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Abstract

The rhabdocoel family Trigonostomidae has been the subject of recent phylogenetic re-
visions. However, due to the limited number of sequenced taxa, questions regarding
intrafamilial and intrageneric relationships remain unresolved. To address these gaps, we
collected trigonostomids from the North Sea, the Mediterranean, and the Atlantic Ocean,
and examined them using an integrative approach. Nineteen specimens, representing
ten species, were sequenced for phylogenetic analyses. Eight species were sequenced for
the first time, including the first molecular data for Lutheriella. All genera were recovered
as monophyletic; however, Ceratopera falcata (type species of Messoplana) and a new closely
related species were found to cluster with species of Beklemischeviella, while the remaining
species of Ceratopera formed a distinct clade. Based on these findings, we propose the
resurrection of Messoplana, which had previously been synonymised with Ceratopera. No-
tably, genetic divergence and differences in the bursal mouthpiece between specimens of
M. falcata suggest the possible presence of cryptic diversity or geographical isolation within
this taxon. The inclusion of Trigonostomum breitfussi provided molecular support for its
morphologically defined group. Furthermore, L. diplostyla was found to be closely related
to species of Ptychopera. In addition to phylogenetic analyses, we describe four new species:
Ceratopera bransoni sp. nov., Messoplana judithae sp. nov., Parapharyngiella scotti sp. nov.,
and Ptychopera woodyi sp. nov. The discussion of the new species of Parapharyngiella and
Ptychopera motivated the reclassification of Pt. scutulifera as Pa. scutulifera comb. nov. We
record for the first time eight species from Florida, seven from the Indian River Lagoon, and
two from the Florida Keys National Marine Sanctuary, in the USA. This study refines the
phylogenetic framework and internal classification of Trigonostomidae by providing new
molecular evidence for previously unsampled taxa and by re-evaluating generic boundaries
within the family.

Keywords: copulatory organs; Dalytyphloplanida; diversity; integrative taxonomy; meiofauna;
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1. Introduction
The family Trigonostomidae Graff, 1905 is a species-rich group of rhabdocoel micro-

turbellarians, including 12 genera and 100 species. Most of this diversity is classified within
the genera Proxenetes Jensen, 1878 (27 species), Ceratopera Den Hartog, 1964 (26 species),
Trigonostomum Schmidt, 1852 (22 species), and Ptychopera Den Hartog, 1964 (13 species) [1].
The family has a cosmopolitan distribution, with members inhabiting both marine and
brackish environments. However, several genera are restricted to temperate to cold waters
of the northern hemisphere (including the Mediterranean and the Black Sea), such as
Beklemischeviella Luther, 1943, Brederveldia van der Velde & van de Winkel, 1975, Lutheriella
Den Hartog, 1966, Petaliella Ehlers, 1974, and Proxenetes [2–7]. This family also includes
some taxa with apparent worldwide distributions, which possibly constitute complexes of
cryptic species, i.e., Ceratopera axi (Riedl, 1954) Den Hartog, 1964 [8,9], and Trigonostomum
armatum (Jensen, 1878) Graff, 1905 [10,11].

The family Trigonostomidae was previously split into the subfamilies Trigonostominae
Graff, 1905 and Mariplanellinae Ax & Heller, 1970. However, its classification has changed
after several recent revisions. Perhaps the most substantial systematic change was the
reclassification of Mariplanellinae as an early branching taxon within Rhabdocoela, now
Mariplanellida Ax & Heller, 1970 [12]. As such, all current representatives of Trigonostomi-
dae were previously classified within the suppressed subfamily Trigonostominae. Another
major taxonomic update was the synonymisation of Messoplana Den Hartog, 1966 with
Ceratopera Den Hartog, 1964 [9]. Two other recent contributions explored the internal
phylogenetic relationships of the speciose genus Trigonostomum [11,13], supporting the
monophyly of three morphologically distinct clades, with a fourth group pending confir-
mation. Recently developed scanning electron microscopy (SEM) techniques have also
contributed to understanding the morphology of sclerotised structures and their taxonomic
implications in Trigonostomum [14]. These recent systematics revisions highlight the need
for additional molecular sampling to test generic boundaries and evaluate the evolutionary
significance of diagnostic morphological traits.

In this study, we specifically test whether Messoplana falcata (Ax, 1953) Den Hartog, 1966 is
phylogenetically nested within Ceratopera, evaluate the placement of Lutheriella, and assess the
monophyly of previously recognised morphological groups within Trigonostomidae.

2. Materials and Methods
2.1. Sampling and Morphological Study

The specimens studied herein were collected in the Canary Islands, Spain (2011),
Greece (2002), Portugal (2012), Cuba (2020–2021), Sardinia Island, Italy (2015 & 2024), the
German island Sylt (2015 & 2024), and Florida, United States of America (2025–2026). They
were extracted from sediment, hydrozoan colonies, and algae using the MgCl2 method [15]
and studied alive. Morphological voucher specimens were whole mounted with lactophe-
nol on microscope slides. The specimens used for molecular phylogenetic analyses were
preserved in ethanol (99%) and stored at −20 ◦C. One specimen of Trigonostomum breitfussi
(Graff, 1905) Meixner, 1924 collected in Sylt was cut in half; the posterior part containing
the sclerotised structures was whole mounted (ZMH V13882), and the anterior part was
used for molecular analyses. Drawings of sclerotised structures were made with a camera
lucida on an Olympus BH-2 microscope (Olympus Optical Co., Ltd., Tokyo, Japan), using
Nomarski interference contrast. Measurements were taken along the central axis of the
measured structure.

Confocal laser microscopy (CLM) was employed to obtain additional morphological
information, following the methodology of Hochberg [16]. The original mounting medium
was replaced with Fluoromont-G TM (Electron Microscopy Sciences, Hatfield, PA, USA).
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Specimens were examined using a Zeiss LSM 800 confocal Laser Microscope (Carl Zeiss
Microscopy GmbH, Jena, Germany). Image stacks were processed using ZEN 2.6 software
(Carl Zeiss Microscopy GmbH, Jena, Germany) to generate orthogonal projections.

2.2. DNA Extraction, PCR Amplification, and Sequencing

Total DNA was extracted using a protocol for low-input tissues [17]. The specimens
were processed with 195 µL of the TNES lysis buffer and 5 µL of proteinase K (Invitro-
gen, Carlsbad, CA, USA) at 55 ◦C for 1 h. Subsequently, 1.5 µL yeast tRNA (Invitrogen,
Carlsbad, CA, USA) as a coprecipitant, 65 µL 5M NaCl, and 290 µL 96% EtOH were
added to the lysates. The samples were then stored at −20 ◦C for 2 h, the lysate was
centrifuged (18,000 rpm), and the supernatant was discarded. Purification was performed
with two 70% EtOH wash steps, and the DNA was resuspended overnight at 4 ◦C in
0.1X TE buffer with 0.02% Tween™ 20 (Thermo Fisher Scientific Inc., Waltham, MA, USA).

PCR reactions were carried out using 0.2 mL PuReTaq Ready-To-Go PCR beads (GE
Healthcare, Little Chalfont, UK). Each reaction included 2.5 µL of each primer (5 µM), 1 µL
of DNA, and 19 µL of purified water for a final volume of 25 µL. PCR reactions were carried
out on a PCR T-100 Touch thermal cycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The primer pairs TimA (5′ AMCTGGTTGATCCTGCCAG 3′) and Poly18SR2 (5′ GCMRGK-
TCACCTACRGAAACCTTGTT 3′) [18], and LSU5 (5′ TAGGTCGACCCGCTGAAYTTA 3′)
and LSU6-3B (5′ GAGAAGGGTTCCATGTGAACAGC 3′), were used to partially amplify
subunits 18S and 28S rDNA, consecutively [19]. Both genes were amplified with the fol-
lowing PCR conditions: 95 ◦C for 3 min, 9 × (94 ◦C for 30 s, 60 ◦C for 30 s (−0.5 ◦C/cycle),
72 ◦C for 90 s), 30 × (94 ◦C for 30 s, 55 ◦C for 30 s, 72 ◦C for 90 s), 72 ◦C for 5 min. PCR
products were verified on a 1.4% agarose gel, stained with GelRed® (Biotium, Inc., Fremont,
CA, USA). PCR products were commercially purified and sequenced by Macrogen Europe
B.V. (Amsterdam, The Netherlands) or Psomagen (Rockville, MD, USA) under BigDye™
terminator cycling conditions on an ABI3730XL DNA sequencer.

2.3. Molecular Phylogenetic Analysis

An overview of all used sequences, including the newly obtained ones, and corre-
sponding accession numbers is presented in Table 1. Raw reads were quality-trimmed (error
probability = 0.05) and assembled in Geneious Prime v2025.0 [20]. Consensus sequences
were subjected to a BLAST v. 2.17.0 search [21] on the NCBI website (ncbi.nlm.nih.gov) to
check for signs of contamination. Available trigonostomid sequences were mined from Gen-
Bank [22], and a separate dataset was compiled for both 18S (68 sequences) and 28S rDNA
(56 sequences). Five species of Adenorhynchidae, the sister taxon of Trigonostomidae [11],
were included as outgroups: Cilionema hawaiiensis Karling, Mack-Fira & Dörjes, 1972, Coron-
helmis lutheri Ax, 1951, C. multispinosus Luther, 1948, Litucivis serpens Ax & Heller, 1970, and
Tvaerminnea karlingi Luther, 1943.

Table 1. Sequences used for phylogenetic analyses. Specimens in bold were sequenced for this study.

Taxon 18S 28S

Trigonostomidae

Beklemischeviella angustior KC529412 KC529538

Beklemischeviella contorta KC529413 KC529539

Ceratopera axi MF321746 MF321756

Ceratopera complicata MF321747 MF321757

Ceratopera gracilis KC529422 KC529549

https://doi.org/10.3390/d18070435
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Table 1. Cont.

Taxon 18S 28S

Ceratopera pacifica MF321748 MF321758

Ceratopera paragracilis OR607991 -

Ceratopera pilifera MF321749 MF321759

Ceratopera sp. KC529421 KC529548

Lutheriella diplostyla F220 PZ661882 PZ661864

Lutheriella diplostyla F221 PZ661883 PZ661865

Messoplana falcata DNA73LAN PZ661884 PZ661866

Messoplana falcata F228 PZ661885 PZ661867

Messoplana falcata F230 PZ661886 PZ661868

Messoplana judithae sp. nov. DS04 PZ661887 PZ661869

Parapharyngiella caribbaea A OR607999 -

Parapharyngiella caribbaea B OR608000 -

Parapharyngiella caribbaea C OR608001 -

Parapharyngiella mackfirae DS03 PZ661888 -

Parapharyngiella sp. Curaçao Para205CU OR490856 OR490872

Parapharyngiella sp. Curaçao Para259CU OR490857 OR490873

Parapharyngiella sp. Curaçao isolate 54A7 MF321750 -

Parapharyngiella sp. Qatar KC529405 KC529531

Proxenetes bilioi KC529407 KC529533

Proxenetes deltoides F238 PZ661889 PZ661870

Proxenetes deltoides F239 PZ661890 PZ661871

Proxenetes fasciger KC529408 KC529534

Proxenetes fasciger F236 PZ661891 PZ661872

Proxenetes flabellifer AY775764 -

Proxenetes intermedius F234 PZ661892 PZ661873

Proxenetes intermedius F235 PZ661893 PZ661874

Proxenetes karlingi KC529409 KC529535

Proxenetes puccinellicola KC529411 KC529537

Proxenetes puccinellicola F225 PZ661894 PZ661875

Proxenetes puccinellicola F226 PZ661895 PZ661876

Proxenetes puccinellicola F226 PZ661896 PZ661877

Proxenetes quadrispinosus AY775766 -

Proxenetes quinquespinosus KC529406 KC529532

Proxenetes simplex KC529410 KC529536

Proxenetes trigonus AY775768 -

Ptychopera japonica MF321751 MF321760

Ptychopera plebeia AY775769 -

Ptychopera unicornis MF321752 MF321761

Ptychopera westbladi Belgium AY775770 KC529546
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Table 1. Cont.

