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ABSTRACT

Hormotila ramosissima Kors., a very rare in the world and poorly known species, have been found in peat bogs
of Lower Silesia. The growth stages typical of this species but unknown so far, have been described and illustra-
ted. It was found that this species has many features in common with the representatives of Volvocales, Tetraspo-
rales, and chlorococcales. The regularly observed zoospores and hemizoospores, which accompanied the various
developmental stages of that species, showed an internal structure of Chlamydomonas-type. Studies on Hormotila
ramosissima were based on live material collected in ample quantities from peat bogs.

The collected in this way repeatable and abundant data allowed to discuss problems concerning morphology,
reproduction and development, as well as consider the taxonomic position this species.
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INTRODUCTION

The paper presents the results concerning a very rare in
the World green alga (Hormotila ramosissima Kors.), obta-
ined on the basis of long-lasting observations of an abun-
dant material collected in the field on three peat bogs situa-
ted in Lower Silesia (Southern-Poland).

This green alga has been discovered and described by
Korsikov (1953) on peat bogs near Charkov (Ukarine).
This stand has been confirmed by Topacevskij and Masjuk
(1984). Another stand exists on the peat bog of Klikova
Louka in the Izerskie Mts of the Czech Republic (Perman
1958). Komarenko and Vasileva (1978) have found that
species in Yakutsja (Russia), whereas in Japan it was men-
tioned by Yamagishi (1998). This species occurs on all
stands in oligotrophic habitats.

The material collected on the peat bogs of Lower Silesia
includes different growth stages of this species, which cau-
sed considerable identification and classification difficul-
ties. It was found that some phases of their development
have much in common with representatives of Chlamydo-
monadales, Volvocales, Tetrasporales and Chlorococcales.

At the stages with zoospores and hemizoospores frequ-
ently occurring as profuse gelatinous aggregates gloeocy-
stis and palmelli type the specimens to great extent resem-
bles the species of Chlamydomonas Ehr., Chlamydocapsa
Fott, Gloeococcus Braun, Sphaerellocystis Ettl, Asterococ-
cus Scherffel and Cystomonas Ettl genera. This is the stage
when the green alga is capable of profound reproduction
and growth for a long time, which additionally increases its

resemblance to the algae mentioned above. Stalk gelatino-
us envelopes characteristic of the final phase of their deve-
lopment resembles the gelatinous matrix of some species
in order of Tetrasporales (Ploeotila Mrozifiska-Webb) and
Chlorococcales (Heleococcus Kors., Hormotilopsis Trainor
and Bold, Palmodictyon Kiitz., Hormotila Borzi).

H. ramosissima grows well in ombrotrophic and oligo-
minerotrophic peat bogs (optimal conditions for the growth
of this alga), in the wettest habitats, such as small pits,
small flarks, gullies and shallow waters rather scarce over-
grown by Carex rostrata, C. limosa, Sphagnum cuspida-
tum, S. fallax, S. riparium, S. lindbergii and Warnstoifia sp.
(water pH 3.4-4.4). It is less common in weakly mezotro-
phic habitats supplied with water running from nearby
springs (pH 4.0-5.2) among Carex rostrata, C. curta, Erio-
phorum angustifolium, Sphagnum fallax, S. riparium, Wan-
storfia fluitans. Gelatinous masses of algae were floating in
water or were settled on submerged mosses, higher plants
and peat surface.

MATERIAL AND METHODS

The material was collected in the years 1985-1999 from
peat bogs located in the Karkonosze Mts., at altitude 1400
to 1440 m. (bogs Upa and Smogornia), and (Topieliska-
Zieleniec bog) at the foot of the Orlickie Mts. (alt. 750 m)
near Duszniki. The field observations were repeated on the
Upa bog in the years 2000-2002. More detailed floristic
and ecological characteristics were given by Totpa (1949),
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Fabiszewski (1978), Matuta (1995) and Matuta et al.
(1997, 1998). The samples were collected, using a plank-
ton net (algae floating in water) or spoon (for algae from
peat surface). Gelatinous masses of algae settled on sub-
merged mosses and higher plants were collected together
with macrophyte hosts. The presented results were obtai-
ned on the basis of studies of individuals from material de-
veloped in environmental conditions, kept in laboratory in
water collected from natural stands.

