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Abstract

The taxon Koinocystididae is the third most species-rich family within Eukalyptorhynchia. However, its diversity and
phylogeny have been largely neglected in former studies. We introduce three new genera and twelve new species of
Koinocystididae including Simplexcystis asymmetrica gen. n. sp. n., Galapagetula cubensis sp. n., eight species of
Reinhardorhynchus gen. n. and two species of lfaipusa. This raises the total number of species within Koinocystididae
from 51 to 63. We also report on new distribution records for six known species: /. divae (Cuba, Panama and New
Caledonia), 1. karlingi (Sardinia and Lanzarote), Reinhardorhynchus riegeri comb. n. (Cuba), R. ruffinjonesi comb. n.
(Cuba and Panama), Utelga heinckei (Cuba and Lanzarote), and U. pseudoheinckei (Sardinia). Simplexcystis asymmetrica
gen. n. sp. n. is characterised by a male duct running eccentrically through the copulatory bulb, lack of any hard structures
in the male system, lack of a bursa, and the fact that the epithelia of the female, the male, and part of the common atrium
are covered by a brush border. Galapagetula cubensis sp. n. has a caudal gonopore, a divisa-type copulatory bulb with an
unarmed penis papilla, and a female duct without a sphincter. The new species of ltaipusa and Reinhardorhynchus gen.
n. differ from their congeners in the detailed structure of the copulatory bulb and especially the hard structures associated
with it. In a molecular phylogenetic analysis based on all available 18S and 28S rDNA sequences of koinocystidids, we
found support for the monophyly of the family and the genus Ufelga Marcus, 1949. The genus /faipusa is not monophyletic
in that 7. sinensis forms a clade with Rhinolasius dillonicus, while other species of Ifaipusa that have a copulatory bulb
armed with hooks form a clade together with Sekerana stolzi. As the type species of ltaipusa (I. divae) is in neither of
these clades, we erected a new genus for /. sinensis (Koinogladius gen. n.) and one for species of /faipusa having a hook-
bearing copulatory bulb (Reinhardorhynchus gen. n.), respectively. Whether the remaining species of lfaipusa form a
monophylum remains uncertain.

Key words: Kalyptorhynchia, microturbellarian, Rhabdocoela, systematics, phylogeny

Introduction

The rhabdocoel family Koinocystididae Meixner, 1924 was introduced by Meixner (1924), who initially ranked it
as a subfamily (Koinocystidini) within Polycystididae Graff, 1905. Afterward, he considered it a separate family
(Meixner, 1925), at that moment including three species: Koinocystis sophiae Graft (1905) [now [ltaipusa sophiae
(Graff, 1905) Karling, 1978], K. neocomensis (Fuhrmann, 1904) Meixner, 1924 and Anoplorhynchus piger Mei-
xner, 1925 [= Sekerana stolzi (Sekera, 1912) Strand, 1914; see Karling 1980]. Since then many new species and
genera have been described, and the taxonomy was discussed and refined by several authors: Marcus (1949, 1951,
1954), Karling (1952a, 1952b, 1954, 1964, 1978, 1980), Brunet (1972), Reygel et al. (2011), Willems et al. (2017),
and Lin et al. (2017). Currently, Koinocystididae includes 24 accepted genera and 51 accepted species (Tyler et al.
2006-2020).

Representatives of Koinocystididae are recognised by bearing a proboscis with cell nuclei within the bulb, lack-
ing a cellular mantle, muscle plates, cuticular hooks or secretory girdle. The copulatory organ is of conjuncta duplex
type and armed with sclerotised structures, exceptionally unarmed. The paired oviducts and the common vitelloduct
open in a seminal receptacle (female duct) with a strong distal sphincter. The common atrium is ventrocaudally
located, with anterior stalked uterus and posterior copulatory bursa (lacking in some species) (Karling 1978, 1980).
However, few species of the family bear a copulatory organ of divisa duplex type and the number and morphology
of the atrial organs is exceptionally diverse.

The fact that so many new taxa are described on a regular basis is indicative of the poorly known diversity of
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this family, as is the case for most microturbellarian taxa, and even meiofauna in general. Vast areas of the world
are indeed still completely unexplored as far as this particular fauna is concerned. Moreover, the morphological
complexity of koinocystidids poses challenges to species identification and description. Both the female and male
genital systems provide most of the distinguishing features, but indeed can show such high levels of complexity that
several taxa had to be classified in monospecific genera (for details see Karling 1980).

Considering the above and a lack of DNA sequence data for most species, it is not surprising that the phyloge-
netic relationships within Koinocystididae have hardly been explored. In the most recent exhaustive phylogenetic
analysis of Kalyptorhynchia (Tessens et al. 2014), only four koinocystidid species, two of which were undescribed
species of [taipusa Marcus, 1954, were included, representing less than 5% of the known diversity of Koinocysti-
didae. More recently, Lin ef al. (2017) described a new species of ltaipusa from China and discussed its relation-
ships with the latter two undescribed species. Koinocystididae and /taipusa were provisionally recovered as clades
in these studies, but corroboration based on a more extensive dataset is needed. Such analyses will also elucidate
the intrafamilial relationships of Koinocystididae, enabling a re-evaluation of the morphological treatment of this
family by Karling (1980).

In this work, the phylogenetic relationships of Koinocystididae are explored in detail, using partial sequences of
18S and 28S ribosomal DNA (rDNA) subunits. Our results have important taxonomical consequences especially for
the genus [taipusa. Furthermore, we also describe 12 new species and three new genera collected at several locali-
ties around the world. New distribution records are provided for /. divae Marcus, 1949, [. karlingi Mack-Fira, 1968,
Reinhardorhynchus riegeri (Karling, 1978) comb. n., R. ruffinjonesi (Karling, 1978) comb. n., Utelga heinckei
(Attems, 1897) Karling, 1954, and U. pseudoheinckei Karling, 1980.

Material and methods

Collecting and morphological study. Representatives of Koinocystididae have been collected by members of the
research group “Zoology: Biodiversity and Toxicology” of Hasselt University at several locations around the world:
Brazil (October 2012), Panama (December 2011 & February 2016), Cuba (January 2016 to May 2018), Lanzarote
(February 2010), Sardinia (September 2018), French Polynesia (March 2016), and New Caledonia (October 2003).
Live specimens were extracted from the sediment and algae using the MgCl, method (see Schockaert 1996). They
were studied alive and whole-mounted with lactophenol. Drawings of the sclerotised structures were made with a
camera lucida on a Nikon Eclipse 80i microscope or a Leica DM 2500 LED microscope, using Nomarski interfer-
ence contrast. Measurements were taken along the central axis of the measured object. The position of structures is
expressed in percentages of the total body length (distance from the anterior tip of the body). Body length, pharynx
diameter and proboscis length were measured on whole mounts. However, when the pharynx and proboscis had
been damaged during fixation, their measurements were denoted as a percentage of the body length in live speci-
mens. Specimens selected for histological studies were fixed in hot Bouin’s fixative (50 °C), embedded in paraffin,
serially sectioned (3 pum) and stained with Heidenhain’s haematoxylin, using erythrosin as a counterstain. Speci-
mens for molecular studies were preserved in ethanol (99 %) and stored at -20°C.

Specimens collected in Panama were carried to and processed at the Laboratory of Analytical Biology at the
Smithsonian Institution National Museum of Natural History, in Washington, D.C. Export permits were issued to
Dr. Francesca Leasi by Samuel Valdés Diaz, Director de Areas Protegidas y Vida Silvestre (Permiso Cientifico No
SEX/A-32-16; April 27th, 2016) as was the Permiso Cientifico No SE/A-2-16; January 4th, 2016. Type and reference
specimens of the species collected in Panama were deposited in the collections of the US National Museum of Natural
History (USNM). Type specimens of the species collected in all other localities were deposited in the collection of the
Finnish Museum of Natural History (FMNH) and the reference material in the collection of Hasselt University (HU).

For comparative purposes, the holotypes of Itaipusa riegeri (SMNH Type-2957), 1. ruffinjonesi (SMNH Type-
2958), 1. bispina Karling, 1980 (SMNH Type-3127), and I. variodentata (Karling, Mack-Fira & Ddrjes, 1972)
Karling, 1978 (SMNH Type-2481) were studied. Also, we examined the reference material present in Hasselt Uni-
versity of /. divae (HU Nrs. IV.4.11-17) and the paratypes of 1. sbui Willems & Artois, 2017 (in Willems et al. 2017)
(paratypes HU Nrs. 577 & 578) and the reference material in the SMNH of /. bispina (Nrs. 94020 & 94021).

The discussion on the individual species is given after the descriptions of all species of a genus. The authors
variously contributed to the descriptions of the species and this is indicated by the different authorship of each spe-
cies.
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DNA extraction, PCR amplification and sequencing. DNA was extracted from complete specimens using the
QIAampH DNA Micro Kit with QlAamp MinEluteH columns (QIAGEN), following the manufacturer’s protocol.
Extracts were stored in duplicate (40 and 20 ul). Partial 18S and 28S rDNA gene fragments were amplified using
the primers and PCR protocols listed in Table 1.

TABLE 1. Primer sequences and PCR regimes used for PCR amplification.

Primer Direction Primer sequence (5°-3”) Reference

Subunit 18S

TimA Forward AMCTGGTTGATCCTGCCAG Tessens et al. 2014
Poly18SR2 Reverse GCMRGKTCACCTACRGAAACCTTGTT Tessens et al. 2014

95°C * 5min 10 s, 30X (94°C * 30 s, 55°C * 30 s, 72°C * 90 s), 72°C * 5 min

Subunit 28S

LSUS5 Forward TAGGTCGACCCGCTGAAYTTA Van Steenkiste et al. 2013
LSU6-3B Reverse GCTGTTCACATGGAACCCTTCTC Van Steenkiste et al. 2013

95°C * 5min 10 s, 30X (94°C * 60 s, 50°C * 60 s, 72°C * 90 s), 72°C * 5 min

PCR reactions were carried out using 0.2 ml PuReTaq Ready-To-Go PCR beads (GE Healthcare). Each reac-
tion included 2.5 pl of each primer (5 uM), 1 ul of DNA and 17 pl of purified water for a final volume of 25 pl.
PCR reactions were carried out on a Bio-Rad PCR T-100 Touch thermal cycler. PCR products were verified on a
1.4% agarose gel, stained with GelRed™. DNA quantities were assessed on a Qubit Fluorometer using the Qubit™
dsDNA HS Assay Kit (ThermoFisher Scientific). PCR products were commercially purified and sequenced by Mac-
rogen Europe B.V. (Amsterdam) under BigDye™ terminator cycling conditions on an ABI3730XL DNA Sequencer.
Specimens collected in Vancouver, Canada (U. heinckei, Rhinolasius dillonicus Karling, 1980 and ltaipusa biglan-
dula Reygel, Willems & Artois, 2011) were processed following the methodology of Van Steenkiste et al. (2018).

Phylogenetic molecular analysis. An overview of all used sequences and corresponding accession numbers is
presented in Table 2. Raw reads were quality-trimmed (error probability = 0.05) and assembled in Geneious v11.1.5
(Kearse et al. 2012). Consensus sequences were subjected to a BLAST search (Altschul ez al. 1990) on the NCBI
website (ncbi.nlm.nih.gov) to check for signs of contamination. All available koinocystidid sequences were mined
from GenBank (Benson et al. 2012) and a separate dataset was compiled for both 18S (18 sequences) and 28S rDNA
(17 sequences). Cystiplex axi Karling, 1964 was included as an outgroup taxon.

Both datasets were aligned using the online version of MAFFT v7 (Katoh & Standley 2013; Katoh et al. 2017),
specifying the Q-INS-i algorithm to account for secondary structures. Ambiguously-aligned regions were identified
and eliminated on the Gblocks v0.91b server (Castresana 2000), employing options for a less stringent selection.
Resulting alignments were concatenated in Geneious. An initial partitioning scheme, defining gene boundaries was
constructed manually. The concatenated alignment and partition file were used as input for the ModelFinder tool
(Kalyaanamoorthy et al. 2017) on the IQ-TREE webserver (Trifinopoulos et al. 2016). Model fit was evaluated
using the Akaike Selection Criterion and partition merging was enabled (Lanfear et al. 2012). The latter feature de-
termines 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
(Nguyen et al. 2015), using edge-linked partitions. Branch support was assessed by ultrafast bootstrapping (UF-
Boot) (Hoang ef al. 2017) and SH-aLRT branch tests (Guindon et al. 2010), both with 1000 replicates. Bayes-
ian inference (BI) was carried out using the Metropolis-coupled Markov Chain Monte Carlo (MC?®) algorithm,
implemented in MrBayes v3.2.6 (Ronquist et al. 2012) on the CIPRES Science Gateway (Miller ef al. 2010). Two
partitions under the GTR+G+I model were specified (as inferred by ModelFinder). Two independent runs were
conducted simultaneously for 10,000,000 generations, each including one cold and three heated chains. Trees were
sampled every 1000™ generation, the first 25% being discarded as burn-in. Chain convergence was confirmed by
the average standard deviation of split frequencies dropping below 0.01, the potential scale reduction factor ap-
proaching 1.0 and the log probability reaching a stationary distribution. 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 v1.4.3 (Rambaut 2006-2019). Weakly-supported clades (UFboot < 0.95
and/or SH-aLLRT < 0.80 and/or pp < 0.95) were collapsed.
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TABLE 2. GenBank accession numbers used in the study (*new sequences).

Species 18S rDNA 28S rDNA
Ttaipusa divae* MWO081596 MW054455
Ttaipusa biglandula* MWO081601 MW054460
Itaipusa karlingi* MWO081598 MW054457
Itaipusa novacaledonica sp. n. KJ887481 KJ887528
Ttaipusa sp. n. 1 KJ887451 KJ887557
Koinogladius sinensis comb. n. YTP1 MF443159.1 MF443174.1
Koinogladius sinensis comb. n. YTP2 MF443160.1 MF443175.1
Koinogladius sinensis comb. n. YTP3 MF443161.1 MF443176.1
Reinhardorhynchus anamariae sp. n.* MWO081597 MW054456
Reinhardorhynchus hexacornutus sp. n.* MW054464 MW054451
Reinhardorhynchus riegeri comb. n.* MWO081595 MW054454
Reinhardorhynchus tahitiensis sp. n. A* MW054463 MW054452
Reinhardorhynchus tahitiensis sp. n. B¥ MW054462 MW054453
Koinocystididae sp. 1 KR339027.1 -

Utelga heinckei* MWO081600 MW054459
Utelga pseudohenckei* MWO081599 MW054458
Rhinolasius dillonicus™ MW081602 MW054461
Mesorhynchus terminostylis AY775741.1 KJ887500.1
Sekerana stolzi - KJ887537
Cystiplex axi KJ887437.1 KJ887549.1

Abbreviations used in the figures. ac, accessory cirrus; ag, atrial glands; b, bursa; bb, brush border; b1, re-
sorptive bursa; b2, muscular bursa; br, brain; bs, bursal stalk; ca, common genital atrium; cb, copulatory bulb; cds:
spines of distal part of spiny belt; ¢g, common gonopore; cgl, caudal glands; ci, cirrus; cir, spiny belt of cirrus; cis,
cirrus spines; em, circular muscles; ems, spines of middle part of spiny belt; cps, spines of proximal part of spiny
belt; cret, cone retractors; dil, dilatators; dip, digestive parenchyma; div, diverticulum; ds, distal-most spines of
spiny belt; e, eye; ec, ejaculatory cirrus; ed, ejaculatory duct; egl, epithelial eosinophilic glands; em, embryo; epg,
epithelium glands; fa, female atrium; fd, female duct; fd1, proximal compartment of the female duct; fd2, distal
compartment of female duct; fgl, female glands; fh, funnel-like structure of hook; fp, folded projection; gl, glands;
h, hook; ilm, internal longitudinal muscles; iret, integumental retractors; js, juncture sphincter; Im, longitudinal
muscles; m, mouth; ma, male atrium; ne, nucleated epithelium; np, nucleated parenchyma; od, oviduct; oe, oe-
sophagus; oeg, oesophagic glands; om, oblique muscles; os, ovary black spot; ov, ovary; pa, papilla; pc, papillary
cirrus; pep, proboscis sheath epithelium; pfix, proboscis fixators; pg (1-4), prostate glands (type 1-4); ph, pharynx;
phg, pharyngeal glands; pl, cirrus plate; pp, penis papilla; ppc, prepharyngeal cavity; pr, proboscis; pret, proboscis
retractors; prgl-3, proboscis glands type 1-3; prp, proboscis pore; pv, prostate vesicle; rb, receptacle bursa; rh,
rhabdites; rm, radial muscles; sd, seminal duct; sfp, small folded pieces; slm, sheet of longitudinal muscles; sp
(1-2), spines (1-2); sph, sphincter; spr1—4, spine rows 1-4; sv, seminal vesicle; t, testis; tl, layer of muscles and
connective tissue; ubg, uterine basophilic glands; ueg, uterine eosinophilic glands; ug, uterine glands; ut, uterus; vi,
vitellarium.

Results
Taxonomic account
Platyhelminthes Claus, 1887

Rhabditophora Ehlers, 1985
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Rhabdocoela Ehrenberg, 1831
Kalyptorhynchia Graff, 1905

Eukalyptorhynchia Meixner, 1928
Koinocystididae Meixner, 1924
Itaipusa Marcus, 1949

Emended diagnosis of Itaipusa (after Marcus 1949 and Karling 1980). Representative of Koinocystididae with a
proboscis with a juncture sphincter. Copulatory bulb of conjucta duplex-type. Male duct armed with spiny rows (the
cirrus), except in 1. biglandula Reygel et al. (2011), where it is unarmed. Without accessory sclerotised structures
such as stylets or hooks.

Type species. ltaipusa divae Marcus, 1949, by original designation.

Other species. [taipusa aberrans sp. n., I. acerosa (Brunet, 1972) Karling, 1978, 1. biglandula, I. karlingi
Mack-Fira, 1968, I. novacaledonica sp. n., 1. sbui Willems & Artois in Willems et al., 2017, I. similis (Brunet, 1972)
Karling, 1978, I. sophiae (Graff, 1905) Karling, 1978, and /. spinibursa Karling, 1978.

