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Ballia prieurii KUuETzING and the related species (Ceramiaceae,

Ballia prieurii KUETZING and two related freshwater species, B. pygmoea MONTAGNE and B. pinnulata
KuMano, can be distinguished from the type species of the genus, B. callitricha (AcARDH) MONTAGNE, main-
ly in the organization and size of thallus, the reproductive organs and the geographical distributions of

species.

Re-examinations of the taxonomic criteria, especially of reproductive organs, are strongly desired.
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freshwater Rhodophyta—mode of ramificati
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Sphacelaria callitricha was described as a new
species by C. A. AGarpH (1824). MONTAGNE
(1839) reported this species with figures based
on the Patagonian specimens. Based on the
Australian specimens collected by R. BrowN,
Harvey (1840) established the genus Ballia
and described Ballia brunonia as a new
species. HAarvey (1840) presumed that
Sphacelaria callitricha might be Ballia brunonia
only in a battered and faded state. Sphacelaria
callitricha was transferred from the genus
Sphacelaria to the genus Ballia as Ballia
callitricha (Ac.) MONTAGNE (1841-1845), and
it has been regarded as the type species of the
genus Ballia.

On the other hand, three freshwater species
of the genus Ballia have been described,
although De Tonr (1903) kept them aside as
species inquirendae, because he regarded
Buallia prieurii as merely an underdeveloped
form of Ballia callitricha. B. prieurii was
described by Kuerzing (1847) based on the
specimen collected from Rivulet les Gemeaux
in Mahuri Mountains, Cayenne in French
Guiana. B. pygmoea was described by Mon-
TAGNE (1850) based on the specimen epiphytic
on Batrachospermum equisetifolium MONTAGNE
collected from Crique Gravier in Kaw Moun-
tains in French Guiana. B. pinnulata was
described by Kumano (1978) based on the
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specimen collected from Sungai Gombak,
Selangor, in Peninsular Malaysia.

This paper deals with the differences be-
tween the type species of the genus Ballia, B.
callitricha, and three freshwater species of the
genus, based on the type specimens and the
allied specimens of each species.

Specimens examined in the present study

The following specimens are examained.
1. Ballia prieurii KUETZING

1) Three Malaysian collections of B.
prieurii: the specimen (No. 105) from Sungai
Sempanong, Johore, Peninsular Malaysia
(S. M. Puanc, 28/09/1985); the specimen
(No. 236) from Sungai Jasin, Johore, Penin-
sular Malaysia (S. M. Phang, 23/01/1986);
the specimen (No. 266) from Sungai Pelawar,
Johore, Peninsular Malaysia (S. M. PHang,
23/01/1986), deposited in the herbarium of
the Faculty of Science, Kobe University,
Japan.

2) The specimen (Leiden No. 938, 92-104)
of B. prieurii, collected from Rivulet Gemeaux
in Mahuri Mountains in French Guiana by
M. LePrIEUR (no. 832), with Kuetzing’s note
“bei Ballia prieurii KuerzinGg” in pencil and
Taylor’s note “this is tagged the type
specimen and probably so”, deposited in the
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Rijksherbarium in the Netherlands.
2. Ballia pygmoea MONTAGNE

The type specimen of B. pygmoea, epiphytic
on Batrachospermum equisetifolium, collected
from Creek Gravier in Kau Mountains in
French Guiana by M. LEPRIEUR (no. 1109)
and deposited in the herbarium of Muséum
National d’Histoire Naturelle in France.

3. Ballia pinnulata Kumano

The type specimen of B. pinnulata, collected
from Sungai Gombak, Selangor in Peninsular
Malaysia by S. Kumano, on May 30, 1971,
deposited in the herbarium of Faculty of
Science, Kobe University, Japan.

4. Ballia callitricha (AGARDH) MONTAGNE

1) The specimen reported by MONTAGNE
(1939) as Sphacelaria callirticha AGARDH in the
herbarium de C. Montagne, collected from
Iles Malouines and deposited in the her-
barium of Muséum National d’Histoire
Naturelle in France.

