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ABSTRACT. We describe Rhynchopus euleeides n. sp., using light and electron microscopy. This free-living flagellate, which was
isolated earlier from a marine habitat, can be grown axenically in a rich medium based on modified seawater. In the trophic stage, cells are
predominantly elliptical and laterally flattened, but frequently change their shape (metaboly). Gliding is the predominant manner of
locomotion. The two flagella, which are typically concealed in their pocket, are short stubs of unequal length, have conventional axo-
nemes, but apparently lack a paraxonemal rod. Swarmer cells, which form only occasionally, are smaller in size and carry two conspicuous
flagella of more than 2 times the body length. Cells are decorated with a prominent apical papillum. Both the flagellar pocket and the
adjacent feeding apparatus seem to merge together into a single sub-apical opening. The mitochondrion, which is most likely single, is
located peripherally. It is reticulated in shape and contains only a few lamellar cristae. Mitochondrial DNA is abundant and evenly
distributed throughout the organelle. Morphological synapomorphies confirm the affiliation of the species with the genus Rhynchopus
(Diplonemea, Euglenozoa). We discuss the characters that distinguish Rhynchopus from Diplonema corroborating the validity of the two
genera.
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THE genus Rhynchopus was first described in 1948, based on
the observation of a single species, Rhynchopus amitus

(Skuja 1948; see also Al-Qassab et al. 2002). This free-living fla-
gellate was isolated from pelagic water in the Erken Lake of the
east coast of Sweden. Up to now, the only member of this genus
that has been characterized ultrastructurally is the parasitic
Rhynchopus coscinodiscivorus, which feeds on the cytoplasm of
planktonic diatoms (Schnepf 1994). Otherwise, only sketchy de-
scriptions are available for a few additional isolates, some report-
ed as parasites of clams and lobster larvae, and others free-living
(Bodammer and Sawyer 1981; Kent et al. 1987; Simpson 1997;
Vickerman 2000). Given that these reports provide only scarce
details about cell size, cell shape, and length of flagella, it is dif-
ficult to verify whether these specimens are Rhynchopus spp. or
Diplonema spp.

Rhynchopus was considered initially an unusual euglenid and
placed in the Euglenida (Skuja 1948). Since then, classification of
this group has undergone numerous modifications (in the follow-
ing, we will use the taxonomical scheme of Adl et al. 2005). Most
importantly, the genus Rhynchopus has been removed from the
order Euglenida and placed, together with the genus Diplonema,
which now also comprises species previously named Isonema
(Patterson and Brugerolle 1988; Schuster, Goldstein, and Hershe-
nov 1968; Triemer and Ott 1990), into the Diplonemea sensu
Cavalier-Smith (1993) (Simpson 1997). Diplonemea and Eugle-
nida, together with the Kinetoplastea (commonly named diplone-
mids, euglenids, and kinetoplastids), now constitute the phylum
Euglenozoa. A higher-level assemblage unites Euglenozoa and
Heterolobosea into the Discicristata (Cavalier-Smith 1998; Pat-
terson 1994). Furthermore, Euglenozoa, Heterolobosea, and jako-
bids, together with several amitochondrial groups, have been
merged into Excavata (Adl et al. 2005; Simpson and Patterson
2001). Still, solid phylogenetic evidence for the monophyly of
these higher order groupings remains to be demonstrated.

Here, we describe in detail the morphology of a Rhynchopus
species, determined by light and electron microscopy. Based on
several features that set this organism apart from the other mem-
bers of the genus, we propose the creation of a new species,
Rhynchopus euleeides n. sp. With this report, we aim to fill in a
critical lack of morphological information about Rhynchopus and
diplonemids in general, a lack already underlined by others over a
decade ago (Schnepf 1994; Simpson 1997). A detailed morpho-
logical description of this group is most timely. Owing to the re-
cent discovery of a unique mitochondrial gene and genome
structure in Diplonema papillatum (Marande, Lukeš, and Burger
2005), diplonemids are now attracting attention beyond the pro-
tistology community.

