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Nemerteans, or ribbon worms, have been reported from intertidal to hadal depths, often showing bathymetrically wide distribution in genus levels. Although current nemertean systematics practices require to provide DNA sequences and infer phylogenetic relationships with suitable molecular markers, previous molecular systematics on nemerteans are mostly biased toward shallow-water species. Members in the genus Nipponnemertes occur worldwide, from tropical to polar waters and intertidal to bathyal waters. Molecular phylogenetic studies are scarce for the genus; only six shallow-water species of 18 species in the genus were subject to molecular phylogeny. Thus, Nipponnemertes is one candidate that needs to be assessed by genetic approaches. In this study, we performed molecular phylogenetic analyses using 59 specimens in 23 species based on partial sequences of two mitochondrial (16S rRNA and cytochrome c oxidase subunit I) and three nuclear gene markers (18S rRNA, 28S rRNA, and histone H3). Our extensive sampling from intertidal to bathyal waters in the Northwest Pacific significantly updated the fauna of Nipponnemertes in this region from four to 17 species. We herein establish 10 new species and provide an updated species list concisely summarizing all the congeners known from the world. Our phylogenetic tree indicated three major lineages within the genus (herein referred to as “Clade A, B, and C”), each presumably characterized by the combination of morphological characters in the head region. Members in Clade A are: Nipponnemertes pulchra (Johnston, 1837), Nipponnemertes ogumai (Yamaoka, 1947), and several unidentified congeners, characterized by having demarcated head without cephalic patches; members in Clade B are: Nipponnemertes crypta sp. nov., Nipponnemertes jambio sp. nov., Nipponnemertes neonilae sp. nov., and Nipponnemertes ojimaorum sp. nov., species having demarcated head with cephalic patches; members in Clade C are: Nipponnemertes ganahai sp. nov., Nipponnemertes kozaensis sp. nov., Nipponnemertes lactea sp. nov., Nipponnemertes notoensis sp. nov., Nipponnemertes ornata sp. nov., Nipponnemertes sugashimaensis sp. nov., and two unidentified forms collected off Jogashima (Japan) and Guam (USA), species with non-demarcated head lacking cephalic patches. Furthermore, we discuss the evolution of remarkably small body size retained among Clade C.
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Introduction

Ribbon worms (phylum Nemertea) are commonly known as predators or scavengers in a wide variety of marine, freshwater, and terrestrial ecosystems (McDermott & Roe, 1985; Thiel & Kruse, 2001). The phylum currently contains around 1300 species (Chernyshev, 2021; Kajihara, 2021a), of which about 594 species in 127 genera are members in the order Monostilifera (Kajihara, 2021b). The Monostilifera can be divided into the suborders Cratenemertea and Eumonostilifera chiefly by a combination of three characters: the arrangement of the rhynchocoel musculature (a wickerwork of longitudinal and circular muscle fibres in Cratenemertea as well as in some Eumonostililfera vs separate inner longitudinal and outer circular muscle layers in Eumonostilifera), the vascular plug (single plug in Cratenemertea vs variously 0–2 plugs in Eumonostilifera), and the position of the cerebral organs (mostly extending behind brain in Cratenemertea vs at most to the brain region in Eumonostilifera) (Chernyshev, 2021; Kajihara, 2021b). While these taxonomic characters seem to have evolved homoplastically (Kajihara, 2021b), the distinction between Cratenemertea and Eumonostilifera is supported by molecular phylogenetic analyses based on multiple loci in nuclear and mitochondrial genomes (Andrade et al., 2012; Kvist et al., 2014; Kvist et al., 2015; Chernyshev & Polyakova, 2019).

Molecular systematics within Cratenemertea is still in progress. Although 28 species in three families have been recognized in this taxon, phylogenetic relationships within Cratenemertea are not well resolved due to a lack of molecular data. So far, species in two genera, Nipponnemertes Gibson & Crandall, 1989 and Uniporus Brinkmann, 1914–1915a, and unidentified specimens collected from the Far Eastern seas of Russia, have been included in molecular phylogeny (e.g., Kvist et al., 2015; Chernyshev & Polyakova, 2018; Chernyshev and Polyakova, 2019). Recent molecular phylogenetic analyses suggest that ‘Cratenemertea sp. 25DS’ (Chernyshev & Polyakova, 2019) and ‘Cratenemertidae sp. IZ-45644’ (Kvist et al., 2015) are the sister taxon to Uniporus (Chernyshev & Polyakova, 2019). ‘Cratenemertea sp. 25DS’ is likely to be a planktonic juvenile of ‘Cratenemertidae sp. IZ-45644’ (Chernyshev & Polyakova, 2019). Although ‘Cratenemertea sp. 25DS’ is morphologically similar to Achoronemertes scorebyi (Wheeler, 1934) and Korotkevitschia pelagica (Korotkevitsch, 1961) (Chernyshev & Polyakova, 2019), a comparison of both morphological and molecular data is required for accurate species identification.

