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Abstract: Two new species belonging to the Synurophyceae are described from Orchid Bog Pond, 
a highly acidic, humic-stained bog, low in dissolved substances, situated in Newfoundland, Canada. 
Mallomonas baskettii has three types of scales, including highly asymmetric body and apical scales, 
and caudal scales with a small base plate and exceptionally long spines. Given the high degree of 
similarity of its scales with Mallomonas retrorsa, M. baskettii is placed in section Retrorsae, making 
it only the second species known for this section. It is further proposed that the description of a 
third species, M. fenestrata, be emended and that the taxon be transferred from section Quadratae 
to section Retrorsae. Synura kristiansenii sp. nov., placed in section Petersenianae, possesses scales 
with a large and variable-shaped median keel, and an enormous foramen pore on the base plate. 
Scales of Synura kristiansenii possess the largest foramen pore and median keel within the genus. 
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Introduction

The Synurophyceae is an ecologically successful clade of heterokont algae that often 
forms an important component of phytoplankton communities in numerous freshwater 
ecosystems, especially ponds, lakes and bogs. Synurophytes are characterized by a 
highly organized covering of siliceous scales, the designs of which are used to help 
delineate between species, and their remains are useful tools in paleolimnological 
studies (Kristiansen 2005, Siver 2015). Although the synurophytes form a well defined 
monophyletic group, it is unclear if the clade is closely related to, but separate from the 
Chrysophyceae, or one nested within the latter class (Yang et al. 2012, Škaloud et al. 
2013). There are now over 230 species or sub-specific taxa recognized within the class 
Synurophyceae, the vast majority belonging to Mallomonas and Synura (Kristiansen 
& Preisig 2007, Nĕmcová et al. 2012, Škaloud et al. 2012, 2014).
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Both Mallomonas and Synura are further divided into sections and series based 
largely on the morphology of siliceous structures and their arrangement on the cell 
covering. Kristiansen (2002) divided the genus Mallomonas into 19 sections. Section 
Retrorsae contains a single species, Mallomonas retrorsa Siver. This taxon is unique in 
possessing asymmetric, domeless scales orientated on the cell with their longitudinal 
axes parallel to the longitudinal axis of the cell, and with the posterior end of the scale 
facing the anterior end of the cell (Siver 1988). In essence, the scales are orientated on 
the cell reversed, or backwards, relative to all other species in the genus. In addition, 
the shield of the caudal-most scales on M. retrorsa is small, but the V-rib extends into 
a long and stout spine. 

Species of Synura are divided into two sections, section Synura possessing scales with 
forward projecting spines, and section Petersenianae with a median keel lying atop 
the base plate of the scale (Kristiansen & Preisig 2007, Škaloud et al. 2013). Recently, 
it was shown that Synura uvella, whose scales have forward projecting spines, forms 
a clade that diverged at the base of the genus. The remaining species within section 
Synura, as well as those in section Petersenianae, form well supported monophyletic 
clades that are sister to S. uvella (Škaloud et al. 2013, Siver et al. 2015). All Synura 
species have a foramen, or opening, that penetrates the base plate and is situated at 
the base of the spine (section Synura) or beneath the anterior end of the keel (section 
Petersenianae). Features of the spine, keel and foramen are useful characters for 
separating taxa at the species level.

The objective of this paper is to describe two new species of synurophytes from a 
small remote bog in Newfoundland, Canada. One species possesses a suite of scales 
structurally similar to M. retrorsa, representing the second species belonging to this 
lineage. The other species belongs to the section Petersenianae and is characterized 
by a wide keel with a broad and blunt apical end, and a very large foramen. 

Materials and methods

Samples for observation of microalgae and for water chemistry were collected on June 16, 2006, 
from Orchid Bog Pond, a small pond situated in the mid-region of the Avalon Peninsula, southern 
Newfoundland. This is a local name for the pond and not recognized officially in the Canadian list of 
accepted place names (Government of Canada, The Atlas of Canada, http://atlas.nrcan.gc.ca/toporama/
en/index.html). Therefore, geo-referencing to latitude N 47°14'46.1" and longitude W53°18'18.2" can 
be used to locate the waterbody. The pond is located in boreal forest on an extensive Sphagnum bog 
situated on the north side of Route 90, 13.5 km SW of the junction with Hwy 1. The waterbody is 
very small, approximately 20 meters in diameter and 3 m deep. According to Environment Canada, 
climate normals for the closest weather station at Holyrood include a mean annual temperature of 
6.3°C and a mean annual precipitation of 1,189 mm (http://climate.weather.gc.ca/climate_normals/
index_e.html). Chemical analyses of water collected at the time of sampling followed the procedures of 
Ahrens & Siver (2000). Briefly, the pH and conductivity were measured using a Hydrolab DataSonde 
4A. The pH was also determined using a Fisher Acument 640-A pH meter, and alkalinity estimated 
by the Gran titration method (Wetzel & Likens 1991) on the day of collection. Total phosphorus was 
measured using the stannous chloride ammonium molybdate colorimetric assay after a persulfate 
digestion (APHA 1985). Sodium and calcium concentrations were measured using flame atomic 
absorption spectroscopy with a Perkin Elmer 2380 spectrophotometer (United States Environmental 
Protection Agency 1983).