MATERIALS AND METHODS

Isolation and cultivation. Rhynchopus euleeides n. sp. (pre-
viously designated ‘‘Rhynchopus sp.1’’ – ATCC 50226) was ob-
tained from the American Type Culture Collection, where it was
deposited by T. Nerad in 1986. Cells were cultivated axenically
in modified artificial seawater consisting of 3.3% (w/v) sea salts
(Instant Ocean), vitamins (0.5 mg/ml biotin, 0.5mg/ml B12,
100mg/L thiamine-HCl), and trace metal elements (4.36 mg/L
Na2 EDTA, 3.15 mg/L FeCl3 � 6H2O, 9.8mg/L CuSO4 � 5H2O,
22 mg/L ZnSO4 � 7H2O, 10 mg/L CoCl2 � 6H2O, 18 mg/L MnCl2 �
4H2O, 6.3mg/L NaMoO4 � 2H2O), supplemented with 10% horse
(HS) or foetal bovine (FBS) serum. Cultures were grown without
shaking at room temperature in adhesion-treated flasks (Corning,
Corning, NY). A cell scraper (Sarstedt, Newton, NC) was used for
harvesting the cells from the flask bottom. A mix of antibiotics
(160mg/ml streptomycin, 160 mg/ml kanamycin, 280mg/ml peni-
cillin-G [Wisent, St-Bruno, QC]) was added for long-term main-
tenance of the strain, but not for cultures used in experiments.
Stocks were conserved under liquid nitrogen in modified artificial
seawater containing 5% (v/v) dimethyl sulphoxide. For the test of
phagotrophy, the serum was replaced by either 0.1%–1.0% (w/v)
crystallized egg yolk or �105/ml bacteria (a mix of Enterobacter
aerogenes, Silicibacter sp., Bacillus sp., and Pseudomonas sp.).
The titre of bacteria was determined by counting the cells in a
haemacytometer.
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Fig. 1–14. Light and scanning electron microscopy of Rhynchopus euleeides n. sp. Cell morphology and DNA distribution. 1. Cell of elliptical shape with a
conical apical end. 2–4. Time series of a cell changing its shape (metaboly). Time interval is 5 s. 5. Intermediate stage of cell division. Posterior end is indicated
by an asterisk. 6–8. Time series of peristaltic and contortive movement. Time interval is 9 s. 9. Swarmer cell with two long flagella (left) and a trophic-starved
cell (right). 10. Anterior part of a cell showing the sub-apical pocket (O) and the apical papillum (P). 11. Lateral view of the anterior part of a cell. Sub-apical
pocket (O), apical papillum (P). The cavity (arrowhead) close to the apical papillum is not interpreted as a second (small) opening of the cell, because several
such cavities are seen at the surface of this cell. 12. 40,60-Diamidino-2-phenylindole-stained cell revealing nuclear (N) and mitochondrial (arrowheads) DNA.
13. Same cell as in Fig. 7. 14. Whole cell (same cell as in 10). Note the smooth surface. Scale bar 5 10mm (Fig. 1–9) and 2mm (Fig. 10–14).
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Light and fluorescent microscopy. Live cells were observed
with an inverted Nikon Eclipse TE2000-U microscope (Nikon,
Tokyo, JP) using a Nomarski differential interference contrast
(DIC) filter, with the exception of Fig. 9, which was taken in phase

contrast. Pictures were recorded with MetaMorph 6.3r3 (Molec-
ular Devices, Sunnyvale, CA). For 40,60-diamidino-2-phenylin-
dole (DAPI) staining, cells were fixed for 10 min at room
temperature in 4% (w/v) paraformaldehyde diluted in 3.3%
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artificial seawater. Fixation was stopped by spinning the cells
down and resuspending them in 3.3% artificial seawater. After the
cells were allowed to adhere onto poly-L-lysine-coated slides for
2 h in a humidity chamber, the slides were stained with 1 mg/ml
DAPI in phosphate-buffered saline (PBS) pH 7.2 for 5 min. The
stained cells were washed, mounted with the antifade reagent
(0.233 g 1,4-diazabicyclo-(2,2,2)octane; 1 ml 0.2 M Tris-HCl, pH
8.0; 9 ml glycerol), and examined with a Zeiss Axioplan 100
microscope (Jena, Germany) in DIC mode.

