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bstract

Using 11 new SSU-rDNA sequences, we analyze relationships within the class Colpodea, especially of some uncommon
axa, such as Kalometopia  duplicata, Cyrtolophosis  minor, and Jaroschia  sumptuosa. The sequences do not change the basic
tructure of the molecular Colpodea tree, i.e., all belong to one of the four molecular clades recognized by Foissner et al. (2011):
olpodida, Cyrtolophosidida, Bursariomorphida, and Platyophryida. The addition of three Colpoda  sequences strengthens the
bservation that species of this genus are distributed over the whole molecular Colpodea tree. Very likely, this is caused by a
ast radiation of Colpoda, several species of which then evolved independently, forming new genera and families. Cyrtolophosis
inor, which belongs to the molecular Pseudocyrtolophosis  clade, is referred to a new genus, Apocyrtolophosis  nov. gen.,

haracterized by a comparably large, deltoid oral opening, an unciliated posterior region, and the absence of an oblique kinety in
he left oral polykinetid. Bryometopus  triquetrus  does not erase the paraphyly of its genus. Platyophrya  vorax, P.  spumacola, and

. bromelicola  form a highly supported clade in the order Platyophryida. Platyophryides  and Ottowphrya  are close genetically
ut differ in the silverline pattern (colpodid vs. platyophryid).

 2013 Elsevier GmbH. All rights reserved.
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The Colpodea Small and Lynn, 1985 is a middle-sized cil-
ate class comprising about 65 genera and 200 species, most
iving in terrestrial habitats (Bourland et al. 2011; Dunthorn

t al. 2009; Foissner 1993, 2003, 2010; Foissner and Stoeck
009; Foissner et al. 2002). However, this is only part of the
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otal diversity. In a fourthcoming monograph on neotropic
oil ciliates, we describe four new genera and 10 new species.
urther, Foissner has another 20 undescribed species, waiting

o be published.
Foissner et al. (2011) revised the classification of Foissner

1993), showing four well supported molecular clades
orders) in the class: colpodids, cyrtolophosidids, bursar-
omorphids, and platyophryids. The time-honored genus

olpoda proved to be non-monophyletic in small subunit

ibosomal DNA (SSU-rDNA) polygenies, producing curi-
us, sometimes highly supported clades composed of two
r more genera that have little in common morphologically,
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or instance, Colpoda  steinii  and Bromeliothrix  metopoides.
oissner et al. (2011) suggested a fast radiation of Colpoda,
everal species of which then evolved independently, form-
ng new genera and families. This model is supported by
he present study, which shows the SSU-rDNA sequences
f three additional Colpoda  species and from some rare
olpodids, especially, Kalometopia  and Jaroschia, the latter
eing one of the most complex colpodids described (Foissner
993).

aterial and Methods

axon sampling, identification, and terminology

Eleven Colpodea were sampled for this study (Table 1),
sing ordinary methods for limnetic species and the non-
ooded Petri dish method for species from terrestrial habitats
Foissner et al. 2002). Identifications used live observation
nd silver impregnation (Foissner 1991). Other colpodean
equences and two outgroups are from GenBank (Fig. 1).

erminology follows Foissner (1993) and Lynn (2008).

able  1.  Taxon sampling for sequence analyses. For author names
nd descriptions, see Foissner (1993).

axon Sampling site

pocyrtolophosis  minor  Tank bromeliad, Jamaica
ryometopus  triquetrus  Litter and soil from the botanical

garden in Rio de Janeiro, Brazil

olpoda  ecaudataa Tree hole mud from the campus of
the University of the West Indies,
Jamaica

olpoda  elliotti  Field soil from the village of
Obersiebenbrunn, Lower Austria

olpoda  lucidab As Bryometopus  triquetrus
aroschia  sumptuosa  Mud of bamboo stumps in the

botanical garden of the town of
Castelton, Jamaica

alometopia  duplicata  Sagebrush steppe soil, Idaho, town
of Boise, USA

latyophrya  spumacola
hexasticha

As Colpoda  elliotti

latyophryides  n. sp. Bamboo stump mud, Jamaica
epoma  cavicola  As Colpoda  ecaudata
oodruffides  metabolicus  Rice field soil from the

surrounding of the Lake Biwa
museum, Japan

aSome specimens of this species often look like small C. maupasi, which
lso occurred in the sample. Thus, we cannot entirely exclude that some
ntered the sample and the sequence is from C. maupasi.

