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An undescribed marine prasinophyte, 

 

Pyramimo-
nas tychotreta

 

, sp. nov., was isolated from a water sam-
ple collected near the ice edge in the Weddell Sea
(Antarctica) and is characterized by means of light
and electron microscopy. This is the second de-
scribed Antarctic species in the genus and it pos-
sesses a cell ultrastructure typical for members of
the subgenus 

 

Vestigifera

 

 McFadden. The quadriflagel-
lated cells measure 8–12 

 

m

 

m in length and 6–7 

 

m

 

m in
width and are equipped with seven types of organic
scales that cover the flagella and cell body. The scale
floor of the box scales is ornamented by quadrants
of parallel striations running perpendicular to one
another. The scale floor is further characterized by a
number of randomly positioned perforations. The
wall of the box scales may be solid or possess up to
five perforations. The base of the crown scales is
square with rounded corners. It is formed of two
crossed ribs, the extremities of which are intercon-
nected by a peripheral rib. Four upright arms, at-
tached to the peripheral rib in positions slightly off-
set from its junction with the cross ribs, join up with
the distal extremity of a central upright strut. Each
arm possesses two spines. The limuloid scales are
cross-striped by 10–12 ribs. Some details of the flagel-
lar apparatus are briefly reported. 

 

Pyramimonas tycho-
treta

 

 is compared with other species of the genus. Ex-
periments were conducted to study the response of
growth rate to variations in temperature and salinity
in the clonal culture. The best growth rate (0.45 divi-
sions

 

?

 

24 h

 

2

 

1

 

) was found at 4.6

 

8 

 

C; growth ceased at
temperatures in excess of 12

 

8 

 

C. Growth in salinities
ranging from 15 to 35 psu was similar, but was arrested
at 10 psu. These studies suggest that 

 

P. tychotreta

 

 as a
cold stenotherm and euryhaline taxon. New observa-
tions are presented on the geographic distribution of
previously described species of 

 

Pyramimonas

 

 Schmarda
from the Northern Foxe Basin, Canada.
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Abbreviations: 

 

A, B, C, D: chloroplast lobes A, B, C
and D; e: eyespots; g: Golgi body; l: lipid droplet; m:
mitochondrion; mb: microbody; N: nucleus; p: pyre-
noid; pb: proximal band; pf: prominent proximal fi-

ber; r: rhizoplast; r

 

1

 

, r

 

2

 

, r

 

3

 

, and r

 

4

 

: microtubular flagel-
lar roots 1, 2, 3, and 4; s: starch sheath; 1–4: flagella or

 

basal bodies

 

During the past 20 years, a substantial amount of
ultrastructural information has been collected on the
genus 

 

Pyramimonas.

 

 This has expanded our apprecia-
tion of the morphological diversity and distribution
records have generated insight into the ecology and
biogeography of the genus. Well-circumscribed species
of 

 

Pyramimonas

 

, with the exception of the type spe-
cies (

 

P. tetrarhyncus

 

 Schmarda), are marine (Schmarda
1850, Hori et al. 1995). In most seas more than one
species is encountered in surface samples. Surveys
using electron microscopy for identification pur-
poses give the impression that species diversity is
higher in temperate marine waters, but this may
change when sampling intensifies in arctic and ant-
arctic waters. Some 

 

Pyramimonas

 

 species are cosmopol-
itan (e.g. 

 

P. disomata

 

 McFadden, Hill et Wetherbee,

 

P. grossii

 

 Parke, 

 

P. orientalis

 

 Butcher ex McFadden,
Hill et Wetherbee, and 

 

P. virginica

 

 Pennick; see Mc-
Fadden et al. 1986, Hori et al. 1995) and a few taxa ap-
pear to have a narrow biogeographic distribution.
Temperature studies on arctic and antarctic species of

 

Pyramimonas

 

 have demonstrated that cells do not sur-
vive temperatures above about 10–12

 

8 

 

C (Daugbjerg
and Moestrup 1992a, 1992b; present study). Hence,
marine species living throughout the year at low tem-
peratures (e.g. 

 

P. aurita

 

 Daugbjerg, 

 

P. cyrtoptera

 

 Daug-
bjerg, 

 

P. cyclotreta

 

 Daugbjerg, 

 

P. dichotoma

 

 Daugbjerg,

 

P. gelidicola

 

 McFadden, Moestrup et Wetherbee, 

 

P. igloo-
likensis

 

 Daugbjerg, 

 

P. quadrifolia

 

 Daugbjerg, and 

 

P. ty-
chotreta

 

 Daugbjerg) are likely to have a circumpolar
distribution. On the other hand, the cosmopolitan
taxon 

 

P. orientalis

 

 also occurs in arctic waters (Thrond-
sen 1970, Thomsen 1982, Daugbjerg and Moestrup
1993). The arctic population of 

 

P. orientalis

 

 may repre-
sent an ecotype adapted to cold environments.

A few studies have addressed the diversity of 

 

Pyrami-
monas

 

 species from the Arctic, whereas only a single
taxon (

 

P. gelidicola

 

) has been described from antarctic
waters (McFadden et al. 1982). The present study re-
ports on the motile stage of a new species, 

 

P. tychotreta

 

,
isolated into clonal culture from a water sample col-
lected near the ice edge in the northern part of the
Weddell Sea, Antarctica. The description is based on
a light and electron microscopic investigation of cell
morphology and the architecture of the body and
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flagellar scales. The growth response to changes in
temperature and salinity was also studied.

 

materials and methods

 

Collection site.

 

During a cruise from November 1988 to Janu-
ary 1989 on-board RV “Polarstern” (EPOS II) Dr. Jacob Larsen
collected water samples in the Weddell Sea. 

