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An interesting dinoflagellate belonging to the Order Dinophysiales was found in a phytoplankton sample collected by net
from the Indian Ocean (13°35.8'N, 70°50.0'E) on the cruise IOE ‘Meteor’. The specimen was isolated and studied by light
and scanning clectron microscopy. The species has a large cell size (340 um length and 55 wm width) with some characters
typical of the genus Amphisolenia Stein: compressed head, short neck, and an elongated. wide midbody. However, it lacks
a posterior narrowing and develops two nearly straight and symmetrical posterior processes, cach with two spines at the
end, which are features of the genus Triposolenia Kofoid. Therefore, we are dealing with a new species. Triposolenia fallax
Herndndez-Becerril et Meave, which has unique characteristics. We consider this species to be a link between the two genera
of the Family Amphisoleniaceae. The adaptive morphology of the species and possible evolutionary trends of the genera

are discussed.

INTRODUCTION

The family Ampbhisoleniaceae Lindemann belongs to the sub-
class Dinophysiphycidae Mohn ex Fensome et al. and order
Dinophysiales Kofoid and contains unicellular (solitary) di-
noflagellates that are usually extremely elongated with a sag-
ittal suture that extends along the cell length, dividing the cell
into two valves (left and right). They have an anterior cin-
gulum and a reduced episome, the hyposome may divide into
two or more prongs, and the flagella are inserted ventrally and
emerge from a single flagellar pore. Thecal plates are rela-
tively few, cingular and sulcal lists are weakly developed, and
there is a relatively broad middle part known as ‘midbody’
(Taylor 1987a; Balech 1988; Fensome et al. 1993; Steidinger
& Tangen 1997).

The Amphisoleniaceae includes only two genera: Amphi-
solenia Stein (Stein 1883) and Triposolenia Kofoid (Kofoid
1906a), with approximately 44 extant species, 35 specics of
Amphisolenia following Sournia (1973, 1978, 1986), and nine
species of Triposolenia, according to Schiller (1933) and
Sournia (1986); no fossil species are known (Fensome ez al.
1993). Most of the species, probably all of them, are hetero-
trophic [nonphotosynthetic, according to Hallegraeff & Jeffrey
(1984), although Kofoid (1906a) and Steidinger & Tangen
(1997) mentioned that chloroplasts are probably present], but
some forms (especially some Amphisolenia species) harbor
intracellular blue-green algae (Cyanophyta) (Taylor 1982;
Hallegraeff & Jeffrey 1984; Gaines & Elbrichter 1987; Lucas
1991). Additionally, Lucas (1991) found in Amphisolenia bi-
dentata Schroder and A. rthrinax Schiitt endosymbiotic pho-
totrophic eukaryotic cells and groups of bacteria.

Members of this family are truly planktonic and are found
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in tropical (warm-water) areas (Taylor 1987b; Balech 1988).
Most species are considered oceanic (Balech 1988) and are
regarded as shade forms (Sournia 1967; Balech 1988). In par-
ticular, Triposolenia species (T. truncata Kofoid, following
Sournia 1982) are generally encountered in deep waters (Ko-
foid 1906a, 1906b: Léger 1971; Sournia 1982) and have low
population densities.

Some species of this family have been studied in detail by
Kofoid (1906b), dealing with Triposolenia species, and Ko-
foid & Skogsberg (1928). However, many others remain prac-
tically unknown, our knowledge of their morphological vari-
ability is poor, and we have little information about their bi-
ology (Sournia 1967; Balech 1988). This is because most spe-
cies are extremely rare.

There are few recent studies on the morphology of members
of Amphisolenia or Triposolenia. Abé (1967) analyzed the
morphology of five species of Amphisolenia, including one
newly described species (A. microcephalus Abé) and Tripo-
solenia bicornis Kofoid. Saifullah & Hassan (1973) described
and illustrated seven species of Amphisolenia, including two
new species. Balech (1977) studied the plate pattern of A.
bidentata in detail (this species is one of the most abundant
of the genus). Taylor (1976) illustrated the ‘antapex’ of A.
schauinslandii Lemmermann by SEM, and later (Taylor
1987a) he illustrated a complete cell of 7. rruncata Kofoid,
also by SEM. Hernandez-Becerril (1988a) described A. biden-
tata based on SEM observations. The nature of the pigmented
phaecosomes of three species of Amphisolenia was studied us-
ing TEM by Lucas (1991).

