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Abstract
Living representatives of the Neotropical genus Choeradoplana Graff, 1896 (Geoplaninae, Tricladida, Platy-
helminthes) are easily recognized by the typical shape of the head which is laterally expanded, rolled-up, 
and ventrally provided with two glandular cushions. In this study, the morphology and phylogeny (cy-
tochrome C oxidase subunit I gene) of several species of land planarians are taxonomically investigated. 
Four of the six species studied are new to science, namely: Ch. eudoxiae Silva & Carbayo, sp. nov., Ch. clau-
dioi Lago-Barcia & Carbayo, sp. nov., Ch. onae Lago-Barcia & Carbayo, sp. nov., and Ch. riutortae Lago-
Barcia & Carbayo, sp. nov. The species Choeradoplana albonigra and Ch. eudoxiae deviate from the usual 
body shape pattern in that the head does not present lateral expansions nor glandular cushions, becoming 
indistinguishable from its sister genus Cephaloflexa. Pseudogeoplana tristriata (Schultze & Müller, 1857) is 
also redescribed from a newly collected specimen and was discovered to be a member of Choeradoplana. 
Graff (1899) also studied another specimen that was considered to be conspecific with P. tristriata; however, 
in this new it is concluded that it is not conspecific but rather a new species. The name Pseudogeoplana 
aevipandemiae Lago-Barcia & Carbayo, sp. nov. is suggested for Graff’s specimen.
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Introduction

Members of the Neotropical land planarians genera Choeradoplana and Cephaloflexa 
(Platyhelminthes: Geoplanidae: Geoplaninae) can be easily ascribed to either genus 
based on the head shape, which is characteristically kept rolled up backwards in both 
genera. The two genera can be distinguished from each other in that the cephalic region 
in Choeradoplana is laterally expanded and ventrally provided with two glandular cush-
ions separated by a longitudinal groove, whereas the cephalic region in Cephaloflexa is 
ventrally concave and the anterior third of the body becomes thinner very gradually.

In a recent multi-gene phylogenetic analysis of the Geoplaninae, representatives of 
a species preliminarily ascribed in the field to Cephaloflexa turned out to be nested in 
the Choeradoplana clade (Carbayo et al. 2013); therefore, the authors transferred it to 
that genus and the species is currently named Choeradoplana albonigra (Riester, 1938). 
However, the authors did not provide any morphological evidence.

In this paper, we describe or redescribe six species of Brazilian land planarians 
of the genus Choeradoplana. The external aspect of two of these species is similar to 
that of Cephaloflexa, namely the above-mentioned C. albonigra, and a new species de-
scribed herein. We also studied a greenish individual recently collected and identified 
it as Pseudogeoplana tristriata (Schultze & Müller, 1857). The remaining four species 
were also collected recently and are new to science. We sequenced a fragment of the 
cytochrome C oxidase subunit I gene (COI) of each specimen to infer the phylogenetic 
relationships of the species treated herein, and the other representatives of the genus 
available in the GenBank.

Materials and methods

Molecular analysis

Each specimen was divided into two tissue portions, one for histology and one DNA 
extraction, respectively (see also section below ‘Morphological analysis’). Animal tissue 
destined for molecular studies was fixed in absolute ethanol and preserved at -20 °C. 
Genomic DNA was extracted using a standard ammonium acetate extraction protocol 
modified from Miller et al. (1988). The mitochondrial cytochrome oxidase I gene 
(COI) was amplified using the primers BarS (Álvarez-Presas et al. 2011), Flatworm-
COIF (Sunnucks et al. 2006), and FlatwormCOIR (Lázaro et al. 2009). Standard 
PCR reactions were performed using Go Taq DNA polymerase (Promega) in a total 
volume of 25 µl, which included 0.5 ml of each primer (10 mM) and 2 ml of template 
DNA. PCR conditions for the COI gene consisted of an initial denaturation at 98 °C 
for 3 min, followed by 35 cycles of denaturation at 98 °C for 10 sec, annealing at 45 °C 
for 30 sec, end extension at 72 °C for 1 min, and a final extension at 72 °C for 5 min. 
Amplification products (~ 750 bp) were purified using ExoSAP-IT (Affymetrix, OH) 
before sequencing both strands on a 3730 DNA Analyzer (Thermo Fisher Scientific). 
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DNA sequence data were edited using BioEdit 5.0.9 (Hall 1999) and aligned using the 
online version of the Mafft v7 software program (Katoh et al. 2019) using the G-INS-i 
algorithm. The sequences of the mitochondrial COI gene reported in this paper were 
deposited in the NCBI/GenBank data libraries under accession numbers MW127833-
MW127842 and MW148795.

The phylogenetic analysis included the newly obtained partial nucleotide sequenc-
es for the COI gene (Table 1), and additional sequences of the 12 species of Choera-
doplana available in the NCBI/GenBank data libraries (Table 1) (Álvarez-Presas et al. 
2011; Carbayo et al. 2013; Álvarez-Presas et al. 2014; Lemos et al. 2014; Carbayo et 
al. 2018). Two sequences belonging to the genus Matuxia (Carbayo et al. 2013) were 
selected as the outgroup (Table 1). PartitionFinder2 ver. 2.1.1 software (Lanfear et al. 
2016) on XSEDE (CIPRES Gateway to Science (Miller et al. 2010) was used to dis-
cover the partitions and the evolutionary model which best fit the nucleotide dataset 
under the Akaike Information Criterion corrected (AICc) (Hurvich and Tsai 1989). 
We estimated the phylogenetic relationships with a Bayesian Inference (BI) obtained 
using MrBayes v. 3.2.7 (Ronquist et al. 2012). The Markov chain Monte Carlo search 
was run up to 10,000,000 generations and stoprule activated to stopval = 0.01. Samples 
were taken every 10,000 generations, discarding the first 25% trees as burn-in, after 
which the chain reached stationarity, which ensured that the average split frequencies 
between the runs were less than 1%. Maximum Likelihood (ML) was implemented in 
RaxML 7.2.+ software (Stamatakis 2006) available on the CIPRES Science Gateway 
platform (Miller et al. 2010). Bootstrap support values (Felsenstein 1985) were ob-
tained from 10,000 replicates in ML analyses. The final trees were viewed and edited 
on the FigTree v. 1.4.2 software program (http://tree.bio.ed.ac.uk/software/figtree/).

Morphological analysis

All specimens included in this study (except for the holotype SMF No. 702, Ch. al-
bonigra) (Table 1) were collected between May 2008 and January 2010 from con-
servation areas located in the southern region of the Atlantic Forest. Specimens were 
manually collected during daylight hours from under rocks, fallen leaves, and logs, and 
during nighttime hours when the animals are more active. Slides of the holotype of 
Ch. albonigra were obtained on loan from the Museum der Senckenbergischen Natur-
forschenden Gesellschaft in Frankfurt (SMF).

The flatworms were examined and photographed in vivo before being killed with 
boiling water. Tissue portions destined for histology were fixed in 10% formaldehyde 
and preserved in 80% ethanol. Color descriptions of the body of living and preserved 
specimens follow the online palette RAL colors (RAL gemeinnützige GmbH, available 
at https://www.ral-farben.de/uebersicht-ral-classic-farben.html?&L=1). Body portions 
were progressively dehydrated in an ascending series of ethanol and cleared in clove oil. 
Eye distribution was assessed from specimens cleared in clove oil. Body portions were 
subsequently embedded in Paraplast Tissue Embedding Medium and the resulting 
blocks were sectioned at 5–7 µm intervals using a retracting rotary microtome. Rib-
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Table 1. List of samples used in this study showing species name, field number, museum accession num-
ber, type specimen status, collection locality and date, and GenBank accession number.

Species Field 
number

Accession number Type 
specimen

Coll. locality in Brazil Coll. date GenBank 
acc. (COI)

Choeradoplana abaiba 
Carbayo et al., 2018

F3905 MZUSP PL 1170 – Parque Estadual da Serra do 
Tabuleiro, SC

07/14/09 MF802634

F3894 MZUSP PL 1169 – Parque Estadual da Serra do 
Tabuleiro, SC

07/13/09 MF802633

F3865 MZUSP PL 1167 – Parque Estadual da Serra do 
Tabuleiro, SC

07/12/09 MF802631

F3866 MZUSP PL 1168 – Parque Estadual da Serra do 
Tabuleiro, SC

07/12/09 MF802632

F3864 MZUSP PL 1166 Holotype Parque Estadual da Serra do 
Tabuleiro, SC

07/12/09 MF802630

F3312 MZUSP PL 509 Paratype Parque Estadual da Serra do 
Tabuleiro, SC

01/17/09 MF802629

F3270 MZUSP PL 505 – Parque Estadual da Serra do 
Tabuleiro, SC

01/15/09 MF802628

F3315 MZUSP PL 511 – Parque Estadual da Serra do 
Tabuleiro, SC

01/17/09 HQ542891

Choeradoplana agua 
Carbayo et al., 2018

F2214 MZUSP PL 448 – Parque Estadual do Desengano, RJ 03/19/08 MF802637
F2205 MZUSP PL 446 Paratype Parque Estadual do Desengano, RJ 03/18/08 MF802636
F2204 MZUSP PL 445 Paratype Parque Estadual do Desengano, RJ 03/18/08 MF802635
F2205 MZUSP PL 446 Paratype Parque Estadual do Desengano, RJ 03/18/08 KF971686
F3952 MZUSP PL 619 Paratype Parque Estadual do Desengano, RJ 08/09/08 KF971680

Choeradoplana albonigra 
(Riester, 1938)

SMF N°702 – Holotype Teresópolis, RJ 04/09/14 –
F2313 MZUSP PL 1109 – Reserva Biológica Augusto Ruschi, ES 26/05/08 KF971684
F2391 MZUSP PL 1113 – Reserva Biológica Augusto Ruschi, ES 27/05/08 KF971683 
F3991 MZUSP PL 2273 – Parque Estadual do Desengano, RJ 08/10/09 –
F4024 MZUSP PL 2152 – Parque Estadual do Desengano, RJ 08/11/09 –
F4031 MZUSP PL 2153 – Parque Estadual do Desengano, RJ 08/11/09 –
F4081 MZUSP PL 1083 – Parque Estadual do Desengano, RJ 08/13/09 KC608327

Choeradoplana banga 
Carbayo & Froehlich, 
2012

F3706 MZUSP PL 568 – Parque Estadual da Cantareira, SP 04/19/09 MF802639
F3006 MZUSP PL 1001 Paratype Parque Estadual da Cantareira, SP 12/14/08 MF802638
F2023 MZUSP PL 1000 Holotype Parque Estadual da Cantareira, SP 01/30/08 KC608267
F3011 MZUSP PL 1002 Paratype Parque Estadual da Cantareira, SP 12/14/08 KC608301

Choeradoplana benyai 
Lemos & Leal-Zanchet, 
2014

F3813 MZUSP PL 1165 – Parque Estadual da Serra do 
Tabuleiro, SC

07/12/09 MF802641

F3494 MZUSP PL 1163 – Floresta Nacional de São Francisco 
de Paula, RS

01/28/09 MF802640

- MZU PL.00151 Paratype Floresta Nacional de São Francisco 
de Paula, RS

03/21/10 KJ690049

Choeradoplana sp. F2332 MZUSP PL 2276 – Reserva Biológica Augusto Ruschi, ES 26/05/08 MW127841*
F2390 MZUSP PL 1155 – Reserva Biológica Augusto Ruschi, ES 27/05/08 MW127842*

Choeradoplana bocaina 
Carbayo & Froehlich, 
2012

F2822 MZUSP PL 997 Holotype Parque Nacional da Serra da Bocaina, 
SP

09/08/09 KC608288

F2104 MZUSP PL 999 Paratype Parque Nacional da Serra da Bocaina, 
SP

02/10/08 KC608273

F2803 MZUSP PL 998 Paratype Parque Nacional da Serra da Bocaina, 
SP

09/07/08 KC608283

Choeradoplana claudioi 
sp. nov.

F2424 MZUSP PL 1156 Holotype Reserva Biológica Augusto Ruschi, ES 28/05/08 MW127839*
F2510 MZUSP PL 1157 Paratype Reserva Biológica Augusto Ruschi, ES 29/05/08 MW127840*

Choeradoplana eudoxiae 
Silva & Carbayo, sp. nov.

F3417 MZUSP PL 2272 Holotype Floresta Nacional de São Francisco 
de Paula, RS

01/22/09 –

Choeradoplana gladismarie 
Carbayo et al. 2013

F3802 MZUSP PL 1004 Paratype Parque Estadual Intervales, SP 07/07/09 KC608326
F3092 MZUSP PL 1003 Holotype Parque Estadual Intervales, SP 12/12/08 KC608306

Choeradoplana iheringi 
Graff, 1899

F3465 MZUSP PL 537 – Floresta Nacional de São Francisco 
de Paula, RS

01/25/09 MF802660

F3454 MZUSP PL 535 – Floresta Nacional de São Francisco 
de Paula, RS

01/25/09 MF802658

F3447 MZUSP PL 531 – Floresta Nacional de São Francisco 
de Paula, RS

01/25/09 MF802654
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Species Field 
number

Accession number Type 
specimen

Coll. locality in Brazil Coll. date GenBank 
acc. (COI)

Choeradoplana iheringi 
Graff, 1899

F3430 MZUSP PL 528 – Floresta Nacional de São Francisco 
de Paula, RS

01/23/09 MF802651

F3409 MZUSP PL 524 – Floresta Nacional de São Francisco 
de Paula, RS

01/22/09 MF802649

- MZU PL.00156 – ? KJ690046
Choeradoplana marthae 
Froehlich, 1955

F2137 MZUSP PL 1153 – Estação Biológica de Boraceia, SP 02/14/08 MF802665

Choeradoplana minima 
Lemos & Leal-Zanchet, 
2014

- MZU PL.00143 Paratype Floresta Nacional de São Francisco 
de Paula, RS

02/25/10 KJ690052

- MZU PL.00145 Paratype Floresta Nacional de São Francisco 
de Paula, RS

06/09/11 KJ690051

Choeradoplana onae Lago-
Barcia & Carbayo, sp. nov.

F2230 MZUSP PL 2267 Paratype Reserva Biologica de Ruschi, SP 05/24/08 MW127834*
F2235 MZUSP PL 2277 – Reserva Biologica de Ruschi, SP 05/24/08 MW127837*
F2281 MZUSP PL 2268 Paratype Reserva Biologica de Ruschi, SP 26/05/08 MW127836*
F2310 MZUSP PL 2269 Paratype Reserva Biologica de Ruschi, SP 26/05/08 MW127838*
F2414 MZUSP PL 2270 Holotype Reserva Biologica de Ruschi, SP 27/05/08 MW127835*
F2311 MZUSP PL 1108 – Reserva Biologica de Ruschi, SP 26/05/08 KF971685

Choeradoplana pucupucu 
Carbayo et al., 2018

F2844 MZUSP PL 541 Holotype Parque Nacional da Serra da Bocaina, 
SP

09/01/08 MF802666

F2840 MZUSP PL 540 Paratype Parque Nacional da Serra da Bocaina, 
SP

09/20/08 KC608293

Choeradoplana riutortae 
Lago-Barcia & Carbayo, 
sp. nov.

F4217 MZUSP PL 1174 Paratype Parque Nacional da Serra dos Orgãos, 
RJ

01/06/10 MW148795 
*

F4218 MZUSP PL 2274 Holotype Parque Nacional da Serra dos Orgãos, 
RJ

01/06/10 –

F4261 MZUSP PL 2275 Paratype Parque Nacional da Serra dos Orgãos, 
RJ

01/08/10 –

Choeradoplana tristriata 
(Schultze & Müller, 1857)

F3226 MZUSP PL 2271 – Parque Estadual da Serra do 
Tabuleiro, SC

01/11/09 MW127833*

Matuxia matuta 
(Froehlich, 1955)

F2184 MZUSP PL 1021 – Parque Estadual do Desengano, RJ 03/17/08 KC608276
F2187 MZUSP PL 1022 – Parque Estadual do Desengano, RJ 03/17/08 KC608277

Choeradoplana sp. (in 
Álvarez-Presas et al. 2014)

F4063 MZUSP PL 636 – Parque Estadual do Desengano, RJ 08/12/09 KF971679

bons of embedding medium were affixed with albumin-glycerol (1:1) on glass slides 
placed on a hot plate and stained with the method Mallory-Heidenhain as modified 
by Cason (1950). Reconstructions of the copulatory apparatus were carried out from 
the histological sections using a camera lucida attached to a microscope. The relative 
thickness of cutaneous musculature was measured as a value relative to the body height 
in sections of the pre-pharyngeal region; space between normal and sunken longitudi-
nal cutaneous layers was excluded from measurement. Specimens are deposited in the 
Museu de Zoologia da Universidade de São Paulo (MZUSP).

Results

Molecular results

Tissue of the only Ch. eudoxiae Silva & Carbayo, sp. nov. individual was depleted 
during attempts to sequence it. COI sequences were obtained from the remaining ten 
specimens representing the three other new species, and Ch. tristriata and Ch. alboni-
gra. Sequence alignments resulted in a matrix with 54 terminals and 679 base pairs. 
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PartitionFinder indicated two partitions (first and second codon positions and third 
codon position), each with a different evolutionary model, with the TIM substitution 
model having gamma-distributed rate variations across sites and a proportion of invari-
able sites (TIM + I+ G) for the first and second codons, and a GTR substitution model 
with gamma-distributed rate variation across sites and a proportion of invariable sites 
(GTR + I + G) for the third codon partition.

Phylogenetic analyses under the two optimality criteria (BI and ML) retrieved the 
genus Choeradoplana and all morphological species as monophyletic with high poste-
rior probabilities and bootstrap value, respectively (Fig. 1). Nonetheless, the internal 
morphology of MZUSP PL 1108 and MZUSP PL 2277 could not be assessed; these 
two specimens were nested in the clade of Ch. onae Lago-Barcia & Carbayo, sp. nov. 
The genus was split into two large clades in both trees composed of the same species, 
with high PP and bootstrap value. All species studied herein (with the exception of 
Ch. eudoxiae Silva & Carbayo, sp. nov.) are nested in one of these large clades, which 
includes species having an extrabulbar prostatic vesicle and lacking a penis papilla. 
However, independently from the optimality criteria applied, COI does not contain 
sufficient information to resolve the species interrelationships, thereby producing some 
polytomies and poorly supported clades.

Taxonomic accounts

Family Geoplanidae Stimpson, 1857
Subfamily Geoplaninae Stimpson, 1857
Choeradoplana Graff, 1896

Choeradoplana tristriata (Schultze & Müller, 1857)
Figures 1–5

Geoplana tristriata Schultze & Müller, 1857: 23.
Not Geoplana tristriata in Graff 1899: 327–328, 331, taf. V, figs 25, 26.
Pseudogeoplana tristriata: Ogren & Kawakatsu, 1990: 161.

Material examined. MZUSP 2271 (field code, F3226), sexually mature: Parque Es-
tadual da Serra de Tabuleiro, State of Santa Catarina, Brazil (-27.94, -48.79). coll. F. 
Carbayo and co-workers, 11 January 2009; transverse sections of the cephalic region 
on 6 slides; horizontal sections of the portion behind the cephalic extremity on 4 slides; 
transverse sections of the pre-pharyngeal region on 6 slides; sagittal sections of the 
pharynx and copulatory apparatus on 17 slides.

Distribution. Municipality of Blumenau and Parque Estadual da Serra de Tab-
uleiro, State of Santa Catarina, Brazil.

Diagnosis. Choeradoplana species with yellow green background color, with three 
thin discontinuous longitudinal black lines; ventral side is zinc-yellow. Copulatory ap-
paratus compact, without penis papilla; female atrium funnel-shaped.
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Description. The preserved specimen measures 22 mm long and 2.5 mm wide 
(Fig. 2A). The body is slender and subcylindrical. The cephalic region is differentiated 
from the remaining body by means of a ‘neck’, laterally dilated and rolled up so that 
the ventral surface is provided with glandular cushions, and is facing out (Fig. 2B); 
the posterior extremity is pointed. The creeping sole is 90% of body width at the pre-
pharyngeal region. The mouth is positioned at a distance from the anterior extremity 
equal to 60% of the body length, and the gonopore is at 74%.

The dorsal coloration consists of a yellow green (RAL 1018) background color, 
with three thin discontinuous longitudinal lines of small black spots. These spots are 
less concentrated in the median line (Fig. 2A). The ventral side is zinc yellow (RAL 
1018), except for a silver grey (RAL 7001) spot on the glandular cushions (Fig. 2A).

The eyes are formed by one pigmented cup of 80 µm in diameter (Fig. 2C). There 
are no clear halos around them. Eyes are absent in the very anterior extremity of the 
body; at 1.5 mm behind the anterior tip the eyes are marginally distributed in a row of 
two or three eyes; 3.8 mm posterior to the anterior tip, the eyes are placed in a single 
marginal row which runs along the whole body until posterior extremity, with each eye 
at a distance of ~ 0.3 mm from each other (Fig. 2B).

Sensory pits are 25 µm deep (Fig. 2C, arrowhead), and are distributed ventro-
laterally in a uniserial row between ~ 0.4 mm behind the anterior extremity to at least 
the ovarian level.

Numerous rhabditogen cells discharge through the glandular cushions of the ce-
phalic region. These cells are scarce in the dorsal epidermis. Abundant erythrophil 
gland cells pierce the dorsal and marginal epithelium in the pre-pharyngeal region. The 
entire epithelium is additionally pierced by scarce gland cells of two types, producing 
cyanophil and xanthophil granules, respectively. No glandular margin.

The cutaneous musculature of the pre-pharyngeal region comprises a subepithelial 
circular muscle, followed by a diagonal layer with decussate fibers, and a longitudinal 
muscle organized in tight bundles (Figs 2D, 3A). This longitudinal muscle is 70 µm 
thick dorsally; it is ventrally divided into a 35 µm-thick muscle, organized in bundles 
with 4–8 fibers each, and a 50 µm-thick muscle sunken into the parenchyma consist-
ing of scattered bundles with 5–12 fibers each (Fig. 3B). The thickness of the cutane-
ous muscle coat is 17% of the body height.

There are three parenchymal muscle layers in the pre-pharyngeal region (Fig. 3A, 
B): a well-developed dorsal layer of diagonal, decussate fibers (12–18 µm thick); a 
transverse supra-intestinal muscle (22–25 µm); and a transverse subintestinal muscle 
(30–35 µm).

The ventral longitudinal cutaneous muscle is modified into the retractor muscle 
in the cephalic region. This retractor muscle is delta-shaped in cross-section along 0.7 
mm (or 3% of body length), starting 0.2 mm (or 1%) from the anterior extremity of 
the body (Fig. 3C), and its thickness is 24% of the height of the cephalic region. The 
dorsal decussate and subintestinal parenchymal muscles in this region are weak, where-
as the supra-intestinal is strongly developed and mixed with dorso-ventral muscle fib-
ers giving rise to the Muskelgeflecht or interwoven muscle, and is 75 µm in thickness. 
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Figure 1. Phylogenetic tree of Choeradoplana obtained from the COI gene by Bayesian inference. Black num-
bers at the nodes correspond to the posterior probability (only values above 0.99 shown) and blue numbers 
to Bootstrap support in the tree by maximum likelihood (only values above 95% shown). See text for details.

A fourth subneural parenchymal muscle is present in the cephalic region, and is located 
beneath the central nerve system and above the retractor muscle. The paired glandular 
cushions are pierced by numerous rhabditogen cells. The arrangement of cutaneous 
and parenchymal muscles in the cephalic region and the glandular component of the 
cephalic cushions match those of the type species of the genus, Choeradoplana iheringi 
Graff, 1899.

The mouth is located in the middle of the pharyngeal pouch (Fig. 4A). It is a bell-
shaped pharynx, with the dorsal insertion posterior to the ventral insertion ~ 45% of 
the pharyngeal length. An esophagus is not present. The pharyngeal pouch is lined 
with a non-ciliated, cuboidal-to-flat epithelium, underlain by a one-fiber thick layer 
of longitudinal muscle, followed by a 10 µm-thick layer of circular muscle. The outer 
pharyngeal epithelium is cuboidal, ciliated, underlain by a longitudinal muscle (7.5 
µm thick), followed by a circular muscle (45 µm thick) with interspersed longitu-
dinal fibers; the inner epithelium is flat, ciliated, underlain by a circular muscle (62 
µm thick) with interspersed longitudinal fibers. Numerous erythrophil and xanthophil 
gland cells open and discharge their contents through the distal portion of the pharynx.

The testes are dorsal, located between the intestinal diverticula, with some of them 
reaching the parenchymal supra-intestinal transverse muscle (Figs 2D, 3A). The testes 
are arranged in two paramedian rows. They extend from 1 mm behind the level of the 
ovaries (30% of body length) to 1.2 mm from the root of the pharynx. Sperm ducts 
run straight and immediately above the subintestinal parenchymatic muscle. They dis-
tally penetrate the anterior region of the common muscle coat (Fig. 4B, C) to open 
into the proximal portion of the paired branches of the prostatic vesicle. The prostatic 
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Figure 2. Choeradoplana tristriata (Schultze & Müller, 1857), specimen F3226 A dorsal view of the live 
specimen B lateral view of the anterior region of the live specimen C photomicrograph of a transverse 
section of the cephalic region, showing an eye and a sensory pit (arrowhead) D photomicrograph of a 
transverse section of the pre-pharyngeal region. Abbreviations: cm common muscle coat, co common 
glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, 
ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, 
g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht 
(Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv pro-
static vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, 
sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneu-
ral transverse muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.

vesicle consists of a proximal half of these paired branches and a distal unpaired half. 
This vesicle runs postero-dorsally to open into the dorso-anterior section of the male 
atrium. An ejaculatory duct and penis papilla are absent (Figs 4C, 5A). The penis bulb 
is thick and consists of numerous muscle fibers continuous with those underlying the 
epithelium of the male atrium. The prostatic vesicle is lined with a columnar-to-cuboi-
dal epithelium, underlain by a thin longitudinal muscle (5 µm thick), followed by a 
30 µm-thick circular muscle interspersed with longitudinal fibers. The paired portion 
of the prostatic vesicle receives abundant erythrophil and xanthophil granules from 
the respective gland cells, while the unpaired portion receives abundant cyanophil and 
xanthophil granules.

The male atrium is long and narrow with folded walls. The proximal third of the 
atrium runs postero-dorsally; distal two-thirds runs ventrally almost vertically above 
the gonopore canal. The atrium is lined by a cuboidal-non-ciliated epithelium, and 
underlain by an 80 µm-thick circular muscle with interspersed longitudinal fibers. The 
male atrium is 1.2× longer than the female atrium.
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Figure 3. Choeradoplana tristriata (Schultze & Müller, 1857), specimen F3226. Photomicrographs of 
transverse sections A dorsal portion of the pre-pharyngeal region B ventral region of the pre-pharyngeal 
region C cephalic region. Abbreviations: cm common muscle coat, co common glandular ovovitelline 
duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejaculatory duct, 
ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, i intestine, 
lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, 
o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg 
rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd sperm duct, sg shell glands, 
sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse muscles, sp supra-
intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.

The ovaries are mature, ovoid, and 200 µm in length. They are located above the 
ventral nerve plate at a distance from the anterior body tip equal to 25% of its body 
length (5.5 mm from anterior tip). Ovovitelline ducts emerge from the dorso-lateral 
aspect of the ovaries, where-after they run backwards above the ventral nerve plate. The 
ducts bend medially, posteriorly to the female atrium, and subsequently ascend verti-
cally and medially to communicate with each other above the postero-dorsal section 
of the female atrium (Fig. 5B). The ovovitelline ducts open directly into a very short 
female genital canal lined by a cuboidal ciliated epithelium. A small number of small 
shell gland cells can be spotted around the junction of the two ovovitelline ducts.

The female atrium is funnel-shaped, not folded, and lined by a ciliated columnar-
to-cuboidal epithelium, which is surrounded by circular muscle fibers with interspersed 
longitudinal fibers. This muscle is continuous with the common muscle coat. Most of 
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Figure 4. Choeradoplana tristriata (Schultze & Müller, 1857), specimen F3226 A photomicrograph of a 
sagittal section of the pharynx B photomicrograph of a sagittal section of the copulatory apparatus C dia-
grammatic representation of the copulatory apparatus. Abbreviations: cm common muscle coat, co com-
mon glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, 
e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, 
g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht 
(Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv pro-
static vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, 
sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneu-
ral transverse muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.

the abundant gland cells discharging into the female atrium have a fine granular xan-
thophil and erythrophil secretion. The length:height ratio of the copulatory apparatus 
enveloped by the common muscle coat is 1.4:1.
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Remarks. On the identity of our specimen. Schultze and Müller (1857) described 
Geoplana tristriata from near Blumenau, in the State of Santa Catarina. The original 
description reads: “Geoplana tristriata, pale yellowish-green, with three narrow, dark, 
longitudinal lines on the back; belly paler. Greatest breadth at approx. the second third 
part of the length, where the mouth is situated. It likes to bend the head upwards. At 
the point of curvature on each side there is a closed packed group of eye-spots, which 
are continued in an irregular series to the posterior extremity. The anterior margin of 
the head appears to be destitute of eyes. Length 1 1/2 inch [38.1 mm]; breadth 1 1/2 
line [3.81 mm]. Abundant.”

There is no record of the deposition of the type series. It was probably not pre-
served. Our specimen was collected 115 km south from the type locality, and matches 
Schultze and Müller’s species in all characteristics. The conspecificity of our specimen 
could be questioned since the copulatory apparatus is the most important organ assur-
ing identification in triclads. However, this species combines a set of unusual features 
among Geoplanins: the color pattern of the body, the cephalic region bent to the dorsal 
side (actually only found in Choeradoplana and Cephaloflexa among Geoplaninae), and 
the absence of eyes in the very anterior tip of the body. Schultze and Müller’s and our 
specimen sharing these uncommon attributes supports their conspecificity.

The species redescribed herein also matches all diagnostic characteristics of Cho-
eradoplana and should therefore be transferred to this genus. The species is unique 
in the external aspect in that there are no other species of Choeradoplana with dorsal 
green color with three longitudinal dark stripes. Internally, Choeradoplana bilix Mar-
cus, 1951; Ch. crassiphalla Negrete & Brusa, 2012; Ch. langi (Dendy, 1894); and Ch. 
marthae Froehlich, 1955 are similar to Ch. tristriata in the compact aspect of the copu-
latory apparatus, having a length:height ratio equivalent to 1.8:1 or less, as calculated 
in drawings (du Bois-Reymond Marcus 1951; Marcus 1951; Froehlich 1959; Negrete 
and Brusa 2012). However, Ch. bilix, Ch. crassiphalla and Ch. marthae possess a penis 
papilla (vs. absent in Ch. tristriata), and the female atrium of Ch. langi is a narrow canal 
(vs. a funnel-shaped cavity).

The identity of Graff’s specimen and subsequent taxonomic actions. Herman 
von Ihering collected one specimen in Taquara, State of Rio Grande do Sul, Brazil, 
which he identified as a member of this species. Ihering sent it to Graff (1899), who 
endorsed his identification, but only provided a description of the external aspect. 
Froehlich (1959) disagreed with Ihering’s identification because of the body shape, 
the relative position of the mouth, and the different width of the paramedian dorsal 
stripes. Froehlich concluded that both Schultze and Müller’s and Graff’s species re-
main obscure (Froehlich 1959), but did not propose taxonomic changes. Ogren and 
Kawakatsu (1990) considered Schultze and Müller’s and Graff’s specimens conspecific, 
and transferred the species to the Pseudogeoplana collective genus, which houses spe-
cies lacking information about the internal organs, especially the copulatory appara-
tus. We agree with Froehlich’s opinion that Graff’s species is different from Schultze 
and Müller’s species. Accordingly, we propose the name Pseudogeoplana aevipandemiae 
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Lago-Barcia & Carbayo, sp. nov. for Graff’s species. The specific epithet means ‘from 
the times of the pandemic’. The epithet alludes to the COVID-19 pandemic and is 
intended to keep the memory of the negative effects caused by the long months of 
closure of the laboratories for the conclusion of this paper.

We did not find Graff’s specimen in the museums where part of this collection was 
disseminated (Naturhistorisches Museum, Basel; Museum of Natural History, Vienna; 
Senckenberg Museum, Frankfurt; Zoological Museum, Hamburg; Natural History 
Museum, London). Therefore, we consider Graff’s specimen lost.

Choeradoplana albonigra (Riester, 1938)
Figures 6–9

Geoplana albonigra Riester, 1938: 7–9, figs 4, 5, 86, 87, taf. 1, fig. 2.
Notogynaphallia albonigra: Ogren & Kawakatsu, 1990: 140.
Choeradoplana albonigra: Carbayo et al., 2013: 514, 517.

Figure 5. Choeradoplana tristriata (Schultze & Müller, 1857), specimen F3226. Photomicrographs of 
sagittal sections A prostatic vesicle and the male atrium B female atrium. Abbreviations: cm common 
muscle coat, co common glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, dm di-
agonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa female 
atrium, fd  female genital duct, g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male 
genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyn-
geal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, 
sb  subintestinal transverse muscles, sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous 
muscles, sm spermatophore, sn subneural transverse muscles, sp supra-intestinal transverse muscles, 
t testis, vi vitellaria, vn ventral nerve plate.
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Material examined. Holotype SMF N° 702, sexually mature: Teresópolis, Rio de Ja-
neiro, Brazil, coll. E. Bresslau, April 9th, 1914; transverse sections of a body portion 
seemingly being close to the anterior tip of the body on 1 slide; sagittal sections of the 
pharynx and copulatory apparatus on 1 slide; anterior and posterior tips in Canada 
balsam on 1 slide.

Reserva Biológica Augusto Ruschi, municipality of Santa Teresa, State of Espírito 
Santo, Brazil. May 26–27th, 2008. MZUSP PL 1109 (field code, F2313), only ante-
rior half of the body collected: transverse sections of anterior extremity on 10 slides; 
sagittal sections of a portion behind anterior extremity on 5 slides; horizontal sections 
containing testes on 32 slides. MZUSP PL 1113 (field code, F2391), sexually mature: 
transverse sections of anterior extremity on 9 slides; sagittal sections of ovaries and 
testes on 6 slides; sagittal sections of pharynx and copulatory apparatus on 11 slides.

Parque Estadual do Desengano, municipality of Santa Maria Madalena, State of 
Rio de Janeiro, Brazil. August 10–13th, 2009. MZUSP PL 2273 (field code, F3991), 
juvenile: horizontal sections of anterior extremity on 3 slides. MZUSP PL 2153 (field 
code, F4031), sexually mature: transverse sections of anterior extremity on 12 slides; 
horizontal sections of ovaries on 22 slides; transverse sections of pre-pharyngeal re-
gion on 4 slides; sagittal sections of pharynx and copulatory apparatus on 8 slides; 
horizontal sections of posterior extremity on 4 slides. MZUSP PL 2152 (field code, 
F4024), sexually mature: horizontal sections of anterior extremity on 7 slides; sagittal 
sections of ovaries on 19 slides; horizontal sections of testes on 21 slides; transverse 
sections of pre-pharyngeal region on 9 slides; sagittal sections of pre-pharyngeal re-
gion on 12 slides; sagittal sections of copulatory apparatus on 12 slides. MZUSP PL 
1083 (field code, F4081), sexually mature: transverse sections of anterior extremity 
on 55 slides; sagittal sections of the ovaries on 25 slides; horizontal sections of testes 
on 9 slides; transverse sections of pre-pharyngeal region on 6 slides; sagittal sections 
of pharynx and copulatory apparatus on 38 slides; horizontal sections of posterior 
extremity on 24 slides.

Distribution. Reserva Biológica Augusto Ruschi, Santa Teresa, State of Espírito 
Santo; Parque Estadual do Desengano, Santa Maria Madalena, State of Rio de Janeiro; 
Municipality of Teresópolis, State of Rio de Janeiro, Brazil.

Diagnosis. Choeradoplana species with a white dorsum, covered by a wide me-
dian black band, darker at its margins; an additional thin black median stripe may be 
present. The anterior third of the body is progressively thinner towards the pointed 
tip; its extremity has no lateral dilations or “neck” differentiating the head from the 
body. The ventral side of the cephalic region is concave and without glandular cush-
ions. The proximal third of the prostatic vesicle is extrabulbar. The copulatory appa-
ratus is relatively long; penis papilla is absent, and the female atrium is approximately 
funnel-shaped.

Description. Living specimens range between 50–63 mm in length and 2–3 mm 
in width (n = 2). Preserved specimens range between 45–73 mm in length and 2–4 
mm in width (n = 4). The body is slender and subcylindrical, with the anterior third 
becoming progressively thinner to the anterior tip. The anterior extremity is very thin 
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Figure 6. Choeradoplana albonigra (Riester, 1938) A habitus of living specimen F4024 in dorsal view 
B detail of anterior extremity of living specimen F2313 in dorsal view. Debris is glued on the body C de-
tail of anterior extremity of living specimen F4024 in lateral view D detail of anterior extremity of pre-
served specimen F4031 in ventral view. Abbreviations: cm common muscle coat, co common glandular 
ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejacula-
tory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, 
i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), 
mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, 
px  pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd sperm duct, 
sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse 
muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate. 

and coiled up so that the ventral surface is facing out (Fig. 6A, B). The ventral side of 
the cephalic region is slightly concave with indistinct glandular cushions (Fig. 6B–D). 
The posterior extremity is pointed. The creeping sole is 80–86% of width in the pre-
pharyngeal region (n = 3) (Fig. 7A). Its mouth is at a distance from the anterior extrem-
ity ranging between 50.9–64.4% of body length, gonopore at 63.2–75.3% (n = 3).

The background color of the body is traffic white (RAL 9016). It is dorsally cov-
ered by a wide graphite black (RAL 9011) band, darker at its margins, as wide as 
three-quarters of the body width, in the middle of which runs a thin jet black (RAL 
9005) stripe which is not apparent in some individuals. Anterior and posterior ex-
tremities of the body are slightly orangish. The color has faded out in preserved speci-
mens. The dorsal graphite black band in the body tips of the holotype split into two 
brownish stripes.

The eyes are of one-pigment cup type, 25–45 µm in diameter; with no clear halos. 
They are marginally distributed in an irregular row of 2–6 eyes, from the anterior tip of 
the body (Figs 6B, C, 7A), backwards to the posterior end. Anterior extremity devoid 
of eyes.
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The sensory pits are 22–27 µm deep and ventro-laterally are distributed in a single 
row along approximately the anterior one-seventh of the body. The pits are absent at 
the very anterior tip of the body (300 µm).

Numerous rhabditogen cells open onto the dorsal surface of the body (Fig. 7B) 
in the pre-pharyngeal region and its margins; these margins are also pierced by scarce 
gland cells producing granular, erythrophil secretion. The ventral epithelium is pierced 
by scarce gland cells producing granular, xanthophil secretion, and abundant gland 
cells producing strong erythrophil secretion (Fig. 7C). There is no glandular margin.

The cutaneous musculature consists of a subepithelial circular muscle, followed 
by a diagonal layer with decussate fibers, and a strong longitudinal muscle organized 
in bundles (Fig. 7A–C). This longitudinal muscle is 81.2–175 µm thick dorsally; it is 
ventrally divided into a 37.5–50.0 µm-thick muscle, organized in bundles with 20–35 
fibers each, and an equally thick muscle sunken into the parenchyma, and constituted 
by scattered bundles with 7–30 fibers each (Fig. 7B). A few dorsal longitudinal fibers 
are medially intermingled with those of the parenchymatic dorsal layer of diagonal 
decussate fibers. The thickness of the cutaneous muscle coat is 22–25% (n = 3) of the 
body height.

The pre-pharyngeal region, namely the dorsal decussate muscle (40–55 µm thick, 
n = 2), transverse supra-intestinal muscle (74–100 µm); and transverse subintestinal 
muscle (45–65 µm) (n = 2) (Fig. 7A–C).

The retractor muscle of the head is delta-shaped in a cross-section along 0.3 mm 
(or 0.5% of body length) from behind, 0.1 mm (or 0.15%) of the anterior extrem-
ity of the body (Fig. 7C), and its thickness equals 36% of the height of the cephalic 
region. The Muskelgeflecht is 18–25 µm thick (24% of body height). The subneural 
parenchymal muscle consists of a few scarce transverse fibers. The glandular cushions 
are composed of a relatively small quantity of rhabditogen cells (Fig. 7D–F).

The mouth is located at a distance from the anterior section of the pharyngeal 
pouch ranging between 55.1–78.9% (n = 4) (Fig. 8A). The pharynx is bell-shaped with 
dorsal insertion near the mouth level. An esophagus is absent. The outer epithelium 
of the pharynx is cuboidal, ciliated and underlain by a thin longitudinal muscle (3–5 
µm); followed by a circular muscle (15–20 µm) with interspersed longitudinal fibers. 
The inner pharyngeal epithelium is ciliated, underlain by a circular muscle (50 µm 
thick; n = 3) with longitudinal fibers interspersed. There is abundant granular secre-
tion of three types, cyanophil, erythrophil, and xanthophil, respectively, and pierce the 
distal pharyngeal epithelium.