bThe specimens of this population had not only the distinct extrusome
ringe typical for the species but also a conspicuous postoral sac.
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mplification, sequencing, and genealogical
nalyses

Genomic DNA was extracted, and the nuclear SSU-rDNA
ocus was amplified and sequenced according to Foissner and
toeck (2009). Vector and primer nucleotides were trimmed
ff. Sequences were added to the alignment of Foissner et al.
2011) and edited by eye in MacClade v4.05 (Maddison and

addison 2005).
The GTR-I-�  evolutionary model for all alignments was

he best fitted model selected by AIC as implemented in
ModelTest v2.1.3 (Darriba et al. 2012; Guindon and Gascuel
003; Posada 2008). Maximum likelihood (ML) analyses
ere carried out in RaxML-HPC v7.2.5 (Stamatakis 2006;
tamatakis et al. 2008). Node support came from a majority
ule consensus tree of 1000 multiparametric bootstrap repli-
ates. Bayesian analyses (BI) were carried out in MrBayes
3.2.1 (Huelsenbeck and Ronquist 2003). Posterior proba-
ility was estimated using four chains running 20 million
enerations sampling every 1000 generations. The first 25%
f sampled trees were considered burn-in trees and were dis-
arded prior to constructing a 50% majority rule consensus
rees. Trees were visualized with FigTree v1.3.1 (Rambaut
006). For the ML bootstraps, we will consider values <0.70
s low, 0.70–0.94 as moderate, and ≥0.95 as high, following
illis and Bull (1993). For the MrBayes and posterior prob-

bilities, we will consider values <0.94 as low, and ≥0.95 as
igh.

esults and Discussion

The following text should be studied in connection with
oissner (1993), where the species concerned are reviewed,
nd with Foissner et al. (2011), who discuss the classification
f the Colpodea. Accordingly, author names and dates of
pecies descriptions are mentioned only when they are not
ontained in Foissner (1993) or when they are necessary for
omenclatural or taxonomic reasons.

hylogeny (Figs 1, 2)

. The new sequences do not change the basic structure of
the molecular phylogeny of the Colpodea tree, i.e., they
belong to one of the four molecular orders recognized
by Foissner et al. (2011): Colpodida, Cyrtolophosidida,
Bursariomorphida, and Platyophryida (Fig. 1).

. We added six new sequences to the order Colpodida,
for which we present two molecular trees: the “class
(Colpodea) tree” (Fig. 1) and the “colpodid tree” that con-

tains only colpodids s.str. (Fig. 2). First, we discuss the
sequences from two rare and highly complex species, viz.,
Kalometopia duplicata  and Jaroschia  sumptuosa. Unfor-
tunately, their classification remains ambiguous.
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F e mos
p es are b
ig.  1.  The new Colpodea tree based on SSU-rDNA sequences. Th
osterior probability. Values ≤0.50 are shown as “-“. New sequenc

Morphologically, Kalometopia  belongs to the colpo-
dids s.str., specifically to the Hausmanniellidae, because
it has a colpodid general organization, a colpodid silver-
line pattern, and a hausmanniellid oral apparatus (Foissner
1993). However, the molecules do not provide support for
or against such a relationship because node support values

are low in both trees (Figs 1, 2).

Jaroschia sumptuosa  has highly complex oral struc-
tures. Foissner (1993) classifies it into the Bryometopida
t likely (ML) tree is shown. Node support: ML bootstrap/MrBayes
olded.

due to the oral structures and the tightly-meshed sil-
verline pattern. However, the SSU-rDNA sequence
shows that it might belong to the bryophryid evo-
lutionary branch (Fig. 1), but bootstrap values are
poor, and thus there is no support. Morphologically,
a relationship with the bryophryids is likely. Foissner

(1993) considers Jaroschia  as the representative of
a distinct family, the Jaroschidae. This seems appro-
priate because Bryophrya, Bardeliella, and Ilsiella
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Fig.  2.  SSU-rDNA tree of classical colpodas. The most likely (ML)
tree is shown. Node support and node labels as in Fig. 1. New
s
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Type  species:  Cyrtolophosis  minor  Vuxanovici, 1963.
equences are bolded.

have the same rank (Bourland et al. 2011; Foissner
1993).

