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A new species, Geoplana valdiviana sp. n. (Platyhelminthes, Tricladida), from southern
Chile is described. The species is characterized by having the cutaneous musculature
ventrally reaching up to the central nervous system, the parenchymal muscle layers
gathered in bundles, a penis papilla with the dorsal insertion anterior to the ventral
insertion, shell glands opening only into the common glandular duct, and oviducts
greatly widened in their ascending portion. The two former features are also present in
Geoplana chanca and Pasipha ercilla, and might be an evidence of close phylogenetic
relationship between them.

Introduction
Land planarians are a group of carnivorous free-living
platyhelminths (Jennings 1971) with a worldwide distribution, to the exclusion of the polar region (Winsor
et al. 1998). They are predators in soil ecosystems,
where they inhabit humid forest floors and can reach
high levels of diversity in the tropics (Winsor et al.
1998). The Neotropical land planarian fauna is composed of representatives belonging to three subfamilies,
Rhynchodeminae, Microplaninae and Geoplaninae; the
latter being the largest and exclusive to the Neotropics
(Ogren & Kawakatsu 1998). As external features are
few in number in land planarians, and some of these,
such as the color pattern of the body might show intraspecific variation, internal characteristics are the
most important for unequivocal identification, and for
providing systematic and phylogenetic data. Geoplaninid species, whose internal morphology presently remains unknown, are placed in the genus Pseudogeoplana Ogren & Kawakatsu, 1990; a taxon specifically
erected to accomodate species inquirendae and nomina
dubia (Ogren & Kawakatsu 1990).
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Geoplana Stimpson, 1857 is the richest genus within
Geoplaninae (ca. 280 species) and is found widely
throughout the Neotropical region. Twenty-five nominal
species are known from Chile, five of them belonging
to Geoplana (see Grau & Carbayo 2010). Here we describe a new Chilean Geoplana species from the Valdivian temperate rainforest.

Material and methods
A single specimen was collected in January 2007 in the Arboretum
Park of the Universidad Austral de Chile, in the campus Island Teja
(39 480 S; 73 150 W) at 5 meters above sea level, Valdivia, Los Rios
region, southern Chile. The worm was collected by hand, and then
directly put into a plastic tube containing 90 % ethanol for fixation
and preservation. Fragments of the anterior region, pre-pharyngeal region, pharynx and copulatory apparatus were sectioned and dehydrated in ascending ethanol series, and subsequently embedded in
Paraplast. Sagittal, horizontal and transverse serial sections (8 mm
thick) of different body regions were stained with Mallory-Cason trichrome and Masson stains (Winsor 1998).
The ratio of the height of the cutaneous musculature to the height
of the body (cutaneous muscular index, CMI or mc:h) was calculated
after Froehlich (1955). Illustrations were made using a microscope
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with a drawing tube attachment. The holotype is deposited in the Museum fr Naturkunde Berlin, Germany, under the acronym ZMB (for
Zoologisches Museum Berlin).
Abbreviations used in figures
cml, cutaneous muscle layer; cns, central nervous system; co, common
glandular ovovitelline duct; dd, dorsal double diagonal parenchymal
muscle layer; de, dorsal epithelium; di, dorsal insertion of the pharynx;
e, eyes; ej, ejaculatory duct; fa, female genital atrium; g, gonopore; gl,
glands; i, intestine; m, mouth; od, ovovitelline duct; phm, pharyngeal
musculature; php, pharyngeal pouch; pp, penis papilla; pv, prostatic vesicle; sb, sub-intestinal transverse parenchymal muscle layer; sbn, subcutaneous nervous system; sd, sperm duct; sg, shell glands; sp, supra-intestinal transverse parenchymal muscle layer; t, testes; va, vagina; ve,
ventral epithelium; vi, ventral insertion of the pharynx; vit, vitellaria.

Results
Geoplana valdiviana sp. n.
Material. Holotype, ZMB 11245. Valdivia (Chile), January 2007. F.
Cdiz, col. Anterior region: transverse sections on 24 slides. Anterior
region 2: horizontal sections on six slides. Pre-pharyngeal region:
transverse sections on four slides. Pharynx: sagittal sections on six
slides. Copulatory apparatus: sagittal sections on ten slides. Remainder of body in 80 % ethanol.

Diagnosis. Geoplana species with body lanceolate and
flat, 24 mm in length. Blackish dorsum provided with a
cross-shaped whitish design on the cephalic region, and
a median yellow band on the rest of the back. Eyes
dorsal with clear halos. Glandular margin present. CMI,
18–19 %. Testes dorsal, underneath supra-intestinal
transverse parenchymatic muscle layer; dorsal insertion
of penis papilla anterior to ventral one. Ascending portion of ovovitelline ducts greatly widened. Shell glands
opening only into common glandular duct.
Type locality. Valdivian temperate rainforest (39 480 S; 73 150 W) surrounding the city of Valdivia in southern Chile. The park where the
worm was collected bears some patches of native forest that suffers
from low human disturbance.