2) The specimen of B. callitricha, collected
from Queenscliff, Victoria in Australia by T.
YosHiDA, on August 20, 1988 and deposited in
the herbarium of Faculty of Science, Hok-
kaido University, Japan.

Observations

1.  Ballia prieurss KUETZING

1) The Malaysian specimens of B. prieurii
(Figs. 1-10): The thallus of the Malaysian
specimens is 3-5 mm high, heterotrichous, at-
tached to substratum with the prostrate
system which is composed of two kinds of
cells, round (Fig. 1, p) and filamentous cells
(Fig. 1, p).

The erect system (Fig. 1, e) is fastigiate,
with twiggy, long, slender, streaked and rod-
like branches, all of which reach nearly the
same height. The axes of the erect system are
noncorticated, consisting of barrel-shaped
and subhexagonal cells, and terminating in a
round tip (Fig. 2).

There is a pit connection at each joint of the
axial cells of the erect system, however, the
knob-like stoppers and the saddle-shaped
joints of axial cells are not observed.

The primary branchlets are placed on the

opposite side of the axis on the same plane;
the primary branchlets are unilaterally
branched and bear the secondary branchlets
composed of 2-6 cells, gradually tapering
toward the apex where terminal hairs (Fig. 1,
h) are occasionally observed.  The basal cell
of the primary branchlet elongates
downwards along the axial cells and divides to
produce the rhizoidal filament, which is com-
posed of elongated cells (Figs. 3, 4 and 9, r).
The lower part of the axes of the erect system
is occasionally covered by the rhizoidal
filaments.

Monosporangia (Figs. 6-8 and 10, m) are
spherical, 30-50 #m in diameter, mostly
lateral, sometimes subterminal (Figs. 6-8 and
10), rarely terminal (Fig. 5, m’) on the
primary branchlets. No sexual reproductive
organs are observed for the Malaysian
specimens of B. prieurii.

2) Type specimen of B. prieurii KUETZING
(Figs. 11-12): The thallus of the type
specimen is 20-25 mm high. There is a pit
connection at each joint of axial cells of the
erect system, however, the knob-like stoppers
and the saddle-shaped joints of axial cells are
not observed (Fig. 12).

The primary branchlets (Fig. 11) are
placed on the opposite side of the axis on the
same plane, irregularly tapered toward the
apex and are unilaterally branched bearing
the secondary branchlets. The basal cell of
the primary banchlet becomes elongated
downwards along the axial cells to produce
the rhizoidal filaments (Fig. 12, r). The
lower part of the axis of the erect system is
sometimes covered by rhizoidal filaments.

The asexual and sexual reproductive
organs are not observed in the type specimen
of B. prieurii.

2. Ballia pygmoea MoNTAGNE (Figs. 13-14)

The thallus of the type specimen is 1-2 mm
high, heterotrichous, epiphytic, and attached
to the cortical filaments of the thallus of
Batrachospermum equisetifolium by the prostrate
system, which is composed of two kinds of
cells, namely, round cells and filamentous
cells.
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Figs. 1-8. Malaysian specimen of Ballia prieurii KUETZING.
1. Heterotrichous thallus consisting of prostrate and erect systems. 2. Terminal portion of erect system. 3, 4.
Rhizoidal filaments arising from basal cells of the primary branchlets. 5. Terminal portion of erect system show-
ing empty monosporangia. 6-8. Monosporangia, mostly lateral, sometimes subterminal and rarely terminal on

the lateral branchlets.

e, erect system; h, terminal hair; m, monosporangia; m’, empty monosporangia; p, prostrate system composed of
round cells; p’, prostrate system composed of filamentous cells; r, rhizoidal filament.

The axes of the erect system are non-cor-
ticated and composed of a series of cylindrical
cells, terminating in a round tip (Fig. 13).
The primary branchlets in the lower part of
the erect system are alternate. In the upper
part of the erect system, the primary branch-
lets are opposite, unilaterally branched and
bear secondary branchlets composed of 3-5
cells, tapering gradually towards the apex
(Fig. 13). In the lower part of the erect
system, the basal cell of the primary branchlet

elongates downwards along the axial cells, to
form the rhizoidal filament, composed of
several elongated cells (Fig. 14, r).

