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This is the second of a series of papers describing the morphology and ontogenesis of new ciliates occur-
ring in the cisterns of tank bromeliads, a group of rosette plants of tropicalAmerica, entrapping rainwater
between the coalescing leaf axils. The new species described here was discovered in the tanks of ground
bromeliads from the east coast (Mata Atlantica) of Brazil, South America, and in tank bromeliads of the
Dominican Republic, Caribbean Sea. lts morphology and ontogenesis were investigated on cultivated
specimens, using live observation, silver impregnation, and scanning electron microscopy, Morphological-
ly, the new ciliate resembles the tetrahymenine genus Lamhornella, while the habit is different in that it
does not parasitize and produce cuticular cysts on mosquito larvae. Thus, it could be considered as repre-
sentative of a new genus. Likewisg the Brazilian and Dominican populations are probably not conspecific.
Basically, Lamhornella trichoglossa nov. spec. has a tetrahymenid somatic and oral ciliary pattern with
characteristics likely diagnostic for the, unfortunately, still insufficiently described type species of Lam-
hornella, viz., an increased number (8) of postoral kinetie+ a spatulate preoral suture, a curved adoral
membranelle 1, a sigmoidal membranelle 2, loop-like intrameridional silverlinet and a synchronous re-
placement of the parental oral apparatus during cell division, a conspicuous ontogenetic feature. Lambor-
nella trichoglossa differs from the two described congeners mainly by the large size (200 x 50 pm vs.
( 100 x 50 pm), the fusiform to claviform shape (vs. ovoidal), the location of the contractile vacuole (near
mid-body vs. posterior body third), a 25 ym long caudal cilium (vs. lacking), and the arrangement of adoral
membranelle 2 (directed to right vs. Ieft). Considering that L. trichoglossa has not been found in Europe,
though it is a largg conspicuous ciliate, it might be restricted to South America or Gondwana.

Key words: Biodiversity; Bromeliad tanks; Mata Atlantica; South Americ a; Lamhornella trichoglossa nov.
spec.; Tetrahymenida.

lntroduction

Taxonomic research on rcffahymenid ciliates
stagnated after a bloom befween the fifties and sev-
enties (Corliss 1,952, 1979; Elliott 1973). Presently,
the order Tetrahymenida comprises 14 genera (Lynn
1994; Lynn and Small 2002). The last new genus was
described in 1985 by Small and Lynn, seemingly
supporring the hypothesis of Finlay et al. (1996) thar
rnost free-living ciliates are known. However, in my

opinion the stagnation is caused by a dramatic de-
crease of educated taxonomists and of alpha-taxo-
nomic research in general. This is emphasiied by the
discov er.y of a distinct tetrahymenid genus in the
water cisterns of bromeliads, yiz., ßromeliophrya
Foissn er, 2003, and the new species described in the
present pape6 Lambornella trichoglossa, which
probably also represents a new genus. See Foissner
(2003) and the last section of the present pape r for a

brief description of the tank bromeliad habitat.
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Material and methods

The sample which contained Lambornella tricboglos-
sd,)was collected at the Atlantic Sea coast (Mata Atlanti-
ca) in the surroundings of the village of Praia do Forte
(514'33' \ü/38'; 1500 mm annual precipitation), that is,
about 81 km north of the town of Salvador, Bahia,
Braztl About 500 ml leaf axil water was collected from
two specimens of a large ground bromeliad and trans-
ported without special precautions to Salzburg. Unfor-
tunately, I could not identify the bromeliad species;
possibly, it 'was Aecbmed, sp. The tank water contained
parttally decomposed leaf litter, mud, various small
metazoans, and had a brownish colour and rather acidic
reaction (pH 5).

In the laboratory) the water was filtered through a

500 pm net to remove larger metazoa.Part of the sample
was fixed for pre parations, while the rest was used to set
up cultures enriched with 1-3 squashed wheat grains.
Lambornella tricboglossa and some other ciliates oc-
curred in the native tank water and grew well in the
wheat grain cultures, where they fed on rotifers, wheat
starch grains, and bacteria. Thus, ontogenesis could be
studied as well; cultures set up mainly with E,au de
Volvic (French table water) developed less readrly, indi-
cating that the tank water contained substances promot-
irg growth of ciliates.

I discovered L. trichoglossa in December 1996 and in-
vestigated it "as usual" because I did not expect that
generic classification would pose many probleffis, that is,
I pre-identified it as a new, giganti c Tetrabymena species.
However, when I studied the slides in detail and put to-
gether the data for publication in spring 2002, I recog-
nized that it possesses some unusual ontogenetic features
and could belong to Lambornella, a genus similar to
Tetrabymend. morphologically, but unique in infecting
mosquito larvae andforming special"cuticular cysts" on
their surface. IJnfortunately, I could not retrieve the
missing data on ontogenesis, cysts, and infectivity be-
cause the cultures declined and were discarded in 1997.

Fortun ately, I spent my holidays in the Dominican
Republic in August 2002. Flere, I re-discovered the
Brazilian species in bromeliads from two sites, and
could thus not only collect additional morphological
data but also the missing details mentioned. The speci-
mens were cultivated as described above. Methodologi-
cal details from the investigations on cysts and infectivi-
ty are provided in the respective Results sections.

Cells were studied in vioo using a high-power, oil im-
mersion objective and differential interference contrast
optics. The infraciliature and various cytological struc-
tures were revealed by scanning electron microscopy
and the silver impregnation t.ährriques described 

^in

Foissner (1991). Counts and measurements on qreplryd
specimens were performed at a magnification of x1,000.
In viao measurements were conducted at a magnifica-
tion of x100-1,000. Although these provide only rough
estimates, it is worth giving such data as specimens may

change in preparations. Illustrations of live specimens
were based on video-records and micrographs, while
those of prepared cells were made with a camera lucida.
Terminology is according to Peck (1974), Corliss (1952,
1979), and Foissner ( 1996).

Results

Morphology

As conspecificity of the Brazllian and Domini-
can Republic populations in questionabl e, data are
kept sep arate and the diagnosis contains only the
Braztlian type population. Further, all observa-
tions are) if not mentioned otherwise, from culti-
vated specimens. Morphometric data shown in Ta-
bles 1 and 2 are repeated in the description only as

needed for clarity.

Description of Brazilian type population of Lam bor-
nella trichoglossa lrov. spec. (Figs 1-1 2, 14-29,
33-38; Table 1)

Diagnosis: Size about 200 x 50 pm in vivo. In-
distinctly fusiforffi, usually slightly sigmoidal and
widest postorally due to a ventral hump. Nuclear
apparatus postoral in second qua rter of cell. Con-
tractile vacuole rtear mid-body, usually 2 excret ory
pores at end of kinety 6. E,xtrusomes rod-shaped,
about 2.5 x 0 .25 pm. On ayerage 47 clhary rows, of
which 8 are posto ral, the others abut preor ally
along a spatulate suture; distance between kin ety 1

and n distinctly increased posto rally; 1 caudal cili.-
um. Adoral membranelle l curved, membranelle 2

sigmoidal and directed right, membranelle 3

minute. Silverlines loop-like projecting between
basal bodies.

