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Abstract: Surirella is a polyphyletic and highly diverse diatom genus with more than 500 species described
worldwide. Within a study of its diversity and distribution in the Republic of Macedonia, ancient Lake Prespa
has been investigated, as “sister” to Lake Ohrid and part of a unique lake system with extraordinary age,
biodiversity and number of endemic species. During the study, two new Surirella species have been identified
and their LM and SEM based formal descriptions and differential diagnoses are provided herein. Surirella
prespanensis sp. nov. has been observed in the contemporary and the fossil diatom flora of the lake. It can be
distinguished from other similar taxa by its valve outline, size, shape of the median ridge and the presence
of silica grooves along the raphe. Surirella hinziae sp. nov. is known only from the fossil diatom flora of
Lake Prespa and can be recognized by its valve outline, size, shape of the median ridge and the presence of

helictoglossa—like processes.
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INTRODUCTION

Surirella TurpiN (1828) is among the most taxonomi-
cally diverse diatom genera; more than 500 taxa have
been described in a range of benthic habitats from di-
verse aquatic environments worldwide (FOURTANIER &
KocioLek 2011). The most characteristic feature of the
genus is the circumferential marginal raphe system,
raised or not raised within a keel. In the middle of the
XIX century a number of Surirella species, intraspecif-
ic varieties and forms were described, however many
of the descriptions or illustrations were incomplete or
confusing. The most obvious examples of confusion
are S. biseriata BREBISSON, S. bifrons EHRENBERG, S.
linearis W. SmitH, and S. robusta EHRENBERG. Some
taxonomic problems have been recently addressed
by re—examination, typification and/or description of
new Surirella taxa, mainly from OTT0 MULLERS’ col-
lection from East Africa (CocQuyT & Jann 2005, 2007,
CocquyT et al. 2008), Gandhs’ collection from India
(Karthick 2009; Karthick et al. 2012), the Malili
lakes in Indonesia (BRAMBURGER et al. 2008) and sev-
eral localities from North America (VESELA et al. 2013;

VESELA & Potarova 2014). Recent molecular analyses
further indicate that Suirella is a polyphyletic genus
(Ruck & KocioLek 2004) and additional studies of the
morphological characters, as well as the ecological
preferences of individual taxa, are required to resolve
phylogenetic relationships within the genus.

Diatom research in Republic of Macedonia has
a long history dating back to the first investigations of
Forr (1933, 1935). The most comprehensive studies
have been conducted on ancient Lake Ohrid (JURILY
1948, 1954, 1956a, b; LEvkov et al. 2007; CVETKOSKA
et al. 2012; Levkov & WiLLiams 2012). In contrast,
information from other localities is sparse. More spe-
cifically, across the Republic of Macedonia, there is
limited information about the genus Surirella. Ancient
Lake Prespa was observed to have many tentatively
identified Surirella taxa (LEvkov et al. 2007). Recent
observations have demonstrated the presence of appro-
ximately 20 Surirella taxa in Lake Prespa (pers. obs.).
Therefore the objective of the current investigation is
to examine in detail and circumscribe some of the taxa
observed from Lake Prespa.

Ancient Lake Prespa co—existed with its nei-
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ghboring Lake Ohrid for more than 1 Ma (Stankovic¢
1960; ALBRECHT & WILKE 2008), and as such, the “sis-
ter lake system” is unique in offering an extraordinary
opportunity for biodiversity, evolutionary and Quater-
nary research. Apart from the few taxonomic and di-
versity studies of the contemporary diatom flora (LEv-
kov et al. 2007; LEvkov & WILLIAMS 2012; CVETKOSKA
et al. 2014a, b) and the investigations of the fossil
diatom flora (Aulacoseira THWAITES, Tertiarius HAKAN-
ssoN et KHursevicH) from Neogene lacustrine deposits
(OGNiaNova—RUMENOVA & Dumurbpzanov 2008; OGN-
JANOVA—RUMENOVA & CrAawFORD 2012), no other fossil
diatom data have been generated from Lake Prespa.
This study complements previous research of CvET-
KoskA et al. (2014b) on Lake Prespa and presents the
descriptions and differential diagnoses of two Surirella
species new to science. Surirella prespanensis sp. nov.,
is identified from the modern, as well as the fossil dia-
tom flora of Lake Prespa, while the second taxon, S.
hinziae sp. nov., is a fossil species, probably with a late
Pleistocene distribution.

