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Abstract We found numerous dull brown land planarians of
the subfamily Geoplaninae within native rainforests and in
nearby man-disturbed habitats in Southeastern and South
Brazil. Their external and internal morphology are similar to
those of Obama ladislavii (Von Graff, 1899), with the excep-
tion of the luminous green dorsum of this species, from which
a brownish-green variation is also known. Since morpholog-
ical features commonly used to delimit geoplaninid species
failed to distinguish them, we used coalescent and Bayesian-
based molecular methods (GMYC, BPP). These methods
indicated that we were actually dealing with three species,
the greenish O. ladislavii, and two brownish, cryptic species.

A meticulous morphological study of the specimens, includ-
ing type material of O. ladislavii, allowed us to ascertain
diagnostic features for each of the species, for which we also
propose a molecular diagnosis. This integrative taxonomic
study demonstrates the utility of molecular tools to weigh
minor morphological features and thus to reveal otherwise
cryptic species.
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Abbreviation
cg cyanophil glands
cmc common muscle coat
cov common glandular ovovitelline duct
de dorsal epidermis
di dorsal insertion
dm dorsal cutaneous musculature
e eyes
eg erythrophil glands
ej ejaculatory duct
es esophagus
fa female atrium
fgd female genital duct
gm glandular margin
go gonopore
i intestine
im internal pharyngeal musculature
lu pharyngeal lumen
m mouth
ma male atrium
mc cutaneous musculature
mg glands with mixed secretion
mm parenchymal musculature
n nerve plate
o ovary
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om outer pharyngeal musculature
ov ovovitelline ducts
p penis papilla
pp pharyngeal pouch
pv prostatic vesicle
rg rhabditogen glands
sc secretory cells
sd sperm duct
sg shell glands
sp sensory pits
sv spermiducal vesicle
t testes
v vitellaria
ve ventral epidermis
vi ventral insertion
vm ventral cutaneous musculature
xg xanthophil glands

Introduction

The discovery of cryptic species is continuously increasing
(Bickford et al. 2007; Pfenninger and Schwenk 2007), mainly
due to the use of molecular data in many phylogenetic and
phylogeographic studies. In such studies it is not strange that
the genetic diversity and phylogenetic trees inferred point to
the presence of two or more genetically distinct lineages
within what was an apparently morphologically uniform unit
(a single species). However, to have good evidence for the
existence of independently evolving lineages (Frankham et al.
2012), it is not enough to have a simple phylogenetic tree but
it is necessary to test whether the lineages really represent
different species. Nowadays, some methods of species delim-
itation based on DNA provide a new tool for the discovery of
cryptic species. An example of this is the General Mixed Yule
Coalescent model (GMYC; Pons et al. 2006) for detection of
branching-rate shifts on time-calibrated (ultrametric) trees.
Based on the increase in the number of lineages over time,
the algorithm calculates where along the branches there is a
significant change in the rate of diversification, going from the
Yule model to the coalescent branching pattern. This is the
stage where speciation processes (Yule model) are separated
from the intraspecific polymorphism (Coalescent model). The
application of these methods to freshwater planarians in a
study focused on the Aegean Mediterranean region has been
extremely helpful (Sluys et al. 2013; Álvarez-Presas and
Riutort 2014). However, the GMYC method also presents
certain limitations, such as assuming reciprocal monophyly
of species and that the gene tree is known without error and
reproduces the species phylogeny (Hambäck et al. 2013).

Moreover, it also tends to overestimate the number of species
(Lohse 2009; Papadopoulou et al. 2009). In recent years, new
methodologies have been proposed to overcome these limita-
tions. In the first place, Bayesian approaches have emerged to
reconstruct phylogenies between closely related species using
multiple loci. These methodologies explicitly model the coa-
lescence process of each gene separately, under the constraint
of a common species tree. In this way, they do not equate the
gene trees to the species tree, but look for the species tree that
is congruent for all gene trees. Second, a new species delim-
itation methodology implemented in BPP (Yang and Rannala
2010) uses a Bayesian modeling approach to generate the
posterior probabilities of species assignments, taking into
account uncertainties due to unknown gene trees and the
ancestral coalescent process. Assuming there is no admixture
after the speciation events, the individuals within each species
are expected to share some population genetic parameters
(population size, mutation rate and divergence time)
(Rannala and Yang 2003; Leaché and Fujita 2010). With a
Bayesian guide tree for the putative species based on multiple
loci, the method tests the posterior probability of particular
clusters to represent a species. This test allows the methodol-
ogy to collapse the clusters present in the guide tree that
represent a single species. Given this premise, it is interesting
to use this method to test the reliability of species assignments
obtained by other methods, such as GMYC.

Throughout the past few years, we collected thousands of
land flatworms in Southeastern and South Brazil. Among
those, we frequently found in man-disturbed habitats dull
brown, medium-sized specimens. Their body size and shape,
as well as the anatomy of their internal organs, notably pharynx
and copulatory apparatus, are similar to those of Obama
ladislavii (Von Graff 1899), but the latter possesses a luminous
green dorsum. Since a brownish-green variety of O. ladislavii
has been reported (Froehlich 1959) and both forms, the green
and the brownish, may co-occur, we were inclined to consider
the dull brown individuals found to be conspecific with green
O. ladislavii. However, an ecological aspect did not fit this
preliminary assumption: the green specimens may be found in
man-disturbed habitats but also in remnants of dense
ombrophilous forest, mixed ombrophilous forest (with
Araucaria angustifolia), and seasonal forests (Leal-Zanchet
and Carbayo 2000; Carbayo et al. 2002; Castro and Leal-
Zanchet 2005; Fick et al. 2006; Antunes et al. 2008, 2012;
Amaral et al. 2014), whereas the brownish specimens were
mainly found in man-disturbed habitats (Baptista et al. 2006;
Antunes et al. 2008), including areas adjacent to the forest
where the green specimens are found, but also in remnants of
deciduous seasonal forest (Castro and Leal-Zanchet 2005;
Amaral et al. 2014). In order to resolve this taxonomic intrigu-
ing situation, we used molecular methods.

Our detailed morphological analyses combined with mo-
lecular methodologies, actually indicated that the brown
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animals belong to two undescribed species. Here, we re-
describe O. ladislavii from type material and additional spec-
imens and also describe the two brownish, cryptic species,
comparing their morphology and genetic features with those
of O. ladislavii.

Material and methods

Individuals analysed

The individuals sequenced for each gene and their morpho-
logical assignment are shown in Online Resource 1.

Sequencing procedure

Genomic DNA from 100 % ethanol-fixed individuals was
extracted using the Wizard® Genomic DNA Purification Kit
(Promega, Madison, WI, USA) following the protocol de-
scribed in Álvarez-Presas et al. (2011). One mitochondrial
(cytochrome oxidase I, thereafter Cox1) and four nuclear
genes were amplified, with the aim of having information
from molecules with different levels of variability that could
complement each other. The nuclear genes used were the 18S
rDNA type II (18S) and 28S rDNA (28S) codifying for the
RNA molecules of the small and large ribosomal subunits
respectively, the ribosomal internal transcribed spacer 1
(ITS-1) and the elongation factor 1-alpha (EF). The PCR
reactions (25 μL) were carried out using Go Taq® DNA
polymerase (Promega). For 18S and 28S, we used primers
and PCR conditions as in Álvarez-Presas et al. (2008), for
Cox1 and ITS-1 as in Álvarez-Presas et al. (2011), and for the
EF as in Carbayo et al. (2013). The same primers were used
for PCR amplification and sequencing. The amplification
products were purif ied with a vacuum manifold
(Mult iscreen®HTS Vacuum Manifold, Mil l ipore
Corporation, Billerica, MA 01821, USA) or by centrifugation
with Wizard® SV Gel and PCR Clean-Up System—and di-
rectly used as a template for sequencing with BigDye (3.1,
Applied Biosystems). Sequencing reactions done in
Barcelona were run in an automated sequencer ABI Prism
3730 (Unitat de Genòmica dels Serveis Científico-Tècnics de
la UB) or in Macrogen (Amsterdam). Sequences obtained in
São Paulo (Brazil) were run in an ABI 3730 DNAAnalyser at
the Centro de Pesquisa sobre o Genoma Humano e Células-
Tronco (USP, SP, Brazil).

Phylogenetic inference

We used two different datasets (Online Resource 1), one with
information only from the mitochondrial Cox1 gene
(Cox1Del) for the GMYC delimitation analysis, and another
with information from the five genes for the BPP analysis

(including only a subset of the animals for which Cox1 had
been sequenced). We prepared also a dataset for all the genes
concatenated, in which sequences from individuals with miss-
ing genes were filled with Ns. Ribosomal RNA gene se-
quences were aligned using the online version of the software
Mafft v. 7 (Katoh and Standley 2013) using the G-INS-i
iterative refinement method. Subsequently, we checked the
alignments by eye with Bioedit v.7.0.9.0 software (Hall 1999).
In the case of the mitochondrial gene and the EF, we used the
translation into amino acids for optimal alignment of nucleo-
tides, using Clustal W with the default settings in Bioedit.
Software Gblocks 0.91b (Talavera and Castresana 2007) was
used to remove from the ribosomal genes alignments those
regions presenting ambiguous homology (regions with high
diversity and/or long indels). Jmodeltest2 software (Darriba
et al. 2012) was used to select the most appropriate evolution-
ary model for each gene.MaximumLikelihood (ML) analyses
from the concatenated dataset were run with the software
RaxML 7.0.0 (Stamatakis 2006) with bootstrap support values
(Felsenstein 1985) calculated from 10,000 replicates, and the
Bayesian Inference (BI) analyses with the program Mr. Bayes
v. 3.2 (Ronquist et al. 2012). We established partitions by
gene, and all parameters were unlinked. Bayesian analyses
were done for 5 million generations, sampling every 1000
trees, using two independent runs with four chains each and
the default priors implemented in the program. In order to
check that both runs had converged, the congruence of the
topologies and model parameters of both runs were compared
using the standard deviation of the split frequencies. To avoid
using the parameters and trees analysed before reaching con-
vergence, 25 % of the saved trees were discarded as burn-in
for the concatenated dataset.