In the present paper, we discuss a new species of the genus
Triposolenia that is distinctive because it shares gencral fea-
tures of species of both genera of the Amphisoleniaceae and
may be considered a link between these genera. The possible
evolutionary trends of these genera are discussed.
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Fig. 1. Triposolenia fallax sp. nov. Diagram of the morphology of the
species with the prominent features labeled. APB, anterior part of the
body.

MATERIAL AND METHODS

We studied a preserved net (54 um mesh) phytoplankton sam-
ple collected on 18 February 1965 from the Indian Ocean
(13°35.8'N, 70°50.0'E) in a vertical net haul (180 m to sur-
face) during a cruise of the ‘Meteor’. The material was pre-
served in 4% Formalin. For examination. material was rinsed
with distilled water and analyzed by light microscopy (Reich-
ert Diastar, phasc contrast and Nomarski contrast). When the
specimen of the new entity was discovered, it was measured
and photographs were taken. The cell was isolated with a mi-
cropipette, placed on a coverslip, air-dried, and coated with
gold for subsequent observation by scanning electron micros-
copy (JEOL-JMS 35).

The terminology adoptled here borrows from several au-
thors, particularly Kofoid (1906a), Balech (1988), Fensome et
al. (1993), and Steidinger & Tangen (1997). Cells of members
of the Amphisoleniaceae may be divided into the following
parts: head, neck, anterior part of the body (APB), midbody,
and posterior (caudal) processes (‘antapical horns’ in Kofoid
1906a) (Fig. 1). The head is formed by the episome and the
cingulum. The neck is the thin and elongated part that sup-
ports the head and corresponds to the sulcal region. The APB
is a region wider than the neck but thinner than the midbody.

AT

50um

Figs 2-4. Triposolenia fallax sp. nov., light (LM) and scanning elec-
tron microscopy (SEM).
Fig. 2. Left lateral view of the species, LM (Nomarski contrast).
Fig. 3. Right lateral view of the same specimen, SEM.
Fig. 4. Same specimen in LM (bright field). The scale bar (50 wm)
is the same for all figures.

The midbody begins from a rounded part, the ‘shoulder’ (or
‘nipple’), in the region of the flagellar pore; the midbody is
the widest region of the cell where the nucleus and other or-
ganelles are located. The posterior (or caudal) processes are
antapical extensions that arise from the midbody and may be
simple or forked.

OBSERVATIONS

Triposolenia fallax Hernandez-Becerril et Meave sp. nov.
Figs 1-8

DIAGNOSIS: Cellula solitaria. crassa. depressa aspectu ventrali, ha-
bens character tripartita. Testa crassa. episoma plana. Ala cingulari
anterior a 9 costas. Alae sulcales parvae. Collum rectus. umerus
conspicuus. Corpo medio elongato. Duo processus posteriores. su-
baequales. rectus ortus ex corpo medio. Dua spinae in processus
postice terminans. Theca hyalina. pori in collum et processos pos-
teriores. Ratio longitudo/latitudo = 6.3.

The species is solitary and has a tripartite character (Figs
1-4). It is ventrally compressed and robust (Figs 2-4) and is
340 pm long and 55 pm wide in lateral view. It has two
posterior processes that are equivalent and subequal (Figs 2—
4). The head is large with a flat, elliptical episome (42 pm
long. including lists, and 12.5 pm wide) (Fig. 5). The sagittal
suture is conspicuous in the neck, bearing small spines (Fig.
5). The anterior cingular list is about the same size as the
posterior cingular list and is supported by nine ribs (Fig. 6).
The cingulum is oblique to the main axis (Fig. 7). The sulcal
lists are reduced, but become wider and triangular in the APB.
The neck (42 pm long and 12.5 pm wide) is straight and
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Figs 5-8. Triposolenia fallax sp. nov., SEM.
Fig. 5. Head and neck, also showing the sulcal lists.