Itaipusa divae Marcus, 1949
(Fig. 1A-C)

Known distribution. Bahia de Santos (Type Locality) and Pitangueiras, Sdo Sebastido, Brazil (see Marcus 1949 for
details). Three localities in Galapagos Islands and several in Curacao (see Reygel et al. 2011 for details).

New records and material. Observations on live specimens. Three whole mounts from Siboney (19°57°34N;
75°42°07”W), Santiago de Cuba, Cuba (February 7 & May 15, 2016; April 4, 2017) (HU XI11.2.42—-X111.2.44),
intertidal up to 0.6 m deep, fine-grained sand, salinity 32-35 %o. One whole mount from La Mula (19°56°44”N;
76°45°19”W), Guama, Santiago de Cuba, Cuba (June 29, 2016) (HU XIII.2.45), intertidal rocky pools, on the algae
Digenia simplex and Cladophoropsis macromeres, salinity 33 %.. One whole mount from Macabi (20°54’13”N;
75°43°40”W), Banes, Holguin, Cuba (April 23, 2017) (HU XII1.2.46), fine-grained sand, 0.3 m deep, salinity 34 %o.
Three whole mounts from a beach east of the Marine Research Station of Achotines (07°24°47”°N; 80°10°20”W),
Vera Cruz, Panama (February 28, 2016) (USNM 1642500—-1642502), just over the rocky hill, on green algae (Blidin-
gia/Enteromorpha-like). One whole mount (HU XII1.2.47) and one serially-sectioned specimen (HU XIII.2.48)
collected in Anse Vata Bay (22°18°19”S; 166°26°50”E), Nouméa, New Caledonia (October 22, 2003), on algae
(Ulva-like) and sediment taken from rocks in the mouth of a small river.

Remarks. Habitus and overall anatomical organisation of our specimens correspond to the description by
Marcus (1949). The specimens are unpigmented, with two eyes. The specimens from Cuba are 0.8—1 mm long
(x=0.9 mm; n =5), the specimens from Panama are 0.9—1.3 mm long (x’= 1.1 mm; n = 2), and the specimen from
New Caledonia is 1 mm long. The syncytial epidermis is 3 um thick (in the serially-sectioned specimen from New
Caledonia) and completely ciliated. Cilia 2-3 pm long. The epidermis has a thin basal lamina and is lined internally
by a thick layer of circular muscles. Rhabdites present over the entire body surface, more numerous in the posterior
body half, 2—3 um long.

The proboscis has the characteristic koinocystidid construction, with a strong juncture sphincter (see Brunet
1972; Karling 1980). It is 10% of the body length in live specimens from Panama and 15% in the specimens from
Cuba and New Caledonia.

The pharynx (Fig. 1A) is located in the anterior body half. Its diameter is 15% of the body length in live speci-
mens from Panama and New Caledonia and 20% in specimens from Cuba. The prepharyngeal cavity (Fig. 1A: ppc)
is lined by a low, nucleated epithelium (thicker in the distal 1/3 of the lumen) and surrounded by an external layer of
longitudinal muscles. Four types of glands open very close to each other in the distal part of the pharynx lumen: two
types containing a coarse-grained eosinophilic secretion, one stained yellowish (Fig. 1A: phg4) and the other stained
brownish (Fig. 1A: phgl), one containing a fine-grained eosinophilic secretion (stained pinkish) (Fig. 1A: phg2),
and one a coarse-grained basophilic secretion (stained dark blue-black) (Fig. 1A: phg3). Coarse-grained basophilic
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glands (Minot’s glands; Fig. 1A: oeg) open into the oesophagus (Fig. 1A: oe). The musculature of the pharynx con-
sists of a layer of longitudinal muscles outside of the septum (Fig. 1A: Im), which is continuous with that surround-
ing the prepharyngeal cavity, and a circular one just inside of the septum (Fig. 1A: cm1). The distal opening of the
pharynx is lined by a thick layer of longitudinal muscles, which in sagittal sections gives the impression of forming a
lip-like structure (Fig. 1A: slm). The pharynx lumen is surrounded by a low epithelium and an outer layer of circular
muscles (Fig. 1A: cm2) and an inner layer of longitudinal muscles (Fig. 1A: ilm). Radial muscles (Fig. 1A: rm) run
between the internal and the external walls. The mouth (Fig. 1 A: m) is surrounded by a sphincter (Fig. 1 A: sph).

The oviform copulatory bulb (Fig. 1B—C) is 76—-86 um long (x= 81 um; n =5) in the specimens from Cuba,
86—89 um long (x= 88 um; n=2) in the specimens from Panama, and 130 um long in the specimen from New
Caledonia. The spiny cirrus as a whole (Fig. 1B—C: ci) is 35—41um long (x =38 pm; n=5) and 29-37 um wide
(x=33 um; n = 2) in the specimens from Cuba, 20-36 um long (x = 29 pm; n = 3), and 28-44 pm wide (x = 36 pum;
n = 2) in the specimens from Panama, and 57 um long and 36 um wide in the specimen from New Caledonia. The
cirrus is formed by transverse, sclerotised folds bearing tightly-packed spines. Spines are 2—3 um long (x'= 2 pum;
n = 25) in the specimens from Cuba and New Caledonia, and 3—4 pm long (x = 4 pm; n = 25) in the specimens from
Panama.

Itaipusa karlingi Mack-Fira, 1968
(Fig. 1D-E)

Known distribution. Several localities in Romania, Black Sea (Mack-Fira 1968, 1974). Toulon and Le Brusc,
France (Brunet 1972). Lussin Grande, Croatia (Karling 1980).

New records and material. Observations on live specimens. Two whole mounts (HU XII1.2.49-XII1.2.50)
from Punta Negra (40°57°12”N, 08°13°43”E), Stintino, Sardinia, Italy (September 9, 2018), on silty algae, 0.5 m
deep, salinity 40 %o. Three whole mounts (HU XII1.3.01-XI11.3.04) and two serially-sectioned specimens (HU
XIII.3.05—X1I1.3.06) from a sheltered beach at the south of Orzola (29°13°23”N; 13°27°05”W), Lanzarote, Canary
Islands (October 6, 2011), medium-coarse sand with holes from burrowing animals, taken at low tide, just below the
water line, one specimen collected at the same previous mentioned conditions but the sand was covered by a green
organic material, salinity 35 %o.

Remarks. Habitus and general organisation of the newly-collected specimens as described by Mack-Fira (1968)
and Karling (1980). Sardinian specimens are 0.8—0.9 mm long and the specimens from Lanzarote are 1-1.4 mm
long (x= 1.1 mm; n=3). The syncytial epidermis is 3—4 pum thick, fully ciliated. Rhabdites distributed over the
entire surface, 1-2 pm long, most of them stain pinkish in sections, few are stained black. Cilia 4 pm long.

The proboscis is 15% of the body length in live animals. It has the typical koinocystidid morphology (see Bru-
net 1972; Karling 1980), with a strong juncture sphincter. Only two pairs of integument retractors were observed:
a ventral and a dorsal one.

The pharynx morphology does not deviate from that of ltaipusa divae (see above). The pharynx is located at
40% and its diameter represents 15% of the body length in live animals. A sphincter surrounds the mouth. Four types
of glands open close to each other in the distal part of the pharynx lumen: three types of eosinophilic glands with a
coarse-grained secretion (staining dark pink, pinkish, and brownish, respectively) and one type of basophilic glands
with a coarse-grained secretion (staining dark purple).

The oviform copulatory bulb (Fig. 1D-E: cb) is 174-184 um long (x= 179 pum; n = 2) in the specimens from
Sardinia and 188-213 pm long (x = 200 um; n = 3) in the specimens from Lanzarote. The copulatory bulb encloses
the prostate vesicle, the armed cirrus, and more distally a sclerotised penis papilla. Two types of filiform gland ducts
containing a coarse-grained secretion (eosinophilic and basophilic) occur in the prostate vesicle. The cirrus bears
two spiny belts, armed with scale-like spines provided with 1-pm-long apical denticles. The proximal spiny belt
(Fig. 1D-E: cirl) in the Sardinian specimens is 106—127 pm long (x'= 117 um; n = 2), with the lateral spines 2—
5 pm long (x =3 um; n = 12), those more in the middle of the row 7-9 pm long (x = 8 um; n = 20). In the specimens
from Lanzarote the proximal spiny belt is 138—153 pum long (x= 146 um; n = 2), with the lateral spines 3—5 um
long (x =4 pm; n = 12) and the central ones 8—10 um long (x =9 um; n = 10). The distal spiny belt (Fig. 1D: cir2)
is 41-58 um long (x =50 pm; n = 2) in the specimens from Sardinia and does not show marked differences in the
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length of the spines, each measuring 3—5 um (x = 4 um; n = 20). In the specimens from Lanzarote the distal belt is
59-75 um long (x= 66 um; n = 2), with spines 4-5 um long (x=5 um; n = 10). The penis papilla (Fig. 1D-E: pp)
is 34-43 ym long (x=39 pm; n=2) and 31-34 um wide (x =33 pum; n = 2) in the specimens from Sardinia and
41-48 pm long (x =45 pm; n = 3) and 25-48 pm wide (x = 39 pum; n = 3) in the specimens from Lanzarote.

FIGURE 1. A-C, Itaipusa divae Marcus, 1949. A, sagittal reconstruction of the pharynx from the left hand side. B-C, copula-
tory bulb (specimens from Cuba and Panama, respectively). D-E, ltaipusa karlingi Mack-Fira, 1968. D, copulatory bulb. E,

cirrus and penis papilla. A—B with proximal end toward top of figure, C—E with proximal end toward left of figure.
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The uterus enters the common atrium rostro-ventrally. There are no sphincters surrounding the distal part of the
uterus. It is lined by a nucleated epithelium and surrounded by longitudinal muscles. Three types of glands open into
the uterus: one producing a very coarse-grained eosinophilic secretion, and two producing an eosinophilic secretion
(fine-grained and coarse-grained, respectively). The bursal stalk shows the typical sclerotised membranes described
for the species (see Mack-Fira 1974; Karling 1980). The female duct opens into the bursa through the typical strong
sphincter.

Itaipusa aberrans Diez, Aguirre, Reygel & Artois sp. n.

(Fig. 2)
urn:lsid:zoobank.org:act:171C2F91-B386-4BD4-B07A-CCDC27FAD1F1

Material and distribution. One specimen studied alive and whole mounted, designated holotype (FMNH https://
id.luomus.fi/K'V.646), collected in Siboney (19°57°34”N; 75°42°07”W) (Type Locality), Santiago de Cuba, Cuba
(April 5, 2017), fine-grained sand rich in organic matter, 0.3 m deep, salinity 34 %o.

Etymology. Species named after the unique and aberrant structure of the cirrus.

Diagnosis. Species of Itaipusa with an armed cirrus subdivided into two short, heavily folded plates, connected
to each other by a thin duct lined by some small teeth. One plate is 32 um long and bears a few spines 3—4 pm long.
The second plate is spiral-shaped and armed with a few 1-9 um long spines.

FIGURE 2. [taipusa aberrans sp. n.. A, general organisation (live animal). B-E, sclerotised structures of the cirrus (from the

holotype). B-E with proximal end toward top of figure.

Description. The specimen is 1.7 mm long, unpigmented, with two eyes (Fig. 2A: e). Proboscis (Fig. 2A: pr)
of the typical koinocystidid construction (see Brunet 1972; Karling 1980); it is 10% of the body length in the live
animal. The pharynx (Fig. 2A: ph) has a diameter of 15% of the body length in the live specimen, situated at 50%.
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A pair of testes is located antero-laterally from the pharynx. Paired elongated seminal vesicles fuse to form a
short seminal duct just before entering into the copulatory bulb. The ovoid copulatory bulb (Fig. 2A: cb) encloses
the prostate vesicle (typically encompassing numerous filiform ducts) and the armed cirrus (Fig. 2B—E). The cirrus
is subdivided into two short, armed plates connected to each other by a narrow structure with some small folded
sclerotised pieces (Fig. 2E: sfp). The first plate (Fig. 2B, 2D-E: pll) is a heavily folded spiral and bears few 4-9-
um-long spines (x= 7 um; n = 5). The second plate (Fig. 2C, D-E: pl2) is 32 um long, and also shows numerous
folds and bears a few spines of 4-5 pm long (x =4 um; n = 4). The spines of the structure connecting both plates
are 1-2 pm long (x=1 um; n = 8).

The two elongated ovaries lie at midbody. The oocytes are organised in a row, increasing in diameter from the
most proximal to the most distal one. The ovaries are flanked by the vitellaria (Fig. 2A: vi), which extend from
behind the eyes to the caudal body end. The female duct receives the oviducts and opens into the female atrium
through a strong sphincter. The caudally-located bursa is weakly muscular and contains sperm. The bursal stalk is
very muscular and connects the bursa with the female atrium.

Itaipusa novacaledonica Diez, Schockaert, Reygel & Artois sp. n.

(Fig. 3)
urn:lsid:zoobank.org:act:9433D2B5-29ED-40E6-8DB3-7786947F4C94

Itaipusa n. sp. 2 in Tessens et al. (2014)

Material and distribution. Observations on live specimens. Two whole mounts, one of which is designated holo-
type (FMNH https://id.luomus.fi/KV.647), the other in HU (XIII1.3.07), and one serially-sectioned specimen (HU
XII1.3.08), collected in Anse Vata Bay (22°18°19”’S; 166°26°50”E) (Type Locality), Nouméa, New Caledonia (Oc-
tober 22, 2003), on algae (Ulva-like) and sediment taken from rocks in the mouth of a small river.

Etymology. Species named after New Caledonia, where the material was collected.

Diagnosis. Species of /taipusa with a cirrus with two longitudinal rows of triangular spines. One row is inverted
U-shaped and £136 um long, the other is M-shaped and £193 pm long. Spines +3 pum long in both rows, slightly
larger at one of the ends (£5 um long). Distally, the male duct opens in a penis papilla, that is partially sclerotised.

Description. The specimens are +£1 mm long, translucent, with a pair of rounded eyes. Habitus and general
morphology do not deviate from other species of /faipusa described above. The proboscis is about 20% of the body
length in the live specimens. Basophilic and eosinophilic glands open into the proboscis through its caudal wall.
Two pairs of integument retractors were observed: a ventral and a dorsal one. Other muscles were not observed.

The morphology of the pharynx does not differ from that of 1. divae. It is located at 40% and its diameter is 15%
of the body length. Three types of glands open in the distal part of the pharynx lumen: two eosinophilic ones (filled
with a coarse-grained or a fine-grained secretion), and basophilic glands with a coarse-grained secretion.

A pair of testes is located antero-lateral to the pharynx. Caudally from the pharynx the vasa deferentia form a
pair of seminal vesicles. The seminal vesicles (Fig. 3A & 3C: sv) fuse to form the seminal duct just before entering
the copulatory bulb. The seminal vesicles and seminal duct are lined by a nucleated epithelium and surrounded by
an external longitudinal muscle layer. The atrial organs are located in the caudal body fourth. The copulatory bulb is
168—196 um long (x= 182 um; n = 2) and surrounded by an external, longitudinal muscle layer and a thick, internal
circular muscle layer. The seminal duct is situated in the proximal half of the copulatory bulb. Where the seminal
duct opens into the cirrus, filiform prostate glands containing a coarse-grained eosinophilic secretion also enter the
cirrus (Fig. 3A & 3C: pv). The armature of the cirrus (Fig. 3A—C: ci, 3D) consists of two longitudinal spiny rows:
one row is M-shaped and 145-240 um long (x= 193 pum; n = 2) (Fig. 3B & 3D: sprl) and the other one is invert
U-shaped and 134-138 pm long (x= 136 um; n = 2) (Fig. 3B & 3D: spr2). In both rows, the triangular spines are
2—4 um long (x=3 um; n = 2), reaching up to 5 um at one of the ends. The rows of spines are conspicuous in the
distal part of the cirrus, but less noticeable in the more proximal part. The copulatory bulb opens distally in a penis
papilla (Fig. 3B: pp), which is partially sclerotised. A number of glands (Fig. 3B: gl) containing fine-grained eosino-
philic secretion open distally into the penis papilla.

The elongated ovaries (Fig. 3A: ov) lie beside the copulatory bulb. The oviducts open into the sperm-containing
female duct. The female duct (Fig. 3A: fd) opens into the female atrium through a strong sphincter (Fig. 3A: sphl).
The walls of the female atrium (Fig. 3A: fa) are weakly muscular. The bursal stalk (Fig. 3A: bs) is tubular in one
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specimen and swollen in a second one. It is surrounded by two strong and folded muscle layer consisting of external
circular and internal longitudinal muscles. It connects with the caudally-located bursa (Fig. 3A: b), which is lined
by feeble circular muscles. The uterus (Fig. 3A: ut) is oriented forward and is surrounded by a sphincter more or
less in its midpart (Fig. 3A: sph2).

P b ¥

%

RERERY

FIGURE 3. [taipusa novacaledonica sp. n.. A & C, male and female systems (from a live animal). B & D, cirrus and penis

papilla (from the holotype). A-B & D with proximal end toward top of figure, C with distal end toward left of figure.
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Reinhardorhynchus Diez, Monnens & Artois gen. n.
urn:lsid:zoobank.org:act:02DC1CAC-6389-459E-B933-42E9647E307E

Diagnosis. Representative of Koinocystididae with a proboscis with a juncture sphincter. Copulatory bulb of the
conjuncta duplex-type, except in R. hexacornutus sp. n. which has a copulatory bulb of the divisa duplex-type.
Copulatory organ with an armed or unarmed cirrus. Some species also with a papillary cirrus in the copulatory bulb
and one to six accessory hooks distally.
Etymology. In honour of the late Prof. Dr. Reinhard Rieger, for his enormous contribution to turbellarian research.
Type species. Reinhardorhynchus riegeri (Karling, 1978) comb. n., here designated.
Other species. Reinhardorhynchus anamariae sp. n., R. beatrizae sp. n., R. bispina (Karling, 1980) comb. n.,
R. curvicirra (Karling, 1980) comb. n., R. evelinae (Marcus, 1954) comb. n., R. hexacornutus sp. n., R. pacificus
sp. n., R. renei (Reygel, Willems & Artois, 2011) comb. n., R. riae sp. n., R. ruffinjonesi (Karling, 1978) comb. n.,
R. scotica (Karling, 1954) comb. n., R. soror sp. n., R. tahitiensis sp. n., R. unicornis sp. n., and R. variodentata
(Karling, Mack-Fira & Dérjes, 1972) comb. n.