Taxon 18S 28S

Ptychopera westbladi Sylt F231 PZ661897 PZ661878

Ptychopera westbladi Sylt F232 PZ661898 PZ661879

Ptychopera westbladi Sylt F233 PZ661899 PZ661880

Ptychopera sp. KC529420 KC529547

Trigonostomum armatum Cuba OR608004 OR616258

Trigonostomum armatum Sweden KC529419 KC529545

Trigonostomum breitfussi F237 PZ661900 PZ661880

Trigonostomum denhartogi AY775773 -

Trigonostomum franki KC529416 KC529542

Trigonostomum penicillatum KC529414 KC529540

Trigonostomum setigerum KC529418 KC529544

Trigonostomum tillicum MF321753 MF321762

Trigonostomum tori MF321754 MF321763

Trigonostomum vanmechelleni China isolated 3 MN316548 MN316544

Trigonostomum vanmechelleni China isolated 4 MN316549 MN316545

Trigonostomum vanmechelleni Cuba OR608005 OR616259

Trigonostomum vanmechelleni Japan OR490860 -

Trigonostomum venenosum KC529417 KC529543

Trigonostomum watsoni KC529415 KC529541

Adenorhynchidae (outgroup)

Cilionema hawaiiensis KC529428 KC529556

Coronhelmis lutheri KC529426 KC529554

Coronhelmis multispinosus KC529427 KC529555

Litucivis serpens AY775758 KC529552

Tvaerminnea karlingi MF321755 MF321764

Both datasets were aligned using MAFFT v7, as implemented in Geneious [23]. The re-
sulting alignments were concatenated in Geneious. An initial partitioning scheme defining
gene boundaries was manually constructed. The concatenated alignment and partition files
were used as input for the ModelFinder tool [24] on the IQ-TREE webserver [25]. Model fit
was evaluated using the Akaike Selection Criterion, and partition merging was enabled [26].
The latter feature determines the best-fit partitioning scheme for a particular dataset, while
also calculating the best-fitting evolutionary models for each selected subset.

Maximum likelihood (ML) analyses were conducted using the ‘Tree Inference’ tool
on the IQ-TREE server [27], using edge-linked partitions. Branch support was assessed by
ultrafast bootstrapping (UFboot) [28] and the nonparametric approximate likelihood-ratio
test (SH-aLRT) [29], both with 1000 replicates. Bayesian inference (BI) was carried out
using the Metropolis-coupled Markov Chain Monte Carlo (MC3) algorithm, implemented
in MrBayes v3.2.6 [30] and available as a plugin in Geneious. Best-fitting partitions and
substitution models were specified where possible; otherwise, the second most complex
model implemented in MrBayes was chosen. Two independent runs were conducted
simultaneously for 10,000,000 generations, each including one cold and three heated chains.
Trees were sampled every 1000th generation, the first 25% being discarded as burn-in.
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Chain convergence was confirmed by the average standard deviation of split frequencies
dropping below 0.01, the potential scale reduction factor approaching 1.0, and the log
probability reaching a stationary distribution. The obtained topologies were summarised
in a majority-rule consensus tree. Inferred posterior probabilities (pp) were employed as
support values. ML and BI trees were visualised and rooted in FigTree v1.4.4 [31]. Weakly
supported clades (pp < 0.95, SH-aLRT < 80, and UFboot < 95) were collapsed.

3. Results
3.1. Molecular Phylogenetic Relationships

The analysed datasets had an extension of 1854 bp and 1692 bp for 18S and 28S rDNA
partial genes, respectively (concatenated dataset of 3546 bp). Missing data represented
4.3% of the concatenated dataset. Bayesian and ML topologies were congruent. The family
Trigonostomidae (pp = 1; SH-aLRT = 99.8; UFboot = 100) encompasses two major groups,
one containing species of Parapharyngiella Willems, Artois, Vermin, Backeljau & Schockaert,
2005 (pp = 1; SH-aLRT = 100; UFboot = 100), and the other the remaining taxa (pp = 1;
SH-aLRT = 99.8; UFboot = 100) (Figure 1). The internal relationships within the sampled
species of Parapharyngiella are not fully resolved as P. caribbaea, P. mackfirae, and an unde-
scribed species from Curaçao form a polytomy (pp = 1; SH-aLRT = 100; UFboot = 100).
The other group, containing most trigonostomids, splits into two subgroups: Ptychopera
spp. + Lutheriella diplostyla Den Hartog, 1966 (pp = 1; SH-aLRT = 100; UFboot = 100) and the
remaining taxa (pp = 0.98; SH-aLRT = 86.1; UFboot = 78). Within the last group, Ceratopera
(pp = 1; SH-aLRT = 100; UFboot = 100) is the sister taxon to the remaining species (pp = 0.98;
SH-aLRT = 80; UFboot = 75).

Figure 1. Molecular phylogenetic relationships of Trigonostomidae based on the majority-rule
consensus tree from the Bayesian analysis of the concatenated 18S + 28S rDNA. Branches with
support values below the thresholds (pp < 0.95, bootstrap < 80, and UFboot < 95) were collapsed.
Branches without symbols have pp = 1, bootstrap = 100, and UFboot = 100. Taxa from which new
sequences were obtained for this study are highlighted in bold.
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Species of Trigonostomum form a highly supported clade (pp = 1; SH-aLRT = 99;
UFboot = 100), which is the sister taxon to a group containing Proxenetes + Beklemis-
cheviella + Messoplana (pp = 1; SH-aLRT = 100; UFboot = 100). The clade conformed by
Trigonostomum penicillatum (Schmidt, 1857) Graff, 1905 + T. breitfussi (pp = 1; SH-aLRT = 100;
UFboot = 100) is the sister group to the other species of Trigonostomum, which form three
other fully supported groups, corresponding to Clades 1, 2, and 3 in Diez et al. [11].
Species of Proxenetes (pp = 1; SH-aLRT = 100; UFboot = 100) are the sister taxon to Bek-
lemischeviella + Messoplana (pp = 1; SH-aLRT = 98.6; UFboot = 100). Within Messoplana,
three specimens of M. falcata form a cluster (pp = 1; SH-aLRT = 92.3; UFboot = 99), in
which two specimens from Sylt, Germany, are more closely related (pp = 1; SH-aLRT = 100;
UFboot = 100) than the specimen from the Canary Islands.

3.2. New Species and Distribution Records

Ceratopera Den Hartog, 1964
Ceratopera axi (Riedl, 1954) Den Hartog, 1964
Figures 2 and 3

 

Figure 2. Ceratopera axi (Riedl, 1954) Den Hartog, 1964, specimens collected in Florida, USA. (A,B) Live
specimens (NMNH 1774224 & 1774225). (C) Details of the atrial systems (NMNH 1774225). (D,E) Male
Sclerotised structures (NMNH 1774224 & 1774225). (F) Bursal appendage (NMNH 1774226). Scale
bars: 100 µm (A,B); 50 µm (C); 20 µm (D–F).
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https://doi.org/10.3390/d18070435


Diversity 2026, 18, 435 8 of 36

 

Figure 3. Ceratopera axi (Riedl, 1954) Den Hartog, 1964, specimen collected in Sardinia, Italy (ZMH
V13883). (A) Habitus of a live specimen. (B) Sclerotised atrial organs in a live specimen. Scale bars:
50 µm (B); 25 µm (C,D).

Known distribution. Species originally described from Sorrento and Sicily, Italy
(type locality) [32]. Atlantic Ocean: Falklands Islands [33], and Departamento de Rocha,
Uruguay [34]. Indian Ocean: La Reunion [35]. Pacific Ocean: Galapagos Islands [36],
California and Oregon, USA [33], British Columbia, Canada [9], and New South Wales,
Australia [8]. Antarctica and subantarctic territories: Weddell Sea [35] and Kerguelen [37].

Material. Italy • Observations in one live and whole mounted specimen; Sardinia,
near Stintino, Punta Negra, sublittoral, 0.5 m deep, silty algae under a pier, salinity 37 ‰;
40.95323, 8.228437; 11 August 2024; ZMH V13883. United States of America • Three speci-
mens studied alive and whole mounted; Florida, Fort Pierce, just south of Jim Island, Indian
River Lagoon (IRL), on algae (Hypnea and red filamentous) and hydrozoans on mangrove
roots, salinity 35 ‰; 27.47345, −80.31249; 1 March 2025; NMNH 1774224–1774226.

New morphological information. The newly collected specimens (Figures 2 and 3)
largely align with descriptions of C. axi [8]. In the specimens from Florida (Figure 2), the
male sclerotised structures include a 92–101-long stylet (x̄ = 95 µm; n = 3) (Figure 2A–E: st)
and a 52–56-µm-long mantle (x̄ = 54 µm; n = 3) (Figure 2C–E: m). The bursal appendage
(Figure 2A,C,F: ba) measures 68–69 µm in length (n = 2) and exhibits a proximal cup-
shaped part connecting to the bursa, and a distal elongated, tubular part, which terminally
splits into two narrower tubes. The specimen from Sardinia (Figure 3) exhibits a 126-µm-
long stylet (Figure 3B,C: st), the mantle (Figure 3B,C: m) is 64 µm long, and the bursal
appendage (Figure 3A–D: ba) is 126 µm long. The bursal appendage in this specimen
is proximally funnel shaped, and the distal tubular part coils (Figure 3B: ba), ending in
a single tube (Figure 3D: tb).

Remarks. This species exhibits a wide range of variability in stylet length depending
on the geographic region, from as short as 70 µm in Australia to as long as 180 µm in the
Falkland Islands (see summary in Willems et al. [8], with additional records in Willems
et al. [37,38] and Van Steenkiste et al. [34]). The bursal appendage similarly varies, ranging
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from 56 µm in some specimens from Uruguay [34] to 118 µm in specimens from British
Columbia, Canada [9]. Here, we record the longest known bursal appendage for this
species in the specimen collected in Sardinia (126 µm long).

Beyond size variation in the male sclerotised structures and bursal appendage across
populations of C. axi, the morphology of the bursal appendage shows a level of variation
that could be taxonomically significant. Ehlers and Ax [36] described C. bifida Ehlers & Ax,
1974—now considered a synonym of C. axi—based on the shape and distal bifurcation of the
bursal appendage. The bursal appendage in Floridian specimens (68–69 µm long) closely re-
sembles those from the Galapagos Islands (67–87 µm), characterised by a bursal appendage
that is proportionally much longer than wide and distally splits into two short tubes. In
contrast, specimens from other regions, such as the type locality in the Mediterranean
(see Riedl [32]: Figure 27), typically have a broader bursal appendage, with a proximally
funnel-shaped portion that tapers distally into a single tube, as is the case in the specimen
recently collected in Sardinia. The latter specimen also exhibits the distal tubular part of the
bursal appendage rolled up, whereas the tube does not coil in the specimens from Florida
or the Galapagos.

