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Morphological variability of the diatom
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ABSTRACT: Luticola muticopsis is a characteristic species of polar and subpolar regions. Its
morphological variability is not yet precisely described. In the investigated population the cells
from capitate to shortened, flat rounded tips were observed. The range of dimensions of
specimens was 8.8-40.6 um X 5.5-17.6 um, striac 11-22/10 um; this range considerably
exceeded that found in holotype diagnosis.
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Introduction

Luticola muticopsis (syn. Navicula muticopsis van Heurck; see Round, Craw-
ford and Mann 1990) is an interesting species characteristic of polar and subpolar
regions (Hustedt 1966, Krammer and Lange-Bertalot 1986). The morphological
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variability of this species is not yet precisely known. Many varietes and forms
have been described by West and West (1911), Carlson (1913), Heiden and
Kolbe (1928), Frenguelli (1924), Ko-Bayashi (1963) and Manguin (1964) and
revised by Hustedt (1966). Also Ko-Bayashi (1965) observed larger specimens
than those in the diagnosis of this species. In this study we are present observa-
tions on the morphological variability of L. muticopsis occurring in inland waters
of King George Island.

Study area

King George Island, the largest in the South Shetland Islands archipelago, is
located in the Maritime Antarctic Zone, in the region of wet marine climate. The
island is composed of volcanic rocks, and is in 90% covered by ice. Investigations
were conducted in the region of Admiralty Bay, where in the area free of persistent
ice cover, the H.Arctowski Polish Antarctic Station is situated. The average annual
air temperature of this area is -1.8°C; in summer (XII-III) the warmest month is
January (average +2.3°C), whereas in winter (VI-IX) the coldest month is July
(average -7.1°C) (Rakusa-Suszczewski, Migtus and Piasecki 1993).

Materials were collected in Vanishing Creek 1II, in Vanishing Creek, in Orni-
thologists Creek, in Petrified Forest Creek and in Coloured Creek (Vanishing
Creek II and Coloured Creek were named by the present authors) (Fig. 1).
Materials were collected also from water bodies situated in the area of the Polish
Antarctic Station. They were: coastal pond and a puddle situated behind the
power plant (numbered respectively as pond I and station 15; see Fig. 2 in
Kawecka et al., in press).

Investigated water bodies originate from melting snow and ice caps, and are
ephemeral. Vanishing Creek, Vanishing Creek II and Ornithologists Creek flow
through the slopes of the Kasprowy and Jersak massifs, whereas Petrified Forest
Creek gathers water from the slopes of Panorama Ridge. Coloured Creek rises
from snow beds lying above Blue Dyke hill; it is ca. 200 m long; other creeks
are longer but do not exceed 1.5 km. The creeks are shallow with the bottom of
stones, gravel and sand. Pond I is a shallow water body of muddy bottom.

Few data, on the environmental conditions of the waters investigated are avail-
able. During the study period water temperature was: in creeks 0.9-5.8°C, in the
pond 7.3-12.0°C and in the puddle 9.2-13.2°C. In Ornithologists Creek pH of the
water ranged from 6.6 to 6.9 and, according to Janiec (1992), pH of small standing
water bodies amounted to 7.7-9.9. Waters in this area are slightly mineralised and
enriched with chloride ions, e.g. in Vanishing Creek the total mineralization
amounted to 14.2-45.0 mg I\, including 12.8-35.8 mg CI'' (Kozik 1982). In
regions of bird colonies and Station buildings waters are enriched with nutrients.
Vanishing Creek, Vanishing Creek II and Petrified Forest Creek are not influenced
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Fig. 1. Localization of sampling stations: a — Arctowski Station, b — peaks and hills,
¢ — streams, d — thermokarstic channel swollow holes, ¢ — ponds, f — sampling stations.

by birds, but in the vicinity of central and lower sections of Ornithologists Creek
there are penguin rookeries. Coloured Creek is under the influence of old, aban-
doned penguin rookeries.
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Material and methods

Materials were collected by the second author in the Antarctic summer during
the XI (1986/87), XIII (1988/89) and XVI (1991/92) Antarctic Expeditions of
the Polish Academy of Sciences.

Algae were removed from stones and bottom sediments and preserved in a
4% formalin solution. In the laboratory the material was macerated in a mixture
of sulphuric acid and potassium dichromate in the ratio 3:1, then cleaned by
centrifugation at 3000 R min-!. Permanent slides were embedded in a synthetic
resin (“Pleurax”).

