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Abstract

Ciliated protozoa from the giant rosettes of Espeletia trees (Compositae) and Espeletia solls were studied in four samples

each from the Andean Päramo in Venezuela and Ecuador. Collections were analysed with the non-flooded Petri dish
method, which reactivates the ciliates' resting cysts from air-dried samples. Species were identified by live observation

and silver impregnation. Although most samples, especially those from soil, contained many testate amoebae, only l8
ciliate species could be found, indicating that the non-flooded Petri dish method was rather ineffective. Probably, ciliates
from this region do not make "strong " (drought resistant) resting cysts because of the humidity of the habitats. Most of the

ciliate species recorded are common in litter and soil world-wide. However, two of them are new: Sikorops espeletiae
nov. spec. and Fragmocirrus espeletiae nov. gen., nov. spec. Both species are described in detail, including ontogenesis

of F. espeletiae. Two other as yet insufficiently known species are redescribed: Arcuospathidiummuscorurn (Dragesco &
Dragesco-Kern6is, 1979) and Gonostomum affine (Stein, 1 859).
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investigations refer, are monoaxial, unbranched ro-

sette trees 2-3 m high with an average of 240 leaves

per rosette (Fig. 1). In the Venezrelan Andes, the

annual growth of the trunk of E. timotensis is about

15 mm, and the length of the life cycle has been

estimated at 170 years. Leaves have a size of 50 x 3.5

cm and are spirally arranged. Leaf abscission does

not occur; the leaves remain attached to the trunk and

decompose very slowly (high C:N ratio) during the

life cycle of each individual, thus forming a case of
marcescent leaves down to its base. The trunk thus

appears to be several times thicker than the real stem

and acquires a columnar aspect. The marcescent leaf
layer protects the vascular system of the plant from
low night-time temperatures and balances the water

regime; stripped specimens die within two months
(Monasterio, 1986).

The leaf necromass forms a highly structured bio-
tope colonised by many microarthropods (Diaz &
Najt, 1990; Garay,1981). Garay (1981), forinstance,
reported a density of 130,000 microarthropods in the

standing dead mass of a single individual of E. timo-

tensis with a trunk 110 cm high. Furthermore, the

INTRODUCTION

Soil and epiphytic ciliates of the tropics have been

poorly explored. Most of the sparse older literature,
reviewed by Bamforth and Lousier (1995) and Foiss-

ner (1987), contains obvious misidentifications and

is thus of limited value. Only recently, Blatterer and

Foissner (1988), Foissner (1986, 1988, 1993a - c,

1995) and Hemberger (1985) provided some reliable
data, indicating that tropical soils contain a highly
diversified ciliate community. Foissner (1995), for
instance, found 80 species in a single sample from a
tropical forest in Costa Rica, including four new gen-

era and seven new species.

During a stay at Merida, Venezuela, I collected

some soil samples in the desert Päramo, one of the

most extreme environments of the tropical high An-
des, about 42O0 m above sea-level. Furthermore, I
obtained four similar samples from the Andean Pära-

mo of Ecuador. Both regions are dominated by the

giant rosettes of Espeletia, a Gondwanan Composi-
tae. Espeletia timotensis Cuatr. and Espeletia sp.

(possibly grandiflora; Ecuador), to which the present



Eprpnvrrc Cllra,rp,s pnoira Souru ANrezuc.q 53

leaf necromass is the most important nutrient sink in
the region and contributes significantly to soil for-
mation (Monasterio, 1986).

The present paper reports on the ciliates found on

dead leaves of live and rotting Espeletia, in the

(earthworm) soil around Espeletia trunks, and in the

soil between Espeletia plants.

MATERIALS AND METHODS

Venezuela samples
A set of four samples was taken in the Päramo de

Piedras Blancas (08' 52' N, 70' 48' W) at 4 200 m,

Cordillera de M6rida, Venezuela, about 2 km east of
the Pico del Aquila (Fig. l). The following data are

from Estrada et al. (1991). The vegetation of this
area corresponds to the "Altiandino" desert Päramo

with Espeletia grant rosettes leaving large areas of
bare soil. The lower stratum is composed of different
plant life forms such as mosses, lichens, dwarf cush-

ions (e.g., Mona, Azorella, Arenaria, Draba, Sene-

cio), and Espeletia jreniles. Climatic records for 24

continuous years show that the area has a mean annu-

al temperature of 2.8"C and the difference between

the coldest and warmest month is 2.7"C. The daily
temperature fluctuations are approximately l0oC,
and the mean annual precipitation (800 mm) falls
between April and November. For the dry season,

daily temperature fluctuations at 150 cm and 10 cm

above soil, as well as on the soil surface are l3.5oC,

17.0"C and 50'C, respectively; likewise, the mini-
mum temperatures are -2.5"C, -5.OoC and -10.0"C,
respectively. During the wet season, daily ranges are

10"C at 150 cm. 11.l"C at 10 cm and 25.5oC at the

soil surface; the minimum temperatures are 0oC, OoC

and 0.5oC, respectively.
The basestone is granitic. Soil type corresponds to

a ranker, i.e., the soil has a simple A - C profile and

moder type humus. Soil depth is usually less than l0
cm in areas between Espeletia plants and l0 - 20 cm

around Espeletia. Solifluction is pronounced due to

the steep slopes. In spite of the extreme climatic con-

ditions, the soil is colonised by a rich and diverse

Fig. I . Espeletia timotensis in the Päramo de Piedras Blancas, Venezuela. Numbered arrows mark sites were the author (bowed) and
Prof. M. Paoletti collected samples.
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community of microarthropods (Diaz & Najt, 1990),

and even large earthworms must be frequent because

many large casts have been seen, especially around
the Espeletia plants.

Sample 1 (Fig. 1): Marcescent Espeletia leaves

underneath the living rosette, about 5 - 15 years old.
Leaves covered with greenish algal layer; between
leaves some excrements of microarthropods. pH 5.6.

Sample 2: Decaying Espeletia leaves from dead,

rotting trunks, very likely between 100 - 150 years

old. Leaves, respectively, trunk partially covered
with greenish algal layer and some small mosses;

between leaves soil particles and excrements of
microarthropods. pH 6.0.

Sample 3 (Fig. 1): Upper 0 - 10 cm soil layer
under standing specimens of Espeletia. Soil dark
brown, mainly consisting of earthworm casts and rot-
ting Espeletia leaves; with many fine roots from
neighbouring dwarf cushions. pH 6.0.

Sample 4 (Fig. 1): Upper 0 - 5 cm soil layer be-

tween Espeletia plants. Soil dark brown, very fine-
grained, with many roots from dwarf cushions; with-
out visible earthworm casts. pH 5.4.

Ecuador samples
Most of the following data were kindly provided by
Maurizio Paoletti (Padua University, Italy), who col-
lected the Ecuadorian samples about one week later
than I did in Venezuela. As in Venezuela, a set of
four samples was taken in the Reserva Ecologia "El
Angel " (0' 38' 5,77" 48' W) about 4 000 m above

sea-level. Mean annual temperature (about 6'C) and
precipitation (about 1500 mm) are significantly high-
er than in the desert Päramo of the Cordillera de M6r-
ida. Accordingly, vegetation is richer and denser and

the ground is covered with Ericaceae, Equisetaceae,

mosses, and ferns. Up to 5 mtall Puya trees are scat-

tered between the Espeletia trees. The basestone is
granitic. Soil is a peaty, almost black material mainly
composed of insufficiently decayed leaf litter, moss-

es, and ferns. Only few and small earthworm casts

were found. The Espeletia specimens from which the

samples were taken were possibly E. grandiflora H.
and B., alarge species very similar to E. timotensis
investigated in Venezuela.

Sample 5: Green Espeletia leaves from the living
rosette. pH 6.0.

Sample 6: Decaying Espeletia leaves from trunk.
Leaves darkbrown and mixed with some soil parti-
cles. pH 4.5.

Sample 7: Upper 0 - 10 cm soil layer under a

standing specimen of Espeletia. Soil very fine-
grained and compact, light black; with fine roots but
without litter. pH 5.4.

Sample 8: Upper 0 - 5 cm peaty soil layer between
Espeletia plants. Soil almost black, dusty when dry,
with many fine roots. pH 5.4.

Sampling, sample processing, and species identifi-
cation
The Venezuelan samples were taken during the dry
season on 10 February 1996. Each sample was a com-
posite from four E timotensis specimens in an area

of about 200 m2; the soil sample from between Espe-

letia was a composite from 10 small cores in the

same area (Fig. 1). The Ecuadorian samples were
collected at the end of February 1996 during a very
wet weather period. They were taken from a single
Espeletia (possibly grandiflora) tree. The soil sam-

ple from between Espeletia was a composite from
five small cores in an area of about 100 m2. All sam-

ples were air-dried in the Salzburg laboratory for four
weeks. In April 1996, the samples were processed

with the non-flooded Petri dish method as described
by Foissner (1987), which reactivates the ciliates'
resting cysts from air-dried samples. Briefly, this
simple method involves placing the dry soil and/or
litter in an ordinary Petri dish (15 cm diameter) and

saturating but not flooding it with distilled water.