Species delimitation analyses

We implemented Bayesian inference under a lognormal re-
laxed clock on an arbitrary timescale, using BEAST v1.7.5.
(Drummond et al. 2012) withCox1Del dataset and the GTR +
I+Γmodel for 15 million generations. Monophyly was forced
using as outgroup three species from the genus Cratera
(Carbayo et al. 2013). Tracer v1.5. (Rambaut and
Drummond 2007) was used to check that the parameters had
reached values of effective sample size (ESS) over 100. The
default 10 % was used as burn-in in TreeAnnotator v1.7.5.
(Drummond and Rambaut 2007). The tree obtained was sub-
mitted to the GMYC approach implemented in the R packages
ape, gee, MASS, paran, and Species Limits by Threshold
Statistics (SPLITS; Ezard et al. 2009) to delimit the species.
A Likelihood Ratio Test (LTR) was also run to find if the
alternative model (species delimitation) provides a better fit
than the null model (a single species).

We further applied a Bayesian species delimitation method
(Yang and Rannala 2010) implemented in software BPP v2.2.
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The method is based on the biological species concept
(assuming complete cessation of gene flow following
species divergence; Yang and Rannala 2010) and uses
reversible-jump MCMC (rjMCMC) to test different species
delimitations and estimate the posterior probability (PP) of
each model (Hambäck et al. 2013). We used a guide tree
generated by 20 million generations in *BEAST v2.1.2.
(Bouckaert et al. 2014) with five datasets, corresponding to
the nuclear 18S, 28S, ITS-1, EF and the mitochondrial Cox1
genes. The GMYC species delimitation result was used to
assign the species in the guide tree implemented as the starting
hypothesis input for the BPP analysis. Lamarc v2.1.9. soft-
ware (Kuhner 2006) was used to estimate θ (product of the
effective population size and mutation rate) for each locus.We
ran the rjMCMC analysis for 100,000 generations (sampling
interval of two) excluding 10,000 as burn-in and giving each
species delimitation model equal prior probability.

Morphological analysis

Material of collections We analysed two wet specimens of
O. ladislavii from the Zoologisches Museum Hamburg
(ZMH), Germany, preserved in ethanol (ZMH V5270-A;
ZMH V5270-B), and histologically sectioned the second. In
the Naturhistorisches Museum Vienna (NHM), Austria, we
studied the external morphology of the type specimen NHM
4073, and that of specimen NHM 4071-A, as well as histo-
logical sections of specimens NHM 2737-B2-a, NHM 2737-
B2-b, NHM2737-C and NHM2737-AI. Histological sections
of the specimens of O. ladislavii studied by C. G. Froehlich
(1959), which belong to the personal collection of Prof. E. M.
Froehlich (USP), were also studied.

Additional material From May/1998 to June/2013, we man-
ually collected additional specimens in different Brazilian
areas. From some of these specimens, we took pictures and
made notes on their external morphology, including colour
pattern. Next, we killed the specimens in boiling water and,
before fixing them in 10 % formalin solution for histological
studies, cut off a small piece of the posterior end of the worm,
and put these fragments in 92–100 % ethanol for DNA stud-
ies. Next, we cut them into a variable number of pieces
containing the anterior region, the pre-pharyngeal region, the
pharynx, or the copulatory apparatus, to individualize regions
of taxonomic relevance. We dehydrated these fragments in a
graded ethanol series, cleared in xylene or isopropyl alcohol,
embedded in Paraplast® Tissue Embedding Medium, sec-
tioned at 6–7 μm intervals using a rotary microtome, affixed
with albumin-glycerol (1:1) on glass slides placed on a slide
warmer, stained them with one-step Mallory-Heidenhain
trichrome (Cason 1950), dehydrated in a graded ethanol se-
ries, cleared in xylene, and mounted in Entellan® mounting
medium or Canada balsam. The slides were observed with an

optical microscope. We made drawings of the copulatory
apparatuses with a camera lucida attached to the microscope.

Type material was deposited in the following reference col-
lections: Museu de Zoologia da Universidade do Vale do Rio
dos Sinos, São Leopoldo, Rio Grande do Sul, Brazil (MZU),
the Helminthological Collection of Museu de Zoologia da
Universidade de São Paulo, São Paulo, São Paulo State,
Brazil (MZUSP), and collection of Fernando Carbayo in
Universidade de São Paulo, São Paulo, Brazil (USP).

Results

Molecular results

The Cox1Del alignment consists of 822 bp and 157 sequences
of which 125 belong to the green and brown individuals
collected for this study or have been downloaded from
GenBank (Online Resource 1); the rest belongs to the species
Obama burmeisteri, Obama carinata, Obama josefi and to
one brown-greyish Confirmed Candidate Species (following
nomenclature of Vieites et al. 2009), named Obama sp. (un-
published data in preparation). Alignments for the concatenat-
ed dataset and the BPP analyses consist of 31 terminals (21
belonging to the green and brown morphotypes) with se-
quence lengths (after applying GBlocks in ribosomal genes)
of: 1311 bp in 18S, 1294 bp in 28S, 431 bp in ITS-1, 607 bp in
EF and 822 bp in Cox1. The final length of the concatenated
dataset is 4465 bp.

Phylogenetic analysis

After using the software jmodeltest, the model presenting the
best likelihood, according to the Akaike criterion, is GTR + I
+ Γ for the 18S gene, HKY+ Γ for 28S and ITS-1, GTR + I for
EF and GTR+ Γ for the Cox1 gene alignment. For the
concatenated analyses, the topology obtained is almost the
same in both methods (ML and BI) as shown in Fig. 1. All
known species formmonophyletic clades, withO. burmeisteri
and O. carinata forming the sister group of a large clade
including O. ladislavii and O. josefi, among others. The green
animals are all included in one clade (labelled O. ladislavii)
while the brown individuals are separated in two clades that
are described below under the names Obama anthropophila
Amaral, Leal-Zanchet & Carbayo, sp. nov. and O. decidualis
Amaral & Leal-Zanchet, sp. nov. Most groups present high
support values for both methodologies (PP and bootstrap
values), the only exception being the relationship of
O. decidualis that groups with O. anthropophila with a low
support in the Bayesian analysis and with O. josefi + Obama
sp. in theMaximum likelihood analysis also with low support.

382 M. Álvarez-Presas et al.



Species delimitation

The GMYCmethod delimited 11 clusters (CI=10–11) and 18
entities (including singletons, Fig. 2). The log likelihood at the
optimal threshold (1295.321) was significantly better than the
null model of a single coalescent (1282.676) in a likelihood
ratio test (p<0.001). The delimited GMYC tree shows
O. carinata divided into six entities, and O. burmeisteri into
two. The green clade is divided into three entities (green
entities 1, 2 and 3) and the brown into two (brown entities 1
and 2, Fig. 2). The rest of species included are each recovered
as a single entity.

The species tree obtained with *BEAST supports the same
clades recovered in the Bayesian concatenated analysis, indi-
cating that there is consistency between the major clades
identified by the two approaches. The BPP analyses yielded
conclusive results (Fig. 3), giving support to the presence of
seven differentObama species in the present study. In contrast
to the results obtained with the GMYC method, the two
clusters of O. carinata represented in the BPP analysis
(F and I) would constitute a single species (PP=0.55).
The individuals belonging to the green entities 1 and 2
(N and M) also constitute a single species (PP=0.04),
which would retain the name O. ladislavii. On the other
hand, the brown morphotype, delimited by GMYC as
brown entities 1 and 2 (P and Q), are identified by the
Bayesian method as two different species (PP=1 in
BPP) that herein are described as new.

Description of the species
Phylum PLATYHELMINTHES Minot, 1876
Order TRICLADIDA Lang, 1884
Suborder CONTINENTICOLA Carranza et al. 1998
Superfamily GEOPLANOIDEA Stimpson, 1857
Family GEOPLANIDAE Stimpson, 1857
Subfamily GEOPLANINAE Stimpson, 1857
Genus Obama Carbayo et al. 2013
Obama ladislavii (Von Graff, 1899)
Material studied.We received in loan two wet specimens

of O. ladislavii from the Zoologisches Museum Hamburg
(ZMH), Germany, preserved in ethanol. Because they were
labelled with the single code V5270, we added A or B to each
specimen to distinguish each other. We analysed the external
morphology of specimenZMHV5270-A in ethanol; next, we
cut it into fragments, each containing the anterior end, the
ovaries, the pre-pharyngeal region, the pharynx, and the cop-
ulatory apparatus.We cleared the specimenZMHV5270-B in
clove oil to observe the shape of the eyes and their distribu-
tion. In the Naturhistorisches Museum Vienna (NHM),
Austria, we also studied (a) the external morphology of the
type NHM 4073, a single specimen labelled as ″Typus″,
preserved in a vial with ethanol; (b) the external morphology
of a specimen 47 mm in length, which is one of the three
worms put together in the same vial. Since there is no indi-
vidual identification, we designated as NHM 4071-A the
specimen with 47 mm in length; (c) the gross anatomy of
the pharynx and copulatory apparatus of two specimens

Fig. 1 Bayesian inference phylogenetic tree obtained from the
concatenated dataset (18S, 28S, ITS-1, EF and Cox1). Names on
branches indicate the species name for the clade and terminal labels
indicate codes of individual specimens (Online Resource 1). Filled

circles at nodes correspond to maximum posterior probability values
(1.00) in Bayesian inference analyses and >95 % bootstrap support
obtained in the ML analysis. Scale bar nucleotide substitutions per site
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Fig. 2 Ultrametric tree showing the GMYC delimitation results obtained from the Cox1Del dataset. Threshold separating speciation and coalescent
processes plotted as grey vertical line that delimits 18 entities (including 7 singletons)