The suborder Colpodina Foissner, 1978 shows the
bewildering pattern discussed by Foissner et al. (2011),
that is, species of the genus Colpoda, as defined by Kahl
(1931) and Foissner (1993), are found throughout the
order, often forming curious clades comprising two or
more seemingly unrelated genera. Six such clades are rec-
ognizable in the Colpodea tree (Fig. 1): the moderately
supported (0.64/0.96) Bresslaua, Colpoda, Bresslauides
clade; the well supported (0.90/1.00) Colpoda, Tillina
clade which is corroborated by distinct morphological
apomorphies (Foissner et al. 2011); the poorly sup-
ported (<0.50) Colpoda, Kalometopia  clade which is
morphologically not unrealistic (Foissner 1993); the
poorly supported Bromeliothrix, Paracolpoda, Colpoda
clade which is rather unlikely because Bromeliothrix
has several unique morphological, ontogenetical, and
ecological features suggesting family rank (Foissner
2010; Weisse et al. 2013); the poorly supported Pseu-
domaryna, Maryna, Colpoda, Hausmanniella, Repoma
(for Colpoda  cavicola, see Novotny 1971 and Foissner
1993) clade, uniting species from three families (Foissner
1993); and the poorly supported Exocolpoda  augustini
clade.

The colpodid tree shows slightly different clades

(Fig. 2): the moderately to well supported (0.76/1.00)
Bresslaua, Colpoda, Bresslauides  clade; the highly
supported (0.96/1.00) Colpoda, Tillina  clade; the

p
t
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poorly supported Colpoda  aspera  and C.  elliotti
clade although both are highly similar morphologically
(Foissner 1993), providing some support for the C.
aspera and Hausmanniella  clade in the Colpodea tree
(Fig. 1); the highly supported (1.00/1.00) Bromeliothrix,
Paracolpoda  clade (see above); and the poorly sup-
ported Hausmanniella, Repoma, Colpoda, Exocolpoda
clade.

Although the bootstrap values are frequently low, it
is unlikely that the classical Colpoda  species will ever
unite to a single clade because they are distributed over
the whole Colpodea tree. This is recognizable also in
earlier trees and motivated Foissner et al. (2011) and
Dunthorn et al. (2012) to suggest a fast radiation of
Colpoda that produced several new genera and fami-
lies.

. Within the order Cyrtolophosidida, we could sequence
Cyrtolophosis  minor, a species deviating from the
congeners by the large, deltoid oral opening and
the posteriorly reduced ciliature (Foissner 1993; Figs
3–10). A new genus is established for this species
(see below) which is supported by the sequence mak-
ing a rather well supported clade (0.68/1.00) with
Pseudocyrtolophosis. Further details, see description
below.

. One sequence has been added to the Bursari-
omorphida, viz., from Bryometopus  triquetrus,
deviating from the congeners mainly by the tri-
angular (vs. bow-shaped) oral opening. The
sequence does not erase the non-monophyly of the
genus.

. Three new sequences have been added to the
Platyophryida. The Japanese Woodruffiides  metabolicus
makes a strongly supported clade (0.99/1.00) with the
two North American populations. Platyophrya  spuma-
cola makes a strongly supported clade (1.00/1.00)
with P.  vorax  and P. bromelicola  Foissner and
Wolf, 2009, the latter being less related to P.
vorax and P.  spumacola, which matches the mor-
phological data in that only P.  bromelicola  produces
macrostomes (Foissner and Wolf 2009). The genus
Platyophryides  is genetically close to Ottowphrya
Foissner et al., 2002, from which it differs by the colpo-
did (vs. platyophryid) silverline pattern (Foissner et al.
2002).

pocyrtolophosis nov. gen.