OBSERVATIONS

The juvenile stages of the species are of shapeless form,
soft gelatinous matrix, light green in colour, made up of
numerous cells. The surface of the colonies is irregularly
saccate (Figs 14-15). The cells occur single or in couples,
sometimes in fours, set in structureless, gelatinous mate-
rial, or enclosed in enlarged, spherical, spherical-tetragonal
or wide elliptical, capsular sheaths of firm consistency
(Figs 11, 14-23). The sheaths form structures of gloeocy-
stis type (Fig. 10).

Older colonies contain singularly branched or unbran-
ched stalks, which at the tops carry bulky gelatinous enve-
lopes consisting of one, two or occasionally four cells. The
stalks are cylindrical, clavate, made up of firm, structure-
less (Figs 1-3, 7-9, 13), sometimes stratified gelatinous
substance (Figs 4-6, 12). The width of the stalks varies
from (10)-20-940) ym. The vegetative cells are wide-oval
or spherical, ranging in diameter from (7.5)-9-12-(17) pm.
The cell walls are smooth and firm. There is one chloro-
plast, cup-shaped, at the edge divided into several lobes. It
is invisible in aged cells. Pyrenoid does not occur. Granu-
lar structures made up of stored food occur in cytoplasm.
Contractile vacuole and stigmata are missing. The nucleus
is in the centre of the protoplast. The vegetative cells are
characterized by coccoidal type of cellular organization.

In habitat the alga reproduced itself mainly by autospo-
res. The protoplast of vegetative cells is divided into two or
four autospores, whereas the mother cell wall is disrupted
to form two or four non-gelatinised remains (Figs 1, 8, 13).
During growth and due to accumulation of stored food, the
vegetative cells are transferred into akinetes (20-30 pm in
diameter). Observed were also, always accompanying the
alga, very numerous hemizoospores and biflagellate zoo-
spores. Zoospores are produced by repeated division to
form 2-16 per zoosporangium (Figs 26-27). Biflagellate
zoospores are wide-oval, oval or circular, (7.0)-10-(15)
pm wide and 11-12 pm long, clearly coasted with a cell
wall, with pyrenoid in the basal part (Figs 28, 33). As fla-
gella disappear the protoplast of the zoospores become cir-
cular in shape, and its wall together with papilla stretch
into a flexible gelatinous vesicle. The internal content of
zoospores divides and forming new zoospores (Fig. 29).
The transformed in the above mentioned way, during rapid
development of the alga and new zoospores became again
zoosporangia.(Figs 34-36). In result of multiple repetition
of the process, wide gelatinous gloeocystis-like colonies
develop (Figs 37-38). In conditions of the slow develop-
ment of this green alga, the zoospores transformed itself di-
rectly into vegetative cells, which then could be multiplied
by autospores. The vegetative cells on to intense secretion
of eccentric gelatinous substance from the cells are gradu-
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ally transformed into stalks, different in length, at the first
non-branched, cylindrical in shape, at the top carrying vesi-
cles, different in size with the enclosed vegetative cells. It
was observed that the stalks with vegetative cells emerged
also directly from zoospores (Figs 30-32). When zoospores
lose flagella, they get circular in shape; the protoplast bu-
ilds up new cell wall and makes up new layers of gelatino-
us matrix forming the stalks (Figs 39-43). The vegetative
cells set on the stalks are multiplied by autospores. The au-
tospores make up new layers of gelatinous substance resul-
ting in the formation of dichotomously branching stalks
(Fig. 12). The recurrence of the process leads consequently
to the formation of branching stalks structures in aged co-
lonies. In this form the green alga can grow and multiply
for a long time, living in abundance on plants and peat. In
natural conditions the reproduction of vegetative cells by
means of zoospores was sometimes observed at the stalk
stages (Fig. 25). However, it was more common to observe
a gradual disappearance of the stalks, coinciding with loo-
sened gelatinous matrix and growth of the vegetative cells,
followed by their transformation into zoosporangia (Fig.
24). Reproduction by zoospores usually took place during
rapid growth of colonies. No relationship between repro-
duction and particular stage of growth was observed. Al-
though, in summer months, zoospores were found in large
quantities.

