approaches. — American Journal of Botany 102: 921-941.

SKALOUD, P, A. KYNCLOVA, O. BENADA, O. KOFRONOVA & M. SKALOUDOVA 2012:
Toward a revision of the genus Synura, section Petersenianae (Synurophyceae, Heterokontophyta):
Morphological characterization of six pseudo-cryptic species. — Phycologia 51: 303-329.

SKALOUD, P., M. SKALOUDOVA, A. PROCHAZKOVA & Y. NEMCOVA 2014: Morphological
delineation and distribution pattern of four newly described species within Synura petersenii species
complex (Chrysophyceae, Stramenopiles). — European Journal of Phycology 49: 213-229.

WEE, J.L. 1982: Studies on the Synuraceae (Chrysophyceae) of lowa. — Bibl. Phycol. 62: 1-183.

WOLFE, A.P,, M.B. EDLUND, A.R. SWEET & S. CREIGHTON 2006: A first account of organelle
preservation in Eocene nonmarine diatoms: observations and paleobiological implications. — Palaios
21: 298-304.

Manuscript submitted September 10, 2015; accepted March 1, 2016.

13