Such cultures were grown at room temperature (about

20oC) and analysed for ciliates on days 2,7, 14,21
and 28 by inspecting about 2 ml each of the run-off
(= soil solution).

Identification, nomenclature, and terminology of
species are according to Foissner (1987 ,1 99 1, I 998).

Most of the species found were described or rede-

scribed by my students and myself. Thus, determina-
tions were done mainly on live specimens using a

high-power (X100;N.A. 1.32) oil immersion objec-
tive and differential interference contrast. However,
all "difficult", new, or supposedly new species were
checked with the silver-staining techniques described
in Foissner (1991).

Cytological methods
The species described were studied in vivo using a

high-power oil immersion objective (X100; N.A.
1.32) and differential interference contrast. The cili-
ary pattern (infraciliature) was revealed by protargol
impregnation and scanning electron microscopy as
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described in Foissner (1991). The descriptions are

based on material obtained with the non-flooded Petri
dish method mentioned above, i.e. no clonal cultures
were set up.

Counts and measurements on silvered specimens

were performed at a magnification of X 1 ,000. In vivo
measurements were made at magnifications of X40 -
1,000. Illustrations of live specimens are based on

freehand sketches and micrographs; those of impreg-
nated cells were made with a camera lucida.

RESULTS

Remarks on the organism community of the indi-
vidual samples (Table 1)

Sample l: A great number of bacteria, fungal hy-
phae, and heterotrophic flagellates developed. Colp-
oda steinii became very abundant six days after re-
wetting. The darkbrown water (soil solution) was

changed two weeks after rewetting, but no further
ciliates developed.

Sample 2: This was the richest sample containing
l7 ciliate species two of which were new and will
be described below. Furthermore, a huge abun-

dance of heterotrophic flagellates (mainly Polytomel-

la sp.) and some naked and testate amoebae devel-

oped.

Sample 3: Only one ciliate species developed
(Pseudoplatyophrya nand, at obligate fungal feed-

er), although there was a huge abundance ofbacteria,
fungal hyphae, and minute heterotrophic flagellates.
Furthermore, there was a rich variety and number of
testate amoebae, such as Centropyxis aerophila, C.

sphagnicola, C. plagiostoma, Phryganella acropo-
dia, Plagiopyxis declivis, Trinema penardi, T. com-

planatum, and Tracheleuglypha sp.

Sample 4: No ciliates occurred, although there was

a rich community of bacteria and heterotrophic flag-
ellates, as well as some small naked amoebae. Fur-

thermore, there were many tests of Centropyxis aer-
ophila, C. sphagnicola, Phryganella acropodia,
P la gio py xi s minut a, S c ho e nb o rni a humic o la, A s s uli -

na muscorum, and Arcella sp. Soil solution (water)

TABLE 1. Ciliate species found (+) and their distribution in four samples each from Venezuela (1 - 4) and Ecuador (5 - 8)

)pecres' Samples

Arcuospctthidium muscorum (Dragesco & Dragesco-Kern6is, 1979)
Colpoda cucullus (Müller, i773)
Colpoda elliottiBradbwy & Outka, 1967

Colpoda inlata (Stokes, 1884)
Colpoda sleinii Maupas, 1883

Cyrtohymena quadrinucleata (Dragesco & Njin6, 1971)2

Cyrtolophosis elongata (Schewiakoff, 1 892)
Enc he ly dium t e rre num Foissner, 1 984
Fragmocirrus espeletiae nov. gen., nov. spec.

Gonostomum affine (Stein, 1859)
Leptopharynx costatus Mermod, 1914
Opercularia "! sp.
Platyophrya vorax Kahl, 1926
Pseudocyrtolophosis alpestris Foissner, 1980

Pseudoholophyra terricola Berger, Foissner & Adam, 1984

P seudoplatyophrya nana (Kahl, 1926)
Sikorops espeletiae nov. spec.

U rosomoida agilifurmis Foissner, 1982

Number of species

I See Foissner (1998) for combining authors.
2 Cirral pattern and live aspect as described by Dragesco and Njin6 (1971), Foissner (1984), and Shin and Kim (1996). Number of

macronuclear nodules, however, rather variable: of47 specimens investigated, 42 had four nodules (as is typical), 2 had five nodules,
2 had six nodules, and 1 specimen had seven nodules. Shin & Kim (1996) observed some specimens with only three nodules.

17
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was changed two weeks after rewetting of the sam-

ple, but no ciliates developed.
Sample 5: Colpoda inflata and the heterotrophic

flagellate Polytomella sp. became very abundant two
weeks after rewetting the sample.

Sample 6: No ciliates developed, although there

were many bacteria, diatoms, heterotrophic flagel-
lates (Polytomella sp.), and some fungal hyphae. Fur-
thermore, there was an abundance of testate amoe-

bae, such as Centropyxis sphagnicola, Phryganella
acropodia, Assulina mLtscorltm, Euglypha laevis,
Arcella sp., and Nebela sp. The lightbrown water
(soil solution) was changed two weeks after rewet-
ting, but no ciliates developed. The sample did not
become putrid and had a musty smell.

Sample 7: No ciliates developed, although there

were many bacteria, diatoms, flagellates (Polytomel-

la sp.), and some small naked and testate amoebae.

The soil solution was almost clear and colourless,
and the sample did not become putrid.

Sample 8: No ciliates occurred, although bacteri-
al, fungal hyphae, and heterotrophic flagellates (only
one species, Polytomella sp.) were abundant; some

small naked and testate amoebae (Plagiopyxis de-

clivis, Nebela sp.) were also found. The soil solution
was almost colourless, in spite of the dark colour of
the soil, and was changed two weeks after rewetting
the sample; but no ciliates developed. The sample

did not become putrid and had a musty smell.

Description of new and insufficiently known spe-

cies

Morphometric data shown in Tables 2 - 4 are repeat-

ed in this section only as needed for clarity.

Sikorops espeletiae nov. spec.

(Figs.2 -23,Tab.2)

Diagnosis
Size in vivo about 110 x 12 pm. Slenderly fusiform
with anterior end obliquely truncated. Macronucleus
filiform, tortuous. Extrusomes obclavate, about 0.8 x
0.6 Urn. On average l1 somatic kineties and 3 diki-
netids in brush row 1,20 inrow 2, and l3 in row 3.

Type location
Venezuela, Cordillera de M6rida, Päramo de Piedras

Blancas about 2 km east of the Pico del Aquila (08"

52' N, 70" 48' W), on Espeletia leaves from dead,

rotting Es p e le t ia trunks.

Etymology
Genitive of genus Espeletia, the plant on which the

species was found.

Type material
Two slides (1 holotype and 1 paratype) with pro-

targol-impregnated (protocol A in Foissner 1991)

specimens have been deposited in the Oberösterrei-
chische Landesmuseum, Linz (LI), Austria. The

slides contain several specimens, with relevant cells

marked by a black ink circle on the cover glass.

Description
Size in vivo l0-140 x 8-16 pm, usually about I l0 x
l2 Fm, length: width ratio also highly variable, 5: I -
11:1, on average 8.5: I (Fig. 2,Table 2). Cylindroidal
to roughly fusiform, slightly narrowed towards both
ends, posterior end tapered in about half of speci-

mens (Figs. 2, 15). Macronucleus in central portion
of cell, filiform, helically coiled in about one third of
specimens, in others coiled only in posterior half or
tortuous (Figs. 6, 9,15,16,21). Usually three globu-

lar micronuclei attached to macronucleus in variable
positions. Contractile vacuole in posterior end with
about eight dorsolateral excretory pores (Fig. 7). Ex-

trusomes in oral bulge and cytoplasm, obclavate,

minute (0.7 - I x 0.5 - 0.7 tt n) and thus difficult to
recognise, do not stain with protargol (Figs. 1, 4-6).
Cortex flexible, contains about six rows of minute
(0.3 Um), colourless granules between each two cili-
ary rows (Fig. l4). Cells colourless and hyaline, nev-

er dark by food and/or other inclusions, contain some

fat globules l-3 Urn across. Swims moderately fast

by rotation about main body axis.