The testes are dorsal, located under the supra-intestinal transverse muscle layer, 
partially placed between the intestinal diverticula. They extend from the level of the 
ovaries (a distance from the anterior extremity of the body equal to 27% of the body 
length) to nearly the root of pharynx (53% of the body length). Sperm ducts run im-
mediately above the subintestinal muscle layer, dorsally and slightly laterally to the 
ovovitelline ducts. Distal portions of sperm ducts contain sperm, and are surround-
ed by a circular muscle. Sperm ducts communicate with the two roughly horizontal 
branches of the extrabulbar portion of the prostatic vesicle. These branches open later-
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Figure 7. Choeradoplana albonigra (Riester, 1938) A diagrammatic transverse section of a portion, seem-
ingly near the anterior extremity, of holotype. Photomicrographs of transverse sections (B–F) B dorsal 
epidermis in pre-pharyngeal region of specimen F4024 C ventral epidermis in pre-pharyngeal region of 
specimen F4024 D–F cephalic region of specimen F4081 at 1.2, 0.4, and 0.15 millimeters from anterior 
extremity of the body, respectively. Scale bar: 200 µm. Abbreviations: cm common muscle coat, co com-
mon glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, 
e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, 
g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht 
(Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv pro-
static vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, 
sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneu-
ral transverse muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.

ally into an irregular, pear-shaped cavity, which is located more or less under the an-
terior section of the penis bulb (Figs 8B, C, 9A–C). The prostatic vesicle continues as 
an almost vertical, tubular portion inside the very dense penis bulb to bend posteriorly 
towards a loose small ring-shaped horizontal fold (or ‘small penis-shaped fold’, after 
Riester 1938) which may be narrowed and elongated as a finger (Fig. 8B, arrow). This 
fold gives passage to the male atrium. The penis bulb is very thick and consists of very 
numerous muscle fibers which are continuous with those underlying the epithelium of 
the male atrium. There is no ejaculatory duct as a differentiated portion. The prostatic 
vesicle is lined with a columnar, ciliated epithelium. The very abundant secretions 
discharging into it are zoned along the prostatic vesicle: paired branches receive very 
fine granular erythrophil and pink-reddish staining secretion; the dilated portion takes 
gross granular erythrophil intensely reddish staining secretion; a proximal intrabulbar 
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Figure 8. Choeradoplana albonigra (Riester, 1938) A diagrammatic representation of the pharynx from 
sagittal sections of holotype B sagittal section of the copulatory apparatus of specimen F2391; note the 
small finger-shaped fold of the male atrium (arrow) C photomicrograph of a sagittal section of the copu-
latory apparatus of specimen F4024. Abbreviations: cm common muscle coat, co common glandular 
ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejacu-
latory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, 
i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), 
mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, 
px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd sperm duct, 
sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse 
muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.

portion receives finely erythrophil secretion; the distal section takes both finely cyano-
phil granular secretion and xanthophil variously sized secretion granules (Fig. 9B). The 
extrabulbar portion is surrounded by interwoven muscle fibers, and the intrabulbar 
portion by a muscular layer of circular fibers interspersed with longitudinal ones, both 
portions are 20–35 µm thick. The loose small ring-shaped horizontal fold is lined with 
a 3–6 µm high non-ciliated epithelium and is surrounded by a few seemingly circular 
muscle fibers.

The proximal half of the male atrium is slightly folded and narrow. The distal half 
is ample and is narrowed distally by a large, dorsal fold extending through both the 
male and female atria. The stroma of this fold is strongly muscularized with longitu-
dinal and oblique fibers. Additional lateral folds may be present in the distal half (Figs 
8B, C, 9B).

The proximal half of the male atrium is lined with a 5 µm high non-ciliated, infra-
nucleated epithelium which is pierced by scarce gland cells producing fine erythrophil 
granules, and by gland cells producing variously sized xanthophil granules. This epi-
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thelium is surrounded by a 20–60 µm-thick dense muscle of very thin muscle fibers 
(2 µm); followed by a muscle (< 150 µm thick) of 4 µm-thick fibers. The distal half of 
the male atrium is lined with an epithelium which is pierced by gland cells producing 
erythrophil granules. An intensely reddish erythrophil is found beneath this epithelium 
secretion. The lining epithelium of the distal half of the male atrium is surrounded by a 
circular muscle (18–45 µm); followed by a longitudinal muscle (80–150 µm) (n = 3).

A spermatophore is in the stroma of the large dorsal fold leveled with the gonopore 
in three specimens (F2391, F4024, F4081) (Fig. 8B, C). The spermatophore is ovoid in 
shape, with approximately 150 µm in diameter, and seems to be constituted of a central 
mass of sperm partially surrounded by irregular strands of erythrophil granules. The 
biological meaning of the position of the spermatophore will be discussed elsewhere.

The ovaries are mature, very elongated, and club-shaped due to the dilated proxi-
mal extremity. The thin portion can be divided into smaller segments. The size of the 

Figure 9. Choeradoplana albonigra (Riester, 1938) A diagrammatic reconstruction of copulatory appara-
tus of holotype from sagittal sections B photomicrograph of a sagittal section of the unpaired portion of 
the prostatic vesicle and proximal section of male atrium of specimen F4024. Arrow points the small ring-
shaped horizontal fold communicating prostatic vesicle with male atrium C diagrammatic reconstruction 
of copulatory apparatus of specimen F4081 from sagittal sections D photomicrograph of a sagittal section 
of the female atrium of specimen F4081. Abbreviations: cm common muscle coat, co common glandular 
ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejacula-
tory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, 
i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), 
mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, 
px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd sperm duct, 
sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse 
muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.
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ovaries ranges between 700–1200 µm in length and 120–170 µm in width (n = 4). 
They are located above the ventral nerve plate, and at a distance from the anterior 
extremity equal to 27.1–31.3% of the body length (n = 2). Ovovitelline ducts emerge 
from the dorso-lateral aspect of the ovaries and run above the nerve plate. The proximal 
segment of the oviducts is dilated and contains sperm (n = 4). They ascend posteriorly 
and medially laterally to the female atrium, then unite dorsally to the common glan-
dular ovovitelline duct (Fig. 9A–C). The distal portion of the oviducts is pierced by 
shell gland cells. The common glandular ovovitelline duct is downwards directed; it is 
continuous with a posteriorly and upward directed diverticulum of the female atrium, 
i.e., the female genital canal. The female atrium is roughly funnel-shaped, narrowed by 
a large dorsal fold continued with that of the male atrium. The female genital duct is 
lined with epithelial cells, with the apical portion containing fine erythrophil granules, 
and is surrounded by a thin layer of circular and longitudinal muscle fibers.

The female atrium is lined with a columnar, non-ciliated epithelium, and is pierced 
by two types of cells producing erythrophil and cyanophil granular secretions, respec-
tively. The female atrium is as long as half the male atrium. The common muscular 
coat of the copulatory apparatus is composed of a weak layer of intermingled fibers; 
it is 20–40 µm thick in the anterior section, and thinner in the posterior section. The 
length:height ratio of the copulatory apparatus enveloped by the common muscle coat 
ranges between 3.0–3.5:1 (n = 5; mean 3.2:1).

Behavioral note. Creeping on the Petri dish, the animals sometimes rise up to 
three-quarters of the body from the substrate and swing to the sides as they would be 
searching for ground. When touched, they can react by tumbling. A similar behavior, 
named ‘escape reaction’, was observed for Ch. marthae by Froehlich (1959).

Remarks. This species was originally described as Geoplana albonigra Riester, 
1938, from Teresópolis, State of Rio de Janeiro, Brazil. The external aspect and the in-
ternal morphology of the pharynx and copulatory apparatus were given in the original 
description. The species was later transferred to the recently proposed new genus No-
togynaphallia Ogren & Kawakatsu, 1990, erected for species of Geoplaninae without 
penis papilla and dorsally located female genital canal. Based on morphological and 
molecular information, Carbayo et al. (2013) transferred the species to Choeradoplana, 
but they did not provide morphological evidence supporting that taxonomic decision.

On the identity of our specimens. Our specimens and the holotype of Ch. alboni-
gra are much alike, with the exception of the size of the male and female atria. Whereas 
the male and female atria are relatively narrow in the holotype, these atria are higher in 
two out of four mature individuals. Differences of the same nature have been observed 
in other land planarians (e.g., Pasipha pasipha (Marcus, 1951); Obama josefi (Carbayo & 
Leal-Zanchet, 2001)), and this might be caused by different states of maturation of each 
specimen, albeit all being mature, or by the physiological state of the individuals such as 
a recent copulation, as seems to be the case of the specimens bearing a spermatophore.

The systematic position of Ch. albonigra. Riester described the species from a 
single individual and assigned the species to Geoplana. In Riester’s description, there 
is no reference to the inner structures of the cephalic region, nor to the cutaneous 
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muscle coat. The cephalic region of the holotype is embedded in Canada balsam on 
a histological glass slide. Our study revealed a set of additional aspects, including the 
delta-shaped retractor muscle of the head and the in-sunk ventral longitudinal cutane-
ous muscle which only agree with Choeradoplana. Our molecular data also support this 
conclusion. However, Ch. albonigra deviates from the genus in the body shape, since its 
anterior third narrows progressively towards the anterior extremity, with the latter also 
lacking the typical glandular cushions of Choeradoplana. Accordingly, the diagnosis of 
the genus is revised below.

Choeradoplana eudoxiae Silva & Carbayo, sp. nov.
http://zoobank.org/51DD356F-96DA-43B7-B860-CE6C40B5405B
Figures 10–13

Material examined. Holotype MZUSP 2272 (field code, F3417), sexually mature: 
Floresta Nacional de São Francisco de Paula, State of Rio Grande do Sul, Brazil, 
(-29.43628, -50.37369). coll. F. Carbayo and co-workers, 22 January 2009; transverse 
sections of the cephalic region on 7 slides; horizontal sections of ovaries on 4 slides; 
transverse sections of the pre-pharyngeal region on 4 slides; sagittal sections of the 
pharynx and copulatory apparatus on 8 slides; the posterior extremity on 3 slides.

Distribution. Only known from the type locality, Floresta Nacional de São Fran-
cisco de Paula, State of Rio Grande do Sul, Brazil.

Etymology. The specific epithet pays homage to the late Prof. Eudóxia Maria Froe-
hlich, 21 October 1928 – 26 September 2015, for her insightful life lessons and lasting 
contribution to the knowledge of the neotropical planarian fauna for 60 years.

Diagnosis. Choeradoplana species with pastel yellow back and brown fawn spots 
more concentrated in the paramedian region. Its anterior extremity has no lateral dila-
tions or “neck” differentiating its head from its body. The ventral side of the cephalic 
region is concave, and without distinct glandular cushions. The extrabulbar portion of 
the prostatic vesicle has paired branches and an unpaired, roughly rounded section; the 
intrabulbar portion is a dilated vertical duct. Penis papilla is absent.

Description. The live holotype measured 38 mm in length, and 1.5 mm in width. 
Preserved, it measured 27.5 mm in length and 2 mm in width. Its body is slender and 
subcylindrical, with the anterior 1/8 becoming progressively thinner towards the ante-
rior tip. The anterior extremity is rounded and the posterior is pointed. The dorsal side 
is convex, while the ventral side is slightly convex. The anteriormost body portion is 
approximately five millimeters long and rolled up so that the ventral side is facing up-
wards (Fig. 10A–C). This ventral surface is concave, without distinct glandular cush-
ions. This ventral surface is flat in the preserved holotype. Its creeping sole is as wide 
as 75.5% of body width at the pre-pharyngeal region. Its mouth is 14.5 mm (52.7% 
of body length) from the anterior extremity, and the gonopore is 16.8 mm (61.1%).

The dorsum background color of the body is pastel yellow (RAL 1034) with fawn 
brown (RAL 8007) spots (Fig. 10A–C); these spots are more densely distributed in 
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the paramedian regions, some merged with each other. The ventral side is cream (Fig. 
10D). The cephalic extremity is greyish dorsally and ventrally. The body color faded 
on the preserved holotype.

The eyes are one pigmented-cup type of 25–30 µm in diameter. There are no clear 
halos around them (Fig. 10C, D). Since the very anterior histological sections are lost, 
it could not be ascertained whether they occur in this body region. Posteriorly, the eyes 
are marginal along the body length.

Sensory pits are 17.0–22.5 µm deep, distributed ventro-laterally in a uniserial row 
from the anterior sections of the body (approximately 0.2 mm of the anteriormost 
body were lost) to 4.5 mm behind it.

Abundant rhabditogen cells open onto the dorsal surface of the body and its mar-
gins in the pre-pharyngeal region. The epithelium of the margins is also pierced by 
gland cells producing erythrophil granules (Fig. 11A, B). The ventral epithelium is 
pierced by three types of gland cells, namely scarce gland cells producing granules of 
dark, cyanophil secretion, gland cells producing cyanophil granules, and gland cells 
producing an erythrophil secretion. There is no glandular margin.

The cutaneous musculature consists of a subepithelial circular muscle, followed by 
a diagonal layer with decussate fibers, and a longitudinal muscle organized in bundles 
(Fig. 11A, B). This longitudinal muscle is 57.5 µm thick dorsally and arranged in 
bundles of 50–90 fibers each, whereas ventrally it is divided into a 30 µm-thick muscle 
of bundles (with 8–15 fibers each), and an insunk muscle with 70 µm-thick bundles 
(with 16–32 fibers each) (Fig. 11A). The thickness of the cutaneous muscle coat is 20% 
of the body height.

In the pre-pharyngeal region, the same parenchymal muscles as in Ch. iheringi, 
namely the dorsal decussate muscle (52–55 µm thick), transverse supra-intestinal mus-
cle (20–22 µm); and transverse subintestinal muscle (12–15 µm) (Fig. 11A, B).

The muscle retractor of the head is delta-shaped in a cross-section along ~ 0.5 mm 
(or 1.8% of body length) starting from 0.1 mm behind the anterior extremity of the 
body (Fig. 11C, D), and its thickness equals 36% of the height of the cephalic region. 
The Muskelgeflecht is 32 µm thick (22% of body height). The subneural parenchymal 
muscle consists of a few transverse fibers. The glandular cushions are composed of a 
relatively small quantity of rhabditogen cells (Fig. 11C, D).

The central nervous system presents a ventral nerve plate (70–85 µm thick or 
9–11% of body height) in the pre-pharyngeal region.

The mouth is located in the middle of the pharyngeal pouch (Fig. 12A). The phar-
ynx is bell-shaped (Fig. 12B). An esophagus is absent. The outer pharyngeal epithelium 
is underlain by an 8 µm-thick longitudinal muscle, followed by a 15 µm-thick circular 
muscle. The inner pharyngeal epithelium is underlain by a circular muscle layer with 
longitudinal fibers interspersed (20 µm thick).

The testes are dorsal, 90–150 µm in diameter, located under the supra-intestinal 
transverse muscle layer, and partially placed between the intestinal diverticula. The 
anteriormost testes are located 0.9 mm anterior to the ovaries (or 21% of the body 
length); posteriormost near the root of the pharynx (49% of the body length). Sperm 
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Figure 10. Choeradoplana eudoxiae Silva & Carbayo, sp. nov. Holotype A living animal in dorsal view 
B, C detail of anterior extremity in a dorsal view D detail of anterior extremity in ventro-lateral view in 
the preserved specimen. Abbreviations: cm common muscle coat, co common glandular ovovitelline 
duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejaculatory duct, 
ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, i intestine, 
lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, 
o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, 
rg  rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd sperm duct, sg shell 
glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse muscles, 
sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.

ducts run immediately above the subintestinal muscle layer, dorsally and slightly in-
ternal to the ovovitelline ducts. Distal portions of sperm ducts contain sperm and are 
surrounded by a 20 µm-thick circular muscle. These ducts communicate with the 
respective short branch of the prostatic vesicle (Fig. 12C, D). The paired branches run 
posteriorly. The extrabulbar portion of the prostatic vesicle consists of these paired 
branches and an unpaired, roughly rounded section with pleated wall receiving the 
branches. The intrabulbar portion of the prostatic vesicle is elongate and runs dorsally 
and posteriorly. The passage of the prostatic vesicle to the proximal region of the male 
atrium is narrowed by an annular fold (Fig. 12C, D). There is no ejaculatory duct, 
nor penis papilla. The penis bulb is very thick and consists of numerous muscle fibers 
which are continuous with those underlying the epithelium of the male atrium. The 
prostatic vesicle is lined with a columnar, ciliated epithelium underlain by a dense layer 
(20 µm thick) of interwoven circular and longitudinal muscle fibers. The epithelium 
of the diverticula and that of the anterior section of extrabulbar section of prostatic 
vesicle are pierced by numerous gland cells producing strong erythrophil (pinkish) 
granules. The epithelium of the posterior section of the extrabulbar portion is pierced 
by gland cells producing abundant erythrophil granules. Two types of gland cells pierce 
the epithelium of the intrabulbar portion of the vesicle; one type is very abundant, and 
produces cyanophil granules, while the second type produces erythrophil granules.

The male atrium is elongated. The proximal half is horizontal, slightly folded and 
narrow. The distal half is wider, and provided with two large transverse and oblique 
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folds. The atrium is lined with a 7 µm high epithelium, and pierced by two types of 
gland cells producing erythrophil and cyanophil granules, respectively. The atrial epi-
thelium is underlain by a 20 to 35 µm-thick circular muscle with longitudinal fibers 
intermingled (Figs 12D, 13A).

The ovaries are mature, rounded, ~ 100 µm in diameter. They are located 8.9 mm 
from the anterior extremity of the body (24.7 % of body length), and above the ventral 
nerve plate. The ovovitelline ducts emerge from the dorso-lateral aspect of the ovaries 
and run above the nerve plate; their proximal section contains sperm. Laterally to the 
female atrium, they rise posteriorly to unite dorsally to the common glandular ovovi-
telline duct (Fig. 13A, B). This common duct is located behind the female atrium, and 
runs downwards to open into a canalicular projection of the posterior section of the 
female atrium.

Figure 11. Choeradoplana eudoxiae Silva & Carbayo, sp. nov. Photomicrographs of transverse sections of 
the holotype A dorsal portion of the pre-pharyngeal region ofreion B ventral portion of the pre-pharyngeal 
region C anterior region at 0.1 mm from the anterior tip of the body. of the pre-pharyngeal region D ante-
rior region at 0.5 mm from the anterior tip of the body. Abbreviations: cm common muscle coat, co com-
mon glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, 
e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, 
g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht 
(Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv pros-
tatic vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd 
sperm duct, sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural 
transverse muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.
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Figure 12. Choeradoplana eudoxiae Silva & Carbayo, sp. nov. Photomicrographs of sagittal sections 
of holotype A, B pharynx C prostatic vesicle and male atrium D copulatory apparatus. Abbreviations: 
cm common muscle coat, co common glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, 
dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa fe-
male atrium, fd female genital duct, g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male 
genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyn-
geal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, 
sb subintestinal transverse muscles, sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous mus-
cles, sm spermatophore, sn subneural transverse muscles, sp supra-intestinal transverse muscles, t testis, 
vi vitellaria, vn ventral nerve plate.

The female atrium is irregular, provided with two or three lateral and dorsal folds 
(Fig. 13). This atrium is as long as half the male atrium, and is lined with an 8–10 µm 
high epithelium, the cells of which are erythrophil in their subapical portion. This 
epithelium is pierced by gland cells producing cyanophil granules, and is underlain by 
a 10 µm-thick muscle of circular and longitudinal muscle fibers.

The common muscular coat is well developed and continuous with the penis bulb. 
This coat wraps the intrabulbar portion of the prostatic vesicle, and the male and fe-
male atria. The length:height ratio of the copulatory apparatus enveloped by the com-
mon muscle coat is 2.2:1.

Behavioral note. When touched with a finger on the posterior end, the animal 
reacted by rolling forward. Firstly, it lifted its posterior extremity forward to touch 
the ground at the level of the midbody so that the body forms a loop. Next, the loop 
moved forwards until the anterior third of the body detached from the ground, which 



Domingo Lago-Barcia et al.  /  ZooKeys 1016: 1–48 (2021)26

Figure 13. Choeradoplana eudoxiae Silva & Carbayo, sp. nov. Holotype A diagrammatic reconstruction 
of copulatory apparatus B photomicrograph of a sagittal section of the female atrium. Abbreviations: 
cm common muscle coat, co common glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, 
dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa fe-
male atrium, fd female genital duct, g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male 
genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyn-
geal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, 
sb subintestinal transverse muscles, sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous mus-
cles, sm spermatophore, sn subneural transverse muscles, sp supra-intestinal transverse muscles, t testis, 
vi vitellaria, vn ventral nerve plate.

subsequently lengthened and touched the substrate. By doing so, the animal moved 
forward a distance equivalent to half its body length in approximately one second. It 
then immediately repeated this whole movement repeatedly.

Remarks. The species described herein matches all diagnostic characteristics of 
Choeradoplana, except for the glandular cushions of the cephalic region, which are 
not developed. This is so notable that the species was initially assigned to Cephaloflexa 
upon examination of the live and preserved specimen. Regarding the body shape, 
Cephaloflexa is characterized by having “the anterior third very gradually narrowing, 
without constriction or widening and without grooves on the ventral surface. The 
anterior tip rolled upwards and is ventrally concave” (Carbayo and Leal-Zanchet 2003). 
Ch. albonigra is similar in this aspect to the genus Cephaloflexa and to Ch. eudoxiae 
Silva & Carbayo, sp. nov. Unfortunately, it was not possible to sequence DNA from 
the small tissue available of Ch. eudoxiae Silva & Carbayo, sp. nov., and the homology 
test of the particular body shape of these two species remains an open question.

The remaining diagnostic attributes of Choeradoplana are present in Ch. eudoxiae 
Silva & Carbayo, sp. nov., such as the ventral cutaneous longitudinal muscle partially 
sunken into the parenchyma; a retractor muscle of the cephalic extremity with a delta 
shape in transverse section; and a dorsal decussate parenchymatic muscle modified in 
the cephalic region into the Muskelgeflecht.

The body color of the Ch. eudoxiae Silva & Carbayo, sp. nov. resembles that of 
some congeners in the brownish background color with dark black or dark brown 
spots over it, namely Choeradoplana abaiba Carbayo et al., 2018, Ch. agua Carbayo et 
al., 2018, Ch. banga Carbayo & Froehlich, 2012, Ch. benyai Lemos & Leal-Zanchet, 
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2014, Ch. bocaina Carbayo & Froehlich, 2012, Ch. cyanoatria Iturralde & Leal-Zan-
chet, 2019, Ch. longivesicula Iturralde & Leal-Zanchet, 2019, Ch. pucupucu Carbayo 
et al., 2018, and the herein-described Ch. onae Lago-Barcia & Carbayo, sp. nov., Ch. 
riutortae Lago-Barcia & Carbayo, sp. nov. and Ch. claudioi Lago-Barcia & Carbayo, 
sp. nov. However, the general aspect of Ch. eudoxiae is lighter. Moreover, only Ch. eu-
doxiae Silva & Carbayo, sp. nov. and Ch. albonigra lack the cephalic glandular cushions 
among all species of the genus, with the latter having a different, black-striped dorsum.

With respect to the internal morphology, Ch. eudoxiae Silva & Carbayo, sp. nov. is 
similar to Ch. albonigra, Ch. tristriata, Ch. bocaina, Ch. riutortae Lago-Barcia & Car-
bayo, sp. nov., Ch. claudioi Lago-Barcia & Carbayo, sp. nov., and Ch. onae Lago-Barcia 
& Carbayo, sp. nov. in that the prostatic vesicle is extrabulbar and it is lacking a penis 
papilla. However, in the latter four species an extrabulbar portion of the prostatic vesi-
cle is dish-shaped, whereas this organ is pear-shaped (in Ch. eudoxiae Silva & Carbayo, 
sp. nov.) or has two short tubular branches ( branches (with a pear-shaped organ) Ch. 
tristriata (paired tubes) and Ch. albonigra). Ch. eudoxiae sp. nov. is distinguished from 
Ch. tristriata in the relatively compact copulatory apparatus of the latter, and from Ch. 
albonigra in that the copulatory apparatus in this species is relatively longer, the paired 
portions of the prostatic vesicle are shorter, and the common glandular ovovitelline 
duct is relatively shorter.

Choeradoplana claudioi Lago-Barcia & Carbayo, sp. nov.
http://zoobank.org/375D0CE0-B9DF-4AA4-9DEA-1281AFB7BFDC
Figures 14, 15

Material examined. Both specimens were collected in Reserva Biológica Augusto 
Ruschi, Santa Teresa, State of Espírito Santo, Brazil (-19.8891, -40.5459) by F. Car-
bayo and co-workers, May 27–29th, 2008; Holotype MZUSP PL 1156 (field code, 
F2424), sexually mature: transverse sections of the cephalic region on 6 slides; hori-
zontal sections of a portion behind the cephalic region on 4 slides; sagittal sections of 
the ovarian region on 4 slides; transverse sections of the pre-pharyngeal region on 4 
slides; sagittal sections of the pharynx and copulatory apparatus on 11 slides. Paratype 
MZUSP PL 1157 (field code, F2510), sexually mature: sagittal sections of the phar-
ynx and copulatory apparatus on 10 slides. The ovarian region was lost.

Distribution. Only known from the type locality, Reserva Biológica Augusto 
Ruschi, Santa Teresa, State of Espírito Santo, Brazil.

Etymology. The specific epithet honors Prof. Claudio Gilberto Froehlich for his 
contributions to the knowledge of the Neotropical land planarians.

Diagnosis. Choeradoplana species with a golden yellow background color, with 
scattered sepia brown speckles on the whole dorsal surface, except for the anterior, 
greyish extremity. The extrabulbar portion of the prostatic vesicle is dish-like. The 
female genital atrium is compressed dorso-ventrally and partially positioned below the 
distal section of the male atrium.
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Description. Preserved specimens measure 24.0–36.5 mm in length and 2.5–3.0 
mm in width (n = 2). The body is slender and subcylindrical. The cephalic region is dif-
ferentiated from the remaining body by a ‘neck’, laterally dilated and rolled up so that 
the ventral surface provided with glandular cushions faces out; the posterior extremity 
is pointed. The creeping sole is as wide as 75% (F2424) of the body width at the pre-
pharyngeal region. The mouth is positioned at a distance from the anterior extremity 
equal to 50% of the body length, and the gonopore is at 60%.

The dorsal coloration of the live specimens consists of a golden yellow (RAL 1004) 
background color, with scattered sepia brown (RAL 8014) speckles on the whole dorsal 
surface, except for the anterior, greyish extremity (Fig. 14A). The ventral coloration is 
golden yellow.

Its eyes are devoid of halos and are formed by a one-pigmented cup of 60 µm in 
diameter. Eyes are absent in the very anterior extremity of the body equivalent to more 
or less 1% of the body length. The eyes are distributed marginally in a row of two or 
three eyes along the first 4.5 mm (or 12% of body length), then they are arranged in a 
single marginal row until the posterior end.

The sensory pits are 15 µm deep, and are distributed ventro-laterally in a uniserial 
row, only starting at approximately the equivalent to 1% of body length. The ventral 
epithelium of the ovarian region was lost and sensory pits are absent in the pre-phar-
yngeal region.

The cutaneous musculature of the pre-pharyngeal region consists of a subepithe-
lial circular muscle followed by a diagonal layer with decussate fibers, and a strong 
longitudinal muscle organized in bundles (Fig. 14B). This longitudinal muscle is 95 
µm thick dorsally; it is ventrally divided into a 15 µm-thick muscle organized in bun-
dles with 5–12 fibers each, and a 45 µm-thick muscle sunken into the parenchyma 
constituted of bundles with 6–17 fibers each. The thickness of the cutaneous muscle 
coat is 16% of the body height. (measurements from animal F2424 which has the 
best histological sections).

In the pre-pharyngeal region, a dorsal decussate muscle (25 µm thick), transverse 
supra-intestinal muscle (25 µm); and transverse subintestinal muscle (15 µm) (n = 1) 
(Fig. 14B).

The cutaneous and parenchymal musculature is organized in the cephalic region as 
in Ch. iheringi. The muscle retractor of the head is delta-shaped in a cross-section along 
1.8 mm (or 5% of body length, F2424) from behind, 1.3 mm (or 4%, F2424) of the 
anterior extremity of the body (Fig. 14C), and its thickness equals 36% of the height 
of the cephalic region. The Muskelgeflecht is 190 µm thick (32% of body height). The 
subneural parenchymal muscle consists of scattered transverse fibers. The glandular 
cushions are composed of numerous rhabditogen cells (Fig. 14C).

The mouth is located in the middle of the pharyngeal pouch (Fig. 14D). The phar-
ynx is cylindrical-to-bell-shaped, with its dorsal insertion approximately at the mouth 
level. An esophagus is absent. The pharyngeal pouch is lined with a non-ciliated, low 
epithelium underlain by a thin layer of circular muscle with interspersed longitudinal 
fibers (11–12 µm thick, n = 2). The outer pharyngeal epithelium is flat, ciliated and 
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Figure 14. Choeradoplana claudioi Lago-Barcia & Carbayo, sp. nov., holotype A dorsal view of the 
creeping live animal B photomicrograph of a transverse section of the pre-pharyngeal region C photo-
micrograph of a transverse section of the cephalic region D photomicrograph of a sagittal section of the 
pharynx. Abbreviations: cm common muscle coat, co common glandular ovovitelline duct, dd decus-
sate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, 
er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, i intestine, lc longitudi-
nal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, 
ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhab-
ditogen glands, r  retractor muscle, sb subintestinal transverse muscles, sd sperm duct, sg shell glands, 
sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse muscles, sp supra-
intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.

underlain by circular muscle (40–48 µm thick, n = 2) with interspersed longitudinal 
fibers ectally. The inner pharyngeal epithelium is flat, ciliated, and underlain by a thin 
circular muscle (48–50 µm, n = 2). The pharynx presents numerous xanthophil, eryth-
rophil and cyanophil gland cells.

The testes are mature, dorsal, arranged in four paramedian rows between the su-
pra-intestinal transverse parenchymal muscle and the intestinal diverticula (Fig. 14B). 
They extend from the level of the ovaries (i.e., 7.7 mm behind the anterior extremity of 
the body, or 21% of body length, holotype) to the root of the pharynx (48%). Sperm 
ducts run immediately above the subintestinal parechymatic muscle layer. In their dis-
tal portion, they open into the respective branch of the prostatic vesicle (Fig. 15A–C). 
The prostatic vesicle is divided into two differentiated halves (Fig. 15A–D). The proxi-
mal half is extrabulbar and constituted by the two widened and rounded branches 
opening into a broadened, dish-shaped section located above the paired portion. The 
distal half is intrabulbar, dilated canal oriented dorso-posteriorly. The paired portion is 
lined with a cuboidal-to-columnar, ciliated epithelium, which is pierced by numerous 
gland cells producing fine erythrophil granules. The columnar epithelium of the dish-
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shaped portion is pierced by very numerous gland cells producing erythrophil gross 
granules (1–2 µm); and by two types of scarce gland cells producing fine, erythrophil 
and xanthophil granules, respectively (Fig. 15D). The distal half is lined by a columnar, 
ciliated epithelium with a sinuous surface which is pierced by gland cells producing 
erythrophil granules along its whole length, and additionally a low number of gland 
cells producing xanthophil granules in its distal portion. The lining epithelium of the 
proximal half of the prostatic vesicle is coated by a 28–30 µm-thick (n = 2) circular 
muscle; the distal half is coated by a 1 µm-thick circular muscle, followed by a 22–25 
µm-thick (n = 2) longitudinal muscle. The extrabulbar portion of the prostatic vesicle 
is coated by additional muscle fibers attaching it to the common muscle coat (Fig. 
15A–C). The opening of the prostatic vesicle into the antero-dorsal region of the male 
atrium is wide, without an ejaculatory duct or penis papilla (Fig. 15A–C).

The male atrium is 5–6× longer than the female atrium, and divided into a dor-
sal, proximal narrow third, slightly folded, and a distal two-thirds portion with some 
smaller folds. A main, very large, oblique fold on each side of the body extends behind 
the gonopore level and over the female atrium (Fig. 15E). The male atrium is lined by 
a cuboidal, non-ciliated epithelium, and is underlain by a 30–60 µm-thick mixed layer 
of circular muscle with numerous interspersed longitudinal fibers (n = 2). The whole 
atrium receives two types of abundant gland cells producing erythrophil and cyanophil 
fine granules, respectively, and a third type of gland cells producing amorphous xan-
thophil secretion in the proximal third of the atrium.

The ovaries are mature, very elongated and placed above the ventral nerve plate at 
a distance from anterior tip of the body equal to 21% of body length (7.7 mm from 
anterior tip) (holotype). They present an anterior, ovoid section, 300 µm in length 
(F2424), and a posterior, 600 µm (F2424) long narrow section (Fig. 15E). Ovovitel-
line ducts emerge from the lateral aspect of the ovoid section of the ovaries and run 
ventrally. Lateral to the posterior section of the female atrium, the ovovitelline ducts 
run medially and dorsally, then unite posteriorly to the female atrium (Fig. 15C). The 
common glandular ovovitelline duct is 45–50 µm in length (n = 2) and runs ventro-
anteriorly to communicate with the female genital canal. This canal runs slightly down-
wards and anteriorly, subsequently penetrates the common muscle coat to open into 
the female atrium. The female genital canal is lined by a cuboidal, ciliated epithelium.

The female atrium is dorso-ventrally compressed and wider towards the gonopore 
canal. It is placed below the posterior section of the male atrium (Fig. 15F), and is 
lined with a cuboidal non-ciliated epithelium. This epithelium is pierced by gland cells 
producing fine xanthophil granules. The lining epithelium of the female atrium is un-
derlain by a 37 µm-thick layer of mixed circular and longitudinal muscle fibers (n = 2).

The common muscle coat is a very dense layer composed by variously oriented 
muscle fibers. The length:height ratio of the copulatory apparatus enveloped by the 
common muscle coat ranges between 2.5–2.8:1.

Remarks. Ch. claudioi Lago-Barcia & Carbayo, sp. nov. externally differs from 
most congeners in that the dorsum is composed of a light background color evenly cov-
ered with brown spots. However, this color pattern is so similar to Ch. abaiba, Ch. agua, 
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Ch. banga, Ch. iheringi, and Ch. pucupucu that Ch. claudioi Lago-Barcia & Carbayo, sp. 
nov. cannot be confidently distinguished from them.

With respect to the internal morphology, Ch. claudioi Lago-Barcia & Carbayo, sp. 
nov. can be differentiated from most Choeradoplana species by the dish-shaped portion of 
the extrabulbar region of the prostatic vesicle. This attribute is only shared with Ch. onae 

Figure 15. Choeradoplana claudioi Lago-Barcia & Carbayo, sp. nov. A photomicrograph of a sagittal 
section of the copulatory apparatus of holotype B photomicrograph of a sagittal section of the copula-
tory apparatus of paratype F2510 C diagrammatic representation of the copulatory apparatus of holo-
type D photomicrograph of a sagittal section of the prostatic vesicle of holotype E photomicrograph 
of a sagittal section of the ovarian region of holotype F photomicrograph of a sagittal section of the 
female atrium of holotype. Abbreviations: cm common muscle coat, co common glandular ovovitelline 
duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejaculatory duct, 
ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, i intestine, 
lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, 
o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, 
rg  rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd sperm duct, sg shell 
glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse muscles, 
sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.
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Lago-Barcia & Carbayo, sp. nov., Ch. riutortae Lago-Barcia & Carbayo, sp. nov., and Ch. 
bocaina. However, the female genital atrium is compressed dorso-ventrally and partially 
positioned below the distal section of the male atrium, which readily distinguishes Ch. 
claudioi Lago-Barcia & Carbayo, sp. nov. from these three other species.

Choeradoplana onae Lago-Barcia & Carbayo, sp. nov.
http://zoobank.org/0CBCD7FD-683B-4075-9D90-B3C62CB97631
Figures 16–18

Choeradoplana sp. in Álvarez-Presas et al. 2014.

Material examined. All specimens collected in the Reserva Biológica Augusto Ruschi, 
Santa Teresa, State of Espírito Santo, Brazil (-19.88, -40.54) by F. Carbayo and co-
workers, 25–27 May 2008; Holotype MZUSP PL 2270 (field code, F2414), trans-
verse sections of the cephalic region on 8 slides; horizontal sections of the portion be-
hind the cephalic region on 5 slides; sagittal sections of the ovarian region on 12 slides; 
horizontal sections of the testes on 10 slides; transverse sections of the pre-pharyngeal 
region on 9 slides; sagittal sections of the pharynx and copulatory apparatus on 12 
slides; Paratype MZUSP PL 2267 (field code, F2230), transverse sections of the ce-
phalic region on 8 slides; sagittal sections of the pharynx and copulatory apparatus on 
9 slides; Paratype MZUSP PL 2268 (field code, F2281), sagittal sections of the phar-
ynx and copulatory apparatus on 12 slides. Paratype MZUSP PL 2269 (field code, 
F2310), transverse sections of the cephalic region on 12 slides; horizontal sections of 
the ovarian region on 8 slides.

Distribution. Only known from the type locality, Reserva Biológica Augusto 
Ruschi, Santa Teresa, State of Espírito Santo, Brazil.

Etymology. The name onae is the affectionate nickname of the biologist Marta 
Álvarez-Presas (Bristol University). The specific epithet honors her for her contribu-
tions to understanding the systematics of free-living flatworms.

Diagnosis. Choeradoplana species with a light ivory background color and a wide 
sepia brown median band. The extrabulbar region of the prostatic vesicle has a dish-
shaped portion. The copulatory apparatus is 3.8× longer than its height. The male 
atrium has 4–6 main folds.

Description. External aspect. Preserved specimens range between 41–44.5 mm 
in length and 3–4 mm (n = 4) in width. The body is slender and subcylindrical. The 
cephalic region is differentiated from the remaining body by a ‘neck’ and laterally di-
lated. This region is rolled up so that the ventral surface provided with two prominent 
glandular cushions is facing out when alive (Fig. 16A–C); the posterior extremity is 
pointed. The creeping sole is as wide as 85–87% of body width at the pre-pharyngeal 
region (n = 4). The mouth is positioned at a distance from the anterior extremity equal 
to 51% of body length, and the gonopore is 61% (paratype F2230).

The dorsal coloration of live specimens consists of a light ivory (RAL 1015) back-
ground color (Fig. 16A), covered on a wide median band with sepia brown pigment (RAL 
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Figure 16. Choeradoplana onae Lago-Barcia & Carbayo, sp. nov. A dorsal view of the creeping live 
paratype F2230 B live paratype F2310 rolled up showing the ventral surface C lateral view of the cephalic 
region of live paratype F2230 D photomicrograph of a transverse section of the pre-pharyngeal region 
of holotype E photomicrograph of a transverse section of the cephalic region of holotype. Abbreviations: 
cm common muscle coat, co common glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, 
dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa fe-
male atrium, fd female genital duct, g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male 
genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyn-
geal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, 
sb subintestinal transverse muscles, sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous mus-
cles, sm spermatophore, sn subneural transverse muscles, sp supra-intestinal transverse muscles, t testis, 
vi vitellaria, vn ventral nerve plate.

8014), except for irregular clear spots with the background color exposed. The bordering 
line of the band merging with the background color on the sides is irregular with large sepia 
brown spots. The curled anterior extremity is red orange (RAL 2001). The ventral surface is 
red orange in the cephalic region, and light grey (RAL 7035) in the rest of body (Fig. 16B).
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The eyes are devoid of halos, and formed by a one-pigmented cup of 60 µm in 
diameter. Eyes are absent in the very anterior extremity of the body equivalent to 
1% of the body length (n = 1). Eyes behind the anterior tip are distributed margin-
ally in a row of two or three eyes (Fig. 5C) and extend along the entire body until 
the posterior end.

Sensory pits are 20–25 µm deep in a uniserial ventro-lateral row, starting from 0.4 
mm behind the anterior extremity, the equivalent of 1% body length to at least 80 mm 
from the anterior tip (20% of body length, n = 1).

Rhabditogen gland cells pierce the marginal epidermis in the pre-pharyngeal re-
gion. Erythrophil granules and scarce cyanophil granules are discharged through the 
entire epidermis. There is no glandular margin (Fig. 16D).

The cutaneous musculature consists of a subepithelial circular muscle, followed 
by a diagonal layer with decussate fibers, and a strong longitudinal muscle organ-
ized in bundles (Fig. 16D). This longitudinal muscle is 90–100 µm thick dorsally, 
and organized in tight bundles with > 32–60 fibers each; it is ventrally divided into 
a 30–32.5 µm-thick muscle organized in bundles with 5–11 fibers each, and a 75 
µm-thick muscle sunken into the parenchyma, and constituted of bundles with 8–27 
fibers each (Fig. 16D). The thickness of the cutaneous muscle coat is 18–20% (n = 
4) of the body height.

In the pre-pharyngeal region, there are three parenchymal muscles, namely a dorsal 
decussate muscle (40–50 µm thick), a transverse supra-intestinal muscle (15 µm); and 
transverse subintestinal muscle (18–20 µm) (n = 4) (Fig. 16D).

The cutaneous and parenchymal musculature is organized in the cephalic region as 
in Ch. iheringi. The muscle retractor of the head is delta-shaped in a cross-section along 
2.5 mm (or 6% of body length) from behind, 0.9 mm (or 2%) anterior extremity of the 
body (Fig. 16E), and its thickness equals 19% of the height of the cephalic region. The 
Muskelgeflecht is 160–180 µm thick (23% of body height). The subneural parenchy-
mal muscle consists of a number of transverse fibers; this muscle is weak in the ovarian 
region. Glandular cushions are composed of numerous rhabditogen cells (Fig. 16E).