Reinhardorhynchus riegeri (Karling, 1978) comb. n.
(Fig. 4)

Known distribution. Tuckers Town Cove (Type Locality) and Mullet Bay, Rock Hill, Bermuda (Karling 1978).

New records and material. Observations on live specimens. Seven whole mounts (HU XII1.3.08-XI11.3.14)
and five serially-sectioned specimens (HU XIII.3.15-XII1.3.19) from Guardalavaca (21°07°32”N; 75°49°39”W),
Banes, Holguin, Cuba (February 28, 2017), sandy bottoms and fine-grained sand, in beds of Syringodium filiforme,
intertidal up to 0.2 m deep, salinity 35 %o.

Description. Habitus and general organisation of the newly-collected specimens as described by Karling
(1978). Specimens unpigmented, 1.4-2 mm long (x = 1.8 mm; n = 6), with a pair eyes. The syncytial epidermis is
4 um thick, fully ciliated. Cilia about 4 um long. It includes two types of vacuoles: translucent empty ones and oth-
ers filled with dark granules. Rhabdites present all over the epidermis, 1-2 um long, some located at the epidermis’
surface, others deeply embedded within the epidermis.

The proboscis represents about 10% of the body length in live specimens. It has the typical koinocystidid mor-
phology (see Brunet 1972; Karling 1980), with a strong juncture sphincter and does not differ from that of other
species of Reinhardorhynchus gen. n. (see the description of the proboscis of R. riae sp. n. below). Only two pairs
of integument retractors were observed: a ventral and a dorsal one. The exact number of fixators, dilatators and
proboscis retractors could not be determined. The proboscis pore is closed by a sphincter.

The pharynx is located at 30%; its general morphology is as described for R. riae sp. n. (see below). However, a
sphincter around the mouth was not observed. Three types of glands open in the distal part of the pharynx lumen: two
eosinophilic ones (coarse-grained and medium-coarse grained, respectively) and a coarse-grained basophilic one.

The two testes are located at both the sides of the pharynx. Each of them is connected to a seminal vesicle by
a vas deferens. The seminal vesicles fuse proximally from the copulatory bulb, forming a short seminal duct. The
copulatory bulb encompasses the prostate vesicle, two spiny cirri, and two distal hooks. The ejaculatory cirrus
(terminology of Karling 1978) (Fig. 4A: ci, 4B) is 50-77 um long (x= 64 um; n =4). It is armed with numerous
small spines of + 7 um long at one side and a group of larger spines 6—17 um long (x= 10 pm; n = 5) at the other.
The papillary cirrus (terminology of Karling 1978) (Fig. 4A: pc, 4C) is 110-129 um long (x =117 pm; n = 7). Its
proximal half'is provided with £2-um-long triangular spines (Fig. 4C: sp1), which in the distal half are 5-8 pm long
(=7 um; n = 13) (Fig. 4C: sp2). The two larger, strongly sclerotised hooks, which are attached to the wall of the
male duct, differ from each other in size. The larger hook (Fig. 4A: hl, 4D) is located next to the papillary cirrus and
15 99-120 pm long (x = 107 um; n = 7). Its proximal base is extremely asymmetrical. The smaller one (Fig. 4A: h2;
4E) has a less pronounced asymmetrical base. It is positioned near the proximal end of the ejaculatory cirrus and
measures 40-63 pum (x =56 pum; n =5).

Two elongated ovaries are situated rostral to the copulatory bulb. The oocytes are arranged in a row, increasing
in diameter from the most proximal to the most distal one. The female duct receives the pair of oviducts proximally
and opens into a distally located bursa through a strong sphincter. Embryos (4-5) without a surrounding shell were
observed in some specimens, suggesting the species is (ovo-) viviparous.
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FIGURE 4. Reinhardorhynchus riegeri (Karling, 1978) comb. n. A, sclerotised structures of the copulatory bulb. B, ejaculatory
cirrus. C, papillary cirrus. D, larger hook. E, smaller hook. All with proximal end toward top of figure.

Reinhardorhynchus ruffinjonesi (Karling, 1978) comb. n.
(Fig. 5-6)

Known distribution. St. George, Tobacco Bay, Bermuda (Type Locality) (Karling 1978).

New records and material. Observations on live specimens, whole mounted afterwards. Two whole mounts
from Las Sardinas (19°56°24”N; 76°46°41”W), Guama, Santiago de Cuba, Cuba (June 22, 2017), on the alga Dic-
tyota menstrualis with some sand, 0.5 m deep, salinity 35 %o (HU XII1.3.20—XIII.3.21). Two whole mounts from Si-
boney (19°57°34”N; 75°42°07”W), Santiago de Cuba, Cuba (March 22, 2017), intertidal, sand with organic matter,
salinity 35 %o (HU XI11.3.22-XI11.3.23). Eight whole mounts from Bueycabén (19°57°38”N; 76°57°28”W), San-
tiago de Cuba, Cuba (February 6 & 21, 2018), fine-grained sand rich in organic matter, 0.5 m deep, salinity 33 %o
(HU XII1.3.24-XI11.3.31). Two whole mounts from Punta Culebra (8°54’57”N; 79°31°50”W), Panama (December
13, 2011), intertidal, coarse to fine sand collected in front of the Smithsonian Tropical Research Institution (USNM
1642503-1642504). One whole mount (USNM 1642505) from Bahia Can Can (09°32°23”N; 79°40°31”W), near
Portobello, Panama (March 3, 2016), intertidal, very coarse sand. One whole mount from a beach at Araga Bay
(23°48°477’S; 45°24°31”W), Sao Sebastido, Sao Paulo, Brazil (October 26, 2012), intertidal (HU XII1.3.32).
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FIGURE 5. Reinhardorhynchus ruffinjonesi (Karling, 1978) comb. n.. A, D, G & J, larger hook [specimens from Cuba, Punta
Culebra (Panama), Brazil, and Bahia Can Can (Panama), respectively]. B, E, H & K, smaller hook [specimens from Cuba, Punta
Culebra (Panama), Brazil, and Bahia Can Can (Panama), respectively]. C, F & I, distal spines of the cirrus [specimens from
Cuba, Punta Culebra (Panama), and Brazil, respectively]. All with distal end toward top of figure.

Remarks. According to Karling (1978), R. ruffinjonesi comb. n. is characterised by a cirrus with small sclero-
tised dots, a curved row of scale-like spines (15 wm maximum length), and two distal hooks (72 pm and 45 um long,
respectively). In addition, Karling (1978) describes a “small, easily overlooked spiny diverticulum” in the cirrus.
Our re-examination of the holotype of R. ruffinjonesi comb. n. (Fig. 6A—B) reveals that the “small sclerotised dots”
of the cirrus described by Karling (1978) are in fact triangular spines of 1-2 pm long (x=2 um; n = 20). These
spines are larger in the “spiny diverticulum” (4 pm; n = 9). The curved belt described by Karling (1978), consists of
a proximal part of large and scale-like spines, followed by a middle part of small spines, and a distal part of strong,
more or less triangular spines. In the holotype, the spines in the proximal part of the row (Fig. 6A: cps) are 6-9 um
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long (x=8 pum; n = 15), smaller toward the distal end. The spines of the middle part are 1-2-pum-long (x =2 pum;
n = 10). In the distal part of the belt (Fig. 6A: cds), the spines are 4-20 um long (x= 13 pm; n = 20), the most distal
ones of which are curved (Fig. 6B: ds) and 13-21 um long (x = 18 um; n = 5).

FIGURE 6. Reinhardorhynchus ruffinjonesi (Karling, 1978) comb. n.. A—F, hard structures of the copulatory bulb. A-B, from
the holotype. C—D, specimen from Cuba. E, specimen from Punta Culebra (Panama). F, specimen from Brazil. E oriented with
proximal end toward top of figure; the others with proximal end toward left of figure.

In the specimens from Cuba (Fig. SA-C & 6C-D), the copulatory bulb is 162-220 um long (x'= 192 pm;
n = 6). The cirrus (Fig. 6C: ci) is armed with triangular spines of 1-2 um long (x =2 um; n = 27). The spiny belt is
149-247 pm long (x= 176 pm; n = 10). In the proximal part of the belt (Fig. 6C: cps), the spines are 5-9 um long
(=7 um; n = 31), with the size of the spines decreasing distally. In the middle part, the spines are 2—3-um-long

TAXONOMY AND PHYLOGENY OF KOINOCYSTIDIDAE Zootaxa 4948 (4) © 2021 Magnolia Press - 465




(x=3 pm; n=25). In the distal part (Fig. 6C: cds), the spines are 6—18 um long (x= 12 um; n = 26), the most
distal ones of which (Fig. 5C, 6C-D: ds) are 6—15 um long (x= 12 um; n =9). The distal sclerotised hooks difter
in size. The larger hook (Fig. SA, 6C-D: hl) is 46—-60 um long (x =54 pm; n = 10) and 15-27 um wide at its base
(¥=21 um; n = 10). The smaller hook (Fig. 5B, 6C-D: h2) is 21-32 um long (x =27 um; n = 10) and 11-21 pm
wide at its base (x =17 pm; n = 10).

In the specimens from Punta Culebra (Panama) (Fig. SD-F, 6E) the copulatory bulb is 339-348 pum long
(¥=344 pm; n = 2). The cirrus is armed with 2-3-pm-long triangular spines (x =3 pum; n = 20). The belt of spines
is 253-366 um long (x =260 um; n = 2), with spines of 3—13 um long (x = 8 um; n = 26) in the proximal part and
of 9-23-pum-long (x= 17 um; n = 16) in the distal part. The most distal spines of the posterior part (Fig. 5F) are
20-21 pm long (x= 21 um; n = 3) and shark-tooth shaped, with a broad base, curved, and ending in a sharp tip. The
larger distal hook (Fig. 5D & 6E) is 62 um long (n = 2) and 33-34 pm wide at its base (n = 2). The smaller hook
(Fig. 5E) is 26-33 pum long (x =30 um; n = 2) and 15-16 pm wide at its base (n = 2).

In the specimen from Brazil (Fig. 5G-I, 6F) the copulatory bulb is 165 um long. No triangular spines were
observed in the cirrus. The spiny belt is 165 pm long, with spines of 3—6 um in length (x’=5 um; n = 14) in the
proximal part and a of 3—15 um in length (x =9 um; n = 14) in the distal part. The most distal spines (Fig. 51, 6F:
ds) of the distal part are shark-tooth shaped, with a broad base and a sharp curved tip, 15-20 pm long (x = 18 pm;
n = 3). The larger of the distal hooks (Fig. 5G, 6F: h1) is 60 pm long and 22 um wide at its base. The smaller hook
(Fig. 5H, 6F: h2) is 33 um long and 16 um wide at its base.

The specimen from Bahia Can Can (Panama) (Fig. 5J-K) has a copulatory bulb of 310 um long. The cirrus
is armed with 2-3-pm-long triangular spines (x =2 pum; n = 20). The belt of spines is 251 pm long, with spines of
4-10 um in length (x = 7 um; n = 15) in the proximal part and of 2—18 um in length (x = 10 pm; n = 27) in the distal
part. The most distal spines of the distal part are triangular and curved, 16-24 pum long (x= 18 um; n = 4). The larger
of the distal hooks (Fig. 5J) is 56 um long and 30 pm wide at its base. The smaller hook (Fig. 5K) is 29 um long and
20 um wide at its base, slightly curved, ending in a rounded tip.

Reinhardorhynchus riae Diez, Reygel & Artois sp. n.
(Fig. 7-8)
urn:lsid:zoobank.org:act:65D70F61-74DB-458B-BSEA-18ABOF972270

Material and distribution. Observations on live specimens. Three whole mounts, one designated holotype (FMNH
https://id.luomus.fi/KV.651), the others reference material (HU XII1.3.33—XI11.3.34), and one serially-sectioned
specimen (HU XIII.3.35) collected in Mala (Lanzarote, Canary Islands) (29°05°01”N; 13°26°59”W), in front of
“Cuevita de Mala” (October 10, 2011), sand patch under loose macroalgae, coarse shell gravel, very clean, 12 m
deep (Type Locality). One whole mount from the same locality (HU XII1.3.36) (October 8, 2011), medium-fine,
calcareous sand from a large parch among rocks, poorly-oxygenated redox layer just below surface, 20 m deep. Four
whole mounts and seven serially-sectioned specimens (HU XII1.3.37—XI11.3.47) collected in a sheltered beach, a bit
south of Orzola (Lanzarote, Canary Islands) (29°13°23”N; 13°27°05”W) (October 6, 2011), medium-coarse sand,
with holes from burrowing animals, taken at low tide, just below the water line. One whole mount (HU XIII.3.48)
collected at the same locality (October 7, 2011), sample taken 0.4-0.5 m deep, coarse sand with lava rocks scat-
tered around. Salinity 35 %o in all the localities. One whole mount (HU XII1.3.49) from Punta Negra (40°57° 12N,
08°13’43”E), Stintino, Sardinia, Italia (September 2018), on silty algae, 0.5 m deep, salinity 40 %eo.

Etymology. Species dedicated to Ria Vanderspikken (Hasselt University), in acknowledgement of all her help
in organising the sampling campaigns, archiving of literature and taking care of the HU specimen collection.

Diagnosis. Species of Reinhardorhynchus gen. n. with a copulatory organ armed with two transverse spiny
belts, a penis papilla, and two distal hooks. Prostate vesicle enclosed in a muscular bulb. This bulb ends in a pseu-
docuticular plate and is armed with two spiny rows being £72 um and £55 um long, respectively. Spines +3 um
long at the sides and +£9 pum long in the middle of the rows. Penis papilla covered by a pseudocuticula, which carries
the distal hooks. Hooks flattened, with a broad and rounded distal end, £14 pm long and +32 pm wide at their base.
Female duct bipartite: proximal compartment lined by a nucleated epithelium and without muscles, distal compart-
ment surrounded by a thick layer of circular muscles.
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FIGURE 7. Reinhardorhynchus riae sp. n.. A, general organisation (from a live animal). B, sagittal reconstruction of the pro-
boscis from the left hand side. C, sagittal reconstruction of the pharynx from the right hand side. D—E, cirrus and hooks (from
the holotype). D—E with proximal end toward top of figure.
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FIGURE 8. Reinhardorhynchus riae sp. n.. A, proboscis (sagittal section). B, copulatory bulb (sagittal section). C, sagittal
reconstruction of the genital system from the right hand side.

Description. The specimens are 1.8-3 mm long (x'= 2.2 mm; n = 8), translucent, with a pair of eyes (Fig. 7A:
e). The coloration of the specimens is due to pinkish glands within the parenchyma. The syncytial epidermis is
7-8 um thick and completely ciliated; cilia =4 um long. The epidermis contains many vacuoles, which are either
empty or filled with a dark secretion (coarse- or fine-grained). The 1-2 um-long rhabdites are located near the apical
surface of the epidermis. Caudally in the body some eosinophilic glands occur (Fig. 7A & 8C: cgl).

The proboscis (Fig. 7A: pr, 7B, 8A) is £15% of the body length and is of the characteristic koinocystidid con-
struction (see Brunet 1972; Karling 1980), displaying a strong juncture sphincter (7A-B: js). The proboscis sheath
is surrounded by a nucleated epithelium (Fig. 7B: ne), which is continuous with the epithelium surrounding the
proboscis cone. Both epithelia contain oval to circular-shaped glands (reddish stained) (Fig. 7B & 8A: egl). The
epithelium surrounding the cone is lined by a brush border (Fig. 8A: bb). Three kinds of glands open through the
caudal wall of the proboscis: coarse-grained basophilic ones (dark stained) (Fig. 7B: prgl), coarse-grained eosino-
philic ones (pinkish stained) (Fig. 7B: prg2), and fine-grained eosinophilic ones (brownish stained) (Fig. 7B:prg3).
The proboscis sheath is surrounded by a layer of circular muscles and a longitudinal one just underneath it. The pro-
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boscis pore (Fig. 7B & 8A: prp) is surrounded by a sphincter (Fig. 7B: sph). The cone retractors are well developed
(Fig. 7B & 8A: cret). The exact number of proboscis fixators (Fig. 7B: pfix) and dilatators (Fig. 7B: dil) could not be
determined. Two pairs of proboscis retractors (Fig. 7B: pret) could be distinguished, however it is not clear if there
are more. Two pairs of integument retractors were observed: a ventral and a dorsal one (Fig. 7B: iret).

The pharynx (Fig. 7A: ph, 7C) has a diameter of 15% of the body length in the live specimens, situated at 40%.
The prepharyngeal cavity (Fig. 7C: ppc) is lined by a nucleated epithelium and surrounded by an external layer of
longitudinal muscles. The mouth (Fig. 7C: m) is surrounded by a sphincter (Fig. 7C: sph). Four types of glands con-
taining a coarse-grained secretion open into the pharynx lumen: dark brown (Fig. 7C: phgl) and pinkish (Fig. 7C:
phg2) eosinophilic glands most distally, and brownish eosinophilic (Fig. 7C: phg3) and basophilic glands (Fig. 7C:
phg4) more proximally. Coarse-grained basophilic glands (Minot’s glands) (Fig. 7C: oeg) open into the oesophagus
(Fig. 7C: oe). The musculature of the pharynx consists of a longitudinal muscle layer outside of the septum (Fig.
7C: Im1) and a circular layer just inside of it (Fig. 7C: cm1). These circular muscles are markedly thicker near the
proximal and distal tips of the pharynx. The distal opening of the pharynx is lined by a thick layer of longitudinal
muscles, which in sagittal section gives the impression of forming a lip-like structure (Fig. 7C: slm). The pharynx
lumen is surrounded by an inner circular (Fig. 7C: cm2) and outer longitudinal muscle layer (Fig. 7C: Im2). Radial
muscles (Fig. 7C: rm) stretch between the internal and the external walls; the most proximal of these are weaker
than the others.