Typ. location: Tanks of ground bromeliads in
the surroundings of the village of Praia do Forte
(S1 4"33'§f38"), Atlantic Sea coast of B ahra,Rrazrl.

Typ. material: t holo type slide each of cultivat-
ed, pr.otargol-impregnaled rrr4 Chatton-Lwoff sil-
ver nitrate-lmpregnated morphost atic and dividing
specimens and 15 p aratype slides (protargol, Chat-
ton-Lwoff and Klein-Foissner silver nitrate) have
been d.posited in the Biolo giezentrum of the
Oberösterreichische Landesmuseum in Linz (LI).
Unfortunately, most Klein-Foissner preparations
bleached due to a prep aration mistake, includirg
the specimens shown in Figures 21,22,25,26,29.
Further, voucher slides with cultiv ated morpho-
static and dividing specimens from the Dominican
Republic have been d.posited, yiz., 5 protargol
slides (Foissner's method), 5 Chatton-Lwoff silver
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nitrate slides, and 1,2 silver carbo nate slides
(method of Augustin et al. 1984). The specimens
shown in Figures 6, 7, 12, 13, L5*L7, 39-52 and
many other well-impregnated cells are individually
marked by ablack ink circle on the cover glass.

Etymology: Composite of the Greek nouns
tbrix (hair - cilia) and glossw.s (tongue), referring to
the conspicuous, tongue-shaped adoral mem-
branelle t.

Description: Cultivated specimens 120-250 x
30-70 pm in vivo, usually rtear 200 x 50 1r*, as cal-
culated from some in rsioo measurements and the
morphornetric data shown in Table I; protargol-
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impregnated cells smaller than Chatton-Lwoff-si1-
vered specimens by about 18%, likely due to some
shrink age during preparation; specimens from de-
clining cultures and the material transported to
Salzburg considerably smaller, yiz., 100-150 x
25-35 lr* in aivo. Lateral shape view highly char-
acteristic, yiz., slightly sigmoidal and fusiform to
rather distinctly claviform due to a conspicuous
postoral hump; thus widest in second quarter,
gradu ally narrowirg anteriorly and especially pos-
teriorly, forming a more or less distinct tail; both
ends narrowly rounded; unflattened (Figs 1,-3, 7 ,

1,6, 18,24). Nucl ear apparatus invariably in second

Table 1. Morphometric data on the Brazllian type population of Lambornelk tricboglossa.

Characteristicsl Method2 x MSD SE CV Min Max

Body, length

Body, width in lateral view

Body, width in ventral view

Body length: la:'r-ral width , ratio

Anterior body end to membranelle 1,

distance3
Anterior body end to proximal margin
of oral opening, distance3
Oral opening, width
Anterior body end to excretory pores,
distance
Anterior body end to macronucleus,
distance
Macronucleus, length
Macronucleus, width
Macronucleus, number
Micronucleus, length
Micronucleus, width
Micronucleus, number
Adoral membranelle 1, length
Somatic kineties, total number
Somatic kineties, postoral number
Kinetids in a dorsal kinety, number
Excret ory pores at end of kinety
Excret ory pores, number

P
CFIL
P
CFIL
P
CFIL
P
CHL
P
CFIL
P
CHL
P
P

P

P
P
P
P
P
P
P
P
P
P
P
P

163.3 163.5 22.9
199.8 200.0 19.8
46.7 47.0 6.9
50. B 50.0 5.6
52.0 53.0 6.2
51.1 50.0 11.6
3.6 3.4 0.9
3.9 3.9 0.5

15.5 15.0 1.4
18.1 18.0 1.4
27.7 28.0 2.5
31.3 31.0 1,.7

16.0 17.0 3.0
71.9 7 4.s 10.1

49 .1 48.5 6.7

24.4 24.0 4.9
20.2 18.0 4.4
1.0 1.0 0.0
4.1 4.0 0.5
3.8 3 .8 0.6
1.0 1.0 0.0
9.5 10.0 1.2

46.7 47.0 2.8
8.4 8.0 1.1

70.9 72.0 11.0
5. B 6.0 0.6
2.3 2.0 0.6

14.0 105.0 207 .0 20
9.9 1,75.0 245.0 21

14.8 30.0 60.0 21,

11.1 42.0 67 .0 21

13.7 37 .0 62.0 21,

22.8 3 8.0 95.0 21

24.8 2.3 5. B 20
12.7 3.0 5.1 21

B. B 13.0 1 8.0 20
7 .B 16.0 21.0 21,

B.B 22.0 31.0 20
5 .3 28.0 3 5.0 21,

1 8.5 10.0 20.0 20
14.1 50.0 86.0 18

13.7 39.0 60.0 20

20.0 14.0 34.0 20
22.0 13.0 31.0 20
0.0 1.0 1.0 20

11.7 3.5 5.0 20
15.0 3.0 5.0 20
0.0 1.0 1.0 20

12.6 8.0 11.0 20
6.0 3 8.0 50.0 20

13.1 6.0 1 1.0 20
15.5 47 .0 95.0 21

9.8 5.0 7.0 17
24.8 1.0 3.0 19

5.1

4.3
1.5

L.2
1.5

2.5
0,2
0.1

0.3
0.3
0.6
0.4
0.7
2.4

1.5

1,.1,

1.0
0.0
0.1

0.L

0.0
0.3
0.6
0.2
2,4
0.1

0.L

lData based on mounted, randomly selected specimens from two wheat grain cultures; values thus not directly
comparable. Measurements in pm. CV - coefficient of variation in %",M - median, Max - maximum, Min - mini-
mum, n - number of individuals investigated, SD - standard deviation, SE - standard error of arithmetic mean,
i - arithmetic mean.

2CHL - silver nitrate impregnation after Chatton-Lwoff, as described in Foissner (1991), P - protargol impregna-
tion, protocol A in Foissner (1,991).

3The difference between the two features roughly equals the length of the oral opening.
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Figs 1-10. Lambornella tricboglossa from life ('1,-5, 9, 10), after protargol impregnation (6), and after Chatton-
Lwoff (7) and Klein-Foissner (8) silver nitrate impregnation. 1: Right side view of a representative specimen having
ingested alarge rotifer.21 3: Slender and stout shape variants.4: Extrusome, length 2.5 pm.5: Posterior body end
with caudal cilium 25-30 pm long. 6: Ciliary pattern of ventral side of holotype specimen. TzYentral overview of a

well-preserved specimen. Arrowhead marks striated right wall of buccal cavity. S: Silverline pattern in posterior
pole region showing caudal cilium within and surrounded by a silverline. 9, 10: Optical section and surface view of
cortex.CC-caudalcilium,CY-cytopyge,E-extrusomes,EP-excretorypores,K-kinety,LD-lipiddroplets,
MA - macronucleus, MT - mitochondria, OA - oral apparatus. Scale bars 50 pm (1,6,7) and 10 pm (8).
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Figs 11-17. Lan'rbornella trichoglossa after protargol (tt, 12,I7), silver carbonate (I4), and Chatton-Lwoff silver
nitrate (13,1'5,16) impregnation. 11: Somatic kineiies commence with a pair of cilia. iZ: Oral and somatic ciliary
pattern. Arrowhead denotes paroraTmembrane. Asterisk marks widening Letween kinety 1 and kinety n. 13: Silver-
line pattern of a specimen from the Dominican Republic. Arrowhead märks buccal fibres left of pariral.l4: Spatu-
late anterior.pole suture. Most kineties com*enciwith a dikinetid, except those marked by an a'sterisk. 15: Silver-
line pattern in excretory pore region. 16: Right side view of a representativö specim en. l7:Th" portor"l kinetids are
associatedwithdistinctfibres.BB-basalboäies,E-extrusomei,EP-excretörypores,F-fibräs,K1,Kn-kineties
1 and n, MA - macronucleus, MI - micronucleus, M1,2 - adoralmembraneller, öA --o.d ^pp^i^tui. 