http://atlas.nrcan.gc.ca/toporama/en/index.html
http://atlas.nrcan.gc.ca/toporama/en/index.html
http://climate.weather.gc.ca/climate_normals/index_e.html
http://climate.weather.gc.ca/climate_normals/index_e.html
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A plankton net (mesh size = 10 µm) sample and the top one cm of lake sediment from a gravity core 
were used to examine the waterbody for presence of scaled chrysophytes. Aliquots of the plankton 
sample were air dried onto flat pieces of heavy duty aluminum foil immediately after collection. 
Approximately 0.5 to 1.0 g of sediment from the 0–1 cm section of the core was oxidized with a 
sulfuric acid-potassium dichromate solution according to Marsicano & Siver (1993) and washed 
with distilled water. Aliquots of the resulting slurry were dried onto aluminum foil. The aluminum 
foil samples containing the plankton and surface sediment samples were trimmed, attached onto 
aluminum stubs using Apiezon wax, coated with a mixture of gold and palladium with a Polaron 
model E5 100 sputter coater and observed with either a Leo 482 SEM, a Leo (Zeiss) 982 FESEM, or 
a FEI Nova NanoSEM 450 field emission scanning electron microscope (SEM). The relative amounts 
of scales from each species uncovered in the samples were estimated using scale counts based on an 
hour of observation with the SEM: Rare = 5 or less scales observed; Rare to Common = between 6 
and 20 scales observed; Common = between 21 and 50 scales observed. Scores reported in Table 1 
are mean values for all samples observed.

Results

Mallomonas baskettii sp. nov. Siver & Lott

Description: Cells with three types of scales, body scales, elongated apical scales, 
and caudal scales with a small base plate and long spine (Figs 1–2). Body scales are 
broadly oval in outline, range in size from 4.6 to 5.1 µm × 1.9 to 3.4 µm (mean = 
4.6 × 2.7 µm), and are characterized by a highly asymmetrically positioned posterior 
rim and V-rib (Figs 1A–E). The posterior rim is well developed, broad, with the right 
side extending well past the middle of the scale, while the left side extends ¼ or less 
the length of the scale. The V-rib is broadly U-shaped with the arm on the right side 
extending to near the apical margin, while the left arm extends only a short distance 
and terminates near the end of the posterior rim (Figs 1A–E). The shield is covered 
with a thick secondary layer of silica that is interrupted with a series of variably-spaced 
circular pits each with a mean diameter of 0.18 µm. A series of pits always aligns with 
the length of the V-rib, and another group numbering from two to five is positioned 
near the distal margin on the left side of the scale (arrows, Figs 1A–B). The number 
and arrangement of pits positioned between these two groups is variable. A linear 
string of small papillae aligns the anterior margin of the scale, extends down the left 
margin and terminates at the V-rib arm. Additional papillae are randomly spaced on 
the shield. The posterior flange is unornamented. Scales are domeless.

The apical scales are asymmetric, elongate with an extended anterior end, and range in 
size from 6.7 to 7.1 µm × 2.7 to 2.9 µn (Fig. 1F). The posterior rim is restricted to the 
left margin of the scale, and the V-rib forms a more or less straight rib aligned parallel 
to the posterior rim. The secondary layer with wide circular pits is well formed. The 
posterior or caudal scales are smaller, but with a long and thick spine (Figs 2A–D). 
The shield of the caudal scales ranges in size from 2.3 to 3.1 µm × 1.4 to 1.6 µm, 
lacks a secondary siliceous layer, and has a broad posterior rim encircling ¾ of the 
perimeter. The arms of the V-rib extend past the base plate, fuse together, and form 
the long spine. The spines range in length from 10.0 to 13.6 µm, have a groove along 
the underside, and often terminate with a bifurcate tip (Fig. 2A).
Holotype: Here designated the collection of specimens on SEM stub deposited at the Canadian 
Museum of Nature, CANA (110,021).
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type material: Surface sediment (top one cm) collected by P.A.Siver on June 16, 2006 and deposited 
at the Canadian Museum of Nature, CANA 79906. 