MATERIAL AND METHODS

Samples. During an extensive biogeographical and paleocli-
mate study more than 1000 modern and fossil diatom samp-
les were examined from the Macedonian part of Lake Prespa.
Modern samples containing high abundance of Surirella taxa
were selected from a collection of samples originating from
different field campaigns carried out between 2002 and 2008
at various locations around the lake (LEvkov et al. 2007). Fo-
ssil samples were selected from a ca. 17 m long sediment
sequence, core Col215, spanning the last interglacial-glaci-
al period (ca. 91.0 cal ka BP, DamascHkE et al. 2013). Core
Col215 was recovered in the autumn 2011, at a coring lo-
cation in the central northern part of the lake basin during
a field campaign of the projects Scientific Collaboration on
Past Speciation Conditions in Lake Ohrid (SCOPSCO, http://
www.ohrid—drilling.org/) and “The Collaborative Research
Centre (CRC) 806: Our Way to Europe — Culture—Environ-
ment Interaction and Human Mobility in the Late Quaterna-
ry” B2 (http://www.sfb806.uni—koeln.de/index.php/project/
cluster-b/b2). A diatom based palacoenvironmental recon-
struction of Lake Prespa has been published (CvETKOSKA et
al. 2014c, d).

All samples analyzed during this study have been
deposited in the Macedonian National Diatom Collection
(MKNDC), at the Institute of Biology in Skopje, Macedonia.

Slides. Samples used during the study were treated either
with potassium permanganate, KMnO, and 30% hydrochlo-
ric acid, HCI (modern samples), or with 10% and 30% HCl
and 30% hydrogen peroxide H,O, (fossil samples) to oxidize
organics and to remove the carbonates. The cleaning proce-
dure is presented in more detail in CvETKOSKA et al. (2012).
Naphrax® was used as a mounting medium for preparation
of the permanent diatom slides; the slides were further ob-
served using oil immersion at x1500 magnification with a
Nikon Eclipse 80i microscope. Light microscope (LM) im-
aging was performed with a Nikon Coolpix P6000 camera.

Aliquots of cleaned material, dried onto aluminum stubs and
coated with gold—palladium (Polaron SC7640 sputter coater,
Quorum Technologies, Ashford, UK) were used for Scanning
electron microscope (SEM) analyses. SEM micrograph im-
ages were taken with an FEI Quanta FEG 200 SEM (FEI
Munich, Grifelfing, Germany), using accelerating voltages
of 10 kV, at the Alfred Wegener Institute in Bremerhaven,
Germany.

Holotype slides were deposited in the Macedonian
National Diatom Collection (MKNDC) at the Institute of
Biology in Skopje, Macedonia. Isotype slides were deposited
in the Friedrich Hustedt Diatom Study Centre (BRM) in Bre-
merhaven, Germany and in the National Herbarium of Cana-
da (CANA) at the Canadian Museum of Nature in Ottawa,
Canada.

OBSERVATIONS AND DISCUSSION

Surirella prespanensis CVvETKOSkA, LEVKOV et HA-
MILTON sp. nov. (Figs 1-20)