Scale bars 20
pm(1.2,1,3,15,17) and 50 pm (16).
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Figs 18-23. Lambornella tricboglossa in the SEM (18) and after silver carbonate (19,20,23) and Klein-Foissner sil-
ver nitrate (21,22) impregnation. 18: Right side view. Arrowhead marks excretory pores. 19, 202 Cihary pattern of
ventral and dorsal side. Asterisk denotes widening between kinety 1 and n. Arrowhead marks excretory pores.
21.-23: Posterior polar views showing caudal cilium (CC) surrounded by a silverline ring. CC - caudal cilium, CY -
cytopyge, K1 - kinety 1, MA - macronucleus, OA - oral apparatus, S - preoral suture. Scale bars 50 pm (18-20) and
10pm(21J3).
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Figs 24-32. Lambornella tricboglossa in the SEM (24,28), after Klein-Foissner (25,26,29) and siiver carbon ate (27)
impregnation, and in vivo (30-32) . 24, 28: Ventrolateral views with excretory pores marked by arrowhea ds. 25, 26,
29: Silverline pattern, ventral overview and details showing the conspicuous silverline loops between the basal bodies
of the kineties. Arrowheads mark excretory pores.27z Nuclear apparatus. 30-32: Resting cysts have a 5-6 pm thick,
hyaline wall and contain many globular structures 1.5-3 pm across and, frequently, with a central globule (31). BB -
basal bodies, MA - macronucleus, MI - micronucleus. Scale bars 50 pm (24,25,30,32) and Ia pm (26,29,31).
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70 W. Foissner

Figs 33-38. Lambornella tricboglossa, oral structures in the scanning electron microscope {33,34) and after silver
carbonate (36,37) and protargol (35, 38) impregnation. 33,34: Ventral views showing the rounded triangular oral
opening and the conspicuous, tongue-shaped adoral membranelle 1. inserting in the left buccal wall; membranelles 2
and3 are covered by membranelle 1.. Arrowheads mark the inconspicuous paroral membrane composed of a single
row of cilia having the same length as the somatic cilia. Asterisk denotes slightly projecting fibres in the right buccal
wall; these fibres form a striated structure in vivo and silver nitrate preparations (Figs 7, l3). 35,37, 38: The oral cil-
iature is tetrahymenid, that is, consists of three adoral membranelles at left and a paroral membrane at right. All
membranelles are composed of three clliary rows (Fig. 12). Membranelle 1 is the longest and slightly curved, mem-
branelle 2 is sigmoidal and has a short tail anteriorly, membranelle 3 is reduced to a few more or less distinctly scat-
tered basal bodies. The paroral membrane is curved and composed of a single row of cilia. 36: Anterior polar view
showing the spatulate preoral suture and the ciliary rows commencing with a dikinetid, except of the postoral
kineties and those marked with an asterisk. M1-3 - adoral membranelles, PM - paroral membrane, S - preoral su-
ture. Scale bars 40 pm (33) and 10 pm (3a- 38).
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quarter of cell, that is, between oral apparatus and
mid-body. Macronucleus globular to slightly ellip-
soidal, contains a reticulate nucleolus in vivo,
while many globular nucleoli, connected by fine
strands, are recognizable in silver stains. Micronu-
cleus usually in small indentation , rarely up to 10
pm apart from macronucleus, about 5 pm across in
vivo (Figs l, 6, L6, 1,9,20,27;Table 1). Contractile
vacuole slightly to distinctly above mid-body, on
ayerage 46"Ä distant from anterior body end,
forms from several small, coalescing vacuoles dur-
irg diastole; with one to three, on average two
minute excret ory pores at end of one, rarely two
shortened cihary rows, viz., kineties five to seven,
usually kinety six, whose silverline meridian con-
tinues posteriorly; pores usually one after the
other, rarely in oblique or transverse line, or scat-
tered (Figs 1.,7, 15, 16, 18, 19,24,25,28 Table 1).
Cortex smooth, except of right oral and preoral
are% where kineties extend in shallow furrows
(Figs 24, 28, 33, 34). Extrusomes, likely mucocysts,
attached to cortex, numerous, form dense stripe
between each two crltary rows and the oblong mi-
tochondrta serially arranged right of kineties; rod-
shaped with rounded ends, about 2.5 x 0.25 pm in
vivo (Figs 9, 10); occasionally impregnate with
protargol. Cytop yge subterminal 

^ in posterior
third of cell at end of shortened kinety !, appears
as arg)rrophilic line in silver nitrate preparations
and as slightly widened, colourless area in silver
carbon ate and protareol-impregn ated specimens
(Fig: 7, B, 1,9,22). Cytoplasm colourless, well-fed
specimens, however, dark at low magnification
(< x 100) due to food vacuoles and many highly re-
fractive lipid droplets up to 10 1r- across. Feeds on
large rotifers, both in the native sample and raw
cultures, digested in vacuoles up to 100 x 50 pm in
size (Fig. 1); in wheat grain cultures, also ingests
bacteria, flagellates (Peranema sp., Polytomella
sp.), and starch grains. Swims rathe r rapidly by ro-
tation about main body axis; never rests.

Cilia about 8 pm long in oiuo, form rather pro-
nounced metachronal waves in densely ciliated an-
terior body half, arranged in an average of 47
equidistant, mostly meridional rows distinctly
curving along right margin of oral opening, similar
to Colpidium (Ganner and Foissner 1989); much
more narrowly spaced anteriorly than posteriorly,
where some rows are shortened and the row pat-
tern becomes indistinct due to the wide spacing of
the basal bodies (Figs 1, 6,7 , 12, 18-20, 24;Tablä t ).
Ciliary rows commence along straight, conspicu-
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ously spatulate and slightly projecting preoral su-
ture with a ciliated dikinetid, except for an ave rage
of eight postoral kineties, rows two to six right of
oral opening, and first row left of oral opening;
dikinetids distinct only in lucky prep arations. Post-
oral and kineties right of oral apparatus frequently
with small irregularities, such as minute breaks and
unevenly spaced basal bodies, one or sev eral rows
occasionally slightly shortened anteriorly and es-
pecially posteriorly, where they end at the excreto-

ryr pores, subterminally, and/or gradu ally shorten
along the right and. .left cytop yge margir,. p{ody.-
irg a more or less distinct suture. Postoral kineties
1 and n curved anteriorly, producing V-shaped area
occasionally containing some aligned or scattered
basal bodies, likely remnants from last stomatogen-
esis (Figs 6, 7, t2, 14, 19, 20, 35-37). Caudal cilium
inserted slightly dorsally, surrounded by small,
bare are% originates from distinct ciliary pit, about
25 pm long and obliquely spread dorsally in oivo,
distal third very thin and thus easily overlooked;
basal body not enlarged in silver nitrate prepara-
tions, whiie distinctly enlarged in protrrgoi ,rrd sil-
ver carbonate-impregnated specimens, indicating a

caudal cilium complex, as defined by Corliss (1952)
(Figs t, 5, 8, 20-23). Ordinary somatic kinetids
composed of two (three in anterior dikinetids)
obliquely oriented granules surrounded by 