Fig. 6. Detail of the head, with its cingular lists, the anterior with nine ribs.

Fig. 7. Dorsal view of the head and neck, with the sagittal suture.

Fig. 8. Tip of one posterior process showing its two spines and some scattered pores.

cylindrical, with no displacement from the main axis, and the
shoulder is conspicuous (Figs 2-4).

The APB is not prominent (19 um wide), with a very slight
dorsal displacement. The midbody is elongate (fusiform), with
the anteroventral and anterodorsal margins nearly straight,
whereas the posterior margin is concave (Figs 2—-4). The pos-
terior processes (8 pwm wide) are straight, arising from the
posterior ends of the midbody. The dorsal process is slightly
shorter and more curved than the ventral process (about 3 pm
difference) (Figs 2—-4). The tips of the processes have two
sagittal spines 0.4 pm long (Fig. 8). Hyaline thecae with small
pores are mainly on the neck and posterior processes. Length/
width ratio = 6.3.

HOLOTYPE: The holotype will be deposited in the Herbario
Nacional de México (Instituto de Biologia, UNAM): MEXU
Coleccién Ficoldgica (Phycological Collection), No. 1492.

ETYMOLOGY: The epithet fallax means ‘false’.

TYPE LOCALITY: Indian Ocean (13°35.8'N, 70°50.0'E).

DISCUSSION

The new species described here has some morphological char-
acteristics that fit well into the circumscription of the genus
Amphisolenia, and others that fit well with Triposolenia.
Therefore, we suggest that this species is a link between these
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Fig. 9. Drawings of the type species of the two genera of the Am-
phisoleniaceae. Figures are not drawn to scale. a. Amphisolenia glob-
ifera. b. Triposolenia truncata.

genera, as envisioned by Kofoid (1906b, p. 117), “As yet no
species have been found which will afford a transition be-
tween Triposolenia and the most nearly related genus Amphi-
solenia which has a fusiform midbody and a single simple or
branched antapical horn.”

Species of Amphisolenia have only one posterior process,
which is generally straight, either simple or forked, and al-
ways arising from the terminal part of the midbody, not from
the center of the midbody. The tip of the posterior process
may be truncated or globose, smooth or with two to four mi-
nute spines or teeth. The midbody is elongate (fusiform); the
APB is generally poorly developed, and the thecae have small
pores (the type species, Amphisolenia globifera Stein, is il-
lustrated in Fig. 9a). By contrast, the anterior portion of Tri-
posolenia cells is similar to that of Amphisolenia, with a well-
developed shoulder and a wide central body that is triangular,
rounded, or bursiform, from which arises two posterior pro-
cesses, usually subequal and curved outwardly and with small
spines or projections on the external margin; the tips of these
processes may be smooth or with minute spines.

Triposolenia has a particularly tripartite character due to the
presence of the two posterior processes and the neck and head
of the organisms. Another important characteristic is the
marked asymmetry in both dorsoventral and lateral views. The
APB leans toward the dorsal part (10-20° in relation to the
main axis) and the neck is displaced 10° to 35° dorsally. The
cingulum is usually perpendicular to the main axis (the type
species. Triposolenia truncata Kofoid, is illustrated in Fig.
9b).

The characteristics of Triposolenia fallax that agree with

those of Amphisolenia are the symmetry of the body, the APB
and neck with no clear displacement, the elongate, fusiform
midbody, and no prominent APB, whereas the presence of two
posterior processes and the equilibrated relationship between
the length of the neck and the posterior processes clearly dif-
fer from Amphisolenia.

Triposolenia fallax also shows characteristics typical of the
genus Triposolenia: tripartite character (i.e. neck, head, and
two posterior processes of equivalent dimensions), posterior
processes arising from the midbody, asymmetry of the pos-
terior processes, shoulder conspicuous, and neck short in re-
lation to the length of the midbody. However, some characters
do not fit (e.g. symmetry in lateral and dorsoventral views,
the midbody is elongate and fusiform, the posterior processes
are straight and near each other, and the neck and APB exhibit
no displacement from the main axis). The presence of two
posterior processes arising from the midbody, which produces
the tripartite character, is considered a very important taxo-
nomic character for inclusions of this species in Triposolenia.
This species is, however, larger than all those previously de-
scribed for the genus (Kofoid 1906b).