Electron microscopy. For transmission electron microscopy,
cells were washed twice in artificial seawater, centrifuged at low
speed ( � 1,200 g), and fixed following two different protocols:
(i) 2% (v/v) glutaraldehyde (GA) in 0.25 M phosphate buffer
(PB), pH 7.2, overnight at 4 1C; or (ii) same as (i) but the con-
centration of 0.1 M PB. After fixation, cells were washed in the
respective buffer supplemented with 4% (w/v) glucose, pelleted,
and embedded in 2% (w/v) agarose. Post-fixation was done with
2% (w/v) OsO4 in PB for 2 h at room temperature, followed by a
washing step with PB. After dehydration in graded series of eth-
anol, the cells were embedded in Epon-Araldite. Ultra-thin sec-
tions were stained with lead citrate and uranyl acetate and
examined under a JEOL JEM 1010 microscope (Tokyo, JP).

For scanning electron microscopy observations, actively grow-
ing cells were placed in a dish and allowed to adhere to coverslips
for a period of time, fixed in 5% GA in 0.25 M PB pH 7.2 for 5 min
at 37 1C in a PELCO 3440 Max laboratory Microwave Oven (Ted
Pella; Reddin, CA), washed in the same buffer, followed by a
post-fixation step with 1% osmium tetroxide in 0.1 M PBS, pH 7.2
for 5 min and dehydrated in graded series of ethanol. Coverslips
were air dried, mounted on aluminium stubs with conductive car-
bon paint (SPI supplies, West Chester, PA), and observed without
any further treatment with a JEOL JSM-7400F high-resolution
field emission scanning electron microscope in the secondary
mode at 1.5 kV.

RESULTS

Light microscopical observations. The feeding behaviour of
R. euleeides n. sp. depends on available nutrients. In a serum-based
medium, cells feed osmotrophically; at high concentrations of
serum (� 10%), the culture turns blackish due to an unidentified
compound secreted by the cells once they reach the stationary phase
(� 107 cells/ml). Alternatively, in a medium containing crystallized
egg yolk or bacteria, the flagellates will feed by phagotrophy. Gen-
eration time of axenic cultures in modified artificial seawater sup-
plemented with 10% serum is approximately 8 h. Division occurs
longitudinally, from the anterior to the posterior end (Fig. 5).

Trophic cells are typically 15–27 mm long and 4–8 mm wide in
the centre, of almost symmetrical elliptical shape, yet flattened
laterally (Fig. 1, 4–8). Generally, cells are attached to a surface,
but with increasing cell density, a small percentage of them will
float and cluster together. When cells move by gliding, the ante-
rior portion of the cell appears to be responsible for motion and
steering. Peristaltic-like contractions, expansions, and contortions

of the body (termed ‘‘metaboly’’) are radical and frequent (Fig. 2–
4, 6–8). Cysts, which form readily in aging cultures, are smaller
and somewhat rounder than trophic cells. Flagella are invisible in
both the trophic and cyst stages. Free-swimming cells are rare, and
have been observed only on a few occasions in starved cultures.
These ‘‘swarmers’’ are significantly shorter (up to � 15 mm) than
trophic cells. Flagella of the swarmer stage are about 2.5 times
longer than the body and used for fast propulsion (Fig. 9).