Valves isopolar, elliptic—lanceolate with acute apices.
Valve length 70—-155 pm, width 37-72 um. Valve face
undulate in apical direction extending from valve mar-
gin to median area, parallel in center, strongly radial
towards valve apices (Figs 1-7). Each undulation ridge
aligned with an alar canal with depressions between
connected to fenestrae. Alar canals narrower than fe-
nestrae, 15-20 in 100 pm. Striae fine, not clearly dis-
cernible in LM. In SEM, striae uniseriate on valve face,
biseriate towards valve margin and on valve mantle
(Fig. 10); stria density 23-25 in 10 pm. Externally,
striac open as simple round pores, covered with small
silica granules in well-preserved specimens (Figs 12,
14). Internally, areolae round and rimmed (Figs 13,
18—20). Median area linear—lanceolate to narrow re-
ctangular, and terminating prior valve apices, with fine
striation sometimes not visible in LM. In SEM, median
area forms an oblong raised ridge, covered with conic
spines. Externally, conic spines and tubes present on
undulations, together with groups of 2-3 somewhat
longer conic spines on both, mantle and valve face
sides of alar canals (Figs 8, 9, 11, 12, 14). Wing pro-
jection vertical, separated from valve face. Marginal
keel with 4-5 parallel silicate grooves extending along
both sides of raphe (Figs 11-14). Externally, raphe fi-
ssures deflected towards mantle (Figs 13, 14, 17, 20);
internally, raphe fissures with simple ends on one pole
and continuous at opposite pole. Fenestrae rectangular,
occluded with 5-10 fenestral bars (Figs 8, 11, 17). In-
ternally, alar canals cylindrical, alar openings simple
elliptical portulae; internal valve margin with fine areo-
lae in depressed rows, not rimmed (Figs 15, 16, 19).

Holotype: Here designated as circled specimen on
slide MKNDC 005407/A, Holotype Fig. 2.

Isotypes: Slides: BRM ZU10/16, CANA 108583.
Type material: Lake Prespa, sediment, core Col215
(40°57'50"N, 20°58'41"E), collection date: Octo-
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ber 2009 (Accession No. MKNDC 005407). Slide
MKNDC 005407/A, core depth 152 cm, 8.4 cal ka BP.
Type locality: Lake Prespa.

Etymology: The specific epithet (prespanensis) refers
to the type locality, Lake Prespa.

Distribution: This species has been observed in the
contemporary and fossil diatom flora of Lake Prespa.

Taxonomic notes: Surirella prespanensis resembles
Surirella rotunda JuriLy (1948, fig. 5; CVETKOSKA et al.
2015, figs 16-19) in valve size (L = 90-120 um, W =
65-70 um in S. rotunda vs. L ="70-155 pm, W =37-72
um in S. prespanensis) and number of alar canals (14—
18 in 100 pm in S. rotunda vs. 15-20 in 100 pm in S.
prespanensis). However, comparisons with the original
description and illustration and previous observations
of S. rotunda (CveTkoska et al. 2014b, figs 16-19) re-
veal that both species possess distinct morphological
characters which separate them as different taxa. These
characters are the valve shape (almost circular with
projected apices in S. rotunda vs. elliptic—lanceolate in
S. prespanensis), with associated differences in the de-
gree of radiation of the valve surface undulations and
striae. In addition the shape of the median area (lanceo-
late in S. rotunda vs. linear—lanceolate to oblong in S.
prespanensis) helps distinguish the taxa.

Surirella prespanensis is also similar to S.
turgida W.Smite (1853, fig. 9: 60), however, it is dis-
tinguished by its larger valves and the isopolar valve
morphology. Surirella turgida sensu KRAMMER &
LaNGE-BerTALOT (1988, figs 152: 1, 1A) and S. turgida
sensu HARTLEY et al. (1996, fig. 280: 6) are also eas-
ily differentiated from S. prespanensis by the smaller
valve length (L = 58-80 um in S. turgida).