^ 
faint

line and associated with a short (kinetodesmal?)
fibre extendirg anteriorly at right side of kinety;
anterior granule (parasomal sac ?) usually slightly
larger and deeper-impregnated than ciliated poste-
rior one (Figs 11,23,37);anterior 10-15 kinetids of
postoral kineties associated with a special fibre sys-
tem, occasionally recognizabLe in protargol-im-
pregnated specimens (Fig. 17).

Oral apparatus subapical in first sixth of cell on
average, small (about L5 x 15 pm) as compared to
size of cell (about 200 x 50 pm) . Oral openirg
rounded triangular, posterior and left margin
sharply defined and slightly thickened, right gradu-
aIIy merges into somatic cortex. Buccal cavity only
slightly lar.ger than oral opening and rather flat, ex-
posing adoral membranelle 1 almost completely.
Pharyngeal fibres only about 20 p,m long, oral fun-
nel thus inconspicuous, extends obliquely dorsad
and posteriad (Figs L-3, 6,7,12, 13,16, 18, 19,33,
34; Table 1). Invariably three adoral membranelles
each composed of three rows of basal bodies, right
row accompanied by 

^ 
granular,lighter impregnat-

ed line (parasomal sacs ?). Membranelle 1 anchored
in left buccal wall, oriented in main body axis and
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slightly to distinctly convex, conspicuous because
composed of three unshortened rows of about 10

pm long cilia forming a thick, tongue-shaped bun-
dle invari ably directed to right in scanning electron
micrographs and thus covering membranelles 2 and
3. Membranelle 2 in mid of buc cal cavity, distin cdy
sigmoidal and obliquely directed to right, forming
a triansular pattern with membranelle 1; individual
basal body rows slightly shortened anteriorly with
anterior memb ranellar end composed of only one
or two rows. Membranelle 3 close to proximal end
of membranelle 2, minute, that is, consists of few,
sometimes slightly scattered basal bodies. Paroral
memb rane at right posterior half of oral opening
with proximal third extendirg into buccal cavity,
slightly curved (distinctly in squashed prepara-
tions, likely due to distortion of shape-giving fibril-
lar systems), in protargol preparations composed
of yery narrowly spaced dikinetids likely having
ciliated only the right (outer) basal body, while the
left (inner) ir associ ated with a fibre extendirg into
the buccal wall; buccal wall fibres form plate-like,
striated structure projecting from body proper
about 3 lr* (Figs 1, 6, 7 , 12, t3, 17 , 33-38; Table 1).

Silverline pattern simpl. due to the lack of sec-
ond.ary. meridians. Primary..meridians loop.-lib.
projecting to left between kinetids, especially in
middle quarters of cell, where loops are frequently
associ ated with granular silver accumulations, like-
ly marking extrusome attachment sites. Silverline
loops become smaller anteriorly and posteriorly,
where meridians abut to a circular silverline sur-

roundirg the caudal cilium complex associ ated
with one, rarely two or three silverlines crossing
bare area (Figs B, 1 3, 15,21,22,25,26,29).

Dominican Republic population
(Figs 13, 30-32;Table 2)

Morphology: The Dominican specimens match
the Brazllian type population morphologic ally,
while morphometrics differ considerably due to
the smaller size in generaland the size decrease oc-
curring during prolonged cultivation and starva-
tion (Table ?).Thesg and other observations will be
summartzed in the followirg paragraphs.

(1) The native tank ciliates have a length of
90-150 pm in aiao, just as those from RraztL tü/hen

cultivated for two weeks, length increased to about
130-200 pm with an average of t 43 p,m in prepared
cells (Table 2).TheBrazilian specimens reache d 200
pm under similar conditions (Table 1). After two
months of cultivation, length decreased to about
90-150 pm with 100-1 20 p,m being comm on in aiuo
and 105 pm in silver nitr ate preparations (Table 2).
In old, declining cultures and in specimens starved
for encystment, length decreased to under 100 pm
with smallest specimens only about 40 pm long.

(2) Associated with the small size is a distinct
decrease in the number of crltary rows from 45 to
37 and postoral kineties from 6 to 5. Further, the
excret ory pores of the contractile vacuole became
located underneath mid-body, indicating that the
size decrease is caused by shortening of the nar-
rowed posterior body half (Table 2). Likewise,

kin
rior
the
Bra

(
typ'
larg
fusi
cal l

(t
roti
ina
täte I

G

Prel
vate
conl

Popr
pattr
orI
type
silve
oper
verli
eral I

cal \
frorn
ever,

cal c,

ral k
the a
preoi
IDeflr
recoI

Re

the c

and s

remo
ture r

als m
SUCCE

after
cysts
knou
vatio:
specir

while
scribt

Th
48-5(
colou
turek

Table 2. Morphometric data on Lambornella tricboglossa f.rom the Dominican Republic after two (upper line) and
eight (lower line) weeks of cultivation.

Characteristics 1 M SD SE, CV Min Max nx

Body, length

Body, width

Anterior body end to first
excretion pore, distance

Somatic kineties, total number

Postoral kineties, number

143.0
105.3

45.7
45.3
68.9
62.9
4s.1
3 6.8

5.6
4.8

145
105
45
45
70
65

45
37

6

5

12.9
14.0
3.7
4.2
8.2
7.0
2.4
1.6
0,7

2,8
3,1

0.8
0.9
1.8

1.5

0.6
0,4
0,2

9.1

13.3
8.0
9.2

11.9
11.2
5.4
4,4

L2.2

120
77
40
3B

50
4B

40
34

5

4

16s
140

53

54
83

75

50
39

7

5

21

21

2L

21

21

2T

16

21,

20
21

lData based on mounted, Chatton-Lwoff silver nitrate-impregnated, randomly selected specimens from wheat
grain cultures. Measurements in pm. CV - coefficient of variation in %o,M - median, Max - maximum, Min - min-
imum, n - number of individuals investigated, SD - standard deviation, SE - standard error of arithmetic mean, * -
arithmetic mean.



kinety 1 and rL are not or only slightly curved ante-
riorly, both in large and small specimens,.making
the bare postoral area, so conspicuous in most
Brazilian specimens, indistinct (Fig. I3).