Fluorescent microscopy of DAPI-stained cells reveals the nu-
cleus, enclosing a single, less fluorescent nucleolus. A large
amount of mitochondrial DNA (mtDNA) is seen peripherally, ap-
parently distributed uniformly throughout the reticulated organ-
elle (Fig. 12, 13). Clearly, a kinetoplast-like structure is absent.

Electron microscopical observations. Scanning microscopy
shows an elliptical, laterally flattened cell shape. Although the fix-
ation protocol used may cause dehydration, the flattened shape and
the folds of the cell surface are not artefacts, because light micros-
copy of live cells recovered the same morphology (see Fig. 1–9).
The cell surface is smooth without pellicles strips. A conspicuous
opening is located sub-apically, with its rim folded into a lip, which
protrudes at the dorsal side to form a conical, flattened apical pap-
illum (Fig. 10, 11, 14). None of the 4100 cells inspected had more
than a single opening. Flagella remain concealed in trophic cells
from young and axenic cultures, but a structure resembling a single,
short, barely emerging flagellum has sometimes been observed in
older, non-axenic cultures (data not shown).

Transmission microscopy of this organism proved to be diffi-
cult, as the cell collapsed easily during fixation, probably due to
their poor resistance to osmotic change. Among the different
protocols tested, the fixation with GA diluted in 0.25 M PB yield-
ed the best results. The images show that cells possess a sub-apical
cavity that encloses the feeding apparatus and the flagellar appa-
ratus. Longitudinal sections of the whole cell reveal that both ap-
paratuses occupy up to half of the total body length (Fig. 15, 16,
25, see scale bar), and are generally oriented parallel to one an-
other (Fig. 18), but depending on the cell shape, they may appear
as well in perpendicular orientation (Fig. 19). The two apparatuses
appear to merge peripherally to form the single sub-apical open-
ing observed in scanning microscopy.

The two flagella, which are inserted in their pocket in parallel
orientation (Fig. 16, 21, 22), consist of conventional 912 axo-
nemes and lack a paraxonemal rod (Fig. 17–21). Transversal sec-
tions often show only one flagellum within the pocket, indicating
that the two flagella are of unequal length (Fig. 18, 20). The fla-
gellar root system features a transitional zone bounded by two
plates (Fig. 16, 17, 19, 22). The two basal bodies are supported by
surrounding microtubules (Fig. 16, 22).

The feeding apparatus, which is positioned adjacent to the fla-
gellar pocket, displays a cytopharyngal component that is coated
on the interior with vanes (ribs) and supporting rods on one side,
and with a row of multidirectional microtubules on the opposite
side (Fig. 18, 19, 23–26). In a longitudinal view, the cytopharynx
appears as a horn-like structure through which nutrients appear to
enter the cell (Fig. 25).

Fig. 15–22. Transmission electron microscopy of Rhynchopus euleeides n. sp. Architecture of the flagellar and feeding apparatuses. 15. Longitudinal
section through the anterior part of the cell showing the feeding apparatus (FA), which is supported by multiple fibres (arrows) and adjacent to the apical
papillum (P) anterior to the sub-apical opening (O). 16. Longitudinal section through the anterior part of the cell showing the flagellar pocket (Fl)
reinforced apically by fibres (arrows), the apical papillum (P), the sub-apical opening (O), the transitional plate (arrowheads), the basal body (B), and the
flagellar root (R). 17. Detail of Fig. 16 showing the transitional zone of the flagellum (arrowheads). 18. Transverse section of the Fl and the FA, both
supported by fibres (arrows). 19. Section through the flagellar and feeding apparatuses. Transitional plates (arrowheads) and supporting fibres (arrows) are
visible. 20. Transverse section of a 912 ordered axoneme. Only a single flagellum was seen in this section. 21. Transverse section of the FI containing
two flagella. The left flagellum shows the transitional zone, characterized by a 910 tubular arrangement. The right flagellum shows a section through the
plate in the transition zone. 22. Section through the FI, basal bodies (B), and flagellar roots (R) of both flagella. Note the transitional plates (arrowheads).
Scale bar 5 500 nm; the fixation protocol (i) was used (see ‘‘Materials and Methods’’).
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Beneath the cell membrane lies a single layer of tightly packed
microtubules oriented longitudinally. This component of the
cytoskeleton is thought to be a major player in metaboly and
locomotion (Fig. 27, 28). The mitochondrion is most likely single