Fig. 3 BPP results represented on the species tree inferred with *BEAST using five datasets, the nuclear 18S, 28S, ITS-1, EF and the mitochondrial
Cox1 genes. Numbers at nodes indicate the posterior probability of that split corresponding to a speciation event
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labelled as NHM 2737-B; thus, for distinguishing them, we
named them NHM 2737-B2-a and NHM 2737-B2-b; (d) the
gross anatomy of the pharynx of specimen NHM 2737-C; (e)
the gross anatomy of the copulatory apparatus of specimen
NHM 2737-AI. We further analysed specimens of
O. ladislavii studied by C. G. Froehlich (1959). The following
specimens deposited in ZMH and NHM were collected in
Taquara (Rio Grande do Sul, Brazil); H. v. Ihering col. ca.
1895 (Von Graff 1899, p.300). ZMHV5270-A: Anterior end:
transverse sections on 22 slides; a piece containing ovaries:
horizontal sections on 58 slides; pre-pharyngeal region: trans-
verse sections on 19 slides; pharynx and copulatory apparatus:
sagittal sections on 77 slides; posterior end in 80 % ethanol.
ZMH V5270-B: Entire specimen cleared in clove oil. NHM
4073: preserved in 70 % ethanol;NHM 4071-A: preserved in
ethanol and cleared with clove oil; NHM 2737-B2-a: sagittal
sections of pharynx and copulatory apparatus; NHM 2737-
B2-b: sagittal sections of pharynx and copulatory apparatus;
NHM 2737-C: horizontal sections of the pharynx on 9 slides;
NHM 2737-AI: transverse sections of pharynx and copulato-
ry apparatus on 106 slides. MZUSP 681 (field number
F1418): Parque Nacional da Serra de Itajaí, Blumenau
(Santa Catarina, Brazil), S 27° 02′ 54.1″ W 49° 05′ 31.4″
Coll. F. Carbayo et al., 5. Jan. 2008, sagittal sections of
copulatory apparatus on 18 slides. MZUSP PL 752 (field
number F3346): Parque Estadual da Serra do Tabuleiro
(São Bonifácio, Santa Catarina, Brazil), S 27° 50′ 34″ W
48° 55′ 33″ col. F. Carbayo et al., 17. Jan. 2009, sagittal
sections of the pharynx and copulatory apparatus on 17 slides.
MZUSP PL 764 (field number F3391): Floresta Nacional de
São Francisco de Paula (São Francisco de Paula, Rio Grande
do Sul, Brazil), S 29° 25′ 38.5″ W 50° 23′ 54.2″ Coll. F.
Carbayo et al., 21. Jan. 2009, sagittal sections of copulatory
apparatus on 19 slides. MZUSP PL 769 (field number F):
Floresta Nacional de São Francisco de Paula (São Francisco
de Paula, Rio Grande do Sul, Brazil), S 29° 26′ 10.6″ W 50°
22′ 25.3″ Coll. F. Carbayo et al., 22. Jan. 2009, sagittal
sections of pharynx plus copulatory apparatus on 49 slides.
MZU PL.00174: Taquara (Rio Grande do Sul, Brazil), S 29°
38′ 47″ W 50° 46′ 33″, Coll. S. V. Amaral, 02. Nov. 2011,
transverse sections of the anterior end of the body on 51 slides;
transverse sections of the pre-pharyngeal region on 36 slides;
sagittal sections of the pharynx on 144 slides; sagittal sections
of the copulatory apparatus on 65 slides. MZU PL.00175:
Montenegro (Rio Grande do Sul, Brazil), S 29° 41′ 20″W51°
28′ 01″, Coll. I. Rossi, 15. Nov. 2011, transverse sections of
the anterior end of the body on 36 slides; transverse sections of
the pre-pharyngeal region on 17 slides; sagittal sections of the
pharynx on 58 slides; sagittal sections of the copulatory ap-
paratus on 49 slides. Sagittal sections of pharynx on one slide
and copulatory apparatus of two specimens (on two and four
slides, respectively, and illustrated in the Froehlich’s Figs. 24
and 25) studied by Froehlich (1959).

Diagnosis. Species of Obama 100 mm in maximum
length; dorsum luminous green, rarely brownish-green; ven-
tral side yellowish; eyes extending laterally in a band up to
30 % of body width on each side of the body; sensory pits
arranged in a single row on each side of the body; glandular
margin constituted of two types of glands, containing coarse
erythrophil granules and amorphous cyanophil secretion;
pharynx cylindrical with dorsal insertion slightly posterior to
the ventral; penis papilla projecting obliquely to the right and
ventral side from the dorsal wall of the male atrium; lining
epithelium of left anterior male atrium and that of the left
ventral insertion of the penis papilla traversed by very abun-
dant glands with fine cyanophil granules; abundant amor-
phous cyanophil secretion discharged into the female atrium.
Molecular diagnosis: this species includes all populations that
cluster with green individuals (MZUSP PL 729 to MZUSP
PL 769 in Online Resource 1) from this study, with significant
support in the molecular delimitation model.

Description
Living adult specimens measured up to 80 mm in length

and 5 mm in width in the pharyngeal region (Table 1). In
dorsal view (Fig. 4), the body is lanceolate; anterior end
rounded; posterior pointed; margins rounded. Dorsum con-
vex; ventral side flat. Dorsum luminous green, with dark spots
covering testes (Fig. 5); ventral side yellowish, with yellow
green margins. Rarely the dorsum is olive brown, and the
ventral side ochre brown.

After more than one century in ethanol, specimen ZMH
V5270-A (Fig. 4) shows the dorsum whitish, slightly brown-
ish in the 4/5 posterior part, the ventral side is also whitish,
slightly darker at the margins of the anterior 14 mm and in the
4/5 posterior region of the body. Eyes numerous, about 800
(specimen ZMH-V5270-B). They are marginally arranged in
a single row in the anterior 1/8th of the body length, then
spread progressively onto the back and at the end of the first
third of the body occupy a band of 1/3rd of the body width.
From that region to the posterior end, where eyes occur only
marginally, this band becomes progressively narrower. Eyes
of two types, a single-cup type in the anterior 1/6th of the
body, reaching a height equal to twice its diameter, and a
second type, constituted by three pigmented lobes (Fig. 6),
occurring from 5/6th until the posterior end.

In the anterior 14 mm (specimen ZMH V5270-A), the
sensory border is visible as a thin pale line, externally
delimited by the dorsal colour and eye band, internally by
the darker colour of the ventral side. Sensory pits as simple
invaginations 22 μm deep, ventromarginally distributed in a
single row along the anterior quarter of the body.

In addition to the ciliated creeping sole, epidermis ciliated
on the body margins and on the marginal dorsal surface of the
cephalic region. Dorsal and ventral epidermis of anterior end
traversed by scarce secretory cells containing fine erythrophil
granules. Abundant secretory cells with coarse erythrophil
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granules pierce the ventro-marginal epithelium, thus consti-
tuting a glandular margin 150 μm wide in specimen ZMH
V5270-A. In pre-pharyngeal transverse sections, dorsal and
marginal epithelium pierced by two types of secretory cells
containing cyanophil granules and rhabdites, being both more
abundant laterally. Ventral epidermis pierced by two types of
secretory cells, one with erythrophil granules, another with
cyanophil granules. Glandular margin composed of two types
of secretory cells, containing cyanophil and erythrophil gran-
ules, respectively. In specimen MZU PL.00174, the secretory
cells contain xanthophil coarse granules and cyanophil amor-
phous secretion. Epithelium of ventral epidermis with
erythrophil granules apically.

Three typical geoplaninid cutaneous muscle layers present:
one circular, followed by a diagonal one with deccusate fibres,
and then a longitudinal layer with fibres arranged into bundles
with 15–30 fibres each, dorsally and ventrally (10 μm and
22 μm thick, respectively, in specimen ZMH V5270-A) as
well. Thickness of cutaneous musculature relative to body
height at the pre-pharyngeal region (CMI), 5–6 %.

Dorso-ventral parenchymal muscle fibres apparent be-
tween the intestinal branches. Three parenchymal muscle

layers: a dorsal layer of deccusate diagonal fibres, a
supraintestinal layer of transverse fibres, and a subintestinal
layer, above the ventral nerve plate, with loose transverse
fibres.

Mouth in the middle of the pharyngeal pouch (Figs. 7, 8),
33 mm distant from the anterior end of the body in specimen
ZMH V5270-A. Near the root of the pharynx, where the
epithelium is not lost, pharyngeal pouch lined with a squa-
mous, non-ciliated epithelium. Esophagus short. Pharynx cy-
lindrical, having the dorsal insertion at the same transversal
level as the ventral one, or slightly posteriorly displaced. The
pharynx occupies the anterior half of the pharyngeal pouch.
Outer epithelium of the pharynx flat, ciliated, underlain
by a 1–2 fibres thick layer of longitudinal muscle,
followed by a layer of circular fibres, 50 μm thick
(specimen ZMH V5270-A), with interspersed longitudi-
nal fibres. Inner pharyngeal epithelium and that of
esophagus flat, ciliated, underlain by a layer (50 μm
thick in specimen ZMH V5270-A) of circular fibres
with longitudinal fibres interspersed. Secretory cells of
three types (cyanophil, erythrophil and xanthophil)
pierce the distal portion of the pharynx.

Table 1 Body measurements in millimeters of fixed specimens of Obama ladislavii (Von Graff 1899)

ZMH V5270-A ZMH V5270-B Type NHM4073 NHM 4071-A MZU PL.00174 MZU PL.00175

Length alive ? ? 80 73

Width alive ? ? 5 6

L (length) 58 31 56 47 53 56

Width 7 5 7 5 11 9

M (mouth—anterior tip) 33 20 ? 36 37

relative M:L 56.9 % 64.5 % ? 68 % 66 %

G (gonopore—anterior tip) 42 26 49 48 47

Relative G:L 72.4 % 83.9 % 87.5 % 90 % 84 %

Figs. 4–5 Obama ladislavii. (4)
Specimen ZMH V5270-A. Fixed
specimen in dorsal view on a
graph paper. Anterior end to the
right. (5) Specimen F1418. Dorsal
view of the creeping specimen,
approximately 38 mm in length.
Anterior end to the left
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Testes mature, rounded- to oval-shaped, about 300 μm in
diameter, located between supraintestinal parenchymal mus-
cle layer and intestine. In specimen ZMH V5270-A, they
extend from 12 mm behind the anterior tip of the body up to
nearly the root of the pharynx. Sperm ducts dorsal to
ovovitelline ducts. Sperm ducts not dilated, without sperm;
distally bent dorsally and medially to communicate with the
two dilated, short branches of the prostatic vesicle (Fig. 9).
Prostatic vesicle closer to the dorsal than to the ventral epi-
dermis, and outside of the common muscle coat. Unpaired
portion of the prostatic vesicle with an inverted-U shape.
Prostatic vesicle lined with a cuboidal or columnar, ciliated
epithelium, pierced by secretory cells containing fine
cyanophil granules, and surrounded by a layer (10 μm) of

interwoven muscle fibres. Inside the penis bulb, vesicle con-
tinues as an ejaculatory duct, proximally sinuous, distally
straight, running through the penis papilla. Penis papilla
projecting obliquely sideways from the dorsal wall of the male
atrium (Figs. 9, 10, 11), so that the tip of the penis papilla lays
at the right side of the body; dorsal insertion placed backwards
(Figs. 8, 10). Stroma of penis papilla with numerous longitu-
dinal and radial muscle fibres and numerous cyanophil gran-
ules. Penis papilla lined with a non-ciliated, nucleated cuboi-
dal or columnar epithelium, with apical surface slightly irreg-
ular. The epithelium of the left, proximal portion of the penis
papilla, and that of the subapical end of the papilla pierced by
very abundant secretory cells producing fine cyanophil gran-
ules. Additionally, the whole surface of the penis papilla is