The asexual and sexual reproductive
organs are not observed in the type specimen
of B. pygmoea.

3. Ballia pinnulata Kumano (Figs. 15-16)
The thallus of the type specimen is 2-3 mm

high, heterotrichous and attached to the

substratum with the filamentous prostrate
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system. The axes of the erect system are
non-corticated and composed of subhexa-
gonal or octagonal cells, terminating in the
hemispherical tip.

The primary branchlets are pinnate, placed
on opposite side of the axis on the same plane,
non-branched, and composed of 3-9 cells
(Fig. 15). In the lower part of the erect
system, the axial cells grow and produce the
rhizoidal filaments (Fig. 16, r).

The monosporangia (Fig. 15, m, m’) are
ellipsoidal or ovoidal, and terminal on the pin-
nate branchlets. No sexual reproductive
organs are observed in the Malaysian
specimens of B. pinnulata.

4. Ballia callitricha (Ac.) MONTAGNE

1) The Malouines specimen of Sphacelaria
callitricha (Fig. 17): There are the knob-like
stoppers (Fig. 17, k) at the saddle-shaped
joints (Fig. 17, s) of the axial cells in the main
stem and branchlets. In the basal portion of
the primary branchlets, the ramification cells
(Fig. 17, ra) are found. The mode of
ramification of S. callitricha is bipinnate;
branchlets become pinnate themselves. The
cortical filaments arise from the ramifica-
tion cells, extend along the axial cells and even-
tually cover all the axis.

No asexual and sexual reproductive organs
are observed in the Malouines specimens of S.
callitricha.

2) The Australian specimen of Ballia
callitricha (Figs. 18-20): The saddle-shaped
joints (Figs. 18, 20, s) of the axial cells and the
ramification cells (Figs. 18, 20, ra) are ob-

served at the base of the branchlets. The mode
of ramification of B. callitricha is bipinnate;
branchlets of the primary branchlets become
pinnate themselves (Fig. 19).

The tetrasporangia (Figs. 19, 20, t) are
cruciate and mostly terminal on the differen-
tiated branchlets shorter than the secondary
branchlets, consisting of 2-4 cells and arising
laterally. No sexual reproductive organs are
observed in the Australian specimen of B.
callitricha.

Discussions

Comparing the genus Ptilothamnion with the
genus Ballia, Skuja (1944) mentioned that the
assignment of the algae in question,
Sphacelaria callitricha, to the genus Ballia by
MONTAGNE (1841-1845) was reasonable on its
own terms, because no reproductive organs
had been found. On the other hand, Skuja
(1944) pointed out that the differences be-
ween Ballia prieurii and B. callitricha are very
remarkable regarding the organizations and
size of thalli and the geographical distribu-
tions of the taxa.

1. Organizations of thalli

Concerning the organization of thalli of the
type species, B. callitricha, many authors such
as HARVEY (1840), ArcHER (1876) and Skuja
(1944), and the present study have observed
the knob-like stoppers (Figs. 17, 18, k) at the
saddle-shaped joints of the axial cells (Figs.
17, 18, 20, s). Moreover, for this species, the
mode of ramification is bipinnate and the
ramification cells (Figs. 17, 18, 20, ra) of

Figs. 9 and 10. Malaysian specimen of Ballia prieurii KUETZING.

9. Rhizoidal filaments arising from basal cells of the primary branchlets.

minal on the primary branchlets.
Figs. 11 and 12.

10. Monosporangia terminal or subter-

Type specimen of Ballia prieurii KUETZING.
11. Axial cells and the primary branchlets unilaterally branched.

12. Lower part of the thallus, showing the

rhizoidal filament arising from the basal cell of the primary branchlet.
m, monosporangia; r, rhizoidal filament. Scale 50 #m for Figs. 9-12.

Figs. 13 and 14.