Describing new species on the basis of just one specimen
is risky and may lead to future confusion, but we are per-
suaded by distinctive characteristics of the new species: shape,
dimensions, number and form of the posterior processes, and
symmetry of the body. Another specimen of this species has
been collected from the Indian Ocean (M.C. Carbonell-Moore,
personal communication).

Most species of Amphisolenia and Triposolenia are ex-
tremely rare, and some species have been described from a
single cell [e.g. Triposolenia exilis Kofoid (Kofoid 1906a),
Amphisolenia curvata Kofoid and A. asymmetrica Kofoid
(Kofoid 1907), and Amphisolenia sigma Halim (Halim 1965)].
It is common to find records of a single specimen of certain
species placed in both genera [e.g. Amphisolenia curvata
(Wood 1954), Amphisolenia truncata Kofoid et Michener (Sil-
va 1955; Halim 1960), Triposolenia depressa Kofoid (Silva
1957; Balech 1988), T. truncata Kofoid (Silva 1957), Amphi-
solenia palaeotheroides Kofoid (Balech 1962), Amphisolenia
brevicauda Kofoid (Rampi 1969), Amphisolenia complanata
Kofoid et Skogsberg (Léger 1973), Amphisolenia asymmetrica
Taylor (1976), Amphisolenia lemmermanni Kofoid (Herndn-
dez-Becerril 1988b)]. Sournia (1967) pointed out that speci-
mens of Triposolenia species are even more rare than those
of Amphisolenia.

We do not believe that the species described here is a mor-
phological variant of a described species of Amphisolenia or
Triposolenia. There are no observations of sexual reproduc-
tion in the family, but an origin of this morphological form
by hybridization cannot be excluded. However, this suggestion
requires intergeneric hybridization.

We suggest the following possible evolutionary trends: (1)
Amphisolenia is an older genus than Triposolenia; (2) origi-
nally the posterior processes of Triposolenia were straight and
close to each other but separated when the body became wid-
er; and (3) separation of the posterior processes and the in-
creasing asymmetry of these (dorsal and ventral processes)
may have caused the leaning of the neck and the APB to
balance the equilibrium point of the organism, necessary for
locomotion (swimming), orientation, or flotation (see Kofoid
1906a, 1906c; Taylor 1987a).
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A variety of other evolutionary speculations could be pro-
posed, with differing taxonomic consequences: (1) the new
species retains primitive characteristics of Triposolenia; (2)
the new species links the species of the Amphisoleniaceae
such that there is a gradient of morphological forms and all
species can be viewed as belonging to the type genus, Am-
phisolenia; and (3) the posterior processes of this species are
analogous to those of Triposolenia; therefore, we are dealing
with a new genus. Still another view (voiced by an anonymous
referee) is that Triposolenia may have evolved from species
of the genus Dinophysis Ehrenberg (particularly D. miles Cleve),
and Amphisolenia derived from either Triposolenia or other
species of Dinophysis. These are interesting possibilities that
could be resolved by molecular systematics of these taxa.

ACKNOWLEDGMENTS

Thanks are due to Dr R.M. Crawford for sending us material
from the ‘Meteor’ cruises. Y. Hornelas provided skilled assis-
tance with SEM. Drs FJ.R. Taylor and M.C. Carbonell-Moore
kindly commented on the species described here. Figures 1
and 9 were done by M.C.J.A. Aké Castillo.

REFERENCES

ABl: TH. 1967. The armored Dinoflagellata. II. Prorocentridaec and
Dinophysidae (C). Ornithocercus, Histioneis, Amphisolenia and
others. Publications of the Seto Marine Biological Laboratory 15:
79-116.

BaLkcH E. 1962, Tintinnoinea y dinoflagellata del Pacifico segtin ma-
terial de las expediciones Norpac y Downwind del Instituto Scripps
de Oceanografia. Revista del Museo Argentino de Ciencias Natur-
ales ‘Bernardino Rivadavia' 7: 1-253.