Diagnosis:  Very small, unflattened Cyrtolophosidida with
nciliated posterior third and comparatively large, deltoid
ral opening.
Etymology:  Apocyrtolophosis  is a composite of the Greek
refix apo  (derived from) and the genus-group name Cyr-
olophosis  (curved, wearing a crest; Stokes 1885).
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Figs  3–6.  Apocyrtolophosis  minor, Brazilian specimens from life. 3:  Right side overview of a representative specimen, length 20 �m. 4–6:
V  end (3
t ertex. 

m  10 �m
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f
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ariability of body shape. Most specimens have an acute posterior
he body, a canal-like structure appears and extends to the buccal v
icronucleus, OA – oral apparatus, OO – oral opening. Scale bars:

Species  assignable:  Apocyrtolophosis  minor  (Vuxanovici,
963) nov. comb.
Remarks:  Both, the morphological and molecular data
uggest to classify this species into a distinct genus. It differs
rom Cyrtolophosis, Pseudocyrtolophosis, and Plesiocaryon
oissner et al., 2002 mainly by the lack of an oblique kinety

(
e

igs  7–15.  Apocyrtolophosis  minor, Brazilian specimens from life (7–11
reparations (13–15). 7:  Ventral view, showing the comparatively large, del
howing the deep oral cavity and the extrusome fringe. 11:  Surface view, sho
2:  Arrow marks (partially?) exploded mucocysts. 13–15:  Ventral views
13) posterior fragment of the paroral membrane. The arrowheads denote
ragment of the paroral membrane. A – anterior fragment of paroral memb
V – food vacuoles, MA – macronucleus, MI – micronucleus, OA – oral 

 �m (12) and 10 �m (7–11, 13–15).
–5), rarely it is broadly rounded (6). When the fecal mass leaves
E – extrusome fringe, FM – fecal mass, FV – food vacuole, MI –
.

nterior of the anteriormost adoral organelle. It also differs
rom Cyrtolophosis  by the unciliated (vs. ciliated) poste-
ior area. Aristerostoma  possibly lacks an oblique kinety

Dunthorn et al. 2009) and the SSU-rDNA differs consid-
rably (Fig. 1).

), after methyl green-pyronin staining (12), and in silver carbonate
toid oral opening (asterisk). 8–10:  Lateral views in optical sections,
wing the globular, about 1 �m-sized extrusomes, likely mucocysts.

 of oral and somatic ciliary pattern. The arrows mark the ciliated
 a single, likely unciliated kinetid between anterior and posterior

rane, AO – four adoral organelles, C – paired cilia, E – extrusomes,
apparatus, P – posterior fragment of paroral membrane. Scale bars
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upplementary observations on a Brazilian
opulation of A. minor

An Australian population of this species has been
escribed by Foissner (1993). Thus, we mention only new
nd/or interesting confirmatory observations from the Brazil-
an population, which was found in surface soil of the
navilhanas archipelago in the Rio Negro, about 40 km west
f the town of Manaus. Note that the molecular investigation
as done on a different population, i.e. from Jamaican tank
romeliads (Table 1).

. The body size is 15–25 ×  12–18 �m, usually it is about
20 ×  15 �m. Most Brazilian specimens have an acute pos-
terior end (Figs 3–5) while the Romanian and Australian
cells are rounded (Foissner 1993). Thus, we suspected
that this could be a new species. However, the acute end
often disappears when the cells are on the microscope
slide for a while or when they are slightly squeezed by
the coverslip (Figs 7–9). Further, we re-investigated the
preparations from the Australian population. This showed
two acute cells among 50 investigated. Finally, we noticed
the common occurrence of acute and rounded cells in tank
bromeliads. Thus, all these populations are very likely
conspecific.

. The contractile vacuole is in the rear body end. We could
not observe short canals connecting the adventive vac-
uoles with the main vacuole (Vuxanovici 1963). The
cytopyge is also in the posterior end. When the fecal mass
leaves the cell, a canal-like structure extends to the oral
vertex (Fig. 4).

. Apocyrtolophosis  minor  has extrusomes about 1 �m
across, providing the cortex with a honeycomb pattern
(Figs 3, 7–11). When stained with methyl green-pyronin,
they become broadly ellipsoidal and about 1.5 �m long
(Fig. 12).