Type specimen of Ballia pygmoea MONTAGNE.

13. Axial cells and the opposite branchlets. 14. Lower part of the thallus, showing rhizoidal filaments arising from

the basal cell of the primary branchlet.

Figs. 15 and 16. Type specimen of Ballia pinnulata KumaNo.
15. Upper part of the thallus, showing axial cells and monosporangia terminal on the pinnate primary branchlets.
16. Lower part of the thallus, showing the rhizoidal filament or prostrate system.
m, monosporangia; m’, liberated monosporangia; r, rhizoidal filament. Scale: 100 #m for Fig. 13, 50 #m for

Figs. 14-16.
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Fig. 17. Specimen of Sphacelaria callitricha Agardh. The saddle-shaped joints of axial cells with the knob-like
stoppers and the ramification cells.

Figs. 18-20. Australian specimen of Ballia callitricha (AGARDH) MONTAGNE.
18. The saddle-shaped joints of axial cells with the knob-like stoppers and the ramification cells. 19-20. Cruciate
tetrasporangia on differentiated branchlets shorter than the secondary branchlets.
k, knob-like stopper; ra, ramification cell; s, saddle-shaped joint of axial cell; t, tetrasporangia. Scale: 50 prm for
Figs. 17, 18, 20, and 100 pm for Fig. 19.
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branchlets are observed.

In the case of B. prieurii, the present study
confirmed the observations made by Kuerz-
ING (1862) on the specimens from French
Guiana, by Skuja (1944) on the specimens
from River Essequibo in British Guiana and
by BourreLLY (1970) on the type specimen of
B. prieurii.

On the other hand, no knob-like stoppers
and no saddle-shaped joints of the axial cells
are observed in this species (Figs. 9-12). Itis
observed that the basal cell of the primary
branchlet of B. prieurii is not the remification
cell reported by ArcHErR (1876) for B.
callitricha. Moreover, the mode of ramifica-
tion of B. prieurii is not bipinnate; the primary
branchlets are placed on the opposite side of
the axis and unilaterally branched.

In the case of the type specimen of B.
pygmoea (Figs. 13, 14), the same facts are
observed as those of B. prieurii, 1i.e. no
saddle-shaped joints of the axial cells and no
ramification cells are present. Moreover,
the mode of ramification is not bipinnate,
namely the primary branchlets being placed
on the opposite side of the axis and unilateral-
ly branched.

The above-mentioned facts were observed
in the case of the type specimen of B. pinnulata
(Figs. 15, 16), i.e. no saddle-shaped joints of
the axial cells and no ramification cells are
present. The mode of ramification is not bi-
pinnate but pinnate.

2. Size of thalli

The thallus is 20-25 mm high in the type
specimen of B. prieurii examined in the pres-
ent study, and 5-10 mm high in the specimen
collected from River Essequibo in British
Guiana reported by Skuja (1944). Rart-
NAsABAPATHY and Kumano (1982) reported
that thalli of the Malaysian specimens of B.
prieurii collected from Pulau Tioman are 5-
7mm high, and those of the Malaysian
specimens examined in the present study are
3-5mm high. As shown in the pres-
ent study, the thallus of the type specimen of
B. pygmoea is 1-2 mm high, and that of B. pin-
nulata is 2-3 mm high.

As mentioned above, the thalli of the

freshwater species are microscopic, from
several to several tens millimeters high. On
the other hand, the thalli of B. callitricha are
macroscopic, from several to several tens cen-
timeters high.

3. Reproductive organs

Cruciately divided tetrasporangia are
found in some of the more primitive genera of
the Ceramiaceae, Ceramiales, but most of
the genera have tetrahedrally divided tetra-
sporangia (Guiry 1978).

As shown in the present study (Figs. 19, 20,
t), the tetrasporangia are cruciate and mostly
terminal on the differentiated branchlets
which are shorter than the secondary branch-
lets in the Australian specimen of B.
callitricha.