Although these observations are consistent with the cryptic species hypothesis, the
evidence currently available is still insufficient to distinguish between cryptic speciation,
geographic structuring, and phenotypic plasticity. However, the morphological variability
in the atrial structures of C. axi suggests the possibility of multiple cryptic species within
what is currently considered a single taxon, a hypothesis broadly supported [8,9,34,37,38].
Nevertheless, as noted by Karling [33] and Artois et al. [35], the apparent variability
in this species may partly stem from difficulties in observing the distal portion of the
bursal appendage, as the bifurcation is not always visible. Additionally, these structures
can be distorted by squeezing or affected by the developmental stage of the copulatory
organs. Consequently, resolving this taxonomic ambiguity requires a more comprehensive
morphological and phylogenetic investigation.

Ceratopera sellai (Steinböck, 1933) Den Hartog, 1964
Figure 4
Known distribution. Until now, this species was only known from its type locality:

Rovinj region, Croatia, Adriatic Sea [39].
Material. United States of America • One specimen studied alive and whole mounted;

Florida, Key West, Key Haven, subtidal, 0.5 m deep, fine-grained sand rich in organic
matter, salinity 40 ‰; 24.586693, −81.742208; 24 March 2025; NMNH 1774227.

New morphological information. The general habitus of the newly collected specimen
could not be thoroughly examined due to damage sustained immediately after mounting.
However, the sclerotised atrial structures remained and were available for study. The stylet
(Figure 4A–C,E: st) measures 96 µm in length. The mantle consists of two plates. Follow-
ing fixation, one of the plates became detached. One mantle plate (Figure 4A–C,E: m2)
measures 66 µm in length, is tubular in shape, bent proximally at approximately 45◦, and
terminates in a rounded distal tip. The second plate (Figure 4A,C–E: m1) is 71 µm long,
flattened, roughly S-shaped, and tapers to a sharp distal point. The bursal appendage
(Figure 4A,B: ba, Figure 4F) is funnel-shaped, with a distal tubular region that bifurcates
into two narrower tubes. The total length of the appendage is 40 µm, with the distal tube
measuring 11 µm in length and 2 µm in width.

Remarks. The fact that the single examined specimen damaged after mounting does
not preclude the identification of C. sellai. All species of Ceratopera show a homogeneous
habitus, and species differentiation relies on the study of the sclerotised structures. For-
tunately, in the newly collected specimen, the sclerotised structures are well preserved
(Figure 4). The morphology of the sclerotised structures in the Floridian specimen is consis-
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tent with the description of C. sellai from the Mediterranean, as reported by Steinböck [39].
In both populations, the mantle is composed of two plates, and the bursal appendage is
relatively short, funnel-shaped, and terminates in a tube. However, Steinböck [39] does not
mention the distal bifurcation of the tube observed in our specimen. This discrepancy could
reflect observational limitations, as previously noted for C. axi, where the morphology of
the tube can be difficult to interpret and is affected by its orientation and compression
during preparation.

 

Figure 4. Ceratopera sellai (Levinsen, 1879) Den Hartog, 1964. (A) Sclerotised structures observed in
the squeezed live specimen. (B) Sclerotised structures in the whole mount; one plate of the mantle is
missing. (C) Proximal part of the stylet and one mantle plate. (D) Second mantle plate. (B–D) From
the whole mount (NMNH 1774227). Scale bars: 40 µm (A); 20 µm (B–D); 50 µm (E,F).

Ceratopera sellai is a poorly known species, previously only reported from its type
locality and original description by Steinböck [39], with additional remarks by Den Har-
tog [40], who reclassified the species within Ceratopera. Steinböck [39] mentioned that
C. sellai was highly similar to C. gracilis (Graff, 1882) Den Hartog, 1964. However, as both
described and illustrated (Steinböck [39]: Figure 2), C. sellai possesses a mantle composed
of two plates—an arrangement that is absent in C. gracilis. In fact, a mantle formed by
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two plates is only known in C. flabellifera (Levinsen, 1879) Den Hartog, 1964, C. reisingeri
(Riedl, 1959) Den Hartog, 1964, and C. bransoni sp. nov. (see further description). These
species, however, are distinguishable from C. sellai based on the morphology of the mantle
plates. In C. flabellifera, the plates are nearly straight; one distally terminates in a rounded
tip, while the other ends in a curved hook [40,41]. In C. reisingeri, the plates are arched,
measuring 82 µm and 68 µm respectively (based on Riedl’s drawing), they are not tubular,
and both end in obliquely cut (in lateral view), rounded tips [42].

Unfortunately, no measurements are available for the sclerotised structures of C. flabellifera
or the original specimens of C. sellai described by Steinböck [39], limiting direct morpholog-
ical comparisons. Additionally, the bursal appendage of C. reisingeri remains undescribed,
but this structure provides a key differentiation between C. flabellifera (distal tube long and
coils approximately twice) and C. sellai (distal tube short and uncoiled). Ceratopera sellai is
further discussed with C. bransoni sp. nov. in the remarks on the new species.

Ceratopera bransoni Diez sp. nov.
http://zoobank.org/urn:lsid:zoobank.org:act:EC7E7E0C-AB99-4F9E-9994-389B37B0

E0C1
Ocean Census species No. OC-SP-0002618
Figure 5

 

Figure 5. Ceratopera bransoni sp. nov. (A,B) live specimen. (C,D) Micrographs of male copulatory hard
structures (NMNH 1769577 and 1769578, respectively). (E,F) Micrographs of the bursal appendage
(NMNH 1769577 and 1769578, respectively). Scale bars: 100 µm (A); 50 µm (B–D,G); 20 µm (E,F,H).
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Type material. Holotype. United States of America • One whole mount; Florida,
offshore, 6.75 km SE from the mouth of Fort Pierce Inlet, medium-grained and well-sorted
sand, 10.6 m deep, salinity 37 ‰; 27.429300; −80.241083 (Type locality); 11 June 2025;
NMNH 1769577. Paratype. United States of America • One whole mount; same data as for
the holotype; NMNH 1769578.

Additional material. Observations on live specimens.
Diagnosis. Species of Ceratopera with male sclerotised organs, including a stylet

and a two-plated mantle. Tubular stylet ~105 µm long. Mantle S-shaped plate ~86 µm
long, tapering to a distal sharp tip. Mantle tubular plate 70 µm long, distally rounded.
Bursal appendage ~73 µm long, with distal tube 8 µm long and 2 µm wide, splitting into
two narrower tubes.

Etymology. Species named after David Branson, captain of the R/V Sunburst at the
Smithsonian Marine Station at Fort Pierce, who kindly assisted in collecting the new species
and supported the field work.

Description. The specimens (Figure 5A) are 772–846 µm long (x̄ = 809 µm; n = 2),
translucent, and with a pair of eyes (Figure 5A: e). Strong adenal rhabdite tracts
(Figure 5A: ar) open anteriorly. The pharynx (Figure 5A: ph) is located about midbody.

The testes (Figure 5A,B: t) are located posterior to the pharynx. The male and fe-
male genital organs are positioned in the posterior third of the body. The tubular stylet
(Figure 5A–F: st) measures 100–110 µm in length (x̄ = 105 µm; n = 2) and is accompanied
by a two-plated mantle. The mantle encompasses an S-shaped plate (Figure 5B–F: m1),
83–88 µm long (x̄ = 86 µm; n = 2), distally tapering to a sharp tip, which does not sheath
the stylet; and a 70-µm-long tubular plate (n = 2) (Figure 5B–F: m2), which is proximally
bent about 45◦, and distally sheaths the stylet. The two plates of the mantle are connected
proximally by a ring, which surrounds the stylet and connects to its proximal part. Distally,
the tubular plate is closely associated with the stylet; in the holotype, they overlap, and it is
difficult to differentiate their exact boundaries; in the paratype, the distal part of the mantle
coats the stylet, which shows a distally oblique aperture.

The vitellaria run along the body’s sides, posterior to the brain to the level of the atrial
organs. The bursal appendage (Figure 5B,H: ba, Figure 5G) is 58–87 µm in total length
(x̄ = 73 µm; n = 2), displaying a bipartite, sac-shaped, proximal part, and a distal tube. The
distal tube is 8 µm long and 2 µm wide in both specimens, and splits into two narrower
tubes (Figure 5G,H: tb). The bursal stalk (Figure 5B: bs) is short and slightly sclerotised.

Remarks. As previously noted, a two-plated mantle is known in only three other
species of Ceratopera—C. flabellifera, C. reisingeri, and C. sellai—with C. bransoni sp. nov.
representing the fourth described species exhibiting this characteristic. Consequently, our
comparative discussion focuses on its morphologically closest congeners, while acknowl-
edging that the phylogenetic significance of this mantle structure remains uncertain. The
S-shaped mantle plate in C. bransoni sp. nov. is comparable only to that of C. sellai, though
larger (86 µm vs. 68 µm, respectively). In the other two species, the mantle plate, which
does not sheath the stylet, ends in a rounded tip, being arched in C. reisingeri and nearly
straight in C. flabellifera. The second, tubular mantle plate is highly similar in C. bransoni sp.
nov. and C. sellai, both showing a proximal 45◦ bend and measuring 70 µm and 71 µm, re-
spectively. Conversely, in C. flabellifera, this plate ends in a curved hook, and in C. reisingeri,
it is arched and 68 µm long.

The bursal appendage morphology clearly distinguishes C. bransoni sp. nov. from
C. sellai. In the new species, the appendage comprises two distinct chambers: a more
proximal one (connected to the bursa) with longitudinal striations, and a distal one with
zigzag striations. Ceratopera sellai possesses only a single differentiated chamber with
longitudinal striations. The appendage is also considerably larger in C. bransoni sp. nov.
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(~73 µm) than in C. sellai (40 µm). The distal tubular portion is similar in both species,
consisting of a short tube branching into two narrower distal tubes; however, relative to
the total appendage length, this tubular section is proportionally longer in C. sellai (25%)
than in C. bransoni sp. nov. (11%). The long, coiled distal tube found in C. flabellifera is
markedly different from that in C. bransoni sp. nov., while the structure remains undescribed
in C. reisingeri.

Taken together, the morphological differentiation of both male and female sclerotised
structures provides robust support for the recognition of C. bransoni sp. nov. as a distinct species.

Messoplana Den Hartog, 1966 gen. rev.
Messoplana falcata (Ax, 1953) Den Hartog, 1966
Figure 6
Known distribution. Ax [43] described the species based on material collected in

Kiel Bay, Germany (Baltic Sea) and Sicily, Italy (Mediterranean). Black Sea: Turkiye [44].
North Sea: Sylt Island, Germany [4], Grindöy, near Tromsø, Norway [45]. Atlantic Ocean:
White Oak River, North Carolina, United States of America [46]. Pacific Ocean: Santa Cruz,
Archipielago de Colon, Galapagos Islands [36,47].