 

Pyramimonas ty-
chotreta

 

 was isolated into clonal culture from a surface sample
collected at station 156 (61

 

8

 

 S, 49

 

8

 

 W). This station (solid circle
in Fig. 1) is located close to the edge of permanent pack ice and
over a water column of 2190 m. From 10–300 m the salinity
changed from 34.1 to 34.5 psu and the temperature profile
from –1.7 to 0.1

 

8 

 

C.

 

Culture.

 

The clonal culture was established by micropipet-
ting from enriched cultures. For the past 10 years 

 

P. tychotreta

 

has been maintained successfully at 30 psu in modified Erd-
schreiber medium (Throndsen 1978) and L1 (Guillard and
Hargraves 1993) at a temperature of 4

 

8 

 

C, a photon flux density
of 

 

z

 

13 

 

m

 

mol

 

?

 

m

 

2

 

2

 

?

 

s

 

2

 

1

 

, and a 16:8 h L:D cycle.

 

Temperature and salinity experiments.

 

To study the growth re-
sponse of the clonal culture, cultures were grown at 4.6

 

8 

 

C 

 

6

 

 1.6 to
17.5

 

8 

 

C 

 

6

 

 0.2 on a temperature-gradient plate. All cultures were
grown at a salinity of 30 psu, a photon flux density of 15

 

m

 

mol

 

?

 

m

 

2

 

2

 

?

 

s

 

2

 

1

 

, and a 16:8 h L:D cycle. To examine the growth
response to changes in salinity, a duplicate series of cultures was
grown at 10, 15, 20, 25, 30, and 35 psu (temperature 4

 

8 

 

C, pho-
ton flux density 13 

 

m

 

mol·m

 

2

 

2

 

·s

 

2

 

1

 

, and a 16:8 h L:D cycle).
Growth experiments were conducted on semicontinuous cul-
tures (total volume 100 mL), as an equal volume of new me-
dium replaced the 5-mL sample removed for cell counts. Live
cells were counted using an electronic particle counter (Coulter
Counter, Industrial Model D) every second day or at nonregu-
lar intervals for a maximum period of 24 d. Growth rates during
exponential growth were calculated from semilog plots of suc-
cessive cell counts, using the equation 

 

k

 

 (divisions

 

?

 

24 h

 

2

 

1

 

) 

 

5

 

3.322/

 

T

 

10

 

, where 

 

T

 

10

 

 is the number of days required for a 10-fold
increase of the population (Guillard 1973).

 

Light and electron microscopy.

 

Live cells were observed using
an Olympus Provis AX 70 microscope equipped with Nomarski
interference optics. Whole mounts for electron microscopy
were either shadow-cast or stained in uranyl acetate according

 

to standard methods (Moestrup and Thomsen 1980). Unfixed
cultures for freeze-etching were centrifuged at 1500 rpm for 10
min, frozen in Freon 22, and stored in liquid nitrogen until
preparation in a Balzer’s 301 apparatus. The material was frac-
tured at –100

 

8

 

C, etched for 3 min, and shadow-cast. Fixation
protocols for sectioning of cells were identical to those outlined
in Daugbjerg and Moestrup (1992b).

 

results

 

Pyramimonas tychotreta

 

 Daugbjerg, sp. nov.

 

Cellulae 8–12 

 

m

 

m longae et 6–8 

 

m

 

m latae lateribus paulo
convexis et apice truncato et antapice rotundato. Flagella
quattuor depressione apicali emergentia et longitudine paulo
cellulam longiora. Chloroplastus graminiviridis cupulatusque
et ad apicem cellulae in lobis quattuor divisus. Stigmata duo
in lobis chloroplasti propinquis aequatoriaque bistrataque;
strata non per thylakoidibus segregata. In extremo antapicali
vagina e amylo constata et pyrenoidem excentricam cingens.
Pagina flagellorum squamis quinquelateris parvisque squa-
mis limuliformibus striatisque et squamis piliformibus tecta.
Corpus cellulae typis quattuor squamarum tectum. Fovea
flagellorum squamis minutis quadratisque (ca. 45 nm latis)
strati inferioris tecta. Corpus cellulae strato singulari squamae
capsiformium (ca. 300 nm latae et 80 nm altae) tectum. Basis
squamae capsiformes omnes in directionibus quattuor gram-
mata et cum numero varianti foraminum fortuitorum. Paries
squamae capsiformium solidus aut per usque ad foramina
quinque perforatus. Squamae vestigiumformes (70 nm longae
et 20 nm latae) inter squamas capsiformes distributae. Squa-
mae coroniformes quadratae (ca. 300 nm latae) angulis ro-
tundatis et stratum extimum formantes. Basis squamarum
coroniformium omnium costis quattuor crucem formantibus et
ad extremum distale labro quadrato connexis. Tigillum verti-
cale centralisque e centro crucis procurrens et ad extremum dis-
tale brachiis quattuor curvatis connexum. Brachia omnia de-
flexa et spinas duas ferentia et prope ad medium lateris
uniuscuiusque labri terminantia.