Diatoms were counted in 10 microscope fields, and then percentage of or-
ganisms in a given community was calculated. Taxa with at least 5% of occur-
rence were assumed to be numerous, the rest were regarded as scarce. Photo-
graphs were taken under scanning electron microscope (JEOL JSM 35CF).

Results

Dimensions of the cells of Luticola muticopsis found in inland waters of King
George Island had the following ranges: length 8.8-40.6 pwm, width 5.5-
17.6 um, striae 11-22/10 um, points 20/10 um. All cells had one isolated stigma
in their central part.

Three groups of cells with different morphology could be recognized (Table
1, PlL. 1, Figs 1-13): 1) cells with clearly capitate tips (Figs 1-5); 2) with slightly
capitate (Figs 6-9) and 3) with shortened, flat rounded tips (Figs 10-13). L.
muticopsis cells occurred as a rule in low numbers, however abundant popula-
tions were noted in Coloured Creek (02.1987), in Vanishing Creek II (12.1987,
station 4) and in the puddle (01/02.1992).

Table 1

Morphological variability of Luticola muticopsis found in inland waters of King George Island.
Investigated | Vanishing Creek | Petrified Forest Coloured Area of the Polish
waters Vanishing Creek 1l | Creek Creek Antarctic Station:
\ Ornithologists Pond I, puddle
shape of tips~ Creck near power plant

1. clearly 14-40x5.5-17.6 18.6-37.6x8.3-15.2 20.6-40.6x8.8-15.4| 20.6-28.6x7.7-11.6
capitate 11-18/10 um 11-19/10 pm 11-18/10 pm 13-17/10 pm

2. slightly 14.3-29.7x5.5-9.9 | 14.1-28.2x6.1-11.5| 16.5-21.2x7.7-11 | 16-22.8x8.6-10
capitate 14-17/10 um 14-20/10 um 13-20/10 pm 15-17/10 pm

3. shortened, | 11.9-15.4x 5.5-7.7 | 12.1-13.2x5.5-6.6 | 13.2-15.4x7.7-8.8 | 8.8-14.3x6.1-8.0
flat rounded | 14-19/10 um 17-20/10 um 13-16/10 pm 15-22/10 pm
range 11.0-40%x5.5-17.6 | 12.1-37.6x5.5-15.2| 13.2-40.6x7.7-15.4| 8.8-28.6x6.1-11.6
of dimension | 11-19/10 pm 11-20/10 pm 11-20/10 um 13-22/10 um
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Most of the cells fit the Luticola muticopsis diagnosis (Krammer and Lange-
Bertalot 1986). However some cells reached larger dimensions. The biggest
specimens were found in Coloured Creek (02.1987, station 2), in Vanishing
Creek (03.1987, stations I, 2 and 01.1988, station 2), and in the lower section
of Petrified Forest Creek (12.1987, station 4). On the other hand, in the puddle
shortened cells prevailed in the population of L. muticopsis.

Discussion

The present study showed that there is a considerable morphological vari-
ability in Luticola muticopsis (Table 1, Pl. 1, Figs 1-13). In the population of
the species there were found cells with capitate tips, referring to the description
of Navicula muticopsis forma capitata Carlson (Carlson 1913). Cells with shor-
tened, flat rounded tips corresponding to the description of Navicula muticopsis
forma reducta West et West (West and West 1911) were also found. Taxonomic
position of these forms has not been decided. Both forms were synonimized by
Hustedt (1966) with L. muticopsis. However, other authors, e.g. Kellogg et al.
(1980), Oppenheim (1990), Schmidt, Médusbacher and Miller (1990) have re-
tained the former nomenclature.

According to Krammer and Lange-Bertalot (1986) the dimensions of L.
muticopsis are: 10-25 x 6-10 um, striae 15-18/10 pm, points 15-20/10 um.
However, celis were often found with dimensions differing from those given in
species diagnosis (Table ). In the population studied large specimens with
capitate tips reaching 40.6 um in length and 17.6 pm in width, and with usually
only 11-13 striae/10 pm, have been worthy of notice. Such big cells of Luticola
muticopsis were not given in the literature; Ko-Bayashi (1965) also observed
large specimens with a wider range of dimensions (8-32 x 6-11 um, and also
with wider range of striae — 10-21/10 pm. In our study these large cells
resembled L. ventricosa (Kiitz.) D. G. Mann (syn. Navicula mutica Kiitz. var.
ventricosa Cleve et Grunow) and many of them corresponded to its dimensions
according to Krammer and Lange-Bertalot (1986): 6-30(40) x 4-9(12) um,
striae 14-20(25)/10 um, points about 15/10 um. However, all the investigated
cells had isolated stigma in the central part, but not in the extension of middle
stria as it is given in the diagnosis of the species.

