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Description of Leptophurynx bromeliophilus nov. spec. and, Leptophurynx
uustruliensis nov. spec. (Ciliophora, Nassulida)

Atef OMARl,2 and Wilhelm FOISSNER1

I Universität Salzburg, FB Organismische Biologie, Salzburg, Austria; 'zAl-Azhar University, Department of Zoology, Assiut, Egypt

Summary. Using standard morphological methods, we describe two new Leptopharyrex species, each discovered in a specific biogeographic
region and habitat. Leptopharyra bromeliophilus nov. spec., a minute species (25 \ 20 pm) discovered in tanks of bromeliads from Ja-

maica, is small-mouthed andhas a slightly concavepreoral region, an average of27 basalbodies inkinety 4,andatotalof742 basal bodies
on average. Leptopharynx australiensis nov. spec., a comparatively large species (40 x 25 pm) discovered in jungle soil ofAustralia, is

large-mouthed and has a distinctly oblique preoral region, widely spaced kinetids in kinety l, a total of 184 basal bodies on average, and

the oral primordium is inside ofa cortical fold thus appearing right ofthe posterior end ofkinety 1. Four new features are recognized for
distinguishing leptopharynx species: (l) to have a monomorphic (producing either small- or large-mouthed cells) or polymorphic (produc-
ing microstomes and macrostomes) life cycle; (2) the spacing of the kinetids in kinety I as either ordinary or wide; (3) the shape (flat or
concave) and angle (< 15' slightly oblique, > 40' distinctly oblique) ofthe preoral region; and (4) the total number ofbasal bodies, which
has proven statistically.

Key words: Australia, o-taxonomy, bromeliad tanks, Jamaica, Leptopharynx costatus, soil ciliates.

INTRODT]CTION

Species of the genus Leptopharynx Mermod, l9l4
are commonly found in limnetic and terrestrial habitats.

Most data available are from the cosmopolitan Lepto-
pharynx costatus (Foissner et al. 2002). The identifica-
tion and separation of Leptopharynx species is difficult,
mainly due to the sparse data on the crliary pattern as

revealed by silver impregnation. To date, only L. costa-
ttts, L. macrostoma, and L. bromelicola have been in-
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Salzburg, Austria; E-mail: wilhelm.foissner@sbg.ac.at

vestigated with modern methods (Foissner 1979, 1989;

Foissner et al. 1994, 20111, Njinö 1979). Based on the

data ayallable, Foissner et al. (201 1) recognized nine re-
liable species and proposed the following main features

for distinguishing Leptopharynx species: distinct ridges
present ys. absent along the right side ciliary rows; spe-

cial features, like spines or wings on the body, and of the

oral basket; dikinetids present v,s. absent from somatic
kinety 3; number of kinetids in kinety 6 as two for the Z.

costatus pattern or > five for the Z. bromelicola pattern;
beginning and structure of kinety 9 as either underneath
or far underneath the adoral membranelles and with or
without dikinetids; postoral complex present ys. absent;

and preoral kinety 4 continuous rus. discontinuous.
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The value of the species features proposed by lloiss-
ncr et al. (20 11) is supported by the present study, in
which we describe two new species from different
habitats and geographic regions: Leptopharynx brome-
liophilus from tanks of bromeliads in Jamaica and L.
austrcrliensis from jungle soil of Australia. Both have
a rcmarkable shape of the preoral regior, which is
concave and moderately oblique in L. bromeliophilus,
while fl at and strongly oblique in L. australiensis. Fur-
ther, L. bromeliophilus possibly produces only small-
mouthed cells, whlle L. australiensis possibly produces
only large-mouthed cells.

MATE, RIALS AND ME,TIIODS

For details on the samples and locations, see the individual spe-

cies descriptions. Leptopharynx bromeliophilus occurred in con-
siderable numbcr in a tank bromeliad ( Vriesea sp.) from Jamaica,

while L. au,stralien,;is was reactivated from the resting cysts of an

air-dried soil sample from Australia, using the non-flooded Petri

dish rnethod (NF PM). Briefly, the NFPM involves placing 50 500

g litter and soil in a Petri dish (13 18 cm wide,2 3 cm high) and

saturating, but not flooding it, with distilled water. Such a culture is

analyscd fbr ciliates by inspccting about 2 ml of the run-offon days

2, J, 14, 2l , and 2tt; fbr a detailed description of the NFPM, see

Foissner et ctl. (2002).
Both species were observed in vivo and in protargol preparations

(Foissner I 99l); Leptopharynx bromeliophilu,s was investigated also

with the Klein-F-oissner silver nitrate n-rethod. Counts and measure-

ments on silvcred specimens were conducted at a magnification of
x 1,000. The "total number of basal bodics" excludes those of the

adoral membranelles, which are dif{rcult to count. In vivo measure-

ments were pcrfbrmed at rnagnifications of x 40 1,000. Drawings of
live specimens were based on free-hand sketches and micrographs,
while thosc of impregnated cells werc made with a drawing device.

Tenninology is according to Corliss (I919) and Lynn (2008).

RtrST]LTS

Leptopharynx bromeliophilus nov. spec. (Figs 1-13,
16-26; Table 1)

Diagnosis: Sizc about 25 x 20 pm in vivo; Lepto-
phnrytnx costutzs-shaped but preoral region usually
slightly concave. Somatic ciliature of costatus type,
i.e., with postoral complex and 9 ciliary rows2 of which
kineties 7 ,2 and 3 have dikinetids anteriorly and kinety
6 consists of two to three kinctids in mid-body. Kinety 4
with an average of 27 monokinetids; and a total of 112
basal bodies on average. Adoral membranelle 1 lack-
irg, membranelles 2 and 3 composed of two and three

rows of basal bodies, respectively. Possibly produces
only small-mouthed cells with the oral basket about 4
pm wide.

Type locality: Tanks of Vriesea sp., a bromeliad on
garden trees of a small farm near the village of Eccles-
down, Jamaica, Nl8'03' W7 6"20' .

Type material: One holotype slide with protargol-
impregnated specimens and 14 paratype slides with
protargol-impregnated and Klein-Foissner silver ni-
trate-impregnated specimens have been deposited in the
Biology Centre of the Museum of lJpper Austria, Linz
(LI). The holotype arnd importarrt paratype specimens
have been marked by black ink circles on the coverslip.