 

Cells are 8–12 

 

m

 

m long and 6–8 

 

m

 

m wide, with
slightly convex sides, a truncate apical end and a
rounded antapical end. Four flagella emerge from an
apical depression and are slightly longer than the cell.
The grass-green chloroplast is cup-shaped and anteri-
orly divided into four lobes. Two bilayered eyespots
without intervening thylakoids are positioned in adja-
cent chloroplast lobes halfway down the cell. A starch
sheath surrounds an eccentric basal pyrenoid. The
flagellar surface is covered by small pentagonal under-
layer scales, striated limuloid scales and hair-shaped
scales. Four scale types cover the cell body. Minute
square underlayer scales (

 

z

 

45 nm wide) cover the
flagellar pit. Box scales (

 

z

 

300 nm wide and 

 

z

 

80 nm
high) cover the cell body in a single layer. The scale
floor is ornamented by quadrants of parallel striations
running perpendicular to one another and a varying
number of unevenly placed perforations. The scale
wall is solid or perforated by up to five holes. Foot-
print scales (70 nm long and 20 nm wide) are dis-
persed between box scales. Square crown scales (

 

z

 

300
nm wide) with rounded corners form the outermost
layer. The base of each crown scale is formed by four
ribs in a cross, connected distally to a square rim. A

Fig. 1. Map showing the type locality (solid circle) of
Pyramimonas tychotreta in the Weddell Sea, Antarctica.
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central strut projects from the center of the cross and
connects distally with four curved arms that bend
down to terminate near the middle of each side of the
rim. Two spines are present on each upright arm.

Etymology: from Greek 

 

tyche

 

, chance, and 

 

tretos

 

,
perforated. The species epithet refers to the random
perforations of the scale floor in the box scales.

Holotype: Fig. 7.
Isotype: A fixed and embedded sample of the clonal

culture has been deposited at the Botanical Museum,
Copenhagen, and given the reference number 1569.

Habitat: The type material was collected in the
northern part of the Weddell Sea, Antarctica (60

 

8 

 

S,
49

 

8 

 

W), in December 1988.

 

Light microscopy.

 

Live cells (length 8–12 

 

m

 

m and
width 6–8 

 

m

 

m) are cylindrical and possess four equal
flagella that emerge from a flagella pit, 

 

z

 

2 

 

m

 

m deep
(Figs. 2–5). At rest the flagella recurve and terminate
about halfway down the cell at the level of the two bi-
layered eyespots (Figs. 2–4). The basal bodies form a
diamond (rhombic) shape (Fig. 5). For the past 10
years no palmella or cyst stages have been observed in
this isolate. Cells swim in an almost straight path while
rotating around their longitudinal axis. They may
stop for a short time and change direction. After a few
minutes of observation, cells stop swimming and at-
tach to the slide, usually with the apical end. Swim-
ming behavior is similar to that encountered for most
species of the subgenus 

 

Vestigifera.
Body and flagellar scales.

 

An osmium-fixed cell with
detached body and flagellar scales is shown in Fig. 6.
The cell has four types of body scales and three types

of flagellar scales (Figs. 7–18). Reconstructions of
cells from light microscopy and three body scales
and a single flagellar scale based on whole mounts
and thin sectioning are illustrated in Figs. 19–23. De-
tails of sectioned scales are shown in Figs. 24–36. As
typical for members of the subgenus 

 

Vestigifera

 

, the
flagellar pit in 

 

P. tychotreta

 

 is covered by small under-
layer scales. They are similar to type 1 of McFadden
et al. (1986) but, as pointed out by Sym and Pienaar
(1995), the baseplate of this type of scale has only
four perforations (not shown). The square box scales
(Figs. 7–9, 29–33) cover the cell surface as a close fit-
ting layer (Fig. 9). The walls of the box scales may be
solid (Fig. 30) or have up to five perforations (three
and four holes are shown in Figs. 32 and 33, respec-
tively). The walls flare out distally and seem to be in-
terlocked by a narrow flange situated about 1/3 of
the scale height from the base (arrows in Fig. 31).
The scale floor is ornamented with perpendicular
striations in four quadrants, each group composed
of 5–6 stripes (Figs. 7–9, 29). The floor is further
characterized by randomly positioned perforations
(Figs. 7, 29). Footprints scales are scattered between
the box scales (Figs. 7, 29–30). Square crown scales
(300 nm wide and 300 nm high) with rounded cor-
ners form the outermost layer of the periplast (Figs.
10–12, 24–27). Proximally each crown scale com-
prises a cross whose distal end is interconnected by a
rim. Two spines are positioned on each side of the
rim (Fig. 11). Slightly displaced from the middle of
each side of the proximal rim, four upright arms ex-
tend and connect with the distal part of a central
strut (Figs. 11, 26–27). Each arm possesses two spines
(Fig. 27). Distally the arms join up pairwise, the two
pairs connecting by a short distal bar (Fig. 28). This
arrangement is also noticeable during the formation
of crown scales in the Golgi cisternae (Figs. 24–25).

Minute pentagonal scales (

 

z

 

40 nm wide) cover the
flagellar membrane in the manner typical of other
species of 

 

Pyramimonas

 

 (e.g. Figs. 18, 35). Nine rows of
limuloid scales cover the pentagonal scales, overlap-
ping each other by half the scale width (Fig. 14).
Limuloid scales measure 

 

z

 

313 nm in length and

 

z

 

190 nm in width, including the apical spine (Figs.
15–16). Four faint ribs radiate to the periphery and
two ribs run along the sides. Often two differently
sized perforations are present proximally. A small
spine is present on each side of the longitudinal rib
(Fig. 16). Each scale also bears 10–12 transverse ribs
(Figs. 15–16). One side of the scale is longer than the
other. Each flagellum bears two rows of almost oppo-
site tubular hair scales, 

 

z

 

1.3 mm long (Figs. 17, 34).
They belong to the T-category of Marin and Melko-
nian (1994).