Small cells with shortened, flat rounded tips are also worthy of notice. Perhaps
these cells could assumed to be a dwarf form of L. muticopsis modified by
environmental conditions. Such shortened cells in the L. muticopsis population
prevailed, e.g. in the puddle in the area of Polish Antarctic Station in a habitat of
unstable severe conditions, which are characteristic of astatic water bodies. The
effect of diatom cells dwarfing was observed also in high-mountain creeks para-
relly with increasing altitude, which may be attributed to worsening of environ-
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mental conditions (Kawecka 1969, 1974 a, b). On the other hand the cells with
shortened, flat rounded tips resemble Luticola cohnii (Hilse) D. G. Mann and many
of them corresponded to its dimensions according to Krammer and Lange-Bertalot
(1986): 10-30 X 6—12 pm, striae 15-20/10 pm, points 15-20/10 m. This similarity
may suggest close affinity of Luticola muticopsis and L. cohnii. Such a possibility
has been suggested already by Krammer and Lange-Bertalot (1986), and it was
confirmed by Mann (in Round, Crawford and Mann 1990) who has transferred
Navicula muticopsis, N. cohnii, as well as N. mutica to newly created genus
Luticola. Further investigation on taxonomy of Luticola muticopsis should be
based on algal cultures and, may be, on genetic analysis.

In Antarctica Luticola muticopsis occurs in various habitats. It lives mainly
in freshwater: both in stagnant (Fukushima 1962, Hirano 1965, Baker 1967,
Pankow et al. 1987, Oppenheim 1990, Schmidt, M#usbacher and Miiller 1990,
Wassel and Hakansson 1992, Kawecka er al., in press), and in running waters
(Seaburg er al. 1979, Kawecka and Olech 1993). However, it was also found in
saline ponds and lakes (West and West 1911, Karasawa and Fukushima 1977,
Broady 1989). The present as well as former investigations (Kawecka and Olech
1993, Kawecka et al., in press) showed that L. muticopsis occurs both in ex-
tremely oligotrophic waters and also those enriched with nutrients by bird colo-
nies. West and West (1911) found L. muticopsis in a site very rich in nutrient,
on the ground of a penguin rookery.

Geographical distribution of L. muticopsis is poorly known. It is believed by
many authors to be a characteristic species of Antarctica (West and West 1911,
Ko-Bayashi 1965, Hustedt 1966, Pankow er al. 1987, Pankow, Haendel and
Richter 1991). It was recognized even as an endemic Antarctic species (Fuku-
shima 1962, Goldman, Mason and Wood 1972, Watanuki and Karasawa 1975,
Kellogg et al. 1980). However, this view contradicts Hirano (1965), Pankow et
al. (1987) and Kramer and Lange-Bertalot (1986) who have mentioned it also
from other continents.

Acknowledgements. — We would like 1o express cordial thanks to Professor Adam Miodoniski,
Leader of the Laboratory of Scanning Electron Microscopy, Department of Otolaryngology, School
of Medicine, Jagicllonian University, Krakéw, who has provided faciliates to perform the present
study.

References

BAKER A.N. 1967, Algac from lake Miers, a solar-hcated Antarctic lake. — N. Zeal. J. Bot., 5:
453-468.

Broapy P.A. 1989. Broadscale patterns in the distribution of aquatic and terrestrial vegetation at
three ice-free regions on Ross Island, Antarctica. — Hydrobiologia, 172: 77-95.

CARLSON G.W.F. 1913. Siisswasseralgen aus der Antarktis, Stidgeorgien und den Falkland Inseln.
— Wiss. Erg. Schwed. Siidpolar-Expedition 1901-1903., 1V, 14: 1-94.



Morphological variability of the diatom Luticola muticopsis _ 149

FRENGUELLI J. 1924. Diatomeas de Tierra de Fuego. — Ann. Soc. Cient. Argentina, 96: 225-263,
97: 87-118, 97: 231-266, 98: 5-63.