New material. Germany • Observations on live specimens; two whole mounts; Sylt,
List, intertidal, coarse superficial sand, salinity 30 ‰; 55.02117, 8.439817; 22 June 2024;
ZMH V13884–V13886 • two specimens used for molecular analyses; same data as for the
previous ones • one whole mount; Sylt, sublittoral, fairly close to shore, fine-grained sand;
55.05322, 8.439500; 25 August 2015; HU XXVII.2.04. Greece • one whole mount; Mace-
donia, Thermaikos Gulf, Nea Michaniona, broad beach, fine green algae just beneath the
waterline; 18 July 2002; leg. Willems, Willems & Schockaert; HU II.2.13. Italy • one whole
mount; Sardinia, Cala Sant’Andrea, 2 m deep; 41.013322, 8.248974; 27 September 2014;
HU XXVII.2.05. Portugal • two whole mounts; Faro, lower eulitoral, fine to medium sand
with some detritus but little silt; 19 September 2012; HU XIII.2.34–XIII.2.35 • two whole
mounts; Faro, Ilha de Culatra, side of Rio, mid-eulitoral, relative fine-grained sand with
some silt; 19 September 2012; HU XIII.2.36–XIII.2.37. Spain • Observations on live spec-
imens; two whole mounts; Canary Islands, Lanzarote, Orzola, sheltered bay with sandy
beach, 0.5 m deep, coarse-grained sand, salinity 35 ‰; 29.216661, −13.442223; 6 October
2011; HU XXVII.2.06–XXVII.2.07• three whole mounts; Canary Islands, Lanzarote, Mala,
large sand patch, 20 m deep, medium to coarse-grained, calcareous sand, salinity 35 ‰;
29.083481, −13.449749; 8 October 2011; HU XXVII.2.08–XXVII.2.10• one specimen used for
molecular analyses; Canary Islands, Lanzarote, Mala, small patches among small rocks and
algae, coarse-grained, calcareous sand, 18 m deep, salinity 35 ‰; 29.083481, −13.449749;
8 October 2011 • one whole mount; Canary Islands, Lanzarote, Punta Jameos del Agua,
off shore, 38 m deep, medium-grained, clean sand, salinity 35 ‰; 29.156972, −13.427191;
15 October 2011; HU XXVII.2.11.

New morphological information. The male sclerotised structures in the newly collected
specimens from Sylt are stylet (Figure 6A: st) 85–100 µm long (x̄ = 91 µm; n = 3), mantle
(Figure 6A: ma) 86–94 µm long (x̄ = 91 µm; n = 3), and mantle hook (Figure 6A: h) 41–43 µm
long (x̄ = 42 µm; n = 3). The bursal appendage (Figure 6B) is 20–31 µm long (x̄ = 26 µm;
n = 3). The distal tubes (Figure 6B: dt) are slender, without thickened rims and measure
13–19 µm long (x̄ = 16 µm; n = 3). Measurements in the specimens from the Canary
Islands are stylet (Figure 6C: st) 73–90 µm long (x̄ = 82 µm; n = 5), mantle (Figure 6C: ma)
74–89 µm long (x̄ = 81 µm; n = 5), and mantle hook (Figure 6C: h) 34–40 µm long (x̄ = 36 µm;
n = 5). The bursal appendage (Figure 6D) is 28–36 µm long (x̄ = 32 µm; n = 4). The distal
tubes (Figure 6D: dt) are slender, distally tapering and without thickened rims, measuring
25–28 µm long (x̄ = 26 µm; n = 4). Those structures in the specimens from Faro measure as
follows: stylet (Figure 6E: st) 90–113 µm long (x̄ = 107 µm; n = 4), mantle (Figure 6E: ma)
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93–106 µm long (x̄ = 100 µm; n = 4), and mantle hook (Figure 6E: h) 40–50 µm long
(x̄ = 47 µm; n = 4). The bursal appendage (Figure 6F) is 32–42 µm long (x̄ = 36 µm; n = 4).
The distal tubes (Figure 6F: dt) are slender, distally tapering and without thickened rims,
measuring 23–30 µm long (x̄ = 26 µm; n = 4).

 

Figure 6. Messoplana falcata Ax, 1953. (A,B) Specimen from Sylt, Germany (XXVII.2.04). (C,D) Spec-
imen from Faro, Portugal (HU XIII.2.34). (E,F) Specimen from the Canary Islands, Spain
(XXVII.2.08). (G,H) Specimen from Sardinia, Italy (XXVII.2.05). (A,C,E,G) Male sclerotised structures.
(B,D,F,H) Bursal appendage. Scale bars: 20 µm (A–F); 25 µm (G,H).
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In the specimen from Greece, only the male hard structures are observable: the stylet
is 119 µm long, the mantle 109 µm long, and the mantle hook 50 µm long. In the single
specimen studied from Italy, the stylet is 74 µm long, the mantle 77 µm long, the mantle
hook 44 µm long, the bursal appendage 25 µm long, and the distal tubes 19 µm long.
A summary of the measurements of the hard structures in all species of Messoplana is
provided in Table 2.

Table 2. Measurements of the hard structures in species of Messoplana. Abbreviations: L, length.

Species Distribution L Stylet
(µm)

L Mantle
(µm)

L Mantle
Hook (µm)

L Hook/L
Mantle (%)

L Bursal
Appendage (µm)

L Bursal
Tubes (µm)

M. falcata Sylt, Germany 91 91 42 46 26 16

Faro, Portugal 107 100 47 47 36 26

Sardinia, Italy 74 77 44 57 25 19

Macedonia,
Greece 119 109 50 46 - -

Canary Islands 82 81 36 44 32 26

M. falcata valida Galapagos
Islands 80–90 80–90 - 50 - -

M. roscoffensis Roscoff, France 37 43 28 65 39 19

M. judithae sp. nov. Florida, USA 75 84 40 48 18 9

Remarks. All species of Messoplana, including the type species of the genus M. falcata, were
transferred to the genus Ceratopera by Van Steenkiste and Leander [9], who synonymised the
two genera based on the phylogenetic position of M. pacifica Karling, 1986 (now C. pacifica).
However, our phylogenetic analysis recovered M. falcata and a related new species as the sis-
ter taxa to Beklemischeviella, while species of Ceratopera, including the type species C. gracilis,
formed a distinct clade. As discussed by Van Steenkiste and Leander [9], distinguishing
between species of Messoplana and Ceratopera is challenging due to the apparent convergent
evolution of the male sclerotised structures and the bursal appendage. Consequently, some
species assigned to Messoplana exhibit morphological traits typical of Ceratopera, and vice
versa—for instance, regarding the position of the pharynx.

Den Hartog [48] distinguished species of Messoplana by the presence of a pharynx
located in the mid to posterior part of the body, a bursal appendage formed by a cutic-
ular ring, and both the stylet and the mantle (‘additional duct’) proximally connected.
In contrast, species of Ceratopera are characterised by an anteriorly positioned pharynx,
a bursal appendage lacking a cuticular ring, and a mantle closely associated with and
coating the stylet [40]. However, there are numerous exceptions to these morphological
definitions. For example, several species previously assigned to Messoplana lack a ring in the
bursal appendage, such as C. armonica (Ehlers & Sopott-Ehlers, 1989) Van Steenkiste & Le-
ander, 2018, C. floralis (Ehlers, 1974) Van Steenkiste & Leander, 2018, C. globulifera (Ar-
tois, Vermin & Schockaert, 2000) Van Steenkiste & Leander, 2018, C. helgolandica (Ax,
1971) Van Steenkiste & Leander, 2018, C. minuta (Artois, Vermin & Schockaert, 2000)
Van Steenkiste & Leander, 2018, C. pacifica (Karling, 1986) Van Steenkiste & Leander,
2018, C. rugata (Ehlers, 1974) Van Steenkiste & Leander, 2018, and C. spiralis (Artoi, Ver-
min & Schockaert, 2000) Van Steenkiste & Leander, 2018. Additionally, the close association
between the mantle and stylet is not evident in C. axi, C. ehlersi Karling, 1986, C. pilifera
Karling, 1986, and C. steinboecki (Riedl, 1959) Den Hartog, 1964. In these species, the mantle
appears to coat, or be associated with, the stylet only at its distal end.
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In the light of our phylogenetic analysis, it is clear, however, that Ceratopera and
Messoplana form two distinct monophyletic lineages. Therefore, we propose to reinstate
the validity of the genus Messoplana and undertake a comprehensive reexamination of
the morphology of all species currently assigned to Ceratopera, with the aim of clarifying
the morphological characters that differentiate the two genera. The recognition of both
genera is based primarily on the phylogenetic positions of their respective type species,
while newly identified morphological diagnostic characteristics allowed the classification
of species that have not been included in molecular analyses.

Messoplana falcata shares a nearly identical construction of the male sclerotised struc-
tures with Ceratopera roscoffensis. In both species, the stylet and mantle are proximally
connected but not distally associated (the mantle does not coat the stylet). The mantle in
both cases shows a proximally flattened region with thickened lateral rims and a distally
claw-shaped portion. Additionally, both species possess a ring on the bursal appendage
and a lateral spine, the latter being recorded for the first time in M. falcata in this study
(Figure 6F: sp). Despite these similarities, C. roscoffensis can be readily distinguished from
M. falcata by its distinctly elongated bursal appendage. An additional character that has
not previously been considered in the differentiation between Messoplana and Ceratopera is
the position of the testes relative to the pharynx. Notably, M. falcata and C. roscoffensis are
the only species within these genera in which the testes lie anterior to the pharynx. The
two species also share a similar position of the pharynx, located in the posterior third of
the body. In contrast, all other species currently assigned to Ceratopera exhibit a pharynx
positioned either in the anterior region or in the proximal portion of the posterior body
region, never extending into the posterior third, and the testes lie posterior to the pharynx.
This set of characteristics observed in M. falcata and C. roscoffensis is also corroborated in
M. judithae sp. nov., a new species of Messoplana further described in this manuscript.

The present findings suggest that a specific combination of characters, such as the
position of the testes anterior to the pharynx, the location of the pharynx in the posterior
third of the body, the mantle not sheathing the stylet, and the presence of a ring and
lateral spine on the bursal appendage, serves as a reliable diagnostic suite for Messoplana.
Based on this evidence, we formally reinstate the genus Messoplana to include M. falcata,
M. roscoffensis, and M. judithae sp. nov. Given the current morphological and molecular
data, we propose retaining the remaining species within Ceratopera, at least provisionally,
pending further integrative studies. This conservative approach is warranted, as some
species exhibit a mix of traits associated with both genera. For instance, C. globulata,
C. minuta, and C. spiralis—originally described as species of Messoplana—possess male hard
structures typical of Messoplana, specifically a mantle that does not sheath the stylet [35].
However, these same species have testes located posterior to the pharynx and lack a ring
on the bursal appendage, as characteristic of Ceratopera.

The inconsistencies in the morphological boundaries between Messoplana and Ceratopera
highlight the need for a more integrative taxonomic framework, combining detailed mor-
phological reassessments with expanded phylogenetic analyses. Additionally, the rela-
tionship between Messoplana and Beklemischeviella requires further scrutiny, particularly
given the apparent absence of clear synapomorphies linking the two genera. Species of
Beklemischeviella are the only known trigonostomids lacking a mantle in the male copulatory
organ, a condition interpreted by Van Steenkiste and Leander [9] as a secondary reduction.
Nonetheless, such species of Messoplana, Beklemischeviella also possess testes located ante-
rior to the pharynx. Moreover, species of Beklemischeviella exhibit a poorly differentiated
and weakly sclerotised bursal appendage, a trait shared with members of Ptychopera and
Lutheriella. However, phylogenetic evidence places Ptychopera and Lutheriella in a more
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basal clade within the family, whereas Messoplana and Beklemischeviella form a sister group
to Proxenetes (Figure 1).