Etymology: Composite of Bromeliaceae (the plants
in whose leaf-tanks it occurs) and the Greek adjective
phil (to like), referring to its fypical habitat.

f)escription: Size in vivo 15-30 x 1515 Fffi, on
average about 25 x 20 Fffi, as calculated from some
measurements of live specimens and values shown in
Table 1. Body shape broadly ellipsoidal with a length:
width ratio of 1.1-1 .4:l and a median of 1.3:1. Dor-
sal side broadly convex; ventral side bulbous in mid-
body, i.e., in oral area, preorally moderately receding
(S 35') and more or less concave, postorally usually
slightly receding, rarely straight, strongly receding or
slightly convex, forming a sigmoidal ventral outline to-
gether with the preoral concavity usually lost in silver
preparations. Laterally flattened up to 2.5:1, right side
convex, left with three inconspicuous ridges, dorsal
margin leaf-like flattened (Table 1 and Figs I,4,5,10-
1.3, 16-19). Nuclear apparatus usually in middle third
of cell underneath oral basket. Macronucleus occupies
about 25% of body length, globular to very broadly
ellipsoidal, with some pale nucleoli; micronucleus
usually attached to ventral half of macronucleus,
globular (Table 1 and Figs 1, 8, 18 ,2012). Contractile
vacuole near posterior third of ceIl, in silver nitrate
preparations with short tube extending to excretory
pore on ventral side underneath oral primordium (Fig.
23). Cytopyge in silver nitrate preparatrons represented
by a thick, short silverline right or underneath of the
excretory pore, i.e., underneath blister formed by con-
tractlle vacuole; rather close to posterior segment of so-
matic kinety 2 artd right of posterior segment of kinety
9 (Table 1 and F'igs 1, L9, 24). Extrusomes as usual, left
of kineties, bluntly fusiform and compact, aboü 2.5-3
x Q.4 Wm in size when resting, while about 10 pm long
and with four rod-shaped affins when exploded (Figs
,1, 2, 3, 17, 23). Cortex as rn Leptopharynx costatus,
i.e., rigid and glossy. Silverline pattern as described by
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Figs l-15. Leptopharynx bromeliophilus (1-13) and L. costatus (14, 15) from life (1-5, 10 13), after protargol impregnation (6 9), and

aftersilvernitrateimpregnation(14, 15). 1 rightsideviewofarepresentativespecimen, length25 pm;2,3 aresting(-3 x 0.4pm)andan
exploded extrusome; 4 dorsal view showing flattening ofright side; 5 - ridge pattern of left side; 6 ventral view of a paratype specimen.

Oral basket not impregnated. Arrows mark adoral membranelles, arrowhead denotes a row of basal bodies left of mernbranelle 2; 7, 8 - right
and left side view of holotype specimen, length2l pm. Arows mark oral primordium. The hatched line connects monokinetids of kinety 5

(but see text); 9 ventrolateral view showing oral apparatus; 10-13 shape variability; 14,15 - Leptopharynx costatus described by Pre11e

(1961). Arrow marks dikinetids in posterior region of kinety 2. E - extrusome, K1-9 - somatic kineties, M2,3 - adoral membranelles, MA
macronucleus, MI - micronucleus, NK - nasse kinetosomes, OB oral basket, OP - oral primordium, PC - postoral complex, POl 4

preoral kineties, R cortical ridges. Scale bars: 10 pm (1, 6 9), 5 pm (14,15).

K4
!

i

I 1'lo;ürr '| \I 
tta. 

i

.."t -.::1....---
" K? -re 

-

.[- 
*".:-.'

at 
^ attt. 

taa

*t' o'It'trril
. J'!
.?;oP ; i

'ipc
tt

; I 
i-nn/

ür ))

NK

{rt.'
taa

a ,4.aa

|la

t

.?

--,>
t

lr tr
a
a

t
T

+
t

a r.\i'
t"\

L\
*i



92 A. Omar and W. Foissner

K3
.:...li.j. ;

,,,,,:,,#:

P

22

al

ti
1

rC

ol

ul

ci

al

ti,

Str

Str

S(

ri
olb'

o

o

k
a1

o

6

u
(.)

\
1e

o

ir

\Ä

p

n

8

u

ft

c

V

a

K9
CY

24

Figs lG-26. Leptopharyra bromeliophilus from life (16-19), after protargol impregnation (20 22), and after Klein-Foissner silver nitrate
impregnation (2326). 16, 17 right and left side view showing the costatus-shaped body and the preoral concavity; 18 right side view
focused to the bases of the adoral membranelles. Note the slightly concave preoral region; 19 - right side view of a specimen packed with
lipid droplets and food vacuoles; 20 right side view ofholotype specimen; 21,22 -vertrolateral and ventral view ofparatype specimens
showing the ciliary pattem. Arrows mark adoral membranelles 2 and3, while arrowheads denote basal bodies left of membranelle 2 which
consists of only two rows of basal bodies; 23,24 right side views showing ciliary pattern and extrusomes left of kineties. Arrows mark
silverline meshes; arrowhead denotes the oral primordium; 25, 26 - left side views showing kinety 6 composed of fwo kinetids. Note the
dense cortical granulation and the trapezoid area (asterisks) between kineties 7 andS; the hatched line connects kinetids ofkinety 8. B
oral basket, C- cilia, CV- contractile vacuole, CY-cytopyge, E exkusomes, EP excretorypore, K1-9 - somatic kineties, LD -lipid
droplets, M * adoral membranelles, MA - macronucleus, MI micronucleus, OP oral primordium, P - preoral concavity, PC - postoral
complex, POl 4 preoral kineties, T excretory tube. Scale bars: 10 pm.
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Foissner et al. (201 1) tn L. bromelicola, that is, cortex
studded with minute, argyrophilic granules, except left
of preoral kineties and dikinetids of postoral complex,
where small meshes occur (Figs 24-26). Cytoplasm
rather hyaline, contains 3-4 pm-sized food vacuoles,
in well-fed specimens studded with lipid droplets 1-3
pm across. Possibly feeds on bacteria. Lipid droplets
and other inclusions often impregnate with protargol,
making photographic documentation of ciliary pattern
difficult (Figs l, T6, 19,20,21). Glides rather rapidly
and continuously on microscope slides; never swims.