The mouth is located in the middle of the pharyngeal pouch (n = 4) (Fig. 17A, 
B). The pharynx is bell-shaped with its dorsal insertion at mouth level (n = 4). The 
esophagus is as long as 15% of the pharyngeal length. The pharyngeal pouch is lined 
with a non-ciliated, low epithelium underlain by a one-fiber thick longitudinal muscle 
followed by a 10 µm-thick circular muscle. The outer pharyngeal epithelium is flat, 
ciliated, and underlain by a 5 µm-thick longitudinal muscle followed by a 15 µm-thick 
circular muscle. The inner pharyngeal epithelium is flat and ciliated, and is underlain 
by a mixed circular muscle with longitudinal fibers (80 µm thick). The pharynx has 
numerous interspersed erythrophil and xanthophil gland cells.

The testes are mature, dorsally located under the supra-intestinal transverse paren-
chymal muscle, placed between the intestinal diverticula. They extend from 13.2 mm 
(32% of body length, holotype) from the anterior extremity to 0.2 mm of the root of 
the pharynx (63%, holotype). Sperm ducts bend dorsally and medially immediately 
above the subintestinal parechymatic muscle layer to open into the respective dilated 
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branch of the prostatic vesicle. The prostatic vesicle is divided into two halves (Fig. 
17C). The anterior half is extrabulbar and proximally presents a dilated and paired 
tubular portion oriented vertically which opens into a broadened, dish-shaped section 
located above the paired portion. This proximal half is lined by a columnar-to-cuboidal 
epithelium that is pierced by gland cells producing xanthophil granules. These gland 
cells are much more abundant in the dish-shaped portion and present a strongly red-
dish appearance; the ventral face and the border of this dish-shaped section of the 
prostatic vesicle is also pierced by gland cells producing cyanophil granules. The distal 
half is an intrabulbar dilated canal oriented dorso-posteriorly. It is lined by a colum-
nar epithelium with a sinuous surface that is pierced by gland cells producing cyano-
phil granules along its whole length and additionally gland cells producing xanthophil 
granules in its distal portion. The lining epithelium of the proximal half of prostatic 
vesicle is coated by an 18–20 µm-thick circular muscle layer, while it is coated by a 
1 µm-thick circular muscle in the distal half, followed by a 15 µm-thick longitudinal 
muscle (n = 4). The extrabulbar portion of the prostatic vesicle is coated by additional 
muscle fibers attaching it to the common muscle coat (Fig. 17D). The opening of the 

Figure 17. Choeradoplana onae Lago-Barcia & Carbayo, sp. nov. Photomicrographs of sagittal sections 
A pharynx of paratype F2230 B pharynx and copulatory apparatus of holotype C prostatic vesicle of 
paratype F2230 D prostatic vesicle of holotype. Abbreviations: cm common muscle coat, co common 
glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, 
ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, 
g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht 
(Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv pro-
static vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, 
sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneu-
ral transverse muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.
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prostatic vesicle into the antero-dorsal region of the male atrium is wide, without an 
ejaculatory duct or penis papilla (Fig. 18A–C).

The male atrium is long, 5× as long as the female atrium, with the same height 
along its length and 4–6 large transverse folds narrowing its lumen. The male atrium is 
lined by a cuboidal, non-ciliated epithelium, and is underlain by a 40–70 µm-thick cir-
cular muscle with numerous interspersed longitudinal fibers (n = 4). The proximal two 
thirds of the atrium receive two types of abundant gland cells producing xanthophil 
and erythrophil granules, respectively, and a third type of scarce gland cells producing 
amorphous xanthophil secretion; the distal third of the male atrium receives abundant 
gland cells producing erythrophil granules. The sub-apical portion of the cells of the 
lining epithelium of this distal third contains xanthophil granules.

The ovaries are mature, ovoid, 250 µm in length, placed above the ventral nerve 
plate and at a distance from the anterior tip of the body equal to 28% of body length 
(11.8 mm from the anterior tip) (n = 1). Ovovitelline ducts emerge from the dorso-
lateral aspect of the ovaries and run ventrally. Ovovitelline ducts run medially and 
dorsally lateral to the posterior section of the female atrium, then unite above the 
postero-dorsal section of the female atrium (Fig. 18A–C). The common glandular ovo-
vitelline duct length ranges between 25–150 µm in length (n = 4) and runs ventrally 
or ventro-posteriorly to communicate with the female genital canal. This canal runs 
downwards, and subsequently penetrates the common muscle coat to open into the 
posterior section of the female atrium. The genital canal is lined by a cuboidal, ciliated 
epithelium, and the sub-apical portion of its lining cells is stained reddish.

The female atrium is funnel-shaped, and is lined with a 50 µm high epithelium, 
which is pierced by gland cells producing fine erythrophil granules. The subapical 
portion of the lining cells contains xanthophil granules. The lining epithelium of the 
female atrium is underlain by a 1-fiber-thick longitudinal muscle, followed by a 10 
µm-thick layer of decussate muscle fibers. Paratype F2281 presents a female atrium 
smaller than that of the remaining specimens and also bears a spermatophore at the 
entrance of the gonopore canal. This spermatophore is ovoid, and with approximately 
100 µm in maximum diameter. It is constituted on an inner mass of sperm surrounded 
by a thin fibrous, erythrophil layer, external to which is a gross layer of xanthophil, 
granular secretion and a bluish fine granular secretion, each prevailing on one side of 
the spermatophore (Fig. 18D).

The common muscle coat is a very dense layer composed by variously oriented 
muscle fibers. The length:height ratio of the copulatory apparatus enveloped by the 
common muscle coat ranges between 2.5–3.3:1 (n = 3).

Remarks. The species described herein matches all diagnostic characteristics of Cho-
eradoplana. As reported for Ch. claudioi Lago-Barcia & Carbayo, sp. nov., Ch. onae Lago-
Barcia & Carbayo, sp. nov. only resembles Ch. abaiba, Ch. agua, Ch. banga, Ch. iheringi, 
Ch. claudioi Lago-Barcia & Carbayo, sp. nov., and Ch. pucupucu in the body color. The 
great similarity between them hinders confident identification. However, none of them 
present the prominent cushions found in this species with a red-orange color.

With respect to the internal morphology, Ch. onae Lago-Barcia & Carbayo, sp. 
nov. only compares with Ch. riutortae Lago-Barcia & Carbayo, sp. nov. and Ch. bocai-
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na in that they also present a dish-shaped prostatic vesicle. However, the length:height 
ratio of the copulatory apparatus in these species is 2.6:1 (vs. 3.8:1 in Ch. onae Lago-
Barcia & Carbayo, sp. nov.); the male atrium:female atrium ratio in Ch. bocaina and 
Ch. riutortae Lago-Barcia & Carbayo, sp. nov. ratio ranges between 1:1–3:1 (Carbayo 
& E. M. Froehlich, 2012), whereas it is ~5:1 in Ch. claudioi Lago-Barcia & Carbayo, 
sp. nov. and Ch. onae Lago-Barcia & Carbayo, sp. nov., and the male atrium presents 
1–2 large folds (vs. 4–6 in Ch. onae Lago-Barcia & Carbayo, sp. nov.).

Choeradoplana riutortae Lago-Barcia & Carbayo, sp. nov.
http://zoobank.org/DDF3C826-CC45-4D40-8438-602D8BC687CF
Figures 19–22

Material examined. All specimens were collected in the Parque Nacional da Serra dos 
Orgãos, Teresópolis, State of Rio de Janeiro, Brazil (-22.48, -43.06) by F. Carbayo and 
co-workers, January 6th, 2010. Holotype MZUSP 2274 (field code, F4218), transverse 

Figure 18. Choeradoplana onae Lago-Barcia & Carbayo, sp. nov. A photomicrograph of a sagittal section 
of the copulatory apparatus of paratype F2230 B photomicrograph of a sagittal section of the copulatory 
apparatus of holotype C diagrammatic representation of the copulatory apparatus of paratype F2230 
D photomicrograph of a sagittal section of the entrance of the gonopore of paratype F2281 housing a 
spermatophore. Abbreviations: cm common muscle coat, co common glandular ovovitelline duct, dd de-
cussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, 
er erythrophil secretion, fa female atrium, fd female genital duct, g gonopore, i intestine, lc longitudi-
nal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, 
ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhab-
ditogen glands, r retractor muscle, sb subintestinal transverse muscles, sd sperm duct, sg shell glands, 
sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneural transverse muscles, sp supra-
intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.
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sections of the cephalic region on 5 slides; horizontal sections of the portion behind 
the cephalic region on 6 slides; sagittal sections of ovarian region on 6 slides; horizontal 
sections of the testes on 4 slides; transverse sections of the pre-pharyngeal region on 7 
slides; sagittal sections of the pharynx and copulatory apparatus on 9 slides. Paratype 
MZUSP PL 1174 (field code, F4217), transverse sections of the cephalic region on 
9 slides; horizontal sections of the ovarian region on 7 slides; transverse sections of 
the pre-pharyngeal region on 8 slides; sagittal sections of the pharynx and copulatory 
apparatus on 12 slides. Paratype MZUSP PL 2275 (field code, F4261), transverse 
sections of the pre-pharyngeal region on 16 slides; sagittal sections of the pharynx and 
copulatory apparatus on 27 slides.

Distribution. Only known from the type locality, Parque Nacional da Serra dos 
Orgãos, municipality of Teresópolis, State of Rio de Janeiro, Brazil.

Etymology. The specific epithet honors Prof. Marta Riutort for her contributions 
to understanding the evolution of flatworms.

Diagnosis. Choeradoplana species with a light ivory background color covered by 
numerous sepia brown spots except for the anterior extremity which is red orange. The 
ventral surface is pale orange in the cephalic region, and light grey in the rest of the 
body. Part of the longitudinal cutaneous musculature is sunken in the parenchyma of 
the ventral side. The prostatic vesicle has a paired extrabulbar dish-shaped portion, and 
an elongated intrabulbar portion with an irregular epithelium. It has a short copula-
tory apparatus (the length:height ratio of the copulatory apparatus is 2.6:1). The male 
atrium presents the same size as the female atrium.

Description. The preserved animals measure between 37–42 mm in length and 
2.5–3 mm in width (n = 3). The body is slender and subcylindrical. The cephalic re-
gion is differentiated from the remaining body by a ‘neck’, laterally dilated and rolled 
up so that the ventral surface, provided with prominent glandular cushions, is facing 
out (Fig. 19A–C); the posterior extremity is pointed. The creeping sole is as wide as 
72–75% of body width in the pre-pharyngeal region (n = 3). The mouth is positioned 
at a distance from the anterior extremity equal to 63–67% of body length, and the 
gonopore is 72–78% (n = 3).

The dorsal coloration in live specimens consists of a light ivory (RAL 1015) 
background color, with numerous sepia brown (RAL 8014) spots which are more 
(F4218) or less (F4217) merged with each other, with the latter situation presenting 
a somewhat homogeneous aspect. A midline with the background color may extend 
along the body length (paratype F4217) or is restricted to the anterior region of the 
body (paratype F4261). The spots extend to the body sides, where they are scattered 
so as to create an irregular bordering line, followed by the background color of the 
sides of the body. A curled anterior extremity is red orange (RAL 2001). The ventral 
surface is pale red orange in the cephalic region, and light grey (RAL 7035) in the 
rest of the body (Fig. 19B).

The eyes are formed by a one-pigmented cup of 46–50 µm in diameter. There 
are no halos around them. Eyes are absent in the very anterior extremity of the body 
equivalent to 1% of the body length (F4218). Eyes behind the anterior tip are distrib-
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uted marginally in a row of two or three eyes and extend along the entire body until 
the posterior extremity.

Sensory pits are 15 µm deep, distributed ventro-laterally in a uniserial row initiat-
ing 0.3 mm behind the anterior extremity (the equivalent of 1% of the body length in 
paratype F4217), and from the very anterior tip in holotype.

In the pre-pharyngeal region, very abundant rhabditogen gland cells pierce the 
dorsal and marginal epidermis. These types of cells are scarce on the ventral epidermis; 

Figure 19. Choeradoplana riutortae Lago-Barcia & Carbayo, sp. nov. A dorsal view of the creeping live 
paratype F4217 B the live holotype twisted showing the ventral surface C dorsal view of the anterior 
region of paratype F4217 D photomicrograph of a transverse section of the pre-pharyngeal region of 
holotype E photomicrograph of a transverse section of the cephalic region of holotype. Abbreviations: 
cm common muscle coat, co common glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, 
dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa fe-
male atrium, fd female genital duct, g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male 
genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyn-
geal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, 
sb subintestinal transverse muscles, sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous mus-
cles, sm spermatophore, sn subneural transverse muscles, sp supra-intestinal transverse muscles, t testis, 
vi vitellaria, vn ventral nerve plate.
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instead, there are gland cells producing erythrophil granules and scarce gland cells se-
creting cyanophil granules. There is no glandular margin (Fig. 19D).

The cutaneous musculature of the pre-pharyngeal region consists of a subepithelial 
circular muscle, followed by a diagonal layer with decussate fibers, and a longitudinal 
muscle organized in bundles (Fig. 19D). This longitudinal muscle is 80–100 µm-thick 
dorsally and organized in tight bundles with approximately 60–110 fibers each; it is 
ventrally divided into a 28–30 µm-thick muscle organized in bundles with 10–27 fib-
ers each, and a 55–65 µm-thick muscle sunken into the parenchyma and constituted 
of bundles with 18–40 fibers each (Fig. 19D). The thickness of the cutaneous muscle 
coat is 22–25% (n = 3) of the body height. There are three parenchymal muscles in the 
pre-pharyngeal region, namely a dorsal decussate muscle (46–50 µm thick), transverse 
supra-intestinal muscle (25–30 µm), and transverse subintestinal muscle (70–75 µm) 
(n = 3) (Fig. 19D).

The cutaneous and parenchymal musculature is organized in the cephalic region as 
in Ch. iheringi. A portion of the retractor muscle of the head is delta-shaped in a cross-
section and ranges between 2–5 mm (or 5–14% of body length) from behind, 1–1.3 
mm (2–3%) of the anterior extremity of the body (Fig. 19E), and its thickness equals 
36% of the height of the cephalic region. The Muskelgeflecht is 200–210 µm thick 
(30% of body height). The subneural parenchymal muscle consists of transverse fibers. 
Glandular cushions are composed of very numerous rhabditogen cells and scarce gland 
cells produce erythrophil granules (Fig. 19E).

The mouth is located in the middle of the pharyngeal pouch (n = 3) (Fig. 20A). 
The pharynx is bell-shaped, and has its dorsal insertion shifted posteriorly with the 
equivalent to 44% of the pharynx length. The esophagus length is 20% of the phar-
yngeal length. The pharyngeal pouch is lined with a non-ciliated, low epithelium un-
derlain by a one-fiber-thick layer of longitudinal muscle followed by 20 µm-thick layer 
of circular muscle. The outer pharyngeal epithelium is flat, ciliated, and underlain by 
a one-fiber-thick longitudinal muscle, followed by a 15 µm-thick muscle with some 
longitudinal fibers interspersed. The inner pharyngeal epithelium is flat, ciliated, and 
underlain by a mixed layer of circular muscle with longitudinal muscle (75 µm thick). 
The pharynx presents numerous erythrophil and xanthophil gland cells interspersed.

The testes are mature and dorsally located under the supra-intestinal transverse 
muscle layer, mostly placed between the intestinal diverticula. They extend from 12.7 
mm (30% of body length, holotype) of the anterior extremity of the body to 0.5 mm 
before the root of the pharynx. Sperm ducts run immediately above the subintestinal 
parechymatic muscle layer. The sperm ducts bend dorsally close to the copulatory ap-
paratus, and subsequently penetrate the ventral proximal region of the common muscle 
coat to open into the respective dilated branch of the prostatic vesicle (Fig. 20B). The 
prostatic vesicle is divided into two differentiated halves; the anterior half proximally 
presents a dilated and paired portion oriented vertically which opens into a broadened, 
dish-shaped section located above the paired portion (Figs 20B, 21A, B). This proximal 
half is extrabulbar and lined by a columnar-to-cuboidal epithelium which is pierced by 
gland cells producing xanthophil granules. These gland cells are much more abundant 
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in the dish-shaped portion, and present a reddish appearance; the border of this dish-
shaped section of the prostatic vesicle is also pierced by gland cells producing cyanophil 
granules. The distal half is intrabulbar, and is a straight tube running postero-dorsally 
to open into the proximal region of the male atrium. This half is lined by a columnar 
epithelium with a sinuous surface which is pierced along its whole length by gland cells 
producing cyanophil granules; additionally, gland cells producing xanthophil granules 
pierce its distal portion. The lining epithelium of the proximal half of the prostatic 
vesicle is coated by a 20 µm-thick circular muscle; the distal half is coated by a 1 µm-
thick circular muscle, followed by a 15 µm-thick longitudinal muscle. The male atrium 
is the same size as the female atrium, and is divided into a proximal, narrow half and a 
distal, dilated half with some small folds (Figs 21, 22).

The male atrium is lined by a cuboidal, non-ciliated epithelium, and underlain 
by a 45–80 µm-thick layer of circular muscle with numerous interspersed longi-
tudinal fibers (n = 3). The proximal half of the atrium receives two types of gland 
cells, one producing erythrophil granules, and a second type of scarce gland cells 
producing xanthophil granules; the distal half of the male atrium receives abundant 
gland cells producing xanthophil granules and the sub-apical portion of the cells of 
the lining epithelium contains xanthophil granules. The extrabulbar portion of the 
prostatic vesicle is coated by additional muscle fibers attaching it to the common 
muscle coat (Figs 21, 22).

The ovaries are mature, ovoid, 190 µm in length, and placed above the ventral nerve 
plate, and at a distance from the anterior body tip equal to 27% of body length (11.5 

Figure 20. Choeradoplana riutortae Lago-Barcia & Carbayo, sp. nov., holotype. Photomicrographs of 
sagittal sections A pharynx B prostatic vesicle. Abbreviations: cm common muscle coat, co common 
glandular ovovitelline duct, dd decussate dorsal cutaneous muscles, dm diagonal decussate muscles, e eye, 
ej ejaculatory duct, ep esophagus, er erythrophil secretion, fa female atrium, fd female genital duct, 
g gonopore, i intestine, lc longitudinal cutaneous muscles, ma male genital atrium, mk Muskelgeflecht 
(Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, ph pharyngeal pouch, pp penis papilla, pv pro-
static vesicle, px pharynx, rg rhabditogen glands, r retractor muscle, sb subintestinal transverse muscles, 
sd sperm duct, sg shell glands, sk sunken longitudinal cutaneous muscles, sm spermatophore, sn subneu-
ral transverse muscles, sp supra-intestinal transverse muscles, t testis, vi vitellaria, vn ventral nerve plate.
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Figure 21. Choeradoplana riutortae Lago-Barcia & Carbayo, sp. nov., holotype A photomicrograph of a 
sagittal section of the copulatory apparatus C Diagrammatic representation of the copulatory apparatus. 
Abbreviations: cm common muscle coat, co common glandular ovovitelline duct, dd decussate dorsal cu-
taneous muscles, dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, er erythrophil 
secretion, fa female atrium, fd female genital duct, g gonopore, i intestine, lc longitudinal cutaneous mus-
cles, ma male genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, 
ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhabditogen glands, r retractor 
muscle, sb subintestinal transverse muscles, sd sperm duct, sg shell glands, sk sunken longitudinal cutane-
ous muscles, sm spermatophore, sn subneural transverse muscles, sp supra-intestinal transverse muscles, 
t testis, vi vitellaria, vn ventral nerve plate.

mm from anterior tip) (holotype). Ovovitelline ducts emerge from the dorso-lateral as-
pect of the ovaries and run above the ventral nerve plate. Lateral to the female atrium, 
the ovovitelline ducts bend medially and dorsally, then unite above the postero-dorsal 
section of the female atrium (Figs 21, 22). The common glandular ovovitelline duct is 
outside the common muscle coat, and runs posteriorly, progressively inclining to the 
ventral side to communicate with the posterior section of the female atrium.

The female atrium is divided into a dilated canal running ventro-anteriorly and 
outside the common muscle coat, and a distal, funnel-shaped half is widely commu-
nicated with the male atrium (Figs 21, 22). The female atrium is lined with a 35 µm 
high epithelium. This epithelium is pierced by gland cells producing fine erythrophil 
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granules. The subapical portion of lining cells of the distal half of the atrium contains 
xanthophil granules. The lining epithelium of the female atrium is underlain by a layer 
of mixed circular and longitudinal fibers 10 µm high.

The common muscle coat is a very dense layer composed by densely packed muscle 
fibers variously oriented (Figs 21, 22). The length:height ratio of the copulatory appa-
ratus enveloped by the common muscle coat ranges between 2.2–2.7:1 (n = 3).

Remarks. Choeradoplana riutortae Lago-Barcia & Carbayo, sp. nov. matches all 
diagnostic characteristics of Choeradoplana. The external dorsal coloration resembles 

Figure 22. Choeradoplana riutortae Lago-Barcia & Carbayo, sp. nov. Photomicrographs of sagittal sec-
tions A copulatory apparatus of paratype F4217 B copulatory apparatus of paratype F4261. Abbrevia-
tions: cm common muscle coat, co common glandular ovovitelline duct, dd decussate dorsal cutaneous 
muscles, dm diagonal decussate muscles, e eye, ej ejaculatory duct, ep esophagus, er erythrophil secre-
tion, fa female atrium, fd female genital duct, g gonopore, i intestine, lc longitudinal cutaneous muscles, 
ma male genital atrium, mk Muskelgeflecht (Graff, 1899), mo mouth, o ovary, ov ovovitelline duct, 
ph pharyngeal pouch, pp penis papilla, pv prostatic vesicle, px pharynx, rg rhabditogen glands, r retractor 
muscle, sb subintestinal transverse muscles, sd sperm duct, sg shell glands, sk sunken longitudinal cutane-
ous muscles, sm spermatophore, sn subneural transverse muscles, sp supra-intestinal transverse muscles, 
t testis, vi vitellaria, vn ventral nerve plate.
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11 species inside the genus with the background color being brownish with dark black 
or dark brown spots over it, namely Choeradoplana abaiba, Ch. agua, Ch. banga, Ch. 
benyai, Ch. bocaina, Ch. cyanoatria, Ch. longivesicula, Ch. pucupucu, and the herein 
described Ch. onae Lago-Barcia & Carbayo, sp. nov., Ch. eudoxiae Silva & Carbayo, sp. 
nov. and Ch. claudioi Lago-Barcia & Carbayo, sp. nov. However, none of them present 
the prominent cushions found in this species, nor the conspicuous red-orange colora-
tion of the cephalic region.

With respect to the internal morphology, Ch. riutortae Lago-Barcia & Carbayo, 
sp. nov. is only similar to Ch. onae Lago-Barcia & Carbayo, sp. nov., Ch. bocaina 
and Ch. claudioi Lago-Barcia & Carbayo, sp. nov. in that the extrabulbar section of 
the prostatic vesicle is dish-shaped. However, the female atrium in Ch. claudioi Lago-
Barcia & Carbayo, sp. nov. is partially below the male one (vs. behind, in Ch. riutortae 
Lago-Barcia & Carbayo, sp. nov.), whereas the male atrium in Ch. onae Lago-Barcia 
& Carbayo, sp. nov. has the same height along its length, (vs. a proximal, narrow half, 
and a distal, widened half ). Finally, the male atrium in Ch. bocaina is 3× as long as the 
female, whereas this ratio is 1.2 in Ch. riutortae Lago-Barcia & Carbayo, sp. nov.

Discussion

The monophyletic origin of the genus Choeradoplana was first demonstrated by Car-
bayo et al. (2013), and subsequently by Lemos et al. (2014) and Carbayo et al. (2018) 
with additional terminals and species. All species were recovered as monophyletic, per-
haps with the exception of Ch. bocaina. The clade which includes the three type speci-
mens of Ch. bocaina also houses two individuals not studied morphologically which 
were collected in the Reserva Biológica Augusto Ruschi, ES (500 km distance from 
the type locality). These two individuals are terminals with long internal branches. In 
agreement with this view, Carbayo et al. (2018) found uneven molecular delimitations 
of species depending on the method applied. Interestingly, although the species inter-
relationships are poorly supported, the species composition of the two large clades is 
similar to the phylogeny inferred from five mitochondrial and nuclear concatenated 
genes by Carbayo et al. (2018).

Choeradoplana is one among the few geoplanid genera which can be recognized 
through the body shape. The cephalic region in this genus is typically rolled up and 
the ventral surface of it is provided with glandular cushions, separated by a longitu-
dinal groove. However, as shown above, the cephalic region of Ch. albonigra and Ch. 
eudoxiae Silva & Carbayo, sp. nov. lack the glandular cushions and it is not expanded 
laterally. In this respect, these two species cannot be distinguished from Cephaloflexa. 
Moreover, the anterior third of the body in Ch. albonigra narrows very gradually as in 
Cephaloflexa. Therefore, assignment to a genus must be based on internal aspects of 
these two species.

Another interesting observation is the distribution of the sensory pits. Follow-
ing the diagnosis of Choeradoplana, these pits occur along a variable portion of the 
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anterior region of the body, but they are absent in the apex (a feature also shared with 
Cephaloflexa). However, sensory pits in Ch. riutortae Lago-Barcia & Carbayo, sp. nov. 
contour the anterior extremity in one of the two examined specimens. Since the sen-
sory pits in the apex are not present in all specimens, it can be interpreted as a deviant 
individual situation.

The diagnosis of Choeradoplana was emended by Froehlich (1955), Ogren and 
Kawakatsu (1990), and Carbayo and Froehlich (2012) and as a consequence of the 
morphological variations reported in this paper, we propose to emend the genus as 
follows (emendation underlined):

Geoplaninae of elongated subcylindrical body. The cephalic region is kept rolled 
up and backwards; this region usually presents two glandular cushions, ventrally sepa-
rated by a longitudinal groove. The cephalic region may be laterally dilated giving rise 
to a “neck” which differentiates this region from the remaining body. Eyes absent in 
the apex. Sensory pits absent in the apex. Broad creeping sole, more than one-third of 
body width. Strong cutaneous longitudinal muscles partially sunken into the paren-
chyma, exclusively ventrally or, more rarely, ventrally and dorsally too. Anteriorly all 
sunken ventral longitudinal fibers are medially concentrated, constituting the retrac-
tor unroller of the cephalic extremity. Bodies of rhabditogen cells located between the 
retractor and the epidermis. Common glandular ovovitelline duct approaching female 
genital canal dorsally from anterior direction, more rarely approaching behind the 
female atrium from the ventral direction.

Four of the six species studied in this paper (not Ch. albonigra and Ch. eudoxiae 
Silva & Carbayo, sp. nov.) present the external and internal characteristics of the genus 
Choeradoplana. The morphological diagnostic characteristics of this genus are remark-
ably heterogeneous in attributes found to be stable within other geoplanin genera. In 
addition to the variable shape of the cephalic region (discussed above), the longitudinal 
dorsal cutaneous musculature in Choeradoplana can be sunken (Ch. gladismariae Car-
bayo & Froehlich, 2012), a penis papilla can be present (Ch. crassiphalla, Ch. benyai, 
Ch. marthae), an inverted penis may also occur (Ch. minima Lemos & Leal-Zanchet, 
2014), the prostatic vesicle may be intrabulbar (several species), the female genital ca-
nal can approach the female atrium behind it from the ventral direction (Ch. banga). 
Thus, we have increased the number of morphological variations seen in the genus in 
the present study, with the most remarkable being the ventral glandular cushions may 
be reduced or even absent, as in Ch. albonigra and Ch. eudoxiae Silva & Carbayo, sp. 
nov. and the anterior third of the body may become progressively thinner towards the 
anterior tip, as in Ch. albonigra. Therefore, one cannot trust the shape of the cephalic 
region for assigning a species with the head rolled-up to a genus. Instead, histological 
sections should be examined.

Despite the great variability in the diagnostic features, the genus can still be diag-
nosed by the following two exclusive attributes among Geoplanids: muscle retractor 
of the cephalic region delta-shaped in the cross-section and bodies of rhabditogen 
cells piercing the cephalic ventral epidermis are located between the retractor and the 
epidermis.
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Abstract
As part of a study on holothurians from the southern Gulf of Mexico, some Holothuria mexicana Ludwig, 
1875 were obtained for gut analysis. In two of them, a couple of eulimids were located inside the main 
tube of the respiratory tree. They were identified as Megadenus holothuricola Rosén, 1910, described from 
the Bahamas Islands, based on five specimens attached to the respiratory tree of H. mexicana. The original 
description was brief with few details, the type material is lost, and the species has not been found again. 
In this contribution, this species is confirmed for Campeche Bay, Mexico. The adult shell is globular to 
conical, transparent, thin, and fragile. Megadenus smithi sp. nov. from Palmyra Atoll, Central Pacific is 
described based on adult specimens. It differs from its congeneric species in its more robust shell, the 
pseudopallium does not cover the shell, and its short and contracted proboscis forms a thick disc. Further 
research on these eulimid parasites is now complicated in the southern Gulf of Mexico because of the 
holothurian population collapse due to over-exploitation of the fishery.
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Introduction

Eulimidae form a large group of parasitic snails infesting sea urchins, holothurians, 
starfish, and feather stars. Genera vary in their physical characteristics and lifestyle 
(Heller 2015). Some species live permanently attached to their echinoderm host; oth-
ers attack their prey only temporarily and fall off if disturbed. Therefore, they are 
usually collected apart from their host, which thus may remain unknown (Warén 
1984). However, many eulimid species are found to live on the body surface like ec-
toparasites, or as endoparasites especially in holothurians, accomplished by a series of 
morphological and anatomical changes (Nekhaev 2016; González-Vallejo 2018; Souza 
et al. 2018).

Our knowledge of marine parasites is fragmentary. This observation, especially in 
the case of invertebrate hosts, is probably caused by their low occurrence rates (Boxshall 
2020). In Mexico, there are no records so far for eulimid endoparasites in holothurians; 
one ectoparasitic species was reported as Melanella intermedia (Cantraine, 1835), origi-
nally described from the Mediterranean Sea, in the skin of Holothuria (Halodeima) 
grisea Selenka, 1867 and Holothuria glaberrima Selenka, 1867. Both holothurians were 
reported from Veracruz in the Gulf of Mexico (Caso 1968, 1971).

The fishery of holothurians has increased in Campeche Bay during the last eight 
years. As part of a study of their feeding habits, some holothurians were obtained. 
After examining the internal organs, several endoparasites were located attached to or 
immersed in the main tube of the respiratory tree of Holothuria (Halodeima) mexicana 
Ludwig, 1875. One of the endoparasitic species was identified as Megadenus holothuri-
cola Rosén, 1910. This eulimid was found attached to the respiratory tree of H. mexi-
cana. The type locality of this species is the Bahamas Islands; the type series contained 
five specimens, and the original shell description was brief with few details only. The 
type material is lost, and the species has not been found again (Warén 1984). The 
genus Megadenus Rosén, 1910 includes five species found all around the world, and 
all of them live in an endoparasitic relationship with holothurian species. The type 
species M. holothuricola was reported from H. mexicana; M. voeltzkowi Shepman & 
Nierstrasz, 1913 from H. (Holothuria) pardalis? Selenka, 1867 from Zanzibar, East Af-
rica; M. cantharelloides Humphreys & Lützen, 1972 from Stichopus chloronotus Brandt, 
1835 in Picard Island, Aldabra, Indian Ocean; M. oneirophantae Bouchet & Lützen, 
1980 from Oneirophanta mutabilis Thèel, 1879 off W bay of Biscay, France and M. 
atrae Takano, Warén & Kano, 2017 from H. (Halodeima) atra Jaeger, 1833 from Ja-
pan, New Caledonia, India and Australia (see Table 1).

Rosén (1910) supplied a brief description of the shell of M. holothuricola as “con-
ical, shiny, finely cross-striae, fragile, without an umbilicus, without an operculum, 
with six spiral turns, the first two very small”. He mainly focused on describing the 
histology of the species (pls 1–4, figs 1–16) comparing the morphological differences 
of M. holothuricola with species from other genera such as Stilifer Broderip, 1832, 
Mucronalia Adams, 1860, Pelseeneria Koehler & Vaney, 1908, and Turtonia Rosén, 
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1910. Thus, the species’ shell features remain ill-defined, which makes a detailed 
re-description necessary. In this work, we assess the endoparasitic relationship of 
M. holothuricola with H. mexicana in the Bay of Campeche, which also represents 
the first finding after the original description and the first record for this species from 
the Gulf of Mexico. Details of the shell and its variation are described, and informa-
tion on the shells of sub-adults, juveniles, and larvae are provided, as well as com-
ments on morphological features such as proboscis, mantle color, and egg capsules 
and supported by illustrations. Additionally, a new species is described from Palmyra 
Atoll, Central Pacific.

Materials and methods

One hundred holothurians were collected and donated by fisherman for gut-analyses 
and molecular studies. Holothurians were collected at 5 m depth in mixed sea grass 
meadows and sandy areas off the coast of Lerma (19°49.31'N, 90°36.51'W), Campe-
che Bay, Mexico, on 4 May 2012. Two species of holothurians were identified, H. mex-
icana and H. floridana; the identification was confirmed by molecular studies and 
the analysis of calcareous ossicles (following Amador-Carrillo 2014). The holothurians 
were all adults, 12–22 cm long, and were relaxed in freshwater to avoid evisceration. 
The holothurians were injected with a 4% formaldehyde solution in sea water and pre-
served in 70% ethanol. In the laboratory, holothurians were dissected using a sagittal 
cut, the visceral mass was removed, and placed in individual containers. Three speci-
mens identified as Megadenus sp. were collected from Palmyra Atoll, Central Pacific by 
J. Smith, on 11 September 2011 attached to the cloaca of H. atra Jaeger, 1833, were 
studied and are described as a new species.

The Eulimidae were photographed with a stereomicroscope and a Cannon EOS 
T6i camera, mounted with an adapter into the ocular tube. Measurements were made 
with a micro ruler (mm). Digital plates were assembled with Adobe Photoshop CC. 
Holothurians and eulimids were deposited in the collections of El Colegio de la Fron-
tera Sur (ECOSUR) Unidad Chetumal, Mexico.

Results

The endoparasite M. holothuricola was found in only two holothurians. In the first 
one, there were two adult specimens and one juvenile; all were immersed in the skin 
of the main tube of the respiratory tree (Fig. 1A). The second holothurian had two 
adult specimens and one juvenile attached in the same way as the previous specimen, 
but additionally there were four probosces, without shells or specimens (Fig. 2A). In 
total, there were three adults and three juveniles or sub-adults. The prevalence of the 
endoparasites in the host was 2% of the total holothurians examined.
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Taxonomy

Class Gastropoda Cuvier, 1795
Order Littorinimorpha Golikov & Starobogatov, 1975
Familia Eulimidae Philippi, 1853

Genus Megadenus Rosén, 1910

Type species. Megadenus holothuricola Rosén, 1910:18 by monotypy.
Diagnosis. Shell conical to globular, translucent, colorless, sculpture of fine axial 

striae. Pseudopallium covers the shell or not; proboscis large or short forming a thick 
contracted disc; large pedal gland (Rosén 1910; Humphreys and Lützen 1972).

Remarks. Megadenus species are found in shallow waters in tropical or subtropi-
cal regions, especially as endoparasites of Aspidochirotida (Echinodermata, Holo-
thuroidea); usually they live in the cloacal chamber or attached to the respiratory tree. 
Megadenus oneirophantae Bouchet & Lützen, 1980 is the only abyssal species (4796 m). 
Warén (1984) defined Megadenus as “shell fragile, globular, and at least lower part is 
covered by a big pseudopallium, has separate sexes, with smaller males and the animals 
live in the cloaca of holothurians.” He also indicated there was no type material.

Megadenus holothuricola Rosén, 1910
Figs 1A–E, 2A–F

Megadenus holothuricola Rosén, 1910:18–49 pl. 1 figs 1, 2 (type locality: Bahamas 
Islands; Type material lost).

Specimens examined. four adult specimens ECOSUR-1386, two juveniles ECO-
SUR-1387 from Lerma, Campeche Bay, Gulf of Mexico.

Distribution. Bahamas and Lerma, Campeche, Mexico.
Description. Shell conical to globose, translucent, thin, fragile, sculpture consists 

of fine striations and growth scars from earlier positions of outer lip, two or three in 
random position per whorl. Adult size 4.0–5.5 mm long and 2.5–3.5 mm wide range 
(N = 6) (Fig. 1B, C); teleoconch 4–6 very convex whorls, body whorl comprising 
more than 50% of the total shell length, posterior whorls reduced in size, sutures 
well defined aperture broad, inner lip broken, rounded basally; outer lip thin, slightly 
convex in lateral view, no operculum or periostracum; protoconch mucronate, 1½ 
whorls, translucent, rounded apex; sub-adults shell globose, low spiral, 2½ whorls, 
1.0–2.0 mm long, 1.0 mm wide; body whorl half as long as body and more globose 
than in adults.

Body fully retractable into shell, mantle light cream-colored, pseudopallium whit-
ish to light yellow in color; short and rounded tentacles, eyes round, black at the 
base of each tentacle (Fig. 2D); foot reduced with a huge marginal gland of unknown 
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function in dorsal position. The anterior region has two structures arising next to the 
mantle, the pseudopallium surrounding and partially covering the shell forming an 
extensive fold with pleated edges, and the proboscis. Epithelium fused with the holo-
thurian respiratory tree; proboscis only partially fused with a part of the pseudopallium 

Figure 1. Megadenus holothuricola Rosén, 1910 A two adults between filaments of the respiratory tree 
B, C detached adult shells, SL = 5.5 mm and 4.5 mm; right side juvenile attached SL = 1.0 mm D broken 
adult shell SL = 2.5 mm E subadult SL = 2.0 mm with everted proboscis L = 2.5 mm. Scale bars: 
1.6 mm (A); 1.8 mm (B); 1.4 mm (C); 0.2 mm (D); 1.1 mm (E).
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and foot, protruding from pseudopallium folds; in juveniles, pseudopallium covering 
lateral areas, leaving the apical teleoconch exposed; in 1 mm long juveniles, a small fold 
distinguishable (Figs 1E, 2C).

Figure 2. Megadenus holothuricola Rosén, 1910 A adults immersed in the main tube of the respiratory 
tree B, C two adults showing the mottled skin of the respiratory tree and the pseudopallium covering 
shell; proboscis slightly rolled, and another adult stretched to the maximum D cephalic view, 40× E two 
egg capsules, L = 2 mm F view of the distal part of an adult proboscis. Scale bars: 1.2 mm (A); 2.3 mm 
(B); 1.65 mm (C); 0.8 mm (D); 0.6 mm (E); 0.5 mm (F). Abbreviations: e: eyes; eg: egg capsules; p: 
proboscis; pg: pedal gland; pp: pseudopallium; rt: respiratory tree; s: shell; t: tentacle.
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Proboscis funnel-shaped, forming a flexible, semi-transparent or white non-re-
tractable tube (Fig. 2C); inside is a series of long and circular muscular packs giving 
it an elastic morphology and a rough outer cuticular surface; on the distal part is a 
series of papillae, allowing it to adhere like a suction cup to the epidermis of the host’s 
respiratory tree (Fig. 2F). The proboscis size varies with total shell size: in adults, it is 3 
× longer than the shell, 7.0 mm stretched to the maximum, in sub-adults or juveniles 
the proboscis is smaller and smoother (Fig. 2B, C).

Variations. The larval shell shows some intraspecific variations in adults. It is 
glassy, low, and rounded to mucronate. This seems to be related to the protection of 
the pseudopallium when it is immersed inside the respiratory tube. The juvenile devel-
ops the pseudopallium relatively early, when it has 1.5 whorls, and protects the shell 
from this stage onwards; at the same time, it is attached to an area of the host’s skin 
respiratory tree (Fig. 1C, E).

Remarks. Inside the posterior whorls of the shell, all adults and subadults pre-
sented pink oocytes or germinal cells. Two oval-shaped egg capsules were found situ-
ated between the shell and the pseudopallial folds, in one specimen (Fig. 2A, E). Each 
capsule was transparent, 1.5 mm long × 1.0 mm wide, with 25–30 embryos in each. 
A juvenile was found strongly attached to the skin layer of the respiratory tube of the 
host, in the anterior area close to an adult eulimid (Fig. 1C). Shells were difficult to 
preserve complete due to their fragility.

Rosén (1910) illustrated an adult and its coiled proboscis. His figures 1 and 2, 
show an adult with the pseudopallium at the top, and the proboscis of another adult 
separated from the respiratory tree tube. Our results are similar. The shape and sculp-
ture of our shells correspond to Rosén’s original description; that is, a conical shape 
in pre-adults to globose shell, wider in the body whorl, two posterior smaller whorls, 
and with fine axial striations and continuous incremental growth lines in adults. The 
shells of M. catharelloides and M. voeltzkowi were described and illustrated, but sub-
sequently destroyed to make histological cuts. In M. holothuricola there are no shells 
preserved as type material, hindering a better comparison, as noted by Warén (1984). 
However, shell shape of the pre-adults or juveniles of M. holothuricola resemble adults 
of Monogamus minibulla Olsson & McGinty, 1958 or juvenile specimens of Pelseene-
ria (Koehler & Vaney, 1908). Therefore, the morphological comparison of shells can 
be misleading, although these genera parasitize sea urchins (González-Vallejo 2008; 
Delongeville et al. 2011).