Fig. 6 Obama ladislavii, specimen ZMHV5270-A. Consecutive microphotographs of a trilobed eye from horizontal sections; the upper side of the eye
is represented in the leftmost picture

Figs. 7–8 Obama ladislavii,
specimens ZMH V5270-A (7)
and NHM 2737-B2-b (8). (7)
Diagrammatic representation of
the pharynx from sagittal
sections; (8) diagrammatic
reconstruction of pharynx and
copulatory apparatus from sagittal
sections; not scaled
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pierced by cell glands, producing erythrophil granules. Some
of the necks of these cells run in bundles in the stroma of the
penis papilla. In specimen MZU PL.00174, there are glands
with intrapapillar cell bodies and mixed, fine granular secre-
tion opening through the surface of the penis papilla. Under
penial epithelium, there is a layer (8 μm in specimen ZMH
V5270-A) of circular muscle fibres, followed by a layer (7 μm
in specimen ZMH V5270-A) of longitudinal fibres. Male
atrium, almost completely occupied by the penis papilla,
broadly communicating with the female atrium. Dorsal and
lateral walls of male atrium lined with a columnar, non-
ciliated epithelium, about 100 μm high in specimen ZMH
V5270-A; ventral wall with a cuboidal or squamous epitheli-
um. Anterior wall of the male atrium pierced by cell glands
producing a mixed, fine granular secretion (erythrophil central
core and cyanophil peripheral part). Male atrium surrounded
by a layer (5μm thick in specimen ZMHV5270-A) of circular
muscle fibres, followed by one (5 μm in specimen ZMH
V5270-A) of longitudinal fibres.

Ovaries ovate, ca. 400 μm in diameter, ventral to the
anteriormost testes (equal to 21.5 % of body length in speci-
men ZMH V5270-A); they lie above ventral nerve plate.
Vitellaria distributed around intestine and between main in-
testinal branches. Ovovitelline ducts emerge dorsally from
ovaries, full of sperm in the very anterior portion.
Ovovitelline ducts ascend before reaching the gonopore re-
gion and join each other dorsally to posteriormost region of
the female atrium (Fig. 9); ovovitelline ducts covered by a
7-μm-thick layer (specimen ZMH V5270-A) of interwoven
muscle fibres. Common glandular ovovitelline duct directed

ventrally; it is lined with a cuboidal ciliated epithelium. The
common glandular ovovitelline duct communicates with the
postero-dorsal region of the female atrium, the female genital
canal, which is a funnel-shaped, somewhat irregular cavity
inclined forwards to the ventral side (Figs. 10, 12). It is lined
with a non-ciliated columnar epithelium, 25-to-100 μm high
in specimen ZMH V5270-A, with an erythrophil irregular
surface and some lacunae, and nuclei at different height,
giving a stratified aspect (Fig. 12). The entire epithelium is
pierced by secretory cells producing erythrophil granular se-
cretion, besides a second type of gland discharging a
cyanophil granular secretion through the anterior half of the
atrium. In specimenMZU PL.00174, the epithelium is pierced
by gland cells producing an amorphous, cyanophil secretion.
Female atrium surrounded by a 40-μm-thick layer of circular
muscle fibres, interspersed with longitudinal ones (40 μm
thick in specimen ZMH V5270-A). Length of female atrium
one-third (specimen ZMH V5270-A) to half that of male
atrium (specimens MZU PL.00174 and MZU PL.00175).

Remarks
On type material. Von Graff did not refer to specimens

deposited in other institutions than Sammlung des
Zoologisch-Anatomischen Institutes der Universität Graz
(Austria; numerous specimens collected by H. Von Ihering),
and Züricher Museum (Switzerland; a piece of a specimen
collected by F. Müller) (Von Graff 1899, p.301). Thus, those
specimens studied by Von Graff must have been transferred
later to the NHM and ZMH, respectively. Vial containing
entire specimen NHM 4073 is labelled with a piece of red
plastic indicating “Typus”.

On morphology. Our interpretation of the histological sec-
tions of the copulatory apparatus of specimen NHM 2737-B2-
a (Fig. 9) differs in some details from that by Von Graff, also
figured by him (Von Graff 1899, p. 185). After Von Graff (a)
the prostatic vesicle lies inside the common muscle coat; (b)
the vesicle is not bifurcated; (c) the ovovitelline ducts
ascend behind the female atrium. An explanation for the
different location of the prostatic vesicle might be the
particular histological slide studied, since in some sec-
tions some fibres of the common muscle coat seemingly
enclose it. We are unable to explain the remaining
differences.

In the specimen studied by Froehlich (1959) and illustrated
in his Fig. 23, the dorsal insertion of the penis papilla is
relatively more anteriorly located than in the other specimens.
In the specimen illustrated in Froehlich’s Fig. 24, the female
atrium displays an oval-elongate shape. We were unable to
compare the nature of the secretions due to differences regard-
ing the staining technique used by him. We have also found
some differences in dye affinities of secretions associated to
copulatory organs among specimens stained in UNISINOS
and USP laboratories, which might be caused by different
fixatives and staining methods used.

Fig. 9 Obama ladislavii, specimen NHM 2737-B2-a. Diagrammatic
reconstruction of copulatory apparatus from sagittal sections
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Obama anthropophila Amaral, Leal-Zanchet &
Carbayo, sp. nov.

Synonymy:
Geoplana sp. 2: Leal-Zanchet & Carbayo, 2000
Geoplana sp. 1 (in part): Castro & Leal-Zanchet, 2005
Geoplana sp. 5: Baptista, Fick, Matos & Leal-Zanchet,

2006
Geoplana sp. 1: Antunes, Marques & Leal-Zanchet, 2008
Geoplana sp. 1: Leal-Zanchet, Baptista, Campos & Raffo,

2011
Geoplana ladislavii sensu Froehlich, 1959, in Carbayo

et al. 2013
Obama sp. 3: Amaral, Hack, Iturralde & Leal-Zanchet,

2014
Etymology: The term alludes to the man-disturbed habi-

tats, where the species was mainly found.
Type-locality: Portão, state of Rio Grande do Sul (RS),

Brazil.

Distribution: in man-disturbed habitats and on the border
of remnants of Brazilian rainforests (deciduous, semi-
deciduous seasonal, dense and mixed ombrophilous forests)
in the states of São Paulo, Santa Catarina and Rio Grande do
Sul.

Holotype: MZUSP PL 1203: Portão (Rio Grande do Sul,
Brazil), S 29° 42′ 01″ W 50° 14′ 34″, Coll. S. V. Amaral, 20.
Nov. 2011, transverse sections of the anterior end of the body
on 16 slides; sagittal sections of a piece containing the ovaries
on 58 slides, transverse sections of the pre-pharyngeal region
on 13 slides; sagittal sections of the pharynx on 41 slides;
sagittal sections of the copulatory apparatus on 38 slides.

Paratypes: MZUSP PL 754 (field number F3349):
Parque Estadual da Serra do Tabuleiro (São Bonifácio, Santa
Catarina, Brazil), S 27° 50′ 34″ W 48° 55′ 33″ Coll. F.
Carbayo 17. Jan. 2009, transverse sections of the anterior
end of the body on 7 slides; sagittal sections of the copulatory
apparatus on 23 slides. MZUSP PL 1236 (field number

Figs. 10–12 Obama ladislavii,
specimen ZMH V5270-A (10–
11) and MZUSP PL 769 (12) in
sagittal sections: (10) copulatory
apparatus; (11) copulatory
apparatus in the right side of the
body; (12) common glandular,
female genital duct and part of
female atrium
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F0422): Floresta Nacional de São Francisco de Paula (São
Francisco de Paula, Rio Grande do Sul, Brazil), S 29° 25′
46.7″W 50° 23′ 52.2″ Coll. F. Carbayo 1. Aug. 2004, sagittal
sections of copulatory apparatus on 28 slides. MZUSP PL
1560 (field number F3384): Floresta Nacional de São
Francisco de Paula (São Francisco de Paula, Rio Grande do
Sul, Brazil), S 29° 25′ 46.7″W 50° 23′ 52.2″ Coll. F. Carbayo
21. Jan. 2009, sagittal sections of pharynx and copulatory
apparatus on 18 slides. MZUSP PL 709 (field number
F1568): Parque Nacional da Serra de Itajaí, Blumenau
(Santa Catarina, Brazil), S 26° 57′ 38.3″ 49° 04′ 03.2″, Coll.
F. Carbayo 7. Jan. 2008, sagittal sections of copulatory appa-
ratus on 8 slides. MZUSP PL 719 (field number F2647):
Parque Estadual Intervales (Ribeirão Grande, São Paulo state,
Brazil), S 24° 16′ 24.0″W048° 25′ 01.0″Coll. F. Carbayo 24.
Jul. 2008, sagittal sections of copulatory apparatus on 15
slides. MZUSP PL 698 (field number F1504): Blumenau
(Santa Catarina state, Brazil), S 27° 02′ 54,1″W49° 05′ 31,4″,
Coll. F. Carbayo 6. Jan. 2008, sagittal sections of copulatory
apparatus on 22 slides. MZUSP PL 1561 (field number
F0713): Parque Ecológico do Tietê (São Paulo, Brazil), S
23° 29′ 08.5″ W 46° 30′ 34.5″ Coll. C. Michellis, 14. Dec.
2005, transverse sections of the anterior end of the body on 24
slides; sagittal sections of the copulatory apparatus on 23
slides; sagittal sections of a piece containing the ovaries on
20 slides; horizontal sections of a piece immediately posterior
to the region of the ovaries on 9 slides; transverse sections of
the pre-pharyngeal region on 14 slides; sagittal sections of the
pharynx on 21 slides; sagittal sections of the copulatory ap-
paratus on 32 slides. MZU PL.00168: Salvador do Sul (Rio
Grande do Sul, Brazil), S 29° 26′ 26″W 51° 30′ 28″, Coll. W.
Santos, 11. May. 1998, transverse sections of the pre-
pharyngeal region on 10 slides; sagittal sections of the phar-
ynx on 16 slides; sagittal sections of the copulatory apparatus
on 24 slides. MZU PL.00169: São Francisco de Paula (Rio
Grande do Sul, Brazil), S 29° 25′ 25″W 50° 23′ 13″, Coll. L.
Teixeira, 10. Jul. 1998; sagittal sections of a piece containing
the ovaries on 37 slides; sagittal sections of the copulatory
apparatus on 47 slides. MZU PL.00170: Novo Hamburgo
(Rio Grande do Sul, Brazil), S 29° 41′ 04″ W, 51° 08′ 31″,
Coll. D. Endres Júnior 13. Sep. 2011, transverse sections of
the anterior end of the body on 45 slides; transverse sections of
the pre-pharyngeal region on 24 slides; sagittal sections of the
pharynx on 39 slides; sagittal sections of the copulatory ap-
paratus on 38 slides. sagittal sections of the copulatory appa-
ratus on 38 slides.MZU PL.00171: Ivoti (Rio Grande do Sul,
Brazil), S 29° 36′ 36″W51° 09′ 49″, Coll. P. K. Boll, 21. Dec.
2011, transverse sections of the anterior end of the body on 72
slides; sagittal sections of a piece containing the ovaries on 42
slides, transverse sections of the pre-pharyngeal region on 50
slides; sagittal sections of the pharynx on 166 slides; sagittal
sections of the copulatory apparatus on 109 slides. MZU
PL.00180: Taquara (Rio Grande do Sul, Brazil), S 29° 38′