As shown in Table 2, the length of hard structures in M. falcata varies notably among
different populations. Direct comparisons with measurements reported for other popula-
tions, however, are complicated by differences in measurement approaches adopted by
various authors. For example, Ax [43] reported the total length of the male copulatory
organ as 80–95 µm and the bursal appendage as 24 µm. Likewise, Ehlers and Ax [36]
described specimens of M. falcata valida from the Galapagos Islands with a male organ
measuring 80–90 µm and a bursal appendage 17–21 µm long. In contrast, in the material
examined here, stylet length ranges from 74 µm in the specimen from Italy to 119 µm in
specimens from Greece. The mantle hook also displays substantial variation, accounting
for approximately 50% of the total mantle length in the Greek specimens, compared with
36% in those from the Canary Islands. The total length of the bursal appendage also varies
among populations, reaching its maximum in specimens from Faro and the Canary Islands
(36 µm) and its minimum in those from the Sardinia (25 µm).

As previously described, a further point of interest is the potential presence of cryptic
species or geographically isolated lineages within M. falcata, given its wide distribution
across the North Sea, the eastern Atlantic, the Mediterranean, and the Black Sea, as well
as the documented genetic divergence between populations from the North Sea and the
Canary Islands. In addition, the taxonomic status of M. falcata valida from the Galapagos
Islands must be reassessed once new material becomes available. Unfortunately, the original
description of this subspecies was based solely on photographs, and no additional material
is currently accessible. Nevertheless, considering the morphological variability observed
among M. falcata populations from different localities, and the description of a new closely
related species from Florida (see below), we suspect that the Pacific population may in fact
represent a distinct species.

Emended diagnosis of Messoplana (after Den Hartog [48]). Trigonostomids with paired
testes in front of the pharynx. Pharynx located in the posterior body third. Male sclerotised
structures including a stylet and a mantle, both proximally connected. Mantle never
sheathes the stylet. Bursal appendage with a basal ring and lateral spine.

Included species. Messoplana falcata (Ax, 1953) Den Hartog, 1966 (type species),
M. roscoffensis Ehlers, 1980, and M. judithae sp. nov.

Emended diagnosis of Ceratopera (after Den Hartog [40] and Van Steenkiste & Lean-
der [9]). Trigonostomids with paired testes posterior to the pharynx. Pharynx located
within the anterior body two-thirds. Male sclerotised structures including a stylet and a
mantle. Mantle differentiated into one or several pieces, proximally connected to and mostly
sheathing the stylet. Bursal appendage consisting of a funnel-shaped tube, two slender
tubes or a combination of both, never surrounded by a ring.

Included species. Ceratopera gracilis (Graff, 1882) Den Hartog, 1964 (type species),
C. aremorica (Ehlers & Sopott-Ehlers, 1989) Van Steenkiste & Leander, 2018, C. axi (Riedl,
1954) Den Hartog, 1964, C. bermudensis Karling, 1986, C. bransoni sp. nov., C. canariensis
(Ehlers & Ehlers, 1980) Van Steenkiste & Leander, 2018, C. cascadiensis Van Steenkiste & Le-
ander, 2018, C. complicata Van Steenkiste & Leander, 2018, C. ehlersi Karling, 1986, C. elegans
(Luther, 1948) Van Steenkiste & Leander, 2018, C. flabellifera (Levinsen, 1879) Den Hartog,
1964, C. floralis (Ehlers, 1974) Van Steenkiste & Leander, 2018, C. geminata (Hartog, 1966)
Van Steenkiste & Leander, 2018, C. globulifera (Artois, Vermin & Schockaert, 2000) Van
Steenkiste & Leander, 2018, C. gracilis (Graff, 1882) Den Hartog, 1964, C. helgolandica (Ax,
1971) Van Steenkiste & Leander, 2018, C. minuta (Artois, Vermin & Schockaert, 2000) Van
Steenkiste & Leander, 2018, C. pacifica (Karling, 1986) Van Steenkiste & Leander, 2018,
C. paradoxa (Pereyaslawzewa, 1892) Den Hartog, 1964, C. paragracilis Ehlers & Ax, 1974,
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C. pilifera Karling, 1986, C. reisingeri (Riedl, 1959) Den Hartog, 1964, C. rugata (Ehlers, 1974)
Van Steenkiste & Leander, 2018, C. sellai (Steinböck, 1933) Den Hartog, 1964, C. spiralis
(Artois, Vermin & Schockaert, 2000) Van Steenkiste & Leander, 2018, and C. steinboecki
(Riedl, 1959) Den Hartog, 1964.

Messoplana judithae Diez sp. nov.
http://zoobank.org/urn:lsid:zoobank.org:act:F3A65D90-CCD8-4B02-960E-3525D033

953F
Ocean Census species No. OC-SP-0002619
Figures 7 and 8

 

Figure 7. Messoplana judithae sp. nov. (A,B) Live specimen. (C,E,F) Male sclerotised structures. (D,G) Bursal
appendage. (C–G) From the holotype (NMNH 1774228). Scale bars: 200 µm (A); 50 µm (B,F,G);
20 µm (C–E).
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Figure 8. Messoplana judithae sp. nov. (A,C) Male sclerotised structures (NMNH 1774234 and 1774252).
(B,D) Bursal appendage (NMNH 1774234 and 1774232). (E) F-actin-stained specimen studied by
confocal laser microscopy. Scale bar: 25 µm (A–D); 20 µm (E).

Type material. Holotype. United States of America • One whole mount; Florida,
Jupiter, Dubois Park, IRL, subtidal, 0.3 m deep, medium-grained sand with organic matter,
salinity 38 ‰; 26.943401, −80.074212 (Type locality); 15 April 2025; NMNH 1774228.
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Paratypes. United States of America • One whole mounts; Florida, Jupiter, Dubois Park,
IRL, intertidal, upper layer, medium-grained sand, with organic matter, salinity 28 ‰, and
shallow subtidal, 0.3 m deep, medium-coarse sand with organic matter, salinity 38 ‰;
26.94158, −80.07341; 1 February 2025; NMNH 1774229–1774230 • One whole mount; same
data as for the holotype; NMNH 1774231.

Other material. United States of America • Observations on live specimens; three whole
mounts; Florida, Fort Pierce, little beach near South Causeway Beach, IRL, intertidally,
coarse-shelly sand, upper 5–10 cm, salinity 35 ‰; 27.45854, −80.31697; 21 January 2025;
NMNH 1774232–1774234 • One whole mount; Florida, Fort Pierce, South Causeway Beach,
IRL, subtidally, 0.3 m deep at low tide, fine-grained, silty sand, salinity 35 ‰; 27.458528,
−80.316972; 21 January 2025; NMNH 1774235 • Two whole mounts; Florida, Fort Pierce,
South Causeway Beach, IRL, subtidally, 0.5 m deep, on filamentous red algae, salinity
35 ‰; 27.458528, −80.316972; 27 January 2025; NMNH 1774236–1774237 • One spec-
imen used for molecular analyses; Florida, Fort Pierce, South Causeway Beach, IRL,
subtidally, 0.5 m deep, on filamentous red algae, salinity 35 ‰; 27.458528, −80.316972;
5 April 2025 • Two whole mounts; Florida, Fort Pierce, just south of Jim Island, IRL, in-
tertidal, fine-grained sand, upper layer, salinity 35 ‰; 27.47345, −80.31249; 02 Feb 2025;
NMNH 1774238–1774239 • One whole mount; Florida, Fort Pierce, just south of Jim Island,
IRL, intertidal, fine-grained sand with organic matter, upper layer, salinity 35 ‰; 27.47345,
−80.31249; 4 March 2025; NMNH 1774240 • Two whole mounts; Florida, Fort Pierce, just
south of Jim Island, IRL, intertidal, medium-grained, silty sand, upper layer, salinity 35 ‰;
27.47345, −80.31249; 20 November 2025; NMNH 1774241–1774242 • Two whole mounts;
Florida, Fort Pierce, near the Smithsonian Marine Station dock, IRL, intertidal, upper
5 cm of coarse-grained, clean sand, salinity 37 ‰; 27.45638, −80.30979; 13 March 2025;
NMNH 1774243–1774244 • One whole mount; Florida, Florida Keys, Key West, Stock
Island, subtidal, 0.6 m deep, medium-grained sand, salinity 40 ‰; 24.576852, −81.723871;
24 March 2025; NMNH 1774245 • Five whole mounts; Florida, Wabasso, Wabasso Is-
land, IRL, subtidal, 0.5 m deep, medium-grained sand with organic matter, salinity 36 ‰;
27.756715, −80.422162; 12 April and 8 July 2025; NMNH 1774246–1774250; voucher
1774249 containing three specimens • One whole mount; Florida, Port Salerno, Sand-
sprit Park, IRL, subtidal, 0.5 m deep, fine-grained sand with organic matter, salinity 37 ‰;
27.162735, −80.193504; 16 April 2025; NMNH 1774251 • One whole mount; Florida, Palm
Beach, Peanut Island, subtidal, 1 m deep, fine-grained sand with Syringodium filiforme
Kützing, salinity 38 ‰; 26.77673, −80.04436; 4 June 2025; NMNH 1774252 • One CLM
mount; Florida, Fort Pierce, Old Ford Park, IRL, sublittoral, 0.5 m deep, fine-grained, silty
sand, salinity 35 ‰; 27.437535, −80.319533; 11 December 2025 • One whole mount; Florida,
Tampa, Tampa Bay, sublittoral, 0.5 m deep, fine-grained sand with some organic matter,
salinity 32 ‰; 27.5837, −82.6158; 21 January 2026; NMNH 1774253.

Diagnosis. Species of Messoplana with a ~75-µm-long stylet and mantle ~84 µm long.
Bursal appendage ~18 µm long, with very short tubes (~9 µm), distally forming nozzles.

Etymology. Species named after Dr. Judith Winston, prominent researcher on bryozoan
taxonomy and systematics, and Research Associate at the Smithsonian Marine Station at
Fort Pierce.

Description. The general habitus of the new species (Figure 6A,B) is as that of M. falcata.
The testes (Figure 7A,B: t) are located anterior to the pharynx, and the seminal ducts run

posteriorly to open in a pair of seminal vesicles. The seminal vesicles (Figures 7A,B and 8E: sv)
are lined by circular muscles. Both seminal vesicles join distally in a common seminal duct
that enters the male bulb proximally. The male bulb (Figure 8: mb) is lined by circular
muscles. Proximally, it contains the prostate vesicle (Figure 7A,B: pv) and distally the
sclerotised structures (stylet and mantle). Strong longitudinal muscles (Figure 8: ms) anchor
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the male sclerotised structures to the distal part of the bulb. The male atrium (Figure 8: ma)
is internally lined by circular muscles and externally by more developed longitudinal ones.
The stylet (Figures 7A–C,E and 8A,C: st) measures 69–86 µm in length (x̄ = 75 µm; n = 15),
accompanied by a mantle 75–90 µm long (x̄ = 84 µm; n = 15) (Figures 7B,C,E and 8A,C: m).
The distal hook of the mantle measures 32–46 µm long (x̄ = 40 µm; n = 20), which represents
about 48% of the mantle’s length.