Somatic cilia only about 5 pm long in vivo. Invari-
ably nine somatic and four preoral ciliary rows (kine-
ties) with atotal of 142basal bodies on ayerage (Tables
1-3 andFigs 1,6-8,20-26). Kineties 2-5 and 7 bipolar,
rows l, 6,8 and 9 shortened anteriorLy andlor posteri-
orly. Kinety 1 extends at right margin of oral field, ends

underneath mid-bodr composed of narrowly spaced,

ciliated dikinetids more or less obliquely arratged in
anterior region; a monokinettd at posterior end. Kine-
ties 2 and 3 on right body side, consist of narrowly
spaced, ciliated dikinetids in anterior third, of widely
spaced, barren monokinetids in middle third, and of
some naffowly spaced, ciliated monokinetids in poste-
rior region; kinety 3 invariably commences with a sin-
gle monokinetid. Kineties 4 and 5 limit dorsal margin
of right and left side, respectively; kinety 4 composed
of narrowly spaced, ciliated monokinetids throughout;
kinety 5 composed of widely and evenly spaced, cili-
ated monokinetids, origin uncertain because the anteri-
ormost kinetid could belong to kinety 8 (Fig. B). Kinety
6 on left body side, shortened anteriorly and posteriorly,
usually consisting of two ,rarely of three widely spaced,

ciliated monokinetids in mid-body. Kinety 7 consists of
widely spaced, cthated monokinetids, forming more or
less distinct pairs in anterior half; first parc sometimes
out of line , i.e., dislocated to the right. Kinety 8 begins
in second body third (but see above), consists of three
widely spaced, ciliated monokinetids. Kineties 7 and 8

produc e a more or less trapezoid area because usually
more narrowly spaced anteriorly than posteriorly (Figs
8,25,26). Kinety 9 on ventral side of body, commences
underneath adoral membranelles with three likely bar-
ren dikinetids, intemrpted as described below (postoral
complex), and then extending to posterior body margin
with an averuge of five ciliated monokinetids (Table I
and Figs 6-8 ,20-26).

Four oblique preoral kineties on ventral side, com-
posed of ciliated dikinetids and some ciliated monoki-
netids at left end. Postoral complex as tn L. costatus,
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i.e., composed of the monokinetidal posterior portion
of preoral kinety 4 and the dikinetidal anterior portion
of somattc kinety 9; flrst dikinetid sometimes slightly
dislocated to the left (Table 1 and Figs L, 6,7, 16,20-
22,24).

Oral apparufus in mid-body within a fusifoffn more
or less projecting area containing two distinct, narcow-
ly spaced adoral membranelles obliquely arranged to
main body axis at left anterior corner of oral basket;
cilia about I Vm long in vivo (Table 1 and Figs 1,6,7,
9, 16, 18, 20-22,24). Adoral membranelle 1 lacking;
membranelle 2 composed of two rows of basal bod-
ies; membranelle 3 of three rows (Figs 9, 2l); left of
membranelle 2 a short row of basal bodies belonging
to the postoral complex, as in L. costatus (Foissner et
al. 20lL) and L. australiensis (see below). Oral basket
inconspicuous in vivo and protargol preparations, in
frontal view elliptical and about 4Wm in size, extends

to dorsal side of cell narrowing gradually; does not
curve posteriorly; nasse kinetosomes recognrzable only
in a single, darkly impregnated specimen (Fig. 9). Oral
primordium similar to that of L. costatus, i.e., under-
neath oral basket and consisting of some minute, barren
granules (basal bodies?) impregnating only with silver
nitrate (Fig. 24, alrowhead); and of two short rows of
barren dikinetids impregnating with protargol and silver
nitrate left of posterior end of somatic kinety L; inner,
left row frequently lacking, when present composed of
only a single dikinetid or a dikinetid and a monokinetid
(Table 1 and Figs L, 6, J , 9,20-22,24).

Occurrence and ecology: Leptopharynx brome-
liophilus is very likely widely distributed in the Carib-
bean area because we found it not only in Jamaica but
also tn Tillandsia heterophylla from Mexico. Usually, it
is sparse in the environmental samples, but it was fairly
numerous at the type locality. The Mexican population
became moderately abundarfi in a raw culfure set up
with wheat grains.

Leptophurynx uustraliensis nov. spec. (Figs 27-45,
47, 49,51-55; Table 1)

Diagnosis: Size about 40 x 25 pm; body semidi-
scoidal with distinctly oblique preoral region conflu-
ent with distal end of oral basket. Somatic ciliature of
costatus type, i.e., with postoral complex and 9 cthary
rows, of which kineties l, 2 and 3 have dikinetids an-
teriorly. Kinety 1 consisting of widely spaced, ciliated
dikinetids; kinety 6 composed of two kinetids; and a to-
tal of 184 basal bodies on average. Adoral membranelle
1 consisting of four basal bodies, membranelle s 2 and 3
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Tablc 1. Morphometric data from Leptopharynx bromeliophilus (upper line) and Leptopharynx australiensis (lower line). Data from l.
bromeliophilus based, if not rnentioned otherwise, on protargol-impregnated, randomly selccted specimens fiom environmental spccimcns.

Data from L. australienszs based on protargol-impregnated, randomly selected specimens from a non-flooded Petri dish culture. Measure-
ments in pm. CV cocfficient of variation in'Ä, M-- rnedian, Max maximum, Min min'imum, n number of specimens investigated,

SD standard deviation, SE standard error of mean, i arithrnetic mean.