47″ W 50° 46′ 33″, Coll. S. V. Amaral, 24. Jul. 2011, sagittal
sections of the copulatory apparatus on 37 slides, transverse
sections of the anterior end of the body on 51 slides; transverse
sections of the pre-pharyngeal region on 36 slides; sagittal
sections of the pharynx on 144 slides; sagittal sections of the
copulatory apparatus on 65 slides.

Diagnosis: Species of Obama up to 70 mm in length;
dorsum brownish, rarely greenish-brown; ventral side light-
brown; eyes extending laterally up to 43 % of body width on
each side of the body; sensory pits arranged in a single row on
each side of the body; glandular margin constituted of three
types of glands, containing abundant coarse erythrophil and
xanthophil secretions, as well as few cyanophil glands with
fine granules; pharynx cylindrical with dorsal insertion slight-
ly posterior to the ventral one; penis papilla projecting
obliquely backwards from the antero-dorsal wall of the male
atrium; lining epithelium of the ventro-anterior and ventro-
lateral wall of the male atrium receives abundant coarse gran-
ular, mixed secretion. Molecular diagnosis: this species in-
cludes all populations that cluster with the brown individuals
MZUSP PL 719 to MZUSP PL 762 in Online Resource 1
from this study, with significant support in the molecular
delimitation model.

Description
Body up to 70 mm long and 4 mm wide when creeping

(Fig. 13; Table 2); 55 mm long and 8 mm wide after fixation,
foliaceous and elongate in dorsal view; anterior end rounded,
posterior pointed; body margins rounded. Dorsum convex;
ventral side flat. Live specimens with dark-brown dorsum

Figs. 13–14 Obama anthropophila Amaral, Leal-Zanchet & Carbayo,
sp. nov. Photographs of living specimens in dorsal view. (13) Holotype.
(14) Paratype MZU PL.00170
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(Figs. 13, 14), becoming light-brown on body margins; ven-
tral side light-brown, darker at the margins and in the anterior
body fourth.

Eyes marginally arranged in a single row in the anterior
1/11th of the body of the holotype. After that, they spread onto
the dorsal surface, forming two bands that occupy the body
width almost completely in the median third of the body
(about 35 or 43 % of the body width on each side of the body,
of the holotype and paratype MZU PL.00171, respectively).
Towards posterior end, the bands become narrower. Eyes of
two types, a single-cup type in the anterior 1/11th of the body
of the holotype (round, about 26 μm in diameter). After that,
there is a second type, constituted by three pigmented lobes
(Fig. 15). In the first 8 mm of the body of the holotype sensory
border visible as a thin pale line delimited externally by the
dorsal colour and the eyes, internally by the darker colour of
the ventral side. Sensory pits, simple invaginations, 30 μm
deep, ventromarginally distributed in a single row. They con-
tour the anterior tip and then occur laterally to the glandular
margin from the very anterior tip to 8 mm from posterior to the
frontal margin of the body of the holotype.

In addition to the ciliated creeping sole, epidermis ciliated
on the body margins and on the marginal dorsal surface of the
cephalic region. Few rhabditogen cells, scarce erythrophil
cells with fine granular secretion and cyanophil cells with
amorphous secretion open through the whole epidermis of
the anterior tip, excepting at a median zone of the ventral
epidermis (375 μm wide or 42 % in relation to body width

in the holotype). Abundant erythrophil and xanthophil glands
with coarse secretion, as well as two types of cyanophil glands
(with fine granules and amorphous secretion, respectively)
open through this ventral median zone (Figs. 16, 17).

In pre-pharyngeal transverse sections, three types of secre-
tory cells (abundant rhabditogen glands with rhammites, as
well as scarce erythrophil glands with fine granules and
cyanophil glands with amorphous secretion) discharge
through dorsal epidermis and bodymargins. Glandular margin
with abundant erythrophil and xanthophil glands with coarse
secretion, as well as cyanophil glands with fine granules.
Creeping sole receives necks of few rhabditogen cells with
short rhabdites, numerous cells with amorphous cyanophil
secretion, as well as of scarce erythrophil and cyanophil
glands, both with fine granules (Figs. 18, 19).

The three typical geoplaninid cutaneous muscle layers
occur: one circular, followed by a diagonal layer with decus-
sate fibres, and then a longitudinal layer with fibres arranged
into bundles, each with about 22–30 fibres, dorsally and
ventrally (22 and 30 μm thick, respectively, in the holotype).
Thickness of the cutaneous musculature relative to body
height at the pre-pharyngeal region (CMI), 6–8 %.

Three parenchymal muscle layers: a dorsal layer of
decussate diagonal fibres, a supraintestinal layer of
transverse fibres, and a subintestinal layer, above the
ventral nerve plate, with loose transverse fibres. Dorso-
ventral parenchymal muscle fibres apparent between the
intestinal branches.

Table 2 Body measurements in millimeters of type-specimens of Obama anthropophila Amaral, Leal-Zanchet & Carbayo, sp. nov.

MZUSP PL. 1203 MZU PL. 00168 MZU PL. 00169 MZU PL. 00170 MZU PL. 00171 F0703

Length alive 60 45 70 55 65

Width alive 4 5 4 5 5

L (length) 43 39 40 42 55

Width 6 6 6 7 8

M (mouth—anterior tip) 29 25 28 32 37 35

Relative M:L 67.5 % 64 % 70 % 76 % 67 % 60.3 %

G (gonopore—anterior tip) 36 30 33 39 47 45

Relative G:L 84 77 82 % 93 % 85 % 77.6 %

Fig. 15 Obama anthropophila Amaral, Leal-Zanchet & Carbayo, sp. nov., holotype. Detail of eye pattern in dorsal view
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Mouth in the median third of the pharyngeal pouch, 29 mm
removed from the anterior end of the body of the holotype
(Fig. 20). Near the root of the pharynx, pharyngeal pouch
lined with a squamous, non-ciliated epithelium. Esophagus
0.3 mm in length in the holotype. Pharynx long (2.3 mm in the
holotype), cylindrical, with folded wall and dorsal insertion
slightly posteriorly displaced. It occupies the anterior half of
the pharyngeal pouch. Outer epithelium of the pharynx cuboi-
dal to columnar, ciliated, showing some insunk nuclei, under-
lain by a 2–4-fibre-thick layer of longitudinal muscles, follow-
ed by a layer of circular fibres, 15 μm thick in the holotype,

with interspersed longitudinal fibres. Inner pharyngeal epithe-
lium and that of esophagus cuboidal, ciliated, with some
insunk nuclei, underlain by a layer of circular subepithelial
fibres (130 and 70 μm thick, respectively, in the pharynx and
in the esophagus of the holotype), mixed with some longitu-
dinal fibres. Three types of pharyngeal glands: cells with
coarse granular xanthophil secretion, cells with fine granular
erythrophil secretion, and cells with amorphous cyanophil
secretion.

Testes mature, rounded or ovoid, 250 μm in diameter in the
holotype, located between supraintestinal parenchymal

Figs. 16–20 Obama anthropophila Amaral, Leal-Zanchet & Carbayo,
sp. nov., holotype: (16) anterior region of the body in transverse section;
(17) detail of the anterior region of the body in transverse section; (18)

pre-pharyngeal region in transverse section; (19) detail of the body
margin in the pre-pharyngeal region in transverse section; (20) pharynx
in sagittal section
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muscle layer and intestine, forming two irregular rows on
either side of the body (Fig. 18). They extend from 8 mm
(equal to 19 % of body length in the holotype) behind the
anterior tip of the body up to 27 mm posterior to the anterior
tip (equal to 63 % of body length in the holotype), i.e., to
approximately the same level as the root of the pharynx.
Sperm ducts dorsal to ovovitelline ducts, medially displaced.
Sperm ducts form spermiducal vesicles lateral to pharynx.
They bend dorsally and medially to open terminally into the
two dilated short branches of the prostatic vesicle (Figs. 21,
22, 23). Prostatic vesicle with a short extrabulbar portion,
closer to the ventral epidermis than to the dorsal epidermis.
The extrabulbar portion is postero-dorsally directed (Figs. 21,
22, 23). Then, it curves posteriorly to enter the penis bulb.
Unpaired portion of the prostatic vesicle tubular and short. It
continues, inside the penis papilla, as an ejaculatory duct,
obliquely traversing the penis papilla. Ejaculatory duct nearly
straight (Fig. 21). Penis papilla projecting obliquely from the
antero-dorsal wall of the male atrium; dorsal insertion of penis
papilla anterior to the gonopore (or at the posterior third of
male atrium).Male atrium, almost completely occupied by the
penis papilla, broadly communicating with the female atrium
(Figs. 21, 22).