Cilia about 8 pm long, narrowly spaced in oral

region of kineties. Ciliary rows extend meridionally
and equidistantly, except in ventral anterior area,

where three kineties are close together and separated

from the neighbouring ciliary rows by a more or less

distinct gap (Figs. 7 ,ll, 11). Anterior end of kineties

slightly curved, bears single (possibly two in some

dorsolateral kineties) dikinetid, whose anterior (cili-
ated?) basal body is slightly larger and more intense-

ly impregnated than the (unciliated) posterior one;

dikinetid lacking in ventralmost kinety in about half
of specimens (Figs. 10-13, 17, 19,22,23). Dorsal

brush in anterior region of three dorsolateral kine-
ties, consists of narrowly spaced dikinetids having

about 4 pm long, distally slightly inflated cilia asso-

ciated with the anterior basal bodies and about 3 Lrm
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Figs.2-10. sikoropsespeletiaenov.spec.fromlifeQ-6)andafterprotargolimpregnation(1-10).2tLeftlateralviewofarepresentative
specimen. 3: part of dorsal brush with up to 4 pm long, oiJaUy silgütty^inflated ci1ia 4: Frontal view of oral bulge' The

knobby extrusomes appear as black dots.5: Shaie anaiize 1O.z-t xb.S-o.z pm) variability ofextrusomes from oral bulge'

6: Shape variant with'macronucleus helically äoi1ed in posterior portion- 7 - 9: Infraciliature of right and left side and

nuclear apparatus of a representative specimen. Note the highly tp""iuti.ed infraciliature of dorsal brush row 3 (arrowheads

mark monokinetidal tail with shortened cilia; underneath thJtail, the row has cilia ofusual length, that is, extends posteriorly

as an ordinary somatic kinety). 10: Ventral anterior end at high magnification. Note the inconspicuous dikinetids (anterior

basal body slightt;;lar;;d änd more darkly impregnated thai posterior one; at the anterior end of the ciliary rows (cp Figs '

ll-13, l.l, lg,ZZ,23).CV - contractile ra.uole, DE - dorsal biush, DB3 - dorsal brush row 3, E - extrusomes in oral bulge,

MA - macronucleus, MI - micronuclei, oB oial bulge, P pores of contractile vacuole. Scale bar division 20 pm (Figs' 2,

7-9) and 5 Pm (Fig. 10)
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Figs. 11-15. Sikoropsespeletidenov.spec.fromlife(14, 15)andafterprotargolimpregnation(11-13). 11, 12:Infraciliatureofright
and left anterior portion of specimen shown in Figures 7 and 8. Note details of dorsal brush and indistinct circumoral
dikinetid at anterior end of ciliary rows. Usually, the anterior basal body of the dikinetids is slightly larger and more darkly
impregnated than the posterior one. Asterisk in Figure 1 1 marks slightly increased distance between ventral and lateral
ciliary rows. 13: Dorsolateral view of anterior portion of another specimen. A heavily impregnated cilium emerges from the
posterior basal body of the dikinetids composing brush row 3 and from its monokinetidal tail (arrowed bracket). 14:
Surface view showing cortical granulation. 15: Shape variant with helically coiled macronucleus. DB1-3 - dorsal brush
rows. Scale bars 10 pm.
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Sikorops espeletiae nov. spec., infraciliature and nuclear apparatus after protargol impregnation. 16: Right side view of a

representative specimen, length 1 l0 pm (cp. Figs. 7-9, l7 , 18). 17, 18: Two focal planes of anterior portion of specimen
shown in Figure 16. Note the heavily impregnated cilium emerging from the posterior basal body of the dikinetids
composing brush row 3 (cp. Figs. 12, 13). Arrows mark circumoral dikinetid at anterior end of ciliary rows. Asterisk
denotes slighfly increased distance between ventral and lateral ciliary rows. 19, 20: Two focal planes (ventrolateral and
dorsolateral) of the anterior portion of an other specimen. The anterior end of the kineties is thickened due to a circumoral
dikinetid (amow). This pattern is quite typical for Sikorops. Note the heavily impregnated cilium emerging from the
posterior basal body ofthe dikinetids composing brush row 3, which continues with a short monokinetidal tail (arrowhead)
also having strongly impregnateä,,shortened cilia. 21: Fusiform specimen with tortuous macronucleus. 22: Left side view
showing circumoral dikinetid (ar.tows) at anterior end of ciliary rows and brush kine§ 1, which consists of only three
dikinetids. 23: Venüolateral view showing circumoral dikinetid (arrows) at anterior end of ciliary rows. DB 1 - 3 - dorsal
brush rows, MA - macronucleus, OB - oral bulge.
Arcuospathidiurn rrTuscorurn, exploded toxicysts from life (differential interference contrast). The organelles, which are
about 8 prn long and often knee-shaped, consist of a thin, opaque anterior and a thicker, granular posterior half (anows).

Figs. L6-23.

Fig.24.

nffi
I
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Occurrence
As yet found only at type location.

Generic classification and comparison with relat-
ed species

Sikorops Foissner, I 999 belongs to the Acropisthiidae
and is characterised "by three dorsal brush rows and

fusiform extrusomes in the oral bulge ". The Vene-
zuelan population matches Sikorops not only in these

characters (extrusome shape is slightly different but
knobby as in the type species) but also in the incon-
spicuous oral kinetids, which do not form a distinct
circumoral kinety (Figs. 7, 8, 10-13, 11, 19,22,23).
There remains some uncertainty about family classifi-
cation because no nematodesmata could be found, al-
though the preparations were excellent (Figs. 16-23).
However, they also did not impregnate in Arcu-
ospathidium muscorum contained in the same slides,

indicating a specific preparation failure.
Sikorops espeletiae differs from S. woronowiczae,

type of the genus, by the macronucleus (filiform and

tortuous vs. two ellipsoidal nodules with a single mi-
cronucleus in between), the shape of the extrusomes
(obclavate vs. fusiform), and the higher number of
dikinetids in brush row 2 (20 vs. l0).

Arcuospathidium muscorum (Dragesco & Drages-

co-Kern6is, 1979) Foissner, 1984
(Figs.244l,Table 2)

Material
A voucher slide with 6 protargol-impregnated (pro-

tocol A in Foissner 1991) specimens, each marked
by a black ink circle on the cover glass, has been

deposited in the Oberösterreichische Landesmuseum
irlLinz (LI), Austria.

Description
Size in vivo 70-l l0 x 20-40 ;.tm, usually about 90 x
30 pm, length: width ratio rather stable, viz.3-4.5:1,

TABLE 2. Molphometric data on Sikorops espeletiae (S, upper line) and Arcuospathidium muscorum (AM, lower line).

Characterl ; M SD SE CV Min

Body, length

Body, width undemeath oral bulge

Body, maximum width

Oral bulge, length (AM)
Macronuclear figure, length (S)
Macronucleus, width

Macronuclei, number

Micronuclei, diameter (S)
Micronuclei, number (S)
Somatic kineties, number in mid-body

Basal bodies in a right lateral kinety, number

Dorsal brush rows. number

Circumoral kinety to end ofbrush row I,
distance

Circumoral kinety to end of brush row 2,
distance

Circumoral kinety to end of dikinetidal
portion of brush row 3, distance

Dikinetids in brush kinety 1, number (S)
Dikinetids in brush kinety 2, number (S)
Dikinetids in brush kinety 3, number (S)

102.6
86.5
4.8

15.1
tl,7
25.4
30.9
45.6
2.8
4.4
1.0
1.0
1.9
3.1

11.1
I J.J

60.1
40.2
3.0
3.1
3.8

12.l
20.8
tt.4
19.3

1.'1

3.2
19.8
t3.4

105

83
5

15

l2
26
32
45

3

5

I
1

2
3

11

t4
60
40

3

J

3

l3
2l
12

18

8
J

20
13

16.4
11.1
0.5
3.9
7.4
4.0
4.1.