DISCUSSION

On the basis of the hitherto knowledge it was very diffi-
cult to determine the taxonomical affiliation of green algae
species from the genus Hormotila. In literature there are
a lot of opinions on that matter.

Lemmerman (1915), Smith (1950), Bold, Wynne (1978),
and Lee (1999) classified the genus Hormotila among the
order Tetrasporales, family Palmellaceae. Komarek and
Fott (1983), and Ettl and Gértner (1988) placed that genus
in the family Palmellaceae. However there authors express
different views on affiliation of that family to orders.
Komaérek and Fott place the Palmellaceae among the order
Chlorococcales, while Ettl and Gértner among the Chlorel-
lales. However, the discussed above species have been pla-
ced among the family of Hormotilaceae and order Chloro-
coccales by KorsSikov (1953), Bourrelly (1966), Hindak
(1977), Komarenko and Vasileva (1978), Yamagishi (1988),
Dillard (1989) and Wher and Sheath (2003).

The high similarity of species from the genus Hormotila
— mainly in morphology to many green algae representing
various orders from the class Chlorophyceae, as well as the
incomplete knowledge of reproduction, and particularly on
their microscopic structure of their zoospores are the main
reason the above mentioned differences in determination of
taxonomic hierarchy of that genus.

At present, the genus Hormotila Borzi includes three
species: Hormotila mucigena Borzi, H. ramosissima Kors.
and H. blenista Trainor and Hilton (Komadarek and Fott
1983). The morphological resemblance of the species is re-
markable, but reproduction cycle of H. mucigena is consi-
derably different. On the basis of literature data and own
observations, Hinddk (1982) pays attention to the existing
in the above-mentioned species considerable differences in
way of cell division. The cells of H. mucigena multiply by
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Figs 1-6. Hormotila ramosissima Kors. Different morphological forms of colonies; the cells single, in twos or in fours are embedded on the apices of
gelatinous, sometime concentrically lamellated, singly or dichotomously branching stalks.
Figs 1, 2, 3-6 scale bar a; Figs 3-4 scale bar b.
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Figs 7-13. Hormotila ramosissima Kors.

Fig. 7. Colony with clavate stalks. Figs 8-9, 13. At the top stalks within a boulky gelatinous envelope the protoplast of vegetative cells is divided into two
or four autospores; the remains of mother wall visible within gelatinous matrix. Figs 10-11. Colonies of other habits; the branching stalks are poorly deve-
loped. Fig. 12. The autospores make up new layers of gelatinous substance resulting in the formation of dichotomously branching stalks. Figs 9, 11, 13
scale bar a; Figs 7-8, 10, 12 scale bar b.
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Figs 14-23. Hormotila ramosissima Kors.

Fig. 14. Palmeloidal colony — gelatinous aggregates produced during rapid reproduction and growth; the cells with the remains of mother wall are embed-
ded in common gelatinous matrix. Fig 15. Shape of rapidly growing palmeloidal colony with zoosporangia. Figs 16-23. Transformations of palmeloidal
colonies into stalk-type colonies. Figs 16-18, 21-23 scale bar a; Figs 14-15,19-20 scale bar b.
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Figs 24-36. Hormotila ramosissima Kors.