(3) Body shape is sigmoidal, as in the Brazilian
tlpe, in the large (>130 pm) and, especially, very
large (> 150 pm) specimens, while more or less
fusiform and widest orally and postorally, as typi-
cal for this species, in the smaller cells.

(4) Even rather small cells (-100 pm) ingest
rotifers. Frequently, small cells swim very fast and
in a dancing manner, that is, the posterior half ro-
tates in a narrower circle than the anterior.

(5) Excellent Chatton-Lwoff silver nitrate
preparations were obtained from specimens culti-
vated for two months (Fig. ,,1,3). 

These preparations
confirmed the observations from the Brazilian type
population, especi ally as concerns the silverline
pattern, and showed some additional features not
or poorly recognizable in the weaker-prep ared
type material. There are two more or less wrinkled
silverlines along the posterior margin of the oral
opening. They contact the irregularly meshed sil-
verlin e pattern extendirg in the dorsal and left lat-
eral buccal wall. The posterior half of the right buc-
cal wall is supported by fibres likely originating
from the paroral kinetids, as in Tetrabyrnena;how-
ever, the anterior third of fibres is deep in the buc-
cal cavity and obviously not associ ated with paro-
ral kinetids, although a minute granule occurs at
the anterior end of each fibre. Along the right side
preoral kineties, which are connected by an inter-
meridional silverline, extends a very fine silverline
recognizable in only few specimens (Fig. 13).

Resting cysts: No resting cysts were observed in
the cultures. Thus, I isolated about 50 specimens
and starved them in 2 ml of either centrifuged (to
remove food,yiz.,flagellates and most bacteria) cul-
ture medium or pure Eau de Volvic. Of five such tri-
als made within two months, only one was parüally
successful, that ir, three resting cysts were found
after two weeks. Obviously, this ciliate produces
cysts very rarely and/or only under special, not yet
known conditions, as also evident from the obser-
vations reported in the Occurrence section. Most
specimens died within one week when starved,
while others became smaller and smaller, as de-
scribed above, and survived for three to four weeks.

The three cysts produced had a diameter of
48-50 lr*, includirg the about 5 1r- thick, glossy,
colourless wall, which appeared smooth and struc-
tureless even at high magnification; as usual, the
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surface was colonizedby various bacteria (Figs 30,
32). The cyst content, i.e., the encysted cell, was in-
distinctly separated from the cyst wall and com-
posed of many 2-4 1r--sized globules with either a
central granule (Fig. 31) or some rod-shaped inclu-
sions. The macronucleus was distinct.

Ontogenesis (Figs 39-53)

Ontogenesis of L. trichoglossa is homotheto-
genic and occurs in freely-motile (non-encysted)
condition. Stomatogenesis is parakinetal and the
parental oral apparatus completely reorga nized.
Nuclear division, somatogenesis, and cytokinesis
occur as is usual (Foissner 1996). Basically, the
process matches that of Tetrabymend,, as described
by Frankel and Williams Ogfu), except that the
parental (proter) oral structures are replaced syn-
chronously with the production of the new opis-
the oral apparatus and a fourth adoral mem-
branelle, which disappears in middle dividers, is
generated during early stomatogenesis. These pe-
culiarities are new, main diagnostic features of the
genus (see discussion).

Division commences with the formation of the
opisthe's oral primordium, that is, the production
of scattered basal bodies in mid-body close to the
left of kin ety 1 (Figs 39, 40). A little bit later, proter
stomatogenesis commences with the formation of
an anarchic field of basal bodies underneath the
parental oral apparatus in the widened area be-
tween kinety L and n (Fig. 4l). This short lrg in
proter stomatogenesis is recognizable during the
whole process. Further, stomatogenesis is
monoparakinetal, that is, involves only kinety !,
while the basal bodies at the anterior end of the
prospective postoral kineties left of kin ety I are ei-
ther resorbed or incorporated into the growing
oral primordium (Figs 40-42).

The oral primordium soon grows to alarge field,
both in proter and opisthe, composed of scattered
monokinetids and indistinct dikinetids. Intense
basal body proliferation occurs within the somatic
kineties (Figs 4!, 42). Next, adoral membranelles
assemble in the left anterior area of the anarchic
field, leaving back numerous scattered kinetids in
the right and posterior area. The membranelles
consist of short, dikinetidal pieces which align to
curved protomembranelles along the anterior and
left margin of the oral primordium (Figs 42, 43).
Concomitandy, the resorption of the parental oral
apparatus commences, that is, the buccal cavity
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Figs 39-43. Lambornelk trichoglossa, ventral views of early dividers from Brazil (39,40) and the Dominican Re-
public populations; permanent protargol (39,40,43) and silver carbonate (41,42) preparations. 39, 40: Very early di-
vider showing the opisthe's oral primordium, that is, an anarchic field of single basal bodies in mid-body (frame),
depicted at higher magnification in figure 40. The parental oral apparatus and postoral area are unchanged. 41: Very
early divider developing an oral primordium posterior to the,parental oral apparatus. The opisthe's oral primordi-
um still consists mainly of single, scattered basal bodies. 42:Early divider showing growth of oral primordium in
proter and opisthe. Thä parenä (proter) oral and nuclear apparatus are still unchangäd and the so-aiic kineties not
yet split, although intense basal body production occurs in kineties right of the opisthe's oral primordium. The pro-
ter's oral primordium still consists of single, scattered basal bodies, while dikinetids organize at the left margin of
the opisthe's oral primordium (arrowhead).43: Early divider showing slight disorganization of the parental oral
structures and protomembranelles (arrowheads) in both oral primordia, which are now sizeable. The somatic
kineties split above the opisthe's oral primordium (arrow). The opisthe's postoral kineties develop by resorption (?)
of the anterior kinetids of the kineties left of the oral primordium. EP - excretory pores of contractile vacuole, MA
- macronucleus, M1 - membranelle 1, OA - parental oral apparatus, OP - oral primordium in proter and opisthe,
PM - parental paroral membrane. Scale bars 50 pm (39),20 pm (41-43), and 10 pm (a0).
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Figs 44, 45. Lambornella tricboglossa,ventralviews of middle dividers from Brazil (44) and the Dominican Re-
public (45) populationsl permanent protargol (44) and silver carbonate (45) preparations . 44:Early to middle di-
vider with ne* adoral membranelles in both proter and opisthe, while the paroral membrane is forming from the
remaining basal bodies of the oral primordium. The proteihas a fourth membranelle (arrowhead), and the parental
adoral membranelles disorganize (arrows). 45: Middle dividerwith four adoral membranelles (arrowheads) each in
proter and opisthe. The paroral membrane forms by alignment of dikinetidal fragments. The disorganizing
parental adoräl membranelles (arrows) migrate into the preoral suture. MA - macronucleus, MI - micronucleus.
Scale bars 50 pm.