and lies beneath the inner side of the cell membrane. It has a re-
ticulated shape and encloses sparse and mostly longitudinally ori-
ented lamellar cristae (Fig. 29, 30). A fibrillar array of mtDNA
was not detected, corroborating the absence of a kinetoplast-like
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structure. The Golgi apparatus generally assumes a linear form,
but occurs also in a circularized form (Fig. 31, 32). The round
nucleus contains a single centrally located dense nucleolus and
chromosomes that seem to be permanently condensed (Fig. 33).
No structures resembling trichocysts or extrusomes have been
observed.

DISCUSSION

Rhynchopus sp. 1 (ATCC 50226) is a species widely used in
molecular phylogenies that aim at the elucidation of the evolu-
tionary history of Euglenozoa (Busse and Preisfeld 2002, 2003;
Moreira, Lopez-Garcia, and Rodriguez-Valera 2001; Simpson,
Lukeš, and Roger 2002; Simpson et al. 2004; von der Heyden et
al. 2004). In this report, we fill a gap in the knowledge of this key
flagellate by providing a detailed morphological description (Fig.
34–36). The new name we propose, R. euleeides n. sp., means
‘‘maggot-like’’ and is inspired by the cells’ movement and in-
clination to congregate.

Members of the genus Rhynchopus bear in their trophic stage
two short flagella that are barely emerging from, or completely
buried in, the flagellar pocket, while in the swarmer stage, flagella
are long and fully motile (Vickerman 2000; von der Heyden et al.
2004). The features that distinguish individual species within the
genus are manifold (Table 1). First, the habitat varies. Many
members of the genus, including R. euleeides n. sp., live in ma-
rine environments, whereas the type species R. amitus occurs in
fresh water. We propose that R. amitus derives from a marine
taxon, as the Erken Lake, from which it has been isolated, was
originally part of the Baltic Sea and turned into an enclosed basin
only relatively recently (Weyhenmeyer 1998). Second, the life-
style of Rhynchopus species is quite diverse. Some members are
free-living (Rhynchopus sp. 2 [ATCC50230], R. amitus, R. eulee-
ides n. sp.], R. coscinodiscivorus is an intracellular parasite of
diatoms, and several poorly described species were reported to be
ectoparasites or ectocommensals (Bodammer and Sawyer 1981;
Kent et al. 1987; Simpson 1997; Vickerman 2000). Still, it is pos-
sible that these latter taxa are only opportunistic parasites rather
than obligate ones. Third, the flagella are quite diverse across the
genus. In the trophic stage, they are of about equal length in
R. coscinodiscivorus, while in R. euleeides n. sp., one flagellum
appears to be shorter than the other. The axoneme of R. euleeides
n. sp. displays a canonical organization, whereas the limited data
of R. coscinodiscivorus suggest that its axoneme is arranged
irregularly (Schnepf 1994). Finally, what sets R. euleeides n. sp.
conspicuously apart from the well-described R. amitus and R. cos-
cinodiscivorus is the symmetrical, elliptical shape of its resting
cells, contrasting with the pear-shaped cells of the latter two spe-
cies. Taken together, the particular combination of ecological,
morphological, and ultrastructural characteristics observed in
R. euleeides n. sp. qualifies this taxon clearly as a new species
(Table 1).