FUKUSHIMA H. 1962. Diatoms from the Shin-Nan Rock ice — free area, Prince Olav coast, the
Antarctic continent. — Antarctic Rec., 14: 80-91.

GoLDpMAN C.R., MASON D.T. and WoobD B.J.B. 1972. Comparative study of the limnology of two
small lakes on Ross Island, Antarctica. — In: Gallaro A. (ed.), Antarctic Terrestrial Biology.
American Geophysical Union Antarctic Research, 20: 1-50.

HEIDEN H. and KOLBE R.W. 1928. Die marinen Diatomeen der deutschen Siidpolar-Expedition
1901-1903. — Deutsche Siidpolar Expedition, VIII, Botanik: 450-715.

VAN HEURCK H. 1909. Diatomées. Expédition Antarctique Belge. — Résultats du voyage du S.Y.
Belgica en 1897-1899. Rap. Sc., Botany, 6: 1-26.

HIRANO M. 1965. Freshwater algae in the Antarctic regions. — In: Mieghem J. and van Oye P.
(eds), Biogeography and ecology in Antarctica. Weisbach W.W. and van Oye P. (eds.),
Monographiae Biologicae XV, Dr. W. Junk Publ., the Hague: 127-193.

HUSTEDT F. 1966. Die Kieselalgen. — Dr. L. Rabenhorst’s Kryptogamen-Flora, VI, 34: 556-816.
JANIEC K. 1992, 21. Fauna srodowisk stodkowodnych. — In: Rakusa-Suszczewski S. (ed.), Zatoka
Admiralicji. Oficyna Wydawnicza, Instytut Ekologii PAN, Dziekanéw Lesny: 257-264.
KARASAWA S. and FUKUSHIMA H. 1977. Diatom flora and environmental factors in some fresh

water ponds of East Ongul Island. — Antarctic Rec., 59: 46-53.

KAWECKA B. 1969. Zbiorowiska glonow w potokach tatrzafskich. — Tatrzariska Sesja Naukowa
PTH, Zakopane-Krakéw, 25-28 maj 1989: 1-11.

KAWECKA B. 1974a. Effect of organic pollution on the development of diatom communities in the
alpine streams Finstertaler Bach and Gurgler Ache (Northern Tyrol, Austria). — Ber. nat.-med.
Ver. Innsbruck, 61: 71-82.

KAWECKA B. 1974b. Vertical distribution of algae communities in Maljovica stream (Rila-Bulga-
ria). — Pol. Arch. Hydrobiol., 21: 211-228.

KAWECKA B. and OLECH M. 1993. Diatom communities in the Vanishing and Ornithologist Creek,
King George Island, South Shetlands, Antarctica. — Hydrobiologia, 269/270: 327-333.
KAWECKA B., OLECH M., NOWOGRODZKA-ZAGORSKA M. and WOITUN B. (in press), Diatom
communities in small water bodies situated in the area of Polish Antarctic Station (King

George Island, South Shetlands, Antarctica). — Polar Biology.

KELLOGG D.E., STUIVER M., KELLOGG T.B. and DENTON G.H. 1980. Non-marine diatoms from
late Wisconsin perched deltas in Taylor Valley, Antarctica. — Paleogeography, Paleoclima-
tology, Paleoecology, 30: 157-189.

Ko-BAYASHI T. 1963. Variations on some pennate diatoms from Antarctica. 1. Japanese Antarctic
Research Expedition, 1956-1962. — Sci. Rep. Ser. E., 18: 1-20.

Ko-BAYASHI T. 1965. Variations on some pennate diatoms from Antarctica. 2. Japanese Antarctic
Research Expedition, 1956—-1962. — Sci. Rep. Ser. E., 24: 1-28.

Kozik A. 1982. Wstepna charakterystyka zlewni w sasiedztwie Stacji im. H.Arctowskiego na
wyspie Kréla Jerzego (Szetlandy Poludniowe). — Wypr. Polar. Uniw. Slask. 1977-1980 1:
118-134.

KRAMMER K. and LANGE-BERTALOT H. 1986. Bacillariophyceae. 1. Naviculaceae. — In: Ettl H.,
Gerloft J., Heynig H., Mollenhauer G. (eds), Siisswasserflora von Mittelewropa 2/1, G.Fisher
Verlag, Stuttgart, New York: 876 pp.