Two testes (Fig. 7A: t) occur latero-rostrally from the pharynx. Caudally from the pharynx, the vasa deferentia
form a pair of seminal vesicles (Fig. 7A & 8C: sv). The seminal vesicles are lined by a low, nucleated epithelium and
surrounded by an external, longitudinal muscle layer. The seminal vesicles fuse to form a seminal duct just before
opening into the copulatory bulb (Fig. 7D: cb), which is located in the caudal body half and represents 15% of the
body length in the live specimens. It encompasses the prostate vesicle (Fig. 7A & 8C: pv), the cirrus (Fig. 7A &
7D-E: ci), and two accessory hooks (Fig. 7A, 7D-E & 8C: h). The copulatory bulb ends in a penis papilla (8B—C:
pp) and is surrounded by a thick sheath of longitudinal muscles (Fig. 8B—C: Im1). Distally, this muscular sheath is
not connected to the penis papilla. A second, internal muscular sheath connects to the proximal part of the prostate
vesicle and ends in the penis papilla. This sheath consists of a longitudinal muscle layer (Fig. 8B—C: Im2) and an
oblique one just beneath it (Fig. 8B—C: om1). The most distal part of the copulatory bulb is lined by a thin, nucleated
epithelium (Fig. 8C: ne), which becomes much thicker and is covered by a sclerotised layer, as a whole forming the
penis papilla. The two distal hooks are connected to the distal end of the penis papilla.

The extracapsular prostate glands (Fig. 7A & 8C: pg) open proximally into the copulatory bulb. The prostate
vesicle forms a long-drawn muscular bulb. Proximally, it is surrounded by strong oblique muscles (Fig. 8B—C:
om?2), while over the rest of its length the prostate vesicle is surrounded by an external longitudinal (Fig. 8B—C:
Im3) and internal oblique muscle layer (Fig. 8C: om3). The ejaculatory duct (Fig. 8B—C: ed) enters the prostate
vesicle through the latter’s proximal end and runs axially through it. The duct is lined by a thin nucleated epithelium
and surrounded by longitudinal muscles. There are four types of prostate glands: a coarse-grained basophilic one
(stained dark purple) (Fig. 8B: pgl), two coarse-grained eosinophilic ones [stained greenish (Fig. 8B: pg2) and red-
dish (Fig. 8B: pg3), respectively], and an eosinophilic, fine-grained one (stained pinkish) (Fig. 8B: pg4). Distally,
these prostate glands open around the distal opening of the ejaculatory duct. The distal tip of the prostate vesicle is
covered by a sclerotised layer and armed with teeth, constituting the two spiny rows observed in the live specimens
and the whole mounts.

The spiny rows (Fig. 7D-E & 8C: ci) are oriented transversally relative to the copulatory bulb. The larger row
is 66—83 um long (x= 72 um; n = 7), the smaller one 46—65 um (x= 55 um; n = 7). The triangular spines are small-
est at the sides of both rows: 2—4 pm long (x= 3 pm; n = 20), compared to 7-12 pm long (x =9 um; n = 35) in the
middle. The distal hooks (Fig. 7A, 7D-E & 8C: h) are similar in length and shape: flattened, distally broad and
rounded, 11-20 um long (x= 14 pm; n = 10) and 27-37 um wide at their base (x = 32 pm; n = 10). The male atrium
(Fig. 8C: ma) is lined by a low, nucleated epithelium and surrounded by longitudinal muscles. Proximally from the
aperture of the ejaculatory duct, the male atrium shows a small, lightly-sclerotised papilla (Fig. 8C: pa). The male
atrium opens into the common general atrium (Fig. 8C: ca) through the latter’s rostral wall.

The vitellaria (Fig. 7A & 8C: vi) extend along both sides of the body from the level of the testes to the copula-
tory bulb. The ovaries (Fig. 7A & 8C: ov) are located antero-laterally from the copulatory bulb. The oocytes are
organised in a row, increasing in diameter from the most proximal to the most distal one. The most distal oocytes
display a number of unidentified black spots (Fig. 8C: os). The oviducts (Fig. 8C: od) are short and not surrounded
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by muscles. The female duct is bipartite. The proximal part (Fig. 8C: fd1) is surrounded by a nucleated epithelium,
lacks muscles, and narrows towards the second, more distal part (Fig. 8C: fd2). The distal part is lined by a mem-
branous, anucleated epithelium and surrounded by thick, circular muscles. The proximal part receives the broad
common vitelloduct and the oviducts and is filled with vitelline material. The distal part contains sperm, hence
functioning as seminal receptacle and connects to the female atrium through a strong sphincter (Fig. 8C: sphl). The
female atrium (Fig. 8C: fa) also receives the bursal stalk (Fig. 8C: bs), which enters just dorsal to the female duct.
The bursa (Fig. 8C: b) is surrounded by an internal longitudinal and external circular muscle layer which continue
around the bursal stalk and further around the female atrium. It is lined by a nucleated epithelium, which disappears
around the bursal stalk. At the transition between bursa and bursal stalk, a sphincter occurs (Fig. 8C: sph2). The
bursa contains disintegrating sperm and different kinds of glandular material in degradation. The female atrium also
contains sperm and enters the common genital atrium just dorsal to the opening of the male atrium. The uterus (Fig.
8C: ut) enters the common genital atrium through the latter’s rostral wall, ventral to all other systems. The uterus
is lined by a nuclear epithelium and is surrounded by a longitudinal muscle layer. Medium-grained eosinophilic
uterine glands open into the uterus just proximal to the opening of the female duct (Fig. 8C: ueg). The uterus does
not show any sphincters. The common genital atrium is surrounded by longitudinal muscles. An epithelium was
not observed and is probably membranous. The common genital atrium opens ventrally and subcaudally through
the common gonopore (Fig. 7A & 8C: cg), which is at 95%. This gonopore is surrounded by a sphincter (Fig. 8C:
sph3). One live specimen carried two embryos (Fig. 8B: em) not surrounded by a thick egg-shell, suggesting the
species is (ovo-)viviparous.

Reinhardorhynchus anamariae Diez, Reygel & Artois sp. n.
(Fig. 9, 12A-C)
urn:lsid:zoobank.org:act:68EBA829-BAD3-4F42-A46E-AC35A1F7F38D

Material and distribution. Observations on live specimens, whole mounted afterwards. Four whole mounts, one
of which is designated holotype (FMNH https://id.luomus.fi/KV.648), the others in HU (XIII.3.50; XII1.4.01—
XI11.4.02), collected in Bueycabon (19°57°38”N; 76°57°28”W) (Type Locality), Santiago de Cuba, Cuba (February
6, 2018), fine-grained sand with organic matter, 0.5 m deep, salinity 33 %o.

Etymology. Species dedicated to Prof. Dr. Ana Maria Sudrez Alfonso, researcher at the Marine Research Centre
of Havana University, Cuba, specialist in taxonomy and ecology of macroalgae. Awarded with the National Award
of Marine Sciences of Cuba (2012).

Diagnosis. Species of Reinhardorhynchus gen. n. without eyes. Copulatory bulb enclosing a spiny cirrus and
two distal hooks. Cirrus armed with rows of spines =1 um long and a £116-um-long and inverted L-shaped belt of
triangular spines. Proximally, the belt bears £22-um-long spines, diminishing in length from one end to the other
(the proximal largest one is £42 um long and the smallest distal one is £9 pm long). Distally in the belt, the central
spines are £15 pm long; the lateral ones are +£5 pm long. Larger hook 51 pum long, distally ending in a sharp tip.
Smaller hook 45 um long, with a blunt distal tip.

Description. Specimens translucent, 0.9—1.4 mm long (x = 1.2 mm; n = 4), with pinkish-coloured parenchymal
glands, and without eyes. The proboscis (Fig. 9A: pr) is of the typical koinocystidid construction (see Brunet 1972;
Karling 1980), possessing a well-developed juncture sphincter; it is 15% of the body length in live specimens. The
pharynx (Fig. 9A: ph) has a diameter of 15% of the body length in live specimens and is located at 50%.

The testes (Fig. 9A: t) are rostral to the pharynx. Caudal to the pharynx, the vasa deferentia make up the seminal
vesicles. The seminal vesicles fuse to form a short seminal duct just before entering the copulatory bulb. The semi-
nal duct runs through the proximal part of the copulatory bulb and opens into the cirrus. The extracapsular prostate
glands open proximally into the copulatory bulb. The oval copulatory bulb is 183-274 pum long (x'= 222 pm; n = 4).
It encompasses the prostate vesicle (Fig. 9B: pv), the spiny cirrus, and two distal hooks. The cirrus (Fig. 9A-B
& 12A: ci, 9C, 12B) is armed with rows of spines that are +1 pm long (Fig. 9C & 12B: sp). Proximally, the rows
of spines are oriented longitudinally, while distally they are transversal; these rows join in the middle third of the
cirrus. The cirrus includes a belt of large, triangular, hollow spines (Fig. 9C & 12B: cir). This belt has the shape
of an inverted L and is 96—129 um long (x= 116 um; n = 4). The proximal part of the spiny belt is oriented trans-
versally relative to the longitudinal axis of the cirrus, is 31-41 pm long (x'= 37 um; n =4) and includes the largest
spines, which are hollow, increasing in diameter from the most proximal to the most distal one. The largest spine
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is 37-48 pum long (x= 42 pm; n = 4), the rest of the spines are 9-34 um long (x'= 22 um; n = 22). The distal part is
oriented longitudinally relative to the axis of the cirrus, measures 65—88 pum (x'= 79 pm; n = 4), and includes smaller
spines than the proximal part. In this part, the spines are larger in the middle (9—18 pm long; x = 15 um; n = 20) than
at the sides (2—8 pm long; x =5 pm; n = 25).
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FIGURE 9. Reinhardorhynchus anamariae sp. n.. A, general organisation. B, caudal body end (both from the live animal). C,
cirrus. D, larger hook. E, smaller hook. C—E, from the holotype. C—E with proximal end toward top of figure.

Distally from the cirrus proper, two large hooks are present. The larger hook (Fig. 9A-B, 12A & 12C: hl, 9D)
s 48-53 um long (x = 51 um; n = 4), with an asymmetrical base of 29-36 um in width (x’= 31 pm; n = 4). The hook
ends in a sharp, distal tip. The smaller hook (Fig. 9E, 12A & 12C: h2) is 44—46 um long (x =45 pm; n = 4), with a
more or less triangular base, 31-35 um wide (x= 33 um; n = 4), and the distal tip curved and rounded.

The elongated ovaries are lying rostral to the copulatory bulb. The oocytes are organised in a row, increasing in
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diameter from the most proximal to the most distal one. The female duct (Fig. 12A: fd) contains sperm and opens
into the globular, caudally-located bursa (Fig. 9A-B & 12A: b) through a strong sphincter (Fig. 12A: sph). The
common gonopore opens at 90%. One live specimen carried two embryos (Fig. 9A: em) that are not surrounded by
a thick egg-shell, suggesting the species is (ovo-)viviparous.

Reinhardorhynchus beatrizae Diez, Aguirre, Reygel & Artois sp. n.
(Fig. 10)
urn:lsid:zoobank.org:act:7191A493-CCA1-421D-88D5-99AD3D7ES5705

Material and distribution. Observations on live specimens, whole mounted afterwards. Two whole mounts from
Las Sardinas (19°56°24”N; 76°46’41”W) (Type Locality), Guama, Santiago de Cuba, Cuba (June 22, 2016), one
of which is designated holotype (FMNH https://id.luomus.fi/KV.649), the other one in HU (XII1.4.03), silty sand in
rock pools protected from wave action, 0.3 m deep, salinity 33 %o. Six whole mounts and three serially-sectioned
specimens (in poor conditions) from Siboney (19°57°34”N; 75°42°07”W), Santiago de Cuba, Cuba (September
4, 2016; March 22 & June 5, 2017), intertidal (upper 10 cm of fine-grained sand) up to 0.5 m deep (fine-grained
sand rich in organic matter), salinity 33-35 %o (HU XII1.4.04-XII1.4.13). Two whole mounts from Bueycabon
(19°57°38”N; 76°57°28”W), Santiago de Cuba, Cuba (February 6 & 21, 2018), fine-grained sand rich in organic
matter, 0.5 m deep, salinity 33 %o (HU XI11.4.14-XI11.4.15).

Etymology. Species dedicated to Prof. Dr. Beatriz Martinez Daranas, researcher at the Marine Research Centre
of Havana University, Cuba), specialist in taxonomy and ecology of seagrass and macroalgae.

Diagnosis. Species of Reinhardorhynchus gen. n. with the copulatory bulb encompassing the prostate vesicle,
an armed cirrus and two distal hooks. Cirrus armed with triangular, +4-um-long spines. Cirrus also includes a £347-
um-long spiny belt. Proximally in the belt the spines are scale shaped and +23 um long. Proximal spines followed
by a section bearing +=6-pm-long spines that runs distally and ends in the distal comb-shaped part, which is armed
with £32-pum-long spines. Larger hook =101 pm long and +59 pm wide at its base. Its base bears a £45-um-long and
funnel-like hook. Smaller hook +89 pm long and +£47 um wide at its base.

Description. Live specimens are 1.5-2 mm long, translucent, with two eyes (Fig. 10A: e). The syncytial and
fully-ciliated epidermis is 7-8 um thick and contains large vacuoles, some of which are filled with a dark granular
secretion. Rhabdites occur all over the basal part of the epidermis and measure 2—3 pm.

The proboscis (Fig. 10A: pr) is of the typical koinocystidid construction (see Brunet 1972; Karling 1980), with
a strong juncture sphincter, and does not differ in morphology from that of the other species of Reinhardorhynchus
gen n. It is about 15% of the body length in live specimens. Only two pairs of integument retractors were observed:
a ventral and a dorsal one. Two pairs of proboscis retractors were observed, but it is not clear whether more are
present. The exact number of fixators and dilatators could not be determined. A sphincter around the proboscis pore
was not observed.

The pharynx is located at 40-50% (Fig. 10A: ph) and has a diameter of 15% of the body length in live speci-
mens. Its overall morphology does not differ from that previously described for /. divae (see above). At least two
types of glands open in the distal part of the pharynx lumen: one containing a coarse-grained secretion, the other
one a fine-grained secretion.

A pair of testes is located rostral to the pharynx. The seminal vesicles fuse with each other just before entering
the copulatory bulb. The copulatory bulb is globular and 253—400 pm long (x =327 wm; n = 7). It is surrounded
by an external, longitudinal and a very strong internal, circular muscle layer. The prostate glands open proximally
into the copulatory bulb. The copulatory bulb encompasses the prostate vesicle, the cirrus and two distal hooks. The
prostate vesicle (Fig. 10A: pv) opens proximally into the cirrus. The filiform prostate ducts contain a coarse-grained
secretion. The cirrus is surrounded by an external longitudinal and a very strong internal circular muscle layer. The
cirrus (Fig. 10A: ci) is armed with 3—5-um-long triangular spines (Fig. 10B: cis) (x=4 pm; n = 20). Additionally,
the cirrus also shows a 290-382-pum-long spiny belt (x= 347 um; n = 6) (Fig. 10C). Proximally, these scale-like
spines are 9-34 pm long (x =23 um; n = 15) (Fig. 10B—C: cps). This part is followed by a row of triangular and
4-8-pm-long (x= 6 um; n=31) spines (Fig. 10C: cms). In the distal, comb-shaped part of the belt the spines are
23-48 pum long (x =32 um; n = 31) (Fig. 10B-C: cds).
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FIGURE 10. Reinhardorhynchus beatrizae sp. n.. A, general organisation. B, sclerotised structures of the copulatory bulb. C,
Cirrus. D, larger hook. E, smaller hook. B-E, from the holotype. C—E with proximal end toward top of figure.

The larger of the two distal hooks (Fig. 10B: h1, 10D; hooks Fig. 10A: h) is 86—121 um long (x=101 pm;
n =7) and 49-72 um wide at its base (x = 59 um; n = 8). The base carries a funnel-like structure of 35-53 um long
(x=45 um; n=7) (Fig. 10B & 10D: th). The smaller hook (Fig. 10B: h2, 10E) is 57-94 um long (x = 89 um; n = 6)
and 36-55 um wide at its base (x =47 um; n = 6).

The vitellaria run from the posterior end of the pharynx to the caudal body end. The elongated ovaries are
located rostral to the copulatory bulb. The oocytes are organised in one row, increasing in diameter from the most
proximal to the most distal one. The oviducts open into the proximal end of the female duct. The female duct opens
into the receptacle bursa (terminology of Karling 1981; followed by Reygel e al. 2011) through a strong sphincter.
The muscular bursal stalk connects the caudally-located bursa with the female atrium. In a live specimen, an egg
without shell was observed.

Reinhardorhynchus hexacornutus Jouk, Diez, Reygel & Artois sp. n.
(Fig. 11)
urn:1sid:zoobank.org:act: 45A01032-0A38-4976-9AF0-B2C6F277FC55

Material and distribution. Observations on live specimens, whole mounted afterwards. Five whole mounts, one
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of which is designated holotype (FMNH https://id.luomus.fi/KV.650), the others in HU (XI11.4.16—X111.4.19), col-
lected in Puna’auia (17°36°42”S; 149°36°51”W) (Type Locality), Pape’ete, Tahiti, Society Islands, French Polyne-
sia (March 18, 2016), sediment with ripple marks, 50 cm deep, fine black sand.

Etymology. Species named after the presence of six hooks within the copulatory bulb.

FIGURE 11. Reinhardorhynchus hexacornutus sp. n.. A, general organisation (from a live animal). B & J-K, copulatory bulb.

C, cirrus. D-I: hooks. A-B, from live animals. C-J, from the holotype. K, from a reference specimen (HU XII1.4.16). All ori-
ented with proximal end toward top of figure.
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FIGURE 12. A-C, Reinhardorhynchus anamariae sp. n.. A, sclerotised structures of the cirrus. B, cirrus. C, hooks. D-F, Re-
inhardorhynchus pacificus sp. n.. D-E, sclerotised structures of the cirrus. F, female system. All from the holotype. All with
proximal end toward left of figure.

Diagnosis. Species of Reinhardorhynchus gen. n. with the copulatory bulb encompassing the ejaculatory duct,
a papillary cirrus, and six hooks. Ejaculatory duct runs through the copulatory bulb and opens distally into the male
atrium. Papillary cirrus £84 pm long, armed with nail-shaped spines, +2 pm long proximally and +1.2 pm distally.
Hooks funnel-shaped, curved, and ending in a sharp tip, each of different size, ranging from 11um long and 5 pm
wide to 54 pm long and 23 pm wide.