Fig. 1. Scanning electron micrographs of body and apical scales of Mallomonas baskettii. A–E) Body 
scales. Note the asymmetry of the V-rib and posterior rim, the secondary layer with large pores, and 
the linear array of small papillae that line the apical margin of the scale. A series of large pores aligns 
the inner portion of the V-rib, and a smaller set of two to five large pores are usually found along the 
apical and left side of the scale (arrows on A and B). F) Collar scale. Note the asymmetrical posterior 
rim and V-rib, and the extended apical end of the scale. Scale bars = 1µm (A, D) and 2 µm (B, C, E, F).
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type locality: A small bog, unofficially referred to as Orchid Bog Pond, situated at N 47°14'46.1", 
W 53°18'18.2" in Newfoundland, Canada. The pond is located on the north side of Route 90,  
13.5 km SW of the junction with Hwy 1. 

iconotypus: Figure 1A.

epitHet: Mallomonas baskettii is named in honor of George Baskette, phycologist, collaborator, 
adventurer and friend.

Synura kristiansenii sp. nov. Siver & Lott

Description: Scales are oval to circular, range in size from 2.9–4.8 µm × 1.7–3.6 µm, 
with a broad keel and large foramen pore on the base plate (Figs 3A–G). The width 
of the anterior portion of the keel is approximately one half to two thirds the width of 
the scale. The proximal and basal portions of the keel are covered with a reticulation 
of ribs, mostly connected together to enclose circular spaces (Figs 3A, D, F). On 

Fig. 2. Scanning electron micrographs of caudal scales of Mallomonas baskettii. A) Whole scale 
denoting the small base plate and extension of the V-rib to form the long spine. Note the forked 
apical end. B) Close-up of the scale in (A). Note the small shield lacking a secondary layer, the 
thick posterior rim, and the arms of the V-rib extending to form the spine. C) Undersurface of a scale 
denoting the groove along the base of the spine. D) Close-up of a scale. Scale bars = 1 µm (B, D), 
2 µm (C) and 5 µm (A).
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Fig. 3. Scanning electron micrographs of Synura kristiansenii scales. A) Scale denoting the broad 
median keel, reticulation of ribs, and the slightly asymmetric posterior rim. B–C) Undersurface 
of a scale showing the large foramen and different size pores on the base plate beneath the keel. 
Note the arrangement of pores on the inside portion of the keel. D) Three scales each denoting 
the large median keel. Note the constriction between the smooth top surface of the keel and the 
reticulated basal portion. E) Undersurface of a scale showing the footprint of the median keel and 
the large foramen. F–G) Oval (F) and circular (G) shaped scales denoting the extensive median 
keel and reticulation of ribs between the keel and posterior rim. Scale bars = 500 nm (C), 1 µm 
(A) and 2 µm (B, D–G).
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most scales, the top portion of the keel is raised a fair distance from the base plate, is 
unornamented, and has a broadly rounded and blunt apical end (Figs 3B, D, F, G). There 
is usually a slight constriction between the ornamented and unornamented portions of 
the keel, but on some scales the majority of the keel can be unornamented (Fig. 3G). 
The foramen pore on the base plate is circular, large, ranges in diameter from 1.3 to 
1.9 µm, and spans approximately 40 to 55% of the scale width (Figs 3B, C, E). The 
inside of the keel, as viewed through the foramen, is lined with a series of pores that 
are larger than the base plate pores, but do not penetrate the keel proper (Fig. 3C). The 
pores on the base plate immediately beneath the keel are also significantly larger than 
those on the base plate outside of the keel (Fig. 3B). A series of struts extends from 
the base of the keel to the margin, forming a reticulation of circular to oval spaces 
ranging in diameter from 0.15 to 0.45 µm. The posterior rim is broad, encircles about 
half the perimeter of the scale, and on some scales extends further on one side yielding 
a slightly asymmetric design (Figs 3A, D, F, G).

Holotype: Here designated the collection of specimens on SEM stub deposited at the Canadian 
Museum of Nature, CANA (110,022).

type material: Surface sediment (top one cm) collected by P.A.Siver on June 16, 2006 and deposited 
at the Canadian Museum of Nature, CANA 79906. 

type locality: A small bog, unofficially referred to as Orchid Bog Pond, situated at N 47°14'46.1", 
W 53°18'18.2" in Newfoundland, Canada. The pond is located on the north side of Route 90,  
13.5 km SW of the junction with Hwy 1.

iconotypus: Figure 3F.

epitHet: Synura kristiansenii is named in honor of Jørgen Kristiansen, University of Copenhagen, 
for his guidance over many years, friendship, and dedication to the study of scaled chrysophytes. 