The ovaries are located posterior to the pharynx. The vitellaria extend between the
brain and the ovaries. The bursa (Figures 7A,B and 8E: b) and the bursal stalk (Figure 8E: bs)
are lined by circular muscles. The bursal appendage (Figures 7A,B,D,G and 8B,D: ba) is
14–21 µm long (x̄ = 18 µm; n = 12) and shows a proximal ring with a lateral spine
(Figures 7D,G and 8D: sp). The distal tubes (Figures 7D,G and 8B: dt) show thickened rims
(nozzles) and measure 7–10 µm long (x̄ = 9 µm; n = 11).

Remarks. As previously discussed, M. judithae sp. nov. shows all diagnostic characters
of species of Messoplana and clusters in the phylogenetic analysis with M. falcata. The general
habitus and morphology of the male atrial organs are almost identical in the three species
recognised within the genus (Table 2). The male sclerotised structures of M. judithae sp.
nov. are similar in size to those in the populations of M. falcata from the Canary Islands
and Sardinia but smaller than in the specimens from Sylt, Faro and Macedonia. The male
sclerotised structures are only considerable smaller in M. roscoffensis.

The bursal appendage, however, exhibits sufficient variability to allow species differen-
tiation. The bursal appendage of M. judithae sp. nov. (~18 µm long) is the smallest between
species of Messoplana (26–36 µm in M. falcata and 39 µm in M. roscoffensis). The distal tubes
of the bursal appendage are very small in M. judithae sp. nov. (9 µm) compared to those in
M. falcata (16–26 µm) and M. roscoffensis (19 µm). Furthermore, the distal rim of the tubes of
the bursal appendage are thickened in M. judithae sp. nov., forming a nozzle-like structure,
which is not present in the other known species of Messoplana.

Parapharyngiella Willems, Artois, Vermin, Backeljau & Schockaert, 2005
Parapharyngiella caribbaea Diez, Reygel & Artois, 2018
Figures 9 and 10
Known distribution. Until now, the species was only recorded from Eastern Cuba [49].
New material. Cuba • Two specimens studied alive and whole mounted; Santiago

de Cuba, Siboney, sublittoral, 0.6 m deep, fine-grained sand with organic matter, salinity
32 ‰; 19.95960, −75.70201; 11 May 2021; HU XXVII.2.12–XXVII.2.13. United States of
America • Observations on live animals, one whole mount; Florida, Fort Pierce, small
beach near South Causeway Beach, IRL, intertidal, coarse-grained sand, upper 5 cm, salinity
35 ‰; 27.45854, −80.31697; 23 January 2025; NMNH 1774254 • Two whole mounts from
the previous locality, intertidal, upper 10 cm of medium-grained sand, salinity 35 ‰;
27.46241, −80.30975; 23 June 2025; NMNH 1769506–1769507 • Two whole mounts from the
previous locality, intertidal, upper 10 cm of coarse-grained sand, salinity 35 ‰; 27.46241,
−80.30975; 26 January 2026; NMNH 1774255–1774256 • One CLM mount from the previous
locality, intertidal, upper 10 cm of coarse-grained sand, salinity 36 ‰; 27.46241, −80.30975;
14 January 2026 • One whole mount; Florida, Wabasso, Wabasso Island, IRL, subtidal, 0.5 m
deep, coarse-shelly sand, salinity 35 ‰; 27.75647, −80.42265; 8 July 2025; NMNH 1769512.

New morphological information. Both the Floridian and the newly collected Cuban
specimens of P. caribbaea are morphologically identical to those originally described from
Cuba (Figure 9A,B).

Both the seminal vesicles (Figures 9A–C and 10A,B: sv) and the male bulb (Figure 10A,B: mb)
are lined by a layer of oblique muscles. The male atrium is lined by an internal circular and
an external longitudinal muscle layer. The sclerotised structures of the male copulatory
organ present the same construction described for the species. The stylet (Figure 9D–F: st) is
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arched, measuring 86–99 µm in length (x̄ = 91 µm; n = 8). The mantle (Figure 9D–F: m) mea-
sures 36–42 µm (x̄ = 38 µm; n = 8), and the comma-shaped protuberance (Figure 9D–F: p)
is 52–58 µm long (x̄ = 56 µm; n = 8).

The bursal appendage (Figures 9C and 10A,B: ba, Figure 9G) measures 42 µm long in
one specimen (NMNH 1769506, Figure 9G) and presents the three parts described for the
species: the proximal muscular mouthpiece (Figure 9G: ba1), a middle tube (Figure 9G: ba2),
and a distal cup-shaped part (Figure 9G: ba3). However, what Diez et al. [49] described as
a cup-shaped part is indeed a distal bifurcation into two tubes. The bursal canal is seen to
be partially sclerotised in live specimens (Figure 9C: bc), while the CLM study revealed
that it is lined by circular muscles (Figure 10B: bc).

 

Figure 9. Parapharyngiella caribbaea Diez, Reygel & Artois, 2018. (A,B) Habitus of live specimens.
(C) Atrial structures in a live specimen. (D) Male sclerotised structures in the holotype (SMNH 8946).
(E,F) Male sclerotised structures in specimens from Florida (NMNH 1769507 and 1769506). (G) Bursal
appendage in a Floridian specimen (NMNH 1769506). Scale bars: 200 µm (A,B); 50 µm (C); 20 µm (D–G).
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Figure 10. (A,B) Parapharyngiella caribbaea Diez, Reygel & Artois, 2018. F-actin-stained specimen
studied by confocal laser microscopy. Scale bars: 20 µm (A); 10 µm (B).

Remarks. The measures of the male structures in the new specimens are similar to
those previously recorded by Diez et al. [49], which are ~97 µm, ~46 µm, and ~61 µm for
the stylet, the mantle, and the protuberance, respectively. The bursal appendage, otherwise,
is shorter in the newly measured specimen (42 µm vs. 52 µm).

Parapharyngiella caribbaea is primarily distinguished from its congeners by the mor-
phology of the protuberance and the bursal appendage. Until now, the comma-shaped
protuberance, as in the newly collected specimens, is unique for P. caribbaea. However,
the bursal appendage of P. caribbaea resulted of the same type of that documented for the
first time in P. mackfirae and P. scotti sp. nov., which will be discussed in the remarks on the
latter species.

Parapharyngiella mackfirae (Karling, 1978) Diez, Reygel & Artois, 2018
Syn. Parapharyngiella sp. in Diez et al. [50]
Figure 11
Known distribution. Mullet Bay and Tucker’s Town Cove, Bermuda [51].
New material. Cuba • One specimen studied alive and whole mounted; Santiago

de Cuba, Guamá, near Hotel Guamá, sublittoral, 0.8 m deep, fine-grained and silty sand,
surrounded by the seagrass Thalassia testudinum K. D. Koenig, salinity 35 ‰; 19.96525,
−76.37184; 21 October 2020; HU XXVII.2.14. United States of America • Observations
on live specimens • One whole mount; Florida, Jupiter, Dubois Park, Loxahatchee River,
intertidal, upper layer of medium-grained sand, with organic matter, salinity 28 ‰; 26.94158,
−80.07341; 1 February 2025; NMNH 1774257 • One whole mount; Florida, Florida
Keys, Long Key, Layton, in front of the Keys Marine Laboratory, subtidal, 0.7 m deep,
coarse sand, rich in organic matter, salinity 40 ‰; 24.826222, −80.814502; 23 March 2025;
NMNH 1774258 • One specimen cut in half, the posterior part whole mounted and
the anterior used for molecular analyses; Florida, Florida Keys, Key Haven, subtidal,
0.6 m deep, medium-grained sand, salinity 40 ‰; 24.576852, −81.723871; 24 March 2025;
NMNH 1774259 • One whole mount; Florida, Wabasso, Wabasso Island, IRL, subti-
dal, 0.5 m deep, coarse-shelly sand, salinity 35 ‰; 27.75647, −80.42265; 8 July 2025;
NMNH 1774260.

New morphological information. The newly collected specimens of P. mackfirae (Figure 11A)
are similar to those from Bermuda. The arched stylet (Figure 11B–E: st) is 115–138 µm long
(x̄ = 126 µm; n = 4). The mantle (Figure 11C–E: m) measures 46–47 µm (x̄ = 47 µm; n = 4),
and the protuberance (Figure 11C–E: p) is 54–64 µm long (x̄ = 58 µm; n = 4). The bursal
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appendage (Figure 11F) measures 47 µm long in one Floridian specimen (NMNH 1774260,
Figure 11F) and shows the same three-part structure (Figure 11F: ba1, ba2, ba3) as that in
P. caribbaea. However, the differentiation of the proximal muscular part is less evident in
this species.

 

Figure 11. Parapharyngiella mackfirae (Karling, 1978) Diez, Reygel & Artois, 2018. (A,B) Live specimens.
(C) Male sclerotised structures in the holotype (SMNH 2964). (D) Male sclerotised structures in the
Cuban specimen (HU XXVII.2.14). (E) Male sclerotised structures in a Floridian specimen (NMNH
1774259). (F) Bursal appendage, specimen from Florida (NMNH 1774260). Scale bars: 200 µm (A);
50 µm (B); 20 µm (C–F).

Remarks. Until now, P. mackfirae was only known from Bermuda, and its descrip-
tion lacked relevant information such as the detailed bursal appendage morphology [51].
Therefore, the study of the new material contributes to completing the morphological
description of this species. The stylet is slightly larger in the new specimens compared to
those from Bermuda (~126 µm vs. ~118 µm); however, the mantle (~47 µm vs. ~46 µm)
and the protuberance (~58 µm vs. ~59 µm) are almost identical. Regarding the bursal

https://doi.org/10.3390/d18070435

https://doi.org/10.3390/d18070435


Diversity 2026, 18, 435 25 of 36

appendage, Karling [51] described a 30 µm long structure, consisting of two parts: a prox-
imal cup-shaped part and a thin distal tube. It is difficult to understand from Karling’s
which of those parts correspond to the ones observed in our specimen, and the original
depiction of that structure (Karling [51]: Figure 33) slightly differs from our observations.
However, we suspect that those differences are due to interpretation bias. As such, the
distal, funnel-shaped part described by Karling [51] corresponds to the proximal, muscular
part in our description (considering the bursa as the most proximal structure), whereas the
tubular part bifurcates distally into two tubes, a characteristic not observed by Karling.

From the previous comparison, it is clear that there is a close relationship between
P. mackfirae and P. caribbaea, the only two species, until now, with a protuberance ending in
a sharp tip and displaying lateral projections [49]. Now, we also know that both species
present an almost identical bursal appendage, which distally bifurcates into two tubes, as is
also the case in P. scotti sp. nov. (see further remarks on that species). The other two known
species of Parapharyngiella, P. involucrum and P. steenkistei, present protuberances lacking
such lateral expansions and ending in rounded tips, and the bursal appendage does not
bifurcate distally [37,52].

Parapharyngiella scutulifera (Ehlers & Ax, 1974) comb. nov.
Syn. Ptychopera scutulifera Ehlers & Ax, 1974
Distribution. Santa Cruz, Archipielago de Colon, Galapagos Islands [6]. Mogadishu,

Somalia [53]. Coffs Harbour, New South Wales, and Amity Point, North Stradbroke Island,
Queensland, Australia [8].