Description. The specimens are 0.9-1.3 mm long (x= 1.1 mm; n = 3), translucent, with a pair of eyes (Fig.
11A: e). The proboscis (Fig. 11A: pr) is of the typical koinocystidid construction (see Brunet 1972; Karling 1980),
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with a strong juncture sphincter. The pharynx (Fig. 11A: ph) has a diameter of 10% of the body length in live speci-
mens, and is located at 30%.

Two testes (Fig. 11A: t) are positioned behind the pharynx. The vasa deferentia form the seminal vesicles (Fig.
11A-B: sv), which fuse to form a short seminal duct just before entering the copulatory bulb. The oval copulatory
bulb is 125 um long (n = 1) and encompasses the ejaculatory duct, a papillary cirrus, and six accessory hooks. The
ejaculatory duct (Fig. 11B & 11J: ed) runs through the proximal part of the copulatory bulb and opens distally into
the male atrium. The spiny part of the papillary cirrus (Fig. 11A-C & 11J-H: pc) is 73-91 pm long (x = 84 um;
n =4) and armed with nail-shaped spines. Proximally, these spines are 1.2-2.4 um long (x=2 pum; n = 20) and dis-
tally they decrease in size to 1.2 um (n = 15). Proximally, the papillary cirrus is enclosed in a papilla (Fig. 11A-C
& 11J-K: pa), with a glandular organ opening into the cirrus. The accessory hooks (Fig. 11A: h, 11B & 11J-K:
h1-h6, 11D-I) are funnel-shaped, curved, and ending in a sharp tip. They differ in size, ranging from 11 pm long
and 5 um wide at the base for the smallest one to 54 um long and 23 pm wide for the largest one. The hooks are
organised in two groups; one group is formed by hooks 1-4 (Fig. 111, 11G, 11D & 11H, respectively) and the other
group includes hooks 5-6 (Fig. 11F & 11E, respectively). The hooks 1-4 are located in a well-developed muscular
sac.

The vitellaria (Fig. 11A: vi) extend along both sides of the body from the level of the pharynx to the copulatory
organs. A pair of ovaries (Fig. 11A: ov) is located at the midbody, rostral to the copulatory bulb. The oocytes are
organised in a row. The oviducts open into the proximal end of the female duct. The female duct (Fig. 11A: fd) opens
into the female atrium through a strong sphincter. The muscular bursal stalk (Fig. 11A: bs) connects the caudally-
located bursa (Fig. 11A: b) to the female atrium. The common gonopore (Fig. 11A: cg) opens at 80%.

Reinhardorhynchus pacificus Diez, Reygel & Artois sp. n.
(Fig. 12D-F, 13)
urn:lsid:zoobank.org:act: CSDDBEEF-C3CA-456D-9330-440CFA8B10E4

Material and distribution. Observations on live specimens, whole mounted afterwards. Two whole mounts col-
lected in Playa Venao (08°53°06”N; 79°36°07”W) (Type Locality), Vera Cruz, Panama (December 2, 2011), one of
which is designated holotype (USNM 16425006), the other one in the USNM (1642507), coarse-grained sand with
fine silt, salinity 30 %o.

Etymology. The two specimens were found at the Pacific coast of Panama.

Diagnosis. Species of Reinhardorhynchus gen. n. with a copulatory bulb encompassing a papillary cirrus,
an ejaculatory cirrus, an accessory cirrus, and two hooks. Ejaculatory cirrus £171 um long, armed with scale-like
spines along its entire length that are =5 pm wide proximally and +2 um wide distally. Few larger triangular spines
occur proximally (£10 um long) and distally (4 um long). Accessory cirrus £92 um long, proximally armed with
+6-pum-long triangular spines and distally with 3-pum-long triangular spines and +3-pm-wide and scale-like spines.
Distal rims of these spines serrated, bearing =1-pm-long spinules. Papillary cirrus +62 pm long, proximally cov-
ered by fine spines of £2 pm long and distally with £6-pm-long triangular spines. The hooks are £83 um long and
+81 pm long, respectively.

Description. The specimens are 1.7 mm long, colourless, with two eyes (Fig. 13A: e). The brain (Fig. 13A:
br) is located caudally from the proboscis. The proboscis (Fig. 13A: pr) has the typical koinocystidid morphology
(see Brunet 1972; Karling 1980) and shows a strong junction sphincter; it represents 10% of the body length in live
specimens. The pharynx (Fig. 13A: ph) has a diameter of £15% of the body length in live specimens, and is located
at 30—40%. Caudally in the body some eosinophilic glands occur (Fig. 13A: cgl).

The two testes (Fig. 13A: t) are located rostrally from the pharynx. The seminal vesicles (Fig. 12D &13A:
sv) fuse proximally from the copulatory bulb, forming a short seminal duct. The copulatory bulb is 363—403 um
long (x=383 um; n =2). It encompasses the prostate vesicle (Fig. 13A: pv), the ejaculatory cirrus (terminology
of Karling 1978), an accessory cirrus, a papillary cirrus (terminology of Karling 1978), and two distal hooks. The
ejaculatory cirrus (Fig. 12D-E & 13A: ci, 13B) is 162—180 um long (x =171 pum; n =2) and armed with scale-
like spines over its entire length. These spines are 5—6 um wide (x=5 um; n = 20) proximally and 2-3 um wide
(x=2 pm; n = 20) distally. Additionally, a number of larger triangular spines occur proximally, measuring 6—13 um
(=10 pum; n = 10), and a group of small triangular spines is present distally, measuring 3—4 pm (x =4 pm; n = 13).
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FIGURE 13. Reinhardorhynchus pacificus sp. n.. A, general organisation (from a live animal). B, ejaculatory cirrus. C, acces-
sory cirrus. D, papillary cirrus. E, larger hook. F, smaller hook. B-F, from the holotype. All with proximal end toward top of
figure.

The accessory cirrus (Fig. 12D-E & 13A: ac, 13C) is 89-95 um long (x =92 pm; n = 2), proximally armed with
triangular spines 4-10 pm long (x = 6 pm; n = 24) and distally with triangular spines 2—4 pm long (x =3 um; n =9)
and scale-like spines 2—5 pm wide (x =3 pm; n = 15). The distal rim of the scale-like spines of the accessory cirrus
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is serrated, with 1-um-long spinules. The spiny part of the papillary cirrus (Fig. 12D-E, 13A & 13D: pc) is 55-69 um
long (x=62 um; n = 2) and proximally enclosed in a papilla (Fig. 13D: pa). Papilla and cirrus are separated from
each other by a sphincter (Fig. 13D: sph). The papillary cirrus is proximally armed with fine spines, 2 pm long,
and distally with triangular spines, 4-8 um long (x’= 6 pm; n = 6). The two funnel-shaped distal hooks are nearly
equal in size. One hook (Fig. 12D-E & 13A: hl, 13E) is 79—86 pum long (x= 83 um; n = 2) and 40—43 um wide at
its base (x=42 um; n = 2). The other hook (Fig. 12D-E & 13A: h2, 13F) is 79-83 um long (x= 81 pm; n =2) and
59-65 pum wide at its base (x = 62 um; n = 2).

Vitellaria were not observed. The oval-shaped ovaries (Fig. 13A: ov) are located rostrally from the copulatory
bulb. The oocytes are organised in a row. The oviducts (Fig. 13A: od) open into the proximal end of the female duct.
The female duct (Fig. 12D, 12F & 13A: fd) opens into the receptacle bursa (terminology of Karling 1981; followed
by Reygel et al. 2011) (Fig. 13A: 1b) through a sphincter (Fig. 13A: sph). The caudally-located bursa (Fig. 12D, 12F
& 13A: b) opens into the female genital atrium via the bursal stalk. The uterus (Fig. 13A: ut) has a sphincter more
or less at its midpoint. The common gonopore (Fig. 13A: cg) opens at 90%.

Reinhardorhynchus soror Diez, Reygel & Artois sp. n.
(Fig. 14)
urn:lsid:zoobank.org:act: 19AA34C8-D7BD-4299-93C0-31856253020B

Material and distribution. Observations on live specimens, whole mounted afterwards. Three whole mounts from
Tombolo West (08°48°05”N; 79°33°15”W) (Type Locality), Taboga Island, Panama (December 9, 2011), one of
which designated holotype (USNM 1642508), the others in the USNM (1642509-1642510), from medium-coarse
sand with ripple marks close to swash zone, small waves, salinity 28 %o.

Etymology. Species name refers to its similarities with R. beatrizae sp. n. Lat. soror: sister.

Diagnosis. Species of Reinhardorhynchus gen. n. with a copulatory bulb encompassing a spiny cirrus and two
distal hooks. Cirrus armed with triangular, +5-um-long spines. It also has a £437-um-long belt of spines, which
shows three distinct regions: 1) a proximal part with curved and hook-shaped spines fused at their bases, the largest
one +57 um long, the others measuring 640 um, 2) a middle part with 3-um-long spines, and 3) a distal, comb-
shaped part armed with +£39-um-long and triangular spines. The larger of the distal hooks curved, £87 um long and
+68 um wide at its base; its base provided with a funnel-like, +£70-um-long hook. Smaller hook £59 pum long and
+59 um wide at its base.

Description. The specimens are 1.5-2.2 mm long (x= 1.7 mm; n = 3), translucent, with two rounded eyes (Fig.
14A: e). The proboscis (Fig. 14A: pr) is of the typical koinocystidid construction (see Brunet 1972; Karling 1980);
it represents 15% of the body length in live specimens. The pharynx (Fig. 14A: ph) has a diameter of 15% of the
body length in live specimens and is located at 40—50%.

The testes (Fig. 14A: t) are located rostral to the pharynx. The seminal vesicles (Fig. 14A: sv) fuse just before
entering the copulatory bulb. The male copulatory bulb is globular and 320-391 pum long (x= 356 pm; n = 2). The
prostate vesicle (Fig. 14A: pv) opens into the armed cirrus. The cirrus is of the same structure as that of R. beatrizae
sp. n. The cirrus (Fig. 14A: ci) is armed with triangular, 4-5-pm-long spines (x = 5 um; n = 35) (Fig. 14F: cis). The
cirrus also includes a 437-um-long belt of spines (n = 1) (Fig. 14A: cir), which consists of three parts. The proximal
part is provided with spines that are curved and hook shaped (Fig. 14B, 14F: cps, 14G), the largest one 55-60 pm
long (x= 57 um; n = 3) and the other ones 640 um long (x’= 18 um; n = 3). This proximal part forms a continuous
62—72-pum-long row (x = 66 pm; n = 3). The middle part forms a broad surface consisting of 3-pm-long spines (Fig.
14F: cms) and measuring 109 um (n = 1). The distal part is 129—135 um long (x = 132 um; n = 2) and consists of a
continuous comb-shaped row of spines (Fig. 14C, 14F: cds). The spines in this part are 20-59 pm long (x = 39 pum;
n = 44) and increase in size from the most proximal one to the most distal one.

There are two large distal hooks. The larger one (Fig. 14A & 14F: hl, 14E) is 84-89 um long (x = 87 um; n = 3)
and 63—77 pm wide at its base (x’= 68 um; n = 3), curved, and carries a funnel-like and 65-80 pm long (x= 70 pm,;
n = 3) projection at its base (Fig. 14E—F: fh). This structure is straight, makes a £90° angle with the main hook, and
ends in a blunt tip. The hook proper is strongly curved and ends in a sharp tip. At its base, there is a small, more
or less square and folded projection (Fig. 14E: fp). The smaller hook (Fig. 14A & 14F: h2, 14D) is 57-89 pum long
(x=159 pm; n=3) and 54-62 um wide (x =59 um; n = 3) at its base. The base of this hook is asymmetrical. The
hook is slightly curved and ends in a sharp tip.
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FIGURE 14. Reinhardorhynchus soror sp. n.. A, general organisation (from a live animal). B & G, proximal spines of the spiny

row of the cirrus. C, distal spines of the spiny row of the cirrus. D, smaller hook. E, larger hook. F, sclerotised structures of the
copulatory bulb. B-G, from the holotype. All with proximal end toward top of figure.

Vitellaria were not observed. The ovaries are oval shaped (Fig. 14A: ov), located rostral to the copulatory bulb,
with the oocytes organised in a row. The oviducts open into the female duct. The female duct opens into the recep-
tacle bursa (terminology of Karling 1980) (Fig. 14A: rb) through a strong sphincter. In a live specimen one embryo
(Fig. 14A: em), apparently not surrounded by a shell, was observed, suggesting the species is (ovo-)viviparous. The
common gonopore (Fig. 14A: cg) is located ventrally, at 90%.
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Reinhardorhynchus tahitiensis Jouk, Diez, Yurduseven, Reygel & Artois sp. n.
(Fig. 15)
urn:lsid:zoobank.org:act: EBAADSFF-E519-48FE-8846-20693BD0C5A3

Material and distribution. Observations on live specimens. Three whole mounts, one of which designated holo-
type (FMNH https://id.luomus.fi/KV.652), from Puna’auia (17°38°15”'S; 149°36°47”W) (Type Locality), Pape’cte,
Tahiti, Society Islands, French Polynesia (March 20, 2016), in front of the Méridien Hotel, sandy beach in front of
coral heads with strong periodic currents, fine sand with detritus, about 0.5 m deep. Another whole mount from the
same locality (March 1, 2016), in mixed sand with shell gravel, 1 m deep. Two serially-sectioned specimens from
the type locality (October 3, 2017), 100 m from the seafront, sand patch in between coral heads, medium grained
sand with some coral debris, 1.5 m deep. Three whole mounts from Avatoru, Rangiroa (14°58°48”’S; 147°37°25”W),
Tuamotu Archipelago, French Polynesia (March 7, 2016), second harbour, fine sand with detritus, 1.5 m deep. All
the reference material deposited in HU (XI11.4.20-X111.4.27).

Etymology. Species named after Tahiti, where most of the specimens were found.

Diagnosis. Species of Reinhardorhynchus gen. n. with the copulatory bulb encompassing the prostate vesicle,
an armed cirrus and two distal hooks. Cirrus armed with four rows of triangular, £3-pm-long spines. Rows 93 um,
+96 pum, +41 pum, and £49 um long respectively. Longest two rows end in curved spines, which increase in length
from the most proximal one (£6 pm long) to the most distal one (27 um long). Hooks +24 um long and +£18 um
wide at their base, ending bluntly with a very small, sharp tip directed sideways.

Description. The specimens are 1.1-1.3 mm long (x= 1.2 mm; n = 4), yellowish, with two eyes. Habitus and
general organisation as in R. riae sp. n. The epidermis is 6 pm thick. Rhabdites, 7-9 pm long, more numerous in the
posterior 2/3 of the specimen, deeply embedded within the epidermis. Some rhabdites stain pinkish, others yellow-
ish. At the distal end, caudal glands are present (Fig. 15A: cgl).

The proboscis (Fig. 15A: pr) is of the typical koinocystidid construction (see Brunet 1972; Karling 1980). It rep-
resents 10% of the body length and has the same detailed morphology as that of R. riae sp. n.; see above. Only two
kinds of glands open through the caudal wall of the proboscis: coarse-grained basophilic glands and fine-grained
eosinophilic ones.

The pharynx (Fig. 15A: ph) has a diameter of 15% of the body length, and is located at 40%. Its morphology
does not differ from that in R. riae sp. n. There are two types of pharyngeal glands: coarse-grained basophilic and
coarse-grained eosinophilic ones. In one specimen several diatoms were observe. Proximally, the pharynx opens
into the oesophagus (Fig. 15A: oe).

A pair of testes (Fig. 15A: t) is located rostrally from the pharynx. In the caudal body fourth, the vasa deferentia
are swollen and form the seminal vesicles (Fig. 15A & 15D: sv), which are lined by longitudinal muscles and fuse
with each other just before entering the copulatory bulb. The copulatory bulb (Fig. 15A & 15C: cb) is 208-245 um
long (x=228 pum; n= 7). It is lined by a coat of strong circular muscles, which are weakest distally. Proximally,
prostate glands (Fig. 15A: pg) open into the copulatory bulb. The prostate vesicle (Fig. 15D: pv) contains two types
of coarse-grained secretions: a basophilic and an eosinophilic one. Additionally, some fine-grained eosinophilic
glands (Fig. 15D: gl) lie inside the muscular wall of the copulatory bulb. The prostate ducts open into the cirrus.
Nuclei of both the basophilic and the eosinophilic glands are extracapsular and could only be observed in live
specimens. The cirrus is armed with four rows of spines (Fig. 15A & 15D: spr). One row (Fig. 15B—C: sprl) is
88—104 pm long (x =93 pum; n = 3), the second one (Fig. 15B-C: spr2) 93-99 um (x’= 96 um; n = 3), the third one
(Fig. 15C: spr3) 4042 um (x =41 pm; n = 3), and the last one (Fig. 15C: spr4) 49 um (n = 3). The triangular spines
that make up these rows are 2—4 um long (x=3 pm; n = 30). The two largest rows distally end in large, curved,
somewhat shark-tooth-shaped spines, increasing in length from the most proximal one (6 um long) to the most distal
one (27 um long) (x = 16 pm; n = 21). The two distal hooks (Fig. 15B-D: h) are similar to each other: broad-funnel
shaped, 23-26 pm long (x =24 pm; n = 12) and 13-23 um wide at their base (x = 18 um; n = 12), and end bluntly.
Depending on the degree of the squeezing and the orientation of the hooks, some specimens reveal that these distal
ends bear a small sharp tip directed sideways. The copulatory bulb opens into the male atrium (Fig. 15D: ma), which
itself enters the common genital atrium (Fig. 15D: ca) through the latter’s rostro-dorsal wall.