Megadenus smithi sp. nov.
http://zoobank.org/B1F27E92-096F-4D99-8697-EBA5F1CDD2B2
Fig. 3A–D

Type material. Holotype (ECOSUR-0234) female; paratypes (ECOSUR-0235) two 
males, one juvenile from the type locality found attached in the cloacal chamber of 
Holothuria (Halodeima) atra Jaeger, 1833 collected on 11 September 2011 by J Smith.

Type locality. Palmyra Atoll, Central Pacific Ocean, shallow water in reef lagoon.
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Etymology. This species is being named after the collector Mr. J. Smith, as a means 
of recognition, for his sampling efforts.

Distribution. Known only from the type locality.
Diagnosis. Female shell globose to conical, transparent, fragile, glassy, colorless, 

fine incremental axial stria; apex mucronate glassy white not tilt; proboscis slightly 
dark; large pedal gland.

Description. Shell globose, translucent, thin, fragile, colorless, smooth sculpture, 
with fine axial striae, several growth scars of earlier outer lip positions are irregularly 
spaced, suture impressed. Adult shell 6.5 mm long; 4.0 mm wide; body whorl 4.5 mm 
long (holotype Fig. 3A). Teleoconch 5.5 convex whorls, three flat, small post-larval 
whorls, the penultimate whorl 1.0 mm. Aperture broad, inner lip smooth, concave at 

Figure 3. Megadenus smithi sp. nov. A holotype female in apertural and posterior views (ECOSUR-0234) 
SL = 6.5 mm × 4.0 mm wide B paratype male in apertural and lateral view, showing the tentacles SL = 
4.0 mm. × 3.5 mm wide C pedal gland view D distal open proboscis view. Scale bars: 1.2 mm (A); 1.0 
mm (B); 0.6 mm (C); 0.5 mm (D).
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base, outer lip simple, slightly curved in most protruding part. Protoconch mucronate, 
two whorls, glassy white, no operculum or periostracum; sexually dimorphic, male 
with a penis behind the eye, female is 30% larger than male (Fig. 3B).

Soft tissues pale cream with reddish pigmentation, seen through transparent shell. 
Pseudopallium cauldron-shaped in sub-adults arising from the aperture and covering large 
part of shell, or short mantle folds not covering female shells, smooth. When skin was re-
moved, a thick, rounded pedal gland was visible in the aperture (Fig. 3C). Head with a pair 
of thick long tentacles and black eyes; penis large, placed behind right eye in males. Probos-
cis slightly dark colored, retractile, separate from the pseudopallium by a deep constriction. 
Proboscis skin slightly contracted after fixation, forming a thick disc with the mouth dis-
tally (Fig. 3D), almost as long as whole specimen. No egg capsules or juveniles were found.

Remarks. The new species shares several shell and morphological traits with the 
other five congeneric species. A comparison of the most important structures, almost 
all based on the literature, is provided in Table 1. Megadenus smithi sp. nov. resembles 
M. voeltzkowi because both have a tall shell (6.5 mm), a swollen and more convex 
penultimate whorl than M. holothuricola and M. atrae. The protoconch in M. holo-
thuricola is transparent, 1.5 whorls, and is slightly wider than high, while in M. smithi 
sp. nov. it is two whorls higher than wide much like in M. cantharelloides, M. voeltz-
kowi, and M. atrae. However, the latter has a slightly tilted protoconch axis. Megadenus 
oneirophantae has a long thin proboscis, the pseudopallium is missing, and the species 
exhibits a marked sexual dimorphism with a dwarf male.

Table 1. Comparison of the main character states separating the species of Megadenus. The information 
provided is based on literature (Schepman and Nierstrasz 1913; Humphreys and Lützen 1972; Bouchet and 
Lützen 1980; Takano et al. 2017). For M. holothuricola and M. smithi sp. nov. data obtained from specimens.

Species Shell/size/sex Pseudopallium Proboscis Host/attach site Geographical 
distribution & 

depth
M. holothuricola 
Rosén, 1910

Globose to conical, thin, 
transparent, fine striae, 
4.0–5.5 mm length × 
2.0–1.5 mm width

Bowl-shaped 
with pleated 

margin

Funnel-shaped, 
white, flexible, 
rough cuticular 

surface; not 
retractable

Holothuria 
mexicana 

respiratory tree

Bahamas, Campeche 
Bay, shallow water

M. voeltzkowi 
Shepman & 
Nierstrasz, 1913

Ovoid transparent to 
whitish, slightly smooth 

6.5 × 4 mm

Arises from folds 
of foot

Suction disc form, 
contracted and 

wrinkled

Holothuria pardalis? 
esophageal region

Zanzibar East Africa, 
shallow water?

M. cantharelloides 
Humphreys & 
Lützen, 1972

Cyrtoconoid and globose, 
transparent ♀ 5.7 × 4.5 mm

Bowl-shaped fold 
of tissue, more 

extensive in male 
than female

Chanterelle-
shaped, darkened, 

contracted

Stichopus 
chloronotus 
intestine

Picard Island, 
Aldabra, India, 
shallow water

M. oneirophantae 
Bouchet & 
Lützen, 1980

Globose, vitreous ♀ 9.3 × 
7.5 mm, ♂ 3.0 × 1.6 mm

Base partly 
covered by foot 

and its folds

Long, thin Oneirophanta 
mutabilis within 
galls in intestine

Bay of Biscay, 
4796 m abyssal depth

M. atrae 
Takano,Warén & 
Kano, 2017

Globose, pyriform to 
biconical, transparent 
to whitish ♀ 5.2 mm; 
♂ 2.0–1.5 mm

Cauldron-shaped Long, thickened at 
the middle into a 

collar-like

Holothuria atra, 
cloacal chamber 

and respiratory tree

Japan, New 
Caledonia, India 

Australia, tidal waters

M. smithi sp. nov. Globose to biconical, 
transparent,finally axial striae 
♀6.5 mm L ♂ 4.0 mm

In folds of foot 
and cauldron-

shaped

Suction disc form, 
slightly dark 

colored retractable

Holothuria atra 
cloacal chamber

Palmyra Atoll, 
shallow water
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Discussion

Megadenus holothuricola Rosén, 1910 was described from the Bahamas Islands, Carib-
bean, more than one hundred years ago. The low occurrence of finding this kind of 
endoparasites, 2% as in this study, had already been reported elsewhere: Jones and James 
(1969) reviewed 1,300 specimens of H. atra from the Gulf of Mannar, India, and found 
only eight holothurians with eulimids (0.6%), Humphreys and Lützen (1972) reviewed 
one holothurian containing only two eulimids, while Takano et al. (2017) reviewed 
3,848 specimens of H. atra, and only 1.7% with the associated eulimid endoparasite.

Rosén (1910) illustrated a histological section of the proboscis of M. holothuri-
cola, but, following Humphreys and Lützen (1976), he used confusing terminology, 
for example, a type of cell in the proboscis epithelium which was “neither ciliate nor 
glandular columnar cells produce cuticular process”, and concluded “only M. holothu-
ricola has a cuticular surface in the distal part of the proboscis”. Checking the internal 
surface of the proboscis, we observed that the cuticular aspect as mentioned by Rosén 
is caused by inner muscles fibers. Size and retraction abilities of the proboscis differs 
among the species in the genus. He indicated that “the proboscis is larger in the fe-
male”; however, in our study all probosces observed were extended, none was retracted 
(Fig. 2C). The new species M. smithi has a short retracted disc, without papillae in the 
distal area, without differences in size between male and female specimens (Fig. 3A), 
but resembles a short, thick, retracted disc as figured for M. voeltskowi (Shepman & 
Nierstrasz, 1913: pl. 1, fig. 1), M. cantharelloides Humphreys & Lützen (1972: fig. 
2A), and M. atrae Goto (2010: fig. 1D, E; Takano et al. 2017: fig. 1D, E). Apparently 
the differences in the shapes and lengths of the probosces between species are primarily 
related to the size of the adults or sub-adults, and secondly to the type of host organ it 
inhabits, which is usually the cloacal chamber or the respiratory tree.

Holothuria mexicana is the largest holothurian in the Gulf and Mexican Carib-
bean Sea, reaching up to 50 cm in length. The hindgut (cloaca) bears highly branched 
outgrowths that extend anteriorly, the respiratory trees. The function of the pair of res-
piratory trees is to take oxygen from the water, but at the same time they are excretory 
organs in combination with the intestine. Nitrogenous waste (ammonia) is carried by 
coelomocytes to the respiratory trees and released through pumping systems (Brusca 
and Brusca 1990). According to the above, M. holothuricola apparently does not cause 
any harm to the host and as Rosén (1910) reported, the proboscis floats freely in the 
body cavity of the holothurian, due to a circular perforation of the respiratory tree 
tubes that it had made previously. It may obtain food by extracting coelomocytes from 
the walls of the respiratory tree, or it traps organic microparticles. We observed that this 
species also lives attached to the outer wall of the intestine during the early stages of de-
velopment; however, there is no information available on its food nor other activities.

An egg capsule was described and illustrated by Rosén (1910: 57, fig. 1): it is oval 
with a stalk and was attached to a male shell on a gelatinous mass; he did not mention 
how many capsules were in a clutch. In M. holothuricola from Lerma, two egg capsules 
each containing only 25–30 embryos were protected between the folds of the pseudo-
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pallium and the teleoconch, but we suppose there were more, as in their congeners. 
The same form of protection was reported for M. cantharelloides with 26 egg capsules 
each containing 85–157 embryos, confirming a continuous production of embryos 
(Humphreys and Lützen 1972). For M. atrae, 11 egg capsules containing ca. 170 em-
bryos in total at different stages of development with small degrees of sexual dimor-
phism were reported (Takano et al. 2017). The presence of sexual dimorphism was not 
confirmed in this study. Warén (1980) mentioned five sexual strategies in Eulimidae, 
and protandric hermaphrodites with environmental sex determination strategy (ESD) 
seem to be common. Adults of M. holothuricola were present in pairs, both shells were 
the same size, only one had egg capsules, but oocytes and germ cells could be observed 
in the posterior whorls in both specimens. It has been shown that M. atra is dimorphic, 
lives in pairs, and the sexes are separate with males being smaller than females (Takano 
et al. 2017), who assumed that the species of Megadenus follow the ESD strategy. In 
Megadenus smithi sp. nov. from Palmyra, a penis could be observed in the cephalic 
dorsal area. The specimen had a smaller shell and thus exhibits sexual dimorphism, 
which is part of the sexual strategy ESD. However, M. holothuricola may follow the 
simultaneous hermaphrodites strategy (SH) but it is difficult to fully confirm without 
either detailed growth and reproductive cycle or histological analysis.

Another pending question is how these endoparasites migrate from one to another 
holothurian. Juveniles were found attached to the pseudopallial wall of an adult speci-
men and was immersed in the same main respiratory tree tube of the host (Fig. 1C, 
white circle). This finding indicates a brief larval development and displacement of the 
juvenile within the same host specimen. For long-distance dispersal, the larvae perhaps 
use the water exchange currents produced in the cloaca by the holothurian (Hum-
phreys and Lützen 1972), or they could be released during the periodical evisceration 
events of Holothuria. Evisceration may be caused by pollution, or as a defense mecha-
nism. During this phenomenon, the cloaca is expelled as well as parts of the respiratory 
tree, the digestive system, and the gonads (Barnes 1984). In these cases, the juveniles 
would have the opportunity to find and colonize another host specimen.

Further research on this eulimid parasites is now compromised in the southern 
Gulf of Mexico, because the holothurian populations have collapsed due to over ex-
ploitation. This illegal practice has been interdicted by a law that prohibits the extrac-
tion of holothurians in the area (DOF 2013).
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Abstract
Two new species of blind ground beetles are described from the southern United States. One species, 
Anillinus relictus sp. nov. (type locality: E of Oneonta, Blount County, Alabama), based on the structure 
of male genitalia, is similar to Texan Anillinus, in particular to the endogean A. sinuatus Jeannel. The 
second species, A. felicianus sp. nov. (type locality: 4 mi SW Jackson, West Feliciana Parish, Louisiana), is 
superficially similar to the endogean A. sinuaticollis Jeannel from Roane County, Tennessee, and represents 
the first record of the genus for the state of Louisiana. All species are illustrated with digital images of 
habitus, body parts, and male and female genitalia. Biogeographical and evolutionary implications of the 
new findings are discussed.

Keywords
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Introduction

The genus Anillinus Casey, in spite of its wide range, remains one of the most incom-
pletely known genera of carabid beetles in the United States. Litter, soil-dwelling or 
cavernicolous representatives of the genus inhabit a huge area from the Potomac River in 
the north to the Florida Panhandle in the south, and from eastern Texas in the west to 
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the Piedmont hills of North Carolina in the east (Bousquet 2012). Across this territory, 
the number of species recorded in neighboring states varies greatly, and the necklace of 
the Gulf States is exactly the region where the biodiversity of Anillinus changes from state 
to state rather unevenly and often unexpectedly. Moving from the west to the east, the 
number of species recorded to date starts from seven in Texas, then jumps down to zero 
in Louisiana and to one in Mississippi; thereafter, the number of species increases again 
to twelve in Alabama, and drops down to two in Georgia and Florida (Bousquet 2012; 
Sokolov et al. 2014; Sokolov 2020). Obviously, such an uneven distribution of anilline 
species across neighboring states may result from the interaction of natural ecological and 
historical factors. One more reason for the dramatic variation in the recorded numbers of 
species is insufficient sampling of representatives of the genus, which are hard to collect. 
Each discovery of a new species of Anillinus in the Gulf states adds to our knowledge of 
local faunas and brings us closer to understanding the roles of the aforementioned factors 
in shaping biodiversity on the lands bordering the Gulf of Mexico. Descriptions of two 
new species discovered in the Gulf states form the main content of this paper.

Material and methods

This study is based on examination of specimens of Anillinus either collected in Loui-
siana or originating from the late Tom C. Barr’s collection of Anillini (now in the Car-
negie Museum of Natural History, Pittsburgh, Pennsylvania, USA – CMNH). Type 
material of the newly described species is deposited in the National Museum of Natu-
ral History, Washington, DC (NMNH), in the CMNH, and in the Louisiana State 
Arthropod Museum (LSAM). Verbatim label data are given for the type specimens of 
the newly described species, with label breaks indicated by a backslash (“\”).

Terms used in this paper follow Sokolov et al. (2014).
Extractions and processing of genitalia were made using the standard techniques 

described by Sokolov and Kavanaugh (2014).
Photographs of the external features of the new species were taken with a Macro-

pod Pro photomacrography system (Macroscopic Solutions, LLC). Digital images of 
genitalia were taken with a Nikon light microscope Eclipse Ni-U supplied with DS-
Fi2 camera and DS-LR3 camera control unit. Line drawings of selected body parts 
were prepared with the help of a camera lucida attached to an Olympus BX 50 com-
pound microscope.

All specimens were measured using the tpsDig 2.17 (Rohlf 2013) software on 
digital photographs. Measurements for various body parts are coded as follows: ABL 
= apparent body length from clypeus to apex of elytra; WH = width of head at level 
of first orbital setae; WPm = maximal width across pronotum; WPa = width across 
anterior angles of pronotum; WPp = width across posterior angles of pronotum; 
LP = length of pronotum from base to apex along midline; WE = width of elytra at 
level of 2nd discal setae; LE = length of elytra from apex of scutellum to apex of left 
elytron. ABL measurements are given in mm; others are presented as nine ratios: 
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mean widths – WH/WPm and WPm/WE; and body parts – WPa/WPp, WPm/
WPp, WPm/LP, WE/LE, LP/LE, LE/ABL and WE/ABL. All values are given as 
mean ± standard deviations.

Taxonomic Part

Order Coleoptera Linnaeus, 1758
Family Carabidae Latreille, 1802
Subfamily Trechinae Bonelli, 1810
Tribe Anillini Jeannel, 1937

Genus Anillinus Casey, 1918

Anillinus Casey, 1918: 167. Type species: Anillus (Anillinus) carolinae Casey, 1918, by 
original designation.

Micranillodes Jeannel, 1963a: 57. Synonymy established by Bousquet (2012: 699) 
and confirmed by Sokolov et al (2014: 83). Type species: Micranillodes depressus 
Jeannel, 1963a, by original designation.

Troglanillus Jeannel, 1963b: 147. Synonymy established by Barr (1995: 240). Type 
species: Troglanillus valentinei Jeannel, 1963b, by original designation.

Anillinus felicianus sp. nov.
http://zoobank.org/CA1608B7-D169-418F-9F80-02E88AEBA5B3
Figs 1, 2, 5

Type material. Holotype male (NMNH), dissected, labeled: \ USA-LA: West Feli-
ciana Par., ~4mi SW Jackson at 30.794°N, 91.254°W, mixed pine-hardwood forest, 
soil washing/berlese Sokolov I.M. 19–25 Apr 2018 \. Paratype: one female, labeled 
as holotype (NMNH); three males and three females labeled: \USA, LA, W. Feliciana 
Par. Feliciana Preserve Natural Area, Orange Trail, 30.792649°N, 91.253382°W, 29 
Oct. 2015 \ Soil washing in hardwood forest B.E. Owens and C.E. Carlton \(LSAM).

Etymology. The name of this species is a Latinized adjective based on the name 
of Feliciana Preserve, in which this species occurs. Feliciana Preserve is a privately 
owned nature reserve created by several professors of the Louisiana State University 
(principal developer Dr. Dorothy Prowell) and located in the Tunica Hills area of 
southeastern Louisiana.

Type locality. USA, Louisiana, West Feliciana Parish, Tunica Hills, 4 mi SW of Jackson.
Recognition. Adults of A. felicianus can be distinguished from those of other 

subterranean members of Anillinus by the combination of smooth pronotum and 
completely microsculptured head. Males of A. felicianus can be also distinguished from 
those of other congeners by the structure of the median lobe.
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Description. Moderate-sized for genus (ABL 1.59–1.68 mm, mean 
1.64±0.064 mm, n = 2).

Habitus: Body form (Fig. 1A) moderately convex, subparallel, elongate (WE/ABL 
0.36±0.001), head moderately large in comparison to pronotum (WH/WPm 0.77±0.008), 
pronotum of moderate width in comparison to elytra (WPm/WE 0.82±0.006).

Integument: Body color brunneo-rufous, appendages testaceous. Microsculpture 
(Fig. 1B–D) present across all head and elytra, where it is represented by isodiametric 
polygonal sculpticells; and absent from disc of pronotum. Body surface shiny, sur-
face sparsely and finely punctate, covered with sparse, yellowish, short setae. Vestiture 
of elytra (Fig. 1D) short (~0.3 length of discal setae). Elytral chaetotaxy typical for 
Anillinus, umbilicate series of type A (sensu Jeannel 1963a and Giachino and Vailati 
2011): nine setae arranged in three groups, subhumeral (3+1), middle (2) and subapi-
cal (1+2), with the last two (8th and 9th) pores of umbilicate series “geminate”, much 
closer to each other than 7th pore is to 8th; in subapical group the 8th pore is the longest.

Prothorax: Pronotum (Fig. 1C) moderately convex, of moderate size (LP/LE 
0.41±0.010) and moderately transverse (WPm/LP 1.26±0.009), with lateral margins 
almost rectilinearly and moderately constricted posteriorly (WPm/WPp 1.26±0.009). 
Anterior angles indistinct, posterior angles slightly obtuse (105–110°). Width between 
posterior angles equals width between anterior angles (WPa/WPp 0.97±0.001). Basal 
margin slightly concave in middle.

Figure 1. Digital images of external features of Anillinus felicianus sp. nov. (male, 4 mi SW of Jackson, 
West Feliciana Parish, Louisiana) A habitus, dorsal aspect B head, dorsal aspect C pronotum, dorsal as-
pect D elytral vestiture, left lateral aspect. Scale bars: 0.5 mm (A, D); 0.2 mm (B, C).
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Scutellum: Externally visible, triangular, with pointed apex.
Elytra: Slightly convex, of average length (LE/ABL 0.58±0.012) and width (WE/

LE 0.63±0.015) for genus, with traces of 4–5 striae. Humeri distinct, rounded, in out-
line forming obtuse angle with longitudinal axis of body. Lateral margins subparallel in 
middle, slightly convergent at basal fourth, evenly rounded to apex at apical third, with 
shallow subapical sinuation. Basal margination distinct.

Legs: Protarsi of male with moderately dilated tarsomere 1. Profemora moderately 
swollen. Metafemora unmodified.

Male genitalia: Median lobe (Fig. 2A) of aedeagus anopic, slightly arcuate and 
moderately twisted. Shaft dilated in apical two-thirds, with moderately elongate apex, 
slightly tapered to rounded tip. Ventral margin of median lobe straight, not enlarged, 
with few poriferous canals, curved downward close to basal orifice. Endophallus with 
dorsal copulatory sclerites fused to form slightly curved dorsal blade-like structure and 
straight, apically-pointed ventral plate of moderate length. Spines and scaled membra-
nous folds of endophallus absent. Left paramere (Fig. 2B) of shape common in genus, 
paramere apex with four setae getting longer toward apex. Right paramere (Fig. 2C) of 
moderate length, bearing three long setae of approximately same length as paramere.

Female genitalia: Spermatheca (Fig. 2E) unsclerotized, shaped as a question mark, 
with sharply dilated bean-like distal part. Length of spermathecal gland shorter than 
length of spermatheca. Spermathecal duct uncoiled. Gonocoxites and laterotergite as 
in Fig. 2D. Gonocoxite 2 falciform, more than 2 times longer than wide basally, with 
acute ensiferous setae. Laterotergite with 7–8 setae.

Geographic distribution. This species is known only from the type locality in the 
Tunica Hills area of West Feliciana Parish, Louisiana (Fig. 5, green circle).

Figure 2. Digital images of male and female genitalia of A. felicianus sp. nov. (4mi SW of Jackson, West 
Feliciana Parish, Louisiana). Male genitalia A median lobe, right lateral aspect B left paramere, left lateral 
aspect C right paramere, right lateral aspect. Female genitalia D ovipositor sclerites E spermatheca (sper-
mathecal gland manually restored). Scale bars: 0.1 mm.
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Habitat. All specimens of this species were collected from loess soil samples using 
soil washing techniques (Southwood and Henderson 2000). These samples were taken 
under forest canopy on the top of a hill between two gullies with temporal creeks. Anil-
linus felicianus is a true endogean species and has never been found in litter samples.

Relationships. The species belongs to group V of endogean species (sensu Sokolov 
et al. 2004), characterized by a combination of a completely microsculptured head 
and smooth disc of pronotum. Within this group, A. felicianus is most closely related 
to the endogean A. sinuaticollis Jeannel (Jeannel 1963b), differing from the latter by 
a smooth – not microsculptured – base of the pronotum, a bigger size, and details of 
the pronotum shape and body proportions. The range of A. sinuaticollis is confined 
to Roane County of Tennessee (Fig. 5, green area with vertical line pattern); thus, its 
range lies about 500 miles north of the type locality of A. felicianus.

Anillinus relictus sp. nov.
http://zoobank.org/8F185D84-D2A4-464B-97F9-A5FEDD791B47
Figs 3, 4A–C, 5

Type material. Holotype, one male (CMNH), dissected, labeled: \ ALABAMA: Blount 
Co., Tidwell Hollow Nature Trail east of Oneonta. T. N. King April 1 1972 \ 4/1/72 
o [handwritten] \ THOMAS C. BARR COLLECTION 2011 Acc. No. 38,014 \. 
Paratype, one female, labeled as holotype (CMNH).

Etymology. The specific epithet is a Latin adjective, relictus (from Latin: aban-
doned, forsaken), in the masculine form, and refers to the geographical isolation of 
this species from its morphologically closest congeners, as it is believed to be the only 
remaining eastern representative of an ancestral group once more widespread.

Type locality. USA, Alabama, Blount County, the Oneonta area.
Recognition. Adults of A. relictus can be distinguished from those of other mem-

bers of eastern Anillinus by the combination of the large size, completely microscu-
lptured head and pronotum, and, especially, by the long elytral vestiture equals to 
0.5–0.7 of length of discal elytral setae.

Description. Large-sized for genus (ABL 2.29–2.42 mm, mean 2.36±0.092 mm, 
n = 2).

Habitus: Body form (Fig. 3A) moderately convex, ovoid (WE/ABL 0.39±0.012), 
head of average proportions for genus (WH/WPm 0.71±0.023), pronotum moder-
ately narrow in comparison to elytra (WPm/WE 0.77±0.007).

Integument: Body color piceo-brunneus, appendages testaceous. Microsculpture 
(Fig. 3B–D) present across all head, pronotum, and elytra, where it is represented 
by isodiametric polygonal sculpticells. Body surface shiny, surface sparsely and fine-
ly punctate, covered with moderately dense, yellowish, long setae. Vestiture of elytra 
(Fig. 3D) long (0.5–0.7 length of discal setae). Elytral chaetotaxy typical for Anillinus, 
umbilicate series of type A (sensu Jeannel 1963a and Giachino and Vailati 2011).
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Figure 3. Digital images of external features of Anillinus relictus sp. nov. (male, E of Oneonta, Blount 
County, Alabama) A habitus, dorsal aspect B head, dorsal aspect C pronotum, dorsal aspect D elytral 
vestiture, left lateral aspect. Scale bars: 0.5 mm (A, D); 0.2 mm (B, C).

Figure 4. Digital images and line drawings of male genitalia of Anillinus species. A. relictus (E of One-
onta, Blount County, Alabama) A median lobe, right lateral aspect B left paramere, left lateral aspect 
C  right paramere, right lateral aspect. A. sinuatus (Bexar County, Texas) D median lobe, right lateral 
aspect E left paramere, left lateral aspect F right paramere, right lateral aspect. bk – basal keel, dp – dorsal 
process, ss – spine-like structure, vs – ventral sclerite. Scale bars: 0.1 mm.
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Prothorax: Pronotum (Fig. 3C) moderately convex, of moderate size (LP/LE 
0.40±0.003) and moderately transverse (WPm/LP 1.26±0.028), with lateral margins 
almost rectilinearly and slightly constricted posteriorly (WPm/WPp 1.19±0.013). 
Anterior angles slightly prominent, posterior angles nearly rectangular (95–100°). 
Width between posterior angles much greater than between anterior angles (WPa/
WPp 0.87±0.038). Basal margin slightly concave in middle.

Scutellum: Externally visible, triangular, with rounded apex.
Elytra: Narrowly depressed along suture, of average length (LE/ABL 

0.59±0.005) and width (WE/LE 0.66±0.026) for genus, with traces of 6–7 striae. 
Humeri distinct, rounded, in outline forming obtuse angle with longitudinal axis 
of body. Lateral margins subparallel in middle, slightly convergent at basal fifth, 
evenly rounded to apex at apical fourth, with shallow subapical sinuation. Basal 
margination distinct.

Legs: Protarsi of male with moderately dilated tarsomere 1. Profemora moderately 
swollen. Metafemora unmodified.

Figure 5. Map of the South of eastern United States, showing positions of locality records for the newly 
described species of Anillinus and the ranges of their presumed relatives (localities of the same color re-
flect supposed relatedness). A. felicianus, green circle; A. relictus, red circle. Green area with vertical line 
pattern – range of A. sinuaticollis. Black cross – type locality of A. sinuatus. Red areas with diagonal line 
pattern – ranges of the species of Anillinus whose males have a spine-like structure in the endophallus 
of the median lobe (after Sokolov et al. 2004; Sokolov and Watrous 2008; Sokolov 2011; Sokolov et 
al. 2014; Sokolov et al. 2017). Blue line – Mississippi River. State abbreviations follow Federal Infor-
mation Processing Standards (https://www.nlsinfo.org/content/cohorts/nlsy79/other-documentation/
codebook-supplement/nlsy79-attachment-102-federal).



Two new species of Anillinus from the southern United States 71

Male genitalia: Median lobe of aedeagus (Fig. 4A) anopic, slightly arcuate and slight-
ly twisted. Basal orifice comparatively short for the genus. Shaft with long subparallel basal 
part, slightly dilating in apical third. Apical part with enlarged apex in form of rounded 
parallelogram. Dorsal margin slightly convex and strongly sclerotized at middle. Ventral 
margin curved near middle, where it is suddenly enlarged right before the apex. Endophal-
lus with dorsal sclerite in form of a semicircular filament-like structure with short basal 
prolongations. Ventral sclerite located at apical orifice, in form of golf gap wedge plate. 
Dorsal scaly membranous field present at middle of dorsal sclerite. Enlarged apical area of 
median lobe with a dark spine-like structure (Fig. 4A, ss). Left paramere (Fig. 4B) modi-
fied, with long, subparallel apical half of moderate width with one seta at angulate tip, 
basally with strong concave keel (bk), and thick basal processes of different length. Right 
paramere (Fig. 4C) of moderate length, with eight setiferous pores bearing only three long 
setae (several others might be broken), which are shorter than length of paramere.

Female genitalia: Spermatheca not investigated. Ovipositor sclerites standard for ge-
nus with falciform gonocoxite 2 bearing two ensiform setae. Laterotergite with 8–9 setae.

Geographic distribution. This species is known only from the type locality in 
Blount County, Alabama (Fig. 5, red circle).

Habitat. The label does not contain any habitat information. Presumably, this spe-
cies is not a cavernicolous species.

Relationships. Based on the structure of the median lobe, A. relictus is a sister spe-
cies to the endogean A. sinuatus (Jeannel) (Jeannel 1963a). The latter species is known 
to occur in Bexar County, Texas, where it was documented by a small series of three 
specimens extracted from the soil during surveys in peach orchards (Jeannel 1963a; 
Sokolov et al. 2014). The range of A. sinuatus (Fig. 5, black cross) is situated approxi-
mately 770 miles southwest of the type locality of A. relictus.

The following key to the Alabama Anillinus is modified from couplet 2 in 
Sokolov (2020) to accommodate A. relictus:

2(1) Ventral parts of body (meso- and metathorax, abdominal sterna) covered 
with numerous setae. Spines of endophallus clustered together in a robust 
plate (Fig. 5G in Sokolov 2012, p. 67) .......................... A. hirsutus Sokolov

2' Ventral parts of body without unusual vestiture. Spines of endophallus either 
lacking or, if present, scattered inside median lobe and separate from each 
other .........................................................................................................3a

3a (2') Elytra covered with shorter vestiture. Discal setae approximately 2.5–3.0 
times longer than surrounding vestiture. Endophallus of median lobe lacking 
sclerotized spine-like structure in apical area and with copulatory sclerites 
merged into one structure ...........................................................................3

3a' Elytra covered with longer vestiture. Discal setae at most 2 times longer than 
surrounding vestiture. Endophallus of median lobe with sclerotized spine-like 
structure in apical area and with two distant copulatory sclerites ...................
 .........................................................................A. relictus Sokolov, sp. nov.

3(2') [continue following key in Sokolov (2020)].
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Discussion

The discovery of two new species extends our knowledge of the Anillinus fauna, the 
relationships within the genus, the distribution patterns of its representatives, and the 
evolutionary history of species inhabiting the Gulf Coast of the United States, a terri-
tory with a much less known fauna of Anillinus in comparison with the same fauna of 
the southern Appalachians.

Especially amazing is the discovery of A. relictus, because the immediate relatives 
of this Alabama species live in Texas. For A. relictus, some peculiar characters of the 
endophallus of the median lobe can be traced in several groups of Anillinus species 
separated geographically. At least three groups of species can be distinguished: (1) all 
Texan species except A. depressus Jeannel and A. acutipennis Sokolov and Reddel (whose 
males are still unknown), (2) both species from the Ozark Mountains, and (3) all three 
species of the moseleyae-group from the high altitudes of the Great Smoky Moun-
tains. All these species have a unique character: the presence of a sclerotized, spine-like 
structure visible in the apical area of the median lobe (Fig. 4A, D ss). In addition, all 
species show modifications in the shape of the left paramere (Fig. 4B, E): a long right 
basal process and strong convex basal keel (bk), whose convexity shifts the position of 
the dorsal process (dp) of the paramere distally from its standard position. The eastern 
species of the moseleyae-group and A. aleyae Sokolov & Watrous from Missouri are 
closer to each other in having only one dorsal copulatory sclerite in the endophallus, 
an evenly-curved ventral margin, and the shorter shaft of the median lobe (Sokolov 
and Watrous 2008; Sokolov 2011). The Texan species and A. alleni Sokolov & Carlton, 
contrary to the members of the previous subgroup, have a longer shaft, often with a 
strong dorsal sclerotization, and more than one copulatory sclerite in the endophallus 
of the median lobe (Sokolov et al. 2014, 2017). Of these, A. relictus is morphologi-
cally closer to the Texan species and A. alleni, thus being the only representative of 
this subgroup east of the Mississippi River. Especially striking is the similarity in the 
structures of the median lobes between A. relictus and the endogean A. sinuatus. Simi-
larities can be seen in the general proportion and the shape of the median lobe, in the 
similar dorsal sclerotization, and in the position and shape of the ventral sclerite (cf. 
Fig. 4A, D vs). Convergence in such a number of details within the male genitalia 
seems less probable than structural similarity due to the common origin of these two 
species. If this is correct, we can assume that at a certain point in time, their ancestor 
occupied a vast territory from the southern edges of the Cumberland Plateau westward 
to the Edwards Plateau. During glacial cycles, most migration routes in eastern North 
America followed the north-south direction, because of the local topography, especially 
that of the Appalachian Mountains, characterized by a series of parallel north-east to 
south-west trending valleys and ridges (Howden 1969; Gonzales et al. 2008). The 
directionality of glacial drainages was similar, and together, this topography slowed 
down the latitudinal migrations, brought genetic discontinuity, and formed east-west 
phylogeographical patterns in the southeastern USA (Liu et al. 2006; Pauly et al. 2007; 
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Gonzales et al. 2008). This presumably prevented the formation of latitudinal ranges. 
Hence, it is reasonable to suppose that such a latitudinal range of the wingless ancestor 
of A. sinuatus and A. relictus likely arose before the Quaternary glaciations. Thus, the 
assemblage of species with a sclerotized, spine-like structure in the endophallus of the 
median lobe represents one of the ancient lineages of Anillinus.

The discovery of a new species of Anillinus in Louisiana is of biogeographical sig-
nificance, because Louisiana is the only Gulf state in which anillines had previously 
never been recorded; thus, this record fills a gap in the distribution of Anillinus in the 
territories around the Gulf of Mexico. Speculating about the possible ways A. felicianus 
could have arisen in the territory of Louisiana, it is worth paying attention to the his-
tory of the Tunica Hills, the area where the species was discovered. Interestingly, many 
northern disjuncts of plants have been recorded to occur in this area (Delcourt and 
Delcourt 1996). It was once considered as an isolated “island” refugium for plant spe-
cies, which presumably had migrated southward during the glaciation cycles (Braun 
1950). The majority of these plants now occur within north-central United States and 
in the Appalachian Mountains (Delcourt and Delcourt 1975). Thus, during the glacial 
cycles, some of the Appalachian plant communities probably reached the Tunica Hills 
area. Evidently, other living organisms associated with plant communities could have 
migrated synchronously. The recent discoveries of the eastern Bembidion (Hirmoplata-
phus) nigrum Say (Bousquet 2012) and Batrisodes dorothae Ferro & Carlton (Ferro and 
Carlton 2014) in the Tunica Hills may constitute a strong evidence in support of this 
assumption. Therefore, the external similarity between A. felicianus and the Appalachi-
an endogean A. sinuaticollis was, in fact, not unexpected. Unfortunately, the males of 
A. sinuaticollis are still unknown, making it impossible to examine male genitalia of this 
species. However, many of the characters of the male genitalia of A. felicianus, includ-
ing its blade-like dorsal sclerite with a basally attached ventral plate of the endophallus 
of the median lobe, can be found in the median lobes of another group of Appalachian 
Anillinus – the litter members of the langdoni-group (Sokolov et al. 2007). Both of 
these facts unequivocally point to the Appalachian origin of A. felicianus. It is likely 
that, contrary to A. relictus, the speciation of A. felicianus happened comparatively 
late, presumably during the Quaternary glacial cycles, although the details remain ob-
scure. Given its external morphology, the closest relative of the endogean A. felicianus 
should be the endogean A. sinuaticollis, not the litter species of the langdoni-group. In 
contrast to the litter representatives of the langdoni-group, both endogean species lack 
the microsculpture on the pronotal disc and have slightly different body proportions. 
Whether these characters are adaptive and repeatedly evolve each time the litter species 
developed adaptations to living in a subterranean environment is not clear. Currently, 
both scenarios of the arising of A. felicianus should be considered as equally possible: 
(1) an allopatric origin after splitting the range of migrated endogean species, or (2) a 
sympatric origin from migrated litter species, whose adaptations to an endogean life-
style gave birth to a new species, while the ancestral litter form subsequently became 
extinct due to unknown, possibly ecological factors.
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Introduction

The grass frog genus Ptychadena Boulenger, 1917 currently contains 56 recognized spe-
cies found throughout sub-Saharan Africa (Frost 2020). Some members of this group 
have dispersed to islands of the Indian (Madagascar, the Seychelles Islands and the 
Mascarene Islands) and Atlantic Oceans (Bioko island, Sao Tome; Vences et al. 2004; 
Measey et al. 2007), while others have invaded the Ethiopian highlands and can occur 
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at elevations above 3000 meters. The genus Ptychadena is notorious for its highly con-
served morphological features and the difficulty to distinguish closely related species 
and has thus baffled taxonomists for decades (e.g., Poynton 1970; Bwong et al. 2009; 
Dehling and Sinsch 2013). In particular, resolving the taxonomy of Ptychadena inhab-
iting the Ethiopian highlands has proven to be extremely challenging for a number of 
reasons, including the morphological resemblance among species, their inter- and intra-
populations morphological variation, and confusing original descriptions (Ahl 1924). 
Thus, species misidentifications and taxonomic errors have accumulated throughout 
the literature (Perret 1980, 1994; Largen 2001; Smith et al. 2017a, b; Reyes-Velasco et 
al. 2018) and engendered confusion on the species’ ecology and distribution.

Six species of Ptychadena from the Ethiopian highlands were originally described 
based only on morphology: P. neumanni (Ahl, 1924), P. erlangeri (Ahl, 1924), P. cooperi 
(Parker, 1930), P. nana Perret, 1980, P. harenna Largen, 1997, and P. wadei Largen, 2000. 
A seventh species, P. largeni, was described by Perret (1994), but later synonymized with 
P. neumanni by Largen (2001). These species, except for P. wadei, form a monophyletic 
group, hereafter referred to as the P. neumanni complex (Freilich et al. 2014).

Most of the confusion regarding the taxonomy of the Ethiopian Ptychadena arose 
from the original descriptions of P. neumanni and P. erlangeri, described by Ahl (1924) 
in the same article. While the description of P. erlangeri was based on a single female, 
the description of P. neumanni was based on 35 syntypes originating from four distinct 
localities. Perret (1980) showed that the type series of P. neumanni in fact contained 
multiple species, restricted P. neumanni to three males within the original type series 
and designating them as syntypes. Due to the sexual dimorphism present in the group, 
comparing the two species based on the morphological characters of their type speci-
mens (one female versus three males) became very challenging, and numerous species 
misidentification occurred in the following studies (e.g., Perret 1994; Largen 2001; 
Smith et al. 2017a; Reyes-Velasco et al. 2018). For example, the distribution maps of 
P. erlangeri and P. neumanni published by Largen (2001) and later Largen and Spawls 
(2010) each contained individuals of both species, as well as additional ones (Fig. 1, 
Suppl. material 3: Table S6). Because of the difficulty to identify the different species, 
some subsequent authors relied on these maps to assign names to the populations they 
encountered (e.g., Smith et al. 2017a) and taxonomic confusion grew further.

Molecular analyses using both mitochondrial and nuclear loci revealed that Ptychade-
na neumanni sensu Largen (2001) in fact comprised five distinct taxa, which did not 
form a monophyletic group (Freilich et al. 2014). Freilich et al. (2014) did not describe 
the potential new species they identified because they were not able to compare their 
specimens with the type specimens of previously described taxa. A subsequent publica-
tion reproduced Freilich and colleagues’ molecular analysis with a few additional samples 
and assigned names to these new taxa, but without any comparison with type specimens 
of previously described species and little morphological analysis (Smith et al. 2017a, b). 
Smith and colleagues thus assigned names of previously described species based solely on 
the locality of the few specimens they collected (Smith et al. 2017a, b), thereby adding to 
the general confusion regarding the taxonomy of this group (Suppl. material 3: Table S6).
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In order to resolve the taxonomy of the Ptychadena neumanni species complex, we 
examined the type series of P. neumanni, P. largeni, P. erlangeri, and P. nana, and com-
pared them morphologically to recently collected specimens for which molecular data 
was available (Reyes-Velasco et al. in review). We also sequenced mitochondrial DNA of 
the type specimens of these four species and included them in a phylogenetic analysis, 
which included recently sampled specimens as well as the type specimens of the species 
described by Smith and colleagues (2017a, b) (Fig. 2; Reyes-Velasco et al. in review). 
We recovered all the clades found in previous molecular phylogenetic analyses (Freilich 
et al. 2014; Smith et al. 2017a, b; Reyes-Velasco et al. 2018) and were able to determine 
the phylogenetic relationships of the historical type specimens relative to recently col-
lected material, which allowed us to assign taxonomically correct names to these clades.