General fine structure. The organization of major or-
ganelles in the cell (i.e. nucleus, chloroplast, eyespots,
pyrenoid, Golgi bodies, and mitochondrial profiles) is
very similar to other species of the subgenus Vestigifera
(Figs. 37–42). The cup-shaped chloroplast is ap-
pressed to the plasmalemma (Fig. 37) and extends

Figs. 2–5. Live cells of Pyramimonas tychotreta sp. nov., dif-
ferential interference contrast. Figs. 2–4. Optical longitudinal
sections showing position of flagella in resting cells, pyrenoid
and eyespots. Fig. 5. Optical transverse section. The four basal
bodies are arranged in a diamond-shaped configuration. Scale
bars 5 5 mm.
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Figs. 6–18. Electron micrographs of Pyramimonas tychotreta, sp. nov. Fig. 6. Whole cell, some body and flagellar scales noticeable.
Figs. 7–9. Box scales showing perforations of the scale floor and striations in four groups. Figs. 10–12. Crown scales. Fig. 13. Footprint
scales. Figs. 14–16. Limuloid scales. Fig. 14 shows four of the nine longitudinal rows of limuloid scales surrounding each flagellum.
Fig. 17. Flagellar tip with hair scales. Fig. 18. Pentagonal flagellar underlayer scales. A single limuloid scale is also visible. Figs. 6, 7, 10,
11, 13, 16, and 17: Uranyl acetate stained whole mounts. Figs. 8, 12 and 15: Shadow-cast whole mounts. Figs. 9, 14, 18: Freeze-etched.
Scale bars 5 5 mm (Fig. 6); 200 nm (Figs. 7–18).
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into four lobes (Figs. 38–39). Each eyespot is bilay-
ered, without an intervening thylakoid (Fig. 36) and
positioned in closely appressed chloroplast lobes (Fig.
38). Following the terminology of Hori et al. (1995),
the eyespots are located in chloroplast lobes B and C,
close to the nucleus (5Group III). The pyrenoid
(type 1 sensu Hori et al. 1995) is enclosed by a starch
sheath (Figs. 37, 40). A ring of paired thylakoids in-
vades the pyrenoid matrix from the anterior end
(Figs. 40–41). A structure resembling a plastid-divid-
ing ring is observed during chloroplast division (Fig.
42). The plastid-dividing ring is seen as an electron-
dense deposit in the division furrow. Before release,
the flagellar scales accumulate in a reservoir located
opposite the nucleus (Figs. 34–35). Vesicles contain-
ing large body scales are often observed (Figs. 38–39).
The Golgi apparatus comprises two opposite dictyo-
somes (only one is visible in Figs. 37–39). Various
stages of scale formation are always visible in the cis-
ternae (Figs. 24–25, 37–39).

Flagella and basal bodies. The basal bodies have a
discontinuous osmiophilic core (Figs. 37, 43), similar
to P. gelidicola (McFadden and Wetherbee 1984) and
P. orientalis (Moestrup and Thomsen 1974). No struc-
tures are otherwise present in the lumen apart from
numerous ribosomes (see basal body 1 in Fig. 43).
The transition region has an undivided stellate pat-

tern. A cylinder is positioned distal to the stellate pat-
tern at the level where the two central microtubules of
the flagella terminate (Fig. 43). A weakly developed
transverse septum (or plate-like structure) was en-
countered (Fig. 44). The flagellar pit is lined by 80–
100 microtubules (Fig. 47).

Flagellar apparatus. A detailed reconstruction of
the flagellar apparatus was not attempted, but a few
details are provided (Figs. 43–48). The flagellar appa-
ratus has a rhombic configuration sensu Inouye et al.
(1985) and the four basal bodies have been num-
bered in Figs. 46–48 according to Moestrup and Hori
(1989). The synistosome connecting basal bodies 1
and 2 is 200 nm long by 140 nm wide by 160 nm deep
(Figs. 45, 48). An intermediate fiber (sensu Sym and
Pienaar, 1991) was not detected beneath the synisto-
some. The microtubular root system with roots la-
beled r1–r4 sensu Moestrup (2000) (1d, 1s, 2d, and 2s,
respectively, in previous terminology) consists of 2, 4
(3/1), 2 (r1–r3) (Fig. 47). The r4 root probably com-
prises three microtubules, but the exact number was
difficult to verify from the sections studied. The mi-
crobody and rhizoplast (system II fiber sensu Melko-
nian 1980) are in direct contact and extend from the
proximal end of the basal bodies to the pyrenoid (Fig.
44). Proximal to the basal apparatus, the rhizoplast
branches to attach to individual basal bodies (Fig. 45).