Diplonemea, comprising Rhynchopus and Diplonema, share
several features. Both genera display pronounced metaboly, fea-
ture an oval to sack-like cell shape, possess two short flagella, and

contain an exceptionally large amount of mtDNA (Marande et al.
2005; Maslov, Yasuhira, and Simpson 1999; this work). In addi-
tion, the single reticulated mitochondrion of diplonemids encloses
only a few lamellar, parallel-arranged cristae (with the exception
of Diplonema ambulator, which was reported to have numerous
cristae (Triemer and Ott 1990). Moreover, the flagellar and feed-
ing apparatuses are very similar in Rhynchopus and Diplonema
(Montegut-Felkner and Triemer 1994, 1996; Schnepf 1994).
Members of both genera have their feeding apparatus longitudin-
ally arranged and connected with the flagellar apparatus (Triemer
and Ott 1990). This complex structure was initially classified as a
type II feeding apparatus known from euglenids (Linton and Trie-
mer 2001; Triemer and Farmer 1991a), but a detailed three-
dimensional ultrastructural analysis did not support this notion
(Montegut-Felkner and Triemer 1996).

Given the synapomorphies of Diplonemea described above, it
is difficult to identify features that unambiguously distinguish the
two genera. Morphological distinctions are usually based on the
relative length of their two flagella, which is unequal in most
Rhynchopus species, but equal in all Diplonema species de-
scribed. Some authors consider the occurrence of a swarmer stage
with fully motile flagella as an additional distinctive trait of
Rhynchopus (von der Heyden et al. 2004), but this character is
of limited practical use for taxonomic identification, as swarmers
form rarely, at least in R. euleeides n. sp. As summarized in Table
1, the taxonomic breadth of available morphological information
on Diplonema and Rhynchopus species has been too limited to
rigorously distinguish the two genera, raising the question
whether the two genera should be merged. However, our new re-
sults indicate that the presence of a single sub-apical opening
could be a feature characteristic for Rhynchopus, as the Diplone-
ma species examined by scanning electron microscopy were re-
ported to have two separate openings (Porter 1973; Triemer and
Farmer 1991b). Testing of our hypothesis will require a compre-
hensive scanning electron microscopy study of recognized
Rhynchopus and Diplonema species.

Diplonemea were initially associated with the Euglenida (Gri-
essmann 1913; Skuja 1948). Indeed, there are several features
common to both groups, including the microtubule-reinforced
feeding apparatus, the flagellar apparatus consisting of two basal
bodies, the microtubular root system, and reticulated mitochon-
dria. But we know today that these features are also shared with
kinetoplastids, which refutes the inclusion of Diplonemea in the
Euglenida (Brugerolle et al. 1979; Farmer and Triemer 1994;
Pellegrini 1980; Simpson 1997; Simpson et al. 2002).

The phylogenetic relationships within the Euglenozoa remain
controversial (Busse and Preisfeld 2002, 2003; Moreira, Lopez-
Garcia, and Vickerman 2004; Moreira et al. 2001; Simpson
and Roger 2004; Simpson et al. 2002; von der Heyden et al.
2004). Recent single-gene phylogenies provide reasonable sup-
ports for the sister relationship of Diplonemea and Kinetoplastea,
with Euglenida branching before the divergence of the two former
clades (Simpson and Roger 2004). Yet, Rhynchopus and Diplo-
nema are not always recovered as sister groups. For example, an
rRNA-based phylogenetic analysis including numerous diplone-