The ovaries (Fig. 15A: ov) are oval-shaped and located rostrally from the copulatory bulb. The vitellaria occur
as a large mass throughout almost the complete body of the animal. In some specimens, however, they seemingly
extend as one or two rows of large follicles from just caudally of the testes to alongside the copulatory organs (Fig.
15A: vi). The female duct is bipartite, with the proximal part (Fig. 15A & 15D: fd1) more or less globular and filled
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FIGURE 15. Reinhardorhynchus tahitiensis sp. n.. A, general organisation (from a live animal). B-C, sclerotised structures of
the copulatory bulb (from the holotype). D, sagittal reconstruction of the genital system from the left hand side. C with proximal
end toward top of figure, B with proximal end toward left of figure.
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with living sperm, the distal part (Fig. 15D: fd2) more elongated. In one of the live specimens two separate sperm-
packages were observed within the proximal part of the female duct. A bundle of glands enters at the transition
between the two compartments (Fig. 15A & 15D: fgl). The female duct is lined by an anucleated epithelium and a
layer of strong circular muscles. Distally, the female duct opens into the female atrium (Fig. 15D: fa). The female
atrium is surrounded by an inner weak circular and an outer longitudinal muscle layer. The epithelium of the female
atrium could not be observed, probably because it is very low. The female duct enters the common atrium caudo-
dorsally, but the exact point of entry could not be observed in the available material. The exact course of the oviducts
could not be determined.

The common genital atrium is lined by a low, anucleated epithelium. The uterus (Fig. 15D: ut) enters the com-
mon atrium caudally. It is lined by a nucleated epithelium and is surrounded by an inner layer of circular and an
outer layer of longitudinal muscles. A sphincter separates the proximal third of the uterus from the distal part (Fig.
15D: sph). Distally from the sphincter, a bundle of fine-grained eosinophilic glands (Fig. 15D: ueg) enters the
uterus. At its distal third, the uterus is surrounded by coarse-grained basophilic glands (Fig. 15D: ubg). The common
gonopore (Fig. 15A & 15D: cg) is located at 90%. Caudally of the gonopore, a bursa (Figl5A: b) is present.

Reinhardorhynchus unicornis Diez, Aguirre, Reygel & Artois sp. n.
(Fig. 16)
urn:lsid:zoobank.org:act:B5662028-C218-43A0-9A93-7B2557629C76

Material and distribution. One specimen studied alive, whole mounted afterwards, designated holotype (FMNH
https://id.luomus.fi/KV.653), collected in Guardalavaca (21°07°32”N; 75°49°39”W) (Type Locality), Banes, Hol-
guin, Cuba (February 28, 2017), fine-grained sand in a bed of Syringodium filiforme, 0.2 m deep, salinity 35 %eo.

Etymology. The epithet refers to the copulatory organ, which is armed with a single accessory hook only.

Diagnosis. Species of Reinhardorhynchus gen. n. with a copulatory bulb encompassing an ejaculatory cirrus,
a papillary cirrus, and an accessory hook. Ejaculatory cirrus 73 pm long, armed with 5-pum-long, triangular spines.
Papillary cirrus 119 pm long, armed with triangular, +1-pum-long spines which become longer distally, up to 11 pm.
Curved hook 100 um long and 40 pm wide at its asymmetrical base.

Description. The specimen is 1.6 mm long, unpigmented, with a pair of eyes. The proboscis is about 20% of the
body length in the live specimen. As far as could be seen on the live specimen, it shows the distinctive features of
the typical koinocystidid proboscis (see Brunet 1972; Karling 1980), with a strong juncture sphincter. The pharynx
(Fig. 16B: ph) has a diameter of 15% of the body length in live specimens, and is located at 40%.

A pair of testes is located rostrally from the pharynx. The seminal vesicles (Fig. 16A-B & 16E: sv) fuse just
before entering the copulatory bulb and form a short ejaculatory duct (Fig. 16A: ed). The extracapsular prostate
glands (Fig. 16A: pg) open proximally into the copulatory bulb. The copulatory bulb (Fig. 16A) encompasses the
prostate vesicle (Fig. 16A—B: pv), an ejaculatory cirrus, a papillary cirrus, and one distal hook. Proximally, a bundle
of prostate glands opens into the copulatory bulb. The ejaculatory cirrus (Fig. 16A-B & 16E-F: ci) is 73 um long
and armed with 4-7-um-long triangular spines (x =5 pm; n = 12). The papillary cirrus (Fig. 16A-B & 16E-F: pc,
16D) is proximally enclosed in a globular papilla (Fig. 16A: pa). It is 119 um long and 24 pm wide, and armed with
triangular and +1-pm-long spines; some spines are larger distally (£11 um long). The caudally-located hook (Fig.
16A-B & 16E: h, 16C) is 100 um long and 40 pm wide at its asymmetrical base.

The pair of ovoid ovaries is situated rostrally from the copulatory bulb, with the oocytes organised in a row. The
vitellaria (Fig. 16B: vi) extend from beside the pharynx to the body end.

Galapagetula Reygel, Willems & Artois, 2011

Emended diagnosis of Galapagetula (after Reygel e al. 2011). Koinocystididae with proboscis of the typical
koinocystidid construction without proboscis juncture sphincter. Testes lie at mid-body or more caudally. Copula-
tory organ pear shaped, distal part cylindrical, containing an unarmed or armed cirrus. Female duct widened proxi-
mally, functioning as a seminal receptacle, only surrounded with muscles in its tube-shaped distal part. Two bursae
open separately into the female atrium, a muscular one (accessory bursa) and a resorptive one.
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FIGURE 16. Reinhardorhynchus unicornis sp. n.. A, copulatory bulb. B, caudal body end. C, hook. D, papillary cirrus. E-F,
sclerotised structures of the copulatory bulb. A—B, from the live animal. C—F, from the holotype. A—D & E-F with proximal end
toward top of figure, B with proximal end toward left of figure.

Emended diagnosis of Galapagetula annikae (after Reygel et al. 2011). Species of Galapagetula without a
mouth sphincter. Copulatory organ of the conjucta duplex-type, with a folded cirrus, armed with small spines. Fe-
male duct distally highly muscular with strong sphincter. Bursae without sphincters. Common gonopore at 85%.
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Galapagetula cubensis Diez, Reygel & Artois sp. n.
(Fig. 17-19)
urn:lsid:zoobank.org:act: 54453AD2-50DE-4451-AB22-86999485DCBS

Material and distribution. Observation on live specimens. One serially-sectioned specimen from Bueycabon
(19°57°38”N; 76°57°28”W) (Type Locality), Santiago de Cuba, Cuba (November 18, 2017), designated holotype
(FMNH https://id.luomus.fi/KV.654), intertidal, scraping the upper 10 cm of the fine sand. One whole mount from
Las Sardinas (19°56°24”N; 76°46°41”W), Santiago de Cuba, Cuba (June 22, 2016), fine, silty sand, 0.1 m deep,
salinity 33 %o, and two from El Masio (19°59°21”N; 76°16°35”W), Santiago de Cuba, Cuba (June 30, 2016), inter-
tidal, upper 10 cm of the medium-coarse sand, salinity 33 %0 (HU XII1.4.28— X111.4.30).

Etymology. The epithet refers to the occurrence of the new species in Cuba.

Diagnosis of Galapagetula cubensis sp. n. Species of Galapagetula with mouth sphincter. The copulatory
bulb encompasses a prostate vesicle, a seminal duct, and the ejaculatory duct, which distally ends in a small and
unarmed penis papilla. Prostate glands enter the male duct separately from the seminal duct, forming a divisa-type
copulatory organ. Stalk of the resorptive bursa with a strong sphincter. Female duct lacking a sphincter. Common
gonopore caudal.

Description. Live specimens about 1.5 mm long, translucent, with a pair of small eyes (Fig. 17A: ¢). Epidermis
syncytial, 5-8 um thick, fully ciliated. Cilia 5 um long. The epidermis shows many vacuoles, some of which are
empty, others are filled with a dark, granular secretion. The dark-stained rhabdites are 2—3 um long.

The proboscis (Fig. 17A & 19A: pr, 17B) is of the typical koinocystidid construction (see Brunet 1972; Karling
1980), without a juncture sphincter. In live specimens it represents about 20% of the body length in live specimens.
The exact number of fixators (Fig. 17B & 19A: pfix) and retractors (Fig. 17B: pret) muscles could not be deter-
mined. The cone retractors (Fig. 17B: cret) are well developed. A pair of ventral and a pair of dorsal integument
retractors (Fig. 17B: iret) are present. Proboscis sheath surrounded by an external layer of longitudinal muscles.
Several dilatators (Fig. 17B & 19A: dil) connect the proboscis sheath with the body wall. Most of these dilatators
are very thin, except for some in the proximal half of the proboscis sheath. The proboscis pore (Fig. 17B & 19A:
prp) is not surrounded by a sphincter. The proboscis sheath is lined by a nucleated and thick epithelium (Fig. 17B:
pep). This epithelium is continuous with the epithelium covering the proboscis cone. Both epithelia contain oval to
circular-shaped glands (reddish stained) (Fig. 17B & 19A: epg), albeit the sheath epithelium only in its most proxi-
mal part. Several proboscis glands lie just caudal to the proboscis: ventrally and dorsally there are coarse-grained
basophilic glands (Fig. 17B: prgl), and in between them fine-grained eosinophilic (light-pink) (Fig. 17B: prg2) and
medium-coarse-grained eosinophilic (dark-pink) (Fig. 17B: prg3) ones.

The pharynx (Fig. 17A & 19A-D: ph, 17B) is located at 30%. It has a diameter of about 15% of the body length.
The prepharyngeal cavity is lined by a nucleated epithelium and is surrounded by a layer of longitudinal muscles.
Additional circular muscles occur externally from the longitudinal ones in the distal half of the cavity. The mouth
(Fig. 17B: m) can be closed by a sphincter (Fig. 17B: sph). Two types of glands open into the pharynx lumen:
coarse-grained eosinophilic ones distally (Fig. 17B: phgl), and more to the middle part of the pharynx, additional
coarse-grained basophilic glands occur (Fig. 17B: phg2). An epithelium lining the pharynx lumen was not observed.
The musculature of the pharynx consists of a layer of longitudinal muscles outside of the septum (Fig. 17B: Im1),
which is continuous with the longitudinal muscles surrounding the prepharyngeal cavity, and a thick circular layer
just inside (Fig. 17B: cm1). The longitudinal muscles at the inside of the septum, observed in several species of
Itaipusa, are not observed in this species. The pharynx lumen is surrounded by an inner circular muscle layer (Fig.
17B: cm2) and an outer longitudinal one (Fig. 17B: Im2). Internal strong longitudinal muscles are present (Fig. 17B:
ilm). Radial muscles (Fig. 17B: rm) run between the septum and the wall of the pharynx lumen. The oesophagus
(Fig. 17B & 19A: oe) is surrounded by the digestive parenchyma (Fig. 17B: dip). This parenchyma shows several
nuclei and dark-stained vacuoles.

The gonads and atrial organs are located in the caudal fourth of the body. The pair of testes (Fig. 17A: t) is
ventral. The vasa deferentia each form a seminal vesicle (Fig. 17A & 18: sv), and these fuse at the point where they
enter the copulatory bulb (Fig. 17A & 19B—C: cb). At the same point, also the prostate glands (Fig. 17A, 18 & 19D:
pg) open into the copulatory bulb. The copulatory bulb encompasses the free prostate vesicle (Fig. 18 & 19B-D:
pv), the seminal duct (Fig. 18 & 19D: sd) and the male duct, which ends in an unarmed penis papilla (Fig. 17A, 18
& 19B: pp). The rest of the space of the copulatory bulb is filled with parenchymatic tissue, which appears syncytial
(Fig. 18 & 19B: np). The seminal vesicles and the seminal duct are lined by a nucleated epithelium. The copulatory
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bulb is surrounded by a thick coat of circular muscles, which gradually becomes thinner distally and eventually dis-
appears toward the penis papilla. The prostate vesicle opens proximally into the ejaculatory duct (Fig. 18: ed), next
to the opening of the seminal duct (Fig. 18: sd), hence the copulatory organ is of the divisa type (see Karling 1956
for details). The prostate vesicle consists of a number of a coarse-grained eosinophilic glands. A connection with
these prostate glands and the ones entering the copulatory bulb could not be observed, but as nuclei are only found
in the extracapsular parts it is most likely that both are part of the same glandular system. The male duct is lined by
a nucleated epithelium and surrounded by a layer of longitudinal muscles. Distally, the epithelium is thicker, and
the male duct forms the penis papilla, which protrudes into the male atrium (Fig. 18: ma). Only the distal part of the
male atrium seems to be surrounded by muscles, which are longitudinal; no muscles were seen around the proximal
part.

pfix pep
iret
FIGURE 17. Galapagetula cubensis sp. n.. A, general organisation (from a live animal). B, sagittal reconstruction of the ante-
rior body end from the right hand side.

The vitellaria (Fig. 17A & 19A-D: vi) extend along both sides of the body from behind the pharynx up to the
level of the copulatory bulb. The elongated ovaries (Fig. 17A: ov) are located on either side of the copulatory bulb.
The oocytes are organised in a row, increasing in diameter from the most proximal to the most distal one. The ovi-
ducts (Fig. 18: od) open into the female duct, which distally is a bit swollen (Fig. 18 & 19C-D: fd). Both the ovi-
ducts and the female duct are lined by a nucleated epithelium. Distally, the female duct is surrounded by a thin lon-
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gitudinal muscle layer. It enters the female atrium through the latter’s rostro-ventral wall (Fig. 17A, 18 & 19B: fa).
Two bursae open into the female atrium. A resorptive bursa (Fig. 18 & 19B—C: b1) opens rostrally into the female
atrium and contains degraded material. It is lined by a nucleated epithelium. Its distal, tubiform part (bursal stalk)
is surrounded by thin longitudinal muscles. A well-developed sphincter occurs at the place where this bursa opens
into the female atrium (Fig. 18: sph1, 19B-D: sph). A second, muscular bursa [Fig. 18 & 19D: b2; accessory bursa
in the terminology of Reygel et al. (2011)] opens dorsal-rostrally into the female atrium. It is lined by a nucleated
epithelium and surrounded by a layer of longitudinal muscles. The female atrium is lined by a nucleated epithelium
and surrounded by an internal layer of longitudinal muscles and an external layer of very strong circular muscles
(Fig. 19C: cm). The uterus (Fig. 17A, 18 & 19B—C: ut) is lined by a nucleated epithelium and by a longitudinal
muscle layer. Coarse-grained basophilic (Fig. 18 & 19B: ubg) and fine-grained eosinophilic (Fig. 18 & 19B: ueg)
glands open into the distal part of the uterus. Proximally and distally from these glands sphincters are present (Fig.
18: sph2 & sph3). The common genital atrium (Fig. 18: ca) is lined by a nucleated epithelium and by a longitudinal
muscle layer. It opens to the outside through the common gonopore, which is situated exactly terminally (Fig. 17A,
18 & 19D: cg). The gonopore is surrounded by a sphincter (Fig. 18: sph4).

FIGURE 18. Galapagetula cubensis sp. n.. Sagittal reconstruction of the genital system from the right hand side.
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FIGURE 19. Galapagetula cubensis sp. n.. A, sagittal section through the anterior body end. B-D, sagittal sections through
the genital system.

Utelga Marcus, 1949

Utelga heinckei (Attems, 1897) Karling, 1954
(Fig. 20A-C)

Known distribution. Western coast of USA, North Sea, Skagerrak, Irish Sea, Irish Atlantic coast (Karling 1980
and references therein). Skagerrak (Willems et al. 2007). Galapagos Islands (Reygel et al. 2011). British Columbia,
Canada (Van Steenkiste & Leander 2018).

New records and material. Observations on live specimens. One whole mount (HU XIII.4.31) from Las Sar-
dinas (19°56°24”N; 76°46°41”W), Santiago de Cuba, Cuba (June 21, 2017), on Cladophoropsis macromeres cov-
ered by silt, 0.7 m deep, salinity 32 %o. One whole mount (HU XII1.4.32) and one serially-sectioned specimen (HU
XI11.4.33) from Mala (29°05°0.53”N; 13°26°59”W), Lanzarote, Canary Islands (October 8, 2011), medium coarse
calcareous sand, from a very steep slope, 48 m deep, salinity 35 %o.

Remarks. The morphology of our specimens corresponds with the description of Karling (1980). Live speci-
mens about 1 mm long, unpigmented, with a pair of eyes. The proboscis is about 10% of the body length. It shows
the typical koinocystidid construction (see Brunet 1972; Karling 1980), without a juncture sphincter. The pharynx is
located in the first body half. The testes lie caudal to the pharynx and ventral to the vitellaria. Two elongated ovaries
are situated at the level of the copulatory bulb.

Copulatory bulb surrounded by a sheath of strong circular muscles. At the distal end of the copulatory bulb
three sclerotised hooks (Fig. 20A—C) occur, which differ from each other in size. The largest hook is 13—14 pum long
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(n=2) and 5-6 pum wide proximally (n = 2). The smaller hooks are 4—6 um long (x =5 um; n = 4) and 2—4 pm wide
proximally (x=3 um; n = 4).

A D

ﬁ %%v (i

25 um (A, C, D)

FIGURE 20. Hooks in species of Utelga. A—C, Utelga heinckei. D-E, Utelga pseudoheinckei (specimen from Sardinia). A-B,
specimen from Cuba. C, specimen from Lanzarote. All with proximal end toward top of figure.

Utelga pseudoheinckei Karling, 1980
(Fig. 20D-E)
urn:1sid:zoobank.org:act:27A436A5-2FD7-4059-A2D3-F75FF5104526

Syn. Utelga heinckei in Brunet (1965) and Mack-Fira (1974).

Known distribution. Korsfjord (Tekslo Island, Hordaland Fylke), Kleppholmen Island, and Fugloy Island, Norway;
California, USA (Karling 1980). Marseille area, France (Brunet 1965); Black Sea, Romania (Mack-Fira 1974).

New records and material. Observations on live specimens. Four whole mounts (HU XII1.4.34-X111.4.37)
from Punta Negra (40°57°12”N, 8°13°43”E), Stintino, Sardinia, Italy (September 2018), on silty algae, 0.5 m deep,
salinity 40 %o.

Remarks. The morphology of the specimens corresponds with the description of Karling (1980). The general
habitus and internal organisation are very similar to those in U. heinckei. The elongated copulatory bulb is 92—
108 pum long (x= 100 pm; n =2) and 35 pm wide (n = 2). In a third specimen, not fully developed, the copulatory
bulb is 49 pm long and 21 pm wide. The three hooks (Fig. 20D-E) at the distal end of the copulatory bulb are all of
the same length, 5-8 um long (x= 7 pm; n = 6), with a broad base, curved and with a sharp tip.