Figs. 19–23. Schematic drawings of Pyramimonas tychotreta, sp. nov. and the most characteristic body and flagellar scales. Fig. 19.
Whole cell, showing position of eyespots, pyrenoid, and flagella in a resting cell. Fig. 20. Crown scale. Fig. 21. Box scale with solid
walls. Other box scales have walls with up to five perforations. Fig. 22. Footprint scale. Fig. 23. Limuloid scale. Not to scale.
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Figs. 24–36. Sections through body and flagellar scales of Pyramimonas tychotreta sp. nov and details of cell ultrastructure. Figs. 24–
25. Cross sections of developing crown scales. Fig. 26. Transverse section through the base of a mature crown scale. Fig. 27. Longitu-
dinal section through a mature crown scale showing two small spines on each of the upright arms. Fig. 28. Cross section through the
apical end of a mature crown scale showing the short distal bar connecting the four upright arms. Fig. 29. Cross section through the
baseplates of box scales depicting the striations in four perpendicular groups. Footprint scales are scattered between box scales. Fig.
30. Vertical section through box scales with solids walls. Fig. 31. Longitudinal section through the central part of box scales. Arrows in-
dicate external flanges, perhaps interlocking adjacent scales. Figs. 32–33. Longitudinal section of box scales having walls with three
and four perforations, respectively. Fig. 34. Mature flagellar hair scales in scale reservoir. Hair scales apparently with identical orienta-
tion. Fig. 35. Flagellar hair scales and pentagonal underlayer scales in the process of release from the scale reservoir to the flagellar
pit. The duct fiber (arrowhead) at the duct aperture is seen as an electron-dense area. Fig. 36. Eyespots in closely appressed chloro-
plast lobes. Each eyespot consists of two rows of osmiophilic globules not separated by thylakoids. Scale bars 5 100 nm (Figs. 24–28,
32–33); 200 nm (Figs. 29–31, 34–36).
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Figs. 37–42. General ultrastructure of Pyramimonas tychotreta sp. nov. Fig. 37. Longitudinal section showing the disposition of ma-
jor organelles; nucleus, mitochondria, Golgi body, and pyrenoid surrounded by starch sheath. Figs. 38–39. Transverse sections at the
level of the flagellar pit region and basal body region, respectively. Fig. 40. Transverse section through the pyrenoid region. The
pyrenoid matrix is invaded by pairs of thylakoids. Fig. 41. Longitudinal section of pyrenoid and starch sheath. The microbody is
closely associated with the apical end of the pyrenoid. Fig. 42. Dividing chloroplast and pyrenoid. The arrows indicate the plastid-
dividing ring. Scale bars 5 1 mm.
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Figs. 43–48. Details of the flagellar apparatus of Pyramimonas tychotreta sp. nov. Figs. 43–45. Longitudinal sections showing the
proximal band separating the microbody–rhizoplast complex and the proximal part of the basal bodies. Arrows indicate the transi-
tional fiber. The arrowhead in Fig. 44 marks a weakly developed transitional plate-like structure. Figs. 46–48. Transverse sections
through the flagellar pit and basal body region. The microtubular roots are labeled in Fig. 47. Scale bars 5 500 nm (Figs. 43–45); 250
nm (Figs. 46–48).
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A prominent proximal connective fiber between basal
bodies 1 and 2 is seen in Fig. 43.

Temperature and salinity studies. Cells of the clonal
isolate of P. tychotreta grown at 4.68 C 6 1.6 had a
growth rate of 0.45 divisions?24 h21, giving a genera-
tion time of 2.2 d (Fig. 49). Cells grown at 4.6–5.58 C
were still in the exponential phase when the experi-
ment was stopped after 21 d (not shown). The growth
rate fell to z0.28 divisions?24 h21 for cultures grown at
78 C 6 0.2 and 7.58 C 6 0.4 and these cells reached the
stationary phase after 14 d. No growth occurred at tem-
peratures above 128 C (Fig. 49). Clonal cultures grown
in the salinity range of 15–35 psu all reached the expo-
nential phase of growth within 24 d. In exponentially
growing cultures, growth rates ranged from 0.42 divi-

sions?24 h21 at 15 psu to 0.59 divisions?24 h21 at 20 psu
(Fig. 50). Growth rates were slightly higher at 20–30
psu than at 15 and 35 psu. Cells grown at 10 psu in-
creased in number from about 2000 to 3000 over the
first 4 d and then declined to zero by day 11, when the
experiment was terminated.

discussion
Arctic and Antarctic microalgae associated with the

sea ice community and open water systems experi-
ence fluctuating salinities from seasonal formation,
break-up, and melting processes. Although the isolate
of Pyramimonas tychotreta from the Weddell Sea was ob-
served in open water samples, physiological studies
reveal that it is well adapted to an icy environment,
being a cold water stenotherm and euryhaline. Aute-
cological experiments on two species of Pyramimonas
isolated from arctic Canada (Northern Foxe Basin)
also revealed that growth stops at temperatures above
10–118 C (Daugbjerg and Moestrup 1992a, 1992b). At
temperatures of 2–78 C the maximal growth rate was
similar (z0.4 divisions?24 h21) for the isolates of the
three polar species of Pyramimonas studied. However,
these studies show that they survive and divide at tem-
peratures well in excess of those occurring in polar
waters. It remains to be demonstrated whether these
polar species occur in subpolar or even temperate re-
gions, as it has been for P. nansenii (Braarud) Thom-
sen, which originally was found in East Greenland
Braarud (1935) but since has been observed beneath
the ice of a Danish fjord (Thomsen 1988).

Prior to this study, only one species of Pyramimonas,
P. gelidicola, had been successfully isolated from sea
ice in Antarctica (McFadden et al. 1982). Pyramimonas
gelidicola belongs to the subgenus Vestigifera and shares
many morphological features with P. tychotreta. How-
ever, a detailed comparison at the ultrastructural level
reveals a number of important differences, indicating
that the two taxa are separate species. The length-to-
breadth ratio in P. gelidicola is 1.88, compared with
1.54 in P. tychotreta. Both species possess a cup-shaped
chloroplast appressed to the plasmalemma and an ec-
centric pyrenoid surrounded by a starch sheath. The
anterior of the chloroplast in P. gelidicola divides to
form eight widely spaced lobes, whereas only four rel-
atively closely appressed lobes are present in P. ty-
chotreta. The eyespots in P. gelidicola are separated by
an evagination of the nucleus, whereas in P. tychotreta
the nucleus lies against the eyespots. Limuloid scales
on the flagella are markedly different. In P. tychotreta
they are striated with a few perforations, while those
of P. gelidicola are longer (400–500 nm, compared
with z313 nm in P. tychotreta) with large irregular per-
forations. The pattern formed by the perforations dif-
fers significantly. Box scales are similar in size in the
two species and the scale floor has an identical pat-
tern with striations in four groups. However, the ran-
domly positioned perforations in P. tychotreta are ab-
sent in P. gelidicola. In P. gelidicola the wall in box
scales was described with approximately seven perfo-

Fig. 49. Growth response of Pyramimonas tychotreta to dif-
ferent temperatures during the exponential phase. Error bars
represent 61 SD from the mean growth rate in duplicate sets of
cultures. No error bars are given for experiments at 4.68 C and
7.58 C, as duplicates were not performed.