Our analyses grouped together the holotypes of P. largeni and P. erlangeri, showing 
that P. largeni was a junior synonym of P. erlangeri (Fig. 2). Additionally, these speci-
mens grouped with the population designated as P. cf. neumanni 2 by Freilich et al. 
(2014). The type specimen of P. neumanni grouped with the population considered as 
P. erlangeri by multiple authors since Largen (1997) (Suppl. material 3: Table S6). The 
population assigned to P. neumanni by Smith et al. (2017a, b) (P. cf. neumanni 1 in 
Freilich et al. 2014), however, represented a new species. Finally, we showed that the 
type specimens of P. nana grouped with the population found in the Didda plateau, 
and that the individuals found on the east Arussi plateau (east of the Bale Mountains) 
represented a new species (Fig. 2; Reyes-Velasco et al. in review).

Based on molecular and morphological analyses, we describe four new species and 
re-describe six species of the P. neumanni complex with the goal of clarifying and sta-
bilizing the taxonomy of the group. We also describe the advertisement calls of eleven 
species of the complex, and provide morphological and acoustic identification keys 
(Suppl. material 1: Appendix S1 and Suppl. material 2: Appendix S2). We did not in-
clude Ptychadena wadei in the current study, as this species is more distantly related to 
and readily distinguishable from other Ptychadena species from the Ethiopian highlands 
(Mengistu 2012). We also excluded P. cooperi and P. harenna from this revision, as their 
original descriptions are sufficiently complete to distinguish them from other species 
of the complex, however, we have included these three species in our identification key.

Materials and methods

Sampling

Methods of sampling are discussed in detail in Freilich et al. (2014) and Reyes-Velas-
co et al. (2018). In brief, we collected individuals of the Ptychadena neumanni spe-
cies complex from the highlands of Ethiopia between 2011 and 2019 (Fig. 3, Suppl. 
material 3: Table S1). Our study was approved by the relevant Institutional Animal 
Care and Use Committee at Queens College and New York University School of 
Medicine (IACUC; Animal Welfare Assurance Number A32721–01 and laboratory 
animal protocol 19–0003). Frogs were sampled according to permits DA31/305/05, 



Taxonomy of the Ptychadena from the Ethiopian highlands 81

DA5/442/13, DA31/454/07, DA31/192/2010, DA31/230/2010, DA31/7/2011 and 
DA31/02/11 provided by the Ethiopian Wildlife Conservation Authority. We photo-
graphed individuals in life and euthanized them by ventral application of 20% benzo-
caine gel. We extracted tissue samples and stored them in RNAlater or 95% ethanol. 
Adult individuals were fixed in 10% formalin for 24 to 48 hours, and then transferred 
to 70% ethanol. After preservation, we took additional photographs of all individuals. 
All specimens were deposited at the Zoological Natural History Museum (ZNHM), 
Addis Ababa, Ethiopia. Tissue samples are deposited at the Vertebrate Tissue Collec-
tion, New York University Abu Dhabi (NYUAD). Species distribution maps for the 12 
species of the complex are shown in Figs 3–5.

Phylogenetic analyses

We describe the extraction of genomic DNA from fresh samples in Freilich et al. (2014) 
and Reyes-Velasco et al. (2018) and of mitochondrial genome of the type specimens 
of Ptychadena neumanni, P. erlangeri, P. largeni, and P. nana in Reyes-Velasco et al. (in 
review). Genetic data was already available for the type specimens of the more recently 
described species in the group (P. amharensis, P. goweri, and P. levenorum), so we did not 
re-sequence those type specimens. Fig. 2 reproduces the phylogeny obtained by Reyes-
Velasco et al. (in review) based on the 12s rRNA, 16s rRNA and Cytochrome C oxidase 
I (COX1) mitochondrial genes for the type specimens as well as for recently collected 
specimens. GenBank accession numbers are given in Suppl. material 3: Table S2.

Figure 1. Species included under the names Ptychadena neumanni and P. erlangeri in previous studies. Species 
names within the circles correspond to the revised taxonomy. Left (yellow) and right (blue) circles contains 
all species identified as P. neumanni and P. erlangeri, respectively, since their original descriptions Ahl (1924). 
Species at the intersection of the two circles were identified as both species either in different studies (e.g., 
Largen 2001; Freilich et al. 2014; Smith et al. 2017a, b; Reyes-Velasco et al. 2018) or within the same study 
(e.g., Largen 2001). The full taxonomic history of the group is summarized in Suppl. material 3: Table S6.
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Morphometric measurements

We measured individuals that were collected in recent years as well as type specimens 
for all taxa in the Ptychadena neumanni species complex, including the species de-
scribed by Smith et al (2017a, b), using a SPI dial caliper, model #31-415-3 (accuracy 
± 0.0015 mm). We measured type specimens at the following institutions: Zoological 
Natural History Museum, Addis Ababa University, Ethiopia (ZNHM), The Natural 
History Museum (formerly British Museum, Natural History; NHMUK), Muséum 
d‘Histoire Naturelle, Geneva, Switzerland (MHNG) and the Museum für Naturkunde 
Berlin, Germany (ZMB). We took 19 linear morphometric measurements for each 
specimen (Fig. 6, Table 1, Suppl. material 3: Table S3), which are defined in Watters et 
al. (2016) and were shown to be useful for morphological differentiation of anurans.

List of abbreviations:

ED eye diameter;
EN eye-nostril distance;
ETD eye-tympanum distance;

FinDW longest finger disc width;
FL foot length;
FLL forearm length;

Figure 2. Phylogeny of the Ptychadena neumanni species complex A bayesian phylogenetic inference 
based on the concatenated sequences of the mitochondrial loci 12S and 16S rRNA as well as the protein-
coding gene COX1. Black circles represent nodes with a posterior support of 1. Type specimens are 
indicated in bold B maximum Likelihood estimate (ML) of phylogenetic relationships in the Ptychadena 
neumanni species complex, inferred from a concatenated SNP dataset obtained using ddRAD sequencing. 
Black circles represent nodes with > 95% bootstrap support. Inset images represent members of each spe-
cies: frogs are illustrated to the same scale. Modified from Reyes-Velasco et al. 2018.
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GRV great rift valley;
HAL hand length;
HL head length;
HW head width;
IND inter-nares distance;
IOD inter-orbital distance;
MTL metatarsal tubercle length;
NS snout-nostril distance;

SL snout length;
SVL snout-vent length;
THL thigh length;
TD tympanum diameter;
TL tibia length;
Toe4DW fourth toe disc width;
UEW upper eyelid width.

Statistical analyses of linear morphometric measurements

We analyzed males and females separately due to sexual size dimorphism. We used 
the R package FactoMineR (Lê et al. 2008). Because of shrinkage due to variable 
conditions of fixation and long-term preservation of type specimens, we ran discri-
minant analyses on recently collected individuals only, in order to select the meas-
urements best discriminating between species (removing the types of Ptychadena 
neumanni, P. erlangeri, P. largeni, and P. nana). We then compared type specimens 
to the results.

To determine the best discriminating morphometric measurements, we first 
split the 12 species into groups based on their body size using the snout-vent length 
(SVL): we ran an ANOVA followed by a Tukey Honest Significant Differences (Tuk-
ey HSD) test on log-transformed SVL measurements of the 12 species, of males 
and females separately. Species that were not significantly different in body size in 
both sexes were placed in the same group. We then ran discriminant analyses sepa-

Figure 3. Distribution map of members of the cooperi species group in the highlands of Ethiopia A map 
of Ethiopia showing some of the most important geographic features of the country B distribution maps 
of members of the cooperi species group: Ptychadena cooperi (blue circles) and P. amharensis (red circles). 
Type localities for each species are indicated with a star.
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Figure 4. Distribution maps of members of the neumanni species group A Ptychadena neumanni sensu 
stricto (red circles) B Ptychadena beka sp. nov. (blue circles) and P. goweri (orange circles) C Ptychadena del-
phina sp. nov. (green circles) D Ptychadena doro sp. nov. (yellow circles) and P. harenna (light blue circles). 
Type localities for each species are indicated with a star.
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rately to select the best discriminating measurements in each of these groups, and 
an ANOVA followed by a Tukey HSD on these variables for each of these groups. 
Suppl. material 3: Tables S4, S5 show the results of statistical analyses on linear 
morphometric measurements.

Morphometric measurements were all log-transformed prior to analysis in order 
to approach normality. In order to correct for body size in our measurements, we used 
ratios of measurements / SVL. We did not use other adjustment method such as the 
one proposed by Lleonart et al. (2000) and used by others (e.g., Onn et al. 2018) to 
correct for allometric growth, because this method relies on coefficients calculated 
on populations and therefore artificially segregates individuals in a priori-determined 
groups. In addition, this method requires to measure multiple individuals of a given 
population before calculating the adjusted variables, which is not always possible in 
the field. Given that our species are found in sympatry and that our goal here is to 
define characters that may be used for species identification without any a priori, we 
chose to resort to a size correction only based on the individual’s own mensuration. 
Additionally, when comparing both correction methods on barcoded individuals, we 
found only marginal differences in the results and the ratios method proved to be 
more conservative.

Figure 5. Distribution maps of members of the erlangeri species group A Ptychadena erlangeri sensu 
stricto (gray triangles) and P. levenorum (orange triangles) B Ptychadena robeensis sp. nov. (purple triangles) 
and P. nana (white triangles). Type localities for each species are indicated with a star.
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Recording and analysis of advertisements calls

Spontaneously calling males were located acoustically or visually at night between 
18:00 and 05:00. The call type most often heard from single males was considered as 
the advertisement call. Other call types produced by conspecific males, often heard 
when males were close to each other or physically engaged were considered as aggres-
sive or release calls (Bogert 1960) and were disregarded. We recorded advertisement 
calls in situ at a distance of 0.5–2 meters to avoid near-field effect (Rossing 2007) or 
excessive attenuation or distortion of the sound. We used a Sennheiser ME66 direc-
tional microphone with a Sennheiser K6 powering module and an Olympus LS-100 
or a Marantz PMD661 MKII recorder at a sampling rate of 44.1 kHz at 16 bits. 
Comments were recorded at the end of each recording using a Sennheiser ME62 mi-
crophone. For each recording, the maximum Sound Pressure Level (SPL) of the call 
was measured with a Galaxy Audio CM-170 SPL meter on A-weighting (precision: 
1 dB at 1 kHz). The exact distance between the microphone and the calling male was 
measured with a Leica E7100i laser meter (precision: 3 mm) subsequent to the capture 
of the frog.

When possible, video recordings were taken simultaneously with an infrared cam-
corder (SONY DCR-SR85) and custom-made Colorado Para Tech infrared lights to 
ensure the identity of the focal individual. Videos were subsequently used to select the 
focal male’s calls in recordings containing vocalizations of multiple individuals.

Advertisement calls were analyzed using Avisoft SAS (Sprecht 2017). We use a 
note-centered terminology scheme as described in Köhler et al. (2017), where the call 
constitutes a coherent unit and may contain one or several sub-units (notes), which, 
in turn, may contain distinct or indistinct pulses. We extracted 12 temporal and four 
spectral acoustic traits from our audio recordings: call duration, number of notes per 
call, note duration, inter-note interval duration (when applicable), note repetition rate 
(when applicable), number of pulses per note (when applicable), pulse duration (when 
applicable), inter-pulse interval duration (when applicable), pulse rate (when applica-
ble), number of pulse groups per note (when applicable), number of pulses per pulse 
group (when applicable), relative time of peak amplitude, call peak frequency, call 
frequency bandwidth, minimal and maximal call frequencies. We did not extract val-
ues for call repetition rate or inter-call interval duration as these variables were highly 
dependent on the number of acoustically active individuals, and as such, are not taxo-
nomically relevant characters.

Notes, pulses, and pulse groups were labelled semi-automatically using the pulse 
train analysis function and subsequently adjusting labels by eye. Sampling frequency 
was adjusted to 22050 Hz. Spectral traits were extracted from the spectrogram using 
the automatic parameter measurement function on spectrograms using a Fast Fourier 
Transformation (FFT) length of 512, Hamming windowing, 50% frame size, and 
99.43% overlap between contiguous windows. All values were exported and averaged 
per individual and then per species in the R environment (R Core Team 2020). Spec-
trograms and oscillograms of the calls were plotted using the R package seewave (Sueur 
et al. 2008; Figs 7, 8).
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Results

Phylogenetic analysis

The sampled populations of highland Ethiopian Ptychadena represent 12 distinct spe-
cies grouped in three species groups, in agreement with previous studies (Freilich et 
al. 2014; Reyes-Velasco et al. 2018; Reyes-Velasco et al. in review). The cooperi species 
group comprises P. cooperi and P. amharensis. Although the two species are morphologi-
cally distinct, they share call traits which distinguish them from the other species of the 
P. neumanni complex: their calls are composed of a few, rapidly repeated pulsed note, 
which presents an ascending frequency modulation and indistinct pulses (Figs 7, 8). 
The neumanni species group comprises six species: P. neumanni, P. harenna, P. goweri, 
P. beka sp. nov., P. delphina sp. nov., and P. doro sp. nov. Members of this group are 
generally larger and have longer hindlimbs and larger tympanums than members of the 
erlangeri species group. Sexual dimorphism is also more marked in this group (Fig. 6). 
Advertisement calls of the members of this group are very diverse and encompass all call 
types found in the P. neumanni species complex. The erlangeri species group comprises 
four species: P. nana, P. erlangeri, P. levenorum, and P. robeensis sp. nov. The members of 
the erlangeri species group are generally smaller and have shorter hind limbs, head, and 
snout than the members of the cooperi and the neumanni species groups (Fig. 6). They 

Figure 6. Snout-vent length (mm) of adult males and females of the Ptychadena neumanni complex.



Sandra Goutte et al.  /  ZooKeys 1016: 77–141 (2021)88

Figure 7. Spectrograms and oscillograms of calls of the cooperi and erlangeri species groups A P. cooperi 
B P. amharensis C P. erlangeri D P. levenorum E P. nana F P. robeensis sp. nov.

generally have smaller eyes and a shorter inter-nares distance and a smaller tympanum 
than the members of the other two species groups (Table 1). The sexual dimorphism 
is not as marked in this group as in the neumanni and cooperi species groups, with fe-
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Figure 8. Spectrograms and oscillograms of calls of the neumanni species group A P. neumanni call type 
A, B P. neumanni call type B, C P. beka sp. nov. D P. delphina sp. nov. E P. doro sp. nov. F P. goweri.

males’ body size range largely overlapping males’ body size range (Fig. 6). Members of 
this group present an important level of color polymorphism compared to the other 
species groups, with individuals of the same species presenting either brown, bright 
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green, yellow or dark red background coloration or patterns. The vertebral stripe is 
also polymorphic in all species of this group, and can be absent, thin, medium, or 
wide. Advertisement calls of the members of the erlangeri species group are single notes 
composed of distinct pulses that may or may not be grouped within the note. Within 
P. erlangeri, two subclades emerge in molecular phylogenetic analyses, corresponding to 
the populations west and east of the GRV, respectively (Freilich et al. 2016).

Linear morphometrics

Based on body size, we split the 12 species into three groups: small (P. nana, P. robeensis 
sp. nov., P. levenorum and P. erlangeri), large (P. cooperi, P. goweri and P. delphina sp. nov.), 
and medium to large (P. amharensis, P. levenorum, P. erlangeri, P. beka sp. nov., P. doro sp. 
nov., P. neumanni, P. harenna, and P. goweri). Certain species were placed in two groups 
because of the important body size variation within their range. Overall, males gener-
ally showed more significant differences than females, which may in some cases be due 
to low sample size for females. Results of the analyses are provided Suppl. material 3: 
Tables S4, S5. An identification key is provided as Suppl. material 1: Appendix S1.

Small size group: P. erlangeri, P. levenorum, P. nana, and P. robeensis sp. nov.

Within the small group, male P. erlangeri differed from all three other species in having 
significantly longer hind limbs (TL, THL, and FL/TL; Suppl. material 3: Table S3). 
They further differed from P. nana and P. robeensis males in SVL, FL, HAL, TD, and 
ED. Male and female P. levenorum differed from P. nana and P. robeensis sp. nov. in a 
larger body size and longer tibias. Male P. levenorum differed from P. erlangeri in head 
shape (SL, EN, IOD) and hind limbs (TL, THL, FL/TL, FL/THL). Female P. leveno-
rum also had longer metatarsal tubercles than all other three species (Table 1).

Ptychadena nana and P. robeensis sp. nov. were the most similar and challenging 
to distinguish based on morphometry alone. We therefore ran an additional analysis 
including only the two species. Males showed differences in head shape (HL, HW/HL, 
TD) and limb sizes (FL, HAL, FL/THL). Females showed differences in head shape 
(TD/ED, IND/IOD, IOD/ED) and forearm length (Suppl. material 3: Table S3).

Large size group: P. cooperi, P. delphina sp. nov., and P. goweri

Male Ptychadena cooperi differed in head shape (HW, NS, NS/SL) from P. goweri and 
P. delphina sp. nov. males (Table 1, Suppl. material 3: Table S3). They also differed 
in hand length (HAL), snout length (SL) and eye-tympanum distance (ETD) from 
P. delphina sp. nov. and head shape (HW/HL and TD) and forearm length (FLL) from 
P. goweri. Ptychadena cooperi was significantly larger than P. delphina sp. nov. in both 
males and females. Male P. delphina sp. nov. differed from P. cooperi and P. goweri in 
hind limb proportions (TL, MTL, Toe4DW). They further differed from P. goweri in 
hind limbs morphology (THL, TL, FL) and interorbital distance (IOD). Foot (FL) 
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and metatarsal tubercle lengths (MTL) also differed between female P. delphina sp. nov. 
and P. goweri (Suppl. material 3: Table S3).

Medium size group: P. amharensis, P. beka sp. nov., P. doro sp. nov., P. erlangeri, 
P. goweri, P. harenna, P. levenorum, and P. neumanni

Male Ptychadena levenorum significantly differed from all other species in THL and EN 
(Suppl. material 3: Table S3). Additionally, they differed from all other species except 
P. erlangeri in snout shape (IND and SL). Ptychadena goweri males were larger than all 
other species except for P. delphina sp. nov. and had longer thighs than all species ex-
cept for P. delphina sp. nov. and P. harenna. Males of P. goweri further differed from all 
other species, except P. beka sp. nov. and P. doro sp. nov., in their IOD. Finally, P. goweri 
differed from all species except P. doro sp. nov. and P. harenna in hind limb size (TL and 
FL), and all species but P. beka sp. nov. in their Toe4DW (Suppl. material 3: Table S3).

Ptychadena neumanni males differed from P. amharensis, P. erlangeri, P. harenna, 
P. levenorum and P. delphina sp. nov. in IOD. Ptychadena neumanni also differed from 
P. goweri in ETD, FLL, and MTL. Ptychadena neumanni also differed from P. levenorum 
and P. erlangeri in TD, from P. goweri and P. levenorum in HAL, and from P. levenorum 
in ED and THL (Suppl. material 3: Table S3). Ptychadena erlangeri males differed 
from P. doro sp. nov., P.goweri, P. harenna and P. delphina sp. nov. in FLL. They had a 
narrower head than P. amharensis, P. beka sp. nov., P. goweri, P. delphina sp. nov., and 
further differed in SL from P. beka sp. nov., P. doro sp. nov., P. goweri, P. harenna and 
P. delphina sp. nov. Finally, they differed from P. doro sp. nov. and P. goweri in HAL 
and FL. Ptychadena beka sp. nov. differed from P. doro sp. nov. in HW and hindlimbs 
length (TL and FL), from P. amharensis in IOD, from P. delphina sp. nov. in FLL 
(Suppl. material 3: Table S3).

Few significant differences were found between the morphometric measurements 
of males P. harenna, P. delphina sp. nov., P. doro sp. nov. and P. amharensis (Suppl. ma-
terial 3: Table S5). We therefore ran an additional analysis on these four species alone. 
Ptychadena amharensis males differed from P. doro sp. nov., P. harenna and P. delphina 
sp. nov. in TL. They also differed from P. harenna and P. delphina sp. nov. in FLL, from 
P. doro sp. nov. in head shape (HW, IOD, IOD/ED, HW/HLW) and FL, and from 
P. delphina sp. nov. in SL. Female P. amharensis differed from P. doro sp. nov., P. harenna 
and P. delphina sp. nov. in IOD, from P. doro sp. nov. in limb length (TL, FL, HAL, 
FLL) and SL, from P. delphina sp. nov. in ED.

Head shape differed between males of Ptychadena harenna and of P. doro sp. nov. (TD, 
ED, IOD/ED; Suppl. material 3: Table S3) and females of P. harenna and of P. delphina 
sp. nov. (IOD and IOD/ED; Suppl. material 3: Table S3). Finally, P. doro sp. nov. males 
differed from P. delphina sp. nov. in SVL, HW, and TL (Suppl. material 3: Table S3).

Acoustic analyses

Advertisement calls of the species of the P. neumanni complex were diverse (Figs 7, 8) 
and provided useful discriminant characters. Species of the group are thus more easily 
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identified by their advertisement calls than their morphology. An identification key 
based on spectral and temporal call traits is provided as Suppl. material 2: Appendix 
S2. Three major types of advertisement calls are produced by the species of the P. neu-
manni complex: a group of a few short notes with indistinct pulses, a single note with 
partly fused pulses, and a single note comprising distinct pulses.

Ptychadena cooperi, P. amharensis, and P. neumanni produce calls composed of a 
few pulsed notes, somewhat resembling human laughter. The call of P. neumanni (call 
type A) differs from those the P. cooperi species group in that it does not contain any 
frequency modulation. The call of P. cooperi can be distinguished from the call of 
P. amharensis by its lower average dominant frequency, reflecting a larger body size.

Ptychadena doro sp. nov. produces an advertisement call very distinctive within the 
group, reminiscent of the sound produced by a chicken. It is a relatively long, single 
note with partly fused pulses and an increase of the dominant frequency along the note.

Most species of the P. neumanni complex (P. erlangeri, P. levenorum, P. nana, 
P. robeensis sp. nov., P. beka sp. nov., P. delphina sp. nov., and P. goweri) produce single-
note calls containing distinct pulses. Ptychadena robeensis sp. nov. and P. delphina sp. 
nov. are distinct from the other species in that their pulses are evenly and well-spaced, 
while the other species calls contain multiple pulse groups. The size difference between 
the two species is reflected in the peak frequency of their calls, with P. robeensis sp. nov. 
calling at a higher frequency than P. delphina sp. nov. Ptychadena goweri produces the 
longest (634 ± 74 ms), while P. nana produces the shortest call (205 ± 47 ms) of the 
subgroup. The calls of Ptychadena beka sp. nov., P. erlangeri and P. levenorum can be dis-
tinguished based on the number of pulse groups and the number of pulses within each 
pulse group: the call of P. beka sp. nov. in composed of 8–13 pulses groups containing 
2–6 pulses each, while P. levenorum produces calls with 5–9 pulse groups of 10–33 
pulses each. Ptychadena erlangeri pulse structure is variable, with 3–6 pulses groups 
containing 3–21 pulses each, but can be distinguished from P. levenorum but a shorter 
call duration (< 325 ms versus > 370 ms for the call of P. levenorum).

Finally, Ptychadena neumanni produces a second call type (type B), containing a long, 
pulsed note followed by a short series of distinct pulses. This call type is unique within the 
P. neumanni species complex, and we believe that it may be an aggressive call. However, 
our data are insufficient to attribute the function of this second call type with certainty.

Integrative taxonomy

Our analysis distinguishes 12 species in the Ptychadena neumanni complex, in agree-
ment with previous molecular phylogenetic studies (Freilich et al. 2014; Reyes-Velasco 
et al. 2018). For eight of these species, names are available, while four are new species. 
Our previous molecular and morphometric analyses, including type specimens, dem-
onstrated that the specimens designated as P. erlangeri by Largen 2001; Freilich et 
al. 2014; Smith et al. 2017a, b and Reyes-Velasco et al. 2018 belong to P. neumanni 
Ahl, 1924 (Reyes-Velasco et al. in review). Similarly, our results show that P. largeni 
described by Perret in 1994 is a junior synonym of P. erlangeri Ahl, 1924, and not of 



Taxonomy of the Ptychadena from the Ethiopian highlands 95

P. neumanni as stated by Largen (2001), nor a proper species as considered by Smith et 
al. 2017a, b (Reyes-Velasco et al. in review).

Smith et al. (2017a, b) assigned P. neumanni to the population designated as P. 
cf. neumanni 1 in Freilich et al. (2014) without comparing the sequenced specimens 
to the type series of P. neumanni. Our results show that P. cf. neumanni 1 constitutes 
in fact a new species, which we name Ptychadena beka sp. nov. and describe hereafter. 
The three new species described in Smith et al (2017a, b), P. amharensis, P. goweri and 
P.  levenorum, based on molecular evidence constitute valid species names. However, 
no useful diagnostic character other than molecular data was provided in the original 
descriptions. We therefore re-describe those three species below.

Systematic accounts

Ptychadena amharensis Smith, Noonan & Colston, 2017

Type material. Holotype. by original designation. A juvenile (XF140) collected 
on 18 July 2011 by X. Freilich and S. Boissinot in Dejen, Amhara region, Ethio-
pia (10.1908°N, 38.140°E, 2425 m a.s.l.). Paratypes. Three adult females (XF141, 
XF142, XF143) collected by X. Freilich and S. Boissinot on the same date and loca-
tion. All type specimens and material examined are deposited at ZNHM.

Material examined. In addition to the type series, we examined one male (15–
313) collected on 17 August 2015 by X. Freilich, J. Reyes-Velasco and S. Boissinot 
southeast of Debre Markos (10.2745°N, 37.8564°E, 2261 m a.s.l.), one female (15–
367) collected on 19 August 2015 by X. Freilich J. Reyes-Velasco and S. Boissinot 
southwest of Debarq (13.0359°N, 37.799°E, 2583 m a.s.l.), one female (16–175) col-
lected on 15 July 2016 by X. Freilich, J. Reyes-Velasco and S. Boissinot in Debre 
Markos (10.35195°N, 37.7414°E, 2803 m a.s.l.), one female (SB580) collected on 8 
July 2018 by S. Goutte and Y. Bourgeois north-west of Debre Markos (10.3566°N, 
37.6571°E, 2589 m a.s.l.), one female (SB584) collected on 8 July 2018 by S. Goutte 
and Y. Bourgeois in Debre Markos (10.35195°N, 37.7414°E, 2388 m a.s.l.) and five 
males (SB591, SB592, SB593, SB597 and SB606) collected on 9 July 2018 by S. 
Goutte and Y. Bourgeois in Debre Markos (10.3520°N, 37.7414°E, 2388 m a.s.l.).

Diagnosis. Medium-sized species (male (6) SVL 36.9 ± 2.7 mm, female (7) SVL 
42.5 ± 2.0 mm) of the cooperi species group (Fig. 9). It differs from other members of 
the Ptychadena neumanni species complex by the following combination of characters: 
(1) tibia half of the snout-vent length, (2) eye close to one another (male IOD/HW 
0.16 ± 0.02, female IOD/HW 0.17 ± 0.02), (3) vertical light stripe on the tympa-
num, (4) vocal sacs are light grey to cream, sometimes mottled with light grey, (5) adult 
males’ bodies covered in small warts.

Comparison. Ptychadena amharensis is smaller than P. cooperi and larger than 
P. nana and P. robeensis sp. nov. It has shorter hindlimbs than P. doro sp. nov., P. neu-
manni, P. goweri, and P. harenna. Ptychadena amharensis has a shorter head than P. beka 
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Figure 9. Ptychadena amharensis A live male (SB593; left) and female (SB580, right) B dorsal and ven-
tral views of the same individuals (male left, female right) after euthanasia and before fixation.

sp. nov., P. neumanni, P. harenna and P. goweri. The species’ interorbital distance is 
shorter than in P. doro sp. nov., P. delphina sp. nov., P. erlangeri, P. levenorum, P. goweri, 
P. nana, P. neumanni, and P. robeensis sp. nov.
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Description of the holotype. Juvenile, in poor condition (Fig. 10). Right hind limb 
missing. No visible ridges or coloration on the back due to the poor condition of the 
specimen. Finger formula: 1<2<4<3, hand free of webbing. Toe formula: 1<2<5<3<4. 
Toe webbing indistinguishable. Tongue bifurcated and free for half is length. Maxillary 
and premaxillary teeth present, vomerine teeth not visible. Throat cream.

Measurements of the holotype (mm): SVL 21.4, HW 8.8, HL 9.3, SL 3.7, NS 2.1, 
IND 2.1, EN 1.8, IOD 1.6, ETD 0.9, TD 1.6, ED 2, UEW 1.1, FLL 3.9, HAL 4.9, 
F4DW 0.3, THL 9.6, TL 9.7, FL 10.1, T4DW 0.3, MTL 0.9.

Coloration of the holotype in preservative. Dorsal background color is grey, 
with almost completely faded away dark grey markings in between the eyes and on the 
upper part of the dorsum. Dark brown canthal stripe from the tip of the snout to the 
back of the jaw. No vertical stripe or blotch on the tympanum. Upper lip, throat, and 
posterior part of flanks cream. Irregular dark brown markings on the anterior third of 
the flanks. Ventrum, ventral side of the thighs and tibias uniformly cream. Faint dark 
brown bars on the tibia. Thighs posteriorly dark brown with large cream spots.

Figure 10. Type specimens of Ptychadena amharensis A dorsal and ventral views of the juvenile holotype 
(XF140) B dorsal and ventral views of one of the three adult female paratypes (XF141).



Sandra Goutte et al.  /  ZooKeys 1016: 77–141 (2021)98

Variations. In life, background coloration varies from dark orange to light olive or 
yellowish brown. Small, more or less distinct, dark brown blotches distributed on the 
dorsal ridges and on the antero-dorsal part of the flanks. Cream or sand-colored thin 
or wide vertebral stripe present in all examined specimens.

Iris bicolored, with the upper third silver to sand color, and the lower two thirds 
brown or copper to dark brown. Upper and lower jaws with light brown irregular 
markings. Dark brown canthal stripe from the tip of the snout to the back of the 
upper jaw. More or less distinct cream-colored vertical stripe or blotch on the tympa-
num. Light thin stripe on the tibia, extending over the lower third of the thigh. Back 
thighs light yellowish grey to greenish yellow reticulated with dark grey. Ventrum 
white to light yellow, throat white to bright yellow. Vocal sacs cream or light grey 
sometimes molted with light grey. Dorsum and hindlimbs of adult males covered in 
small warts.

Habitat, distribution, and natural history. Ptychadena amharensis is found 
in the Amhara plateau, at elevations ranging from 1824 m to 2642 m a.s.l. This 
species is found notably around Debre Markos, Enjebara, Bahar Dar and Gond-
ar. The northern-most individuals were found just south of Debarq (13.1098°N, 
37.8637°E), while the southernmost individuals were found around Dejen 
(10.1908°N, 38.1401°E), just North of the Blue Nile. This species has not been 
found south of the Blue Nile.

Males are found calling at night from flooded grass fields, sometimes aggregating 
in important numbers, in sympatry with Ptychadena wadei and Ptychadena pumilio 
south of Bahar Dar.

Advertisement call. Ptychadena amharensis males produce calls (4 males, 47 calls) 
of 355 ± 276 ms duration, containing 4 ± 3.5 pulsed notes. Each note is 43 ± 15 ms 
in duration and pulses are indistinct. Call rate is highly dependent of the social context 
as P. amharensis tends to call in large choruses and their motivation to call is linked to 
the number of acoustically active conspecific males in their direct surroundings. Call 
dominant frequency is 2224 ± 158 Hz. Notes are frequency modulated, with an in-
crease in dominant frequency within each note.

Within the P. neumanni complex, the call of P. amharensis can be distinguished 
from those of P. erlangeri, P. levenorum, P. nana, P. robeensis sp. nov., P. beka sp. nov., 
P. delphina sp. nov., P. goweri, and P. neumanni call type 2 by the indistinct pulses of its 
notes. It is distinct from P. doro sp. nov. by having calls composed of multiple notes, a 
higher dominant frequency and wider frequency bandwidth. The call of P. amharensis 
is distinguishable from P. neumanni call type 1 by having frequency-modulated notes 
and note groups and longer notes. The call of P. amharensis resemble most the call 
of its closely related P. cooperi, although with a higher peak frequency, reflective of 
the smaller size of the species, and notes grouped within each call while the notes of 
P. cooperi calls are regularly spaced.

Remarks. Neither the holotype designated by Smith et al. (2017a), which is a ju-
venile in poor condition with one missing leg, nor the diagnosis provided in the origi-
nal description provide characters allowing the distinction between P. amharensis and 
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other species of the P. neumanni complex. The SVL values given for males and females 
in Smith et al. (2017a, b) do not correspond to measurements taken on the type series 
(holotype: juvenile SVL 21.8 mm, paratypes: adult females, SVL 40.2, 43.3, 43.8 mm) 
and were taken from a summary table (table 4 in Freilich et al. 2014) with no acknowl-
edgement of the original data, and specimens of the type series have evidently not been 
examined by the authors. The altitudinal range for the species was taken from the same 
table, but values were rounded in Smith et al. (2017a, b).

Ptychadena erlangeri (Ahl, 1924)

Rana erlangeri Ahl, 1924: 4.
Ptychadena erlangeri – Perret 1980: 151–168.
Rana (Ptychadena) erlangeri – Dubois 1981: 233.
Ptychadena (Ptychadena) erlangeri – Dubois 1992: 316.
Ptychadena largeni Perret 1994: 67.

Type material. Holotype. A gravid female (ZMB–26887) collected by C. von Erlanger 
in December 1900 at lake Abaya, Ethiopia (likely the eastern shore of the lake, 1300 m 
a.s.l., see remarks below).

Material examined. Except for the type specimen and the type series of P. largeni, 
all the material examined is deposited at ZNHM. One female (15–47) collected by 
X. Freilich, J. Reyes-Velasco and S. Boissinot south of Assela (7.9068°N, 39.1238°E, 
2520 m a.s.l.), one male (15–400) collected by X. Freilich, J. Reyes-Velasco and S. 
Boissinot on 22 August 2015 north of Fitche (9.7877°N, 38.6974°E, 2821 m a.s.l.), 
two males (15–417 and 15–420) collected by X. Freilich, J. Reyes-Velasco and 
S. Boissinot on 26 August 2015 north (6.3844°N, 38.5927°E, 2655 m a.s.l.) and 
south (6.3256°N, 38.6645°E, 2684 m a.s.l.) of Bore, respectively, one male (16–6) 
collected by J. Reyes-Velasco and S. Boissinot on 4 July 2016 between Addis Aba-
ba and Ambo, eight males (16–6, 16–10, 16–11, 16–12, 16–14, 16–16, 16–17 and 
16–24) collected by J. Reyes-Velasco and S. Boissinot on 5 July 2016 south of Assela 
(7.7776–7.8431°N, 39.1384–39.1529°E, 2553–2637 m a.s.l.), one female (16–131) 
and six males (16–99, 16–106, 16–112, 16–113, 16–114 and 16–118) collected by 
J. Reyes-Velasco and S. Boissinot on 12 July 2016 southeast of Mehal Meda (9.9894–
10.3316°N, 39.7452–39.8092°E, 3017–3394 m a.s.l.), one female (16–142) and one 
male (16–155) collected by J. Reyes-Velasco and S. Boissinot on 13 July 2016 north 
of Debre Birhan (9.6822–9.6979°N, 39.5505–39.5628°E, 2833–2837 m a.s.l.), one 
male (16–166) collected by J. Reyes-Velasco and S. Boissinot on 14 July 2016 south 
of Fitche (9.7502°N, 38.7445°E, 2726 m a.s.l.), one female (SB231) and one male 
(SB232) collected by S. Goutte and J. Reyes-Velasco on 23 April 2018 south of Gumer 
(7.9125°N, 38.0644°E, 2831 m a.s.l.), two males (SB552 and SB553) collected by S. 
Goutte and Y. Bourgeois on 3 July 2018 east of Mehal Meda (10.3247°N, 39.8092°E, 
2795 m a.s.l.), one male (SB562) collected by S. Goutte and Y. Bourgeois on 4 July 
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2018 east of Mehal Meda (10.3247°N, 39.8092°E, 2795 m a.s.l.), three males (SB570, 
SB571 and SB577) collected by S. Goutte and Y. Bourgeois on 7 July 2018 north of 
Gebre Guracha (9.8818°N, 38.3660°E, 2558 m a.s.l.), one male (SB615) collected 
by S. Goutte and Y. Bourgeois on 14 July 2018 near Holeta (9.0692°N, 38.5214°E, 
2397 m a.s.l.), P. largeni male holotype (MHNG–2513.31), P. largeni male para-
types (MHNG–2513.38, MHNG–2513.42, MHNG–2513.44, MHNG–2513.45, 
MHNG–2513.49, MHNG–2513.52), P. largeni female paratypes (MHNG–2513.56, 
MHNG–2513.57, MHNG–2513.58, MHNG–2513.59 and MHNG–2513.60) col-
lected by M. Largen on 12 June 1977 in Addis Ababa, Shewa (Shoa) (9.03°N, 38.75°E, 
2500 m a.s.l.).

Diagnosis. A medium-sized (male (35) SVL 34.1 ± 2.5 mm, female (10) SVL 
34.6 ± 1.7 mm) member of the erlangeri species group (Fig. 11). Ptychadena er-
langeri differs from other members of the P. neumanni complex by the following 
combination of characters: (1) relatively short hind limbs (male TL/SVL 0.53 ± 
0.04, female TL/SVL 0.54 ± 0.05), (2) tympanum translucent, without any light 
bar or blotch, (3) vocal sacs light in color, from cream to light grey, very rarely with 
a bit of grey, (4) adult males with robust forelimbs, (5) adult males often covered 
in small warts.

Comparison. Species very variable in body size across its range, but always smaller 
than P. cooperi, P. goweri and larger than P. nana and P. robeensis sp. nov. Ptychadena 
erlangeri can be distinguished from P. beka sp. nov., P. delphina sp. nov., P. doro sp. 
nov., P. amharensis, P. neumanni, and P. robeensis sp. nov. by the absence of light bar 
or blotch on the tympanum. Furthermore, adult males can be distinguished by their 
cream or light-yellow vocal sac from P. beka sp. nov., P. neumanni, P. robeensis sp. nov., 
P. doro sp. nov., and P. delphina sp. nov. Ptychadena erlangeri has a shorter snout than 
P. amharensis, P. harenna, P. beka sp. nov., P. delphina sp. nov., P. goweri, P. cooperi, and 
P. doro sp. nov. Finally, P. erlangeri can be distinguished from P. levenorum by longer 
eye-nostril and inter-orbital distances and longer hind limbs.

Description of the holotype. Medium sized (SVL 37.6 mm), slender, gravid fe-
male with long hind limbs (TL/SVL 0.63, Fig. 12, Suppl. material 3: Table S1). Head 
longer than wide (HW/HL 0.94). Snout pointed, projecting beyond the lower jaw. 
Interorbital distance 0.58 × eye diameter. Nostril half-way between the tip of the snout 
and the eye. Internarial distance 1.2 × interorbital distance. Tympanum 0.61 × eye 
diameter. Finger tips not expanded but rounded, with moderate subarticular tubercles. 
Finger formula: I<II<IV<III. Hand free of webbing. Hindlimbs elongated, with tibia 
length 0.63 × snout-vent length. Rounded white warts irregularly spread on the dorsal 
side of tibia. Foot as long as thigh and almost as long as tibia (FL/TL 0.98). Toe tips 
rounded. Subarticular tubercles small and round. Inner metatarsal tubercle present, 
external absent. Toe formula: I<II<III<V<IV (right foot) and I<II<VIII<IV (left foot). 
Foot webbing formula (toe internal/external sides, number of phalanges webbed): 
Ie(1), IIi/e(1–2), IIIi/e(2–2), IVi/e(2–2), Vi(2). Two light, continuous lateral ridges, 
four interrupted dorsal ridges. No vertebral nor sacral ridges. Note that we did not see 
the nasal ridges that Perret (1980) noted as the single major diagnostic character for 
the species.
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Coloration of the holotype in preservative. Although the holotype is in overall 
very good condition, the coloration seems to have faded away with time and some 
dark markings noted by Ahl (1924) in the original description and Perret (1980) are 

Figure 11. Ptychadena erlangeri A live male (SB571; left) and female (SB548, right) B dorsal and ventral 
views of the same individuals (male left, female right) after euthanasia and before fixation.
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now barely visible or have vanished altogether. Dorsal ground color light brown with 
irregular oval dark brown blotches symmetrically distributed on the dorsolateral ridges. 
Thin, cream vertebral stripe from the tip of the snout to the vent. Dark brown canthal 
stripe from the tip of the snout to the back of the jaw. Upper lip and flanks cream. The 
dark markings on the upper and lower lips noted by Ahl (1924) are no longer visible. 
Throat, ventrum, ventral side of the thighs, and tibias uniformly cream without any 
melanization. A thin, cream longitudinal stripe on the tibias and half of the thighs. 
Dark brown bars on the tibias and brown markings on the thighs.