Etymology. The specific name refers to the city of Valdivia, southern Chile, where the specimen was collected.
Description
External morphology. Body of medium size, after fixation 24 mm long, 3.3 mm wide, 0.9 mm thick. Parallel

body margins throughout most of the body length and
gradually tapering towards the pointed anterior tip; the
posterior one is rounded. Dorsum general appearance
grey-blackish, with a wide yellow median band, and
scattered with white eye halos on the lateral region
(Fig. 1). The anterior 1.5 mm region is blackish, with a
thin median white stripe almost at the end of which a
transverse stripe (also white) runs perpendicular, thus
forming a cross pattern near the anterior tip. A median
yellowish band with scattered small dark pigment dots
runs posteriorly from the median white stripe up to
shortly before the posterior end. The yellowish band is
outlined by black stripes that become dark-grey towards
the body margins. White eye halos spread dorsally on
each side of the yellow median band. Ventrally the
body is whitish, with the anterior tip darker than rest of
the under-surface. A faint grey median line runs along
the ventral surface.
Eyes present at the anterior tip arranged in an irregular single marginal row. Posteriorly eyes gradually multiplying and extending dorsally as much as 1/3 of body
width from each body side along the entire body
length. Sensory pits running marginally along the first
third of the body in a single row. Ciliated creeping sole
extending to about 80 % of body width.
Epidermis and its secretions. Dorsal epithelium
thicker than ventral (Figs 2B–C). Granular erythrophil
secretions opening through dorsal body surface and
through body margins. Amorphous cyanophil glands
opening through dorsal and ventral surfaces. Rhabditogen cells distributed dorsally and ventrally, being more
abundant on the dorsal surface. Towards the anterior region of the body granular erythrophil secretions accumulate between the intestinal branches and open mainly
through the margins and the ventral surface (Fig. 2A).
Towards the anterior region cyanophil glands also become more abundant.
Cutaneous musculature. The cutaneous musculature
is formed by the three typical layers found in Geoplaninae, i.e., circular, double diagonal and longitudinal. The
longitudinal layer is the most developed and is packed
in thick and dense bundles. The dorsal layer is 50–
60 mm thick (Fig. 2B); the ventral, which reaches up to
the ventral nervous plate, is 80–90 mm thick (Figs 2C,

Figure 1. Geoplana valdiviana sp. n. Fixed holotype. Photograph of the dorsal side of the body. Anterior end pointig to the left.
The posterior end is bent upwards.
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Figure 2. Geoplana valdiviana sp. n. Holotype. Photomicrographs of cross-sectioned pre-pharyngeal region. A. General view;
B. Dorsal musculature; C. Ventral musculature.

4E). As no ventral submuscular peripheral nerve net
was seen, it is presumed here to be located very close
to the central nerve plate. Towards the anterior and posterior ends of the body the muscle layers gradually
weaken until they disappear without specializations.

# 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Parenchymal musculature. Three muscle layers are
present; dorsal double diagonal (30–40 mm thick),
transverse supra-intestinal (30–40 mm thick) and transverse sub-intestinal (30–45 mm thick). All three parenchymal muscle layers constituted by fibers, mostly
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Figure 3. Geoplana valdiviana sp. n. Holotype. A. Photomicrograph of cross section of cephalic region; B. Pharynx, photomicrograph of the sagittal section of the pharyngeal region; C. Pre-pharynx, reconstruction drawing.

gathered into bundles: double diagonal (4–8 fibers per
bundle), transverse supra-intestinal (5–12 fibers per
bundle) and the transverse sub-intestinal (8–17 fibers
per bundle) (Figs 4A–E). Towards the anterior and posterior body tips the parenchymal muscle layers gradually weaken without specializations; anteriorly, the
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transverse sub-intestinal layer becomes thinner more
gradually (Fig. 3A) than the other layers.
Pharynx. Mouth located at the end of the anterior
third of the pharyngeal pouch. Pharynx bell-shaped,
tilted ventrally at an angle of 30 , and occupying most
of pharyngeal pouch. Dorsal insertion of the pharynx
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Figure 4. Geoplana valdiviana sp. n. Holotype. Photomicrographs of the pre-pharyngeal region. A–B. Frontal section of dorsal
cutaneous musculature. Anterior end of the body towards top of the photo; C. Frontal section of ventral cutaneous musculature.
Anterior end of the body towards top of the photo; D. Frontal section of dorsal cutaneous musculature. Anterior end of the body
towards top of the photo; E. Sagittal section of ventral cutaneous musculature.