Characteristics SD SE CV Min MaxM

Body., longth in protzrrgol prcparations

Body, width in protargol preparations

Body, lcngth in dry silvcr nitrate preparations

Body, width in dry silver nitrate preparations

Body length. width, ratio in protargol preparations

Body length: width, ratio in dry silver nitrate preparations

Antcrior body end to {rrst adoral membranelle, distance'

Body length: anterior body cnd to first adoral membranelle, ratioo

Anterior body end to macronucleus, distance

Anterior body ond to excretory pore of contractile vacuole in protargol

preparations, d istance

Anterior body end to excrotory pore of contractile vacuole in dry silvor
nitrate preparations, distance

Macronucleus, length

Maoronucleus, width

M icronucleus, diarneter

Oral basket, width

Sornatic kineties, number

Sor-r'ratic kinety 1 , number oI dikinetids

Sornatic kinety l, numbor of monokinetids

Somatic kinety 2, numbor of dikinetids

Somatic kinety 2, number cll:monokinetids

Sornatic kinety 3, number of dikinetids

19.4

33.6

15.1

23.3

24.8

20.0

1.3

1.4

1.2

6.s

6.7

3.0

5.1

7.6

tt.2

17.9

15.8

5.2

6.9

4.8

6.4

1.4

1.9

2.8

10.1

9.0

9.0

6.s

7.0

1.0

1.0

4.0

4.9

5.4

10.8

3.0

4.6

20.0

34.0

15.0

23.0

25.0

20.0

1.3

1.4

1.3

1.0

6.0

3.0

5.2

8.0

11.0

11 .0

15.0

5.0

1.0

5.0

6.0

1.5

2.0

3.0

10.0

9.0

9.0

7.0

7.0

1.0

1.0

4.0

5.0

5.0

10.0

3.0

4.0

10.9

10.6

9.6

12.4

9.0

1.4

4.1

6.5

4.8

15.8

20.1

12.0

r 4.8

14.2

n.6

10.9

11.2

r0.3

IJ.4

t3.r

c).3

9.3

0.0

0.0

0.0

15.0

13.7

t9.s

22.5

1.4

1.7

1.3

9.0

10.0

4.0

6.7

10.0

I s.0

21.0

20.0

6.0

8.0

6.0

7.0

2.0

2.0

3.0

t2.0

9.0

9.0

7.0

7.0

1.0

1.0

5.0

7.0

7.0

16.0

4.0

6.0

2.1

3.6

1.5

2.9

2.2

1.5

0.1

0.1

0.1

1.0

1.3

0.4

0.8

1.1

2.0

t.9

1.8

0.9

0.0

0.0

0.6

0.0

0.0

0.0

0.1

0.7

2.1

1.0

0.5

0.8

0.3

0.6

0.5

0.3

0.1

0.0

0.1

0.2

0.3

0.1

0.2

0.2

0.4

0.4

0.4

0.2

0.1

0.1

0.1

0.2

0.0

0.0

0.1

0.0

0.0

0.0

0.2

0.2

0.5

0.2

1.2

1.3

l.l

4.0

5.0

2.4

3.4

6.0

8.0

15.0

r3.0

4.0

6.0

4.0

5.0

t.0

1.5

2.0

8.0

9.0

9.0

5.0

1.0

t.0

t.0

4.0

4.0

4.0

tt.0

3.0

3.0

2l

2l

g
Sc

Sc

Sc

Sc

Sc

Sc

Sc

Pr

Pr

Pr

Pr

Pr

Pr

Pr

CO

Or

ah

Ar

A,

A,

A,

A,

Lr

Rr

aJ

bI

cl

d'l

I s.0 22.0

2B.0 42.0

13.0 18.0

18.0 29.0

21 .0 30.0

1l .0 23.0

21

2l

2l

2l

2l

21

21

21

21

2l

21

21

21

2t

2l

21

21

21

0.5

0.6

0.6

0.6

B.B

0.0

0.0

21

2t

21

2l

21

21

21

21

21

21

21

2l

21

21

2l

2t

2t
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Characteristics SD SE, CV Min Max

Somatic kinety 3, number ol'monokinetids

Somatic kinety 4, number ol'monokinetids (does not have dikinetids)

Sornatic kinety 5, number olmonokinetids (does not have dikinetids)

Sornatic kinety 6, number o1'rnonokinetids (does not have dikinetids)

Sornatic kinety 7, number ol'rnonokinetids (docs not have dikinetids)

Somatic kincty B, number of monokinetids (does not have dikinetids)

Sornatic kinety 9, number oIrnonokinetids in posterior segment

Preoral ciliary rows:, number

Preoral kinety l, number of dikinetids (does not have monokinetids)

Preoral kinety 2, number of dikinetids

Preoral kinety 2, number of'monokinetids

Preoral kinety 3, number of dikinetids

Preoral kinety 3, number of monokinetids

Preoral kinety 4, number of dikinetids (for monokinotids, see postoral

cornplex)

Oral prirnordium, number of dikinetidsb, i.e., without minute granules

ahcad

Acloral membranelle l, number o{'basal bodies

Acloral membranelle 2, number ol'basal body rows

Adoral membranelle 2, number of basal bodies

Adoral membranelle 3, number of basal body rows

Adoral merrbranelle 3, number of basal bodies

Lelt row ol posloral complex, number of monokinetids'