Fig. 23–33. Transmission electron microscopy of Rhynchopus euleeides n. sp. Architecture of feeding apparatus, organelles, and cytoskeleton. 23. The
feeding apparatus (FA) at the very apical end of the cell. Note the prominent fibres surrounding the cytostome (arrow) and the structured apical papillum
(P). 24. Oblique view of the FA. Note the P. 25. Longitudinal view of the P merged with the FA that forms a J-shaped tube surrounded by two sets of fibres
indicated by arrows: one running parallel and the other perpendicular to the longitudinal axis of the cell. 26. Transverse section of the FA containing a
number of microtubules and plicate vanes (arrows) surrounding the central cytostome. 27. Transverse section of the cytoskeletal corset (C) of the cell.
28. Longitudinal section of the C. 29. Longitudinally sectioned peripherally located mitochondrion (M) with prominent cristae (arrow). 30. Cross-
sectioned peripherally located M with scarce cristae (arrows). 31. Linear form of the Golgi apparatus (G). 32. Multimembraneous vesicles, interpreted as
circularized G. 33. Transverse section of the cell showing a large nucleus (N) with condensed chromosomes and a nucleolus (nu). Scale bar 5 500 nm.
The fixation protocols used are (i) (Fig. 19–24, 27–29) and (ii) (Fig. 25, 26); see ‘‘Materials and Methods’’.
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Fig. 34–36. Schematic three-dimensional representation of Rhynchopus euleeides n. sp. 34. Outer view of a trophic cell. 35. Dorsal view of a cell in
movement, illustrating its lateral flatness. 36. Inner view of the cell represented in Fig. 34. Note that the flagellar and feeding apparatuses merge together
into a single microtubule-reinforced area. Scale bar 5 2mm.
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mean taxa places certain Rhynchopus species within the genus
Diplonema (von der Heyden et al. 2004), though with low boot-
strap support. Obviously, multiple-gene based phylogenetic
analysis will be required to resolve the relationship of these two
genera.

The relationship within Diplonemea might be revealed by com-
parative genomics. As we have shown recently, the mitochondrial
genome of D. papillatum has a unique multi-partite structure with
gene fragments encoded on distinct circular chromosomes
(Marande et al. 2005). Interestingly, a similar genome structure
is found in R. euleeides n. sp. (Marande, Roy, and Burger, unpubl.
observ.). Work is in progress to determine how broadly these fea-
tures are distributed across Diplonemea and related groups.

Taxonomic summary
Phylum Euglenozoa Cavalier-Smith (1981)
Class Diplonemea Cavalier-Smith (1993)

Genus Rhynchopus Skuja (1948)
Rhynchopus euleeides n. sp.

Diagnosis. We describe ‘‘Rhynchopus sp.1’’ (ATCC 50226)
and rename it R. euleeides n. sp. The description is based on mor-
phological and physiological data.

Description. In the trophic stage, cells generally attach to a
surface. Cells are elongated, 15–27mm in length by 4–8mm in
width. The cell shape is elliptical with nearly symmetrical anterior
and posterior ends, and laterally flattened. Cells display conspic-
uous metaboly and move by gliding. Flagella are concealed.
When starved, the swarmer stage appears with two fully motile
flagella used for swimming. Flagellar and feeding apparatuses are
arranged parallel to the longitudinal axis of the cell. The two ap-
paratuses merge together into a single sub-apical opening, located
below the apical papillum. The mitochondrion, lying beneath the
cell periphery, has a few, long, longitudinally oriented cristae of
lamellar shape. In serum-supplemented medium, cells secrete a
black pigment as the culture ages.

In vitro cultivation. Axenic cultures can be maintained in
modified artificial seawater medium, supplemented with mineral
trace elements, vitamins, and serum. Cells should be grown in an
adhesion-treated culture flask in horizontal position, with passage
to new medium twice a week. Alternatively, serum can be re-
placed with bacteria or crystallized egg yolk, which results in a
slower grow rate.

Type locality. Isolated from seawater, New Bedford, MA,
USA (latitude 41.63791N; longitude 70.93721W).

Etymology. Rhynchopus euleeides n. sp. (from Gr. eulê-,
‘‘maggots,’’ ‘‘worm’’1 latinized form of Gr. suff. -eidês, ‘‘in
shape of,’’ ‘‘similar to’’).

Type material. The type culture was deposited by T.A. Nerad
in 1986 at the American Type Culture Collection, under the Ac-
cession number ATCC 50226. A slide prepared from this culture
has been deposited as a hapantotype at the International Protozoan
Type Slide Collection under the Accession number USNM
1091283.
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