t0.2
0.6
0.9
0.0
0.0

1.0
0.9
1.5

17.4
9.4
0.0

1.3
2.3
3.2
r.1
J.O

1.8
1.1

2.3
2.0

3.6
3.0
0.1
1.0
0.3
1.1

1.1

2.2
0.1
0.3
0.0
0.0

0.2
0.2
0.4
2.5
2.6
0.0

0.3
0.6
0.7
0.5
0.8
0.5
0.3
0.5
0.4

16.0
t2.8
I 1.3

25.8
12.4
t5.7
13.3
n) /
21.4
2t.2

0.0
0.0

30.1
7.7

10.8
19.0
23.5

0.0

33.2
19. I
t5.4
t5.2
18.5
23.0
35.2
rl.7
I 5.0

66 148
]t 105
46
923
915

t9 35
23 38
30 75
24
36
11
11

1.5 2.5
15

10 13

11 15

35 88
27 60
33
34
38
8 15

t6 27
814

t2 25
5 11

15
15 26
10 18

2t
t4
21

l4
2t
l4
t4
21

2t
14

2l
t4
21

2t
21

t4
21

l4
2t
14

2t
14
21

t4
21

t4
21

2l
2l

lData based on protargol-impregnated and mounted specimens from a non-flooded Petri dish culture. Measurements in pm. CV -
coefficient of variation in 7o, M - median, Max maximum, Min - minimum, n - number of individuals investigated, SD - standard
deviation, SE - standard deviation of mean,f - arithmetic mean.
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usually 3.5:l (Table 2). Spatular with anterior end
(oral bulge) obliquely truncated and posterior broad-
ly rounded (Figs. 25, 34); slightly flattened laterally,
in oral area up to 3:1 (Fig. 35). Macronucleus in cen-

tral portion of cell, filiform and tortuous (Figs. 25,

28,38,41); single micronucleus about 3 pm across in
variable position nea-r macronucleus. Contractile vac-

uole in posterior end, about 10 excretory pores in and

near cantre of pole (Figs. 27, 28,33,31,38). Extru-
somes (toxicysts) in single row each in right and left
half of oral bulge and scattered throughout cyto-
plasm, rod-shaped to very slightly thickened proxi-
mally, about 4x0.4 pm in size (Figs. 25,30,36;5-6
pm long and slightly curved in an other Venezuelan
population, Fig. 31); exploded toxicysts about 8 pm

long and frequently curved knee-like, club-shaped,

anterior half thinner and brighter than posterior,

which contains small globules, possibly toxin drop-

lets (Figs. 24, 32). Cortex flexible, contains about
five rows of minute (0 3 gn), colourless granules

between each two ciliary rows (Fig. 29). Cells col-
ourless but dark at low magnification (X100) when

crammed with food inclusions and fat globules 1-3
pm across in posterior half. Glides moderately fast

on slide surface and soil particles.

Cilia 8 pm long, rather irregularly spaced. Somat-
ic kineties extend meridionally and equidistantly, dis-

tinctly separated from circumoral kinety, anterior
ends curved dorsally on right side ofcell and slightly
ventrally on left (Figs. 21 , 28, 31 ,38). Dorsal brush

in anterior region of three dorsolateral kineties, com-
posed ofnarrowly spaced dikinetids; kinety 3 shorter

than kineties I and 2 but with monokinetidal tail,
composed of 2 pm long bristles, extending to mid-
body; brush cilia decreasing in length at both ends of
brush, anterior cilium up to 4 pm long in rows I and2
and up to 5 pm in row 3 (Figs. 25,26,28,38,39,41).

Oral bulge obliquely truncated and slightly con-
vex, wedge-shaped in frontal view, conspicuous be-

cause long and filled with extrusomes (Figs. 25,34-
36). Circumoral kinety at base of oral bulge, continu-
ous, wedge-shaped like oral bulge, composed of nar-

rowly spaced dikinetids (Figs. 27, 28, 33, 37-4I);
nematodesmata not impregnated.

Occurrence
This species, which was found in sample 2, occurs in
terrestrial habitats (mosses, litter, mineral soils)

world-wide (Foissner, 1998). It is, however, infre-
quent. Detailed ecological data are not available.

Comparison with previous descriptions
The type population, which was discovered by Drag-

esco & Dragesco-Kern6is (1979) in mosses from
France, has a size of 37-86 x 10-54 trm $ 57 x 22

pm, n ?; protargol-impregnated specimens), a tortu-
ous macronucleus, fine toxicysts 2 pm long (very

likely measured from protargol-impregnated cells,
where toxicysts frequently incompletely stain), and

16-18 (x ?, n ?) ciliary rows. An Austrian popula-

tion, which was found by Berger et al. (1983) in a

bottomland soil, has a size of 78-105 x 29-50 pm (x
93 x 40 prn, t25; protargol-impregnated cells from
pure culture), a tortuous macronucleus, fine toxicysts
5 - 6 pm long in vivo (also in populations from
Greece and the Caucasus), and 16-27 (x 2Ll, n 25)
ciliary rows. The Venezuelan population has a size

of 71-105 x 19-35 Um (86 x 25 pm, n 14;protargol-
impregnated specimens from raw culture), a tortuous

macronucleus, fine toxicysts 4 pm long in vivo, and
11-15 E 13.3,n 14) ciliary rows. It is thus obviously
rather similar to the French and Austrian populations,

except for the number of ciliary rows, which is rather

low, despite the considerable body size, which ap-

proaches that of the Austrian specimens. According-
ly, the Venezuelan population might be a stable mod-
ification representing a new subspecies. However,

spathidiids are notorious for their high variability,
and thus I prefer to consider the Venezuelan popula-

tion as a geographical and/or habitat modification of
A. muscorum.

Fragmocirrus nov. gen.

Diagnosis
Parakahliellidae Eigner, 1997 with transverse and

caudal cirri. Ventral cirral rows 4 and 5 each develop

a V-shaped anlage p-roducing proter's and opisthe's

cirral rows 4 and 5. Two or more rows each of right
and left marginal cirri, inner right and outer left
row(s) more or less distinctly reduced. Dorsal kine-
ties generated by within anlagen and dorsomarginal-

ly.

Type species

Fragmociruus espeletiae nov. spec.

Etymology
Composite of the Latin nouns "fragmentum " (frag-

ment) and "cirrus " (curl - compound cilia typical for
hypotrichs), meaning a "hypotrichous ciliate with
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Figs.37-41. Arcuospctthidiummuscorum.somaticandoralinfraciliatureafterprotargolimpregnation.3T-39tRightandlettsideview
of a representative specimen. Figure 39 shows brush area at higher magnification. Arrows mark minute, additional brush
row composed of two dikinetids. 40, 41: Ventrolateral and dorsolateral view of same specimen. CK - circumoral kinety,
DB dorsalbrush,E extrusome,MA-macronucleus,OB-oral bulge,P-poresof contractilevacuole, 1,2,3 dorsal
brush rows. Scale bars 20 trrm.
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fragmented or incomplete ventral cirral rows ". Mas-
culine gender.

Comparison with related genera

There are three genera that are obviously related to
F r a g mo c i rru s : P araur o s ty I a B orr or, l9l 2; P arakahl-
iella Berger et al., 1985; and Parentocirrus Yoß,
1991. The characters separating these genera from
each other and from Fragmociruu,§ are rather sophis-
ticated, indicating that subgenus rank would proba-

bly be more appropriate. On the other hand, there are

quite a lot of such species (see species comparison
and several as yet undescribed species which I found
in various soils), suggesting fast radiation and gener-

ic separation.

P arauro sty la differs from F ra gmo c irrus mainly
by the genesis of the dorsal ciliary rows, that is, kine-

ty 4 is generated from kinety 3 by posterior fragmen-
tation, as in typical oxytrichids (Berger & Foissner,
1997; Wirnsberger et al., 1985). No fragmentation
occurs in Fragmocirrus (Figs. 65, 67,68, 83). Fur-
thermore, Paraurostyla has only one right and left
marginal cirral row. A specific character relating
Paraurostyla and Fra&mocirrus is the migration pat-

tern of the rightmost, V-shaped ventral anlage
(Wirnsberger et aL.,1985): the streaks migrate paral-
lel to each other anteriorly and posteriorly, seeming-

ly forming a single ventral cirral row with a more or
less distinct middle break (Figs. 63,64,66, 80, 82).

Parakahliella differs from Fragmocirrus mainly
by the lack of transverse cirri (Berger & Foissner,
1989b; Berger et al., 1985). The remaining ciliary
pattern and its ontogenesis are very similar in both
genera. However, Parakahliella conserves some dor-
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sal kinetids which form a new kinety each in the

proter and opisthe (Berger & Foissner, 1989b).

Parentocirrus differs from Fragmocirrus mainly
in the genesis of the dorsal ciliary pattern, which
occurs as in Paraurostyla descrTbed above. Further-
more, the rightmost, V-shaped ventral anlagen of the

proter and opisthe do not migrate and develop in the

same row, while Fragmocirrus generates them in
rows 4 and 5 (Figs. 56, 51, 59,14-16). However, if
rows 4 and 5 are considered as a single row, as ex-

plained in Paraurostyla, anlagen generation is very
similar in Parentociruus and Fragmocirrus. Like-
wise, the lack of migration is understandable because

the ventral rows of P. hortualis are much longer than
those of F. espeletiae.

Fragmocinus espeletiae nov. spec.