Remarks. Ptychopera scutulifera Ehlers & Ax, 1974 is an aberrant species within the
genus Ptychopera that exhibits morphological traits more characteristic of species belonging
to Parapharyngiella. The pharynx is positioned in the posterior half or even the posterior
third of the body, with the testes located anterior to it [36,53]. The copulatory organ bears
a long, narrow stylet that is proximally bent. At its base, the stylet fuses with a hook-shaped,
curved structure resembling the protuberance typical of species of Parapharyngiella and is
accompanied by a funnel-shaped mantle. The bursa has a sclerotised canal that widens
distally to form a cup-shaped structure [36] and a non-sclerotised, bursal appendage [36,53],
traits also observed in species of Parapharyngiella.

All known species of Ptychopera exhibit the pharynx positioned from midbody toward
the anterior region, with the testes invariably located posterior to the pharynx. The con-
struction of the male copulatory organ in species of Ptychopera is markedly different from
that of Pt. scutulifera. In species of Ptychopera, the copulatory organ is generally cylindrical
to conical, with the mantle strongly integrated with the stylet—making the boundaries
between the two difficult to discern—and may bear several stylets or spiny elements, but
never a protuberance as in Parapharyngiella [49]. The architecture of the afferent portion of
the female system in species of Ptychopera is likewise distinct: the bursa includes a seminal
duct incorporating a seminal receptacle (the bursal appendage) and a broad connection
to the common atrium that does not form a sclerotised tube [9]. Consequently, both the
male and female genital systems of Pt. scutulifera differ from those of all other species
of Ptychopera but are identical to those found in species of Parapharyngiella. We therefore
transfer Pt. scutulifera to the genus Parapharyngiella, as Pa. scutulifera comb. nov.

To date, species of Parapharyngiella have been recorded only from their type localities
and nearby regions. Parapharyngiella scutulifera comb. nov. appears to be an exception,
with a broad distribution across the Galapagos Islands, East Africa, and Australia. Willens
et al. [8] reported two Australian populations with male sclerotised structures differ-
ing substantially in size (54 µm vs. 98 µm; measured axially and including the entire
structure—stylet proper, mantle, and protuberance); however, those specimens were not il-
lustrated. Populations from the Galapagos and Somalia also show size variation in the male
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copulatory organ (38–40 µm vs. 45–47 µm, respectively) [36,53]. Additionally, Schockaert
and Martens [53] described the Somalian population as having a more convex male copula-
tory organ compared to that depicted for the Galapagos population (Ehlers and Ax [36]:
Figure 1D, mst). Although Schockaert and Martens [53] stated that the bursal appendage
was not observed, the structure is clearly distinguishable in their Figure 7 (a funnel-shaped,
striated, bent tube located in the posterior part of the bursa). Furthermore, the pharynx
is positioned more posteriorly in the Galapagos specimens than in the Somalian ones
(75% vs. 60%).

This variability in atrial structures among the four known populations of Pa. scutulifera
comb. nov. calls into question their conspecific status. We therefore suspect that, as in many
purportedly ‘cosmopolitan’ microturbellarians, these populations may represent distinct
species—a hypothesis that requires further examination of specimens from these localities
in order to be confirmed.

Parapharyngiella scotti Diez sp. nov.
http://zoobank.org/urn:lsid:zoobank.org:act:48CBE1DE-DA5C-4CA8-A367-8A4DDB0

0E8E4
Figure 12

 

Figure 12. Parapharyngiella scotti sp. nov. (A–D) Micrographs of the male sclerotised structures.
(E) Micrograph of the bursal appendage. (F) Drawing of the male sclerotised structures. (G) Drawing
of the bursal appendage. (H) Drawing of the bursal canal. All from the holotype (NMNH 1774261).
Scale bars: 20 µm (A–E); 50 µm (F–H).
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Type material. Holotype. United States of America • One whole mount; Florida,
Sandsprit Park, Port Salerno, IRL, subtidal, 0.5 m deep, fine-grained sand with organic
matter, salinity 37 ‰; 27.162750, −80.193500 (Type locality); 16 April 2025; NMNH 1774261.

Additional material. Observations on the live specimen.
Etymology. Species named after Scott Jones, Scientific Program Coordinator at the

SMS, who helped in the collection of the new species.
Diagnosis. Species of Parapharyngiella with the pharynx located in the second body

half. Stylet 115 µm long. Mantle forming two curved, hook-shaped plates, which taper
to blunt tips, 51 µm and 30 µm long, respectively. Protuberance slightly arched, tapering
to a distal sharp tip, 35 µm long. Bursal canal 95 µm long. Bursal appendage 40 µm
long, showing three distinct parts: proximal muscular, middle tube, and distal splitting
two tubes.

Description. The live specimen was damaged immediately after being mounted;
therefore, no pictures are available. However, its habitus was as that of other species of the
genus. The specimen was translucent, with a pair of eyes and strong adenal rhabdite tracts
opening in the anterior margin. The pharynx was located at 60%.

A pair of testes was located anterior to the pharynx. Posterior to the pharynx were
the male and female atrial organs. The stylet (Figure 12A,B,D,F: st) is 115 µm long, tubular,
and curved. The mantle (Figure 12A–D,F: m) forms two distal, curved, and hook-shaped
plates, which taper to blunt tips. The larger plate is 51 µm long, and it is more curved than
the smaller, 30-µm-long plate. The protuberance (Figure 12A–D,F: p) is 35 µm long, hook-
shaped, slightly arched, with a proximal broad aperture and tapers to a distal sharp tip.

The vitellaria were not discernible. The ovaries were located in front of the male
copulatory organ. The globular bursa was located posterior to the male bulb. The bursal
canal (Figure 12C: bc, Figure 12H) is a 95-µm-long sclerotised tube. The bursal appendage
(Figure 12E,G) has the same three-part construction (Figure 12E,G: ba1, ba2, ba3) as that pre-
viously described for P. caribbaea and P. mackfirae. It measures 40 µm in total, with the proxi-
mal muscular part (Figure 12E,G: ba1) measuring 20 µm long, the tube (Figure 12E,G: ba2)
15 µm long, and the distal bifurcating tubes (Figure 12E,G: ba3) 5 µm long.

Remarks. As previously mentioned, the now three known species of Parapharyngiella
from the Western Atlantic (P. caribbaea, P. mackfirae, and P. scotti sp. nov.) are characterised by
a same morphology of the bursal appendage, showing a proximal muscular part and a tube
that distally bifurcates into two other tubes. In the other three known species of the genus,
P. involucrum, P. steenkistei, and P. scutulifera comb. nov., the bursal appendage is proximally
barrel or funnel-shaped, and the tube does not bifurcate [8,36,52]. The sclerotised bursal
canal (bursal stalk in Van Steenkiste and Leander [9]) does not show any peculiarity in
the known species. However, P. scotti sp. nov. has the largest duct (95 µm), followed by
P. mackfirae (80 µm), P. involucrum (77 µm), P. caribbaea (60 µm), P. steenkistei (52 µm), and
P. scutulifera comb. nov. (20 µm).

The male sclerotised structures provide the main characteristics to differentiate be-
tween species of Parapharyngiella. The two-plated mantle of P. scotti sp. nov. is unique in
the genus, while all other species present a non-splitting mantle, ending in a hook (except
in P. scutulifera comb. nov., which lacks the hook). The protuberance in the new species is
also peculiar; while it ends in a sharp tip, it does not show lateral expansions, as occurs in
P. caribbaea and P. mackfirae. Furthermore, the 35-µm-long protuberance in P. scotti sp. nov.
is longer than that in P. involucrum and P. steenkistei (29 µm and 23 µm, respectively) but
much shorter than that in P. caribbaea (~61 µm), P. mackfirae (58–59 µm), and P. scutulifera
comb. nov. (45 µm; measured over the drawing of Schockaert and Martens 1985: Figure 8B).
The stylet of P. scotti sp. nov. (115 µm) is only shorter than that of P. mackfirae (~126 µm),
whereas it varies from 69 µm in P. involucrum to 100 µm in P. mackfirae (see Diez et al. [49]:
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Table 2), and it is 71 µm in P. scutulifera comb. nov. [53]. Considering the uniqueness of the
sclerotised parts of P. scotti sp. nov., its classification as a new species is warranted.

Ptychopera Den Hartog, 1964
Ptychopera woodyi Diez sp. nov.
http://zoobank.org/urn:lsid:zoobank.org:act:76BE2F9C-BBE1-4E18-BCC8-EA436FE2

366F
Figure 13

 

Figure 13. Ptychopera woodyi sp. nov. (A) Habitus of a live specimen. (B) Posterior part of the body
with gonads and atrial organs. (C–E) Micrographs of the stylet in the holotype (NMNH 1774262).
(F,I) Bursa in the holotype. (G,H) Stylet in the holotype and paratype (NMNH 1774262 and 1774263,
respectively). Scale bars: 200 µm (A); 50 µm (B); 20 µm (C–F); 25 µm (G–I).

Type material. Holotype. United States of America • One whole mount; Florida, Fort
Pierce, near the SMS dock, IRL, intertidal, upper 10 cm of coarse-grained sand with organic
matter, salinity 35 ‰; 27.45639, −80.30984 (type locality); 3 March 2025; NMNH 1774262.
Paratype. United States of America • One whole mount; same data as for the holotype;
NMNH 1774263.

Additional material. Observations on live specimens.
Etymology. Species named after William (Woody) Lee, recently retired Research

Assistant at the SMS. Woody provided support to the station’s researchers for over 40 years,
contributing significantly to the projects.
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Diagnosis. Species of Ptychopera with eyes. Male copulatory organ 52–53 µm long,
encompassing a 27-µm-long mantle, sheathing four spines. Spines slightly curved and
tapering to distal sharp tips.

Description. The specimens are 532–804 µm long (x̄ = 668 µm; n = 2), translucent,
with a pair of eyes (Figure 13A: e), and strong adenal rhabdite tracts (Figure 13A: ar). The
pharynx (Figure 13A: ph) is located at the end of the body’s anterior part.

The testes (Figure 13A: t) are located posterior to the pharynx. The seminal ducts
form a pair of seminal vesicles, which enter proximally into the male bulb. The male
copulatory organ (Figure 13A,B: mco) is positioned almost at the posterior end of the body
and encompasses the prostate vesicle (Figure 13A,B: pv) and the sclerotised structures
(stylet and mantle). As in most species of Ptychopera, the male sclerotised structures
(Figure 13C–E,G,H) of the new species are very complex, and identifying a single structure
as a stylet is difficult. The whole structure in the new species measures 52–53 µm long
(n = 2) and includes a proximal mantle (Figure 13C,D,G,H: m), sheathing four spines
(Figure 13C–E,G,H: sp). The mantle is 23–31 µm long (x̄ = 27 µm; n = 2) and proximally
fuses with the spines. The four spines are slightly curved and taper to distal, sharp tips.

The vitellaria (Figure 13A: vi) extend at both body’s sides, between the brain and
the ovaries. The ovaries (Figure 13A,B: ov) are located posterior to the testes. The bursa
(Figure 13B,F,I: b) is located beside the male bulb, and its afferent system (homologous to
the bursal appendage of other trigonostomids, according to Van Steenkiste and Leander [9])
consists of the spermatic duct, which opens into the seminal receptacle (Figure 13F,I: sr).
A sphincter (Figure 13F,I: sph) constricts the connection between the seminal duct and the
seminal receptacle.