BaLecH E. 1977. Estructura de Amphisolenia bidentata Schroder (Di-
noflagellata). Phvsis (A) 37: 25-32.

BaLECH E. 1988. Los Dinoflagelados del Atldntico Sudoccidental, vol.
1. Publicaciones Especiales Instituto Espanol de Oceanografia, Ma-
drid. 219 pp. + 88 pls.

FENSOME R.A., TAYLOR EJ.R.. NORRIS G., SARJEANT W.A.S, WHARTON
D.I. & WiLLiavs G.L. 1993. A Classification of Living and Fossil
Dinoflugellates. American Museum ot Natural History. Micropalc-
ontology Special Publications, no. 7. Sheridan Press, Hanover,
Pennsylvania. 351 pp.

GAINES G. & ELBRACHTER M. 1987. Heterotrophic nutrition. In: The
Biology of Dinoflugellates (Ed. by EI.R. Taylor). pp. 224-268.
Blackwell Scientific Publications. Oxford.

HaLiM Y. 1960. Etude quantitative et qualitative du cycle écologique
des dinoflagellés dans les eaux de Villefranche-sur-Mer (1953~
1955). Annales de I'Institur Océanographique 38: 123-232.

HaLim Y. 1965. Microplanclon des eaux egyptiennes. [I.—Chryso-
monadines: Ebricdiens et Dinoflagellés noveaux ou d’intérét bio-
géographique. Rapport et Procés-verbaux des Réunions de la Com-
mission Internationale pour 'Exploration Scientifique de la Mer
Méditerranée 17: 495-502.

HALLEGRAEFF G.M. & JEFFREY S.W. 1984. Tropical phytoplankton spe-
cies and pigments of continental shelf waters of North and North-
West Australia. Marine Ecology Progress Series 200 59-74.

HERNANDIZ-BECERRIL D.U. 1988a. Obscrvaciones de algunos dinofia-
gelados (Dinophyceae) del Pacifico mexicano con microscopios fo-
ténico y electrénico de barrido. Investigacion Pesquera 52: 517—
531.

HERNANDEZ-BECERRIL D.U. 1988b. Planktonic dinoflagellates (except
Ceratium and Protoperidinium) from the Gulf of California and off
the coasts of Baja California. Boranica Marina 31: 423-435.

Korom C.A. 1906a. Dinoflagellata ot the San Diego region. 1I. On
Triposolenia, a new genus of the Dinophysidae. Universiry of Cal-
ifornia Publications in Zoology 3: 93-116.

Koroib C.A. 1906b. A discussion of species characters in Triposolen-
ia. 1. The nature of the species characters. II. The adaptative sig-
nificance of species characters. III. The coincident distribution of
related species. University of California Publications in Zoology 3:
117-126.

Koroip C.A. 1906¢. On the significance of the asymmetry in Tripo-
solenia. University of California Publications in Zoology 3: 127—
133.

Koroinp C.A. 1907. Reports of the scientific results of the expedition
to eastern tropical Pacific, in charge of Alexander Agassiz, by the
U.S. Fish Commission Steamer “*Albatross™. tfrom October, 1904,
to March, 1905, Lieut. Commander L.M. Garret, U.S.N.. com-
manding. IX. New species of dinoflagellates. Bulletin of the Mu-
seum of Comparative Zoology at Harvard College 50(6): 162-207
+ 17 pls.

Koroib C.A. & SKOGSBERG T. 1928. The Dinoflagellata: the Dinophy-
soidae. Memoirs of the Museum of Comparative Zoology at Har-
vard 51: 1-766.

LEGEr G. 1971. Les populations phytoplanctoniques au point ¢ =
42°47" N, G = 7°29' E Greenwich (Bouée Laboratoire du COM-
EXO/CNEXO) B- Deuxieme séjour (17-30 juillet 1964). Bulletin
de I'Institut Océanographique de Monaco 70: 1-41.

LEGER G. 1973. Diatomées et dinoflagellés de la mer Ligure. Syste-
matique et distribution en juillet 1963. Bulletin de I'institut Océun-
ographique de Monaco 71(1425): 1-36.

Licas LAN. 1991. Symbionts of the tropical Dinophysiales (Dino-
phyceae). Ophelia 33: 213-224.