Simplexcystis Diez, Reygel & Artois gen. n.
urn:lsid:zoobank.org:act:27A436A5-2FD7-4059-A2D3-F75FF5104526
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Simplexcystis asymmetrica Diez, Reygel & Artois gen. n. sp. n.
(Fig. 21-23)
urn:1sid:zoobank.org:act:BB2226F6-C526-47E4-8B49-F5CF45AB242E

Material and distribution. Observations on one live specimen, serially sectioned afterwards, designated holotype
(FMNH https://id.luomus.fi/KV.655), collected in Playa Chica (28°55°05”°N, 13°40°07”W) (Type Locality), Puerto
del Carmen, Lanzarote, Canary Islands (October 10, 2011), fine sand accumulated at the end of the rocky reef, 18 m
deep, salinity 35 %o.

Etymology. The genus name refers to the fact that the construction of the atrial organs in the new genus is rela-
tively simple compared to that of other koinocystidids. The species name refers to the fact that the copulatory bulb
is asymmetric due to the seminal duct entering laterally.

FIGURE 21. Simplexcystis asymmetrica gen. n. sp. n. A, general organisation (from a live animal). B, sagittal reconstruction
of the proboscis from the right hand side. C, sagittal reconstruction of the pharynx from the right hand side.

Diagnosis of Simplexcystis gen. n. Representative of Koinocystididae with strong juncture sphincter in be-
tween proboscis bulb and cone. Male duct running eccentrically through the copulatory bulb, the latter also enclos-
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ing the prostate vesicle. Copulatory organ devoid of any hard structure. Without bursa. Epithelium of the female, the
male, and part of the common atrium lined by a brush border. All these structures surrounded by a sheath of muscles
in different orientations.

Type species: S. asymmetrica sp. n. (by monotypy). Provisionally with the same diagnosis as the genus.

Description. Live specimen about 1.5 mm long, translucent, with pinkish parenchymal glands and a pair of
eyes (Fig. 21A: ¢). The brain (Fig. 21A: br) is located caudally from the proboscis. The syncytial and fully ciliated
epidermis is 5—7 pm thick, with cilia 3—4 pm long. The epidermis shows many vacuoles some of which are empty,
others filled with a dark, granular secretion. The epidermis shows many rhabdites (Fig. 21B-C, 22 & 23C-E: rh) all
over the body, except for the part anterior to the proboscis. Rhabdites are also lacking around the mouth and gono-
pore. The rhabdites situated near the apical surface of the epithelium are globular, 1-2 pm in diameter, while those
more to the basal part of the epithelium are more elongated (3—4 pum long).

The proboscis (Fig. 21A: pr, 21B, 23A) is of the typical koinocystidid construction (see Brunet 1972; Karling
1980), with well-developed cone retractors (Fig. 21B & 23 A: cret) and nuclei in the parenchyma of the proboscis bulb.
In between the bulb and the cone there is a strong juncture sphincter (Fig. 21A-B & 23A: js). In the live specimen, the
proboscis is about 15% of the body length. Several types of glands enter the proboscis through its caudal wall: dor-
sally coarse-grained basophilic ones (Fig. 21B: prgl), more centrally larger, fine-grained eosinophilic glands (stained
pinkish) (Fig. 21B: prg2), and ventrally small fine-grained eosinophilic glands (stained yellowish) (Fig. 21B: prg3).
There are three pairs of proboscis retractors (Fig. 21B: pret). The exact number of fixators (Fig. 21B & 23A: pfix) and
dilatators (Fig. 21B: dil) could not be determined. There is one pair of ventral and one pair of dorsal integument retrac-
tors (Fig. 21B: iret). The proboscis sheath is lined by a high, nucleated epithelium and is surrounded by an external
longitudinal muscle layer. The sheath epithelium is continuous with the epithelium of the proboscis cone, which is
very low and devoid of nuclei. The most proximal part of the sheath epithelium contains some oval to circular-shaped
eosinophilic gland cells (Fig. 21B & 23A: egl). The epithelium surrounding the cone is lined by a brush border (Fig.
23A: bb). The proboscis pore (Fig. 21B: prp) is surrounded by a sphincter (Fig. 21B: sph).

\
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FIGURE 22. Simplexcystis asymmetrica gen. n. sp. n. Sagittal reconstruction of the genital system from the right hand side.

The pharynx (Fig. 21A: ph, 21C, 23B) is located at 40%. In the live specimen, it has a diameter of 10% of the
body length. The prepharyngeal cavity (Fig. 21C: ppc) is lined by a nucleated epithelium, and is surrounded by an
internal circular and an outer longitudinal muscle layer. The mouth (Fig. 21C: m) can be closed by a sphincter (Fig.
21C: sph). Three types of glands open into the pharynx lumen: coarse-grained eosinophilic ones (stained reddish)
opening most distally (Fig. 21C & 23B: phgl), and, opening more proximally coarse-grained eosinophilic ones
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(stained dark pinkish) (Fig. 21C & 23B: phg2) and coarse-grained basophilic ones (stained greenish) (Fig. 21C &
23B: phg3). The oesophagus (Fig. 21A, 21C & 23B: oe) is lined by a nucleated epithelium. A bundle of glands (Fig.
23B: oeg) opens into the oesophagus. It consists of coarse-grained basophilic glands (Fig. 21C: oegl), fine-grained
basophilic ones (Fig. 21C: oeg2), and fine-grained eosinophilic ones (Fig. 21C: oeg3). The pharynx lumen is sur-
rounded by a low, nucleated epithelium. The musculature of the pharynx consists of a layer of longitudinal muscles
outside of the septum (Fig. 21C: Im), which is continuous with the longitudinal muscles surrounding the prepharyn-
geal cavity, and a circular one just inside of the septum (Fig. 21C: cm1). The distal opening of the pharynx is lined
by a thick layer of longitudinal muscles, which in sagittal section, gives the impression of forming a lip-like struc-
ture (Fig. 21C & 23B: slm). The pharynx lumen is surrounded by a circular muscle layer (Fig. 21C: cm2). Radial
muscles run (Fig. 21C & 23B: rm) between the wall of the pharynx lumen and the outer septum.

B

FIGURE 23. Simplexcystis asymmetrica gen. n. sp. n. A, sagittal section through the proboscis. B, sagittal section through the
pharynx. C-F, sagittal sections through the atrial organs.
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The two elongated testes (Fig. 21A: t) are located rostrally from the pharynx. They seem to be divided into
three follicles that are closely packed together. However, this could also be an optic effect caused by the testes be-
ing heavily folded. The vasa deferentia run towards the caudal body end, and distally form the elongated seminal
vesicles (Fig. 21 A & 22: sv). The seminal vesicles are lined by a low, nucleated epithelium, and are surrounded by
longitudinal muscles. The copulatory bulb is oviform, and lies in the caudal body third (Fig. 21A & 23C: cb). It is
surrounded by a longitudinal muscle layer. Distally from the seminal vesicles, the vasa deferentia enter the ejacu-
latory duct separately (Fig. 21A, 22 & 23C-E: ed). The ejaculatory duct is elongated, with its distal half situated
eccentrically within the copulatory bulb (Fig. 21A & 23C: ¢b). Distally the seminal duct opens into the male atrium,
surrounded by the prostate vesicle (Fig. 22 & 23C-E: pv), which also opens in the male atrium. The seminal duct
is lined by a low nucleated epithelium, and is surrounded by longitudinal muscles. The prostate glands (Fig. 22:
pg) are extracapsular, without clearly separated gland necks in the prostate vesicle. The latter contains a coarse-
grained eosinophilic secretion in its proximal half and a fine-grained one in its distal half. The male atrium (Fig. 22
& 23D-F: ma) is divided into a short, broad proximal part, and a tubiform distal part, which ends in the common
genital atrium (Fig. 22 & 23C: ca). The male atrium, the female atrium, and the common genital atrium are lined
by a nucleated epithelium and are surrounded by longitudinal muscles. Outside of this longitudinal muscle layer, a
thick layer of muscles with different orientations (probably circular and oblique ones) and connective tissue occurs
(Fig. 22 & 23C-F: tl). At its apical side the epithelium is lined by a brush border (Fig. 22 & 23D-F: bb), which is
lacking in the most distal part of the common genital atrium.

In the live specimen, we only observed a single, poorly differentiated ovary (Fig. 21A & 22: ov), located at
the level of the seminal vesicles. In the serially-sectioned specimen, we observed two weakly developed oviducts,
suggesting that the female system in full maturity has two ovaries. The very long oviducts (Fig. 22: od) are lined
by a nucleated epithelium; muscles were not observed. They open proximally into the female duct (Fig. 21A, 22 &
23D-F: fd). The female duct is lined by a nucleated epithelium and contains sperm. It opens into the female atrium
(Fig. 22, 23D & 23F: fa) through a strong sphincter (Fig. 21A & 23E-F: sph, 22: sphl). The female atrium enters
the common genital atrium dorsally. There is no bursa. The uterus (Fig. 21A, 22, 23C: ut) is lined by a nucleated
epithelium and surrounded by longitudinal muscles. Coarse-grained eosinophilic uterine glands (Fig. 22: ueg) open
into the uterus somewhat proximally from the entry point into the common genital atrium. Just distally from the
entry point of the uterus, some fine-grained eosinophilic atrial glands (Fig. 22: ag) enter the common genital atrium.
The common gonopore lies ventrally, at about 95% (Fig. 21A, 22 & 23C: cg), and can be closed by a sphincter (Fig.
22: sph2, 23C: sph).

Molecular phylogenetic account

The 18S and 28S rRNA sequence data sets include sequences from 20 specimens and 17 taxa, and 1,765 bp and
1,659 bp, respectively (concatenated data set 18S + 28S of 3,424 bp). Bayesian and ML topologies were congru-
ent. The results of the phylogenetic analyses are shown in Figure 24. The monophyly of Koinocystididae is con-
firmed (pp = 0.99; SH-aLRT = 94.4; UFboot = 91). Our results show a basal trichotomy within Koinocystididae:
(1) Mesorhynchus terminostylis, (2) a clade with the two species of Utelga, and (3) a clade comprising all other
included koinocystidids. Within the latter clade, another polytomy is retrieved, consisting of three clades each of
which containing species that were considered to belong to /taipusa: (1) clade ‘sinensis’ including Rhinolasius dil-
lonicus and Koinogladius sinensis (Wang & Lin, 2017) comb. n. (pp = 1; SH-aLRT = 99.5; UFboot = 98); (2) clade
‘divae’ including ltaipusa biglandula, 1. karlingi, 1. divae and I. novacaledonica sp. n. (pp = 1; SH-aLRT = 100;
UFboot = 100), in which 1. biglandula and I. karlingi are sister taxa (pp = 1; SH-aLRt = 99.1; UFboot = 100), as are
1 divae and I. novacaledonica sp. n. (pp = 1; SH-aLRt = 100; UFboot = 100); (3) a clade including Sekerana stolzi,
Reinhardorhynchus riegeri comb. n., R. anamariae sp. n., R. hexacornutus sp. n., R. tahitiensis sp. n. and two
undescribed species (Itaipusa n. sp. 1 and Koinocystididae spl) (pp = 0.99; SH-aLRT = 95.7; UFboot = 97). The
above-mentioned species of Reinhardorhynchus gen. n. and Koinocystididae sp1 together form a well-supported
monophylum: clade ‘riegeri’ (pp = 0.99; SH-aLRT = 100; UFboot = 86). Deep relationships within the latter clade
are not resolved; however, R. riegeri comb. n., R. anamariae sp. n. and [taipusa n. sp. 1 together form a monophy-
letic group (pp = 1; SH-aLRT = 100; UFboot = 100).
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FIGURE 24. Majority-rule consensus tree from the Bayesian analysis of the concatenated 18S+28S rDNA dataset. Branches
with support values below the thresholds in the legend of the three analyses were collapsed. Symbols above branches represent
posterior probabilities (*: 0.95 < pp < 100). Symbols below branches indicate bootstrap values (*: 80 < SH-aLRT < 100, **: SH-
aLRT < 85) and ultrafast bootstrap values (*: 95 <bootstrap < 100, **: 90 < UFboot < 95, ***: UFboot < 90) from the maximum
likelihood analysis. Branches without symbols have pp = 1, bootstrap = 100 and UFboot = 100).

Discussion

Interrelationships of Koinocystididae. To this date, the family Koinocystididae has largely been neglected in
molecular phylogenetic studies. Indeed, only a small fraction (< 5%) of the known species was included in the
analyses by Tessens et al. (2014), Smith et al. (2015), and Lin et al. (2017). Due to this poor taxon coverage, the
interspecific relationships within Koinocystididae remain elusive to this day. However, the above-mentioned studies
already indicated that the family is monophyletic, which is here confirmed based on a more comprehensive dataset
(pp = 0.99; SH-aLRT = 94.4; UFboot = 91). Mesorhynchus terminostylis is part of Koinocystididae, but its intrafa-
milial position remains unresolved. In the following section, an in-depth taxonomic discussion of all the species of
koinocystidids included in this work is presented. The value of the respective morphological traits used to delineate
species and genera are discussed in the framework of the newly-presented phylogeny.

Utelga. Utelga appears as a monophyletic clade in all analyses. Utelga pseudoheinckei is distinguished from
U. heinckei by the presence of three identical hooks in the copulatory bulb, whereas the hooks differ in length from
each other in U. heinckei. The hook lengths in the specimens from Sardinia (5-8 pm) fall within the size range of
4-12 um reported by Karling (1980). In the newly-collected specimens of U. pseudoheinckei, the length/wide ratio
of the fully developed copulatory bulb is 2.8, while Karling (1980) recorded a ratio of 4-5.

Our specimens of U. heinckei have smaller hooks than those reported for the populations occurring in the
northern and western Atlantic (22-36 um long) (Karling 1980) and from the Skagerrak area (10-23 pm) (Willems
et al. 2007). Specimens of U. heinckei recorded by Reygel et al. (2011) from Galapagos and by Van Steenkiste &
Leander (2018) from Vancouver Island possess much larger hooks (34—40 pm). Moreover, the large hook and two
small hooks differ 89 pm in size in our specimens, a larger length difference compared to the 5 um reported by
Reygel et al. (2011) and the 3 um reported by Van Steenkiste & Leander (2018).

Overall, the new findings indicate a high degree of morphological variation within these two species. Combined
with their widespread distribution (see Willems et al. 2007 and references therein), it is reasonable to conjecture
that these species might constitute species complexes, reflected in their hook morphologies. To resolve this, a more
thoroughly-sampled dataset is imperative, including specimens of Utelga sampled at different localities and with
differing (hook) morphologies.
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Three clades (previously) known as Itaipusa. The genus [taipusa as it was conceived up to now is not re-
covered in the topology. After collapsing the weakly supported nodes, three separate groups containing species of
Itaipusa emerge within Koinocystididae. These clades are labelled ‘sinensis’, ‘divae’ and ‘riegeri’ in Figure 24.
The taxonomy and phylogeny of and within these three clades will be discussed in the following sections. Both ML
and BI analyses recovered S. stolzi as the sister taxon to clade ‘riegeri’ (pp = 0.99; SH-LRT = 100; UFboot = 86).
Sekerana stolzi is an atypical, poorly-known species, with strongly-reduced internal structures (proboscis, pharynx,
copulatory bulb) (see Karling 1980). It is known exclusively from freshwater, in contrast to all species of ltaipusa
which are either marine or brackish.

Clade ‘sinensis’: Koinogladius gen. n. and Rhinolasius. Clade ‘sinensis’ contains three previously-published
sequences of [taipusa sinensis and is strongly supported (pp = 0.98; SH-LRT = 84.6; UFboot = 94). Itaipusa sinensis
is an aberrant koinocystidid, being the only described species with a copulatory bulb enclosing a cirrus, two hooks
and a stylet. Rhinolasius dillonicus appears as the sister taxon to 1. sinensis (pp = 1, SH-LRT = 99.5; UFboot = 98).
As the type species of ltaipusa (I. divae) falls outside this clade, the phylogeny warrants erection of a new genus:
Koinogladius Diez, Monnens & Artois gen. n. (Etymology: composed by the prefix Koino, referring to the family
Koinocystididae, and the suffix gladius (Lat.) = sword, which refers the presence of the stylet within the copula-
tory bulb) (urn:lsid:zoobank.org:act:1D672D44-5695-416E-A24D-B2F25BCCDS80B). Both Koinogladius sinensis
(Wang & Lin in Lin et al., 2017) comb. n. and R. dillonicus have the testes at midbody, caudally from the pharynx.
In K. sinensis comb. n., the ejaculatory duct runs through the stylet, a feature which differentiates the new genus
from Brunetia Karling, 1980, the only other koinocystidid genus with a stylet. In Brunetia camarguensis (Brunet,
1965) Karling, 1980, the ejaculatory duct indeed runs beside the stylet. Another distinguishing feature between
these two genera is the lack of an armed cirrus in Brunetia (see Brunet 1965; Karling 1980).

It is also worth noting that the topology shows that the presence or absence of a proboscis juncture sphincter
cannot be used to differentiate between groups within Koinocystididae, as was already apparent from the morpho-
logical phylogeny of Karling (1980). Indeed, this structure is lacking in Utelga and R. dillonicus, each of which
are positioned at different locations in the tree, implying that this structure has been lost and/or acquired multiple
times.

Clades ‘divae’ and ‘riegeri’. Apart from 1. sinensis (now K. sinensis comb. n.), the genus /taipusa contained 16
species up to now (Karling 1980; Reygel et al. 2011; Willems et al. 2017). Traditionally, representatives of ltaipusa
were identified by the presence of a strong proboscis juncture sphincter and a pharynx without a closing mouth
sphincter (Marcus 1949; Karling 1980, but see further). The copulatory bulb is globular-oviform and muscular, with
an irregular spiny cirrus or spiny papilla, except in 1. biglandula, which lacks any hard parts (see Reygel et al. 2011;
Van Steenkiste & Leander 2018). In several species, robust accessory hooks are also present.