75

rl

/
ß

I

.,;|*

$

.!...:.

aa"oa;.t'
..a..:'

.'oroo.3:.:

taaaa'ootao

lo.a.a.t:..

o.'a'!
a..:.'..: : i . '. :' i : i: :a

a'aaaa

otttt'
O1
aaaa

'aaa'o

aaaa.'

a o.- .

a

aa

a
a

a
a

a



76 W. Foissner

flatt
nize
(Fie

Par(
the
men
(Fig
er tr
begi

T
of tl
tion
Likt
brar

ol;

Figs
Repr
and ,

head
able
ral rn

bran
Arro
twee
stom
oral ,

E E€t gr d
O.ä* 9 O-ä 5-

€I;fEä§
+H1E EÄE
ts'.3 Su EE,,6
Si ==.i =u € ä

s § pE§ -fEsfHs+[P

ätäittä
Et rsiäE

E{€üäEJEESi',* eäc g E.ITT E

=3--,--=8'E'§ §=== e'6

t§gä*tt

liEiiää
§=+gtt*r Ei n;, 
;§§€tlg
Puts H 3E=:: äEEt:§d€€i s &
E:E E-ä :#st: ü [Y+
§EE E$äE
§€E it* e

§§ gs§ä 
E

§?ä§ tt§
äräili Eü

r\
$

(o
\t

qry\r



flattens and the undulating membrane disorga-
nizes, while the adoral membranelles are still intact,
(Fig. 43). I could not clarify whether the parental
paroral kinetids are resorbed or incorporated into
the oral primordium. The somatic kineties com-
mence to separate in the prospective fission area
(Fig. 43), although sep aratio, ir §.cognizable earli-
er ln some specimens (Fig. 40). The micronucleus
begins to divide.

The next stomatogenic events are the assemblage
of the paroral membrane and the ongoing resorp-
tion of the parental oral structures (Figs 4446).
Like the adoral membranelles, the paroral mem-
brane assembles from small, dikinetidal fragments
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formed from the scattered kinetids in the right and
posterior area of the oral primordium. Some su-
pernumerary kinetids remain at the posterior end
of the newly formed paroral for a while; eventual-
ly, they are resorbed or, possibly, organize to the
short ciliary row found in some interphase speci-
mens between the anterior portion of kineties I
and n (Figs 46, 47, 50-53). Concomitantly, the
newly formed adoral membranelles become three-
rowed and a small, fourth membranelle is generat-
ed either in the proter or opisthe, or in both, in half
of 12 appropriate dividers found. Clearly, this
fourth membranelle, which is a rather transient
structure, is not part of the paroral, but located
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Figs 50-53. Larnbornelk tricltoglossa,ventral views of middle and late dividers from Brazil (53) and the Dominican
Republic (50-52) populations; pärmanent (50-52) and transient (53) silver carbonate preparations. 50,522 Overview
and opisthe detail of a middle divider, whose opisthe has a supernumerary (fourth) adoral membranelle (arrow-
heads). Arrow marks resorbing parental adoral membranelles. The paroral membrane consists of clearly recogniz-
able dikinetids. 51: Similar as figures 50 and 52,thatis, an opisthe oral apparatus with a supernumerary fourthädo-
ral membranelle (arrowhead). 53: Proter of a late divider, showing the newly formed oral structures (a paroral mem-
brane and three adoral membranelles) and the almost completely resorbed parental adoral membranelles (arrow).
Arrowheads mark scattered postoral basal bodies, that is, vestiges of the oral primordium, which developed be-
tween stomatogenic kinety 1 and kinety n. The paroral membrane now consists of a row of single granules. K1 -
stomatogenic kinety, Kn - last ordinary somatic kinery M1-3 - adoral membranelles, MA - macronucleus, OA -
oral apparatus, PM - paroral membrane. Scale bars 60 pm (50) and 10 pm (51-53).
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right of membranelle 3 and left of the newly
formed paroral (Figs 44-46, 50-53). The parental
oral area has flattened and the adoral mem-
branelles, which slowly disorg anize, commence to
migrate anteriorly into the widened preoral suture
(Figs 46, 47, 53). Micronucl ear division is almost
complete, and the macronucleus begins to divide
(Figs 45, 47,50).

\Mhen cell furrowirg commences, nuclear divi-
sion and stomatogenesis are almost complete in
both proter and opisthe, and the parental oral
structures have been resorbed (Fig. 48). The paro-
ral memb rane now consists of very narrowly
spaced kinetids which lost the dikinetidal appear-
ance so distinct in the former stagesi protargol
preparations indicate that it still consists of
dikinetids, but only the right (outer), ciliated basal
body impregnates distinctly. The parental preoral
suture is still widened. Early post-dividers (Fig.
49) are fusiform and sdll have a rather flat buccal
cavity with adoral membranelles arranged oblique-
ly and in parallel, showing that the final pafterning
occurs only in late post-dividers.

Ecology

Occurrence: Lambornella tricboglossa was dis-
covered in tanks of ground bromeliads at the At-
lantic sea coast of Brazil, as described in the Material
and Methods section. In the Dominican Republic, L.
tricboglossa was found at two sites, viz., in tanks of
bromeliads planted in the garden of a cigar factory in
the town of Santiago de los Caballeros and in the
tanks of large ground bromeliads in a forest on the
north slope of the Cordillera Central, that is, in the
surroundings of the waterfall Salto de Jimenoa,
§f70"30' N19". In the waterf all area,I collected also
dry and wet plant litter, mud, and soil accumulated in
the tanks of dry or humid ground and tree bromeli-
ads (many tanks did not contain wate r because it was
the dry season!). This soil-like material (about 8009)
was air-dried for seven weeks and used to set up a

non-flooded Petri dish culture, as described in Foiss-
ner et aI. (2002). Over 80 ciliate species could be reac-
tivated from the resting cysts present, but L, tri-
choglossa and some other new tank species (d.-
scribed in forthcoming publications) were not
among them, supporting the laboratory observations
that cysts are produced very rarely (see above).

Food and growth: The dal'a reported above in-
dicate that L. trichoglossa is a common inhabitant
of bromeliad tanks. It can be easily grown in labo-

ratory cultures (at .room temperature, !S=z.:C)
containing part of the native bacteria and flagell ate
community as a food source, especially if some
tank water is added to the basal medium (Eau de
Volvic). Then, specimens become especially large
during the first weeks, both in the Brazllian and
Dominican cultures. Later, however, the cultures
grow less readily and cells become smaller and
smaller (Table 2). Posibly, this decline is related to
the lack of tank water and the restricted diet. In the
native environment and raw cultures, I. tricboglos-
sa also feeds on rotifers, a really remarkable feature
considering the rather small oral apparatus and
that it does not feed on ciliates. Labo ratory trials to
adapt it to ciliate food (Uronernd, nigricans, Colpo-
da steinii, C. inflata, Haheria grandinella, Glauco-
rna sp.) failed, and no ciliates were contained in the
food vacuoles of the freshly collected specimens;
curiously enough, flagellates (Polytomella sp.) are
ingested. Interestingly, the heliozoan Acti-
nosphaerium sp. did not prey on L. trichoglossa.

Infectivity: Many mosquito larvae were con-
tained in the tank water of ground bromeliads
from the Dominican Republic. They were collect-
ed and used for the experiments described below.
European mosquito (Culex) larvae were collected
from a road puddle in Salzburg.