Another issue that needs to be investigated with the molecular approach is the generic distinction between Cratenemertes Friedrich, 1955 and Nipponnemertes. Friedrich (1955) established Cratenemertes for a species originally described by Bürger (1890), Amphiporus amboinensis Bürger, 1890; in Friedrich (1968), the generic name was attributed to species with a small cerebral organ posteriorly fused with dorsal cerebral ganglia. Whether smaller cerebral organs in Cratenemertes—the only difference between the two genera—are a phylogenetic signal or not need to be verified with molecular data.

Species in the genus Nipponnemertes—18 are currently recognized as valid—represent the majority of Cratenemertea (Gonzalez-Cueto et al., 2017; Kajihara, 2021b). They are marine benthic, usually feeding on small crustaceans such as amphipods (Brunberg, 1964; Berg, 1972; McDermott, 1984; McDermott, 1993; McDermott, 1997) and caridean shrimps (Kajihara et al., 2015) by sucking out body fluid and internal tissue of those prey organisms. Nipponnemertes was established by Friedrich (1968) for the seven nominal species Amphiporus bergendali Gering, 1912, Amphiporus drepanophoroides Griffin, 1898, Amphiporus pacificus Coe, 1905, Amphiporus occidentalis Coe, 1905, Amphiporus punctatulus Coe, 1905, Cratenemertes danae Friedrich, 1957, and Cratenemertes madagascarensis Kirsteuer, 1965 without type designation, and thus was unavailable under Article 13.3 of the International Code of Zoological Nomenclature (International Commission on Zoological Nomenclature, 1999). To make Nipponnemertes nomenclaturally available, Gibson & Crandall (1989) designated A. drepanophoroides as the type species and provided a morphological diagnosis for the genus; the authorship of Nipponnemertes is thus ascribed to Gibson & Crandall (1989). Phylogenetic relationships among some members of Nipponnemertes were inferred by Kajihara et al. (2015), where four described—Nipponnemertes bimaculata (Coe, 1901), Nipponnemertes ogumai (Yamaoka, 1947), Nipponnemertes pulchra (Johnston, 1837), and Nipponnemertes punctatula (Coe, 1905)—and two undescribed congeners—Nipponnemertes sp. 1 (MCZ DNA105622) and Nipponnemertes sp. 2 (MCZ DNA105589) (Andrade et al., 2012)—were analysed. The resulting tree indicated that the six species were divided into two groups, which seemed to be characterized by the presence and absence of a cephalic patch (Kajihara et al., 2015); however, it has never been confirmed based on a more comprehensive dataset.

From the Northwest Pacific in eastern Asia, including the Sea of Okhotsk, the Sea of Japan, and the East and South China Seas, four species of Nipponnemertes have been recorded: Nipponnemertes arenaria (Ushakov, 1927), N. bimaculata, N. ogumai, and N. punctatula (Kajihara, 2007; Kajihara, 2017; Chernyshev, 2020). Besides, several authors reported unidentified forms of Nipponnemertes from Japanese (Yamaoka, 2005; Kajihara, 2017), Vietnamese (Chernyshev, 2016), and Far East Russian waters (Chernyshev, 2020), suggesting there is hidden nemertean diversity.