Fig. 50. Growth response of Pyramimonas tychotreta to dif-
ferent salinities during the exponential phase. Error bars repre-
sent 61 SD from the mean growth rate (duplicate sets of cul-
tures).
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rations and solid walls were not observed. The wall in
box scales of P. tychotreta varies, as some scales possess
solid walls but in other scales the walls have to up five
perforations. These variations could not be correlated
with abiotic factors. Cells exposed to the different
temperature and salinity regimes applied here, pro-
duced box scales with solid or variably perforated
walls. Apart from the difference in number of spines
on the upright arms, the crown scales are similar
(three per upright arm in P. gelidicola and two in P. ty-
chotreta).

Variation in the structure of box scales is known
also in other species of Pyramimonas. Box scales with
or without a central spine or boss were reported in P.
cyclotreta (Daugbjerg and Moestrup 1992a), P. disomata
(McFadden et al. 1986), P. aff. nephroidea McFadden
(A strain, Sym and Pienaar 1995), and P. quadrifolia
(Daugbjerg and Moestrup 1993). In a recent study
Sym and Pienaar (1995) showed that the scale floor in
a clonal culture of P. norrisii Sym et Pienaar was identi-
cal to that previously reported for P. moestrupii McFad-
den by McFadden et al. (1986) who, despite some
other subtle differences in this scale type, considered
P. norrisii similar enough in most regards to relegate it
to synonymy with P. moestrupii. Although the large
body scales are considered important in species de-
limitation in Pyramimonas (Norris and Pienaar 1978),
obviously some degree of morphological variation in
the box scales has to be accepted, at least in some ves-
tigiferan species. The architecture of body and flagel-
lar scales in combination with the general ultrastruc-

ture of the cell should be used as a basis for species
delimitation.

The flagellar and body scales in another Pyramimo-
nas, P. gorlestonae Pennick et Cann isolated from
Gorleston-on-Sea (Norfolk, England) resemble those
of P. tychotreta. The limuloid scales of P. gorlestonae are
cross-striped with about 8 striations (Pennick and
Cann, 1982); P. tychotreta has 10–12 striations. The
box scales have four perpendicular groups of stria-
tions as in P. tychotreta, but the random number of
perforations applies only to P. tychotreta. The wall in
box scales of P. gorlestonae is perforated by four or five
apertures (Figs. 11–13, 17 in Pennick and Cann
1982); the authors do not mention the presence of
solid walls in some box scales. Perforations of the up-
per rim, one at each corner, in box scales of P. gorlesto-
nae have never been observed in P. tychotreta. The
height of crown scales also differ (160 nm in P. gorles-
tonae and 300 nm in P. tychotreta). Each upright arm in
P. gorlestonae has three spines (although two spines
were also mentioned in the text, this was not sup-
ported by any micrographs), compared with two in P.
tychotreta. Spines on the crown scales of P. gorlestonae
are markedly larger than those of P. tychotreta. Al-
though the four ribs extending from the middle of
the proximal rim are mentioned and drawn by Pen-
nick and Cann (1982, their Figs. 4 and 5), they are not
easily detectable on the micrographs accompanying
the paper. The four ribs are drawn with two spines per
rib. Such spines are lacking in P. tychotreta. Pyramimo-
nas gorlestonae measures 7–8.5 mm in length and 5.5–8

Table 1. Comparison of Pyramimonas tychotreta with three congenerics, P. gelidicola, P. gorlesonae, and P. orientalis.

P. tychotreta P. gelidicola P. gorlestonae P. orientalis

Length (mm) 8–12 14–18 7–8.5 4–13.6
Width (mm) 6–7 8–9 5.5–8 4–6.8
Length/breadth ratio 1.54 1.88 1.15 1.63
Cell body with lateral wings No No Yes No
Number of apical 

chloroplast lobes
4 8 4 4

Number of eyespots 2 2 1 2
Eyespots generated by 

evagination of nucleus
No Yes Not applicable No

Length of limuloid scales (nm) z313 400–500 z315 z330
Morphology of limuloid scales 10–12 ribs Many perforations z8 ribs Few perforations
Morphology of box scale floor Striations in 4 

quadrants
Striations in 

4 quadrants
Striations in 

4 quadrants
z10 parallel striationsa

Perforations of box scale floor Random 
arrangement

None None None

Perforations of box scale wall Solid or up to 
5 apertures

z7 4–5 Solid

Perforations of upper rim of 
box scales

No No Yes No

Height of crown scale (nm) z300 z300 z160 z200
Number of spines on upright 

arms of crown sales
2 3 3 0

Geographic distribution Polar (Antarctica) Polar (Antarctica) Temperate (England) Cosmopolitan
Reference This study McFadden 

et al. 1982
Pennick and 

Cann 1982
Moestrup and 
Thomsen 1974, 
McFadden et al. 
1986, Sym and 
Pienaar 1996

aFour of the strains studies by Pennick et al. (1978) and considered allied to P. orientalis possessed box scales with striations in
quadrant similar to P. tychotrata.
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mm in width and is therefore smaller than P. tychotreta.
The length-to-breadth ratio in P. gorlestonae is 1.15,
compared with 1.54 in P. tychotreta. The cell body of P.
gorlestonae has four lateral wings that extend to the
posterior end; wings are absent in P. tychotreta. A sin-
gle bilayered eyespot is present in P. gorlestonae, posi-
tioned about 1/3 down the cell.