Prostatic vesicle lined with a columnar, ciliated epithelium,
receiving fine granular, erythrophil secretion and fine granu-
lar, mixed secretion (cyanophil peripheral part and an
erythrophil central core). Both secretions arise from secretory
cells with cell bodies located in the mesenchyme, mainly
around the vesicle. Muscularis of prostatic vesicle consists
of interwoven muscle fibres (50 μm thick in the holotype).
Penis papilla lined with nucleated, non-ciliated columnar ep-
ithelium, with xanthophil apical surface; epithelium underlain
by a layer of circular muscle fibres (20 μm in the holotype),
followed by a layer of longitudinal fibres (5 μm in the holo-
type). Stroma of penis papilla with numerous longitudinal and
radial muscle fibres and necks of erythrophil and cyanophil
glands. Three types of glands (fine granular, erythrophil se-
cretion; cyanophil amorphous secretion; fine granular,
xanthophil secretion) run longitudinally in the papilla, open-
ing through its lining epithelium. Cell bodies of the three
gland types external to common muscle coat. Necks of the
erythrophil glands form bundles, being more abundant next to
the insertion of the penis papilla. In addition, there is a fourth
type of xanthophil gland with intrapapillar cell bodies, pro-
ducing a fine granular secretion. Ejaculatory duct lined with
ciliated columnar epithelium, receiving openings from

Figs. 21–22 Obama
anthropophila Amaral, Leal-
Zanchet & Carbayo, sp. nov.,
holotype: (21) sagittal composite
reconstruction of the copulatory
apparatus; (22) copulatory
apparatus in sagittal section
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secretory cells with amorphous, cyanophil secretion.
Muscularis of ejaculatory duct mainly comprised of circular
fibres (5 μm thick in the holotype). Male atrium lined with a

columnar, non-ciliated epithelium (80 μm high in the holo-
type), with xanthophil apical surface. This epithelium be-
comes cuboidal to squamous at the ventral wall of the atrium.

Figs. 23–25 Obama
anthropophila Amaral, Leal-
Zanchet & Carbayo, sp. nov.: (23)
opening of the sperm duct into
one of the paired portions of
prostatic vesicle of the holotype in
sagittal section; (24) copulatory
apparatus in sagittal section of the
paratype MZU PL. 00170; (25)
ovary in sagittal section of
holotype
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Four secretion types are discharged through the epithelium of
the male atrium: amorphous cyanophil secretion; coarse gran-
ular, mixed secretion; coarse granular, xanthophil secretion;
fine granular, erythrophil secretion. Glands with coarse gran-
ular, mixed secretion concentrate their openings through the
antero-ventral (medially) and postero-dorsal (laterally) walls
of the male atrium (Figs. 22, 23, 24). These glands are mainly
cyanophil in the holotype and paratypes MZU PL.00168 and
MZU PL.00169, but mainly erythrophil in paratype MZU
PL.00170. Excepting for the xanthophil glands, which contain
subepithelial cell bodies, glands of the male atrium have cell
bodies external to the common muscle coat.

Muscularis of male atrium consists of a layer of circular
muscle fibres (8 μm thick in the holotype), followed by one of
longitudinal fibres (5 μm thick in the holotype).

Ovaries ovoid, about 370 μm in diameter in the holotype,
located 10 mm behind the anterior end of the holotype (equal
to 23 % of body length), above the ventral nerve plate
(Fig. 25). Vitellaria distributed around intestine and between
main intestinal branches (Fig. 18). Ovovitelline ducts emerge
dorsally from anterior half of ovaries and run backwards
immediately dorsal to the nerve plate. Behind the gonopore,
they ascend postero-medially, to unite dorsally to the posterior
third of the female atrium in the holotype or dorsally to the
median region of the female atrium in paratypes MZUSP PL
652 and MZUSP PL 709. Common glandular ovovitelline
duct directed posteriorly to communicate with the female
genital duct (Figs. 21, 22). Female atrium oval-elongate, as
long as about two thirds of the male atrium (holotype and
paratype MZU PL.00180) or as long as the male atrium
(paratypes MZU PL.00168 and MZU PL.00169 and MZU
PL.00171). Elongate longitudinal folds restrict the cavity of
the female atrium.

Paired ovovitelline ducts lined with ciliated cuboidal epi-
thelium, near the copulatory apparatus grading into a ciliated
columnar epithelium that also lines the common glandular
ovovitelline duct. Paired ovovitelline ducts and common glan-
dular ovovitelline duct surrounded by mixed circular and
longitudinal muscle fibres (5 μm thick in the holotype).
Abundant shell glands with erythrophil secretion empty into
distal third of ascending portion of paired ovovitelline ducts,
as well as into common glandular ovovitelline duct. Female
atrium and female genital duct lined by tall columnar, non-
ciliated epithelium with multilayered aspect (50–120 μm high
in the holotype), changing to a ciliated epithelium at the ental
portion of the female genital duct. The epithelial lining of the
female atrium shows projections into the cavity as well as
holocrine and/or apocrine secretion. Lacunae may occur in the
epithelial lining of the female atrium. Female genital duct and
female atrium receive abundant coarse granular, xanthophil
and fine granular, cyanophil secretions, as well as scarce fine
granular, erythrophil secretion. Cell bodies of erythrophil and
cyanophil glands are external to the common muscle coat and

those of xanthophil cells are subepithelial. Muscularis of
female genital duct and female atrium composed of
intermingled circular and longitudinal fibres (7 and 15 μm
thick, respectively).

Gonopore canal approximately vertical at the sagittal plane.
Male and female atria with ample communication, without
separating folds at the sagittal plane (Fig. 21). Common
muscle coat with circular, longitudinal and oblique fibres,
thickest entally and along dorsal wall of male atrium, thinner
around female atrium. A stroma with sparse, mixed muscle
fibres separates the atrial muscularis and common muscle
coat.

Variability. In paratype MZUSP PL 719, the prostatic
vesicle is trifurcate, each branch receiving an efferent duct,
and the male atrium receives cyanophil glands across its
lateral walls but not medially. Glands of male atrium contain-
ing coarse granular, mixed secretion are absent in paratype
MZUSP PL 754, which is not fully mature. Possible contrac-
tion during fixation caused a folded penis papilla in paratype
MZU PL.00170 (Fig. 24) and the opening of the ejaculatory
duct into a recess of the tip of the papilla in paratypes MZU
PL.00168 andMZU PL.00169. The female atrium of paratype
MZU PL.00168 has a cocoon.

Remarks. In a recent paper, Carbayo et al. (2013) identified
three specimens (MZUSP PL 698, 707, and 1007) as species
different from O. ladislavii. The copulatory apparatus of
MZUSP PL 698, histologically sectioned, likely shares with
specimens studied by Froehlich (1959) the shape of the penis
papilla (the dorsal insertion of the penis papilla is seemingly
very anteriorly placed) and that of the female atrium (oval-
elongate; see Fig. 24 in Froehlich 1959), two features not
present in type material. Later, detailed study of the whole
set of Froehlich’s slides revealed that these two characteristics
are not diagnostic features, since in lateral sections the dorsal
insertion of the penis papilla continues backwards as it fuses
with a small male atrial fold located above the tip of the penis
papilla. Furthermore, in some specimens of O. ladislavii, the
female atrium is also oval-elongate rather than funnel-shaped.
Thus, although we were unable to observe in Froehlich’s
specimens all diagnostic features, we have no objective rea-
sons for not considering them conspecific with O. ladislavii
(Von Graff 1899), and therefore here consider specimens
MZUSP PL 698, 707 and 1007 as O. anthropophila.

Obama decidualis Amaral & Leal-Zanchet, sp. nov.
Synonymy: Geoplana sp. 1 (in part): Castro & Leal-

Zanchet, 2005
Etymology: the specific name refers to the type of forest

where the type-specimens were sampled.
Type-locality: Santa Maria, state of Rio Grande do Sul

(RS), Brazil.
Distribution: Inside and on the border of remnants of

deciduous seasonal forest, state of Rio Grande do Sul (Santa
Maria), Brazil.
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Holotype: MZUSP PL.1219: Santa Maria (Rio Grande do
Sul, Brazil), S 29° 44′ 30″W53° 50′ 39″Coll. M. H. Sasamori,
31. Jun. 2013, transverse sections of the anterior end of the
body on 10 slides; sagittal sections of a piece containing the
ovaries on 53 slides; transverse sections of the pre-pharyngeal
region on 19 slides; sagittal sections of the pharynx on 21
slides; sagittal sections of the copulatory apparatus on 34 slides.

Paratypes:MZU PL.00172: Santa Maria (Rio Grande do
Sul, Brazil), S 29° 46′ 41″W 53° 52′ 1″ Coll. A. L. Seitenfus,
13. Jan. 2001, transverse sections of the pre-pharyngeal region
on 8 slides; sagittal sections of the pharynx on 33 slides;
sagittal sections of the copulatory apparatus on 14 slides.
MZU PL.00173: Santa Maria (Rio Grande do Sul, Brazil),
S 29° 46′ 41″ W 53° 52′ 1″, Coll. V. Dias, 29. Sep. 2002,
transverse sections of the anterior end of the body on 26 slides;
sagittal sections of a piece containing the ovaries on 65 slides
in three fragments; transverse sections of the pre-pharyngeal
region on 12 slides; sagittal sections of the pharynx on 28
slides; sagittal sections of the copulatory apparatus on 50
slides. MZUSP PL.1210: Santa Maria (Rio Grande do Sul,
Brazil), S 29° 46′ 41″W 53° 52′ 1″ Coll. L. Negrete, 08. Sep.
2011, sagittal sections of the pharynx and copulatory appara-
tus on 27 slides.

Diagnosis: Species of Obama with 60 mm in maximum
length; dorsum brownish, rarely dark-brown; ventral side
light-brown; eyes extending laterally up to 42 % of body
width on each side of the body; sensory pits arranged in a
single row on each side of the body; glandular margin consti-
tuted of three types of glands, containing abundant erythrophil
and xanthophil glands with coarse secretion, as well as few
cyanophil glands with fine granules; pharynx cylindrical with
dorsal insertion slightly posterior to the ventral; ejaculatory
duct almost straight, opening through the ventral side of
the penis papilla; irregularly shaped penis papilla
projecting obliquely from the anterior and dorsal wall
of the male atrium; lining epithelium of the ventral wall
of the male atrium receiving coarse granular, erythrophil
secretion. Molecular diagnosis: this species includes all
populations that cluster with the brown individuals

MZUSP PL 1209 to MZUSP PL 1220 in Online
Resource 1 from this study, with significant support in
the molecular delimitation model.