. Movement conspicuous, i.e., irregularly dancing; never
rests.

. The somatic and oral ciliary pattern is as described for the
Australian population (Figs 13–15). The somatic cilia are
about 8 �m long and paired in the anterior body half; more
posteriorly only single cilia occur, most likely originating
from monokinetids, as in Plesiocaryon  spp. (Diaz et al.
2000; Foissner et al. 2002).

. The oral opening is deltoid and comparatively large,
i.e., about 8 �m long and wide and 6–9 �m deep
(Figs 3–7, 9). The adoral cilia are about 6 �m long, the
paroral 3 �m.

. Apocyrtolophosis  has been recorded from Romania
(Vuxanovici 1963), Australia (Foissner 1993), Central
America (Foissner unpubl., rather common in tank
bromeliads), and South America (this study). Not yet

reported from Africa and Central Europe, indicating that
it is not cosmopolitan.
 Protistology 50 (2014) 40–46 45
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ourland, W., Vdačný, P., Davis, M.C., Hampikian, G., 2011.
Morphology, morphometrics, and molecular characterization of
Bryophrya  gemmea  n. sp. (Ciliophora, Colpodea): Implications
for the phylogeny and evolutionary scenario for the formation
of oral ciliature in the order Colpodida. J. Eukaryot. Microbiol.
58, 22–36.

arriba, D., Taboada, G.L., Doallo, R., Posada, D., 2012. jModel-
Test 2: more models, new heuristics and parallel computing. Nat.
Methods 9, 772.

iaz, S., Martín-González, A., Borniquel, S., Gutiérrez, J.C., 2000.
Cyrtolophosis elongata (Colpodea Ciliophora): Some aspects
of ciliary pattern, division, cortical and nuclear changes during
encystment and resting cyst ultrastructure. Eur. J. Protistol. 36,
367–378.

unthorn, M., Eppinger, M., Schwarz, M.V.J., Schweikert, M.,
Boenigk, J., Katz, L.A., Stoeck, T., 2009. Phylogenetic place-
ment of the Cyrtolophosididae Stokes, 1888 (Ciliophora;
Colpodea) and neotypification of Aristerostoma  marinum  Kahl,
1931. Int. J. Syst. Evol. Microbiol. 59, 167–180.

unthorn, M., Katz, L., Stoeck, T., Foissner, W., 2012. Congruence
and indifference between two molecular markers for under-
standing oral evolution in the Marynidae sensu  lato  (Ciliophora,
Colpodea). Eur. J. Protistol. 48, 297–304.

oissner, W., 1991. Basic light and scanning electron microscopic
methods for taxonomic studies of ciliated protozoa. Eur. J. Pro-
tistol. 27, 313–330.

oissner, W., 1993. Colpodea (Ciliophora). Protozoenfauna 4/1,
1–798, i-x.

oissner, W., 2003. Pseudomaryna australiensis nov. gen., nov. spec.
and Colpoda  brasiliensis  nov. spec., two new colpodids (Cilio-
phora, Colpodea) with a mineral envelope. Eur. J. Protistol. 39,
199–212.

oissner, W., 2010. Life cycle, morphology, ontogenesis, and
phylogeny of Bromeliothrix  metopoides  nov. gen. nov. spec.,
a peculiar ciliate from tank bromeliads. Acta Protozool. 49,
159–193.

oissner, W., Stoeck, T., 2009. Morphological and molecular char-
acterization of a new protist family, Sandmanniellidae n. fam.
(Ciliophora, Colpodea), with description of Sandmanniella  ter-
ricola  n. g., n. sp. from the Chobe floodplain in Botswana. J.
Eukaryot. Microbiol. 56, 472–483.

oissner, W., Wolf, K., 2009. Morphology and ontogenesis of
Platyophrya  bromelicola  nov. spec., a new macrostome-forming
colpodid (Protists, Ciliophora) from tank bromeliads of Jamaica.
Eur. J. Protistol. 45, 87–97.

oissner, W., Agatha, S., Berger, H., 2002. Soil ciliates (Protozoa,

Ciliophora) from Namibia (Southwest Africa), with emphasis on
two contrasting environments, the Etosha Region and the Namib
Desert. Denisia 5, 1–1459.