As already mentioned, the transition region and
the discontinuous osmiophilic core in P. tychotreta are
similar to P. orientalis and, since this taxon also occurs
in polar waters (but restricted to the Northern Hemi-
sphere), a comparison of its scale morphology is in-
cluded. The comparison is based on isolates of P. ori-
entalis studied by Moestrup and Thomsen (1974),
McFadden et al. (1986) and Sym and Pienaar (1996).
In P. orientalis the crown scales lack spines on the four
upright arms, and these arms further emanate from
the rounded corners of the otherwise square proximal
rim. Shadow-cast and freeze-etched material clearly
shows box scales with solid walls and the floor with
either parallel striations (z8–10 stria) or sometimes
with two or three quadrants formed by perpendicular
striations. The scale floor lacks perforations. Thus,
the comparison of crown scales and box scales pos-
sessed by P. orientalis and P. tychotreta reveals a number
of significant differences. Pennick et al. (1978) com-
pared the scale morphology of 12 strains of Pyramimo-
nas considered allied to P. orientalis. Most of these strains
were collected in England and later isolated into cul-
ture by Butcher. Although some of these have since
been described as new species of Pyramimonas, five
strains remain as allied to P. orientalis (CCAP LB 4/1,
11/92, 67/12, 67/13, and 67/14). The body scales of
strain LB 67/13 resemble those present in the isolate
of P. orientalis studied by Moestrup and Thomsen
(1974) and McFadden et al. (1986); the remaining four
strains possess body scales with a dissimilar morphol-
ogy to both P. orientalis and P. tychotreta. The morpho-
logical differences outlined above are significant and
Pyramimonas tychotreta is recognized as a new taxon. For
ease of comparison, major differences of the scale ar-
chitecture between P. tychotreta, P. gelidicola, P. gorlesto-
nae, and P. orientalis are compiled in Table 1.

Pyramimonas tychotreta is not geographically re-
stricted to the Weddell Sea (Daugbjerg, unpublished
data). At a few stations visited in the Ross Sea, P. ty-
chotreta formed a red-colored bloom in sea ice surface
layers (infiltration community). In addition to mo-
tiles, cysts and a uniflagellated stage were discovered
and considered part of the life history (Daugbjerg,
unpublished data). The uniflagellate possessed box,
limuloid, and hair scales identical to those of the
quadriflagellated stage. It is likely that protists are dis-
persed over long distances by surface currents in the
Southern Ocean and therefore have a circumpolar
distribution limited by a species-specific upper tem-
perature boundary.

Another yet undescribed species of Pyramimonas is
known solely from whole mounts based on osmium
fixed material also collected during the EPOS II

cruise to the Weddell Sea (Thomsen, personal com-
munication). It possesses trichocysts, indicating that it
belongs to the subgenus Trichocystis. Two types of flat-
tened box scales somewhat resembling those of P. au-
rita (Daugbjerg and Moestrup 1993) and P. nansenii
(Thomsen 1988) from ice biota in the Northern
Hemisphere further characterize this taxon. Three
species of Pyramimonas are therefore presently known
from antarctic sea ice and open water communities.

Water samples collected in arctic Canada in 1989
and 1992 (Daugbjerg and Moestrup 1992a, 1992b,
1993, Daugbjerg and Vørs 1994) contained an unex-
pected high number of new species of Pyramimonas. It
was speculated that these were endemic to Foxe Basin
(Daugbjerg and Moestrup 1993). However, cells and
body scales of P. aurita were later observed in water
samples from Disko Bay, West Greenland (D. Grastrup-
Hansen, personal communication). Additionally, P. au-
rita and P. dichotoma were recorded in water samples
from the Greenland Sea and the polynia in the north-
ern part of Baffin Bay and Nares Strait and P. cyclotreta
was also observed in the Greenland Sea (M. Gammel-
gaard, personal communication). This illustrates that
sampling at remote destinations or even increased sam-
pling frequency at any location may uncover the pres-
ence of species formerly considered to be of limited
geographic distribution. However, the cold-water spe-
cies of Pyramimonas described from arctic Canada still
appear to be confined to cold waters in the Northern
Hemisphere and the distribution of the genus in the
Arctic and Antarctic ecosystems thus appears distinct.

Dr. Jacob Larsen is thanked for bringing back the water sample
containing Pyramimonas tychotreta. Lisbeth Haukrogh is thanked
for excellent technical assistance and Dr. Dave Hill for help and
advice with the freeze etching procedure. An anonymous re-
viewer and Prof. Øjvind Moestrup are thanked for suggestions
to improve the text. The Carlsberg Foundation is acknowledged
for provision of light microscope facilities (grant 970410/40).
Dr. Stuart Sym kindly prepared the Latin diagnosis.

Braarud, T. 1935. The “Øst” expedition to the Denmark Strait 1929.
II. Phytoplankton and its conditions of growth. Hvalr. Skr.
10:1–173.

Daugbjerg, N. & Moestrup, Ø. 1992a. Fine structure of Pyramimonas
cyclotreta sp. nov. (Prasinophyceae) from Northern Foxe Basin,
Arctic Canada, with some observations on growth rates. Eur. J.
Protist. 28:288–98.

——— 1992b. Ultrastructure of Pyramimonas cyrtoptera sp. nov. (Pra-
sinophyceae), a sixteen flagellate species from Northern Foxe
Basin, Arctic Canada, including observations on growth rates.
Can. J. Bot. 70:1259–73.

——— 1993. Four new species of Pyramimonas (Prasinophyceae)
from Arctic Canada including a light and electron microscopic
description of Pyramimonas quadrifolia sp. nov. Eur. J. Phycol.
28:3–16.