Fig. 24. Disappearance of stalks within colony; formation of zoosporangia and zoospores. Fig. 25. Zoosporangia and zoospores were sometimes observed
at the stalks. Figs 26-27. Two zoosporangia from rapidly growing colony. Figs 28, 33. Zoospores after liberation from zoosporangium. Figs 29, 34-36.
New zoospores became again zoosporangia, inside of which the newly originated zoospores; in result of multiple repetition of the process gleocystis-like
gelatinous colonies developed. Figs 27, 35 scale bar a; Figs 24-26, 28-34, 36 scale bar b.



Vol. 75, No. 2: 149-156, 2006 ACTA SOCIETATIS BOTANICORUM POLONIAE 155

Figs 37-44. Hormotila ramosissima Kors.
Figs 37-38. Gloeocystis-like gelatinous colonies with zoospores. Figs 39-43. Early stages after zoospores transformation into vegetative cells. Fig. 44.
After transformation of zoospores, colony in phase of short stalks. Figs 41-44 scale bar a; Figs 37-40 scale bar b.



156 TAXONOMICAL STUDIES ON HORMOTILA RAMOSISSIMA

transverse division into two halves, to which annexed are
the lacking parts of the wall, as well as, by means of zoo-
spores of the Dunaliella type. However H. ramosissima
produces 2-4 autospores, and the torn parts of the matrix
wall remain for a time in the surrounding gelatinous mass
or are entirely stretching into elastic vesicles.

From the results of our investigations it occurs that H.
ramosissima produces zoospores with thin but noticeable
cell walls of Chlamydomonas type. These observations are
in apposition to the hitherto accepted, after KorSikov
(1953) opinion on reproduction of that species by means of
bare zoospores. The above mentioned view became fixed
in literature, despite the KorSkov himself recognized in his
diagnosis the observations on structure of zoospores as not
confirmed, and thus uncertain. In H. blenista morphologi-
cally similar to H. ramosissima Trainor and Hilton (1972)
found that this species reproduces itself by zoospores of
Chlamydomonas type. On the basis of their observations
Watanabe and Floyd (1996) recorded also in Hormotila
specimens the presence of cell walls on zoospores.

Thus, taking into consideration the way of cell division
and the structure of zoospores, H. mucigena differs from
the species H. blenista and H. ramosissima. These are suf-
ficient reasons to consider that the two latter species repre-
sent a different line of evolution and should be separated
from H. mucigena. To similar conclusion came earlier
Hindédk (1982), basing on the recorded differences in cell
division in these species.

The coccoidal structure of vegetative cells and their ca-
pability to reproduce by means of autospores seem to indi-
cate that H. ramosissima should belong among Chlorococ-
cales ortho. Mut. Komarek and Fott (1983). According to
the diagnoses of Komarek and Fott given for the particular
families in order Chlorococcales, that green alga because
of its reproduction by zoospores of Chlamydomonas type,
should be excluded from the family Palmellaceae Lemmer-
man (1915), where it was placed by Komarek and Fott
(1983), and should be classified among the family Chloro-
coccaceae Blak & Tansl.

However, the latest investigations carried out by Watana-
be and Floyd (1996), Booton et al. (1998), and Graham and
Wilcox (2000) in Hormotila representatives, suggest a dif-
ferent taxonomic position of these green algae. In result of
investigations of SSU r DNA sequence, and of the submi-
croscopic structure of the flagellum apparatus of zoospores
in Hormotila blenista, included among Volvocales in to the
group of “CW?” taxa, of which the zoospores have cloc-
kwise — orientated basal bodies.

To find elucidation of taxonomic problems of species af-
filiated to the discussed genus further thorough investiga-
tions at molecular, substructural level are required, both of
vegetative cells and zoospores. At present it is only known
that the genus Hormotila sensu Komdarek and Fott (1983)
should be rather recognized as polyphyletic as she may in-
clude species different evolutionary lines.
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