Variations. Ptychadena erlangeri shows important variations in body size, mor-
phology, and coloration across its large distribution range. South of the GRV, individu-
als of P. erlangeri are generally larger (male (9) SVL 36.8 ± 1.9 mm, female (1) SVL 
35.6) than north of the GRV (male (17) SVL 33.5 ± 1.9 mm, female (3) SVL 35.4 ± 
1.2). Morphometric variations are summarized in Table 1.

In life, dorsum coloration varies from dark brown to grey-brown, olive and golden, 
sometimes with irregular green blotches. All specimens examined had small dark brown 
or black blotches distributed symmetrically on the dorsal ridges. A few additional dark 
brown or black blotches are found in the anterior part of the flanks. A vertebral stripe 
is always present, either thin or wide and may be white, cream, or green.

Iris bicolored, the upper third silver and lower two thirds dark brown. Upper and 
lower jaws featuring irregular light grey or brown markings but no barring. All speci-
mens examined featured a dark brown canthal stripe from the tip of the snout to the 
back of the upper lip, with the tympanum uniformly colored and lacking any light 
stripe of blotch. A thin cream longitudinal stripe on the tibia extends to a fifth to the 
whole length of the thigh. Tibias, thighs, and feet more or less regularly barred with 
dark brown. Thighs posteriorly marbled with dark brown and yellowish brown. Ven-
trum and throat uniformly cream to yellow. Vocal sacs cream, yellowish or light grey, 
very rarely with a bit of grey. Small warts over the body and forelimbs present in 80% 
of adult males examined.

Figure 12. Holotype of Ptychadena erlangeri. Dorsal and ventral views of the female holotype (ZMB–26887).
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Habitat, distribution, and natural history. Ptychadena erlangeri has a wide distri-
bution range extending on both sides of the Great Rift Valley (6.23–10.33°N, 38.06–
39.81°E). It is restricted to higher altitudes, from 2387 m to 3394 m a.s.l. (based on 
156 barcoded individuals). West of the Great Rift Valley, its range is limited by the 
Blue Nile valley and specimens have been found just north of Gebre Guracha. Its 
northernmost locality is Mehal Meda. Southeast of the GRV, populations have been 
found near Assela, Kofele and Irba Moda. A few individuals have been found in the 
southwest, between Tippi and Gech’a, and at lower elevation than any other popula-
tion (7.4512°N, 35.3992°E, 2270 m a.s.l.). GPS coordinates for all examined speci-
mens are given in Suppl. material 3: Table S1. Ptychadena erlangeri is found in syntopy 
with P. beka sp. nov. at the lower end of its altitudinal range, notably near Fitche, Ho-
leta, between Ambo and Wonchi, and possibly near Assela. It is also found in sympatry 
with P. cooperi across its range.

Males are found calling in shallow puddles, flooded grasslands, or agricultural 
fields. Males can be found vocalizing very close to one another, sometimes in impor-
tant numbers. Calling activity depends on rainfall and is highest during rainy months. 
Calling usually starts after 22:00, and sometimes as late as 02:00 in dry weather, and 
ceases before dawn. Numerous, small bicolored eggs are laid in the same water body.

Advertisement call. The call of Ptychadena erlangeri (5 males, 226 calls) is com-
posed of a single pulsed note of 290 ± 35 ms in duration, containing 46.5 ± 1.6 pulses. 
Within calls, pulses are grouped, with 4.1 ± 2.5 pulses per group and the first pulse 
typically notably lower in amplitude than the other pulses of the pulse group. Ampli-
tude of the call increases gradually during most of the call, peaking at 230 ± 14 ms, 
and decreases abruptly afterwards. Call dominant frequency is 2343 ± 454 Hz.

The call of P. erlangeri can be differentiated from those of P. cooperi, P. amharensis, 
P. doro sp. nov. and P. neumanni (type A and B) by the distinguishable pulses compos-
ing the calls. It is also distinct from the calls of P. delphina sp. nov. and P. robeensis sp. 
nov. by its short inter-pulse intervals. The call of P. erlangeri differs from the calls of 
P. delphina sp. nov., P. robeensis sp. nov., P. levenorum, P. beka sp. nov. and P. goweri by 
its short duration. Finally, the call of P. erlangeri differs from the call of P. nana by its 
longer duration and lower pulse rate.

Remarks. Confusion and difficulty to distinguish P. erlangeri from P. neumanni 
arose from the original descriptions of the species themselves, both published by Ahl 
in 1924 in the same article. The original description of P. neumanni, based on 35 
syntypes, most likely contained three distinct species (Perret 1980), while P. erlangeri 
was described based on a single gravid female. Perret (1980) restricted P. neumanni 
to three male syntypes. Comparing the two closely related species was thus rendered 
near impossible due to the low sample size and the fact that each species was repre-
sented by specimens of different sexes. Adding to the confusion, in 1994, Perret de-
scribed Ptychadena largeni from 30 specimens from Addis Ababa, Shewa (Shoa) sent 
to him by Largen as Ptychadena erlangeri. Largen (1997) then considered that the 
morphological diagnostic characters found by Perret in the 30 specimens were due to 



Sandra Goutte et al.  /  ZooKeys 1016: 77–141 (2021)104

conservation artefacts as these individuals were fixed in alcohol rather than in formalin, 
and subsequently synonymized P. largeni with P. neumanni in 2001, even though he 
had originally considered those specimens to belong to P. erlangeri. Recently, molecu-
lar phylogenetic analyses grouped the holotype of P. largeni with that of P. erlangeri 
(Reyes-Velasco et al. in review).

Largen (2001) thus included a population of P. erlangeri (P. largeni) in P. neumanni, 
along with specimens from Debre Markos, Gondar, the Bale Mountains, etc. and in-
cluded specimens from the Harenna forest and Debre Markos in P. erlangeri. The two 
groupings thus comprised specimens of several species, many of which placed in both 
groups (Fig. 1). As a result, Largen (2001) failed to give satisfactory diagnostic char-
acters distinguishing P. erlangeri from P. neumanni as all the given characters largely 
overlapped, and later authors relied heavily on the distribution ranges given by Largen 
to assign species names to the populations they sampled. Notably, the photos presented 
in Largen and Spawls (2010) for P. erlangeri is in fact most likely a P. goweri (Yadot 
River, close to Dolo Mena described as the “large” form occurring in Bale Mountain 
by Largen 1997), and the specimens presented as P. neumanni are in fact P. erlangeri.

Ptychadena levenorum Smith, Noonan & Colston, 2017

Type material. Holotype. Male, TJC219, collected in Katcha, Bale Moutains National 
Park, Ethiopia (6.7165°N, 39.7248°E, 2326 m a.s.l.) by T. Colston on 8 December 
2012. Paratypes. XF923 and XF927, collected by X. Freilich and S. Boissinot on the 
9 August 2011 west of Dinsho (7.1112°N, 39.7430°E, 3024 m a.s.l.). All type speci-
mens and material examined are deposited at ZNHM.

Material examined. Beside the male holotype (TJC219) we examined one female 
(15–155) and one male (15–158) collected by X. Freilich, J. Reyes-Velasco, and S. 
Boissinot on 9 August 2015 east of Dinsho (7.1061°N, 39.8181°E, 3058 m a.s.l.), one 
female (15–482) collected by X. Freilich, J. Reyes-Velasco and S. Boissinot on 3 Octo-
ber 2015 south of Dodola (6.8465°N, 39.1933°E, 3404 m a.s.l.), one female (16–89) 
and one male (16–90) collected by J. Reyes-Velasco and S. Boissinot on 10 July 2016 
east of Dinsho (7.1065°N, 39.8184°E, 3065 m a.s.l.), one male (SB43) collected by S. 
Goutte and J. Reyes-Velasco on 6 April 2018 south of Dodola (6.8632°N, 39.1948°E, 
3260 m a.s.l.), two males (SB66 and SB67) collected by S. Goutte and J. Reyes-Velasco 
on 8 April 2018 south of Dinsho, one female (SB85) and two males (SB90 and SB94) 
collected by S. Goutte and J. Reyes-Velasco on 9 April 2018 east of Dinsho.

Diagnosis. A small species (male (8) SVL 34.3 ± 2.3 mm, female (4) SVL 37.0 ± 
2.5 mm) of the erlangeri species group (Fig. 13) with variable coloration, distinguished 
by the following combination of characters: (1) short hindlimbs (male TL/SVL 0.49 
± 0.06, female TL/SVL 0.51 ± 0.04), (2) head as long as wide, (3) snout short (male 
SN/SVL 0.13 ± 0.02, female SN/SVL 0.13 ± 0.01), (4) vocal sacs cream, light grey, 
or bicolored cream and grey.

Comparison. Smaller than P. goweri, P. delphina sp. nov., and P. cooperi and larger than 
P. nana and P. robeensis sp. nov. Snout shorter than all species of the P. neumanni complex 



Taxonomy of the Ptychadena from the Ethiopian highlands 105

except for P. nana, P. robeensis sp. nov., and P. erlangeri. Inter-orbital and eye-nostril dis-
tances shorter than P. erlangeri. Thigh and tibia of P. levenorum are shorter than those 
P. erlangeri, P. doro sp. nov., P. harenna, P. goweri, and P. neumanni, and longer than those 

Figure 13. Ptychadena levenorum A live male (SB90; left) and female (SB85, right) B dorsal and ventral 
views of the same individuals (male left, female right) after euthanasia and before fixation.
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of P. nana and P. robeensis sp. nov. Shorter feet than P. neumanni and P. doro sp. nov. Shorter 
hands than P. amharensis. Tympanum larger than in P. nana and P. robeensis sp. nov.

Description of the holotype. Small sized (SVL 33.3 mm) male (Fig. 14). Head 
longer than wide (HW/HL 0.93). Snout slightly rounded, projecting beyond the lower 
jaw. Interorbital distance shorter than eye diameter (IOD/ED 0.78) and internarial 
distance (IOD/IND 0.93). Nostril closer to the eye than the tip of the snout. Tym-
panum 0.72 × eye diameter. Finger tips not expanded but rounded. Finger formula: 
I<II<IV<III. Hand free of webbing. Hindlimbs moderately long, with tibia length 
0.54 × snout-vent length. Thigh shorter than tibia. Foot 1.3 × tibia length. Toe tips 
rounded. Inner metatarsal tubercle present, outer absent. Toe formula: I<II<V<III<IV. 
Foot webbing formula (toe internal/external sides, number of phalanges webbed): 
Ie(1), IIi/e(1–1.5), IIIi/e(1.5–2), IVi/e(2–2), Vi(2). Four discontinuous dorsal ridges 
and two discontinuous cream lateral ridges.

Coloration of the holotype in preservative. Dorsal ground color brown with few 
small irregular oval dark brown blotches symmetrically distributed on the dorsolateral 
ridges. Very faint wide light grey-brown vertebral stripe from the tip of the snout to the 
vent. One faint interrupted dorsolateral cream ridge on each side. Dark brown canthal 
stripe from the tip of the snout to the back of the jaw. Upper lip cream dusted with 
brown and with irregular dark brown markings. Flanks cream with a few large and 
irregular dark brown spots. Throat, ventrum, ventral side of the thighs and tibias uni-
formly cream without any melanization, except for a couple of small irregular brown 
blotches on the upper ventrum. Barely visible dark brown bars on the tibias and feet. 
Irregular dark brown markings on the thighs, arms and forearms. Back of the thighs 
light brown marbled dark brown. Tympanum uniformly dark brown. Vocal sacs cream 
with some grey markings.

Variations. Ptychadena levenorum shows important variations in coloration. In 
life, dorsum coloration varies from light yellowish brown to dark reddish brown, dark 
brown and bright green. All specimens examined had black blotches distributed sym-
metrically on the dorsal ridges, and for some of them the blotches were black with 
a green iridescence. A few additional dark brown or black blotches are found in the 
anterior part of the flanks. A vertebral stripe is always present, either thin, medium, or 
wide and may be cream, yellow, pale brown or bright green.

Figure 14. Holotype of Ptychadena levenorum. Dorsal and ventral views of the male holotype (TJC219).
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Iris bicolored, the upper third silver to golden and lower two thirds dark brown. 
Upper and lower jaws white to golden with few irregular light grey or brown mark-
ings but no barring. All specimens examined featured a dark brown or iridescent green 
canthal stripe from the tip of the snout to the back of the upper lip. Tympanum dark 
brown, sometimes with golden-iridescent green undefined blotch or dusting. A thin 
cream or green longitudinal stripe on the tibia is present in some individuals and may 
extend to the foot and to part or the entire length of the thigh. Tibias, thighs and feet 
more or less visibly barred with dark brown. Thighs posteriorly dark brown marbled 
with yellow. Ventrum and throat uniformly white to light yellow. Vocal sacs cream or 
light grey, very rarely with a bit of grey anteriorly. Small warts over the body and fore-
limbs present in 40% of adult males examined.

Habitat, distribution, and natural history. The relatively restricted distribution 
range of Ptychadena levenorum extends on both the northern and southern sides of 
the Sanetti plateau (6.72–9.42°N, 38.66–39.82°E), although there is no record of 
its presence on the plateau itself. This species occurs mostly at elevation higher than 
3000 m a.s.l. (3015 to 3404 m a.s.l.), except for the population living at the type local-
ity Katcha (6.72°N, 39.72°E, 2410 m a.s.l.). The westernmost population was found 
south of Dodola, near Garamba (6.86°N, 39.19°E, 3260 m a.s.l.).

Individuals have been found, generally in small numbers, calling at night from shal-
low puddles in grassy meadows or forest clearings. Within the genus, this species is found 
in sympatry with Ptychadena cooperi and P. robeensis sp. nov. in the northern part of its 
range, and Ptychadena harenna and P. goweri at the type locality. Genetic analyses have 
shown that P. levenorum and P. robeensis sp. nov. hybridize where their ranges overlap.

Advertisement call. The call of Ptychadena levenorum (2 males, 30 calls) is com-
posed of a single pulsed note of 465 ± 98 ms in duration, containing 23.5 ± 4.3 pulses. 
Within a call, pulses are grouped, with 4.1 ± 1.5 pulses per group and sometimes with 
a lower-amplitude single pulse between pulse groups. The duration of inter-pulse in-
tervals within pulse groups is 12 ± 2 ms. Call peak frequency is 2223 ± 90 Hz.

The call of P. levenorum differs from those of P. cooperi, P. amharensis, P. doro sp. 
nov. and P. neumanni (type A and B) by the distinguishable pulses composing the calls. 
Grouped pulses and short inter-pulses intervals distinguish the call of P. levenorum 
from those of P. robeensis sp. nov. and P. delphina sp. nov. The call of P. levenorum can 
be further distinguished from those of P. nana and P. erlangeri by a longer duration and 
from P. goweri by a shorter duration and fewer pulses.

Ptychadena nana Perret, 1980

Ptychadena nana Perret, 1980: 160.
Rana (Ptychadena) nana – Dubois 1981: 233.
Ptychadena (Ptychadena) nana – Dubois 1992: 316.

Type material. Holotype. A female (ZMB–26878 H) collected by O. Neumann 
and C. von Erlanger between June and mid-August 1900 (see Neumann 1902) in 
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“Somaliland”, which corresponds to Didda, East Arussi plateau, Ethiopia, 2000–
3000 m a.s.l. according to Largen and Perret (Largen 1975, 1977; Perret 1980) [Coor-
dinates estimated by Largen (1997): 7.83°N, 39.50°E]. Paratypes. From the 20 para-
types included in the original description (Perret 1980), 16 specimens (ZMB–26877, 
ZMB–57185 up to and including ZMB–57199) collected by O. Neumann and C. 
von Erlanger at the same time and location are in the collections of the Berlin Museum 
and four have either been lost or placed in another collection.

Material examined. Except for the type series, all the material examined is de-
posited at ZNHM. Beside the female holotype (ZMB–26878 H), we examined four 
female paratypes (ZMB–57189, ZMB–57190, ZMB–57193, ZMB–57199) and 
four male paratypes (ZMB–26877, ZMB–57191, ZMB–57192, ZMB–57195) col-
lected by C. von Erlanger and O. Neumann in 1900 likely between June and mid-
August in Didda, East Arussi plateau, one female (SB488) and two males (SB486, 
SB487) collected by S. Goutte and Y. Bourgeois on 26 June 2018 west of Ch’ange 
(8.1303°N, 39.3985°E, 2357 m a.s.l.), one female (SB493) and two males (SB494, 
SB495) collected by S. Goutte and Y. Bourgeois on 27 June 2018 between Robé 
and Sedika (7.7307°N, 39.7133°E, 2377 m a.s.l.), five females (SB508, SB510, 
SB512, SB515, SB516) and four males (SB523, SB524, SB525, SB526) collected 
by S. Goutte and Y. Bourgeois on 29 June 2018 southeast of Ch’ange (8.1086°N, 
39.4486°E, 2573 m a.s.l.).

Diagnosis. The smallest species (male (12) SVL 28.3 ± 3.3 mm, female (12) SVL 
29.6 ± 3.2 mm) of the P. neumanni complex (Fig. 15), distinguished by the following 
combination of characters: (1) short hind limbs (male TL/SVL 0.45 ± 0.03, female 
TL/SVL 0.44 ± 0.03), (2) short hands (HAL/SVL 0.20 ± 0.02), (3) short feet (male 
FL/SVL 0.49 ± 0.04, female FL/SVL 0.48 ± 0.04), (4) reduced foot webbing, (5) no 
stripe or blotch on the tympanum, (6) adult males almost always covered in small 
warts during the breeding season.

Comparison. Distinguished from all Ethiopian Ptychadena, except for P. robeensis 
sp. nov., by a considerably smaller size. Very similar to P. robeensis sp. nov., P. nana has 
relatively shorter hand, shorter head, a shorter eye-tympanum distance and shorter 
feet than P. robeensis sp. nov. The tympanum lacks any light marking, as opposed to 
P. robeensis sp. nov. Small warts almost always present in males, whereas they are absent 
in P. robeensis sp. nov.

Description of the holotype. Small sized (SVL 26.9 mm) gravid female with 
short hind limbs (TL/SVL 0.43, Fig. 16, Suppl. material 3: Table S1). Head longer 
than wide (HW/HL 0.95). Snout rounded, slightly projecting beyond the lower jaw. 
Interorbital distance 0.58 × eye diameter. Nostril half-way between the tip of the snout 
and the eye. Internarial distance 1.4 × interorbital distance. Tympanum 0.65 × eye 
diameter. Finger tips not expanded but rounded. Finger formula: III<IV<III. Hand 
free of webbing. Hindlimbs short, with tibia length 0.42 × snout-vent length. Foot 
1.2 × tibia length and 1.3 thigh length. Toe tips rounded. Outer metatarsal tubercle ab-
sent. Toe formula: I<II<V<III<IV. Foot webbing formula (toe internal/external sides, 
number of phalanges webbed): Ie(1), IIi/e(1–1), IIIi/e(1–2), IVi/e(2–2), Vi(2). Ridges 
hardly distinguishable due to the state of preservation of the specimen.
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Coloration of the holotype in preservative. Dorsal ground color brown with 
irregular oval dark brown blotches symmetrically distributed, presumably on the dor-
solateral ridges. One dark brown blotch on each upper eyelid. No vertebral stripe. One 

Figure 15. Ptychadena nana A live male (SB494; left) and female (SB488, right) B dorsal and ventral 
views of the same individuals (male left, female right) after euthanasia and before fixation.
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fainted dorsolateral cream ridge on each side. Dark brown canthal stripe from the tip 
of the snout to the back of the jaw. Upper lip cream. Flanks brown to dark brown with 
numerous cream spots which merge ventrally. Throat, ventrum, ventral side of tibias 
uniformly cream without any melanization. Ventral side of the thighs light brown. 
Dark brown bars on the thighs, tibias and feet. Back of the thighs brown marbled with 
cream. Dark brown irregular markings on the arms and forearms. No stripe or blotch 
on the tympanum.

Variations. As the other members of the Ptychadena erlangeri species group, 
Ptychadena nana shows color polymorphism. In life, dorsum coloration varies from 
light grey to sand and brown. The dark blotches disposed more or less symmetrically 
on the dorsum vary in size and number, sometimes covering more than half the dor-
sum. Their colors vary from olive-brown, with some green iridescence, to black. One 
or several blotches of the same color, sometimes fused into a large irregular shape, 

Figure 16. Type specimens of Ptychadena nana. Dorsal and ventral views of three specimens from the type se-
ries A female holotype (ZMB–26878 H) B male paratype (ZMB–57191) C female paratype (ZMB–57193).
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were present on the anterior part of the flank in all examined specimens. The vertebral 
stripe, when present, may be thin, medium or wide and cream, light brown or bright 
green. Some individuals lack any vertebral stripe.

Iris bicolored, the upper third silver to golden and lower two thirds brown to dark 
brown. Upper and lower jaws cream, golden or light brown, often with irregular light 
grey or light brown markings but no barring. All specimens examined featured a dark 
brown canthal stripe from the tip of the snout to the back of the upper lip, sometimes 
dusted with small green spots. Tympanum uniformly colored and lacking any light 
stripe of blotch. A thin cream or light green longitudinal stripe on the tibia extending 
the complete length of the thigh is present in some individuals. Barring on the tibias, 
thighs, and feet may be very distinct or almost completely absent. Thighs posteriorly 
marbled with dark brown and yellow or cream. Ventrum uniformly white. Throat 
white in females and pale yellow to deep yellow in adult males. Vocal sacs bicolored 
grey anteriorly and cream posteriorly, rarely completely grey. Small warts over the body 
and forelimbs present in 90% of adult males examined.

Habitat, distribution, and natural history. Ptychadena nana is found on the east-
ern half of the Arussi plateau (7.64–8.30°N, 39.39–39.87°E, Oromia, Ethiopia from 
2380 to 2850 m a.s.l. In the south, its range is limited by the Shebelle River, while in 
the northeast it is bordered by the Great Rift Valley. The westernmost individuals were 
found around four kilometers west of Ch’ange. The steep terrain just east of Huruta 
may serve as geographic barrier for dispersal in this species, as it has not been found 
further southeast. In the southwest end of its range, P. nana has been found just north 
of Dibe, but presumably occurs all the way down to Barbari as there is no physical bar-
rier that would prevent its dispersal on this side of the plateau.

Males are found calling at night in large numbers from shallow roadside pud-
dles, usually overgrown by grass. Within the genus, P. nana is found in sympatry with 
Ptychadena cooperi.

Advertisement call. The call of Ptychadena nana (5 males, 56 calls) is composed of a 
single pulsed note of 205 ± 47 ms in duration, containing 16.9 ± 2.8 pulses. Inter-pulses 
intervals are very short (9 ± 2 ms) and irregular, forming few irregular pulse groups and 
resulting in a high pulse rate (84 ± 10.2 pulses s-1). Call peak frequency is 2461 ± 26 Hz.

The call of P. nana can be differentiated from those of P. cooperi, P. amharensis, 
P. doro sp. nov. and P. neumanni (types A and B) by the distinguishable pulses compos-
ing the calls. It is also distinct form the calls of P. delphina sp. nov. and P. robeensis sp. 
nov. by its short inter-pulse intervals. Finally, the call of P. nana differs from the calls of 
P. delphina sp. nov., P. robeensis sp. nov., P. erlangeri, P. levenorum, P. beka sp. nov., and 
P. goweri by its short duration and high pulse rate.

Ptychadena robeensis sp. nov.
http://zoobank.org/C43EB165-5CC3-4489-8B07-AACA17E30367

Type material. Holotype. Adult male (SB81) collected on 9 April 2018 by S. Goutte 
and J. Reyes-Velasco between Robe and Ali (7.2111°N, 39.9672°E, 2374 m a.s.l.). 
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Paratypes. Three males (15–139, 15–140 and 15–147) and one female (15–138) col-
lected on 8 August 2015 northwest of Robe (7.1720°N, 39.9722°E; 2431 m a.s.l.), 
one male (15–163) collected on 9 August 2015 east of Dinsho (7.1061°N, 39.8182°E; 
3058 m a.s.l.), one male (16–92) and one female (16–77) collected by J. Reyes-Velasco 
and S. Boissinot 10 July 2016 east of Dinsho (7.1065°N, 39.8184°E, 3065 m a.s.l.), 
one male (SB65) collected by J. Reyes-Velasco and S. Goutte on 8 April 2018 south 
of Dinsho (7.0915°N, 39.7834°N, 3079 m a.s.l.), three males (SB82, SB83, SB84) 
collected by J. Reyes-Velasco and S. Goutte on 9 April 2019 between Robe and Ali 
(7.2111°N, 39.9672°E, 2374 m a.s.l.), three males (SB88, SB92, SB93) and two fe-
males (SB87, SB89) collected by J. Reyes-Velasco and S. Goutte on 9 April 2019 east of 
Dinsho (7.1056°N, 39.8168°E, 3015 m a.s.l.). All specimens are deposited at ZNHM.

Diagnosis. Small species (male (13) SVL 30.3 ± 0.7 mm, female (4) SVL 31.6 ± 
2.9 mm) of the erlangeri species group (Fig. 17), distinguishable from other species of 
the P. neumanni complex by the following combination of characters: (1) short hind 
limbs (male TL/SVL 0.45 ± 0.0.03, female TL/SVL 0.44 ± 0.02), (2) short forearms 
(male FLL/SVL 0.18 ± 0.02, female FLL/SVL 0.18 ± 0.00), (3) short feet (male FL/
SVL 0.5 ± 0.03, female FL/SVL 0.49 ± 0.05), (4) reduced foot webbing, (5) a vertical 
cream or golden stripe or blotch on the tympanum (sometimes faint), (6) warts absent 
in adult males during the breeding season.

Comparison. Distinguished from all Ethiopian Ptychadena, except for P. nana, by a 
considerably smaller size. Compared to P. nana, it has relatively longer hands, greater eye-
tympanum distance and longer feet. Ptychadena robeensis sp. nov. also presents a more or 
less distinct cream or golden blotch on the tympanum, which is absent in P. nana. Finally, 
the bodies of adult male P. robeensis sp. nov. are not covered in warts as opposed to P. nana.

Description of the holotype. Small sized (SVL 29.3 mm) male with short hind 
limbs (TL/SVL 0.45, Fig. 17, Suppl. material 3: Table S1). Head longer than wide 
(HW/HL 0.96). Snout slightly rounded, projecting beyond the lower jaw. Interorbital 
distance equal to the eye diameter and to the internarial distance. Nostril half-way 
between the tip of the snout and the eye. Tympanum 0.77 × eye diameter. Finger 
tips not expanded but rounded. Finger formula: I<II<IV<III. Hand free of webbing. 
Hindlimbs short, with tibia length 0.45 × snout-vent length. Tibia and thigh lengths 
equal. Foot 1.3 × tibia length. Toe tips rounded. Inner metatarsal tubercle present, out-
er absent. Toe formula: I<II<V<III<IV. Foot webbing formula (toe internal/external 
sides, number of phalanges webbed): Ie(1), IIi/e(1–1), IIIi/e(1–1), IVi/e(1–1), Vi(1). 
Four continuous dorsal ridges and one faint cream lateral ridge, interrupted on one 
side and continuous on the other.

Coloration of the holotype in life. Dorsal ground color grey with a few, elongated 
dark brown blotches symmetrically distributed on the dorsolateral ridges. Thin cream 
stripe on the dorsum from the tip of the snout to the vent, on the foot, tibia, and half of 
the thigh. Dark olive brown canthal stripe from the tip of the snout to the back of the 
jaw. Small cream blotch on the otherwise dark brown tympanum. Upper and lower lip 
cream to light brown towards the tip of the snout with irregular small brown markings.
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Figure 17. Ptychadena robeensis sp. nov. A live male holotype (SB81; left) and female paratype (SB89, 
right) B dorsal and ventral views of the male holotype (SB81; left) and a female (SB69; right) after fixa-
tion. The female SB69, green in life, lacks any melanization on the dorsum, a rare phenotype that has been 
encountered in a few individuals only.
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Iris bicolored, with upper third light cream, and the lower two thirds dark brown 
with golden freckles. Irregular dark brown blotches on the flanks. Ventrum cream, 
reticulated with light brown on its lower part. Throat light yellow. Two small sym-
metrical dark brown blotches on the antero-ventral side of the shoulders. Hind limbs 
brown with dark brown bars over the thighs, tibias and feet. A few very small round 
white dots around the groin. Back of the thighs dark brown irregularly molted with 
yellow. Vocal sacs dark grey anteriorly and light grey posteriorly.

Coloration of the holotype in preservative. Dorsal ground color grey with a few 
large oval black blotches symmetrically distributed on the dorsolateral ridges. Thin 
cream vertebral stripe from the tip of the snout to the vent. Dark brown canthal stripe 
from the tip of the snout to the back of the jaw. Faint vertical stripe on the otherwise 
brown tympanum. Upper lip and lower lips cream dusted with light grey. Flanks light 
with a few irregular small dark brown blotches. Throat, ventrum, ventral side of the 
thighs and tibias uniformly cream. Two symmetrical brown blotches on the ventral 
side of the shoulders. Faint, thin longitudinal stripe on the tibia, foot and half of the 
thigh. Foot, tibia and thigh barred with brown. Back of thighs molted light grey and 
brown. Vocal sacs dark grey anteriorly and light grey posteriorly. Nuptial pads cream.

Variations. As the other members of the erlangeri species group, Ptychadena 
robeensis sp. nov. shows color polymorphism. In life, dorsum coloration varies from 
grey-brown to reddish or yellowish brown, or bright lime green. The dark blotches 
disposed more or less symmetrically on the dorsum vary in size and number and are 
either dark brown or black. A few individuals completely lack melanization on the 
dorsum, resulting in an almost uniform light brown or bright lime green coloration. 
The limbs of these individuals, however, have melanization patterns comparable to 
other individuals.

One or a few dark blotches is present on the anterior part of the flank of some 
individuals.

The vertebral stripe, when present, may be thin or wide and cream, sand, yellow 
or bright lime green. Wide stripes may be doubled with a thin, lighter line. Some indi-
viduals lack any vertebral stripe and individuals lacking dorsal melanization generally 
have a barely visible thin light vertebral stripe.

Iris bicolored, the upper third cream, silver or golden and lower two thirds brown 
to dark brown. Upper and lower jaws cream, golden or light green, often with irregular 
light grey or light brown markings but no barring. Most individuals feature a dark 
brown canthal stripe from the tip of the snout to the back of the upper lip, sometimes 
dusted with small green spots. Individuals lacking dorsal melanization have a golden 
canthal stripe covered with small dark grey spots. Interestingly, the nostrils of these 
individuals are outlined in black. Tympanum dark brown with a more or less defined 
cream to golden vertical blotch. A thin cream or light green longitudinal stripe on the 
tibia extending to half or the whole length of the thigh is present in some individuals. 
Barring on the tibias, thighs and feet may be very distinct or almost completely absent. 
Thighs posteriorly marbled with dark brown and light brown, yellow or light green. 
Ventrum uniformly white. Throat white or very pale yellow in females and pale to deep 
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yellow in adult males. Vocal sacs dark grey in 70% of examined specimens, bicolored 
dark grey anteriorly and light grey posteriorly in some individuals, and rarely light grey. 
Warts were absent from all adult males examined.

Etymology. The specific name refers to the town of Robe, near the type locality.
Habitat, distribution and natural history. Ptychadena robeensis sp. nov. occupies 

a very small range (7.05–7.23°N, 39.78–39.98°E) around the town of Robe, Bale 
zone, Oromia, Ethiopia. It is found at elevations ranging from 2375 m to 3120 m a.s.l. 
The westernmost individuals were found near Dinsho, which is also the highest eleva-
tion point of the species range. In the south, P. robeensis sp. nov. is found between Robe 
and Goba, while it is known up to just west of Ali in the north. The species presumably 
occurs further north on the plateau as elevation and habitat seem rather homogeneous 
up to the Shebelle River.

Males are found calling at night from shallow grassy puddles or flooded cultivated 
fields. Calling activity typically starts after 22:00, even though males may be at calling 
sites earlier. Males have been found calling in syntopy with P. cooperi and P. levenorum. 
Genetic analyses have shown that P. levenorum and P. robeensis sp. nov. hybridize where 
their ranges overlap.

Advertisement call. The call of Ptychadena robeensis sp. nov. (5 males, 101 calls) 
is composed of a single pulsed note of 534 ± 53 ms in duration, containing 9.8 ± 1 
regularly-spaced pulses. Pulse amplitude increases gradually until 292 ± 19 ms, after 
what it decreases. Call peak frequency is 2876 ± 74 Hz with a slight increase in fre-
quency within the call.

The call of P. robeensis sp. nov. can be distinguished from the calls of all other 
members of the P. neumanni complex, except for P. delphina sp. nov., by its regularly 
spaced pulses and long inter-pulses intervals (57 ± 5 ms). A higher frequency allows 
discriminating the calls of P. robeensis sp. nov. and P. delphina sp. nov.

Ptychadena beka sp. nov.
http://zoobank.org/CCF36B05-F7FC-436B-8858-765B6F682127

Type material. Holotype. Adult male (SB291) collected by S. Goutte and J. Reyes-
Velasco on 5 June 2018 southwest of Nekemte (8.9950°N, 36.4955°E, 2213 m a.s.l.). 
Paratypes. one male (15–5) collected by X. Freilich, J. Reyes-Velasco and S. Boissinot 
on 3 August 2015 west of Holeta Genet (9.0508°N, 38.4312°E, 2433 m a.s.l.), one 
male (15–283) collected by X. Freilich, J. Reyes-Velasco and S. Boissinot on 14 August 
2015 southwest of Nekemte (8.9742°N, 36.4906°E, 2243 m a.s.l.), one female (16–1) 
collected by J. Reyes-Velasco and S. Boissinot on 4 July 2016 west of Holeta Genet 
(9.05078°N, 38.4312°E, 2386 m a.s.l.), one female (SB268) collected by S. Goutte and 
J. Reyes-Velasco on 3 June 2018 northwest of Bonga (7.5085°N, 36.0637°E, 2038 m 
a.s.l.), 3 females (SB270, SB272 and SB276) collected by S. Goutte and J. Reyes-
Velasco on 3 June 2018 south of Ambo (8.9671–8.9922°N, 37.7951–37.8471°E, 
1945–2170 m a.s.l.), one female (SB282) collected by S. Goutte and J. Reyes-Velasco 
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on 4 June 2018 southwest of Nekemte (8.9950°N, 36.4955°E, 2213 m a.s.l.), one 
female (SB287) and one male (SB292) collected by S. Goutte and J. Reyes-Velasco 
on 5 June 2018 southwest of Nekemte (8.9950°N, 36.4955°E, 2213 m a.s.l.), one 
male (SB387) collected by S. Goutte and J. Reyes-Velasco on 11 June 2018 south 
of Gech’a (7.5544°N, 35.4148°E, 1936 m a.s.l.), one male (SB471) collected by S. 
Goutte and Y. Bourgeois on 21 June 2018 east of Iteya (8.1275°N, 39.2732°E, 2138 m 
a.s.l.), one female (SB566) collected by S. Goutte and Y. Bourgeois north of Gohatsion 
(10.01967°N, 38.2494°E, 2448 m a.s.l.), one male (SB576) collected by S. Goutte 
and Y. Bourgeois on 7 July 2018 north of Gebre Guracha (9.8664°N, 38.3758°E, 
2596 m a.s.l.), two males (SB614, SB617) collected by S. Goutte and Y. Bourgeois on 
14 July 2018 east of Holeta Genet (9.0682°N, 38.5214°E, 2397 m a.s.l.). All speci-
mens are deposited at ZNHM.

Diagnosis. A medium-sized species (male (9) SVL 37.9 ± 2.6 mm, female (8) 
SVL 43.2 ± 2.9 mm) of the neumanni species group (Fig. 18), distinguished by the fol-
lowing combination of characters: (1) relatively short hind limbs (male TL/SVL 0.51 
± 0.03, female TL/SVL 0.57 ± 0.03), (2) tympanum with a light vertical bar, (3) me-
dium or wide vertebral stripe always present, (4) vocal sacs of most males are bicolored, 
from light to dark grey posteriorly and from yellow to cream anteriorly, rarely, they are 
light grey, (5) forearms of adult males not thickened.

Comparison. Ptychadena beka sp. nov. is smaller than P. cooperi and P. goweri and 
larger than P. nana and P. robeensis sp. nov. Hand, feet, tibias, thighs and snout are of 
similar dimensions than P. amharensis and shorter than those of P. delphina sp. nov. and 
P. goweri. Ptychadena beka sp. nov. can be distinguished from P. amharensis by a wider 
inter-orbital distance. It can be distinguished from P. erlangeri by a larger tympanum, 
the light stripe or blotch on the tympanum and the bicolored vocal sacs in adult males. 
Ptychadena beka sp. nov. differs from P. levenorum by longer thighs, larger tympanum 
and longer snout. The head is wider and the tibias are longer than in P. doro sp. nov.

Description of the holotype. A medium-sized (SVL 36.3 mm) adult male 
(Fig. 18). Head slightly wider than long. Snout projecting beyond the lower jaw. In-
terorbital distance 0.62 × the eye diameter. Internarial distance 1.12 × interorbital 
distance. Tympanum 0.67 × eye diameter. Finger tips not expanded but rounded, with 
very small subarticular tubercles. Finger formula: I<II<IV<III. Hand free of webbing, 
palmar tubercle absent. Nuptial pads light grey. Hindlimbs moderately elongated, with 
tibia length 0.51 × snout-vent length. Foot as long as thigh and shorter than tibia (FL/
TL0.97). Toe tips rounded. Subarticular tubercles extremely small. Inner metatarsal 
tubercle present, external absent. Toe formula: I<II<V<III<IV. Foot webbing formula: 
Ie(1), IIi/e(1–1), IIIi/e(1–2), IVi/e(2–2), Vi(2). Two light brown, continuous lateral 
ridges, two continuous and four interrupted dorsal ridges. No vertebral nor sacral 
ridges. No warts on the body. Small and round light brown warts on tibias and thighs.

Coloration of the holotype in life. Dorsal ground color brown with a few small, 
elongated dark brown blotches symmetrically distributed on the dorsolateral ridges. 
Wide light brown vertebral stripe, doubled with a thin, clearer line from the tip of the 
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Figure 18. Ptychadena beka sp. nov. A live male holotype (SB291; left) and female paratype (SB270, 
right) B dorsal and ventral views of the same individuals (male left, female right) after euthanasia and 
before fixation.
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snout to the vent. Dark brown canthal stripe from the tip of the snout to the back of 
the jaw. Faint light vertical stripe on the otherwise brown tympanum. Upper and lower 
lip cream with irregular brown markings.

Iris bicolored, with upper third light silver-grey, and the lower two thirds dark 
brown. Small irregular dark olive brown blotches on greyish flanks. Throat and chest 
cream, ventrum, ventral sides of the thighs and of the tibias light yellow. Two small 
symmetrical dark brown blotches on the antero-ventral side of the shoulders. Thin, 
light longitudinal stripe on the tibias. Few white round warts on the tibias. Hind limbs 
brown with dark olive bars over the thighs, tibias, and feet. A few very small round 
white dots around the groin. Back of the thighs dark brown irregularly molted with 
yellow. Vocal sacs dark grey anteriorly, yellow posteriorly.

Coloration of the holotype in preservative. Dorsal ground color grey with a few 
oval dark brown blotches symmetrically distributed on the dorsolateral ridges. Wide 
light brown vertebral stripe, doubled with a lighter thin line from the tip of the snout 
to the vent. Dark brown canthal stripe from the tip of the snout to the back of the jaw. 
Faint vertical stripe on the otherwise brown tympanum. Upper lip and lower lip cream 
heavily blotched with grey. Flanks brown with a few black blotches underlined with a 
cream bar. Throat, ventrum, ventral side of the thighs and tibias cream, with the chest 
and throat dusted with grey. Two symmetrical dark brown blotches on the ventral side 
of the shoulders. Faint, thin longitudinal stripe on the tibias. Faint brown bars on the 
thigh and tibia. A few small round white spots forming a line on the posterior side of 
tibia and foot. Back of thighs molted light and dark brown. Vocal sacs dark grey ante-
riorly, cream posteriorly. Nuptial pads light grey.

Variations. In life, background color varies from yellowish brown to greyish 
brown. Dorsal ridges vary in number and definition. In all examined specimens, 
median ridges were continuous from the back of the head to the groin. Postpalpe-
bral fold usually interrupted in the middle of the back, sometimes continuing on 
the lower back by a ridge or multiple aligned warts. Short latero-dorsal fold almost 
always present, sometimes fractioned. Lateral ridges, briefly interrupted in a few 
specimens, most often continuous, from orange-brown to cream. All specimens 
examined had small dark brown or black blotches distributed symmetrically on the 
dorsal ridges, in very few specimens, those blotches were very small or barely vis-
ible. All examined individuals have a wide, generally around a lighter thin stripe. 
The light blotch on the tympanum is generally small and more conspicuous in 
some specimens than in others. The thin cream longitudinal stripe on the tibia 
may be more or less conspicuous and extended to half of the thigh in some indi-
viduals. Tibias, thighs and feet posteriorly barred with more or less defined brown 
or light brown markings. Yellow and brown marbling on the posterior side of the 
thighs more or less contrasted and almost absent in some individuals. Ventrum and 
throat uniformly white to light yellow. Vocal sacs grey, bicolored cream to yellow 
and light grey to grey. Small warts over the back and flanks in ca. 10% of adult 
males examined.
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Etymology. The specific name corresponds to the translation of the word “enough” 
or “that’s it” in Amharic (በቃ), in reference to the controversial taxonomic history of 
the group that we hope has come to an end. It is an invariable noun used in apposition.