The present phylogeny shows that the remaining species of /taipusa form two separate, well-supported clades
that together do not form a monophyletic group, as clade ‘riegeri’ forms a sister group relationship with Sekerana
stolzi. Therefore, these two clades are better considered separate genera. Clade ‘divae’ contains the type species of
Itaipusa (I. divae), and, therefore, remains /faipusa. For clade ‘riegeri’ a new genus was erected: Reinhardorhyn-
chus Diez, Monnens & Artois gen. n.

Clade ‘divae’: Itaipusa sensu novo. The four species of this group included in the molecular phylogenetic
analyses cluster together in a clade (Clade ‘divae’ in Figure 24; pp = 1; SH-LRT = 100; UFboot = 100). All these
species lack accessory hooks in the male system, a feature distinguishing them from species of Reinhardorhynchus
gen. n. Based on this diagnostic feature, eight previously-described and two new species can be placed in ltaipusa:
1. aberrans sp. n., I. acerosa, I. biglandula, I. divae, I. karlingi, I. novacaledonica sp. n., I. sbui, I. similis, I. sophiae,
and 1. spinibursa.

The presence or absence of a mouth sphincter was not included as a diagnostic character in the genus diagnosis
by Marcus (1949), but its presence was later added by Karling (1980). A mouth sphincter was observed in /. divae
(from New Caledonia), making it clear that the absence of this structure cannot be considered as diagnostic for the
genus as it is conceived now. A novel feature never before described for /faipusa or any other koinocystidid is the
fact that the longitudinal muscles inside the septum of the pharynx form a lip-like structure distally. This feature was
observed in all the species of which serial sections were available: 1. divae, I. karlingi, and 1. sbui.

Of all species in this group, only /. biglandula lacks hard structures in the male system, its copulatory organ
proper consisting of an unarmed penis papilla (see Reygel ef al. 2011). According to Graff (1905), also I sophiae
has a copulatory organ proper that is a penis papilla, but in this species it is covered with spines of different sizes
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and morphology. In our phylogenetic reconstruction, /. biglandula n. sp. forms a sister group relationship with 1.
karlingi, a species with a spiny cirrus (see further), which suggests the unarmed cirrus is a derived condition.

Itaipusa acerosa, 1. similis, 1. sophiae, and I. spinibursa can easily be distinguished from all other species in this
genus by the presence of spines in the bursa (/. spinibursa and I. sophiae) or the fact that there is only a single row
of spines in the cirrus (/. acerosa and I. similis).

Itaipusa aberrans n. sp. is the only species of [taipusa that has a cirrus consisting of two folded plates bear-
ing triangular spines, both of which are connected by a duct armed with small, folded, sclerotised structures. This
unique construction of the armament of the cirrus diagnostic.

In 1. divae, the armed cirrus consists of a compact structure built up by at least three transverse spiny rows
consisting of scale-shaped spines, a situation unique within the group. The remaining three species (/. karlingi, 1.
novacaledonica n. sp., and I. sbui) all have an armed cirrus that consists of at most two rows of triangular spines,
but these rows are never organised in transverse bands as is the case in /. divae. In our phylogeny, /. novacaledonica
n. sp. is recovered as the sister species of /. divae. Both species can easily be distinguished from each other by the
construction of the armed cirrus, which in I. novacaledonica n. sp. contains two bands of spines that run longitu-
dinally within the copulatory bulb, a situation clearly distinguishing it not only from /. divae (see above), but also
from 1. karlingi and 1. sbui. In these two species, the two spiny cirrus belts are more or less perpendicular to the
longitudinal axis of the cirrus. In /. novacaledonica sp. n., the two spiny belts are M shaped and inverted U shaped,
respectively, while in /. sbhui, one belt has the appearance of a twisted figure eight and the other one is U shaped (see
Willems et al. 2017).

In both 1. novacaledonica sp. n. and 1. karlingi the copulatory bulb ends in a penis papilla, which is not the case in
the other species of /taipusa. This papilla is sclerotised in . novacaledonica n. sp., but not so in /. karlingi. Moreover,
the bursa of 1. karlingi is ornamented with sclerotised belts, which is not the case in /. novacaledonica or I. sbui.

Clade ‘riegeri’: Reinhardorhynchus gen. n. Four species characterised by the presence of accessory hooks in
the male system were included in the phylogenetic analyses, and they form a well-supported clade with an unidenti-
fied species of koinocystidid from North Carolina and with /faipusa n. sp. 1 (Clade ‘riegeri’ in Figure 24; pp = 0,99;
SH-LRT = 100; UFboot = 86). The former has accessory hooks (Julian Smith, pers. comm.), while /taipusa n. sp. 1
also has a copulatory bulb armed with spiny rows and at least one accessory hook (own unpublished data).

The hard structures of the copulatory bulb of R. riegeri comb. n. are considerably smaller in the specimens from
Cuba compared with those of the specimens from Bermuda. In the specimens from Bermuda the papillary cirrus is
135 um long (vs. 117 pm in the Cuban specimens), armed with spines of maximum 15 um long (vs. 2-8 um); the
ejaculatory cirrus is 45 pm long (vs. 64 pm), armed with spines of maximum 40 pm long (vs. 7-17 pm), and the
accessory hooks are 115 pm and 145 pm long, respectively (vs. 56 pum and 107 pm) (see Karling 1978). However,
as these are the only differences that can be found, we include the Cuban population within R. riegeri comb. n.

The specimens of R. ruffinjonesi comb. n. from the different localities show small morphological differences
in the hard structures of the copulatory bulb. The length of the spiny belt varies from 165 pum in the specimen from
Brazil to £260 um in specimens collected in Panama. In the specimens from Cuba a length of £176 pm is recorded.
Accessory hooks are largest in the specimen from Bermuda (72 um and 45 pum long, respectively). In the new mate-
rial, these structures vary in size from 54 to 62 um (large hook) and from 27 to 33 pum (small hook), respectively.
The distal spines of the spiny belt are slightly variable in shape, but all are more or less triangular and distally
curved (see Fig. 5C, 5F, 51, 6B-D, 6F). However, this variation might be attributed to the orientation of the spines
and squeezing of the specimens.

Four species in this group, R. riegeri comb. n., R. variodentata comb. n., R. pacificus sp. n. and R. unicornis
sp. n. have a copulatory bulb with two armed cirri: the ejaculatory cirrus and the papillary cirrus (terminology of
Karling 1978). A third additional cirrus is present in R. pacificus sp. n. Reinhardorhynchus unicornis sp. n. is easily
distinguished from the other three species mentioned, and from all other species with accessory hooks, by the pres-
ence of only one accessory hook in the copulatory bulb. All other species have two accessory hooks.

The presence of three cirri in the copulatory bulb of R. pacificus sp. n. is unique within Reinhardorhynchus
gen. n., and hence clearly diagnostic. The morphology of the hooks of R. pacificus sp. n. is similar to that in R. vari-
odentata comb. n. In both species the hooks are funnel-shaped and have a broad base. However, they clearly differ
in size from each other in R. variodentata comb. n. (90 um and 50 pm long respectively, measured in the holotype),
whereas they are similar in size in R. pacificus sp. n. ( 83 um and 81 pum ). The proximal sphincter in the papillary
cirrus was only observed in R. pacificus sp. n., and not in any of the other species.
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Another species bearing a papillary cirrus inside the copulatory bulb is R. hexacornutus sp. n. However, this
species lacks an armed ejaculatory cirrus. In addition, R. hexacornutus sp. n. is the only known species of Reinhar-
dorhynchus in which the ejaculatory duct opens into the male atrium distally, independently of the prostate vesicle,
hence forming a divisa-type copulatory organ (terminology of Karling, 1956). This is an uncommon organisation in
Koinocystididae, previously only reported in the unrelated taxon Mesorhynchus terminostylis and in this contribu-
tion also in Galapagetula cubensis sp. n. (see further). The entire copulatory system in both R. sexacornutus n. sp.
and G. cubensis sp. n. is surrounded by a muscular septum. As such, it could be considered as a divisa-duplex type
copulatory organ, a situation unique within eukalyptorhynchs. The nail-shaped cirrus spines are unique for R. hexa-
cornutus sp. n., as these spines are consistently triangular or scale-shaped in all other species of Reinhardorhynchus
gen. n. The copulatory bulb of R. hexacornutus sp. n. carries six hooks, the largest number within the genus. Only
two other species of Reinhardorhynchus gen. n. have more than two hooks: three in R. evelinae comb. n. and five
in R. scotica comb. n.

Reinhardorhynchus beatrizae sp. n. and R. soror sp. n. both have a cirrus armed with triangular spines and a
belt of large spines. This combination of armature is only known from R. ruffinjonesi comb. n. and R. anamariae sp.
n. Both new species differ from R. ruffinjonesi comb. n. because of their broad hook bases, a funnel-like structure
on the larger hook, and well-developed spines in the spiny belts. These characters are all absent in R. ruffinjonesi
comb. n.

Reinhardorhynchus beatrizae sp. n. differs from R. soror sp. n. in the morphology of the proximal spines of the
spiny row. These spines are curved, hook-like, and fused at their bases in R. soror sp. n., while they are scale-like
and not fused in R. beatrizae sp. n. Moreover, the spines are larger in R. soror sp. n. (largest proximal spines +57 um
long and distal ones +39 pum long) than in R. beatrizae sp. n. (largest proximal spines £23 pum long and distal ones
+32 um long). The spiny belt is £347 pum long in R. beatrizae sp. n. and £437 um in R. soror sp. n. Furthermore, the
accessory hooks are larger in R. beatrizae sp. n. (=101 pm long and £89 pum long, respectively) than in R. soror sp.
n. (£87 um long and +59 pum long, respectively). The funnel-like structure of the larger hook is £70 pwm long in R.
soror sp. n. and £45 um long in R. beatrizae sp. n. The general outline of the larger hook of R. soror sp. n. is more
slender than that of R. beatrizae sp. n.

Reinhardorhynchus anamariae sp. n. is easily recognisable because it is the only known species of Reinhardo-
rhynchus gen. n. without eyes. This is an uncommon feature within Koinocystididae, until now exclusively known
from Leguta chelifera (Karling, 1954) Karling, 1980 and Paratenerrhynchus triplex Brunet, 1972 (see Karling
1954, 1980; Brunet 1972). The cirrus morphology in R. anamariae sp. n. also distinguishes it from its congeners:
it is ornamented with rows of fine, =1-pm-long spines and an L-shaped row of larger spines (116 pm long). R.
curvicirra comb. n. and R. ruffinjonesi comb. n. have a cirrus with comparable features. However, in R. curvicirra
comb. n. the spiny row is longer (120—160 um), U-shaped, and carries larger lamellar spines (2040 pwm, compared
to 9-34 um in R. anamariae sp. n.). Furthermore, in R. curvicirra comb. n. the rows of small spines which are pres-
ent in R. anamariae sp. n. are absent. The spiny row of the cirrus of R. ruffinjonesi comb. n. is considerably larger
(165-260 pum) than in R. anamariae sp. n. The spiny row of the former species is also differentiated in a proximal
and a distal part, but the spines in this area distinctly differ in morphology and length from those of R. anamariae
sp. n. In R. anamariae sp. n., the proximal hook-like spines are £22 um long, hollow and distally curved, whereas
in R. ruffinjonesi comb. n. the proximal spines are £5 pm (specimen from Brazil) to £8 um long (specimens from
Bermuda and Punta Culebra), triangular, and not hollow or distally curved. Furthermore, the proximal and the distal
parts of the spiny belt in R. ruffinjonesi comb. n. are connected by an area of 2—3-um-long spines, which are absent
in R. anamariae sp. n. The spiny armature of the cirrus also differentiates R. anamariae sp. n. (fine spines +1 um
long, organised in rows) from R. ruffinjonesi comb. n. (triangular spines 1-3 pm long, not organised in rows). Fi-
nally, the shape and size of the distal hooks in R. anamariae sp. n. (31 pm and 51 um long, respectively, ending in
a rounded tip) differ from those in R. ruffinjonesi comb. n. (36 um and 59 pm long, respectively, ending in a sharp
tip).

Both R. tahitiensis sp. n. and R. riae sp. n. possess a cirrus armed with spiny rows and two symmetric, distal
hooks in the copulatory bulb. In R. riae sp. n., the cirrus spines are all similar in size and organised in two spiny
rows, while the cirrus of R. tahitiensis sp. n. carries four rows of spines of variable size, the most distal ones being
the largest. In addition, the accessory hooks are £24 um long and conical, with a small distal hook in R. tahitiensis
sp. n., whereas in R. riae sp. n. they measure +14 um, are more flattened and never carry a distal hook. The only
other species of Reinhardorhynchus gen. n. with distal symmetric hooks is R. bispina comb. n., which also bears
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two spiny rows in the copulatory bulb. However, in R. bispina comb. n., these rows are longitudinally oriented and
100-150 pum long, while they are transversally oriented and 55-72 pm long in R. riae sp. n. In R. tahitiensis sp.
n., three rows are more or less longitudinally oriented and one is transversally oriented. In addition, the symmetric
hooks of R. bispina comb. n. are needle-shaped and larger (40—50 pm) compared to those of the new species (Kar-
ling 1980).

Reinhardorhynchus riae sp. n. is the only species of Reinhardorhynchus gen. n. that has a prostate vesicle sur-
rounded by a muscular bulb, with the spiny rows of the cirrus extending over the distal end of this muscular bulb.
The female system is also peculiar, with the female duct divided into two compartments similar to the female duct
in R. tahitiensis sp. n. However, in R. riae sp. n., the proximal compartment of the female duct is not muscular
and contains vitelline material, while the distal compartment is surrounded by well-developed circular muscles and
contains sperm. In R. tahitiensis sp. n., both compartments are muscular and it is the proximal one that contains
sperm.

Galapagetula. Galapagetula cubensis sp. n. displays the main diagnostic features of the genus (see Reygel et
al. 2011): proboscis without juncture sphincter, testes located at midbody, copulatory organ pear-shaped, female
duct proximally widened and functioning as seminal receptacle. The most typical feature of species of Galapag-
etula, however, is the presence of an accessory bursa (see Reygel et al. 2011). Galapagetula cubensis sp. n. and G.
annikae, the only known species up to now, differ in many features. One of the most important differences is the fact
that in G. annikae the cirrus is provided with many small teeth, while in G. cubensis sp. n. it is completely unarmed.
An unarmed copulatory organ is uncommon within Koinocystididae, and reported only in the unrelated taxa /. bi-
glandula, Tenerrhynchus magnus Brunet, 1972, Parautelga bilioi Karling, 1964, Neoutelga inermis Karling, 1980,
S. stolzi, and Simplexcystis asymmetrica gen. n. sp. n (see further).

Moreover, in G. cubensis sp. n. the ejaculatory duct and prostate vesicle open separately in the male atrium (a
so-called divisa type copulatory organ; terminology of Karling 1956; see also the discussion on R. hexacornutus n.
sp. above), whereas in G. annikae the copulatory organ is of the conjuncta-duplex type, typical of Koinocystididae.
Also, the fact that the gonopore is located completely caudally in G. cubensis sp. n. clearly distinguishes it from
G. annikae. In fact, within Koinocystididae, only M. ferminostylis has a gonopore that is completely terminal. This
species, however, is entirely different from a morphological point of view (for details: see Karling 1956). Other
differences between the species of Galapagetula is the absence of a pseudocuticular lining in the female duct and
accessory bursa in G. cubensis sp. n. (present in G. annikae), and the lack of a mouth sphincter in G. annikae.

Simplexcystis gen. n.

Simplexcystis asymmetrica gen. n. sp. n. possesses all diagnostic features of Koinocystididae (see Karling
1980). However, the new species, S. asymmetrica sp. n., shows a unique combination of features which does not
allow allocation to any existing koinocystidid genus, including a copulatory bulb with unarmed cirrus, seminal duct
entering the copulatory bulb eccentrically, oviducts very long, bursa lacking, and male, female, and common atrium
lined by a brush border.

As previously discussed, a copulatory organ without hard structures is uncommon in Koinocystididae (see
above). Simplexcystis asymmetrica sp. n. also lacks a bursa, a feature only found in 7. magnus and Bhambatho-
rhynchus abursalis Willems & Artois in Willems ef al., 2017 (see Brunet 1972; Karling 1980; Willems et al. 2017).
However, the latter two species lack the unique combination of features typical of Simplexcystis gen. n. Moreover,
S. asymmetrica sp. n. shows a strong sphincter caudally from the female duct typical of koinocystidids, a feature
lacking in B. abursalis. The latter species also has a complex and bipartite receptacle bursa (see Willems et al. 2017),
which is not present in S. asymmetrica sp. n. Furthermore, in B. abursalis there are two hooks in the copulatory
bulb, while the copulatory system is completely unarmed in S. asymmetrica sp. n. Many features allow to differ-
entiate S. asymmetrica sp. n. from T. magnus; for instance, the fact that the testes are located rostral to the pharynx
in S. asymmetrica sp. n., caudal to it in 7. magnus. The ejaculatory duct is very long and broad before entering the
copulatory bulb in S. asymmetrica sp. n. while it is short and tubiform in 7. magnus. Moreover, the copulatory bulb
lacks a penis papilla in S. asymmetrica sp. n., while such a papilla is present in 7. magnus.
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Conclusions

Both species richness and morphological diversity of koinocystidids has been greatly underestimated in the past.
Here, we exemplify that even a relatively small sampling effort can lead to the discovery of many new species,
often with such an aberrant morphology that they cannot be placed in any existing genus. In this contribution 12
new species are described, raising the number of known species of koinocystidids from 51 to 63. The family is also
morphologically very diverse, especially as to the construction of the genital system. In a few species the copulatory
bulb is devoid of any hard structures (1. biglandula, T. magnus, P. bilioi, N. inermis, S. stolzi, G. cubensis sp. n.,
and S. asymmetrica gen. n. sp. n.). In the other species, the copulatory bulb encompasses a diversity of cirri, spines,
stylets and hooks. The female genital system can be very simple, as in S. asymmetrica gen. n. sp. n., but in most
other koinocystidids it is very complex and includes a diversity of bursae, glands, and even armature in the form of
spines or sclerotised membranes. The number of species included in phylogenetic analyses is still very limited, even
with the new sequences provided in this contribution. It is imperative to sample many more taxa for future analyses,
especially taxa with ‘aberrant’ morphologies, which are now mostly represented by monospecific genera. In that
way, the diversity of koinocystidids could be better appreciated and their phylogenetic relationships unravelled.
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