Surirella prespanensis is comparable with S.
bifrons EHRENBERG (1843, figs 3/5: 5; 4/3: 1). EHREN-
BERG (op.cit.) presented two line drawings of Surire-
lla bifrons; from different localities, Puente de Dios,
Mexico (fig. 3/5: 5) and Newfoundland (fig. 4/3: 1),
but both of them illustrate only the valve shape, wi-
thout any information about the valve size. The dra-
wing from Puente de Dios presents a slightly hetero-
polar valve with rhombic—lanceolate shape, while the
Newfoundland valve is lanceolate in shape and pro-
bably isopolar. However, no additional characters can
be noted in Ehrenberg’s drawings. We have examined
Ehrenberg’s type material from Newfoundland and to
date have not found intact valves for comparison. Due
to this, the taxonomic concept of S. bifrons remains
uncertain even today and different authors present va-
rious morphologies as S. bifrons. Additional confusion
was created when HusTept (1911) changed the taxo-
nomic position of S. bifrons to Surirella biseriata var.
bifrons (EHRENBERG) HUSTEDT, based on differences in
the valve shape; linear in S. biseriata and with convex
margins in S. biseriata var. bifrons. The two line dra-
wings illustrate S. biseriata var. bifrons as a taxon with
linear—lanceolate shape, more or less projected apices
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and lanceolate median area (HUSTED in ScHMIDT 1874—
1959, fig. 283: 3, 4). Further on, CLEVE-EULER (1952,
fig. 1528: ) followed the concept of MavER (1918) for
Surirella biseriata var. bifrons and provided the fo-
llowing description: “Valves short, rhombic—elliptic
with rounded ends, median area lanceolate, the number
of undulations is 12—17, L = 80-140 um, W = 35-65
um.” Surirella bifrons sensu KRAMMER & LANGE-BER-
TaLOT (1997, figs 145: 2—4; 146: 1-4; 147: 1-5) re-
presents a heterogeneous group of species. A number
of species share the similar valve outline, but there is
no detailed SEM examination of these taxa. S. bifions
sensu LEvkov et al. (2007, fig. 204: 1-6) was identified
in Lake Prespa modern samples during this study and
can be clearly distinguished from S. prespanensis by its
lanceolate valve shape, the presence of characteristic
circular depression in the lanceolate median area, the
smaller valve size (L =45-70 um, W = 20-27 um) and
higher number of alar canals (25-30 in 100 pum).

Thus, Surirella prespanensis represents a dis-
tinct taxon which can be separated from other similar
taxa by its valve shape (linear lanceolate with acute,
not protracted apices), the linear—lanceolate to oblong
shape of the median area, the parallel alignment of the
undulations in the central area, the number of alar ca-
nals (15-20 in 100 pm) and the presence of parallel
silica grooves along the raphe.

Surirella hinziae CvETKOSKA, LEVKOV et HAMILTON
sp. nov. (Figs 21-32)

Description: Valves isopolar about apical axis, lanceo-
late to narrow lanceolate with acute apices. Valve len-
gth 150-330 um, width 40-52 pm. Valve face undulate
in apical direction from valve margin to median area,
parallel at center to radial on valve apices (Figs 21-26).
Each undulation ridge aligned with alar canal and de-
pressions between connected to fenestrae. Alar canals
12-20 in 100 pm. Striae fine, not clearly discernible in
LM. In SEM, striae uniseriate on valve face, someti-
mes biseriate on valve mantle (Figs 30—32); stria den-
sity 32-34 in 10 um. Internally, striae present on entire
valve face, continuing into space between alar canals
(Figs 30, 32). Areolae externally open as small fissu-
res or as simple elliptical pores (Figs 31, 32), interna-
lly areolae rimmed (Figs 30, 32). In LM, median area
narrow, lanceolate. In SEM, externally median area an
undulate, lanceolate raised ridge (Fig. 27). Internally,
median area a narrow, deep lanceolate depression (Fig.
28) terminating before valve apices. Wing projection
vertical, close to valve face. Marginal keel broadly
rounded, with no pores or other surface features (Figs
27-29). Externally, raphe fissures deflected, termina-
ting on valve mantle (Figs 31, 32). Internally, raphe
fissures continuous at one end (Fig. 30) and discon-
tinuous at opposite apex, ending in helictoglossa—like
processes (Fig. 32). Internally, robust, cylindrical alar
canals bridge the raphe canal (Figs 30, 32), alar ope-
nings horizontally elongated, elliptical portulae (Figs
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30, 32). Fenestrae openings round to elliptical, fenes-
tral bars fine.

Holotype: Here designated as circled specimen on
slide MKNDC 001118/A, Holotype Fig. 23.

Isotypes: Slides: BRM ZU10/17, CANA 108584.
Type material: Lake Prespa, sediment, core Col1215
(40°57'50"N, 20°58'41"E), collection date: Octo-
ber 2009 (Accession No. MKNDC 005401). Slide
MKNDC 005401/A, core depth 104 cm, ca. 5.0 cal ka
BP.