Monosporangia are very rarely found in
the taxa of the family Ceramiaceae; for exam-
ple, monosporangia have been reported in a
species of Antithamnion by Jaasunp (1965).
But nothing is known about the phase of the
spores. The monosporangia for the Malay-
sian specimen of B. prieurii examined in the
present study (Figs. 5-8, 10, m, m’) are most-
ly lateral, sometimes subterminal and rarely
terminal on the primary branchlets. Accord-
ing to Kumano (1978) and as shown also in
the present study (Fig. 15, m, m’), the
monosporangia for B. pinnulata are terminal
on the primary pinnate branchlets.

As for the asexual reproductive organs, the
monosporangia have been observed in two
freshwater species, B. prieurii and B. pinnulata,
although those for B. pygmoea have not been
found yet. Moreover, sexual reproductive
organs, namely spermatangia and car-
pogonia, have not been reported for any
freshwater species of the genus Ballia.

4. Geographical distributions of the taxa

The marine species, B. callitricha, has been
reported from Bass’s Strait, Auckland Islands
and Kerguelen’s Land in the southern
regions of Australia, and Fego Island and
Falkland Islands of the southern regions of
South America. As Skuja (1944) mentioned,
these localities, where the marine species of
the genus Ballia were distributed, are in the Ant-
arctic Ocean and the cool temperate regions
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along the coasts of Atlantic or in South Pacific
Ocean.

On the other hand, the freshwater species
of the genus Ballia have been reported from
the freshwater rivers and streams in French
Guiana and British Guiana in the northern
tropical regions of South America, and
tropical Malaysia in Southeast Asia.

As mentioned previously, the type locality
of B. prieurii is Rivulet les Gemeaux in
Mahuri Mountains in French Guiana (KuEeTz-
ING 1847), then, this species was reported by
Skuja (1944) from the first waterfalls of River
Essequibo in British Guiana, both in the
northern tropical regions in South America.
In Southeast Asia, B. prieurii was reported
also from Sungai Ayer Besar in Pulau
Tioman, tropical Malaysia, by Rar-
NASABAPATHY and Kumano (1982), and from
Sungai Sempanong, Sungai Jasin and Sungai
Pelawar in Johor in tropical Malaysia in the
present study. Recently, THEREZIEN (1985)
reported B. prieurii from Creek Balate and
Creek Awahakiki along the tributary of River
Maroni in French Guiana in the northern
tropical regions of South America.

The type locality of B. pygmoea is Creek
Gravier in Kau Mountains in French Guiana
in the northern tropical region of South
America (MoONTAGNE 1850), and that of B. pin-
nulata is Sungai Gombak in tropical Malaysia
of Southeast Asia (Kumano 1978).

The above-mentioned rivers and creeks,
where the freshwater species of the genus
Ballia are distributed, are situated around at
latitude 5 degrees north in the northern
tropical regions of South America, and also
around at 5 degrees north in tropical
Malaysia of Southeast Asia.

The type species (marine species) and the
freshwater species have been assigned to the
same genus, Ballia, because of the scanty in-
formation concerning the sexual reproductive
organs such as spermatangia and carpogonia
for freshwater species. However, B. prieuri
and two related freshwater species, B. pygmoea
and B. pinnulata, are distinguished from the
type species, B. callitricha, mainly in the
oranization and size of thallus, the reproduc-

tive organs and the geographical distribu-
tions.

Re-examination of the taxonomic criteria,
especially of reproductive organs is strongly
desired for further rearrangement of the two
groups; the B. callitricha group and the
freshwater species group (B. prieurii group).

Acknowledgments

The authors wish to express their
gratefulness to Dr. P. BOURRELLY and Dr. A.
Coutfé of Muséum National d’Histoire
Naturelle in Paris, France, and Dr. W.F.
Prup’HoMME vaN REINE of the Rijksher-
barium in Leiden, the Netherlands, for
generously providing the type specimens and
laboratory facilities, to Dr. T. YosHIDA of
Hokkaido University for providing the
Australian specimen of Ballia callitricha, and
to Dr. Sultan A. SaLeHI of Kansai Medical
University for checking of the English of the
manuscript. The senior author wishes to ex-
press his sincere thanks to Japan Society for
the Promotion of Science, and Centre Na-
tional de la Recherche Scientifique, France,
for financial support of his stay in France and
the Netherlands.