approximately at the level of the mouth (Fig. 3B).
Pharyngeal pouch musculature composed of a circular
musculature followed by decussate diagonal fibers.
Outer pharynx musculature composed of a layer of
sub-epithelial circular fibers followed by a layer of

# 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

longitudinal fibers. Inner pharynx musculature 3–
4 times thicker than outer, and composed of a thick
sub-epithelial layer of circular fibers followed by a
layer of longitudinal fibers. Esophagus very short or
absent.
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Figure 5. Geoplana valdiviana sp. n. Holotype. A. Copulatory apparatus, photomicrograph of sagittal section; B. Copulatory apparatus, interpretative drawing based on sagittal sections; C. Photomicrograph of a sagittal section showing widened oviduct.

Male copulatory apparatus. Testes globular, measuring about 200250 mm, and located dorsally between
the intestinal branches and the supra-intestinal transverse parenchymal muscle layer (Fig. 3C). The testes
extend from the ovaric region to shortly before the
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pharynx. Sperm ducts placed above the sub-intestinal
parenchymal muscle layer and slightly external to the
oviducts. The sperm ducts are distally expanded and
full of spermatozoa. Slightly posterior to the pharynx
these ducts curve dorsally and then medially to connect
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to the end of the anterior third of the prostatic vesicle
(Fig. 5B). The sperm ducts are lined with cuboidal and
ciliated epithelium. The prostatic vesicle is located immediately behind the pharyngeal pouch and consists of
a long, horizontal tubular cavity. Its lining epithelium is
tall columnar and highly vacuolated. Granular erythrophil secretions surround and penetrate the prostatic vesicle. Within the penial bulb the prostatic vesicle continues as a thick ejaculatory duct, 60–70 mm in caliber,
opening through the tip of the penis papilla. The ejaculatory duct is lined with a tall columnar epithelium surrounded by a thin reticular muscle layer. The penis papilla is horizontal, cylindrical to conical in shape, and
slightly oriented sideways, having the dorsal insertion
located anterior to the ventral; it occupies most of the
male atrium (Figs 5A–B). The penis papilla is lined
with cuboidal nucleated epithelium; it is surrounded by
a thin, circular musculature. Numerous necks of glands
containing amorphous cyanophil secretions open
through the base of the penis papilla. The penis papilla
and the male atrium are lined with cuboidal nucleated,
non-ciliated epithelium. The male atrium is slightly larger than the female atrium. The gonopore canal runs at
a posteriorly descending angle.
Female reproductive system. The ovaries are globular
(130150 mm). They are located at the end of the
anterior third of the body, above the central nerve plate
and directly underneath the transverse sub-intestinal
parenchymal muscle layer. The oviducts arise from the
dorsal side of the ovaries, slightly external to them, and
run posteriorly at the same level. Anterior to the male
atrium they ascend and, dorsally to the gonopore, unite
into a long and horizontal common glandular ovovitelline duct. The ascending portions of the oviducts are
greatly widened, up to ten times, due to the fact that its
columnar epithelium becomes very tall (60–100 mm;
Figs 5B–C). The vagina arises dorso-posteriorly from
female atrium, and bends dorso-anteriorly to receive
common glandular ovovitelline duct. The female atrium
is a horizontal cavity about three times as long as wide.
The oviduct musculature is composed of cross-organized muscle fibers. The shell glands open only into
the common glandular ovovitelline duct. The female atrium is lined with a tall columnar and vacuolated
epithelium which is surrounded by interwoven longitudinal and circular muscle fibers. The common muscular
coat is formed by longitudinal and oblique muscle fibers, and surrounds the male atrium, the female atrium
and the common glandular ovovitelline duct.