Type locality: Lake Prespa.

Etymology: This species is named in honor of Mrs.
FriepeL Hinz, Alfred Wegener Institute, Helmholtz
Centre for Polar and Marine Research, Bremerhaven,
Germany, for her great contribution to the curation of
the Hustedt Collection and associated diatom taxono-
my.

Distribution: This species has been observed solely in
the fossil diatom flora of Lake Prespa.

Taxonomic notes: Surirella hinziae resembles S. biser-
iata sensu KRAMER & LANGE-BERTALOT (1997, fig. 141:
1-3) in the valve size. S. hinziae can be distinguished
from S. biseriata by its isopolar lanceolate to linear—
lanceolate valves with acute apices, compared to the
slightly heteropolar valves with the acute or rounded
ends of S. biseriata sensu KRAMER & LANGE-BERTALOT.
Nevertheless, the taxonomic concept of S. biseriata
BREBISSON (IN BREBISSON & GoDEY 1835: fig. 7) is rather
unclear and different authors present different morpho-
logies of this taxon. In the original protologue, BREBI-
SSON (op.cit.) describes S. biseriata as a species with
convex, oval frustules with two longitudinal series of
striae, covered with granules, and provides a single line
drawing illustrating a slightly heteropolar oval-shaped
valve. Later, taxonomic confusion was created by a
number of descriptions of different varieties and forms
of S. biseriata; ultimately many taxa with different
morphologies were included in this species complex.
Surirella biseriata sensu KRAMMER & LANGE-BERTALOT
(1997, figs 141: 1-3; 142: 1-5; 143: 1-9; 144: 1-3)
clearly represents a heterogeneous group. In the figure
explanation KRamMMER & LANGE-BERTALOT (1997, figs
142: 3-5) state: “Lectotypus in Coll. Van Heruck An-
twerpen V-30—-C2”, but their attempt for lectotypifica-
tion is invalid. Surirella hinziae very likely represents
a separate taxon which can be distinguished from S.
biseriata sensu BREBISSON, S. biseriata sensu KRAMMER
& LANGE-BERTALOT (1997: 142: 3-5), and from other
similar taxa by its valve shape (isopolar, narrow lan-
ceolate), valve size (L = 150-330 um, W = 40-52 um)
and the narrow, lanceolate and undulated median area.

Surirella hinziae resembles S. biseriata var.
elongata Pantocsek (1902, fig. 12: 293) in its valve
shape and size. PaNTocsek described this taxon from
Lake Balaton and provided a single line drawing of the
species. His description translates as: “valves elonga-

ted lanceolate with slightly protracted, obtuse poles, L
=291-292 pym, W = 40-42 pum, covered with irregu-
larly arranged punctae”. CLEVE-EULER (1952: 107, fig.
1529) changed the taxonomic position of PANTOCSEK’s
taxon to Surirella elongata (PANTOCSEK) CLEVE—EULER.
However, this change was invalid, because Surirella
elongata (Pantocsek) CLEVE-EULER is a later homo-
nym of Surirella elongata BREBISSON ex PERAGALLO &
PErAGALLO (1899: 259, fig. 68: 1). Surirella hinziae can
be differentiated from S. biseriata var. elongata by the
shape of the median ridge (narrow, linear in S. biseria-
ta var. elongata vs. undulated lanceolate in S. hinziae)
and by the absence of conic spines and tubes on the
undulations.

Surirella lineopunctata JuriLy (1948, fig. 6: a, b)
is Lake Ohird’s endemic species with lanceolate valves
of comparable size (L = 120-300 um, W = 30-50 um)
to S. hinziae, but with a distinctly different shape of the
valve apices (cuneate to subrostrate in S. lineopuncta-
ta), higher density of the alar canals (20-25 in 100 um)
and narrow linear shape of the median ridge.