Description
Body up to 60 mm long and 4 mm wide when creeping;

46 mm long and 7 mm wide after fixation (Table 3), foliaceous
and elongate in dorsal view; anterior end rounded, posterior end
pointed; body margins rounded. Dorsum convex; ventral side
flat. Live specimens with dark-brown dorsum, becoming light-
brown on body margins; ventral side light-brown (Fig. 26).

Eyes marginally arranged in a single row in the anterior
1/20th of the body length in the holotype. After that, they
become pluriserial and spread onto the dorsal surface, forming
a band that occupies the body width almost completely in the
median third of the body (about 34 or 42 % of the body width
on each side of the body in the holotype and paratype MZU
PL.00173, respectively) (Fig. 27). Dorsal eyes with clear
halos. Towards the posterior end, the bands become narrower.
Eyes of two types, a single-cup type in the anterior 1/20th of
the body in the holotype (round, about 20–25μm in diameter).
After that, there is a second type (35–40 μm in diameter),
constituted by three pigmented lobes.

Table 3 Body measurements in millimeters of type-specimens of Obama decidualis Amaral & Leal-Zanchet, sp. nov.

MZUSP PL. 1219 MZU PL. 00172 MZU PL. 00173 MZUSP PL. 1210

Length alive 50 60 55 27

Width alive 4 4 6 2

L (length) 41 45 46 22

Width 6 6.5 7 4

M (mouth—anterior tip) 27 22.5 30 15

Relative M:L 66 % 56 % 65 % 68 %

G (gonopore—anterior tip) 37 34 39 20

Relative G:L 90 % 75.5 % 85 % 90 %

Fig. 26 Obama decidualis Amaral & Leal-Zanchet, sp. nov., holotype.
Photograph of live specimen in dorsal view
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Fig. 27 Obama decidualis Amaral & Leal-Zanchet, sp. nov., holotype. Detail of eye pattern in dorsal view

Figs. 28–33 Obama decidualis Amaral & Leal-Zanchet, sp. nov.,
holotype: (28) anterior region of the body in transverse section; (29)
detail of the anterior region of the body in transverse section; (30) pre-

pharyngeal region in transverse section; (31) detail of the body margin in
the pre-pharyngeal region in transverse section; (32) pharynx in sagittal
section; (33) ovary in sagittal section
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The sensory border occurs in the first 5 mm of the body in
the holotype. It is a thin pale line delimited externally by the
dorsal colour and the eyes, internally by the darker colour of
the ventral side. Sensory pits as simple invaginations 30–
40 μm deep, ventromarginally distributed in a single row
(Figs. 28, 29). They contour the anterior tip and then occur
laterally to the glandular margin from the very anterior tip up
to 5 mm posterior to the tip.

In addition to the ciliated creeping sole, epidermis ciliated
on the body margins and on the marginal dorsal surface of the
cephalic region. Few rhabditogen cells with small rhabdites,
erythrophil cells with fine granular secretion and cyanophil
cells with amorphous secretion open through the whole epi-
dermis of the anterior tip, excepting at a median zone of the
ventral epidermis (430μmwide, corresponding to 70% of the
body width in the holotype). Abundant erythrophil and
xanthophil glands with coarse secretion, as well as cyanophil
glands with amorphous secretion, open through this ventral
median zone (Fig. 28). In pre-pharyngeal region, three types
of secretory cells open through the dorsal epidermis and body
margins: abundant rhabditogen glands with rhammites;
cyanophil glands with amorphous secretion, as well as
erythrophil glands with fine granular secretion. Glandular
margin with abundant erythrophil and xanthophil glands with
coarse secretion, as well as few cyanophil glands with fine

granules (Figs. 30, 31). Creeping sole receives necks of few
rhabditogen glands with short rhabdites, abundant glands with
amorphous cyanophil secretion, as well as of scarce
erythrophil glands with fine granules.

The three typical geoplaninid cutaneous muscle layers
occur: one circular, followed by a diagonal layer with decus-
sate fibres, and then a longitudinal layer with fibres arranged
into bundles with 20–30 fibres each, dorsally (20 μm) and
ventrally (34 μm) as well. Thickness of the cutaneous mus-
culature relative to body height at the pre-pharyngeal region
(CMI), 5–7 %.

Three parenchymal muscle layers: a dorsal layer of decus-
sate diagonal fibres, a supraintestinal layer of transverse fibres,
and a subintestinal layer, above the ventral nerve plate. Dorso-
ventral parenchymal muscle fibres apparent between the in-
testinal branches (Figs. 30, 31).

Mouth in the median third of the pharyngeal pouch
(Fig. 32), 27 mm removed from the anterior end of the body.
Near the root of the pharynx, pharyngeal pouch lined with a
cuboidal, non-ciliated epithelium. Esophagus 0.4 mm in
length. Pharynx long (4.6 mm in the holotype), cylindrical,
with folded wall and dorsal insertion slightly posteriorly
displaced (Fig. 32); it occupies almost the entire length of
the pharyngeal pouch. Outer epithelium of the pharynx cuboi-
dal to columnar, ciliated, showing some insunk nuclei,

Figs. 34–35 Obama decidualis
Amaral & Leal-Zanchet, sp. nov.,
holotype: (34) sagittal composite
reconstruction of the copulatory
apparatus; (35) copulatory
apparatus in sagittal section
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underlain by a 1–2-fibre-thick layer of longitudinal muscle,
followed by a layer of circular fibres, 15 μm thick, with
longitudinal fibres interspersed. Inner pharyngeal epithelium
and that of esophagus cuboidal, ciliated, with some insunk
nuclei, underlain by a layer of circular subepithelial fibres
(60–100 μm thick both in the pharynx and in the esophagus
of the holotype), mixed with some longitudinal fibres. Three
types of pharyngeal glands: cells with fine granular xanthophil
secretion, cells with fine granular erythrophil secretion, and
cells with amorphous cyanophil secretion.

Testes mature, rounded-to-ovoid, 370 μm in diameter in
the holotype, located between supraintestinal parenchymal
muscle layer and intestine, forming one irregular row on either
side of the body (Fig. 30). In the holotype, they extend from
7 mm (equal to 17 % of body length) behind anterior tip of the
body up to 24 mm posterior to the anterior tip (equal to 58 %
of body length), i.e., near the root of the pharynx. Sperm ducts
dorsal to ovovitelline ducts, forming spermiducal vesicles
posterior to pharynx. The sperm ducts curve slightly antero-
dorsally to open terminally into the two short dilated branches
of the prostatic vesicle. Both forked portions are extrabulbar,
located near the common muscle coat, being closer to the
ventral epidermis than to the dorsal epidermis. Unpaired por-
tion of prostatic vesicle tubular and short; it continues inside
the penis papilla as an ejaculatory duct, obliquely traversing
the penis papilla, close to its ventral insertion (Figs. 34, 35).
Ejaculatory duct almost straight, opening through the ventral
side of the penis papilla. Irregularly shaped penis papilla
projecting obliquely from the antero-dorsal wall of the male
atrium; dorsal insertion of penis papilla near the level of the
gonopore. Laterally, two folds of the wall of the papilla project
into the male atrium, forming a slit. Male atrium, almost
completely occupied by the penis papilla, broadly communi-
cating with the female atrium (Fig. 34).

Prostatic vesicle lined with a pseudostratified, columnar,
ciliated epithelium, receiving coarse granular, erythrophil se-
cretion and coarse granular mixed secretion (cyanophil pe-
ripheral part and an erythrophil central core). Both secretions
arise from secretory cells with bodies lying below the
muscularis of the prostatic vesicle. Muscularis of prostatic
vesicle consisting of interwoven muscle fibres (35–45 μm
thick in the holotype). Penis papilla covered with non-ciliated,
nucleated columnar epithelium, with apical xanthophil layer
that is higher next to the dorsal insertion. Epithelium of the
penis papilla underlain by a layer of circular muscle fibres
(10 μm in the holotype), followed by a layer of longitudinal
fibres (5 μm in the holotype). This longitudinal layer is more
developed next to the dorsal and ventral insertions. Stroma of
penis papilla with longitudinal and radial muscle fibres and
necks of glands. Four types of glands discharge their secretion
through the lining epithelium of the penis papilla: erythrophil
glands with fine granular secretion; glands with mixed secre-
tion (erythrophil internal core and cyanophil peripheral part);

cyanophil glands with amorphous secretion; xanthophil
glands with fine granular secretion. Erythrophil and cyanophil
cells have their cell bodies external to common muscle coat;
xanthophil cells, as well as glands with mixed secretion have
intrapapillar cell bodies. Openings of glands with mixed se-
cretion are more abundant next to the insertion of the papilla;
those of erythrophil glands are more numerous in the median
part of the penis papilla. Ejaculatory duct lined with ciliated
columnar epithelium, receiving openings from glands with
fine granular, mixed secretion and cyanophil glands with
amorphous secretion. Both glands have subepithelial cell bod-
ies. Muscularis of ejaculatory duct mainly consisting of circu-
lar fibres (10–15 μm thick in the holotype). Male atrium lined
with a columnar, non-ciliated epithelium (25 μm high in the
holotype), with apical xanthophil layer. This epithelium be-
comes cuboidal at the ventral wall of the atrium. Five secretion
types are discharged through the epithelium of the male atri-
um: the same types of glands that open through the epithelium
of the penis papilla, as well as a fifth type producing coarse
granular, erythrophil secretion. The latter has cell bodies ex-
ternal to the common muscle coat and concentrates its open-
ings at the ventral wall of the male atrium. Muscularis of male
atrium consisting of a layer of circular muscle fibres (8 μm
thick in the holotype), followed by one of longitudinal fibres
(5 μm thick in the holotype).

Ovaries ovoid, about 340 μm in diameter, located 10 mm
behind the anterior end (equal to 24 % of body length), above
the ventral nerve plate (Fig. 33). Vitellaria distributed around
intestine and between main intestinal branches (Fig. 30).
Ovovitelline ducts emerge dorsally from posterior half of
ovaries and run backwards immediately dorsal to the nerve
plate. Behind the gonopore, the ovovitelline ducts ascend
postero-medially and unite dorsally to the posterior fourth of
the female atrium. Common glandular ovovitelline duct di-
rected posteriorly to communicate with the female genital
duct, a terminal antero-dorsally directed diverticulum of fe-
male atrium (Fig. 35). Female atrium oval-elongate (Figs. 34,
35), as long as about half of the male atrium (holotype and
paratypes MZU PL.00172 and MZU PL.00173) or as long as
the male atrium (paratypeMZUSP PL.1210). Dorsal and ental
folds restrict the cavity of the female atrium.