Discussion
The new species belongs to the subfamily Geoplaninae
as it shows all the main diagnostic characters, i.e. a
broad, ciliated creeping sole, well-developed cutaneous
longitudinal musculature gathered into bundles, and
dorsal testes. This subfamily contains 17 genera (Ogren
& Kawakatsu 1990; Carbayo & Leal-Zanchet 2003;
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Carbayo 2010), including a collective genus Pseudogeoplana Ogren & Kawakatsu, 1990 accommodating species only known from their external morphology.
The external morphology of G. valdiviana sp. n.
shows no similarity to other species allocated to Pseudogeoplana because of the combination of body shape
and color pattern; particularly the cross-shaped whitish
design on the anterior end, and a yellowish midbody
line on the rest of the dorsum.
The new species presents a combination of morphological features that matches the diagnosis of the genus
Geoplana, namely the presence of a penis papilla; the
dorsal approach of the female canal; the absence of
glandular ridges on the penis papilla; and the absence
of cephalic glandulo-muscular organs and sensory papillae (also absent in the type species Geoplana vaginuloides (Darwin, 1844), pers. obs.).
Within Geoplana, the new species resembles only
Geoplana chanca E. M. Froehlich, 1978 in the general
aspect of the copulatory apparatus and in two additional
unique features, i.e., (a) an uncommonly thick and
strong cutaneous musculature in which the longitudinal
muscle fibers are gathered into dense bundles, ventrally
reaching up to the central nervous system; and (b) parenchymal musculature strongly developed and also
gathered into bundles (as seen by F. Carbayo in the
type material of G. chanca). Geoplana valdiviana sp. n.
can be distinguished from G. chanca mainly due to the
fact that in the latter the dorsal insertion of the penis
papilla is at the level of the ventral insertion, the distal
portion of the ovovitelline ducts receives the shell
glands openings, and the common glandular ovovitelline duct is very short. Externally, the new species also
differs from G. chanca in that in this species the medial
band extends from the anterior to the posterior tip, and
in that it does not show the whitish cross-shaped design
on the back. Furthermore, the body of G. chanca is
broader than G. valdiviana sp. n.
These shared features might be evidence of a close relationship of G. valdiviana sp. n. to G. chanca. Strikingly, a species belonging to another genus, Pasipha ercilla (Froehlich E. M., 1978), also from Chile, presents
similar features in the cutaneous and parenchymal muscular systems. As far as we know there are no other Geoplaninae species with parenchymal muscle fibers arranged into bundles throughout the body. These features
might be an evidence of close phylogenetic relationship
for the three Chilean species. In the Brazilian Geobia
subterranea (Schultze & Mller, 1857) the greatly developed cutaneous and parenchymal musculature are likely
analogous since these specializations – ostensibly an
adaptation to life underground (Froehlich C. G. 1955) –
are restricted to only the anterior third of the body.
The Chilean land planarian fauna is still poorly studied
and appears to harbor a large morphological diversity.
There is a need to study in detail the cutaneous and parenchymal muscle systems in order to elucidate whether
the peculiarities found in this new species support the hypothesis of a Chilean subclade within Geoplaninae.

museum-zoosyst.evol.wiley-vch.de

334

Grau, J. H. & Carbayo, F.: New species of Geoplana (Platyhelminthes, Tricladida) from southern Chile

Acknowledgements
We would like to express our gratitude to Franscico Javier Cdiz
Lorca for collecting the specimen, to Dr. Birger Neuhaus, curator
of Vermes in the Museum fr Naturkunde Berlin (MFN) and the
MFN for the research facilities granted to JHG, to Jutta Zeller, for
the professional assistance with the histological procedures at the
MFN, to Dr. Jason Dunlop for linguistic corrections, and the to
the two anonymous referees for their valuable comments and suggestions.

References
Carbayo, F. 2010. A new genus for seven Brazilian land planarian
species, split off from Notogynaphallia (Platyhelminthes, Tricladida). – Belgian Journal of Zoology 140 (Suppl.): 91–101.
Carbayo, F. & Leal-Zanchet, A. M. 2003. Two new genera and species
of Geoplaninae (Terricola: Tricladida: Platyhelminthes) of Brazil
in the light of cephalic specialisations. – Invertebrate Systematics 17 (3): 449–468.

museum-zoosyst.evol.wiley-vch.de

Froehlich, C. G. 1955. Sobre morfologia e taxonomia das Geoplanidae. – Boletim da Faculdade de Filosofia, Cincias e Letras da
Universidade de So Paulo, Ser. Zoologia 19: 195–279.
Froehlich, E. M. 1978. On a collection of Chilean land planarians. –
Boletim de Zoologia, Universidade de So Paulo 3: 7–80.
Grau, J. H. & Carbayo, F. 2010. Panorama de la diversidad de planarias terrestres (Platyhelminthes, Tricladida) de Chile. – Boletn de
Biodiversidad de Chile 2: 41–54.
Jennings, J. B. 1971. Parasitism and commensalism in Turbellaria. –
Advances in Parasitology 9: 1–32.
Ogren, R. E. & Kawakatsu, M. 1990. Index to the species of the family Geoplanidae (Turbellaria, Tricladida, Terricola). Part 1: Geoplaninae. – Bulletin of Fuji Women’s College Series 2: 79–166.
Ogren, R. E. & Kawakatsu, M. 1998. American Nearctic and Neotropical land planarian (Tricladida: Terricola) faunas. – Pedobiologia 42: 441–451.
Winsor, L. 1998. Collection, handling, fixation, histological and storage procedures for taxonomic studies of terrestrial flatworms
(Tricladida : Terricola). – Pedobiologia 42: 405–411.
Winsor, L., Johns, P. M. & Yeates, G. W. 1998. Introduction, and ecological and systematic background, to the Terricola (Tricladida). –
Pedobiologia 42: 389–404.

# 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