Rampr L. 1969. Péridiniens, Heterococcales et Pterospermales rares,
interessants ou nouveaux recoltes dans la mer Ligurienne (Mediter-
ranee Occidentale). Natura, Societd Italiana de Sciencias Naturales
60: 313-333.

SarruLLAil S.M. & Hassan D. 1973, Planktonic dinoflagellates from
inshore waters of Karachi. . Amphisolenia Stein. Pakistan Journal
of Zoology 5: 149-155.

SCHILLER J. 1933. Dinoflagellatae (Peridineae)in monographischer Be-
handlung. In: Rabenhorst’s Krvptogamen-Flora von Deutschland,
Osterreich und der Schweiz, 2nd ed.. pt. 1 (Ed. by R. Kolkwitz),
pp. 1-617. Akademische Verlagsgesellschaft. Leipzig.

SiLva E. DE S. 1955. Dinoflagelados do plancton marinho de Angola.
Anais Junta Investigagoes do Ultramar 10: 109-191.

SiLva E. DE S. 1957, Nova contribugio para o estudo do microplanc-
ton marinho de Angola. Anais Junta Investigagoes do Ultramar 12:
28-85.

SOuRrNIA A. 1967. Contribution a la connaissance des Péridiens mi-
croplanctoniques du Canal de Mozambique. Bulletin du Muséum
National d'Histoire Nuaturelle 2e. Série 39: 417-438.

SoUrRNIA A. 1973. Catalogue des espécees et taxon infraspécifiques de
dinoflagellés marins actuels publiés depuis la révision de J. Schiller.
L. Dinoflagellés libres. Nova Hedwigia, Beihefte 48: 1-92.

SOURNIA A. 1978. Catalogue des espéces et taxon infraspécifiques de
dinoflagellés marins actuels publiés depuis la révision de J. Schiller.
L. (Complement). Revie Algologigie, Nouvelle Série 13: 3—-40.

SOURNIA A. 1982. [s there a shade flora in the marine plankton? Jour-
nal of Plankton Research 4: 391-399.

SOURNIA A. 1986. Atlas du Phytoplancton Marin. vol. 1. Introduction,
Cyanophyvcées, Dictvochophycées, Dinophycées, Raphidophycées.
Editions du Centre National de la Recherche Scientifique, Paris. 216
pp-

STEIDINGER K.A. & TaNGEN K. 1997. Dinoflagellates. In: /dentifving
Marine Phytoplankton (Ed. by C.R. Tomas). pp. 387-584. Academ-
ic Press, San Diego.

STEIN E 1883. Der Organismus der Infusionsthiere nach eigenen For-
schungen in systematischer Reienfolge bearbeitet. 111 Abteilung.
Der Organismus der Arthodelen Flagellaten. 11. Hilfte. Die Natur-
geschichte der Arthrodelen Flagellaten. W. Engelmann, Leipzig. 31
pp.-+ 25 pls.

TayrLor EIR. 1976. Dinoflagellates from the International Indian

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Herndndez-Becerril & Meave del Castillo: A new tropical dinoflagellate 113

Ocean Expedition. A report on material collected by the R.V. *An-
ton Bruun® 1963-1964. Biblotheca Botanica. 132. E. Schweizer-
bar'sche Verlagsbuchhandlung, Sturtgart. 234 pp.+ 46 pls.

TayLor ELR. 1982, Symbioses in marine microplankton. Annales de
L Institut Océanographique Nouvelle Série 58(supplement): 61-90.

Tavror EJ.R. 1987a. Dinoflagellate morphology. In: The Biology of

Dinoflagellates (Ed. by FJ.R. Taylor), pp. 24-91. Blackwell Sci-
entific Publications, Oxford.

Tavior EJ.R. 1987b. Ecology of dinoflagellates. A. General and ma-
rine ecosystems. In: The Biology of Dinoflagellates (Ed. by FJ.R.
Taylor), pp. 399-502. Blackwell Scientific Publications, Oxford.

Woob E.JE 1954. Dinoflagellates of the Australian region. Australian
Journal of Marine and Freshwater Research §: 171-351.

Accepted 16 March 1999

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