Paired ovovitelline ducts lined with ciliated cuboidal
epithelium, near the copulatory apparatus grading into a
ciliated columnar epithelium that also lines the common
glandular ovovitelline duct. Paired ovovitelline ducts
and common glandular ovovitelline duct with muscularis
comprising circular muscles with interposed longitudinal
muscle fibres (10 μm thick in the holotype). Abundant
shell glands with xanthophil secretion empty into distal
third of the ascending portion of paired ovovitelline
ducts, as well as into common glandular ovovitelline
duct. Female atrium and female genital duct lined with
tall columnar, non-ciliated epithelium with multilayered
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aspect (60–200 μm high in the holotype), changing to a
ciliated epithelium at the ental portion of the female
genital duct. The epithelial lining of the female atrium
shows projections into the cavity; it presents lacunae
containing erythrophil or cyanophil holocrine secretion.
Female genital duct and female atrium receive abundant
coarse granular, xanthophil secretion; fine granular,
erythrophil secretion; amorphous cyanophil and mixed
secretions. Cell bodies of erythrophil and cyanophil
glands are external to the common muscle coat and
those of xanthophil cells are subepithelial. Muscularis
of female genital duct and female atrium composed of
intermingled circular and longitudinal fibres in the ho-
lotype (18 and 20 μm thick, respectively).

Gonopore canal approximately vertical at the sagittal
plane. Male and female atria with ample communication,
without separating folds at the sagittal plane (Fig. 34).
Common muscle coat poorly developed, with circular,
longitudinal and oblique fibres. A stroma with sparse
mixed muscle fibres separates the atrial muscularis and
common muscle coat.

Variability. Paratype MZUSP PL.1210 shows intrabulbar
forked portions of the prostatic vesicle, a penis papilla
intensely folded and an ejaculatory duct opening into a
folded recess of the male atrium through a small projec-
tion inside the penis papilla (Fig. 36). Paratypes MZU
PL.00172 and MZU PL.00173 are fully mature speci-
mens, whereas paratype MZUSP PL.1210, showing
vitellaria at an early stage of development, is not fully
mature. Paratype MZU PL.00172 shows contracted
esophagus and pharynx and a more irregular and folded
penis papilla than that of the holotype. Probably also due
to contraction, the ejaculatory duct traverses the penis
papilla very close to the ventral insertion of the papilla
in paratype MZU PL.00173.

Discussion

The species delimitation results clearly distinguished the new
species herein described, viz. O. anthropophila Amaral,
Leal-Zanchet & Carbayo, sp. nov. and O. decidualis Amaral
& Leal-Zanchet, sp. nov. The two taxa that emerge from the
GMYC analysis were supported also as different species in the
BPP analysis. ForO. ladislavii, GMYC proposes the presence
of two entities that BPP results do not corroborate as different
species. Hence, the molecular species delimitation gave
support to the presence of three different species resid-
ing under the nominal taxon O. ladislavii, a conclusion
supported by morphological data (see below). Also
worth mentioning is the effectiveness of the combina-
tion of different approaches to molecular species delim-
itation, such as GMYC and BPP. We have experienced
the tendency of GMYC to overestimate the number of
entities (Lohse 2009; Álvarez-Presas and Riutort 2014),
and we have attempted to counter this methodological
flaw by taking the GMYC result as a good starting
hypothesis to be tested by BPP. This strategy of using
a Bayesian method a posteriori, including more loci in
the analyses, gives strength to the molecular results.

Excepting the colour of the body, O. ladislavii,
O. decidualis and O. anthropophila have a similar general
morphology. The dorsal colour of O. anthropophila and
O. decidualis, being dark-brown, enables us to distinguish
them from the green, rarely greenish-brown, specimens of
O. ladislavii. Detailed analysis of the external morphology
also indicated interspecific differences. Both new species
differ from O. ladislavii in the width of the eye bands relative
to the body width. In both species eye bands cover almost
completely the body width (between 70 and 85 %) in the
median third of the body, whereas in O. ladislavii they are
restricted to 60 % of the body width. In addition, the occur-
rences of some anatomical and histological features that are
not commonly used for delimiting species support the diffe-
rentiation ofO. ladislavii,O. anthropophila andO. decidualis,
viz. histological details of the glandular margin, penis papilla
and male and female atria. The glandular margin is most
conspicuous in O. decidualis and O. anthropophila, contain-
ing three cell types, whereas O. ladislavii has only two types
of secretory cells. In relation to the copulatory apparatus, the
lining epithelium of the left part of the anterior male atrium
and that of the left ventral insertion of the penis papilla in
O. ladislavii present very abundant glands with fine cyanophil
g ranu les tha t a re absen t in O. dec idua l i s and
O. anthropophila. In addition, abundant cyanophil amorphous
secretions are discharged into the female atrium of
O. l ad i s l a v i i , wh e r e a s i n O. d e c i dua l i s a nd
O. anthropophila, these secretions are not numerous.

O. decidualis and O. anthropophila may be considered
cryptic species, since by means of the usual morphological

Fig. 36 Obama decidualis Amaral & Leal-Zanchet, sp. nov.: sagittal
composite reconstruction of the copulatory apparatus in sagittal section of
paratype MZUSP PL.1210
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features they cannot be distinguished easily from each other.
Further, the anatomy of the digestive system and copulatory
apparatus of both species is also similar. However, a detailed
analysis of the copulatory apparatus indicates some differ-
ences between both species, viz. the form of the penis
papilla, the glands opening into the male atrium, and the
lengths of female and male atrium. In O. decidualis, the
penis papilla is irregularly shaped, sometimes conical, oth-
erwise much folded, whereas in O. anthropophila, the penis
papilla has a regular conical form. When assuming a conical
form, the ejaculatory duct of O. decidualis opens next to the
ventral insertion of the penis papilla, differing from the
almost central opening in the papilla of O. anthropophila.
Regarding the glands opening into the male atrium, in
O. decidualis, the lining epithelium of the ventral wall of
the male atrium receives a coarse granular, erythrophil se-
cretion. In O. anthropophila, the lining epithelium of the
ventro-anterior and ventro-lateral wall of the male atrium
receive abundant coarse granular, cyanophil or mixed secre-
tions. In addition, a useful character to distinguish both
species is the length of the female and the male atrium,
the female atrium being longer in O. anthropophila than in
O. decidualis.

Both new species herein described match the diagnosis of
the genusObama Carbayo et al. 2013. Three of the 34 species
of this genus, i.e., O. josefi (Carbayo & Leal-Zanchet, 2001),
O. ladislavii (Von Graff, 1899), and O. marmorata (Schultze
& Müller, 1857) from southeast and south Brazil, possess a
similar gross morphology as the two new species herein
described: extrabulbar prostatic vesicle, penis papilla with
dorsal insertion strongly posterior to the ventral and elongated
female atr ium. Regarding external morphology,
O. anthropophila and O. decidualis, having a homogeneous
colour pattern, can be distinguished from their sister taxon
(concatenated phylogeny; Fig. 1) O. josefi, which shows a
longitudinally striped colour pattern on the dorsum, and
O. marmorata, which has a marbled colour pattern. With
respect to the internal morphology, the female atrium is longer
than the male in O. josefi. Obama marmorata has a penis
papilla with a dorsal insertion that is located very posteriorly
and strongly, obliquely placed to one side. In addition, the
ejaculatory duct traverses the ventral side of the penis papilla
in O. marmorata.

Furthermore, there are two species of Geoplana incertae
sedis, Geoplana chalona du Bois-Reymond Marcus, 1951
andG. gabriellae du Bois-ReymondMarcus, 1951, both from
Peru, sharing these three characteristics of the copulatory
apparatus: extrabulbar prostatic vesicle, penis papilla with
dorsal insertion strongly posteriorly shifted and elongated
female atrium. These two species belong to a group of 47
nominal species of Geoplana sensu Ogren and Kawakatsu
1990 that are morphologically poorly known or possess a
combination of features incongruent with the characters of

the six new genera split off from Geoplana sensu Ogren and
Kawakatsu 1990 (Carbayo et al. 2013). Regarding external
morphology, O. anthropophila and O. decidualis, having a
brownish dorsum, can be distinguished from G. chalona,
which has a black dorsum, and G. gabriellae with a yellow-
and-black striped dorsum. In addition, in these two Peruvian
species, the pharynx is collar-shaped, the ejaculatory duct is
widened, and the dorsal insertion of the penis papilla is much
more posteriorly located, indeed posterior to the gonopore
canal region, in contrast to the conditions in the new
Brazilian species.

Finally, we would like to compare the morphology of
O. anthropophila and O. decidualis with species of
Pseudogeoplana, a collective group of Geoplaninae of which
the internal morphology is unknown. Only the following four
species of Pseudogeoplana show similar body size and brown-
ish dorsal colour pattern resembling that of O. anthropophila
and O. decidualis: Pseudogeoplana elongata (Darwin, 1844);
from Chile, Pseudogeoplana nephelis (Schultze & Müller,
1857); from Santa Catarina state, Brazil, Pseudogeoplana
nigrofusca (Darwin, 1844); from Chile and P. stolli (Von Graff
1899); from Guatemala. However, differently from both new
species, in P. elongata the dorsum possesses a narrow median
line of darker brown and the submarginal region is pale brown;
further, the species does not show ocelli. In P. nigrofusca, the
dorsum is blackish brown, and the eyes of the body margin are
grouped by two or three together. In P. stolli, the brown dorsal
colour is caused by coarse dots; these dots are less densely
distributed at the margins of the anterior region of the body, so
that they give rise to a submarginal paler line; furthermore, the
bodymargins are black in the anterior half of the body. The only
species that is hard to distinguish from the new species is
P. nephelis. However, the latter species was very incompletely
described: “in form and colour it reminds one of Nephelis.Back
uniform brown; belly paler. Not rare” (Schultze & Müller,
1857). In fact, this description compares well with those of the
new species. In addition, O. anthropophila also occurs in Santa
Catarina. However, there are various species of land planarians,
some of them sympatric, that can present a similar colour
pattern, as well as other similar characters in their internal
morphology, but comparative analysis indicated that they are
different species.

The fact that different lines of evidence, morphological,
molecular and ecological, converge on the delimitation of the
same units makes it possible to consider the new species
hypotheses as robust.
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