Surirella fuellebornii MULLER (1903, p. 30) was
originally described as a planktonic species from Lake
Malombae, Africa. CocQuyT & Jann (2007, fig. 2: a—e)
designated the lectotype and extended the morphologi-
cal description of S. fuellebornii. Although similar in
valve outline and length (L = 173-373 um), this spe-
cies with wide distribution in many African lakes has
broader valves (W = 53—67 um) than S. hinziae, sub-
rostrate poles, lower density of the alar canals (1518
in 100 um in S. fuellerbornii), strong, finely punctuate
radial to divergent undulations, and sometimes a con-
striction in the middle of the valve as morphological
variation.

Surirella archibaldii METZELTIN & LANGE—BER-
TaLOT (2002, figs 87: 7, 8; 88: 1-3; 89: 1-5; 90: 1-3),
described from the river Namorona, Madagascar, be-
longs to the “Robustae” section and shares similar,
isopolar linear valve outline with S. hinziae. However,
S. archibaldii has a variable valve outline; from ellip-
tic in the smallest, to linear—elliptic and linear in the
largest specimens. In addition, both species differ in
valve size, especially the width (L = 100—180 pm, W
=14-28 umin S. archibaldii vs. L=>50-330 pm, W =
40-52 um in S. hinziae), valve length/width ratio ( ca.
6.51n S. archibaldii and ca. 4 in S. hinziae), number of
alar canals (2530 in 100 um in S. archibaldii vs. 12—
20 in 100 pm in S. hinziae), stria density (15 in 10 pm
inS. archibaldii vs. 32-34 in 10 pm in S. hinziae), sha-
pe of the median ridge (hyaline and wide—lanceolate in
S. archibaldii vs. narrow lanceolate and undulated in
S. hinziae) and the presence of spines in S. archibaldii.

In conclusion, S. hinziae represents a distinct
taxon, discernible from other similar taxa by the isopo-
lar narrow lanceolate valves, valve size (L = 150-330
um, W = 40-52 pm), undulated lanceolate median
ridge and the absence of conical spines and/or tubes. In
addition, the distinct presence of the internal helicto-
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7. Surirella prespanensis sp. nov., LM valve views, (2) holotype (Lake Prespa core Col215, 152 cm core depth, ca. 8.4 cal ka BP).

Figs 1

Scale bar 20 pm.
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Figs 8-14. Surirella prespanensis sp. nov., SEM external valve views showing: (8—10) the median area covered with conic spines; (11-14) the
marginal keel with 4-5 silicate grooves; (14) the deflected raphe fissures; (8, 11) the fenestrae occluded by 5-10 fenestral bars and (11, arrow)
the groups of longer conical spines on the alar canals. Scale bars 50 pm (8, 9), 10 um (10, 11), 5 um (12-14). (8, 9, 11-14) Lake Prespa sedi-
ment sequence Col215, 168 cm core depth, ca. 9.8 cal ka BP. (10) Lake Prespa core Col215, 104 cm core depth, ca. 5.1 cal ka BP.
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Figs 15-20. Surirella prespanensis sp. nov., SEM internal valve views showing: (18—20) the rimmed pores; (15, 16, 19, 20) the cylindrical alar
canals with simple elliptical alar openings; (17) detail of the valve apical part showing the valve mantle and the rectangular fenestrae, occluded
by 5-10 fenestral bars (arrow). Scale bars 20 um (15, 16), 10 um (17, 20), 5 um (18, 19). (15, 19) Lake Prespa core Co1215, 176 cm core depth,
ca. 10.1 cal ka BP. (1618, 20) Lake Prespa core Col1215, 104 cm core depth, ca. 5.1 cal ka BP.
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Figs 21-26. Surirella hinziae sp. nov., LM valve views, (23) holotype (Lake Prespa core Co1215, 104 cm core depth, ca. 5.0 cal ka BP). Scale

bar 20 um.

glossa—like processes at the raphe terminations, can be
considered as a differentiating character, so far report-
ed only in a few species within this genus, like Surire-
lla robusta, S. splendida (EHRENBERG) KUTZING (1844,
fig. 7:9) and S. rumrichorum MeTZELTIN & LANGE—BER-
TaLoT (1998, figs 219: 7; 216: 2-3).
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