Right row ol'postoral complex, number of dikinetidsd

8.0 8.0

r9.0 19.0

21 .0 21 .0

3s.B 35.C

7.9 8.0

16.5 16.0

2.3 2.0

2.2 2.0

8.4 8"0

9.2 9.0

3.0 3.0

3.0 3.0

5.0 5.0

6.2 6.0

4.0 4.0

4.0 4.0

2.0 2.0

2.0 2.0

3.0 3.0

3.0 3.0

1.0

1.0

1.0

1.0

4.0 4.0

4.0 4.0

0.7

2.4

2.1

3.8

0.9

2.5

0.5

0.6

0.8

0.0

0.0

0.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.7

0.0

0.0

0.6

1.4

0.0

0.0

1.5

1.4

0.0

0.1

0.5

0.s

0.8

0.2

0.5

0.1

0.1

0.2

0.0

0.0

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.2

0.0

0.0

0.1

0.3

0.0

0.0

0.3

0.3

0.0

8.3

12.6

7.8

10.6

11.2

15.3

24.1

7.1

8.3

0.0

0.0

9.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

18.5

0.0

0.0

7.3

10.8

0,0

0.0

tt.4

10.8

0.0

7.0

15.0

23.0

31.0

7.0

12.0

2.0

2.0

7.0

8.0

3.0

3.0

5.0

5.0

4.0

4.0

2.0

2.0

3.0

3.0

1.0

1.0

4.0

4.0

1.0

1.0

4.0

4.0

3.0

3.0

2.0

2.0

3.0

8.0

t2.0

3.0

3.0

12.0

12.0

6.0

6.0

3.0

2.0

9.0

25.0

30.0

43.0

10.0

22.0

3.0

4.0

9.0

11.0

3.0

3.0

6.0

8.0

4.0

4.0

2.0

2.0

3.0

3.0

1.0

1.0

4.0

4.0

1.0

1.0

4.0

4.0

4.0

4.0

4.0

2.0

3.0

10.0

15.0

3.0

3.0

15.0

15.0

7.0

7.0

3.0

3.0

21

21

21

2l

21

2t

21

21

21

21

21

2l

21

21

21

21

21

21

21

21

21

21

21

21

21

2t

2l

21

21

21

21

21

21

21

21

21

2t

2l

21

2l

21

21

21

1.0

1.0

1.0

1.0

4.0 4.0

4.0 4.0

3.0 3.0

3.7 4.0

3.6 4.0

2.0 2.0

3.0 3.0

8.2 ,3.0

12.9 12.0

3.0 3.0

3.0 3.0

13.4 t2.O

12.9 12.0

6.6 1.0

61 6.0

3.0 3.0

2.9 3.0

" Membranelle 1 is tlre first membranelle in Leptopharynx australiensß, while membranelle 2 is the first in L. bromeliophilus.
b Without basal bodies of inner leftrow in Leptopharynx bromeliophilus-

" Wthout basal bodies left of adoral membranelle 2.
dThis is the anterior segment of somatic kinety 9.
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each composed of three rows of basal bodies. Possibly
produces only large-mouthed cells with the oral basket
about L2 pmwide.

TYpe locality: Soil with litter and fine roots from
a jungle in the Botanical Gardens of Cairns, Australia,
s 16"5 4', 8145"45', .

Type material: One holotype and six paratype

slides with protargol-impregnated specimens have
been deposited in the Biology Centre of the Museum
of upper Austria, Ltnz (LI). The holotype and impor-
tantparatype specimens have been marked by black ink
circles on the coverslip.

Etymology: Named after the country discovered.
Description: Size 30-50 x 20-30 pffi, on averuge

about 40 x 25 pffi, as calculated from some measure-
ments of live specimens and values shown in Table 1.

Body semidiscoidal with an average length: width ratio
of 1 .4:l and a conspicuous preoral truncation extend-
ing to body midline in an average angle of 40o (Figs
27, 28, 34-37, 40-15, 47, 49, 51-55). Dorsal margin
distinctly convex, ventral side flat to slightly concave
or convex, in micrographs usually rather distinctly con-
cave (Figs 5L,54) when focused to the raised right side

ciliary rows and the deeper lying ventral margin thus
becomes invisible (Fig. 33). Laterally flattened up to
2:L with both sides distinctly convex (Fig. 31). Nuclear
apparatus usually in or near to body centre, rarely in
anterior or posterior half of cell (Figs 36, 52) and right
or left of body's midline, anterior third frequently cov-
ered by the oral basket. Macronucleus occupies about
2l% of body length, globular to broadly ellipsoidal,
with pale nucleoli about 2 pm across. Micronucleus
attached to macronucleus at various positions, globu-
Iar (Table 1 and Figs 27,35,36,52,55). Contractile
vacuole in or near mid-body, right of anterior half of
oral primordium, with distinct tube recognrzable in
protargol preparations; contains flbre bundles forming
star-like pattern around tube base (Figs 34, 37). Cy-
topyge posterior and slightly left of contractile vacu-
ole, usually forming a blister rarely containing food
remnants (Table 1 and Figs 27,33,34,37, 40, 47, 49,
54). Extrusomes as in congeners , i.e., left of kineties,
bluntly fusiform and compact, about 6 pm long when
resting, while about 15 pm and with four rod-shaped
arms when exploded (Figs 27,29,30, 47). Cortex as

rn Leptopharynx costatus, i.e., rigid and glossy. Right
side in most specimens slightly raised between posteri-
or quarter of kineties 2 and 3, producing an inconspicu-
ous? stout process and a minute indentation at poste-
rior cell margtn (Fig s 27 , 37 , 39, 40, 52, 53). Left side

with a rather distinct furrow, recognrzable in vivo and
in some protargol-impregnated specimens, containing
kinety 6 (Fig. 28). Details of ventral side difficult to
observe, possibly organi zed as follows (Figs 27 , 33 ,
40): (i) conspicuous ridges or furrows along and be-
tween preoral kineties; (ii) a sharp line produced by
the edge of the right side, extending left of kinety 1

and between posterior portion of kineti es 2 and 9; (iii)
a rather deep postoral furrow containing the oral pri-
mordiuffi, commences left of oral basket and extends
to near posterior third of cell; and (ir) a flat ridge left
of posterior portion of kinety 9. Cytoplasm colourless,
with few to many deeply impregnating lipid droplets
1-3 pm across, depending on nutrition state. Feeds on
small flagellates and ciliates, possibly also on bacteria
(Figs 27 , 47 , 49, 5 1). Glides continuously.

Somatic cilia about 10 pm long in vivo. Invariably
nine somatic and four preoral ciliary rows with a total
of 184 basal bodies on ayerage (Tables 1-3 and Figs 27 ,
28,34-37,39, 40,51-55). Kineties 2-5 and 7 bipolar,
rows L, 6,8 and 9 shortened anteriorly andl or poste-
riorly. Kinety 1 extends at right margin of ventral side

and ends underneath mid-body, composed of conspicu-
ously widely spaced dikinetids and one monokinetid at
posterior end; usually fully ciliated, but anterior cilium
of a few dikinetids shortened or lacking in some speci-
mens (Fig. 39). Kineties 2 and 3 on right body side,

consist of narrowly spaced, ciliated dikinetids in ante-
rior third, of widely spaced, ciliated monokinetids in
middle third , and of narrowly spaced , clliated monoki-
netids in posterior region; kinety 3 usually commencing
with a single monokinetid. Kineties 4 and 5 limit dorsal
margin of right and left body side, respectively; kinety
4 composed of narrowly spaced, ciliated monokinetids
throughout; kinety 5 composed of widely spaced, cili-
ated monokinetids forming more or less distinct pairs
in anterior half. Kinety 6 on left body side, usually con-
sisting of two, rareLy of three or four widely spaced,