(Figs. 42-53, Table 3)

Diagnosis
Size in vivo about 160 x 60 pm; ellipsoidal. Four
macronuclear nodules, 2 micronuclei, 36 adoral
membranelles, 3 frontal cirri, 3 buccal cirri, 3 trans-

verse cirri, and 3 caudal cirri on average. Five ventral
cirral rows (anlagen) composed of I (1't frontal cir-
rus), 4 (2nd frontal cirrus plus buccal cirri), 4 (3'd

frontal cirrus plus cirri underneath), l8 (row 4), and

l4 (row 5) cirri on average. Four dorsal kineties, rows

1-3 originate intrakinetally, row 4 originates dorso-
marginally and terminates near mid-body; rows I and

2 produce caudal cirri.

Type location
Venezuela, Cordillera de M6rida, Päramo de Piedras

Blancas about 2 km east of the Pico del Aquila
(08'52'N, 70'48'W), on Espeletia leaves from dead,

rotting Espelet ia trunks.

TABLE 3. Morphometric data on Fragmocirrus espeletiae.

Characterl Minx

Body, length
Body, maximum width
Anterior somatic end to proximal end of

adoral zone, distance
Macronuclear nodules, length
Macronuclear noduies, width
Micronuclei, length
Micronuclei, width
Adoral membraneiles, number
Macronuclear nodules, number
Micronuclei, number
Dorsal kineties, number
Frontal cirri, number
Buccal cirri, number
Transverse cirri, number
Caudal cirri, number
Ventral cirral rows, number
Right marginal rows. number
Outer right marginal row, number of cirri
Inner right marginal row, number of cirri
Left marginal rows, number
Outer left marginal row, number of cirri
Inner left marginal row, number of cirri
1st ventral row, number of cirri2,3
2nd ventral row, number of cirri2,3
3'd ventral row, number of cirri2,3
4th ventral row, number of cirri 3

5th ventral row, number of cirri 3

155.9
64.5

53.9
11 .4
l1.t
3.9
3.2

31 .5
Ä1

2.5
4.0
3.0
3.1
3.0
3.2
5.0
1.9

3r.8
12.3

1.5

6.6
30. i

1.0
3.9
3.7

17.8
14.4

31.5
r 8.0

150
59

6.9 20.2
3.9 27.9

2.9 24.9
0.7 t9.2
0.8 31.4
0.2 20.'7

1.2 t4.o
0.1 12;7
0.2 39.6
0.0 0.0
0.0 0.0
0.1 20.4

0.1 18.4
0.0 0.0

0.7 9;7
2.0 74.3

0.9 7 5.1
0.7 10.2
0.0 0.0
0.1 14.8

0.6 15.0
0.5 15.8

122 264 2r
38 105 21

40 100 21

t2 23 21

6202r
3621
342r

30 50 21

4621
1621
442]l
332t
2526
342s
2525
5530
1230

21 39 2l
13421
t230
12530

25 37 21

1121
3530
3430

13 25 21.

11 20 21

50
18

11

4
3

36
4
2
4
3

3

3

3

5

2
3t
12
)
5

30
1

4
4

18

t4

73.4
J.J
3.5
0.8

5.3
0.5
1.0
0.0
0.0
0.6

0.6
0.0

3.1
9.1

5.0
3.1
0.0
0.6

2.7
2.3

lData based on protargol-impregnated (protocol B in Foissner 1991) and mounted specimens from a non flooded-Petri dish culture.
Measurementsinpm.CV-coefficientofvariationinVo,M-median,Max-maximum,Min-minimum,n-numberofindividuals
investigated, SD - standard deviation, SE - standard deviation of mean, i arithmetic mean.

2Note that the upper cirrus is differentiated as "frontal cirrus". lstventral row = 1st frontal cirrus; 2nd venffal row = 2nd frontal cirrus plus
buccal cirri; 3'd ventral row = 3td frontal cirrus plus ventral cirri underneath.

3For designation of ventral cirral rows, see Figure 43.

M SD SE CV
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9,xl*

N,ffi*
Figs.42-48. Fragmocirrus espeletiae nov. spec. from life (Figs. 42,45-48) and after protargol impregnation (Figs. 43, 44). 42: Yentral

- 
view of u rep."sentative speciäen. 43, 44: Infriciliature of ventral and dorsal side. Numbers in Figure 43 denote ventral

cirral rows (anlagen), thosä in Figure 44 denote dorsal ciliary rows. Arrows mark end of dorsal kineties 3 and 4. 45: Lateral

view of a sp""iÄeohauing justlngested large prey. 46, 47: Shape variants. 48: Crystals near cortex and in cytoplasm.

Crystals are very likely for'mld within ring-shapid aruy. of bright granules (arrow). AZM - adoral zone of membranelles,

C - crystal, CC - caudal cirri, CV, contractile vacuole, F - furrow on dorsal side along kinety 4, FC3 - third frontal cirrus,

IRM - inner right marginal row, LM - left marginal row, MA - macronuclear nodules, MI - micronucleus, ORM - outer

right marginal row, TC - transverse cirri. Scale bars 50 LLm'

OR M.

Etymology
Genitive of genus Espeletia, the plant on which the

species was found.

Type material
Six slides (1 holotype and 5 paratypes) with pro-

targol-impregnated (Wilbert's method - protocol B

in Foissner, l99l) morphostatic and dividing speci-

mens have been deposited in the Oberösterreichische

Landesmuseum in Linz (LI), Austria. The slides con-

tain many specimens, with relevant cells marked by a

black ink circle on the cover glass.

:iii:
::3::

LM

Description
This species is very variable as indicated by the high

coefficients of variation, most being near or even

above 207o (Table 3). Even characters which are

known to be rather stable, such as the number of
adoral membranelles and macronuclear nodules

(Foissner, 1982), have variation coefficients higher

than 101o. Interestingly, such pronounced variation

is also found in species of the closely related genera

(see above) Paraurostyla (Wirnsberger et al., 1985),

Parakahliella (Berger & Foissner, 1989b; Berger et

al., 1985), a:nd Parentocirrus (Yoß,1997).
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Figs.49-53. Fragntocirrusespeletiaenov.spec.,ventralcirralpatternandoralapparatusinthescanningelectronmicroscope(Figs.49,
50) and afterprotargol impregnation (Figs.51-53). Note variability ofcirral pattern, especiatly ofmarginal rows. Numbers
1 - 5 denote ventral cirral rows (anlagen). Arrowhead in Figure 52 marks end of dorsal kinety 4. AZM - adoral zone of
membranelles, BU - buccal cavity, EM - endoral membrane, ILM - inner left marginal row, IRM * inner right marginal
row, L - buccal lip, MA - macronuclear nodules, MI - micronucleus, OLM - outer left marginal row, ORM - outer right
marginal row, PM - paroral membrane, TC transverse cirri.
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Size in vivo 130-280 x 40-100 pm, usually about
160 x 60 pm, length:width ratio fairly stable, that is,

2:1-3:1, with an average of 2.6:l (Table 3); acon-

tractile. Ellipsoidal to fusiform, occasionally slightly
narrowed posteriorly (Fig. a3), anterior end rather
broadly rounded, posterior narrowly rounded to
bluntly pointed (Figs. 42, 46, 47 ); dorsoventrally fl at-

tened up to 2:1. Macronuclear nodules arranged one

after the other left of cell's midline, broadly to slen-

derly ellipsoidal and often with irregular outline, con-
tain many globular and oblong nucleoli. Micronuclei
broadly ellipsoidal, near or attached to macronuclear
nodules in variable positions. Contractile vacuole
slightly above mid-body at left margin of cell, with
two short, lacunar collecting canals. Cortex very flex-
ible, without specific granules; there are, however,
many 2-4 x 1-2 Um sized crystals, which very likely
evolve from rings of bright granules near the cortex
and in the cytoplasm (Fig. 48). Cytoplasm colour-
less, however, cells appear dark at low (< X100) mag-

nification when packed with crystals, as described
above, some fat globules up to 15 ;'rm across, and up
to 40 pm-sized food vacuoles containing heterotroph-
ic flagellates and small (Colpoda steinii) and middle-
sized (C. lucida, Gonostomum affine) ciliates. Glides
moderately fast on slide surface and soil particles;

never rests.

Cirri 13-17 pm long, except for caudal cirri and

cilia of adoral membranelles, which are about 20 Lrm
long. Cirral pattern highly variable, mainly due to
the marginal cirral rows: both the inner right row(s)
and the outer left row(s) are more or less distinctly
reduced and may even be absent or complete (Figs.