All experiments to infect indigenous or Euro-
pean mosquito larvae with L. tricboglossa failed;
thus, it is likely non-infective. The followirg ob-
servations and experiments were performed, in
triplic ate, at room temperature, and with a bright
field microscope at magnifications of x40-x125: (L)
Indigenous mosquito larvae in various stages of
development were investigated for ciliates in the
haemocoel, for cysts on the body surface, and for
black (melanized) dots in the cuticle marking suc-
cessful invasion; (2) Five mosquito larvae were
added to mass cultures of L. trichoglossa in Petri
dishes 5 cm across and investigated after 48 h and
72 h. Although the larvae ingested many ciliates,
sufficient remained for an infection; (3) Three
mosquito larvae were punctured with a needle and
aäded to mass cultures of L. trichoglossa in Petri
dishes 5 cm across. Some larvae died during the ex-
periments observed for 72 h. Ciliates did not enter
the larvae, either dead or alive. However, they fed
on droplets from the fat body, when the läwae
were squashed at the end of the experiments; (4)
Cultures from experiments (2) and (3) were inves-
tigated for astomatous, infective theronts, as de-
scribed by §Tashburn er al. (1988); (5) Adults de-
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veloped from experiment (2) were investigated for
ciliates in the haemocoel; (6) European Culex lar-
vae were added to mass cultures of L. trichoglossa;
(7) Fragmented larvae of the meal beetle (Tenebrio
molitor) were used as a food source, but ciliates did
not feed on tissue.

Discussion

Suprageneric and generic allocation

As a species, Lambornella trichoglossa has a

clear identity, while generic classification is doubt-
ful because the rype specie s, L. stegomyiae Keilin,
!921, is still insufficiently known and general
agreement about what constitutes a gene ric feature
in tetrahymenids has not yet been reached. Ac-
cordingly, a deailed comparison and discussion is
required, especially because further investigations
might show that the Brazilian ciliate represents a

distinct genus. At the present state of knowledge, I
follow Lynn (1994) and Lynn and Small (2002),
who introduced a clear, but unfortunately undis-
cussed generic concept for tetrahymenids (see next
paragraph).

Lambornella trichoglossa has attributes which
unequivocally assign it to the suborder Tetrahy-
menina, family Tetrahymenidae, as defined by
Corliss (1973), Lynn (1994), and Lynn and Small
(2002), yiz., the first anterior somatic kinedd in
most kineties is a dikinetid; a classical teffahy-
menid oral apparatus with a ciliated, continuous
paroral memb rane; and adoral membranelles
(polykinetids) each composed of three ciliary
rows. Lynn (1994) and Lynn and Small (2002) as-
sign three genera to the Tetrahymenidae and dis-
tinguish them by the shape of the adoral mem-
branelles and the life style: Tetrabyrnena (oral
polykinetids straight, never sigmoid); Lambornel-
la (only oral polykinetidZ sigmoid; anterior end of
polykinetid I curved to right; parasites on cuticle
of mosquito larvae); and Dehopylwm (oral
polykinetids 1, and 2 sigmoid). Obviously, the
Brazilian ciliate does not fit perfectly any of these
genera, but is probably nearest to Lambornella,
which is thus discussed first.

Lambornella stegomyiae Keilin, l92I was re-
described by Corliss and Coats (1976), together
with the description of a new species, L. clarki.
However, both descriptions are brief due to the
lack of living specimens and good preparations.
The generic diagnosis is, indeed, mainly a brief de-
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scription of the two species, and the generic com-
parison lacks clear morphological features distin-
guishing Lambornella from closely related
tetrahymenid genera. Flowever, discussion shows
that Corliss and Coats (1976), Iike Keilin (1921),
consider the unique cuticular cysts these species
produce on their culicine mosquito hosts as the
marn generic feature. Such cysts are very likely ab-
sent in L, trichoglossa (see Results section). Fur-
ther, Larnbornella can also produce desiccation
cysts (§Tashburn and Anderson 1986) and is not an
obligate but a facultative parasite, which may be
grown, like the Brazilian ciliate, it ordinary cul-
ture media without hosß (\Tashburn et al. 1988;
Norton et al. 1992; Broberg and Bradshaw 1997).
Accordingly, only morphological features remain
for a comparison, which is, however, hampered by
the incomplete data on L. stegomyiae and L. clarbi.
In spite of these problems, there are good reasons
to assume that the Rrazilian ciliate either belongs
to or is closely related to Lambornella.It matches
either L. stegomyiae and/or L. clarbi, äs described
by Corliss and Coats (L976), i, the followirg im-
portant, likely generic features: the somatic ciliary
pattern, especi ally the increased number of post-
oral kineties and the spatul ate preoral suture; the
shape and arrangement of the adoral membranelles
and paroral membrane; the ontogenetic pattern, at
least basically, because Corliss and Coats (1976)
provide.a figure showi|g that the parental oral ,p-
paratus is reorganrzed during ontogenesis.

Thus, the special life cycle ecology and mor-
phology, including astomatous theronts and highly
specialized cuticular invasion cysts (Corliss and
Coats L976;Washburn et al. 1988), remain as main
differences between L. stegomyiae, L. clarki and
the bromeliad ciliate. Although these differences
are conspicuous, I consider them as insufficient for
allocating the bromeliad ciliate to a new genus, b.-
cause many ciliate genera, especially Tetrahyrnend,,
contain free-living and parasitic species (Batson
1985; Corliss 1973). On the other hand, Lambor-
nella has been defined by just those features lack-
irg in the' bromeliad ciliate, but likely because
Keilin (1921) and Corliss and Coats (1976) did not
have solid morphological and ontogenetic data.
Thus, I suggest to assign the bromeliad ciliate to
Lambornella, until this is disproved by 

^ 
detailed

reinvestigation of the morphology and ontogenesis
of the rype species, Z. stegomyiae Keilin , t921.

Tetrahyrnena is alarge genus grouped into three
"complexes" by Corliss (L973) and three subgen-
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era by Jankowski (1967). Considering the generic
differences in related taxa, for instance, the scutico-
ciliates, but also the great genetic diversity (|erome
and Lynn 1996, Nanney et al. 1998), Tetrabymena
is likely under-split. For the followirg comparison
with L. trichoglossd,I shall use mainly the excellent
reviews by Corliss (1973) and Frankel and
Villiams ( 1973).

Lambornella trichoglossa differs from Tetraby-
rnena spp. mainly by size (200 pm vs. ( 100 pm);
shape (fusiform vs. pyriform to ovoidal); location
of the contractile vacuole (above mid-body vs.
posterior body third); the high number of ciliary
rows (47 vs. usually < 40) and postoral kineties (>
5 vs. usually 2); the shape and arrangement of the
adoral membranelles (membranelles I and 2 dis-
tinctly curved and in triangular pattern vs.
straight and side by side or slightly V-shaped); the
silverline pattern (intrameridional cross-fibrils
conspicuously loop-shaped vs. simple, straight
lines and usually a distinct secon dary silverline
meridian); and ontogenesis (synchronous
parental orrl r.p_lacement vs. irregular interp.hase
replacement). However, there are exceptions,
which evolved likely convergently to similar
Lambornella features: T. patula has, like L. tri-
choglossa and L. clarki an increased number of
postoral kineties, viz. three to five, usually four;
and T. bergeri shows parental oral replacement,
though asynchronously, that is, replacement of
the parental (proter) oral apparatus commences
when the opisthe oral apparatus is almost com-
plete (Roque er al.'1,970).