Both Mallomonas baskettii and Synura kristiansenii are only known from the type 
locality, the bog pond unofficially called Orchid Bog Pond. Remains of both taxa 
were found in a phytoplankton sample taken with a 10 µm mesh net, and in surface 
sediments from the center of the waterbody. We assume since both were found in 
the phytoplankton sample that active populations were present in the pond. However, 
after an exhaustive search and despite observing numerous disarticulated components 
of each species, whole cells were not observed. 

Orchid Bog Pond is a darkly-stained, humic, acidic body of water, low in specific 
conductivity and alkalinity. Concentrations of calcium were very low on the day 
of collection, and the pond had moderate concentrations of sodium. On the day of 
collection the pH = 3.9, specific conductivity = 29 µS cm–1, calcium concentration 
= 0.1 mg L–1, and sodium concentration = 2.3 mg L–1. The pond supports a good 
diversity of scaled chrysophytes. In addition to the two new species, 13 additional 
scaled chrysophytes were observed, many of which are common in acidic waters 
(Table 1). Of particular note were cells of the rarely observed taxon, Mallomonas 
maculata Bradley. The diatom flora was especially rich with acidic taxa from the 
genera Eunotia and Frustulia (Hamilton & Siver 2010), and numerous desmids were 
observed in the net sample.
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Discussion

Synura kristiansenii has a median keel that lies on and becomes fused with the top of 
the base plate, placing it in the section Petersenianae (Kristiansen & Preisig 2007). 
The combination of characters, especially the broad keel with a bluntly rounded apical 
end and large foramen pore, are unique for S. kristiansenii and warrant description as 
a new species. At first glance, S. kristiansenii could be confused as S. obesa given the 
similar outline of the scale, ribbing pattern and large size of the median keel. However, 
the foramen pore on S. obesa is very small (<0.1 µm) and the keel terminates in an 
acute spine (Němcova et al. 2008). Němcova et al. (2008) reviewed the characteristics 
of Synura species representing the section Petersenianae, including the keel:scale 
width ratio and the diameter of the foramen pore. Synura obesa and S. petersenii f. 
taymyrensis Kristiansen are the only species where the keel spans up to ½ the width 
of the scale. In addition, S. petersenii f. taymyrensis and S. bjoerkii have the largest 
foramen pores with diameters reaching up to 0.5 µm and 0.8 µm, respectively. Synura 
kristiansenii is easily distinguished from both of these taxa based on the overall shape 
of the keel, the fact that it can span up to 67% the scale width, and the large size of the 
foramen pore which averages 1.6 µm in diameter, twice the size of any known species.

It is interesting to note that most of the Synura taxa that possess especially wide 
median keels and/or large foramen openings, have been described from, and are 
largely distributed in, a region spanning the northern temperate zone to the Arctic. For 
example, both Synura macracantha (Petersen & Hansen) Asmund and S. petersenii 

Table 1. A list of 15 scaled chrysophyte species and their relative abundances found in Orchid Bog 
Pond, Newfoundland. Key (based on one hour of observation with a scanning electron microscope): 
Rare = 5 or less scales observed; Rare to Common = between 6 and 20 scales observed; Common 
= between 21 and 50 scales observed.

Species Relative abundance

Chrysodidymus synuroideus Prowse Common
Chrysosphaerella sp. Rare
Mallomonas baskettii Siver & Lott (this paper) Rare to Common
M. binocularis Siver Rare
M. hindonii Nicholls Rare
M. maculata Bradley Rare to Common
M. multiunca Asmund Rare
M. paludosa Fott Rare to Common
M. papillosa Harris & Bradley emend. Harris Rare
M. pugio Bradley Common
Synura bjoerkii (Cronberg & Kristiansen) Škaloud, 
Kristiansen & Škaloudová

Rare

S. kristiansenii Siver & Lott (this paper) Rare
S. leptorrhabda (Asmund) Nicholls Rare
S. petersenii Korshikov Rare to Common
S. sphagnicola (Korshikov) Korshikov Rare
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f. taymyrensis Kristiansen are found primarily in Arctic to subarctic regions of North 
America, Greenland and Europe (Kristiansen & Preisig 2007, Němcova et al. 2008). 
Likewise, S. obesa with a very broad keel is only known from bog-like habitats from 
the Abisko region of Swedish Lapland (Němcova et al. 2008). Synura bjoerkii is 
also reported from northern temperate regions (Cronberg & Kristiansen 1980) to the 
Arctic (Němcova et al. 2008), and often associated with bogs. Two recently described 
and related species, S. borealis Škaloud & Škaloudová and S. laticarina Škaloud & 
Škaloudová, with wide keels are reported to be adapted to colder waters and distributed 
exclusively in northern Europe. Although Synura kristiansenii is only known from the 
type locality, it is equally interesting that this locality is an acid bog situated in the 
boreal region of Newfoundland.