42,43,49-53,66). Usually 5, rarely 6 ventral cirral
rowsl: rows 1, 2,3,5 extend in frontal area, row 4
extends postorally. Ventral row I consists of lstfron-
tal cirrus; row 2 of 2nd frontal cirrus and buccal cirri;
row 3 consists of 3td frontal cirrus plus some cirri
underneath; row 4 commences near buccal vertex left
of row 5, from which it is separated by a small but
distinct break, and extends posteriorly, terminating
distinctly above the transverse cirri (Figs. 43,51,53);
row 5 commences near rightmost frontal cirrus and

extends to level of buccal vertex right of cell's mid-
line; occasionally, rows 4 and 5 are longer as de-

scribed above distinctly overlapping in buccal vertex

I Ventral cirral rows are numbered according to the anla-
gen (usually 5) from which they develop during on-
togenesis (see below).

area (Fig. 66). Transverse cirri near posterior body
end and thus projecting beyond cell margin, incon-
spicuous because thin and few.

Dorsal bristles in vivo 3 pm long, form very stable

pattern (Fig. 44): rows 1 and 2 extend left of cell's
midline, both slightly shortened anteriorly; row 3

right of midline, slightly shortened anteriorly and

posteriorly; row 4 in distinct furrow near right mar-
gin of cell, terminates near mid-body. Caudal cirri
conspicuous because 20 ptrn long and rather motile;
generated by dorsal ciliary rows I (produces 2-3,
usually 2 cirtl) and 2 (produces l-2, usually 1 cir-
rus).

Oral apparatus of usual structure, adoral zone of
membranelles occupies 357o of body length on aver-

age (Figs. 42, 43, 46, 47, 49-53; Table 3). Buccal
cavity deep but rather naffow. anterior portion semi-
circularly curved in vivo; buccal lip long and rather
broad, covers right half of buccal cavity (Figs. 42,

50). Paroral slightly curved, optically intersects en-

doral in mid-buccal area, both very likely composed
of narrowly spaced dikinetids; pharyngeal fibres dis-
tinct.

Occurrence
As yet found only at type location (sample 2).

Comparison with related species

Fragmociruus espeletiae is easily confused with spe-

cies of the genera Paraurostyla, Parakahliella, and
Parentocircus. Reliable identification requires live
observation and silver impregnation.

Paraurostyla weissei and most other freshwater

Paraurostyla have only two macronuclear nodules
and some have conspicuous, yellowgreen cortical
granules (Kahl, 1932; Wirnsberger et al., 1985).

Paraurostyla granulifura Berger and Foissner,
1989a, a soil species, has peculiar cortical granules,

two macronuclear nodules, and conspicuous trans-
verse cirri far away from the posterior end. Parauro-
styla pulchra Buitkamp, 1977, also a soil species,

has many (>20) scattered macronuclear nodules and

five transverse cirri accompanied by two pretrans-

verse cirri. Paraurostyla buitkampi Foissner, 1982,

also a soil species, has four macronuclear nodules in
two groups, three dorsal kineties, and lacks caudal
cini. Paraurostyla polynucleata Alekperov, 1993, a
soil species from Russia, on average possesses nine
macronuclear nodules and nine transverse cirri form-
ing a distinct, oblique row. Paraurostyla terricola
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B uitkamp I97 1, which was combine d w ith P ar akahl -

iellaby Berger et al. (1985), very likely belongs to

Fragmocirrus, although the presence of transverse

cirri still has to be shown by ontogenetic data. How-
ever, the cirral pattern is very similar to that of F.

espeletiae and the two subterminal cirri of P. teruico-

la are very likely transverse cirri because they are

distinctly set up and composed of 3 x 3 cilia, whereas

ventral and marginal cirri consist of 4 x 3 cllia.
Thus, I transfer this species to the new gentts: Frag-
mocirrus terricola (Buitkamp, 1977)nov. comb. (ba-

sionym: Paraurostyla teruicola Buitkamp, 1977).

Fragmocirrus espeletiae and F. teruicola differ in
the number of macronuclear nodules (4 vs. 8), adoral

membranelles (37 vs. 28), dorsal kineties (4 vs. 5),

and left marginal cirral rows (1-2 vs. 3).

Parakahliella spp. lack transverse cirri and have a

different dorsal ontogenesis (see genus comparison

above). P arakahliella macrostoma (Foissner, 1 982)

Berger et al. (1985) has 1 I macronuclear nodules and

four left marginal rows. Parakahliella haideri Berg-
er and Foissner (1989) whose ventral cirral pattern is

very similar to that of F. espeletiae, has 47 adoral

membranelles, six macronuclear nodules, and five
dorsal kineties on average.

Parentocirrus hortualis (Voß, 1997) usually has

eight macronuclear nodules, four distinct transverse

cirri indistinctly separated from the ventral cirral
rows, and six dorsal kineties.

Ontogenesis of Fragmocirrus espeletiae (Fig. 54-
83)
Most of the characters used to define Fragmocircus
are unequivocally recognisable only during cell divi-
sion. Generally, ontogenesis of F. espeletiae is very
similar to that of Parakahliellamacrostoma, P. haid-
eri, Paraurostyla weissei, and Parentocircus hortua-
/ls, differing in details, such as production of trans-

verse cirri and multiple marginal cirral rows (see

genus characterisation).

Oral apparatus
The oral primordium for the posterior daughter
(opisthe) invariably develops postorally close to the

cirri of ventral row 4 (Figs. 54-56,71,72). However,

the ventral cirri appear unchanged and later generate

cirral primordia IV and V. Furthermore, about four
cirri at the anterior end of the row and one to three

cirri at the posterior end are not involved in any anla-

gen formation and thus resorbed in middle and late

dividers. The further development of the oral primor-
dium is as in other parakahliellid and oxytrichid hy-

potrichs. For instance, the paroral and endoral mem-

brane, which develop from a streak of scattered basal

bodies at the end of the cir:ral anlagen, are patterned

in late dividers; when the buccal cavity develops, the

paroral optically moves over the endoral intersecting

it in mid-buccal cavity (Figs. 61-64, 66,79,82).
The parental adoral zone of membranelles remains

unchanged, while the buccal area, the paroral and the

endoral, as well as the pharyngeal fibres are reorgan-

ised completely (Figs. 56-63, 7 4, 7 5, 79).

Ventral cirral pattern
Fragmocirrus espeletiae usually generates five cirral
anlagen each in proter and opisthe. One or two
additional anlagen of varying length may occur be-

tween anlagen III and V. Likewise, the number of cirri
produced in anlagen IV and V is highly variable (Tab.

3). These irregularities produce part ofthe variability
of the cirral pattern of F. espeletiae. Cirri not involved
in anlagen formation are resorbed in late dividers and

early postdividers. Very likely, no or few parental cir-
ri are transmitted to the next generation.

Proter anlage I is produced by the primordium for
the undulating membranes and generates the 1st fron-
tal cirrus. Proter anlage II, which is produced by the

buccal cirri, generates the 2"d frontal cirrus and new

buccal cirri. Proter anlage III, which is produced by

cirral row 3, generates the 3rd frontal cirrus and a

new ventral cirral row 3. The last cirrus of row 3 is

probably not involved in anlagen formation. Proter

anlagen IV and V, which produce new cirral rows 4

and 5, are generated in a special manner by cirral row
5. First, a single streak forms within cirral row 5

(Fig. 56). Then, the posterior third of the streak mi-
grates right and produces basal bodies eventually
forming a second streak. Finally, streaks IV and V
form a conspicuous, V-shaped anlage (Figs. 57, 59,

61, 63, 74, 18,79). When cytokinesis commences,

the posterior portion of streak V separates and mi-
grates posteriorly to form the inconspicuous trans-

verse cirri (Figs. 63, 64,18,79). Next, streaks IV and

V commence to migrate in opposite directions, the

right one anteriorly, the left posteriorly, producing

the specific cirral pattern of F. espeletiae (Figs.64,

66,70,80 - 82). The uppermost 3 - 6 (usually 4) citri
and the posterior 1 - 4 (usually 1) cini of row 5 are

not involved in anlagen formation and resorbed (Figs.

63, 64, 66, 70, 7 5, 79, 82).
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Opisthe anlagen I - III originate from the oral pri-
mordium and produce the same cirri as described for
the proter. Opisthe anlagen IV and V originate, simi-
larly to the oral primordium described above, from the

middle portion of cirral row 4. As in the proter, the

streaks form a conspicuous, V-shaped anlage and mi-
grate in opposite directions producing the species-spe-

cific cirral pattern during cytokinesis. Two to five cir-
ri each at the anterior and posterior end of row 4 are

not involved in any anlagen formation and are re-
sorbed (Figs. 56, 51,59,61,63,66,75,76,80 - 82).

Two primordia each are generated in the outer
right and the inner left marginal row (Figs. 57, 59).