ciliated monokinetids in middle third of body, forming
pairs only when basal bodies number more than two.
Kinety 7 composed of widely spaced, ciliated mono-
kinetids, forming more or less distinct pairs in anterior
half; first and second paff obliquely arrarrged, second
pair sometimes dislocated to the left and then easily con-
fused with kinety 6. Kinety 8 begins in second quarter
of body, consists of three widely spaced, clliated mono-
kinetids. Kinety 9 on ventral side of body, commences
underneath adoral membranelles with three likely bar
ren dikinetids, intemrpted in mid-body (see postoral
complex), and then extendirg to posterior body margin
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Figs 27-35. Leptopharynx australiensis from life (27 32) and after protargol impregnation (33 j5).27,28 right and left side view of
representative specimens. Note the raised area between posterior quarter ofkineties 2 and 3 (arrow), the edge ofthe right side left ofkinety
1 (arrowhead), a furow in the ventral side (hatched line), the ciliation ofthe left side (28), the furow extending on left side and containing
kinety 6 (28), the distinctly oblique preoral region, and the large oral basket; 29,30 - a resting (-6 pm long) and an exploded extrusome;
31 dorsal view showing the convex right and left side; 32 side view ofthe oral basket. Note the 8-shaped opening, the angled distal
end of the basket rods, and the nasse kinetosomes in the rod angles; 33 transverse section in mid-body, showing the ridge and furrow
pattem of the ventral and left side (scheme composed from several specimens). The arrow marks the furrow in the ventral side containing
the oral primordium, while the furrow on left side contains kinety 6. The excretory tube opens ventrally; 34, 35 right and left side view of
aparatpe specimen, length 3l pm. Note the widely spaced dikinetids in kinety I (arrowhead). The kinetids of kineties 5 and.7 form pairs
anteriorly. Kinety 6 consists of only two ciliated kinetids (cp. Fig. 28). CV - contractile vacuole, E extrusome, F furrow, K1 9 somatic
kineties, Ml 3 adoral membranelles, MI micronucleus, NK nasse kinetosomes, OB oral basket, OP oral primordium, PC postoral
complex,PO1 4-preoralkineties,T excretorytube.Scalebars: 15 pm(27,28),5pm(32), 10 pm(34,35).
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M1*
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M3
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Figs36-46. Leptopharynxaustraliensis(36-45) andL.eurystoma(46)fromlife(a6)andafterprotargolimpregnation(36-45)'36-39-
left and right side view, adoral membranelles and ciliation of ventral side of holotype specimen, lenglh 32 trrm (additional labels, see Figs

34,35).Tf,e asterisk marks a minute row of basal bodies left of membranelle 2. Arrowheads mark anterior part of oral primordium; arrows

denote granules right of membranelles 2 and 3. some dikinetids of kinety I lost the anterior cilium, and only the posteriormost kinetid of

the oral primordium is ciliated. The postoral complex consists ofthe anterior, dikinetidal portion ofkinety 9 (dotted line) and the posterior

portion of preoral kinety 4 (hatched line). The right row of membranelles 2 and3 is barren; 40 semischematic view, showing the ridge pat-

tern and the raised area between posterior portion of kineties 2 and 3 (asterisk). Arrows mark edge of right side left of kinety 1 ; affowhead

denotes a ventral furrow; 41-45 - right sidL views showing variability of shape and oral basket; 46 - L. eurystoma (fromKahl l93l)' scale

bars: 10 pm (36, 37,39,40),20 Pm (a6).

Figs47-56.Leptopharyrmaustraliensis(47,4g,51-55)andI. costatus(48,50,56)fromlife(47 s}),afterprotargolimpregnation(51 55),

and in the sEM (56). 47,49 ' ightsrde riews showingihe distinctly oblique preoral region. Note the conspicuous oral basket (arrowheads);

4g, 50, 56 - right side views ofLac.ostomous @8,56;arrowheads mark the oral basket) and microstomous (50) L. costatus;Sl-Ss - right

and left side views ofholotype (52) and paratyp" ,p""irn"n, (51, 53-55), showing the ciliary pattern and the distinctly oblique preoral re-

gion. Note the widely ,pu"änr"tios of i<inety-l, the oral primordium (arrowheads) right of kinety 1, and the raised area between posterior

iortionof kineties 2"arrd3 (arrows). Scalebars: 25 pm(47,48,56),20 pm(49,50), 10 pm(51 55)'
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Abbreviations for Figs 36-56: B - oral basket, CV
somatic kineties, LD lipid droplets, M 1 3 adoral
OB - oral basket opening, OP - oral primordium, P -
T - excretory tube.
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52

- contractile vacuole, CY - cytopyge, E extrusomes, FV - food vacuole, Kl 9 -
membranelles, MA - macronucleus, MI micronucleus, NK - nasse kinetosorles,
preoral region, PC - postoral complex, PO 1 4 preoral kineties, R - cortical ridge,
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with an average of six ciliated monokinetids (Table 1

and Figs 34, 37 , 39, 54,55).
Four oblique preoral kineties on ventral side, com-

posed of ciliated dikinetids and some ciliated mono-
kinetids at left end (Table 1 and Figs 27,34, 37,39,
47, 49, 5l-51). Postoral complex as tn L. costatus, i.e.,
composed of the monokinetidal posterior portion of
preoral kinety 4 and the dikinetidal anterior portion of
somatic kinety 9; dikinetids widely spaced and oblique-
ly arcanged, f,rst dikinetid usually dislocated to the left
(Figs 3J,39).

Oral apparafus conspicuous due to the large oral
basket, in anterior half of body within a deepened, fu-
siform oral fleld. Three narrowly spaced adoral mem-
branelles obliquely arranged to main body axis left of
anterior half of oral basket (Table 1 and Figs 2J, 34,
3710, 47 , 49,51-55). Membranelle 1 (M1) anterior of
membranelles 2 and 3, composed of two to four barren
basal bodies. Membranelle 2 (M2) and membranelle
3 (M3) very close together, distinctly larger than Ml
each composed of three rows of basal bodies; each row
consists of an average of four basal bodies with cilia
about 15 pm long in vivo, right row barren; right of
membranelle s 2 and 3 some faintly impregnated gran-
ules (basal bodies?) possibly belonging to the oral pri-
mordium or remnants of a paroral (Figs 37-39); left of
M2 a short row of basal bodies, belonging to the post-
oral complex. Oral basket conspicuous because open-
irg of long axis 10-15 pm wide in vivo and 8-12 pm
in protargol preparations in both large and small-sized
specimens occupying almost one third of body length
(Table 1 and Figs 47, 49); laterally strongly flattened
with 8-shaped entrance due to slightly different length
of the basket rods (Figs 32, 49); extends to body mid-
line, where it abruptly curves to dorsal posterior body
end and nematodesmatabecome rather disordered (Figs
27, 34-37, 4015, 47, 49, 5l-54). Nasse kinetosomes
faintly impregnated, not at distal end of basket rods but
subapically at base of rod angles (Figs 32,51). Oral pri-
mordium consisting of two parts (Table 1 and Figs 33,
34, 37, 39, 40, 5I, 52, 54); upper part extending right
and underneath of oral basket, forming art L-shaped
row composed of faintly impregnated granules (basal
bodies?); posterior part in a ventral cortical fold, thus
appearing right of somatrc kinety 1 when observed in
laterally oriented specimens, composed of four dikinet-
ids, of which three form a pafüally or completely cili-
ated row, while the fourth dikinetid, which is frequently
absent, is left of the row.