Dehopylum is a monotypic genus assigned to
the Tetrahymenidae by Small and Lynn (2002),
while Song and §7ilbert (1989) put it in a new
famil;2, Deltopylidae, due to the Parameciwm-
like silverline pattern. Debopylum rh«bdoides
has conspicuous similarities with l,. trichoglossa,
vvz., large size (150-180 x 40-45 pm; trophonts
up to 300 pm); contractile vacuole in mid-body;
many (> 5) postoral kineties; and synchronous
replacement of the parental oral appa:atus dur-
irg ontogenesis (Faur6-Fremiet and Mugard
1946; Mugard 1,949). There are, however, also
distinct differences: the long, nodul ar macronu-
cleus; the shape of the adoral membranelles (all
of same length and sigmoidally curved); the
Paramecium-like silverline pattern; and the his-
tiophagous life style with a distinct cycle includ-
irg the production of small tomites and large
trophonts.

Comparison of Brazalian and
Dominican population

Both populations of L. tricboglossa show pro-
nounced variability (Tables ,,/-., 2), as usual in
tetrahymenid ciliates (Corliss 1973). The Domini-
can population differs from the Brazilian one in
three features, viz., the specimens are smaller (usu-
ally about 100-150 pm vs. 150-200 pm), have
fewer postoral kineties (4-7 vs. 6-1 1), and lack the
postoral widenirg between kinety I and 11. Of
these, the different number of postoral kineties,
even in large specimens with the same number of
ciliary rows as the Brazilian cells, is the most im-
portant difference, indicating that the Dominican
population is a distinct taxon. Indeed, L. stegomyi-
ae and L. clarki are separated by features of similar
(in)distinctness (Corliss and Coats 1976). Flowev-
er, I prefer a broad species concept in highly vari-
able taxa, and thus consider both populations as

belonging to the same morphospecies, but confine
the formal diagnosis of the species to the Brazilian
type population. Separation should await gene se-
quence da:'a and morphometric studies on other
populations.

Comparison with related species

Basically, L. trichoglossa differs from the two
congeners, L. stegomyiae Keilin, 1921 and L. clarki
Corliss and Coats ,1976,by the free-living mode of
life. However, there are also distinct morphologi-
cal and morphometric differences, though these
are less obvious due to the high variabiJity and the
insufficient data avallable on the osher 'species.

Nonetheless, L. trichoglossa can be distinguished
from L. stegomyiae and L. clarki by the followirg
features: size (usually L40-200 pm vs. 50-100 pm);
shape (fusiform with posterior portion often tail-
like narrowed vs. ovoid, thou gh L. clarhi may have
a short mil, as mentioned by Corliss and Coats
(1,976) and recognizable in a micrograph provided
by §Tashburn et al. (1988)); contractile vacuole in
mid-body vs. posterior body third; caudal cilium
(present vs. likely absent); adoral membranelle 2
oriented to right vs. left causirg that membranelles
L and 2 form a triansular pattern in Z. trichoglossa,
while they extend side by side in the other species.
While the last feature might be of generic signifi-
cance, the other characteristics are likely relevant
only at species level. This is emphasized by a com-
parison of species of the related genus Glaucornd,,
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where G. frontata shows exactll ,4. same special-
izations as L. tricboglossa within the genus Lam-
bornella (Corliss 1971; Kahl l93L).

Ontogenesis

Ontogenesis is very similar to that of Tetraby-
rnena (Frankel and Villiams 1973) and l'rcl'r.ahy-
menid ciliates in general (Foissner 1996), except of
the final shaping of the adoral membranelles,
which is thus likely a derived trait. However, the
transient occurrence of a minute fourth adoral
membranelle is a unique feature of L. tricboglossa.
It indicates that ancient tetrahymenids prob ably
possessed more membranelles than the e-xtant
ones, which invariably have three (Lynn and Small
2OO2). Indeed, another large tetrahymenid ciliate,
which I discovered in Dominic an tank bromeliads,
has 6-8 adoral membranelles, putting forw ard not
only tlr. idea mentioned above but also the as-
sumption that bromeliad tanks are a relict biotope
for ancient, Gondwanan ciliates.

Towards a refined characterization
of Lambornella Keilin, 1921

If the species described here is considered as a
representative member of Lambornella, then it be-
comes obvious that it differs distinctly from
Tetrabymend,, not only by the cuticular cysts
(Keilin l92l; Corliss and Coats 1976) but also
morphologic ally and ontogenetic ally by the in-
creased number of postoral kineties; the spatul ate
preoral suture; the loop-like silverlines; the dis-
tinctly curved adoral membranelles I and 2; and
the synchronous replacement of the parental oral
apparatus and the anlage of a fourth adoral mem-
branelle durirg cell division. These features can be
considered as diagnostic for Lambornella, until the
detailed reinvestigation of the rype specie s, L. ste-
gomyiae, disprove them, that ir, show that the
Brazilian species represents a new genus.

Biogeographical notes

Many potendal habitats for ciliates were never
carefully investigated, promoting the view of cos-
mopolitan distribution of free-living ciliates (pro-
tists) in gen eral (Finlay et al. '1,996; but see Foissner
1999). One such habitat is the rain-water en-
trapped by the coalescing leaf axils of bromeliads, ä

group of rosette plants found almost exclusively in
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Central and South America. It is well known that
these minute cisterns (tanks) contain a rich meta-
zoan life with many specific and/ or endemic
species (for literature, see Foissn er 2003).

During short stays at the Atlantic coast of Brazil
and the Caribbean Sea island of Hispaniola (Do-
minican Republic and Haiti), I collected some leaf
axil water from about ten bromeliad species and
discovered at least nine new ciliate species, some
even representing new genera and families (Foiss-
ner 2003; Foissner and Cordeiro 2000; and un-
publ.). Considering that there are more than 3000
bromeliad species, many of which have special life
styles and/ or grow in peculiar environments, one
can expect a tremendous number of undescribed
protist species in their leaf axil water.

\Xrith a length of up to 250 pm and a fusiform
shape, L. tricboglossa is a very conspicuous ciliate
thaü,pyould be easily rec ognized in ordina ry fresh-
water samples. It is thus surprising that it was not
discoveröd earlier, though äetaileä investigations
on free-living ciliates of South America and tank
bromeliads arevery scant (Foissner 2003). Accord-
ingly, any.speculation whether or not L. trichoglos-
sa is restricted to bromeliad habitats would be pre-
mature. On the other hand, it is reasonable to as-
sume that this ciliate is absent from the much bet-
ter investigated Central Europe. Thus, L. tri-
cboglossa is likely a further exa*pl...of a pr otozoan
species with restricted geographic distribution
(Foissner 1999). In this context, it is noteworthy
that L. stegomyiae has been recorded only from
Africa and Asia, while L. clarki is possibly restrict-
ed to North America (see Corliss and Coats (1976)
for an excellent review of records).
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