MANGUIN E. 1964. Contribution a la connaissance des Diatomées des Andes du Pérou. — Mem.
Muséum Nat. hist. Nat. N.S,, Ser. B. Bot., .12: 41-98.

OPPENHEIM D.R. 1990. A preliminary study of benthic diatoms in contrasting lake environments.
— In: Kerry K.R. and Hempel G. (eds), Antarctic Ecosystems, Ecological Change and
Conservation. Springer-Verlag Berlin-Barcelona: 91-99.

PANKOW H., HAENDEL D., RICHTER W. and WAND U. 1987. Algologische Beobachtungen in der
Schirmacher — und Unterseeoase (Dronning—-Maud-Land, Ostantarktika). — Arch. Prostenk.,
134: 59-82.



150 Barbara Kawecka, Maria Olech and Maria Nowogrodzka-Zagérska

PANKOW H., HAENDEL D. and RICHTER W. 1991. Die Algenflora der Schirmacheroase (Ostantark-
tika). — Beih. zur Nowa Hedwigia, 103, J. Cramer, Berlin—Stuttgart: 1-197.

RAKUSA-SUSZCZEWSKI S., MIETUS M. and PIASECKI J. 1993. 3. Weather and climate. — In:
Rakusa-Suszczewski S. (ed.), The Maritime Antarctic Coastal Ecosystem of Admiralty Bay.
Dept. Antarct. Biol., Pol. Acad. Sci., Warsaw: 19-25.

ROUND F.E., CRAWFORD R.M. and MANN D.G. 1990. The diatoms, biology and morphology of the
genera. — Cambridge Univ. Press: 747 pp.

ScHMIDT R., MAUSBACHER R. and MULLER J. 1990. Holocene diatom flora and stratigraphy from
sediment cores of two Antarctic lakes (King George Island). — J. Paleolimnol., 3: 55-74.

SEABURG K.G., PARKER B.C., PRESCOTT G.W. and WHITFORD L.A. 1979. — The algae of Southern
Victorialand, Antarctica. — Bibl. Phycol., 46: 1-169.

WASELL A. and HAKANSSON H. 1992. Diatom stratigraphy in a lake on Horseshoe Island, Antarc-
tica: a marine-brackish-fresh water transition with comments on the systematics and ecology
of the most common diatoms. — Diatom Res., 7: 157-194.

WATANUKI T. and KARASAWA S. 1975. Cultivation of Antarctic microalgae (1). Isolation and
culture of Antarctic endemic diatom Navicula muticopsis from fresh water at West Ongul
Island, Antarctica. — Antarctic Rec., 53: 75-81.

WEST W. and WEST G.S. 1911. Freshwater algae. — In: Murray J. (ed.), British Antarctic Expedi-
tion 1907-9. Reports on the Scientific Investigations, Biology, 1, T: 263-298.

Received October 23, 1996
Accepted November 14, 1996

Streszczenie

Luticola muticopsis (syn. Navicula muticopsis) jest gatunkiem charakterystycznym dla obsza-
réw polarnych i subpolarnych. Wystepuje w szerokim zakresie warunkéw srodowiskowych.
Okrzemka ta jest spotykana zaréwno w wodach stojacych, jak i ptyngcych, stodkich oraz stona-
wych, oligotroficznych i zeutrofizowanych, a takze na glebie w rejonach pingwinisk.

Wykazuje duza zmienno$¢ morfologiczna, ktérej zakres nie jest doktadnie poznany. W popu-
lacjach gatunku wystgpujacych w wodach srédladowych wyspy King George (potoki oraz stawek
i katuza na terenie Stacji im. H. Arctowskiego) spotykano komdérki o ré6znym ksztatcie koricéw, od
gléwkowatych, poprzez formy posrednie, az do krétkich, ptasko zaokraglonych (tab. 1, rys. 1-13).
Komérki posiadaty wymiary: 8.8-40.6 X 5.5-17.6 pm, prazkéw 11-22/10 um (tab. 1) i wiele z
nich odbiegato od wymiaréw podanych w diagnozie gatunku (wg Krammer and Lange-Bertalot
1986).
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SEM photographs:
1=5. Luticola muticopsis with clearly capitate tips, 6-9. Luticola muticopsis with slightly capi-
tate tips, 10-13. Luticola muticopsis with shortened tips. Scale bars 5 ptm.