Occurrence and ecology: As yet found only at type
locality, that is, in a slightly acidic (pH 5.7), very wet
soil with some litter and flne roots from a jungle in the
Botanical Gardens of Cairns, Austraha.

DISCTJSSION

Comparison of L. bromeliophilus with similar
species: [Jsing the characters for distinguishing Lep-
topharynx species suggested by Foissner et al. (201 1)

and the present study (see below), L. bromeliophilus
is most similar to the microstome of L. costatus Mer-
mod, 1914, recently described by Foissner et al. (201 1).

However, it differs from that species by five reliable
features (Tables 2 and 3): (i) body size in vivo on aver-
age distinctly smaller (about 25 x 20 pm y.§. 30-40 x

20-25 pm; Foissner et al. 20L1), (ii) preoral concavity
present y,s. absent, (iii) less basal bodies in kinety 4,
even if body size is "normalized" (on average 27 v,s.

> 37), (irr) adoral membranelle 2 consisting of two v,s.

three rows of basal bodies, and (v) the supposed lack of
large-mouthed cells. As we did not have pure cultures,
we cannot exclude the possibility that L. bromeliophi-
lus rs polymorphic producing microstomes and macro-
stomes. Of the about 100 protargol-impregnated cells
observed, all were small-mouthed.

Leptopharynx minimus Alekperov, L993, which is as

small as L. bromeliophilus, differs in having three (rr.
two) adoral membranelles and two unipolar kineties
on the right body side. The small (15-20 x 10-13 pm)
winter form of L. costatus, described by Prelle (1961)
from a Sphagnum pond in France, is possibly identical
with Z. bromeliophilus but lacks the preoral concavity
and has dikinetids in the posterior portion of kin ety 2
(F'igs L4, 15). Leptopharynx stenostomatus (Gellört,
L.942) Foissner et aL.,20L1, also a rather small species
(28-35 pm), differs from Z. bromeliophilus by the ab-
sence of the preoral concavity and the number of kinet-
ids in kinety 6 (6 y,s. 2-3), one of the most importartt
features in the genus.

Comparison of L. uustraliensis with similar spe-
cies: In their brief revision, Foissner et al. (201 1) rec-
ognrzed nine species. Four of these are similar to L.
australiensis, viz., L. costatus, L. eurystoma, L. macros-
toma, and L. euglenivorus.

We observed more than 200 protargol-impregnated
specimens from the non-flooded Petri dish culture,
all having a large oral basket, suggesting that L. aus-
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traliensis is monomorphic , i.e., lacks microstomes.
Leptopharynx costatus Mermod, 1914, which makes

microstomes and macrostomes (Foissner et al. 20ll),
differs from L. ctustrctlienszs not only by this feature but
also by the much naffower spaced kinetids in kinety 1.

Another important difference is the shape of the preoral
region: slightly oblique in the macrostomes of L. costa-
tr.,ts, while distinctly oblique and confluent with the dis-
tal end of the oral basket tn L. australiensis (cp. Figs 18,
50 and 56 with figs 27,28,34-37, 40-45, 1J, 5L-51).
In contrast, the preoral region of the microstomes of
L. costatus is moderately oblique and thus similar to
that of L. australiensis (cp. Fig. 50 with Figs 4J, 49).

Further, the oral primordium extends left of the poste-
rior end of somatic kinety 1 tn L. costatus,while inside
a cortical fold and thus appearing right of the posterior
end of kinety 1 tn L. australiensis (Figs 31,37,39,5L,
52,54). The total number of basal bodies is quite differ-
ent: on averageLS4 tn L. australiensis vs. 248 and 265

in macrostomes from two populations of L. costatus
(Table 3).

Leptopharynx australiensis is quite similar to L. eu-

rystoma (Kahl, 193 1) Foissner et al., 2011, of which
no recent data are avallable. According to the brief de-

scription and flgure provided by Kahl (193 1), they dif-
fer mainly in the shape of the preoral region, which is
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distinctly oblique ancl confluent with the distal cncl of
the oral baskct in L. oltstraliensis (Figs 2J,28,4J,49),
while slightly obliquc and not confluent in L. eury,\-
tomcr (fig. 16). Irurthcrmorc, L. eurystomo is possibly
the macrostome of L. costatus, where thc prcoral region
is as stccp as in L. eurystoma (Figs 18,56), whilc it is
moderately obliquc in thc microstome (Fig. 50), as wcll
known from various invcstigations (Kahl 193 I ; Foiss-
ner 1919,1989; Iroissncr et al.20l1; Prelle 1961). This
interpretation is supportcd in th at L. eurystoma occurrcd
among a moss population of l. costatus ancl only very
few spccimens were found (Kahl 1931), as is typical for
macrostomous L. costatus in environmental samples
(S 6%; Foissner et al. 20i 1 and unpubl. observ.).

Leptopharynx macrostoma Njin6, l9l9 is possibly
a macrostomous L. costatus bccause both were fbund
at the same site and the rnorphological characteristics
largely agrcc with those of macrostomous L. costatus,

especially thc only slightly oblique preoral rcgion and

the low number (l -2) of kinetids in kinety 6 (figs 48,56;
Foissner et al. 20ll). Accordingly, I. macrostoma dif-
fers from I. austruliensis by the feafures discusscd for
L. costcrtus above (see also Table 2). Leptopharynx eu-

glenivorus Kahl, 1926 differs from L. australiensrs by thc
distinct cortical ridgcs on both sides of the body, while l.
australiensis has only a single furrow on thc lcft side;

Table 2. Distinguishing features of protargol-impregnated Leptopharynx bromeliophilus, L. australiensrs and microstomous L. costatus.