Habitat, distribution, and natural history. Ptychadena beka sp. nov. has a wide 
distribution range extending both sides of the Great Rift Valley, although most records 
were made west of the GRV (6.14–10.01°N, 35.41–39.27°E). It is restricted to moder-
ate altitudes, from 1695 m to 2596 m a.s.l. (based on 106 barcoded individuals). In 
the north, its range is limited by the Blue Nile valley and the northernmost specimens 
have been found just north of Gohatsion. The westernmost population has been found 
in Gech’a. Two populations have been found southeast of the GRV, near Iteya and 
south of Irba Muda. GPS coordinates for all examined specimens are given in Suppl. 
material 3: Table S1. Ptychadena beka sp. nov. is found in syntopy with P. erlangeri at 
the higher end of its altitudinal range, notably near Fitche, Holeta, between Ambo and 
Wonchi, and possibly near Assela. Within the genus, P. beka sp. nov. is also sympatric 
with P. neumanni, P. delphina, and P. doro in the west.

Males are found calling at in shallow roadside puddles or agricultural fields. Males 
can be found vocalizing very close from one another, sometimes in important num-
bers. Calling activity depends on rainfall and is highest during rainy months. Calling 
usually starts after 22:00, and sometimes as late as 02:00 in dry weather, and ceases 
before dawn. Numerous, small bicolored eggs are laid in the same water body.

Advertisement call. The call of Ptychadena beka sp. nov. (5 males, 128 calls) is 
composed of a single pulsed note of 447 ± 112 ms in duration, containing 31 ± 10.6 
pulses. Within calls, pulses are grouped by 3–5 pulses, with the first and the last pulses 
of each pulse group notably lower in amplitude than the other pulses. Low-amplitude 
single pulses are sometimes present between pulse groups. Amplitude increases gradu-
ally during the call, peaking at 266 ± 78 ms, after which it drops. Call dominant 
frequency is 2491 ± 129 Hz.

The call of P. beka sp. nov. can be distinguished from those of P. cooperi, P. amharensis, 
P. doro sp. nov., and P. neumanni (type A and B) by the distinguishable pulses com-
posing the calls. It is also distinct from the calls of P. delphina sp. nov. and P. robeensis 
sp. nov. by its short inter-pulse intervals. The call of P. beka sp. nov. differs from the 
calls of P. delphina sp. nov., P. erlangeri, P. levenorum, and P. goweri by its higher domi-
nant frequency. Finally, the call of P. beka sp. nov. differs from the call of P. nana and 
P. erlangeri by its longer duration.

Ptychadena delphina sp. nov.
http://zoobank.org/8BFAD046-6E3B-4622-B488-D4483FA2BE31

Type material. Holotype. Adult male (SB310) collected on 7 June 2018 by S. Goutte and 
J. Reyes-Velasco between Dembi and Gechi, Oromia, Ethiopia (8.2195°N, 36.446°E, 
2064 m a.s.l.). Paratypes. One female (16–242) and one male (16–241) collected 22 
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July 2016 by X. Freilich, J. Reyes-Velasco and S. Boissinot west of Bedele (8.3746°N, 
36.2596°E, 1876 m a.s.l.), one female (SB295) collected on 6 June 2018 by S. Goutte 
and J. Reyes-Velasco west of Bedele (8.4330°N, 36.3176°E, 1942 m a.s.l.), two males 
(SB313 and SB314) collected on 7 June 2018 by S. Goutte and J. Reyes-Velasco be-
tween Dembi and Gechi (8.2195°N, 36.4460°E, 2064 m a.s.l.), one female (SB341) 
collected on 9 June 2018 by S. Goutte and J. Reyes-Velasco west of Gore (8.1769°N, 
35.3627°E, 1612 m a.s.l.), 3 females(SB355, SB356 and SB357) and two males (SB354 
and SB363) collected on 10 June 2018 by S. Goutte and J. Reyes-Velasco south of Gore 
(8.0802°N, 35.5239°E, 1903 m a.s.l.). All specimens are deposited at ZNHM.

Diagnosis. Large member (male (6) SVL 40.1 ± 2.9 mm, female (6) SVL 47.2 ± 
2.3 mm) of the neumanni species group (Fig. 19) distinguished by the following com-
bination of characters: (1) moderately long hind limbs (male TL/SVL 0.53 ± 0.02, 
female TL/SVL 0.55 ± 0.03), (2) long forearms (FLL/SVL 0.20 ± 0.01), (3) eye close 
to one another (male IOD/HW 0.17 ± 0.02, female IOD/HW 0.20 ± 0.03), (4) light 
vertical stripe on the tympanum, (5) vocal sacs are dark grey or dark grey posteriorly 
and lighter anteriorly.

Comparison. Ptychadena delphina sp. nov. is smaller than P. cooperi and larger than 
P. nana, P. erlangeri, P. levenorum, and P. robeensis sp. nov. This species has shorter hind 
limbs and feet than P. goweri but longer than P. beka sp. nov. and P. amharensis (see 
Suppl. material 3: Table S2). The length of its forearms is also greater than in P. beka 
sp. nov. and P. amharensis. Ptychadena delphina sp. nov. can be distinguished from 
P. goweri by shorter hands, shorter snout, and pigmented vocal sacs in adult males. 
Eyes are closer to one-another than P. goweri, but further apart than in P. amharensis. 
Tympanum larger than P. doro sp. nov.

Description of the holotype. Relatively large (SVL 44.2 mm) male (Fig. 19). 
Head wider than long (HL/HW 0.87). Snout projecting beyond the lower jaw. Inter-
orbital distance 0.54 × eye diameter. Internarial distance 1.68 × interorbital distance. 
Tympanum 0.71 × eye diameter. Finger tips not expanded but rounded, with small 
subarticular tubercles.

Finger formula: I<II<IV<III. Hand free of webbing. Hindlimbs elongated, with 
tibia length 0.55 × snout-vent length. Foot longer than thigh (FL/THL 1.27) and 
slightly longer than tibia (FL/TL 1.02). Toe tips rounded. Subarticular tubercles small 
and round. Inner metatarsal tubercle present, external absent. Fourth toe on the left 
foot amputated. Toe formula: I<II<V<III<IV. Foot webbing formula: Ie(minimal), 
IIi/e(minimal–1), IIIi/e(2–2), IVi/e(2–2), Vi(2). Two light lateral ridges, continuous 
on the right side and discontinuous on the left side. Two continuous dorsal ridges and 
two interrupted dorsolateral ridges. No vertebral nor sacral ridges. Body and eyelids 
covered with minute transparent warts. Nuptial pad developed along finger I. Tongue 
longer than wide, free for half of its length, bifurcated at the end. Vomerine, maxillary 
and premaxillary teeth present.

Coloration of the holotype in life. Dorsal ground color brown with elongat-
ed dark brown blotches symmetrically distributed on the dorsal ridges. Wide light 
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Figure 19. Ptychadena delphina sp. nov. A live male holotype (SB310; left) and female paratype (SB341, 
right) B dorsal and ventral views of the same individuals (male left, female right) after euthanasia and 
before fixation.
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grey-brown vertebral stripe, doubled with a thin, clearer stripe from the tip of the 
snout to the vent. Dark brown canthal stripe from the tip of the snout to the back of 
the jaw. Light vertical blotch on the otherwise brown tympanum. Upper and lower lip 
cream to light brown with irregular brown markings. Iris dark brown on the lower two 
thirds, light golden brown above, separated by a cream horizontal stripe.

A few irregular dark brown blotches on the light grey flanks. Throat and ventrum 
cream with a few small light grey dots under the chin. Two small symmetrical dark 
brown blotches on the antero-ventral side of the shoulders. Thin light longitudinal 
stripe on the tibias and lower half of the thighs. Hind limbs brown with dark bars over 
the thighs, tibias, and feet. A few small round white dots around the groin. Back of 
the thighs dark brown irregularly molted with yellow. Vocal sacs uniformly dark grey.

Coloration of the holotype in preservative. Dorsal ground color dark brown 
with a few small, oval dark brown blotches symmetrically distributed on the dorsolater-
al ridges. Wide lighter brown vertebral stripe, doubled with a thin, clearer line from the 
tip of the snout to the vent. Dark brown canthal stripe from the tip of the snout to the 
back of the jaw. Light vertical stripe on the otherwise brown tympanum. Upper lip grey 
on the anterior half and cream on posterior half. Lower lip grey with irregular cream 
spots. Flanks brown with a few irregular small dark brown blotches. Throat, ventrum, 
ventral side of the thighs and tibias uniformly cream with the throat and chest lightly 
dusted with grey. Two symmetrical dark brown blotches on the ventral side of the 
shoulders. Thin, light longitudinal stripe on the tibias. Faint brown bars on the thighs. 
Back of thighs molted light grey and brown. Vocal sacs dark grey. Nuptial pads cream.

Variations. In life, background color varies from light to dark brown. Dorsal ridg-
es vary in number and definition. Median ridges may be continuous from eye level to 
the groin, or interrupted and be present only along half the back. Postpalpebral fold 
interrupted in the middle of the back, sometimes continuing on the lower back. Short 
laterodorsal fold almost always present. Lateral ridges generally non-interrupted until 
the lower third of the back and from orange to cream. All specimens examined had 
small dark brown or black blotches distributed symmetrically on the dorsal ridges. 
Inguinal area more or less conspicuously yellow. Vertebral stripe may be thin or wide, 
generally around a lighter thin stripe. Tympanum blotch may be more or less conspicu-
ous depending on the individual.

The thin cream longitudinal stripe on the tibia may be extended to the thigh or 
half of the thigh and the foot in some individuals. Tibias, thighs, and feet posteriorly 
barred with more or less defined brown or light brown markings. Thighs posteriorly 
marbled with light to dark brown and yellow. Ventrum and throat uniformly white to 
light yellow. Vocal sacs grey to dark grey or bicolored cream and grey. Small warts over 
the back and flanks in ca. 20% of adult males.

Etymology. The specific name originates from the Latin delphinus, dolphin, in 
reference to the advertisement call of the species resembling a dolphin’s clicking sound. 
We have Latinized delphinus into the adjective delphina to be in accordance with the 
gender of genus Ptychadena. The advertisement call best distinguishes P. delphina sp. 
nov. from P. doro sp. nov.



Taxonomy of the Ptychadena from the Ethiopian highlands 123

Habitat, distribution, and natural history. The distribution range of Ptychadena 
delphina sp. nov. is mostly restricted to mid-elevation forests (1612 to 2064 m a.s.l.), 
west of the GRV and north of the Geba River (tributary of the Baro River). However, 
two individuals (XF13–283 and XF13–285) collected in 2013 by X. Freilich and S. 
Boissinot in Asgori, between Addis Ababa and Ambo (8.9799°N, 38.0241°E, 2370 m 
a.s.l.) clustered with Ptychadena delphina in phylogenetic analyses based on four molecu-
lar markers (Freilich et al. 2016). If the molecular results are not caused by introgression 
between P. delphina sp. nov. and P. beka sp. nov, which occurs in the area, and if these two 
individuals represent a real population, this is the easternmost and highest known popu-
lation of P. delphina sp. nov. The habitat at this locality is also quite different from the 
rest of P. delphina sp. nov. distribution range, as it is composed of open agricultural fields 
and not forest. No other individual of the species was collected in the multiple sam-
pling campaigns subsequently conducted, and this population remains to be confirmed. 
Beside these two individuals, the easternmost populations have been found south of 
Bedele, while, in the west, Individuals have been collected by Uka, west of Gore. The 
southernmost individuals were found in Bichano, just north of the Geba River.

Males of P. delphina sp. nov. call at night in flooded grassland ponds or puddles, or 
in rainwater-filled holes on the road. Within the genus, P. delphina sp. nov. is found in 
sympatry with P. beka sp. nov., P. doro sp. nov., and P. neumanni. Males of P. delphina 
sp. nov. have been found calling jointly with P. doro sp. nov.

Advertisement call. To the human ear, the call of Ptychadena delphina sp. nov. 
(4 males, 33 calls) resembles a dolphin’s series of clicks. It is composed of a single note 
of 504 ± 92 ms in duration, containing 8.4 ± 1.4 pulses, which are clearly distinct and 
at regular intervals. Amplitude increases regularly within the note until 384 ± 129 ms, 
where it decreases. As in other Ethiopian Ptychadena species, call repetition rate is high-
ly variable and dependent of the social context. Call dominant frequency is 2327 ± 
147 Hz, with a gradual increase in dominant frequency within the call.

The call of Ptychadena delphina sp. nov. is easily distinguishable from the calls of 
all other Ptychadena from the Ethiopian highland by its well defined and regularly 
spaced pulses, except for the call of P. robeensis, which presents a similar structure. 
The call P. robeensis can however be distinguished by its higher dominant frequency 
(2876 ± 74 Hz), related to the species’ smaller body size. It is worth noting that the 
call of the closely related syntopic species P. doro sp. nov. is remarkably different both 
in temporal and spectral features, while the two species are morphologically extremely 
similar. The two species were thus named after their respective calls, which constitute 
their most distinguishable traits.

Ptychadena doro sp. nov.
http://zoobank.org/CA0740EE-5B73-479B-8202-E61F1C29788A

Type material. Holotype. An adult male (SB328) collected on 8 June 2018 by S. 
Goutte and J. Reyes-Velasco between Dembi and Gechi, Oromia, Ethiopia (8.2195°N, 
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36.446°E, 2064 m a.s.l.). Paratypes. 14 males: one male (15–260) collected on 15 Au-
gust 2015 by X. Freilich, J. Reyes-Velasco and S. Boissinot south of Gech’a (7.4213°N, 
35.3993°E, 2316 m a.s.l.), two males (16–198, 16–200) collected on 17 July 2016 by 
J. Reyes-Velasco and S. Boissinot northwest of Jimma (7.7307°N, 36.6926°E, 2218 m 
a.s.l.), two females (16–344, 16–350) and 3 males (16–352, 16–353, 16–361) collect-
ed on 21 July 2016 by J. Reyes-Velasco and S. Boissinot south of Gech’a (7.4212°N–
7.4393°N, 35.3992–35.4047°E, 2240–2304 m a.s.l.), one male (SB247) collected on 
24 April 2018 by S. Goutte and J. Reyes-Velasco west of Jimma (7.5449°N, 36.582°E, 
2272 m a.s.l.), two females (SB298, SB309) and 3 males (SB299, SB311, SB312) col-
lected on 7 June 2018 by S. Goutte and J. Reyes-Velasco between Dembi and Gechi 
(8.2195–8.2524°N, 36.446–36.4465°E, 2064–2198 m a.s.l.), one female (SB327) 
collected on 8 June 2018 by S. Goutte and J. Reyes-Velasco between Dembi and Gechi 
(8.2195°N, 36.446°E, 2064 m a.s.l.), one female (SB346) collected on 9 June 2018 
by S. Goutte and J. Reyes-Velasco west of Gore (8.1645°N, 35.3819°E, 1654 m a.s.l.), 
one male (SB386) collected on 11 June 2018 by S. Goutte and J. Reyes-Velasco south 
of Gech’a (7.5544°N, 35.4148°E, 1936 m a.s.l.), one male (SB408) collected on 13 
June 2018 by S. Goutte and J. Reyes-Velasco south of Gech’a (7.5532°N, 35.4158°E, 
1940 m a.s.l.). All specimens are deposited at ZNHM.

Diagnosis. Moderately large (male (13) SVL 35.8 ± 2.2 mm, female (6) SVL 
42.4 ± 5.7 mm) member of the neumanni species group (Fig. 20) distinguished by the 
following combination of characters: (1) long hind limbs (male TL/SVL 0.58 ± 0.03, 
female TL/SVL 0.64 ± 0.11), (2) long hands (male HAL/SVL 0.24 ± 0.02, female 
HAL/SVL 0.25 ± 0.05), (3) long snout (male SL/SVL 0.16 ± 0.01, female SL/SVL 
0.16 ± 0.02), (4) relatively small tympanum (male TD/ED 0.64 ± 0.09, female TD/
ED 0.63 ± 0.1), (5) light vertical stripe on the tympanum, (6) vocal sacs are grey or 
dark grey posteriorly and lighter anteriorly,

Comparison. Ptychadena doro sp. nov. can be distinguished from all medium sized 
Ethiopian Ptychadena by its long feet and smaller tympanum. It can be further distin-
guished from P. beka sp. nov. by a narrower head and longer tibias. Snout is longer, in-
ter-nares distance is greater and hands are longer than in P. erlangeri and P. levenorum. 
It can be distinguished from P. amharensis and P. levenorum by its larger inter-orbital 
distance. Ptychadena doro sp. nov. can be distinguished from P. delphina sp. nov. by a 
smaller body, a narrower head and shorter inter-orbital distance.

Description of the holotype. A medium-sized (SVL 36.4 mm) adult male with 
long hind limbs (TL/SVL 0.58; Fig. 20, Suppl. material 3: Table S1). Head as long as 
wide. Snout projecting beyond the lower jaw. Interorbital distance 0.60 × the eye di-
ameter. Internarial distance 1.08 × interorbital distance. Tympanum 0.63 × eye diam-
eter. Finger tips not expanded but rounded, with very small subarticular tubercles. Fin-
ger formula: I<II<IV<III. Hand free of webbing, palmar tubercle absent. Nuptial pads 
light grey to cream, extending dorsally to the second finger. Hindlimbs elongated, with 
tibia length 0.57 × snout-vent length. Foot longer than thigh and slightly longer than 
tibia (FL/THL 1.20, FL/TL 1.01). Toe tips rounded. Subarticular tubercles extremely 
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Figure 20. Ptychadena doro sp. nov. A live male holotype (SB328; left) and female paratype (SB327, 
right) B dorsal and ventral views of the same individuals (male left, female right) after euthanasia and 
before fixation.
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small. Inner metatarsal tubercle present, external absent. Toe formula: I<II<V<III<IV. 
Foot webbing formula: Ie(1), IIi/e(1–1), IIIi/e(1–2), IVi/e(2–2), Vi(2). Two light 
brown, continuous lateral ridges, two continuous and four interrupted dorsal ridges. 
No vertebral nor sacral ridges. Very small, translucent warts on the body and small 
round warts on tibias and feet. Tongue free for half of its length, bifurcated at the end. 
Vomerine, maxillary and premaxillary teeth present.

Coloration of the holotype in life. Dorsal ground color brown with a few elon-
gated dark brown blotches symmetrically distributed on the dorsolateral ridges. Wide 
light grey-brown vertebral stripe, doubled with a thin, clearer stripe from the tip of the 
snout to the vent. Dark olive brown canthal stripe from the tip of the snout to the back 
of the jaw. Light vertical stripe on the otherwise brown tympanum. Upper and lower 
lip cream to light brown with irregular brown markings.

Iris bicolored, with upper third light silver-grey, and the lower two thirds dark 
brown. Irregular dark olive brown blotches fused into a large undefined mark on the 
flanks. Throat, ventrum, ventral side of the thighs and tibias uniformly light yellow. 
Two small symmetrical dark brown blotches on the antero-ventral side of the shoul-
ders. Thin, barely visible, light longitudinal stripe on the tibias. Few white round warts 
on the tibias. Hind limbs brown with dark olive bars over the thighs, tibias, and feet. 
A few very small round white dots around the groin. Back of the thighs dark brown 
irregularly molted with yellow. Vocal sacs uniformly dark grey.

Coloration of the holotype in preservative. Dorsal ground color grey with a few 
oval dark brown blotches symmetrically distributed on the dorsolateral ridges. Wide 
lighter brown vertebral stripe from the tip of the snout to the vent. Dark brown can-
thal stripe from the tip of the snout to the back of the jaw. Faint vertical stripe on the 
otherwise brown tympanum. Upper lip and lower lips cream heavily blotched with 
grey. Flanks brown with a few irregular small dark brown blotches. Throat, ventrum, 
ventral side of the thighs and tibias uniformly cream. Two symmetrical grey blotches 
on the ventral side of the shoulders. Faint, thin longitudinal stripe on the tibias. No 
distinct bars on the thighs or tibias. A few small round white spots forming a line on 
the posterior side of tibias. Back of thighs molted yellowish cream and brown. Vocal 
sacs dark grey. Nuptial pads light grey.

Variations. In life, background color varies from yellowish brown to dark brown. 
Dorsal ridges vary in number and definition. In all examined specimens, median ridges 
were continuous from eye level to the groin. Postpalpebral fold usually interrupted in 
the middle of the back, sometimes continuing on the lower back by a ridge or multi-
ple aligned warts. Short laterodorsal fold almost always present, sometimes fractioned. 
Lateral ridges generally briefly interrupted once or twice and from orange to cream. All 
specimens examined had small dark brown or black blotches distributed symmetrically 
on the dorsal ridges. Inguinal area yellowish in some individuals. Most individuals have a 
wide, generally around a lighter thin stripe, some individuals have a thin vertebral stripe 
only. All examined specimens had a very conspicuous cream blotch on the tympanum.

The thin cream longitudinal stripe on the tibia may be more or less conspicuous and 
extended to the thigh or half of the thigh and the foot in some individuals. Tibias, thighs, 



Taxonomy of the Ptychadena from the Ethiopian highlands 127

and feet posteriorly barred with more or less defined brown or light brown markings. 
Yellow and brown marbling on the posterior side of the thighs almost absent in some 
individuals. Ventrum and throat uniformly light yellow, sometimes very lightly dusted 
with light grey on the throat. Vocal sacs grey, bicolored cream and grey in some individu-
als, and rarely light grey. Small warts over the back and flanks in ca. 50% of adult males.

Etymology. The species name is the Amharic translation of chicken (ዶሮ), in ref-
erence to the advertisement call of the species resembling a chicken’s song. The ad-
vertisement call distinguishes best Ptychadena doro sp. nov. from the syntopic species 
P. delphina sp. nov.

Habitat, distribution, and natural history. The distribution range of Ptychadena 
doro sp. nov. is restricted to mid-elevations (1654 to 2318 m a.s.l.), west of the GRV. 
The easternmost populations have been found around Jimma and south of Bedele. 
Individuals have been collected west of Metu and between Metu and Tippi. Males of 
P. doro sp. nov. call at night in flooded grassland ponds or puddles, or in rainwater-
filled holes on the road. Within the genus Ptychadena, P. doro sp. nov. is found in sym-
patry with P. beka sp. nov., P. delphina sp. nov. and P. neumanni. Males of P. doro sp. 
nov. have been found calling jointly with males of P. delphina sp. nov.

Advertisement call. The call of Ptychadena doro sp. nov. (3 males, 21 calls) is 
reminiscent of a chicken call. It is composed of a single, pulsed note of 411 ± 41 ms 
in duration. Pulses are partly fused without any silent intervals between them. Am-
plitude increases during most of the note (peak amplitude at 295 ± 39 ms) and de-
creases abruptly at the end of the note. As in other Ethiopian Ptychadena species, call 
repetition rate is highly variable and dependent of the social context. Call dominant 
frequency is 1966 ± 105 Hz, with a gradual increase in frequency within the note. 
Frequency bandwidth is remarkably narrower than that of the calls of the other spe-
cies of the P. neumanni complex (415 ± 31 Hz), resulting in a more tonal sound. The 
call of P. doro sp. nov. is easily distinguishable from the call of all other species of the 
P. neumanni complex by its single note, tonal call composed of indistinct pulses.

Ptychadena goweri Smith, Noonan & Colston, 2017

Type material. Holotype. An adult male (TJC224) collected on 10 December 2012 by 
T. J. Colston in Katcha, Bale National Park, Ethiopia (6.71779°N, 39.72572°E, 2375 
m a.s.l.). Paratypes. Three juveniles (XF781, XF782, XF783) collected 7 August 2011 
by X. Freilich and S. Boissinot north of Hagere Mariam, Oromia, Ethiopia (5.8027°N, 
38.2705°E, 2323 m a.s.l.). All type specimens and examined material are deposited 
at ZNHM.

Material examined. In addition to the holotype, we examined one male (TJC218) 
collected by T. J. Colston , one female (15–85) and two males (15–103, 15–105) 
collected on 7 August 2015 by X. Freilich, J. Reyes-Velasco and S. Boissinot in the 
Harenna forest (6.5866°N, 39.7417°E, 1778 m a.s.l.), one male (15–121) collected on 
7 August 2015 by X. Freilich, J. Reyes-Velasco and S. Boissinot in the Harenna forest 
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(6.6634°N, 39.7302°E, 2002 m a.s.l.), one female (15–425) and two males (15–426, 
15–427) collected on 27 September 2015 by X. Freilich, J. Reyes-Velasco and S. Boissi-
not northwest of Kibre Mengist (5.9055–6.04546°N, 38.837–38.9334°E, 1745–2238 
m a.s.l.), two males (15–448, 15–449) collected on 28 September 2015 by X. Freilich, 
J. Reyes-Velasco and S. Boissinot in Harenna forest (6.71925 N, 39.7202 E), two 
males (SB99 and SB100) collected on 10 April 2018 by S. Goutte and J. Reyes-Velasco 
in the Harenna forest (6.6634°N, 39.7302°E, 2440 m a.s.l.), two females (SB158, 
SB159) and two males (SB160, SB161) collected on 17 April 2018 by S. Goutte and 
J. Reyes-Velasco northwest of Kibre Mengist (6.0093°N, 38.8576°E, 2105 m a.s.l.), 
one female (SB807) collected on 7 May 2019 by S. Goutte in the Harenna forest 
(6.6640°N, 39.7301°E, 1992 m a.s.l.), one female (SB808) collected on 10 May 2019 
by S. Goutte in the Harenna forest (6.7164°N, 39.7257°E, 2375 m a.s.l.).

Diagnosis. Large species (male (15) SVL 42.4 ± 2.7 mm, female (6) SVL 51.2 
± 4.2 mm) from the neumanni species group (Fig. 21) distinguished by the following 
combination of characters: (1) long hind limbs (male TL/SVL 0.60 ± 0.05, female TL/
SVL 0.59 ± 0.02) , (2) long feet (male FL/SVL 0.61 ± 0.05, female FL/SVL 0.58 ± 
0.02), (3) long hands (male HAL/SVL 0.24 ± 0.03, female HAL/SVL 0.23 ± 0.01), 
(4) long head (male HL/SVL 0.38 ± 0.04, female HL/SVL 0.36 ± 0.04), (5) long 
snout (male SL/SVL 0.16 ± 0.02, female SL/SVL 0.15 ± 0.01), (6) vocal sacs light 
grey, cream or yellow, sometimes mottled with light grey, (7) male skin smooth.

Comparison. Except for P. cooperi, the largest species of the Ptychadena neumanni 
complex. Body size alone distinguishes Ptychadena goweri from P. nana, P. robeensis sp. 
nov., P. levenorum, P. erlangeri, and P. doro sp. nov. Compared to the larger Ptychadena 
species of Ethiopian highlands, it has longer thigh, tibia, feet, hands, head, snout, 
and inter-orbital distance than P. delphina sp. nov., P. beka sp. nov., and P. amharensis. 
The light-colored vocal sacs of adult males distinguish P. goweri from P. beka sp. nov., 
P. delphina sp. nov., and P. neumanni and P. cooperi. The almost complete dorsal ridges 
distinguish further P. goweri from P. cooperi, which presents rows of short glandular 
folds on the dorsum.

Description of the holotype. Relatively large (SVL 41.9 mm) male (Fig. 22) with 
long hind limbs (TL/SVL 0.58, Suppl. material 3: Table S3). Head as long as wide. 
Snout projecting beyond the lower jaw. Interorbital distance almost equal to the eye 
diameter. Internarial distance 0.88 × interorbital distance. Tympanum 0.85 × eye di-
ameter. Finger tips not expanded but rounded, with moderate subarticular tubercles. 
Finger formula: I<II<IV<III. Hand free of webbing. Hindlimbs elongated, with tibia 
length 0.58 × snout-vent length. Foot slightly longer than thigh and tibia (FL/THL 
1.14, FL/TL 1.05). Toe tips rounded. Subarticular tubercles small and round. Inner 
metatarsal tubercle present, external absent. Toe formula: I<II<V<III<IV. Foot web-
bing formula: Ie(1), IIi/e(1–1.5), IIIi/e(1.5–2), IVi/e(2–2), Vi(2). Two continuous lat-
eral ridges, brown anteriorly and light brown posteriorly, barely visible, six interrupted 
dorsal ridges. No vertebral, nor sacral ridges. No wart on body or limbs. Tongue free 
for less than a third of its length, divided in two lobes. Vomerine, maxillary and pre-
maxillary teeth present.
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Coloration of the holotype in preservative. Dorsal ground color brown with a 
few small, irregular oval dark brown blotches symmetrically distributed on the dor-
solateral ridges. Wide light brown vertebral stripe, doubled with a thin, clearer stripe 

Figure 21. Ptychadena goweri A Live male (SB99; left) and female (SB5807, right) B dorsal and ventral 
views of the same individuals (male left, female right) after euthanasia and before fixation.
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from the tip of the snout to the vent. Dark brown canthal stripe from the tip of the 
snout to the back of the jaw. Light vertical stripe on the otherwise brown tympanum. 
Upper and lower lip brown with irregular dark brown molting. Flanks grey anteriorly 
to light brown posteriorly with irregular dark brown blotches on the anterior half. 
Throat, ventrum, ventral side of the thighs and tibias uniformly cream with very light 
grey dusting on the throat. Two symmetrical dark brown blotches on the ventral side of 
the shoulders. Thin, barely visible, light longitudinal stripe on the tibias. Irregular and 
undefined brown markings on the thighs, tibias, and feet. Back of thighs molted light 
grey and brown. Vocal sacs mostly white, with slight grey dusting posteriorly.

Variations. In life, background coloration varies from light brown, olive grey to dark 
brown. The vertebral stripe may be thin or wide doubled with a thin lighter stripe within 
it, and from cream to grey and light yellowish brown. The dark brown to black blotches 
on the dorsum vary in size and number but are always organized along the dorsal ridg-
es. Some individuals present small, irregular black markings in between ridges. Dark 
markings on the flanks are quite variable between individuals, from a few large dark 
blotches to a multitude of smaller ones, covering mostly the antero-dorsal part of the 
flank. Dorsolateral ridges can be discontinued once or twice and can be cream, yellow, or 
brown-orange. Some individuals present a reddish-brown marking on top of the eyelid.

Iris bicolored, with upper third silver to golden and lower two thirds dark golden 
to dark brown. Cream or golden vertical blotch on the dark brown tympanum always 
present. The thin stripe on the tibia may extend on the thigh in some individuals. 
Forearms, thighs, tibias and feet are more or less clearly marked with dark brown bars. 
Vocal sacs always light in color (yellow, cream, or light grey), more or less dusted with 
grey on their dorsoposterior sides. Dorsal ridges may be more or less discontinuous.

Habitat, distribution, and natural history. The distribution range of Ptychadena 
goweri is restricted to the southeast of the GRV, at elevation ranging from 1745 m 
to 2550 m a.s.l. The species is found in clearings in the Harenna forest, south of 
the Sanetti plateau, from Kibre Mengist to Irba Muda, and north of Hagere Mariam 
(5.8027–6.7193°N, 28.2705°E). Males are found calling at night in shallow puddles 
in clearings or grassy meadows. Within the genus, Ptychadena goweri is found in sym-
patry with P. harenna, P. levenorum, P. neumanni, and P. erlangeri.

Figure 22. Holotype of Ptychadena goweri. Dorsal and ventral views of the male holotype (TJC224).



Taxonomy of the Ptychadena from the Ethiopian highlands 131

Advertisement call. The call of Ptychadena goweri (4 males, 32 calls) is composed 
of a single pulsed note of 634 ± 74 ms in duration, containing 33.5 ± 2.9 pulses. 
Pulses are grouped by 3.3 ± 1.5 pulses within each note and increase in amplitude up 
to 404 ± 65 ms, after what the amplitude decreases. Within pulses groups, the first 
pulse has the lowest, while the second pulse has generally the greatest amplitude. Call 
repetition rate is highly variable and dependent on the social context. The individuals 
we recorded produced calls in “bursts”, where several males were forming a short cho-
rus, spaced by long silent intervals. Call dominant frequency is 2318 ± 86 Hz with a 
slight increase in frequency within notes.

Within the P. neumanni complex, the call of P. goweri can be distinguished from 
those of P. cooperi, P. amharensis, P. doro sp. nov., and P. neumanni (type A and B) by 
the distinguishable pulses composing the calls. Grouped pulses and short inter-pulses 
intervals (9 ± 2 ms within pulse groups) distinguish the call of P. goweri from those of 
P. robeensis sp. nov. and P. delphina sp. nov. The call of P. goweri can be further distin-
guished from those of P. nana and P. erlangeri by a longer duration.

Ptychadena neumanni (Ahl, 1924)

Rana neumanni Ahl, 1924: 4.
Ptychadena neumanni – Perret 1980: 157.
Rana (Ptychadena) neumanni – Dubois 1981: 233.
Ptychadena (Ptychadena) neumanni – Dubois 1992: 316.

Lectotype by present designation. One adult male (ZMB26879–1) collected on 2 
February 1901 by Oscar Neumann in Gadat (Gofa), south Ethiopia. [Coordinates 
estimated by Largen (2001): 6.33°N, 36.83°E, 2000 m a.s.l., but see remarks below]. 
Paralectotypes. Two adult males (ZMB–57183 = ZMB26879–2 and ZMB–57184 
= ZMB26879–3) collected by Oscar Neumann on the same date and location as the 
lectotype (ZMB26879–1).

Material examined. Except for the type series, all examined specimens are deposit-
ed at ZNHM. In addition to the type series, we examined one male (15–173) collected 
by X. Freilich, J. Reyes-Velasco and S. Boissinot on 9 August 2015 in Wondo Genet 
(7.0833°N, 38.6381°E, 1896 m a.s.l.), one female (15–181) and four males (15–183, 
15–191, 15–208, 15–209) collected by X. Freilich, J. Reyes-Velasco and S. Boissinot on 
12 August 2015 northwest of Bonga (7.3076°N, 36.1226°E, 1861 m a.s.l.), one female 
(16–203) collected on 18 July 2016 by J. Reyes-Velasco and S. Boissinot southwest 
of Bonga (7.2542°N, 36.2628°E, 1963 m a.s.l.), one female (16–302) and two males 
(16–303, 16–305) collected on 19 July 2016 by J. Reyes-Velasco and S. Boissinot north 
of Maji (6.2365°N, 35.5712°E, 1936 m a.s.l.), one female (16–326) and one male (16–
313) collected on 20 July 2016 by J. Reyes-Velasco and S. Boissinot northeast of Machi 
(6.3780°N, 35.6659°E, 2063 m a.s.l.), two males (16–327, 16–329) collected on 20 
July 2016 by J. Reyes-Velasco and S. Boissinot northeast of Mizan Teferi (7.0203°N, 



Sandra Goutte et al.  /  ZooKeys 1016: 77–141 (2021)132

35.7545°E, 2449 m a.s.l.), two females (SB333, SB334) collected on 9 June 2018 by S. 
Goutte and J. Reyes-Velasco northwest of Gore (8.2014°N, 35.3772°E, 1666 m a.s.l.), 
one male (SB388) collected on 11 June 2018 by S. Goutte and J. Reyes-Velasco south 
of Gech’a (7.5544°N, 35.4148°E, 1936 m a.s.l.), one female (SB405) collected on 13 
June 2018 by S. Goutte and J. Reyes-Velasco south of Gech’a (7.5185°N, 35.4163°E, 
1917 m a.s.l.), one female (SB462) collected on 20 June 2018 by S. Goutte and J. 
Reyes-Velasco northeast of Shebe (7.5423°N, 36.5732°E, 2240 m a.s.l.).

Diagnosis. Medium-sized species (male (20) SVL 35.7 ± 2 mm, female (8) SVL 
45.6 ± 1.4 mm) of the neumanni species group (Fig. 23) distinguished by the fol-
lowing combination of characters: (1) long hind limbs (male TL/SVL 0.58 ± 0.02, 
female TL/SVL 0.57 ± 0.01), (2) vertical cream bar on the tympanum, (3) vocal sacs 
uniformly dark grey.

Comparison. Smaller than P. cooperi and P. goweri and larger than P. nana and 
P. robeensis sp. nov. Head wider than P. erlangeri and P. levenorum but narrower than 
P.  beka sp. nov., Head and snout longer than P. erlangeri and P. levenorum. Wider 
inter-orbital distance than P. doro sp. nov., P. beka sp. nov., P. erlangeri, P. levenorum, 
and P.  amharensis. Wider inter-nares distance and longer eye-nostril distance than 
P. erlangeri and P. levenorum. Tympanum larger than P. doro sp. nov., P. erlangeri, and 
P. levenorum. Larger hands than P. erlangeri and P. levenorum. Longer thighs and feet 
than P. erlangeri, P. levenorum, P. amharensis, and P. beka sp. nov.

Description of the lectotype. The lectotype is very desiccated (Fig. 24A) and the 
description of some characters is hindered by the state of conservation of the speci-
men. Medium sized (SVL 32.2 mm), slender adult male. Snout pointed, projecting 
beyond the lower jaw. Interorbital distance 0.83 × eye diameter. Head longer than 
wide (HW/HL 0.80). Nostril half-way between the tip of the snout and the eye. 
Internarial distance 1.1 × interorbital distance. Tympanum 0.64 × eye diameter. Finger 
tips not expanded but rounded, with moderate subarticular tubercles. Finger formula: 
I<II<IV<III. Hand free of webbing. Hindlimbs elongated, with tibia length 0.57 × 
snout-vent length. Foot longer than thigh (FL/THL 1.1) and as long as tibia. Toe tips 
rounded. Subarticular tubercles small and round. Inner metatarsal tubercle present, 
external absent. Toe formula: I<II<III<V<IV. Foot webbing formula: Ie(1), IIi/e(1–2), 
IIIi/e(2–2), IVi/e(2–2), Vi(2). Two light, continuous lateral ridges, six dorsal ridges 
difficult to see due to preservation of the specimen. No vertebral nor sacral ridges. 
Small warts on the body. No sacral, femoral, or crural folds.

Coloration of the lectotype in preservative. Coloration has faded away with time 
and some patterns are now hardly distinguishable. Dorsal background color is brown, 
with irregular elongated dark brown blotches distributed along the dorsal ridges and 
on the antero-dorsal part of the flanks. A wide light vertebral line from snout to vent 
is present. Dark brown canthal stripe from the tip of the snout to the back of the jaw. 
Vocal sacs dark grey. Upper lip, throat, and posterior part of flanks cream. Ventrum, 
ventral side of the thighs and tibias uniformly cream in type 1. Barely distinguishable 
irregular dark brown bars on the tibias and on the thighs.
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Figure 23. Ptychadena neumanni A Live male (SB393; left) and female (SB388, right) B dorsal and 
ventral views of a male (SB333, left) and a female (SB388, right) after euthanasia and before fixation.
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Figure 24. Type specimens of Ptychadena neumanni. Dorsal and ventral views of three male type speci-
mens A ZMB26879–1, lectotype B ZMB–57183 = ZMB26879–2, paralectotype C ZMB–57184 = 
ZMB26879–3, paralectotype.
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Variations. In life, background color varies from light to dark brown. Dorsal ridg-
es vary in number and definition. Lateral ridges may be sand or dark orange. All speci-
mens examined had small dark brown or black blotches distributed symmetrically on 
the dorsal ridges. Flanks more or less heavily colored with black or dark brown blotch-
es. Vertebral stripe absent in some individuals. When present, the vertebral stripe may 
be thin or wide, sand-color or brown-orange.

Iris bicolored, the upper third silver and lower two thirds dark brown sometimes 
marbled with light yellow or copper on the bottom half. Upper jaw cream, lower jaws 
featuring irregular light grey or brown markings but no barring. All specimens examined 
featured a dark brown canthal stripe from the tip of the snout to the back of the upper 
jaw and a with a cream vertical stripe. A thin cream longitudinal stripe on the tibia present 
in some individuals. Tibias, thighs, and feet posteriorly barred with more or less defined 
brown or light brown markings. Some individuals have dark irregular markings on the 
posterior side of the arms and anteroventral sides of the thighs and tibias. Thighs posteri-
orly marbled with dark brown and yellowish brown. Ventrum and throat uniformly cream 
to yellow. Vocal sacs grey to dark grey. Small warts over the back and flanks in adult males.

Habitat, distribution, and natural history. Ptychadena neumanni is found on both 
sides of the Great Rift Valley (GRV) and limited to the south and southwestern highlands 
of Ethiopia (5.80–8.20°N, 35.36–38.64°E). This species is found at elevations ranging 
from 1409 m to 2449 m a.s.l. The southernmost individuals were found north of Hagere 
Mariam (east of the GRV) and Maji (west of the GRV). In the west, populations are found 
west of Gore, Gech’a, Bonga and Jimma. Ptychadena neumanni has also been found be-
tween Sodo and Bonga. East of the GRV it has been found in the vicinity of Wondo Gen-
et. In the southwest, P. neumanni is found in syntopy with multiple Ptychadena species: 
P. doro sp. nov., P. delphina sp. nov., P. beka sp. nov., and the lowland species P. anchietae. 
In the southeast, it is found in sympatry with P. goweri. Males are found calling at night 
in shallow puddles on or beside the road, or in flooded grassy meadows.