http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0005
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0010
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0015
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0020
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0025
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0030
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0035
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0040
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0045
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0050
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0055
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0060


4 urnal o

F

G

H

H

K

L

M

N

P

R

S

S

S

S

V

6 W. Foissner et al. / European Jo

oissner, W., Stoeck, T., Agatha, S., Dunthorn, M., 2011. Intra-
class evolution and classification of the Colpodea (Ciliophora).
J. Eukaryot. Microbiol. 58, 397–415.

uindon, S., Gascuel, O., 2003. A simple, fast, accurate algorithm to
estimate large phylogenies by maximum likelihood. Syst. Biol.
52, 696–704.

illis, D.M., Bull, J.J., 1993. An empirical test of bootstrapping as a
method for assessing confidence. In phylogenetic analysis. Syst.
Biol. 42, 182–192.

uelsenbeck, J.P., Ronquist, F.R., 2003. MrBayes 3: Bayesian phy-
logenetic inference under mixed models. Bioinformatics 19,
1572–1574.

ahl, A., 1931. Urtiere oder Protozoa I: Wimpertiere oder Cili-
ata (Infusoria) 2. Holotricha außer den im 1. Teil behandelten
Prostomata. Tierwelt Dtl. 21, 181–398.

ynn, D.H., 2008. The Ciliated Protozoa: Characterization, Classifi-
cation, and Guide to the Literature, third ed. Springer, Dordrecht.

addison, W.P., Maddison, D.R., 2005. MacClade v. 4.0.8. Sinauer

Assoc.

ovotny, R.T., 1971. The morphology and autecology of Repoma
spiralis, a new genus of trichostomous treehole ciliates, found in
the southwestern United States. Diss. Abstr. Int. 31b, 5181.

W

f Protistology 50 (2014) 40–46

osada, D., 2008. jModel test: phylogenetic model averaging. Mol.
Biol. Evol. 25, 1253–1256.

ambaut, A., 2006. FigTree. Insitute of Evolutionary Biol-
ogy, Univ. of Edinburgh, Available at: http://tree.bio.ed.ac.uk/
software/figtree.

mall, E.B., Lynn, D.H., 1985. Phylum Ciliophora Doflein, 1901.
In: Lee, J.J., Hutner, S.H., Bovee, E.C. (Eds.), An Illustrated
Guide to the Protozoa. Society of Protozoologists, Allen Press,
Lawrence, pp. 393–575.

tamatakis, A., 2006. RAxML-VI-HPC: maximum likelihood-
based phylogenetic analyses with thousands of taxa and mixed
models. Bioinformatics 22, 2688–2690.

tamatakis, A., Hoover, P., Rougemont, J., 2008. A fast boostrap
algorithm for the RAxML web-servers. Syst. Biol. 57, 758–771.

tokes, A.C., 1885. Some new infusoria. Am. Nat. 19,
433–443.

uxanovici, A., 1963. Contributii la sistematica ciliatelor (Nota IV).
Studii Cerc. Biol. (Biol. Anim.) 15, 65–93 (in Roumanian with

Russian and French summaries).

eisse, T., Scheffel, U., Stadler, P., Foissner, W., 2013. Bromelio-
thrix  metopoides, a boom and bust ciliate (Ciliophora, Colpodea)
from tank bromeliads. Eur. J. Protistol. 49, 406–419.

http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0065
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0070
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0075
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0080
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0085
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0090
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0095
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0095
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0095
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0095
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0095
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0095
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0100
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0105
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0110
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0115
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0120
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0125
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0130
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0135
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140
http://refhub.elsevier.com/S0932-4739(13)00066-7/sbref0140

	New SSU-rDNA sequences for eleven colpodeans (Ciliophora, Colpodea) and description of Apocyrtolophosis nov. gen
	Introduction
	Material and Methods
	Taxon sampling, identification, and terminology
	Amplification, sequencing, and genealogical analyses

	Results and Discussion
	Phylogeny (Figs 1, 2)
	Apocyrtolophosis nov. gen.
	Supplementary observations on a Brazilian population of A. minor

	Acknowledgements
	References