In middle dividers, one or more short anlagen devel-
op near the posterior end of each marginal primordi-
um and proliferate dikinetids anteriorly (Figs. 61, 63,
'77, 18, 79). These anlagen become the inner right
and the outer left marginal rows (Figs. 80, 82). I
could not clarify whether the anlagen are a split part

of the regular marginal primordia or arise independ-
ently from parental marginal cirri. Furthermore, the

outer left marginal cirral primordia (rows) are fre-
quently lacking (Table 3). The different number and

length of the inner right and outer left marginal pri-
mordia produce most of the interphase variability of
the cirral pattern of F. espeletiae (Table 3').

e

o

o

o

0.1

4

I

4

Fisg. 54-56. Fragmocirrus espeletiae nov. spec., ventral view of dividers after protargol impregnation. 54, 55: Very early stages
showing oral primordium (OP) developing very near to cirral row 4. 56: Early stage. The oral primordium commences to
form adoral membranelles in the right anterior portion. In the proter, the paroral membrane (anlage I) and the cirri modify
to anlagen. In the opisthe, flve fronto-ventral-transverse cirral anlagen are already recognisable; streaks I - III are generat-
ed by the oral primordium, while streaks IV and V are generated from cirral rcw 4. AZM - adoral zone of membranelles,
ILM - inner left marginal row, OLM - outer left marginal row, OP - oral primordium, TC - transverse cirri, 4 - parental
ventral cirral row 4, I - V fronto-ventral-transverse cirral anlagen. Scale bars 50 pm.
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Figs.57-60. Fragmocirrusespeletiaenov.spec.,ventralviewsofearly-middledividersafterprotargolimpregnation.Figures58and60
are enlarged details from Figures 57 and 59. The oral primordium proceeds to form adoral membranelles from anterior to
posterior. The parental paroral and endoral are completely reorganised. A streak of disordered basal bodies, which will
become the opisthe's paroral and endoral, extends along the oral primordium. Most of the parental ventral cirri have
modified to cirral anlagen, the rest is resorbed when division proceeds. Thus, five fronto-ventral-transverse cirral anlagen
(I-V) are now recognisable each in proter and opisthe. Note that anlage I (first frontal cirrus) derives from the reorganising
(proter; Fig. 60, arrow), respectively, newly forming (opisthe; Fig. 58) paroral membrane. Streaks IV and V form a VJike
structure.Fouranlagen(arrowheads)developwithinthemarginalrows. AZM-adoralzoneofmembranelles,BC-buccal
cirrus, EM - endoral membrane, IRM - inner right marginal row, OP - oral primordium, PM - paroral membrane, TC -
transverse cirri,3,4,5 - parental ventral cirral rows, I - V - fronto-ventral-transverse cirral anlagen in proter and opisthe.
Scale bars 50 Um.

Dorsal infraciliature
A primordium each develops within the proter and

opisthe parental ciliary rows 1-3 (Figs. 67, 83). Row
4 originates dorsomarginally, that is, close to the first
right marginal cirrus not involved in the formation of
the marginal primordium (Figs. 63, 64,18). This row,

which is only about half as long as the cell, migrates

dorsolaterally in late dividers (Figs. 66, 68, 82). Cau-

dal cirri are produced only at the posterior end of
rows 1 and 2, usually two cirri in row 1 and one

cirms in row 2 (Figs. 65, 68, 69, 83).

Nuclear apparatus
The nuclear apparatus reproduces as is usual. In mid-
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Figs.61-63. Fragmocirrusespeletiae nov.spec.,ventralviewsofmiddledividersafterprotargolimpregnation.Figure62isanenlarged
detail from Figure 6 1. Dorsal side and nuclear apparatus of specimen shown ln Figure 63 are depicted in Figure 67. Parental
structures shown by contour, newly formed shaded black. The opisthe's adoral zone ofmembranelles is almost compiete,
and the basal body streak along the adoral zone splits longitudinally to form the paroral and endoral membrane in both
proter and opisthe. Cirri differentiate within the anlagen from anterior to posterior; transverse cirri are formed at posterior
end of anlage V (open arows). Small streaks of dikinetids develop near the posterior end of the marginal cirral primordia
(arrowheads). These streaks are of highly varying length and become the inner right marginal row(s) and the outer left
marginal rows(s). Arrows mark developing dorsal kinety 4. The macronuclear nodules fused to a globular mass (Fig. 61),
which divides three times to form the species-specific number of macronuclear nodules (Figs. 65, 6'7 , 68,10). EM - endoral
membrane, IRM - inner right marginal row, MA - macronucleus, MI - micronucleus, OLM - outer left marginal row, PM
- paroral membrane, TC - transverse crrri,4,5 - parental cirral rows, I V - fronto-ventral-transverse cirral anlagen in
proter and opisthe. Scale bars 50 pm.

dle dividers, the macronuclear nodules fuse to a glob-
ular mass (Figs. 61, 17,19), which divides three (oc-
casionally four) times, to produce the typical four

nodules of F. espeletiae inlate and very late dividers
(Figs. 6 I , 65, 61 , 70, 80, 82; Table 3). The micronu-
clei divide mitotically and do not fuse.
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Figs. 64-66. Fragmocirrus espeletiae nov. spec., ventral (Figs. 64, 66) and dorsal (65) views of late (Figs. 64, 65) and very late (Fig.
66) dividers. Dorsal side and nuclear apparatus of speclmen shown in Figure 66 are depicted in Figures 68, 69. Parental
strlrctures shown by contour, newly formed shaded black. The division furrow is now distinct and the oral apparatus is
complete in proter and opisthe. Cirri have formed within the anlagen and most of the parental cirri have been resorbed or
are in the process of resorption. Cir:ral anlagen IV and V migrate in opposite direction to produce the specific cirral pattern
of l-. espeletiae. Note lack of ollter left marginal rows in both dividers ard lack of inner right marginal row in the opisthe
shown in Figure 64. Arows mark dorsal kinety 4, which is migrating onto the dorsal side and thus not visible ln Figure 66
(see Fig. 68). Open arrows mark newly formed transverse cirri, which split from anlage V and move posteriorly. Caudal
cirri are generated at posterior end ol dorsal kineties 1 and 2. Macronuclei and micronuclei are dividing. CC caudal cirli,
MA macronuclear nodules, MI - micronucl ei, l, 2, 3 - dorsal kineties, IV , V - newly formed cirral rows 4 and 5. Scale
bars 50 pm.

Gonostomum affirue (Stein, 1859) Sterki, 1878
(Figs. 84, 85, Table 4)

Material
A voucher slide with many protargol-impregnated
(protocol A in Foissner 1991) specimens has been

deposited in the Oberösterreichische Landesmuseum
in Linz (LI), Austria.

Observations
This common and highly variable species, which is

possibly a sibling complex (Stoeck & Foissner, un-

publ.), has 6-15, on average 11, frontoventral cirri
(data from 18 soil populations investigated by Foiss-
rrer, 1982; Shin & Kim, 1995; Stoeck & Foissner,

unpubl.). The Venezuelan population is remarkable

in having 14-18, on average 16, frontoventral cirri, a

third of which form a distinct ventral row often ap-
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Figs. 67-70. Fragmocirrus espeletiae nov. spec., dorsal (Figs. 67-69) and ventral (Fig. 70) views of middle (Fig. 67; ventral side, see

Fig. 63) and late (68; ventral side, see Fig. 66) dividers and of a postdivider (Fig. 70; a proter because thefe are still some

parental cirri at the anterior end of anlage V, arrowhead) after protargol impregnation. Figure 69 is an enlarged detail from
Figure 68; arrows marks parental caudal cirri. Parental structures shown by contour, newly formed shaded black. 67-69
(see Fig. 65 for an intermediate stage): Dorsal ciliary rows 1-3 originate by intrakinetal proliferation of kinetids in the
parental kineties (not shown), while row 4 is generated dorsomarginally, that is, originates close to a parental right
marginal cirrus (Figs. 63, 64,78,82) and then migrates dorsally (Figs. 63, 64, 66,82). Caudal cirri are generated at
posterior end ofrows 1 and 2 only (Figs. 65, 67, 68). The fused macronuclear mass (Figs. 61, 77,79) divides three times to

obtaitr the species-specific 4 nodules (Figs. 65, 6'7,68,'70); the micronuclei, which do not fuse, divide once (Figs. 65, 68).

70: Postdividers are broadly ellipsoidal and already have the species-specific oral and cirral pattern. They continue to

resorb parental cirri not involved in anlagen formation (arrows). CC - newly formed caudal cirri, MA - macronuclear

nodules,MI-micronuclei,l-4-dorsalkineties,V-ventralcirralrowanlageV.Scalebars50pm.

13

proaching or even surpassing the buccal vertex (Fig.

84, Table 4). Such a long ventral row is typical for
G. strenuum, which, however, has 20-24, on aver-

age20, frontoventral cirri (Song, 1990). Obviously,
the Venezuelan population is in between G. affine
and G. strenuum, casting doubt on the validity of the

latter. Gene sequence data are necessary to explore

the status of the Venezuelan population.