Daugbjerg, N. & Vørs, N. 1994. Preliminary results from a small
scale survey of marine protists from Northern Foxe Basin in
the vicinity of Igloolik Island, June 1992. In Daugbjerg, N.
[Ed.] Research on Arctic Biology, Igloolik June–July 1992, N.W.T.
Canada. HCØ Tryk, Copenhagen pp. 1–46.

Guillard, R. R. L. 1973. Division Rates. In Stein, J. R. [Ed.] Culture
Methods and Growth Measurements. Handbook of Phycological Meth-
ods. Cambridge University Press, Cambridge, pp. 289–313.



PYRAMIMONAS TYCHOTRETA, SP. NOV. 171

Guillard, R. R. L. & Hargraves, P. E. 1993. Stichochrysis immobilis is a
diatom, not a chrysophyte. Phycologia 32:234–6.

Hori, T., Moestrup, Ø. & Hoffman, L. R. 1995. Fine structural stud-
ies on an ultraplanktonic species of Pyramimonas, P. virginica
(Prasinophyceae), with a discussion of subgenera within the
genus Pyramimonas. Eur. J. Phycol. 30:219–34.

Inouye, I., Hori, T. & Chihara, M. 1985. Ultrastructural characters
of Pyramimonas (Prasinophyceae) and their possible relevance
in taxonomy. In Hara, H. [Ed.] Origin and Evolution of Diversity
in Plants and Plant Communities. Academia Scientific Book, To-
kyo, pp. 314–27.

Marin, B. & Melkonian, M. 1994. Flagellar hairs in prasinophytes
(Chlorophyta): ultrastructure and distribution on the flagellar
surface. J. Phycol. 30:659–78.

McFadden, G. I., Hill, D. R. A. & Wetherbee, R. 1986. A study of the
genus Pyramimonas (Prasinophyceae) from southeastern Aus-
tralia. Nord. J. Bot. 6:209–34.

McFadden, G. I., Moestrup, Ø. & Wetherbee, R. 1982. Pyramimonas
gelidicola sp. nov. (Prasinophyceae), a new species isolated from
Antarctic sea ice. Phycologia 21:103–11.

McFadden, G. I. & Wetherbee, R. 1984. Reconstruction of the
flagellar apparatus and microtubular cytoskeleton in Pyrami-
monas gelidicola (Prasinophyceae, Chlorophyta). Protoplasma 121:
186–98.

Melkonian, M. 1980. Ultrastructural aspects of basal body associ-
ated fibrous structures in green algae: a critical review. BioSys-
tems 12:85–103.

Moestrup, Ø. 2000. The flagellate cytoskeleton. Introduction of a
general terminology for microtubular roots in protists. In
Leadbeater, B. S. C. & Green, J. C. [Eds.] The Flagellates. Taylor
& Francis, Hampshire, UK (in press).

Moestrup, Ø. & Hori, T. 1989. Ultrastructure of the flagellar appa-
ratus in Pyramimonas octopus (Prasinophyceae): II. Flagellar
roots, connecting fibers, and numbering of individual flagella
in green algae. Protoplasma 148:41–56.

Moestrup, Ø. & Thomsen, H. A. 1974. An ultrastructural study of
the flagellate Pyramimonas orientalis with particular emphasis on

Golgi apparatus activity and the flagellar apparatus. Protoplasma
81:247–69.

——— 1980. Preparation of shadow-cast whole mounts. In Gantt, E.
[Ed.] Handbook of Phycological Methods, Developmental and Cytolog-
ical Methods. Cambridge University Press, Cambridge, pp. 386–90.

Norris, R. E. & Pienaar, R. N. 1978. Comparative fine structural
studies on five marine species of Pyramimonas (Chlorophyta,
Prasinophyceae). Phycologia 17:41–51.

Pennick, N. C. & Cann, S. F. 1982. Studies of the external morphol-
ogy of Pyramimonas: 8. Pyramimonas gorlestonae sp. nov. Arch. Pro-
tistenkd. 125:233–40.

Pennick, N. C., Clarke, K. J. & Belcher, J. H. 1978. Studies of the ex-
ternal morphology of Pyramimonas 1. P. orientalis and its allies
in culture. Arch. Protistenkd. 120:304–11.

Schmarda, L. K. 1850. Neue Formen von Infusorien. Denkschr.
Akad. Wiss. Wien 1:9–14.

Sym, S. D. & Pienaar, R. N. 1991. Ultrastructure of Pyramimonas nor-
risii sp. nov. (Prasinophyceae). Br. Phycol. J. 26:51–66.

——— 1995. Taxonomy of Pyramimonas obovata and other observa-
tions on the subgenus Vestigifera of Pyramimonas (Prasino-
phyceae, Chlorophyta). Phycol. Res. 43:17–32.

——— 1996. A survey of the genus Pyramimonas (Prasinophyceae)
from Southern African inshore waters. In Björk, M., Semesi, A.
K., Pedersén, M. & Bergman, B. [Eds.] Current trends in marine bo-
tanical research in the east African region. Sida Marine Science Pro-
gram, Department for Research Cooperation, SAREC (Swedish
Agency for Research Co-operation), pp. 260–79.

Thomsen, H. A. 1982. Planktonic choanoflagellates from Disko
Bugt, West Greenland, with a survey of the marine nanoplank-
ton of the area. Meddr Grønland, Bioscience 8:1–35.

——— 1988. Fine structure of Pyramimonas nansenii (Prasino-
phyceae) from Danish coastal waters. Nord. J. Bot. 8:305–18.

Throndsen, J. 1970. Flagellates from arctic waters. Nytt Mag. Bot.
17:49–57.

——— 1978. The dilution culture method. In: Sournia, A. [Ed.]
Phytoplankton Manual. UNESCO Monographs on Oceano-
graphic Methodology. Paris, pp. 218–24.