References

AcArDH, A. C. 1824. Systema algarum. Lund.

ARCHER, W. 1876. On the minute structure and mode
of growth of Ballia callitricha Ag. Trans. Linn. Soc.
London 2: 211-232.

BoURRELLY, P. 1970. Les algues d’eau douce. Initiation
a la systématique. III. Les algues bleues et rouges,
les Eugléniens, Peridiniens et Cryptomonadines.
Ed. N. Boubée et Cie, Paris. 512 pp.

DE Ton, J. B. 1903. Sylloge algarum. Pauda.

Guiry, M.D. 1978. Sporangia in Florideophyceae
classification. p. 111-144. In D. E. G. IRvVINE and
J. H. Price (ed.), Modern approaches to the tax-
onomy of red and brown algae. Academic Press,
London.

Harvey, W.H. 1840. Description of Ballia, a new
genus of algae. J. Bot. 2: 190-193.

Jaasunp, E. 1965. Aspect of the marine algal vegeta-
tion of north Norway. Bot. Gothoburg 4: 1-174.

Kumano, S. 1978. Notes on freshwater red algae from
West Malaysia. Bot. Mag. Tokyo 91: 97-107.

Kuerzing, F. T. 1847. Diagnosen und Bemerkungen zu



134 Kumano, S. and Puang, S. M.

neuen order kritischen Algen. Bot. Zeit. 5: 33-38.

Kuerzing, F. T. 1862. Tabulae Phycologicae, XII, tab.
38, fig. c—f. Nordhausen.

MonTacgNE, C. 1839. Voyage dans I’Amerique Meri-
dionale, Sertum Patagonicum, Cryptogames de la
Patagonie, p. 7, pl. 4, f. 2.

MonTtacNE, C. 1841-1845. Plantes cellularis -Voyage
ou Pole Sud et dans I’Oceanie sur les corvettes
I’Astrolabe et la Zelee. Botanique, Tom 1. Paris.

MonTtacNe, C. 1850. Cryptogamia Guyanensis, seu
plantarum cellularium in Guyana gallica annis
1835-1849 a Cl. Leprieur collectarum enumeratio

universalis. Ann. Sci. Nat. Bot. 14: 83-309.

RatnasaBaPATHY, M. and Kumano, S. 1982. Studies
on freshwater red algae of Malaysia I. Some taxa of
the genus Batrachospermum, Ballia and Caloglossa from
Pulau Tioman, West Malaysia. Jap. J. Phycol. 30:
15-22.

Skuja, H. 1944. Untersuchungen tiber die Rhodophy-
ceen des Susswassers VII-XII. Acta Horti Bot.
Univ. Latv. 14: 1-64.

TuErEZIEN, Y. 1985. Contribution a I’etudes des algues
d’eau douce de la Guyane Francaise. Bibliotheca
Phycologica Bd. 72. J. Cramer, Vaduz.

BEEF 7%* - S. M. Puanc** : {1381 ¥ AED Ballia prieurii Kuerzine R UBIERBIC DT

Ballia prieursi Kuetzing & BIBRED & 1 TEAT X MICET B EALTE Uiz, YRKED Ballia prieurii Kugrz-
ING, B. pygmoea MoNTAGNE BTN B. pinnulata Kumano (X, -~V 7BD £ A 71 B. callitricha (Ac.) MoNTAGNE & |33

oBELRE S, £HEEE,

BN EDEBEWENRRLD - L xfEhD, ) TB%, B

callitricha 75

EDWER L B. prieurii I EDWKERBL D 2DOD IV — TGO LOWBEXRET Hlcdiciy, BeglE
DEFEEBEERBRETALEN DD, (*657 WRMEX AT M AEEERENFRE, **Institute of Ad-
vanced Studies, University of Malaya, 59100, Kuala Lumpur, Malaysia)