Advertisement call. Ptychadena neumanni produces two types of call, hereafter re-
ferred to as call type A and call type B. Based on our video recordings and observations 
in the field, we believe that call type A corresponds to the advertisement call, while call 
type B may be a territorial call. Notably, while calling in chorus, males were producing 
call type A, whereas call type B seem to be employed in two-individuals vocal battles. 
However, our data are insufficient to categorize with confidence these two calls with 
regard to their respective function and we describe both call types below. The call type 
and call rate produced is highly dependent on the social context.

Ptychadena neumanni call type A (3 males, 78 calls) is 307 ± 149 ms long and 
contains 5.8 ± 2.4 pulsed notes. Notes are 32 ± 14 ms in duration and are produced 
at regular intervals (19.1 ± 3.5 notes s-1) within each call. Amplitude modulation is 
very low within the call. Call type A’s dominant frequency is 2406 ± 339 Hz, with no 
frequency modulation within notes or calls.

Ptychadena neumanni call type B (1 male, 13 calls) is composed of one initial long 
(437 ± 54 ms) pulsed note (note B1), followed by 3 ± 0.6 distinct pulses (note B2). 
The peak frequency of note B1 is 2207 ± 129 Hz while note B2 has a dominant fre-
quency of 2337 ± 191 Hz.
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Call type A of P. neumanni can be distinguished from those of all other species of 
the P. neumanni complex, except for P. cooperi and P. amharensis, by its composition of 
multiple pulsed notes with indistinguishable pulses. It differs from the call of P. cooperi 
and P. amharensis by the absence of frequency modulation, shorter notes, and shorter 
inter-note intervals.

Call type B of P. neumanni is unique within the P. neumanni complex in its com-
position of two different types of notes and can easily be distinguished from those of 
all other species of the group.

Remarks. Ahl (1924) described Rana neumanni based on 35 syntypes collected in 
Didda (one specimen), Somaliland (23 specimens), Gadat (Gofa) (three specimens), and 
Uba (eight specimens). Perret (1980) examined the type series, split the collection, and 
assigned the specimens to three distinct species. Perret designated the three specimens 
from Gadat (ZMB–26879 type 1, ZMB–26879 type 2 and ZMB–26879 type 3) as syn-
types of Ptychadena neumanni (sensu stricto) as they were the only specimens with indi-
vidual tags. Additionally, those specimens were the only ones of the original type series to 
have a collection date: 2 February 1901. Gadat (Gofa), south Ethiopia thus became Terra 
typica restricta of Ptychadena neumanni. Perret (1980) then revised the description of the 
species and gave measurement values for the three syntypes. When we examined the type 
series in the collection of the Museum of Berlin, we realized that the syntypes 2 and 3 
had been attributed new collection numbers: ZMB–57183 (ZMB–26879 type 2) and 
ZMB–57184 (ZMB–26879 type 3) and the jar containing ZMB–26879 type 1 bears the 
label “lectotypus”. To our knowledge, no designation of ZMB–26879 type 1 as lectotype 
for P. neumanni has been published. Given that the original description of the species by 
Ahl (1924) included 35 syntypes and that the restriction by Perret (1980) is not valid ac-
cording to the Code as it does not designate an individual specimen, we hereby designate 
ZMB–26879 (type 1) as a lectotype according to Article 74 of the International Zoologi-
cal Code of Nomenclature (ICZN 1999). The specimens ZMB–57183 (ZMB–26879 
type 2) and ZMB–57184 (ZMB–26879 type 3) thus become paralectotypes.

Discussion

The recent efforts made towards a biological inventory of Ethiopia demonstrate how 
species diversity in the Ethiopian highlands is likely to be largely underestimated 
(e.g., Goutte et al. 2019; Koppetsch 2020; Kostin et al. 2020; Soultan et al. 2020) 
and taxonomic revision of multiple groups is urgently needed to truly appreciate the 
ecological importance of this region. Describing the diversity of groups such as the 
genus Ptychadena is, however, challenged by the morphological resemblance of the 
species. In this study, we combined morphometrics, bioacoustics, and genetics to un-
tangle the diversity of Ptychadena in the highlands of Ethiopia. Our integrative analysis 
distinguished a total of 12 species in the Ptychadena neumanni complex, four of which 
are new to science.

As in any taxonomic work, an important step in resolving the nomenclatural issues 
of the P. neumanni complex was the comparison of the newer material with the type 
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series of the previously described species of the group. Although in the case of Ethio-
pian Ptychadena we were able to extract DNA from formalin-preserved type specimens 
and include those sequences in phylogenetic analyses (Reyes-Velasco et al. in review), 
this is not always possible. A careful morphological examination of all the material 
available thus often remains the only way to compare century-old specimens to more 
recently collected material and should not be overlooked.

As in other studies on African grass frogs of the genus Ptychadena, advertisement 
calls provided better discriminant characters than morphometry (e.g., Bwong et al. 
2009; Dehling and Sinsch 2013). In the field, syntopic species may not be readily 
distinguishable morphologically (e.g., P. delphina sp. nov. and P. doro sp. nov.), how-
ever, their advertisement calls easily allow their identification. We therefore provide an 
acoustic key to the Ptychadena of Ethiopian highlands in the hope that it will be used 
by ecologists and conservationists as a cost-effective, non-invasive identification tool.

Information on species’ distribution patterns is essential in designing relevant 
conservation measures. The split of several species (e.g., P. nana, P. neumanni, and 
P. erlangeri) often resulted in splitting their distribution ranges. Our results also revealed 
important differences in sizes of the distribution range among species of the P. neuman-
ni complex. For example, P. robeensis sp. nov. occupies a very reduced area (20 × 20 km, 
Fig. 5B), while P. erlangeri occurs on both sides of the Great Rift Valley (Fig. 5A; Freil-
ich et al. 2016). These distribution patterns thus call for conservation measures spread 
across the Ethiopian highlands rather than a focus on only a few hotspots.
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Abstract
The mitochondrial cytochrome c oxidase subunit I (COI) gene is an effective molecular tool for the estima-
tion of genetic variation and the identification of bird species. This molecular marker is used to differentiate 
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that COI barcodes could be used as an effective tool to identify nearly all the Chilean bird species analyzed.
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Introduction

Birds are among the animal groups that have been subjected to extensive DNA bar-
coding. Currently, DNA barcodes are publicly available for 41% of known bird spe-
cies in the world, with data for nearly 4300 species from 37 of 39 recognized avian 
orders (Barreira et al. 2016). The reported accuracy of species-level DNA barcoding 
is 93%–99% for birds, confirming its efficacy in discriminating among avian species 
and its potential as a tool for assigning unknown avian individuals to a species. The 
accuracy of this method in birds is attributable to fact that the maximum intraspecific 
distance is typically smaller than the minimum interspecific distance in these species. 
This so-called barcode gap (Meyer and Paulay 2005) means that the COI gene has the 
power to delineate species boundaries.

In recent years, a number of DNA barcoding studies have assessed the efficacy 
of using COI data to identify South American birds. Analyses of hundreds of bird 
species from countries in this region, such as Argentina (Kerr et al. 2009), Brazil 
(Chaves et al. 2015), and Ecuador and French Guiana (Milá et al. 2012), have shown 
that COI sequences are highly accurate for species-level identification (93–98%). 
Findings for birds from other geographic areas show similar levels of accuracy (Bar-
reira et al. 2016). Moreover, these studies reveal deep intraspecific genetic divergence 
in Neotropical birds, likely associated with a more complex pattern of regional diver-
gence than in the North American avifauna (Tavares et al. 2011; Milá et al. 2012). 
Thus, in some birds, intraspecific differences overlap with interspecies differences, 
especially in populations that include multiple sub-species or in samples from large 
geographic areas, ecoregions, or areas of endemism (Tavares et al. 2011). Therefore, 
the current taxonomy likely underestimates the biodiversity of the Neotropical avi-
fauna. Given the complex genetic divergence patterns reported in this region, likely 
associated with a high incidence of non-monophyletic species, the general utility 
of DNA barcoding across different biogeographic regions of South America merits 
further attention.

The Chilean avifauna comprises of 443 species, if we only consider species that 
are residents or regular visitors (Couve et al. 2016), or those that meet the criteria of 
at least five records in the national territory (Martínez-Piña and González-Cifuentes 
2017). These birds belong to 65 families distributed across broad altitudinal (0–6000 
m) and latitudinal (18°S–56°S) gradients in various ecoregions of the country. This 
avifauna represents around 13% of all Neotropical bird species, estimated at 3370 
species (Newton 2003). The Chilean avifauna is characterized by a fusion of South 
American relic elements (e.g., Pygarrhichas and Furnariidae) of Cenozoic origin with 
North American elements (e.g., members of the genus Phrygilus) that arose during 
the Pleistocene (Díaz 2005; González and Wink 2008; Álvarez-Varas et al. 2015). 
During this period, glacial cycles profoundly affected species distribution and gene 
flow patterns in populations throughout the world (Shepard and Burbrink 2009). 
Some studies have shown that Pleistocene climate fluctuations may have altered the 
distributions, sizes, and genetic structures of avian populations (Lovette 2005; van 
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Els et al. 2012; Lougheed et al. 2013). Most of the elements that compose the Chil-
ean avifauna originated during the Pleistocene, due to population differentiation 
events that occurred in paleorefuges in the Altiplano, central Chile, Patago nian tem-
perate forests, and other areas (Cracraft 1985; Vuilleumier 1991; Díaz 2005; Mas-
selo et al. 2011). These geological processes, along with the geographic isolation of 
Chile imposed by geographic barriers such as the Andes, the Pacific Ocean, and the 
northern desert, resulted in depleted species richness and a high level of endemism 
in relation to the size of this geographic area (Kelt et al. 2016). For example, around 
of 2.3% of terrestrial avifauna of Chile are endemic species (Kelt et al. 2016) that are 
largely restricted to certain ecoregions such as the Atacama Desert, Mediterranean 
forests, Valdivian temperate rain forests, Patagonian steppe, and dry Puna (Jaramillo 
2014). Of note is that natural selection and local adaptation mechanisms associated 
with this geographic isolation seem to have also played an important role in the di-
versification of Chilean avifauna along the Andes mountains (Campagna et al. 2011; 
Álvarez-Varas et al. 2015).

Little is known about the population structure and genetic diversity of the taxa 
that currently compose the diversity of birds in Chile (Colihueque and Gantz 2019). 
Recent molecular studies of Chilean birds using COI sequences have provided in-
sight into phylogenetic, phylogeographic and taxonomic issues (Masello et al. 2011; 
González 2014; Álvarez-Varas et al. 2015; Colihueque et al. 2015). This molecular 
tool also offers the opportunity for an in-depth evaluation of the genetic differentia-
tion within and between Chilean bird species and to test its species-level resolution 
for bird identification. The particular evolutionary history of Chilean birds, associated 
with glacial events and isolation imposed by strong geographic barriers, has likely af-
fected the gene flow and genetic variability of many species. Therefore, this approach 
may provide clues that would clarify, for example, the taxonomic status of various 
species, divergence patterns across different ecoregions, and the speciation process in 
Chile. Here, we examine the pattern of barcode divergence in a significant proportion 
of Chilean bird species, based on new COI sequences and sequences previously pub-
lished in the Barcode of Life Data Systems (BOLD) (http://www.barcodinglife.org/) 
and GenBank databases.

Materials and methods

Sampling

We obtained samples from across central and southern Chile, mainly from the 
Cachapoal (34°S) and Osorno, Ranco, and Valdivia provinces (40°–41°S). Samples 
corresponded to dead birds found along the highways which were collected between 
2012 and 2019 by volunteers and the authors; date and site of collection (at least at 
province level) were recorded immediately. Collection sites were georeferenced using 
Google Earth based on locality names. Information about vouchers and collection sites 
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is available in Suppl. material 2: Table S1. The author A. Gantz, given his broad expertise 
in ornithology, performed the species identification according to standard diagnostic 
criteria based on morphology and feather coloration. Identification guides of Chilean 
birds (Jaramillo 2014; Couve et al. 2016) were also used to assist in the identification 
task. After identification, the specimens were photographed, and deposited in the bird 
collection of the Laboratorio de Biología Molecular y Citogenética of the Universidad de 
Los Lagos (ULA), Osorno, Región de Los Lagos, under identification numbers 1160ULA, 
1161ULA, 1163ULA, 1164ULA, 1165ULA, 1167ULA, 1194ULA, 1195ULA, 
1200ULA, 1201ULA, 1214ULA–1217ULA, 1235ULA–1237ULA, 1245ULA, 
1249ULA, 1277ULA, 1278ULA, 1280ULA–1283ULA, 1295ULA, 1309ULA–
1314ULA, 1316ULA, 1318ULA, 1320ULA, 1329ULA, 1332ULA–1334ULA, 
1338ULA, 1339ULA, 1346ULA, 1347ULA, 1350ULA, 1354ULA, 1385ULA, 
1388ULA, 1389ULA, 1391ULA, 1392ULA, 1395ULA, 1397ULA, 1400ULA, 
1401ULA, 1403ULA, 1405ULA, 1460ULA, 1465ULA–1473ULA,1506ULA and 
1507ULA (Suppl. material 2: Table S1). These specimens are publicly available for further 
investigation. A set of photographs of representative analyzed specimens is provided in 
Suppl. material 1. Tissue samples were taken mainly from the pectoral and femoral 
muscles as the size of these muscles facilitates dissection. Tissue samples were then fixed 
in 80% ethanol. DNA was extracted from the fixed muscle tissue using the phenol-
chloroform method, as described in Taggart et al. (1992). Extracts were standardized 
at 100 ng/µL using Tris-EDTA buffer, pH 8.0. To obtain COI sequences of birds from 
Chile, we searched the BOLD Public Data Portal using the search terms [Aves Chile]. 
Subsequently, the recovered records were assessed for correct collection site (i.e., Collected 
in: Chile) and also by checking the correct geographic coordinates within Chile using 
Google Earth. The same verification process was used for COI sequences recovered from 
GenBank. The addition of these sequences enhances assessment of COI gene variability 
at the intraspecific and interspecific levels. Based on the location of collection sites, some 
species cover a wide latitudinal range across Chile. For example, Thinocorus orbignyianus 
covers a range from Tarapaca (20°S) to Santiago (33°S) (ca. 1700 km), and Vanellus 
chilensis from Santiago (33°S) to Magallanes (53°S) (ca. 2200 km). Species nomenclature 
follows the Clements et al. (2016) taxonomy. We analyzed 116 individuals from 42 
species. In total we obtained sequences from 68 individuals of 32 species, including 28 
species not previously barcoded. Lists of the newly sequenced specimens with those from 
BOLD and GenBank, as well as information about vouchers and collection sites, are 
available in Suppl. materials 2 (Table S1) and 3 (Table S2), respectively.

PCR and sequencing

The primer pairs BirdF1 (5’-TTCTCCAACCACAAAGACATTGGCAC-3’) and 
BirdR1 (5’-ACGTGGGAGATAATTCCAAATCCTG-3’), as well as BirdF1 and 
BirdR2 (5’-ACTACATGTGAGATGATTCCGAATCCAG-3’) (Hebert et al. 2004), 
were used for COI amplification. Resulting amplicons had a length of ca. 700 bp. 
When PCR failed, possibly due to degraded DNA, alternative M13-tailed primer 
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pairs were used, following Ivanova et al. (2007): FishF2_t1 (5’-GTAAAACGACGGC-
CAGTCGACTAATCATAAAGATATCGGCAC-3’) and FishR2_t1 (5’-CAGGAAA-
CAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA-3’). In addition, when 
FishF2_t1 and FishR2_t1 also failed the internal primer pairs AvMiF1 (5’-CCCC-
CGACATAGCATTCC-3’) and AvMiR1 (5’-ACTGAAGCTCCGGCATGGGC-3’) 
in conjunction with BirdF1 and BirdR1 were used. PCR amplification was carried 
out in 15 µL using a reaction mix composed of 3 µL Taq polymerase buffer (1×), 
2 µL of enhancer (0.7×), 0.3 µL of dNTPs (0.2 mM), 0.45 µL of MgCl2 (1.5 mM), 
0.3 µL of each primer (0.2 µM), 0.06 µL of Taq DNA polymerase (0.02 U/ µL) (Kapa 
Biosystems), 3 µL of template DNA (20 ng/µL), and 5.59 µL of DNAse/RNAse free 
distilled water (Gibco). Thermal cycling was performed as follows: initial denaturation 
at 94 °C for 2 min followed by 40 cycles of 94 °C for 45 s, annealing temperature of 52 
or 58 °C, depending on the primer pairs, for 45 s, 72 °C for 45 s, and a final extension 
step at 72 °C for 5 min. PCR products were visualized on 2% agarose gels and cleaned 
prior to sequencing with an QIA quick gel extraction kit (Qiagen). PCR products were 
bi-directionally sequenced on an Applied Biosystems ABI377 automated sequencer. 
Sequence records were assembled from forward and reverse reads using GENEIOUS 
4.0.2 software (Biomatters Ltd.). We checked for potential amplifications of pseudo-
genes (NUMTs) by translating the COI sequence into amino acid sequences using 
mitochondrial vertebrate genetic code. When unexpected stop codons, frameshifts, or 
unusual amino acidic substitutions were observed, the sequence was discarded from the 
analysis. All sequences were deposited in GenBank (accession numbers MG263831 to 
MG263870 and MN986932 to MN986959).

Data analyses

The sequences obtained were aligned and edited using GENEIOUS 4.0.2 software 
(Biomatters Ltd.). Base substitution saturation, a phenomenon that may decreases the 
amount of phylogenetic information contained in a sequence dataset, was tested based 
on the index of substitution saturation (ISS) (Xia et al. 2003), which assumes a critical 
index of substitution saturation (ISSc) that defines a threshold for significant satura-
tion in the data. This analysis was performed using DAMBE v. 5.3.105 (Xia 2013). 
For all sequence comparisons, the Kimura 2-parameter distance model (K2P) (Nei and 
Kumar 2000) was used. This metric was chosen because its performance for species 
identification is equivalent to other models (Collins et al. 2012). This genetic distance 
was calculated using MEGA 5.05 software (Tamura et al. 2011). Pairwise sequence 
divergence was calculated separately for intraspecific and interspecific distances as well 
as for intrageneric comparisons. Mean intraspecific distances were calculated for spe-
cies that were represented by at least two specimens. Intrageneric K2P genetic distances 
were calculated based on at least two species for a particular genus. The best-fit nucleo-
tide substitution model was determined using jModelTest 2.1. (Darriba et al. 2012) 
based on Bayesian Information Criterion (BIC). The best model was then used with 
maximum likelihood (ML) analyses to construct a ML tree. The consistency of topolo-
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gies (nodal support) was estimated using a bootstrap approach with 1000 bootstrap 
replications (Felsenstein 1985). Phylogenetic trees were rooted with one representative 
of Great Tinamu (Tinamus major). To include all sequences developed in this study 
and as many as sequences as possible from BOLD and GenBank, we used 443-bp se-
quence length alignments. A species was considered distinguishable by DNA barcode 
if: a) it was monophyletic (i.e., the species formed a single cluster) and b) it did not 
share a barcode with any other species.

Results

Sequences dataset and model of nucleotide substitution

Barcodes were analyzed for a total of 76 unique species (197 individuals), including 32 
species sequenced in this study (68 individuals) and 48 species (129 individuals) from 
BOLD and GenBank (see Suppl. material 2, 3 – respectively). These sequences repre-
sent 17.2% (76/443) of known species from Chile. This dataset comprised 36 families. 
The COI sequences of new specimens ranged in size from 464 to 750 bp, with a mean 
length of 655.3 bp. The average number of sequences per species was 2.6 (range 1–17), 
with 43 species (56.6%) presenting between 2 and 17 sequences. After aligning the 197 
sequences, a dataset of 443-pb sequence length were obtained. For this alignment, 193 
variable positions and 182 parsimony-informative sites were found. Overall nucleotide 
frequencies were: A (24.7%), T (26.5%), C (33.3%) and G (15.4%). The best fit-model 
of nucleotide substitution was Hasegawa-Kishino-Yano model (HKY) with a fraction 
of invariable sites and gamma distribution (HKY+I+G) (BIC value = 22738.5785). No 
evidence of base saturation was found, since the ISS value (0.219) was significantly lower 
(T = 15.4, d.f. = 443, P < 0.0001) than the observed ISS.c value (0.696).

Species identification

The COI barcode correctly identified 94.7% of the species studied (72 of 76 species). 
That is, these 72 species had unique DNA barcodes that did not overlap with the 
barcodes of any other species. Interspecific K2P distance ranged from 1.3 to 43.5% 
(mean 24.7%). In most cases, the ML tree, as shown in Figure 1, reflected a relatively 
low within-species divergence as compared to between-species divergence. Most of the 
terminal groups included specimens of the same species in a single cluster, as expected 
for samples of the same species in a monophyletic group. Bootstrap values were above 
80, except for Curaeus curaeus, Phrygilus gayi and Phrygilus plebejus (Figure 1). The 
phylogenetic analysis showed a close phylogenetic relationship in the Phalacrocorax 
and Spheniscus genera, i.e., some species clustered together within the same branch. For 
example, P. atriceps clustered together with P. magellanicus and S. humboldti grouped 
in the same cluster with S. magellanicus. In addition, these species pairs exhibited a 
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Figure 1. Maximum likelihood (ML) tree derived from the analysis of COI sequences for 76 bird species 
from Chile. The numbers at the nodes represent the percentage of bootstrap support. GenBank or BOLD 
accession number for each specimen are shown. Scale indicates the sequence divergence estimated from 
the number of nucleotide substitutions per site. The asterisk indicates the contradictory clusters found in 
the tree. Charadrius alexandrinus is currently known as Charadrius nivosus.

very similar COI barcode given that the K2P distance was relatively low (3.8% and 
2.2%, respectively). These clusters were relatively well-supported (86–90% bootstrap 
support), we considered that this result may suggest the occurrence of reciprocal non-
monophyly. However, this conclusion should be treated with caution due to the low 
number of COI sequences analyzed and, therefore, further analysis of additional sam-
ples will be necessary to support this result.



Nelson Colihueque et al.  /  ZooKeys 1016: 143–161 (2021)150

Intra- and interspecific divergence

The between-species differences in COI sequences were greater than the within-species 
differences. Mean intraspecific K2P distance was 0.3% (range 0–8.7%), while mean 
interspecific K2P distance was ca. two orders of magnitude larger, at 24.7% (range 
1.3–43.5%) (see Table 1). Consequently, the intraspecific K2P distance showed limited 
overlap with interspecific K2P distance (Figure 2). In fact, only 22 of 2850 species-
pair comparisons (0.77%) showed a divergence level below the maximum intraspecific 
K2P distance (8.7%), such as were recorded for Larus dominicanus and Larus belcheri 
(1.3%), Charadrius falklandicus and Charadrius alticola (2.1%), and Phrygilus atriceps 
and Phrygilus gayi (2.9%). Three species had a relatively high intraspecific divergence 
that overlapped with the minimum interspecific distance, namely, Curaeus curaeus 
(mean K2P = 8.7%), Phrygilus gayi (mean K2P = 1.5%) and Sephanoides sephanoides 

Table 1. Comparisons of K2P-pairwise distances at two taxonomic levels for 76 species of birds from 
Chile. Intraspecific distance was calculated for species which two or more sequences were available.

Taxonomic level Number of individuals Number of taxa Number of comparisons Genetic distances (%)
Mean SE Minimum Maximum

Intraspecific 164 43 448 0.3 0.0 0.0 8.7
Interspecific 197 76 2850 24.7 0.1 1.3 43.5

Figure 2. Histogram showing the distribution of K2P-pairwise genetic distances based on the COI 
gene of 76 bird species from Chile. Intraspecific distances are indicated with blue bars and interspecific 
distances, excluding within-species comparisons, are shown with red bars.



Genetic divergence of Chilean birds 151

(mean K2P = 2.2%) (Table 2). Mean intrageneric K2P distance varied widely, from 1.3 
to 16.1% (see Table 3 and Figure 3). This distance was low in Larus (1.3%), Spheniscus 
(2.2%), Leucophaeus (3.2%), Attagis (4.3%) and Haematopus (4.3%) genera, reflecting a 
pattern of low genetic divergence among these closely related species. The greatest intra-
generic divergence levels were observed in Charadrius (16.1%) and Phrygilus (14.3%).

Table 2. Intraspecific K2P genetic distances for 43 species of birds from Chile, calculated when two or 
more sequences were available. Bold face indicates species with high mean intraspecific divergence that 
overlapped the minimum interspecific distance (> 1.3%). ‡ Currently known as Charadrius nivosus.

Species or subspecies Number of individuals Genetic distances (%)
Mean SE Minimum Maximum

Anas georgica 2 0.0 0.0 0.0 0.0
Aphrastura masafuerae 2 0.0 0.0 0.0 0.0
Attagis gayi 3 0.0 0.0 0.0 0.0
Burhinus supercialiaris 2 0.0 0.0 0.0 0.0
Charadrius alexandrinus‡ 3 0.0 0.0 0.0 0.0
Charadrius alticola 2 0.2 0.2 0.2 0.2
Charadrius falklandicus 2 0.0 0.0 0.0 0.0
Charadrius modestus 2 0.2 0.2 0.2 0.2
Chloephaga rubidiceps 2 0.0 0.0 0.0 0.0
Chroicocephalus maculipennis 2 0.5 0.3 0.5 0.5
Curaeus curaeus 2 8.7 1.7 8.7 8.7
Elaenia albiceps chilensis 4 0.0 0.0 0.0 0.0
Enicognathus leptorhynchus 4 0.2 0.2 0.0 0.5
Eudyptes chrysocome 8 0.1 0.1 0.0 0.5
Haematopus leucopodus 2 0.0 0.0 0.0 0.0
Haematopus palliatus 2 0.0 0.0 0.0 0.0
Larus belcheri 2 0.2 0.2 0.2 0.2
Leucophaeus modestus 4 0.0 0.0 0.0 0.0
Limosa haemastica 2 0.0 0.0 0.0 0.0
Milvago chimango 5 0.0 0.0 0.0 0.0
Mimus thenca 3 0.0 0.0 0.0 0.0
Molothrus bonariensis 2 0.2 0.2 0.2 0.2
Oceanites oceanicus 2 0.0 0.0 0.0 0.0
Oreopholus ruficollis 2 0.0 0.0 0.0 0.0
Phegornis mitchelli 2 0.0 0.0 0.0 0.0
Phrygilus alaudinus 15 0.5 0.1 0.0 0.9
Phrygilus atriceps 3 0.0 0.0 0.0 0.0
Phrygilus fruticeti 7 0.3 0.1 0.0 0.5
Phrygilus gayi 7 1.5 0.4 0.2 3.2
Phrygilus plebejus 7 0.3 0.1 0.0 0.5
Phrygilus unicolor 2 0.2 0.2 0.2 0.2
Recurvirostra andina 2 0.0 0.0 0.0 0.0
Sephanoides sephanoides 2 2.2 0.7 2.2 2.2
Spheniscus magellanicus 2 0.5 0.3 0.5 0.5
Spinus barbatus 4 0.1 0.1 0.0 0.2
Strix rufipes 2 0.0 0.0 0.0 0.0
Theristicus melanopis 4 0.1 0.1 0.0 0.2
Thinocorus orbignyianus 6 0.1 0.1 0.00 0.2
Troglodytes musculus chilensis 3 1.1 0.4 0.0 1.7
Turdus falcklandii 3 0.3 0.2 0.2 0.5
Tyto alba 17 0.1 0.1 0.0 0.5
Vanellus chilensis 6 0.0 0.0 0.0 0.0
Zenaida auriculata auriculata 4 0.4 0.2 0.0 0.7
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Comparisons with previous studies on Neotropical birds

The mean intraspecific divergence in our study (0.3%) was ca. one order of magnitude 
lower than values reported for bird species in tropical regions of northern South 
America (1.8 and 2.13%), reported by Chaves et al. (2015) and Milá et al. (2012), 
respectively. The mean intraspecific divergence in our study was also approximately 
one-third lower than the value reported by Tavares et al. (2011) (0.9%) for birds 

Table 3. Intrageneric K2P genetic distances. Genetic distances within species were excluded.

Genera Number of taxa Genetic distances (%)
Mean SE Minimum Maximum

Attagis 2 4.3 0.0 4.3 4.3
Charadrius 5 16.1 1.1 1.9 24.3
Haematopus 2 4.3 0.0 4.3 4.3
Larus 2 1.3 0.1 1.2 1.4
Leucophaeus 2 3.2 0.0 3.2 3.2
Phalacrocorax 3 8.5 2.4 3.8 11.4
Phrygilus 7 14.3 0.1 2.4 19.4
Pygoscelis 2 8.4 0.0 8.4 8.4
Spheniscus 2 2.2 0.3 1.9 2.4
Vanellus 2 7.7 0.0 7.7 7.7

Figure 3. Mean intrageneric K2P genetic distance of ten genera of birds from Chile. Error bars represent 
the standard error of the mean.
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distributed throughout South America, including temperate areas of Argentina. 
However, as shown in Figure 4 our result was similar to the value reported for birds in 
temperate regions of South America, particularly from Argentina (0.24%) (Kerr et al. 
2009). Moreover, our analysis revealed that only 7% of the intraspecific K2P distances 
exceeded 1.5% K2P, similar to reported findings for Argentine birds, in which 5.4% of 
species analyzed had a maximum intraspecific distance above 1.5% (Kerr et al. 2009). 
However, the proportion of species with intraspecific divergence above 1.5% recorded 
in this study was lower than that reported for birds distributed throughout South 
America (18.6%) (Tavares et al. 2011).

Discussion

The mean intraspecific distances recorded in this analysis of Chilean birds (0.3%, based 
on 43 species) are largely consistent with other reported values for birds in temperate 
regions of South America, particularly Argentina (0.24%) (Kerr et al. 2009). However, 
this value was approximately one order of magnitude lower than those found for bird 
species in tropical regions of northern South America, such as in Brazil (1.8%) (Chaves 
et al. 2015) and in Ecuador and French Guiana (2.13 %) (Milá et al. 2012). Thus, our 
results, along with those of Kerr et al. (2009), indicate that birds in temperate regions of 
South America show less intraspecific genetic variation than birds from tropical regions 
of the continent. As in other studies, in our case the COI sequence was highly accurate 
for species-level identification of birds (94.7%), due to a marked barcoding gap. This 
figure is consistent with previous data indicating that this mitochondrial DNA marker 
can typically identify 93% or more of the bird species distributed throughout the world, 

Figure 4. Histogram showing the mean intraspecific genetic distances in bird species from temperate and 
tropical areas of South America, reported by different research groups.
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including birds in South America and the northern hemisphere (Barreira et al. 2016). 
This level of resolution represents a good performance for a single genetic marker. There-
fore, the COI sequence may provide a cost-effective tool for screening of biodiversity.

DNA barcoding studies of birds from temperate regions of South America have 
reported that a relatively small number of species show deep divergence. For instance, 
Kerr et al. (2009) reported that only 21 of 389 species from Argentina (5.4% of the 
species studied) showed a maximum intraspecific distance above 1.5%. On the other 
hand, bird species from tropical regions of South America show substantial genetic 
divergence. For example, Chaves et al. (2015) reported that 11.6% of Brazilian species 
had an intraspecific distance above 8.1%. Milá et al. (2012) observed that 75% of spe-
cies from northern South America had a mean intraspecific divergence above 1%, and 
more than 50% of species had intraspecific lineage distances above 3%. In our case, 
few of the species studied (7%) showed a mean intraspecific distance higher than 1.5%. 
Given that divergence analyses may be affected by various factors such as incomplete or 
geographically restricted sampling (Meyer and Paulay 2005), further analysis is needed 
to corroborate our results. Nevertheless, our data are consistent with a previous report 
on birds from temperate regions of South America (Kerr et al. 2009), supporting the 
notion that bird species in these regions show low levels of genetic structure and di-
vergence as compared to those from tropical regions. Previous COI studies of Chilean 
birds that focused on phylogenetic relationships also have also produced evidence of 
limited intraspecific divergence. For example, three species from different orders exhib-
ited only slight intraspecific genetic divergence, such as Cyanoliseus patagonus (Masello 
et al. 2011), Aphrastura masafuerae (González 2014), and Tyto alba (Colihueque et al. 
2015). Studies based on different molecular markers (ISSR markers) have found simi-
lar patterns; Aphrastura spinicauda, for instance, showed low levels of genetic diversity 
among populations distributed across the country (González and Wink 2010).

The limited numbers of bird species with deep divergence in temperate regions 
of South America may reflect distinct a pattern of regional biodiversity in compari-
son with tropical avifauna. Alternatively, as noted by Weir and Schluter (2007), the 
divergence pattern of birds distributed throughout the Americas may reflect a general 
latitudinal gradient in species diversity. Under this scenario, it would be expected that 
birds throughout the continent at higher latitudes (toward the poles) would tend to 
show lower levels of intraspecific divergence than those at lower latitudes (toward the 
equator). Factors involved in this divergence pattern may include different extinction 
and speciation rates in the two regions (Weir and Schluter 2007) and greater intraspe-
cific genetic variation in tropical regions (Smith et al. 2017). Thus, the low level of 
genetic divergence recorded in our study could be related to a general pattern for birds 
that inhabit the temperate regions of South America. However, it should also be noted 
that southern South America (above 38°S) was affected by strong glaciation processes 
in the Quaternary (Hulton et al. 2002). The occurrence of these processes is thought to 
have impacted various species in southern Chile, including the avifauna (Vuilleumier 
1991), by fragmenting their geographical distribution (Villagrán 1990). Therefore, 
the incidence of local phenomenon related to such climatic fluctuations may also be 
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involved. During glaciation, species survived in refuges and then recolonized sites after 
resolution of glacial events. As a result, genetic drift, founder effect, or selection may 
have modified the genetic structure of many species. In the boreal avifauna, the litera-
ture suggests that repeated Pleistocene glaciations events may have produced a rapid 
rate of diversification (Weir and Schluter 2004). Although little is known about the 
glaciation process associated with the genetic variation of the Chilean avifauna, recent 
studies suggest that glaciation impacted the genetic structure of specific bird species 
such as ovenbirds (González and Wink 2010). This notion is based on the finding that 
within this species, populations currently inhabiting paleorefuge sites show greater ge-
netic variation than populations located in regions that were covered by ice sheets dur-
ing the Last Glacial Maximum 21,000–14,000 years ago (González and Wink 2010). 
In addition, the varied genetic patterns of Phrygilus species are also consistent with 
the environmental history of southern South America, including vicariant events and 
climate changes (Campagna et al. 2011; Álvarez-Varas et al. 2015). Further sampling 
from a wider latitudinal range will be necessary to produce a more complete view of 
the genetic structuring and divergence pattern of the bird species analyzed in this work, 
especially those that include a southern or Patagonian distribution. However, the low 
levels of genetic variation observed in some species with Patagonian distributions, such 
as Vanellus chilensis and Charadrius alexandrinus (currently known as Charadrius nivo-
sus) would reveal a genetic structure shaped by glaciation. This conclusion is concord-
ant with the evolutionary history of several Patagonian bird species, whose speciation 
processes were closely associated with Pleistocene glaciations (Vuilleumier 1991).

A practical utility of DNA barcoding lies in the use of divergence values as a pre-
liminary screening of taxonomic diversity, for example, to screen for within-species 
divergence. Future work can follow up by examining unusual cases, especially spe-
cies that show deep divergence. This approach may be useful in understanding the 
genetic structure of Curaeus curaeus, Phrygilus gayi and Sephanoides sephanoides, as 
these two species showed the largest intraspecific distances among the species analyzed 
(above 1.3%). A possible interpretation of this result is that these distances reflect a 
species complex. In fact, the maximum likelihood tree indicated that P. gayi individu-
als formed at least 3 clusters rather than a cohesive unit, suggestive of different line-
ages. Álvarez-Varas et al. (2015) have also noted this type of divergence pattern in this 
species, characterized by genetic clusters associated with different distribution ranges 
among northern Chilean populations (lowlands vs. Altiplano or highlands). Deep in-
traspecific divergence in birds may be attributable to the dispersal capacity of the spe-
cies and/or the presence of barriers to gene flow and environmental heterogeneity. In 
the case of P.  gayi, the available evidence indicates that its genetic structure appears to 
be attributable to ecological factors and a limited dispersal capacity of this species than 
to geographical factors per se, as compared to other species of Phrygilus (Álvarez-Varas 
et al. 2015). For S. sephanoides, our finding contrasts with data from a phylogenetic 
study of the species based on a different set of molecular markers (Cyt b and ND2) 
(Roy et al. 1998), which reported non-significant genetic differentiation, estimated as 
a homogeneity of haplotypes, among north-central and Juan Fernández Islands popu-
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lations. The misidentification of specimens of this species could be an explanation of 
for this strong genetic divergence. However, given that samples analyzed showed the 
typical diagnostic characteristics related to specimen size, feather coloration pattern 
and other features, this is unlikely. For example, both sequenced specimens show simi-
lar feather coloration (upper head and back of metallic green and whitish belly with 
iridescent green at flank) and body length (ca. 10 cm), which was concordant with the 
diagnostic criteria reported in ornithology guides of Chile (Jaramillo 2014; Couve et 
al. 2016). This set of characteristics yields a well-differentiated phenotype as compared 
to other sympatric species of hummingbirds, such as Patagona gigas (Jaramillo 2014). 
Therefore, it would be difficult to confuse this species with S. sephanoides. In sum, 
there is little doubt as to the conspecificity of the samples. Further analyses with new 
samples will help to confirm the marked level of divergence observed in S. sephanoides. 
However, given that the individuals analyzed were sampled from distant locations of 
the country (central and southern Chile, separated by a distance of ca. 800 km), it 
seems likely that the high level of divergence found in S. sephanoides may be related to 
isolation-by-distance.

The finding that the greatest intrageneric divergence was found in Charadrius 
(16.1%) and Phrygilus (14.3%) is noteworthy. In the case of the Phrygilus genus this 
divergence pattern has been interpreted in the context of a marked phylogeograph-
ic structure, which is associated with broad altitudinal and latitudinal distributions 
of species across the Andean mountains (Campagna et al. 2011; Álvarez-Varas et al. 
2015). For instance, some species of this group, such as P. alaudinus, P. atriceps and 
P. unicolor, show a genetic differentiation mediated by allopatric mechanisms in re-
sponse to specific geographic barriers. In contrast, some genera studied in this work 
showed low levels of genetic divergence, such as Larus (1.3%) and Spheniscus (2.2%). 
Although there is no genetic data for the Larus genus in Chile, our results are consist-
ent with data reported for other Laridae species in the northern hemisphere, which 
show scarce genetic divergence. In fact, the lack of genetic differentiation within this 
group, reflected in a high sequence similarity (99.8%), gives rise to overlapping bar-
code clusters with one or more related species (Johnsen et al. 2010). In the case of 
Spheniscus, the evidence obtained in Chile indicate that this genus exhibit lower ge-
netic divergence among species than other penguin genus (e.g., Pygoscelis, ca. three fold 
less variation), based on the analysis of complete mtDNA genomes of a small sample 
size (Ramos et al. 2018). Future studies in Spheniscus with more comprehensive sample 
sizes will be required to better support the interspecific genetic variation registered in 
this study based on COI sequence.

In conclusion, this study indicates that DNA barcoding with COI markers is 
highly accurate for identifying Chilean bird species, as the barcode sequence for nearly 
every species studied was markedly distinct from that of any other species. Our analysis 
identified significant interspecific divergence, roughly two orders of magnitude higher 
than the intraspecific values observed, reflecting a clear barcode gap. In addition, most 
of the species analyzed showed low intraspecific divergence. This pattern is consist-
ent with data for birds from other temperate regions of southern South America but 
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contrasts with studies on birds from tropical regions of South America, which often 
show deep intraspecific divergence. Thus, these data reflect the existence of different 
evolutionary patterns associated with specific regions within the continent. We hope 
that this step-by-step effort focused on obtaining and assessing the DNA barcodes of 
the Chilean avifauna, will be useful for increasing knowledge of national biodiversity. 
This approach may also facilitate the establishment of a dataset of avian barcodes from 
Chile, enhancing the scope of local studies.
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Supplementary material 1

Figure S1. Photographs of external morphology of bird specimens collected from 
Chile, with lateral, dorsal, or ventral views of specimens showing plumage color 
and overall appearance.
Authors: Nelson Colihueque, Alberto Gantz, Margarita Parraguez
Data type: image
Explanation note: Data on specimen voucher number with size bar to estimate speci-

men size are provided.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1016.51866.suppl1



Genetic divergence of Chilean birds 161

Supplementary material 2

Tables S1
Authors: Nelson Colihueque, Alberto Gantz, Margarita Parraguez
Data type: molecular data
Explanation note: Table S1. List of Chilean birds sequenced in this study for the COI 

marker, with voucher numbers, collection localities, and with BOLD and GenBank 
accession numbers. For all specimens, tissue samples from muscle were taken.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1016.51866.suppl2
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Tables S2
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Data type: molecular data
Explanation note: Table S2. List of Chilean bird COI sequences obtained from BOLD 

and GenBank databases, with voucher numbers and collection localities.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1016.51866.suppl3