L. costatus
Characteristics L. bromeliophilus^ L. australien,sis"

Foissner (1989)b Germany" Mexico'

Body, length (pm)

Body, width (pm)

Body length: width, ratio

Body length: anterior body end to adoral
membranelles, ratio

Preoral concavity (in vivo)

Number of dikinetids in kinety 3

Number of basal bodies in kinety 4

Number of basal bodies in kinety 6

Total number of somatic basal bodies

Number of basal body rows in adoral membrartelle 2

present absent

3-4 4

t9

15

1.3

3:l

27

2-3

28

19

1.5

3.1:1

31

2

22 25

15 1l

34

23

1.5

3.5: 1

absent

5

43

1.4

3.6:1

absent

5

44

1.4

5.1:l

abscnt

5

36

2

Ir34

-)

-)

181

aJ

142

2

22
fl| (l 85),r ll2(I g5)d

'!)
J-)

" For details, see text and Table 1.
b Average values from the 1 5 protargol-impregnated specimens investigated by Foissner (l 989). Not selected for small specimens.

'Cerman and Mexican specimens selected for a size similar to that of L. bromeliophilus to obtain comparable data. Values based on

number ofbasal bodies in the preoral kineties is difficult to count in these minute cells and was thus taken from ordinary specimens.
d Values in parentheses are based on five randomly selected microstomous cells with an ayerage size of 2'7 x 19 pm for the German
26 pm for the Mexican specimens.

1 1 specimens each. The

specimens and of 3l x
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moreover, the somatic ciliary rows of L. euglenivorus
merge beak-like at the ventral anterior end of the cell,
while those of L. australiensis are distributed over the

broad preoral region (Figs 27 ,28,34-37 , 51-55).

New species characteristics of LeptopharJ)nx

Foissner et al. (201 1) proposed seven main features
for distinguishing Leptopharynx species (see introduc-
tion chapter). Our investigations add five characteris-
tics discussed in the following paragraphs.

(1) Foissner et al. (201 1) assumed that all Leptophar-
ynx species are polymorphic and thus produce
both macrostomes and microstomes. However,
the present data and some studies mentioned in
Foissner et al. (201 1) suggest that certain species

are monomorphic, producing only small-mouthed
cells (L. bromeliophilus) or large-mouthed cells (L,.

australiensis).
(2) [Jsually, the dikinetids of kinety 1 are very nalrow-

ly spaced, forming a membranoid structure, €.9.,

in L. bromeliophilus (Figs 6, J, 20) and L. costa-
tus (Fig. 56). In contrast, they are conspicuously
widely spaced tn L. australiensis and two further
new species described in a forthcoming study.

(3) The shape and angle of the preoral region. As yet,

only slightly and moderately oblique preoral re-
gions were known in Leptopharynx (Kahl l93L;
Prelle l96L; Njind 1979; Foissner 1989; Foissner

et al. 1994, 20ll). Thus, the slightly concave and

the distinctly oblique preoral region of L. brome-
liophilus and L. australiensis, respectively, is high-
ly distinctive (Figs 1, 10-13, L6-19,2J ,28,34-37 ,

4015, 47 , 49,51-55). We fix the following limits:

> 40" distinctly oblique.
(4) As suggested by Foissner et al. (201 1), the total

number of basal bodies seems to be a valuable fea-
ture. However, they did not include it in the main
characteristics because of the scarce data. Now, we
have much more data and could perform a statis-
tical analysis, showing that the variability coef-
ficients are low, i.e., 2.5-9.70Ä, on average -6oÄ
(Table 3). Such value is highly informative, as ex-
plained by Foissner (T984,1993): it is high enough
to show variability but sufflciently low to be not too
vanable. Further, the microstomes of four popula-
tions of L. costatus have a highly similar average

total number of basal bodies: 181-186! Likewise,
it is quite similar in the macrostome s: 248 and 265

(Tables 2 and 3).
(5) The oral primordium is usually left of the poste-

rior end of kinety 1, when specimens are observed
laterally. Leptopharynx australiensis is unique in
that the oral primordium is in a deep ventral fold
thus appearing right of the posterior end of somattc
kinety 1 (Figs 34,37,39, 51, 52, 54).
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Table 3. Comparison of the total number of basal bodies, except of the adoral membranelles, in 12 populations from six Leptopharynx
species. CV - coefficient of variation in %, M median, Max - maximum, Min - minimum, n number of specimens investigated, SD -
standard deviation, SE - standard error of mean, i arithmetic mean.

Species SD Str CV Min

L. bromeliophilus

L. australiensis

L. costatus (microstome) Germany

L. costatus (macrostome) Germany

L. costatus (mrcrostome) Mexico

L. costatus (macrostome) Mexico

L. costatus (microstome) Brazll

L. costatus (microstome) Foissner (1989)

L. bromelico la (macrostome)

L. bromelicola (microstome)

Leptopharynx n. sp. 1u

Leptopharynx n. sp. 2b

142.0

183.8

185.0

26s.0

185.0

241 .8

1 86.1

181 .3

344.9

205.1

293.8

2s6.2

141.0

183.0

187.0

266.0

192.0

252.0

183.0

185.0

344.0

201.0

294.0

255.0

3.5

9.6

5.4

25.7

13.3

13.1

B.B

15.9

t7 .B

16.5

9.2

20.3

0.8

2.1

2.4

11.5

5.9

5.9

1.9

4.1

4.0

3.6

2.0

4.4

2.5

5.2

2.9

9.1

7.2

5.3

4.7

8.8

5.2

8.0

3.1

7.9

134.0

164.0

117 .0

241.0

165.0

230.0

17 4.0

152.0

3t 5.0

186.0

215.0

231.0

149.0

204.0

191 .0

304.0

197 .0

264.0

201 .0

200.0

297 .0

240.0

314.0

302.0

21

2l

5

5

5

5

21

15

20

21

21

21

u From floodplain soil of Brazll. Will be described later.
b From soil of the USA. Will be described later.
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