DISCUSSION

Interpretation of organism community
Of the 18 ciliate species found, most (17) occurred in

sample 2 (Tab. 1). The low total number of species

matches the general pauperisation of fauna and flora
in high mountain regions (Franz, 1975) arl,d observa-

tions on soil ciliates above the timber line in the Aus-
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Figs. 77, 78. Fragmocirrus espeletiae nov. spec., ventral view of a middle divider after protargol impregnation (see also Fig. 79). Fig.
78 is an enlarged detail from Fig. 77. Symbols marked with an asterisk (+) denote newly formed structures. The opisthe's
adoral zone ofmembranelles is complete. Cirri form within the anlagen streaks from anterior to posterior; transverse cirri
separate at end of anlage 5 (open arrow). Small streaks develop near the posterior end of the marginal cirral primordia
(arrowheads). These streaks are of highly varying length and will become the inner right marginal row(s) and the outer left
marginal row(s). Arrow marks developing dorsal kinety 4. The macronuclear nodules fused to a globular mass. AZM -
adoral zone of membranelles, ILM - inner left marginal row, IRM - inner right marginal row, MA - fused macronucleus,
OLM - outer left marginal row, ORM - outer right marginal row, 5 parental cirral row 5, IIl, tV, V - fronto-ventral-
transverse cirral anlagen in proter and opisthe.
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trian Central Alps (Foissner, 1981) and the Himala-
yas (Foissner, 1986). Furthermore, except for the two
new species described below, all taxa are common

soil inhabitants world-wide (Foissner, 1998) and of

the Austrian Central Alps in particular (Foissner,

1981). However, it has to be emphasised that sam-

ples devoid of ciliates, as in the high Andes, are very
rare in Austria. I thus suppose that the culture meth-

Figs. 71-76. Fragmocirrus espeletiae nov. spec., ventral views of dividers after protargol impregnation. 7l - 73: Very early divider
showing oral primordium developing close to the posterior portion of ciral row 4. Figure 73 shows 5 of the 6 transverse
cirri at high magnification. Arrows mark supernumerary ventral and left marginal cirral rows.74'.Early stage similar to that
shown in Figures 75, 76 (see there for detailed explanation). 75,76: Upper and lower half of an eariy divider showing cirral
anlagen (I V) in proter and opisthe. Note that this specimen has 3 left marginal rows and cirral row 5 extends to mid-body.
In the proter, the anterior portion of the paroral membrane forms anlage I, while anlagen II and III are generated by the
anterior buccal cirrus and the cirri underneath frontal cirrus 3; anlagen IV and V are generated by cirral row 5 and grow to
a V-shaped structure (Figs. 74, 79). The anterior portion of the endoral membrane is also reorganised. In the opisthe,
anlagen I - III are generated by the oral primordium, which commences to form adoral membranelles in the right anterior
portion; anlagen IV and V are generated by cirral row 4. AZM - adoral zone of membranelles, EM endoral membrane,
FC3 - third frontal cirrus, ILM inner left marginal row, IRM - inner right marginal row, LM - left marginal rows, MA -
macronuclear nodules, OLM - outer left marginal row, OP - oral primordium, ORM - outer right marginal row, PM -
paroral membrane, RM right marginal row, TC - transverse cirri, 4,5 - parental ventral cirral rows, I - V - fronto-ventral-
transverse cirral anlagen in proter and opisthe.
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TABLE 4. Morphometric data on Gonostomum ffine.

11

Characterl x SESDM CV Min Max N

Body, length
Body, maximum width
Anterior somatic end to proximal end of

adoral zone, distance
Anlerior somatic end lo posteriormost

frontoventral cirrus, distance
Macronuclear nodules, length
Macronuclear nodules, width
Micronuclei, length
Micronuclei, width
Adoral membranelles, number
Macronuclear nodules. number
Micronuclei, number2
Dorsal kineties, number
Anterior frontal cirri, number
Frontoterminal cirri, number
Buccal cirri, number
Other frontoventral cirri. number
Frontoventral cirri. total number3
"Ventral row". number of cirria
Transverse cirri. number
Caudal cirri. number
Right marginal cirri, number
Left marginal cirri, number
Cilia composing paroral, number

81.0
30. l

33.9

34.5
15.9
6.2
2.9
2.0

25;7
2.0
2.0
3.0
3.0
3.9
1.1

7.8
t5.7
4.7
4.1
3.0

22.7
15.7
14.4

2.t
0.8

80
30

9.8
3.6

t2.t
t2.t

1.8

12.6
15.5
9.7

5.9
0.0
0.0
0.0
0.0

10.7
6.1

t2.4
9.5
0.0
'7.4

8.3
14.5

67
22

30

29
13

5

f

2

23
2
2

3

3

3

I
6

t4
4
3

3

20
13

10

100 21

35 27

39 2r

43 2t
23 2t
721
421
321

30 21.

2 21.

221
321
32t
42r
221
l0 27

18 21.

621
521
32r

27 21

19 2t
20 2t

33

35
15

6
.,

2

25
2
2
3

J

4
1

8

16

5

4
3

23
16

t4

0.;
1.0
0.6
0.4
0.0
1.7

1.3

2.1

o.2
0.2
0.1
0.1
0.0
0.4
0.3
0.5

2.7

4.3
2.5
0.6

1.;
0.0
0.0
0.0
0.0

0.6

1.0
0.5
0.1

0.3
0.0
0.0
0.t)
0.0

lData based on protargol-impregnated (protocol A in Foissner, 1991) specimens from a non-flooded Petri dish culture. Measurements in
pm. CV - coefficient of variation in Vo,M - median, Max - maximum, Min - minimum, n - number of individuals investigated, SD -
standard deviation, SE standard deviation ofmean, x - arithmetic mean.
2Of 30 specimens investigated, one had 3 micronuclei.
3Includes anterior fi'onta1 cirri, frontoterminal cirri, buccal cirri, and other frontoventral cirri.
alncluded also in "other frontoventral cirri".

od applied is less effective for Andean than Austrian
soils, possibly because the former are more perma-

nently humid and the ciliates' resting cysts thus less

drought resistant, as in rain forest soils (Foissner,

1997). This interpretation is supported by three ob-

servations: (i) the Ecuadorian samples, which are

from a wet region (1500 mm annual precipitation),
provided distinctly fewer ciliates than the Venezue-

lan samples (Table l), which are from a dryer area
(800 mm); (ii) all samples contain a variety of bacte-

ria, fungal hyphae, flagellates, and testate amoebae

(also frequent in moss samples; Grabandt, 1993),

which indicates, in my experience, the presence of
ciliates; (1i) Espeletia soils contain a rich and di-
verse community of microarthropods (Diaz & Najt,
1990) and earthworms. Thus, the samples investigat-

ed very likely contain more ciliates than shown in
Table 1. Obviously, more and fresh material must be

investigated to confirm or falsify this proposal.
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Figs. 79-83. Fragmocirrus espeletiae nov. spec., dividers after protargol impregnation. Symbols with an asterisk (x) denote newly
formed structures. 79: Proter of a middle divider (cp. Figs. 77, 78) showing fused macronuclear nodules (arrowheads) and
small kinetofragments (arrows), which will develop to outer left marginal rows (cp. Fig. 80). Transverse cirri separate from
posterior end of anlage V (open arrow). 80-82 (Fig. 81 is an enlarged detail from Fig. 80): Ventral views of late dividers
showing anlagen IV and V migrating in opposite directions, producing the species-specific cirral pattern. The fused
macronuclear mass (Fig. 79) divided twice. Note shaping of paroral and endoral membrane (Fig. 81) and lack of outer left
marginal rows in specimen shown in Figure 82. 83: Dorsal view of a late divider showing production of caudal cirri
(arrows) at end of dorsal anlagen I and 2; anlage 3 (black arrowhead) is barren. White arrowhead marks some parental
kinetids. AZM adoral zone of membranelles, DK4 dorsal kinety 4, EM - endoral membrane, ILM inner left marginal
row, IRM - inner right marginal rows, MA - macronuclear nodules, MI - micronucleus, OLM - outer left marginal rows,
ORM outerright marginal row, PM-paroral membrane, TC-transversecirri,5 -parental cirralrow 5, I-V fronto-
ventral-transverse cirral anlagen.
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Figs. 84, 85. Gonostomum affine, infraclliature of ventral and dor-
sal side of a representative specimen from Venezue-
lan population. Amow marks ventral row approach-
ing level of buccal vertex. Note that the first frontal
cirrus is not enlarged. Scale bar 40 Um.
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