Given the high degree of similarity between the scale types when compared with  
M. retrorsa, we believe Mallomonas baskettii should be classified in section Retrorsae. 
Like M. retrorsa, M. baskettii has highly asymmetrical body scales that lack bristles, 
elongated apical scales that surround the flagellar pore, and small posterior scales with 
a long and well developed spine. These scale types differ in their surface ornamentation, 
but are virtually identical in overall structure. What makes M. retrorsa unique within 
the genus is the fact that the scales are orientated in a reverse, or backwards, fashion 
where the posterior rim faces the anterior of the cell (Siver 1988). The pattern in which 
scales are overlapped on the cell covering is also reversed in M. retrorsa. Typically, 
scales are overlapped by scales situated behind them on the cell. In other words, scales 
are overlapped from the posterior of the cell towards the anterior end (Siver & Glew 
1990). On cells of M. retrorsa, scales are overlapped from the anterior to posterior 
ends of the cell. No other known species shares the same orientation and pattern 
of overlap of the scales with M. retrorsa. Despite significant effort, whole cells of  
M. baskettii were not observed, and we can’t be certain of the orientation of scales on 
the cell covering. We also could not determine the nature of bristles. However, given 
the high degree of similarity with the scales, especially their asymmetrical nature,  
M. baskettii should be classified within the section Retrorsae. We further hypothesize 
that scales on M. baskettii will eventually be found to be orientated in a backwards 
manner.

A third species, Mallomonas fenestrata Cronberg & Hickel, also belongs in section 
Retrorsae (Siver 1988). This is a very rare species known only from tropical South 
America (Cronberg & Hickel 1985, Kristiansen 2002) and currently classified in its 
own series within section Quadratae (Kristiansen 2002). The complement of scale 
types for M. fenestrata is strikingly similar to both M. retrorsa and M. baskettii. In 
addition, the arrangement of scales is virtually identical to that found on M. retrorsa 
(Siver 1988). The question for M. fenestrata was the orientation of scales on the cell. 
In the original description, Cronberg & Hickel (1985) suggested that the end of the 
cell containing the spine scales projecting at variable angles was the apical end of 
the cell with the flagellum. The other end with the bristle-bearing elongated scales 
arranged in an ordered ring was deemed the posterior end. Given this concept of 
the cell, the body scales would not be orientated in a backwards arrangement. Even 
though the assumptions made by Cronberg & Hickel (1985) on cell polarity perhaps 
made sense given that no other species with a backwards arrangement of scales was 
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known at the time, these authors never observed flagellated cells (Cronberg, pers. 
comm.). In contrast, Siver (1988) clearly illustrated flagellated cells on M. retrorsa, 
and there is no doubt on the polarity of the cell. We agree with the earlier suggestion 
by Siver (1988) that the polarity of M. fenestrata cells is actually opposite that given 
in the original description, yielding scales orientated in a reversed manner identical to  
M. retrorsa. Within the genus, scales surrounding the flagellar pore are always arranged 
in an orderly fashion, and terminal scales with long spines are typically restricted to 
the posterior end of the cell. If these conditions are applied to M. fenestrata, then the 
polarity needs to be reversed, rendering this species with backwards oriented scales.

The following emended description is proposed:

Mallomonas fenestrata Cronberg & Hickel emended Siver 

The smaller scales with extended spines are found on the posterior end of the cell. The 
slender and elongated scales, each associated with a bristle and collectively arranged 
into a single whorl, are found on the apical end of the cell and surround the flagellar 
pore. Body scales are aligned on the cell such that the posterior rim faces the apical 
end of the cell.

It is further proposed that Mallomonas fenestrata be transferred to section Retrorsae.

In summary, two new species belonging to the Synurophyceae are described from an 
acidic bog in Newfoundland. Each taxon presents a unique suite of characteristics. 
Scales of Synura kristiansenii possess the largest known foramen pores and median keel 
within the genus. Mallomonas baskettii is the second species described in the section 
Retrorsae. It is further proposed that the description of a third species, M. fenestrata, 
be emended and that this species be transferred to section Retrorsae. 
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