Remarks. Until now, 12 species of Ptychopera were known [1], excluding the previously
reclassified Pt. scutulifera. Their general habitus is very similar, while P. ehlersi Ax, 1971,
and P. subterranea Ax, 1971 are the only two species that lack eyes. All species of Ptychopera
present complex male sclerotised organs without strong differentiation of a stylet(s) and
mantle. Ptychopera ehlersi is also remarkable due to the presence of two hooks in the bursa,
as is the case in P. hartogi Ax, 1971. Therefore, we exclude P. ehlersi and P. hartogi from our
discussion. However, the Mediterranean species P. subterranea shows a subtriangular male
copulatory organ that resembles that of P. woodyi sp. nov. and deserves detailed comparison.

In addition to the lack of eyes in P. subterranea, Ax [4] described the singular position of
the ovaries, which are posterior to the male copulatory organ, in the most posterior part of
the body, and a subtringular male copulatory organ measuring 36–37 µm in length. These
three traits are distinct in P. woodyi sp. nov.: eyes are present, and the ovaries lie anterior to
the male copulatory organ, which is 52–53 µm long. The description of the male cuticular
structures provided by Ax [4] is not as detailed as to fully understand the structure of the
male in P. subterranea. However, he mentioned that on one side of the structure, there are
several longitudinal spines. That morphology is similar in P. woodyi sp. nov.; however, in
the new species, the mantle is restricted to the anterior half of the organ, and in the distal
half, only the spines are visible. Differently, according to Ax ([4]: Figure 9), the mantle
covers the spines until their distal part in P. subterranea.

The other known species of Ptychopera present a male copulatory organ that forms
one or two hooks (only in P. japonica Ax, 2008) surrounded by the mantle [4,9,54], and,
therefore, they do not deserve comparison with P. woodyi sp. nov.

Trigonostomum Schmidt, 1852
Trigonostomum franki Willems, Artois, Vermin & Schockaert, 2004
Figure 14
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Figure 14. Trigonostomum franki Willems, Artois, Vermin & Schockaert, 2004, specimens from Florida.
(A,B) Live specimen. (C,D) Male sclerotised structures (NMNH 1774264). (E,F) Bursal appendage
(NMNH 1774264 and 1774271, respectively). Scale bars: 100 µm (A,B); 20 µm (C–F).

Known distribution. Dam di Cabicuchi, Curaçao; Florida, USA; Mombasa, Kenya;
Zanzibar, Tanzania; Nouméa, New Caledonia [10]. Santiago de Cuba, Cuba [11].

New material. United States of America • Observations on live specimens, eight
whole mounts; Florida, Fort Pierce, just south of Jim Island, IRL, on hydrozoan colonies
and algae on mangrove roots, and floating algae mats, salinity 35 ‰; 27.45639, −80.30984;
3 February, 1 March, and 19 April 2025); NMNH 1774264–1774271 • One whole mount;
Florida, Fort Pierce, Fort Pierce Inlet, IRL, subtidal, 0.5 m deep, hydrozoan colony, salinity
35 ‰; 27.468333, −80.298333; 8 April 2025; NMNH 1774272.

New morphological information. The general habitus of the studied specimens
(Figure 14A) largely fits that described by Willems et al. [10] for this species. It is remarkable
in this species and the studied population, the middle dorsal dark-pigmented band, which
is the result of the accumulation of coarse pigmented granules in the epidermis. In the
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newly studied specimens, the stylet (Figure 14B–D: st) is 90–121 µm long (x̄ = 106 µm;
n = 9). The mantle (Figure 14C,D: m) sheaths the stylet over its entire length and ends in
two distal hooks. The bursal appendage (Figure 14B: ba, Figure 14E–F) is 112–139 µm long
(x̄ = 121 µm; n = 4), very coiled and not measurable in most specimens.

Remarks. This species was first recorded in Fort Pierce, Florida, by Willems et al. [10]
after studying one whole mounted specimen. Therefore, we herein expand the charac-
terization of the species in that area. The size of the sclerotised structures in the new
material is in the range recorded by Willems et al. [10] and Diez et al. [11]: 86–111 µm long
for the stylet, and 61–166 µm long for the bursal appendage. These authors mentioned
that the bursal appendage in the species proximally curved over 270◦; however, in some
specimens from Fort Pierce, the appendage makes two proximal coils. Furthermore, the
pigmentation of the specimens from Florida is similar to that recorded for most populations
(see Willems et al. [10]: Figure 8G). Otherwise, in the specimen recorded from Cuba, the
pigmentation appears in the form of middorsal stripes that are more visible anteriorly,
between the eyes [11]. The high variability in the size of the sclerotised structures and
pigmentation pattern in this species has been interpreted as a potential case of cryptic
speciation. However, whether or not there is confirmation of this hypothesis is still pending
a broad molecular coverage of all known populations.

4. General Discussion
Our phylogenetic findings are consistent with previous studies by Van Steenkiste

et al. [19], Van Steenkiste and Leander [9], and Diez et al. [11]. The newly sequenced taxa
allowed us to establish the phylogenetic position of Lutheriella diplostyla as the sister taxon
of Ptychopera. Additionally, Trigonostomum breitfussi clustered with T. penicillatum, providing
phylogenetic support for a species group (Type 1) proposed by Hu et al. [13] based on atrial
structures’ morphology.

Species belonging to the two most basal trigonostomid groups (Parapharyngiella and
Ptychopera + Lutheriella) exhibit a poorly differentiated, non-sclerotised bursal appendage.
Therefore, we interpret this character as ancestral within the family, with secondary evolu-
tion in species of Beklemischeviella. The close phylogenetic relationship between Ptychopera
and Lutheriella is morphologically supported by the identical organisation of the female
reproductive system in representatives of both genera. Specifically, they lack sclerotised
structures, and the large bursa is connected to a small seminal receptacle by a narrow semi-
nal duct [9,48]. A similar female reproductive system occurs in species of Beklemischeviella,
although members of this genus possess a more developed seminal receptacle and are
closer related to Messoplana. Den Hartog [48] also highlighted the similarities between the
female systems of Ptychopera and Lutheriella and noted the anterior position of the pharynx
in both genera. Furthermore, species of both genera have the testes located posterior to
the pharynx.

The genus Parapharyngiella appears to be a promising taxon with numerous species
yet to be described. In this study, we describe a new species—the third recorded from the
Western Atlantic—while two undescribed species from Qatar and Curaçao remain known
only from molecular data [9,19,55]. Additionally, we transferred Pt. scutulifera to the genus
Parapharyngiella (now Pa. scutulifera comb. nov.) based on an exhaustive comparative
analysis of its atrial organs. Parapharyngiella scutulifera comb. nov. could also include
multiple species; therefore, the diversity of the genus is still underappreciated and needs
more investigation.

Our analysis also supports the validity of the genus Messoplana after its type species,
M. falcata, clustered with species of Beklemischeviella. This finding prompted a morpho-
logical reassessment of all species of Messoplana (previously transferred to Ceratopera).

https://doi.org/10.3390/d18070435

https://doi.org/10.3390/d18070435


Diversity 2026, 18, 435 32 of 36

Based on this revision, the genus Messoplana has been re-diagnosed and currently includes
three species: M. falcata, M. roscoffensis, and M. judithae sp. nov. However, further exam-
ination of species retained in Ceratopera is needed, particularly in a broader molecular
phylogenetic framework. A deeper analysis is also required to clarify potential cryptic
speciation within M. falcata.

Regarding the genus Proxenetes, our results corroborate phylogenetic support for
Section I, as defined by Den Hartog [56]. Two species of that section are included in
our phylogeny, P. flabellifer and P. deltoides (here sequenced by the first time), and they
cluster together. Both species possess a bursal canal with a comb-shaped, spiny apparatus,
a characteristic likely representing synapomorphy of the group [56]. In contrast, species
belonging to Sections II and III do not form monophyletic groups.

Within Trigonostomidae, we identified the position of the testes as a reliable genus-
level diagnostic character. All species of Ceratopera exhibit testes located posterior to the
pharynx, whereas species of Messoplana (and its sister genus Beklemischeviella) have anterior
testes. This character also supported the transfer of Pt. scutulifera to Parapharyngiella, which
exhibits anterior testes relative to the pharynx, a condition shared by species of Proxenetes
and Feanora De Clerck & Schockaert, 1995. All remaining genera of Trigonostomidae,
including Ptychopera, possess testes positioned posterior to the pharynx.

Our phylogenetic analyses refine the understanding of relationships within Trigonos-
tomidae and corroborate previous hypotheses while providing new insights into generic
boundaries and character evolution. The recognition of L. diplostyla as a sister to Ptychopera,
the clustering of species of Trigonostomum, and the recovery of synapomorphic traits within
Proxenetes reinforce the importance of combining molecular and morphological data. The
validation and re-diagnosis of Messoplana and the reclassification of Pa. scutulifera comb.
nov. underscore the need for continued taxonomic revisions. Furthermore, the position
of the testes emerges as a reliable diagnostic trait at the genus level. These findings not
only clarify species boundaries but also reveal potential cryptic diversity and highlight
Parapharyngiella as a genus likely to encompass numerous undescribed taxa. Future stud-
ies integrating broader molecular sampling, and detailed morphological analyses will be
crucial to resolve remaining uncertainties and increase understanding of the evolutionary
diversification within this family. Particularly, we emphasise the necessity of sequencing
the genera and type species not represented in this study, as this is essential for genus-level
classification, as demonstrated by the taxonomic delimitation of Ceratopera and Messoplana.

This study underscores the critical importance of conducting intensive sampling in
poorly explored or previously unstudied regions, such as the Floridian coast and the
Indian River Lagoon, alongside extensively sampled areas, such the North Sea and the
Mediterranean. Through just a few months of systematic sampling in Florida’s coastal
habitats, we collected and documented nine species of Trigonostomidae—four of which are
new to science. Prior to our work, knowledge of marine microturbellarians in Florida was
extremely limited, with only seven species recorded, and merely three of them reported
from the IRL [57–60]. The only trigonostomid known from Florida before our study was
T. franki, collected from an unspecified location near Fort Pierce [10], a species we also
encountered during our survey. As a result of this effort, we now report, for the first time,
eight additional species of marine microturbellarians for Florida and seven for the IRL.
Furthermore, this study provides the first record of trigonostomids within the Florida Keys
National Marine Sanctuary, representing an essential initial step toward documenting this
poorly known group in one of the most biodiverse marine areas in the United States.
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Abbreviations
The following abbreviations are used in this manuscript:

ar Adenal rhabdite tracts
b Bursa
ba Bursal appendage
ba1, ba2, ba3 Bursal appendage parts 1, 2, and 3
bs Bursal stalk
bw Body wall
dt Bursal appendage distal tubes
e Eyes
h Mantle hook
HU Hasselt University
m Mantle
ma Male atrium
mb Male bulb
mco Male copulatory organ
ms Muscles anchoring the sclerotised structures to the male bulb
m1, m2 Mantle plates 1 and 2
NMNH National Museum of Natural History
ov Ovary
ph Pharynx
pv Prostate vesicle
rh Rhabdite
SMNH Swedish Museum of Natural History
sph Sphincter
sr Seminal receptacle
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st Stylet
sv Seminal vesicle
t Testi
vi Vitellaria
ZMH Museum of Nature Hamburg
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