With the advent of molecular tools—DNA barcoding and molecular phylogeny—in monostiliferan systematics (e.g., Andrade et al., 2012; Kvist et al., 2014; Kvist et al., 2015; Leasi et al., 2016; Hookabe et al., 2020; Hookabe et al., 2021), we are now in a position to obtain a more accurate picture of the species diversity. Some of the diagnostic characters traditionally used in monostiliferan taxonomy are often ambiguous and thus need to be revisited with molecular phylogeny. In the present study, we describe 10 new species of the genus from Japanese and Far East Russian waters. Since previous studies on molecular phylogenetic study in Nipponnemertes were biased toward shallow-water species (e.g., Kajihara et al., 2015) despite the bathymetrically wide distribution of this taxon, we extensively sampled specimens from intertidal to bathyal waters by various methods: by hand for intertidal species, SCUBA, dredging, sledging, and a remotely operated vehicle (ROV) equipped with a slurp gun. In the description part, histological observation (including cerebral organ, which is an important character for distinguishing Nipponnemertes from Cratenemertes) was performed to characterize the internal morphology of each taxon. Using molecular data obtained from the newly discovered species and described species from Japanese and Far East Russian waters, phylogenetic analyses based on partial sequences of nuclear and mitochondrial genes are performed to assess phylogenetic relationships as well as species boundaries within the genus.



Materials and Methods


Taxon Sampling and Morphological Examination

In the present study, we collected cratenemertids from Japanese and Far East Russian waters in 2014–2021 by multiple methods (Figure 1 and Table 1). Specimens were photographed with digital still cameras NIKON D5600 (NIKON, Japan) or OM-D E-M1 Mark II (Olympus, Japan) while they were alive. Worms were anaesthetized in 7.5% MgCl2 and gently placed between a slide glass and cover slip with a drop of anaesthetic solution so that ocelli and stylet apparatus could be observed under a light microscope. Afterwards, worms were picked up from the slides and the posterior tips were preserved in 99% ethanol for DNA extraction while the rest of the body was pre-fixed in 10% formalin in seawater, then post-fixed in Bouin’s fluid for 24 hours, and transferred to 70% ethanol. For histological preparation, samples preserved in 70% ethanol were dehydrated in a series of ethanol solutions (70%, 80%, 90%, 95%, and 99% ethanol), cleared in xylene, and embedded in Surgipath Paraplast paraffin (Leica, Germany). Paraffin blocks were serially sectioned at 7 µm thickness and stained with Mallory’s trichrome method (Gibson, 1994).




Figure 1 | Sampling sites of specimens used in the present study. (A) Overview map. (B) Collection sites in Noto, Japan. (C) Collection sites in Kanto region and adjacent areas, Japan, including Tateyama, off Jogashima, and off Izu Peninsula. (D) Collection sites around Sugashima, Japan. (E) In-situ photographs of Nipponnemertes ojimaorum sp. nov., Koganezaki, Shizuoka, Japan. (F) In-situ photograph of N. ganahai sp. nov., crawling near an octopus brooding eggs (circle with broken line), off Ofunato, Iwate, Japan. (G) Close-up of N. ganahai sp. nov. in Figure 1F.




Table 1 | Specimen collection information with ICHUM and GenBank accession numbers.





DNA Extraction, PCR Amplification, and Sequencing

Total DNA was extracted using the DNeasy Blood &Tissue Kit (Qiagen, Germany) according to the manufacturer’s protocol. Each partial sequence was amplified with primer pairs summarized in Table 2 according to the following PCR protocol: preheating at 94°C for 2 min; 35 cycles of 94°C for 40 s, 52°C for 60–75 s, and 72°C for 60 s; then a final extension at 72°C for 7 min. PCR products were purified using Exo-SAP-IT (Thermo Fisher Scientific, USA). Sequencing reaction was performed with BigDye Terminator ver. 3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, USA); for partial sequences of 18S rRNA (18S) and 28S rRNA (28S), internal primers listed in Table 2 were additionally used. The resulting dye-labelled products were purified with the EDTA/ethanol precipitation method and sent to GENEWIZ (Tokyo, Japan) for nucleotide sequencing. Sequences newly obtained in this study have been deposited in DNA Data Bank of Japan (DDBJ) under accession numbers listed in Table 1. Type and voucher specimens have been deposited in Invertebrate Collection of the Hokkaido University Museum (ICHUM), Sapporo, Japan and Zoological Museum of Far East Federal University, Vladivostok, Russia.


Table 2 | List of primers used for the phylogenetic analyses in the present study.





Sequence Alignment and Phylogenetic Analyses

Sequencing chromatographs were checked and edited with GeneStudio Pro ver. 2.2 (GeneStudio, Inc., USA). Sequences newly obtained in this study were combined with sequences available in GenBank listed in Table 3. For 16S, 18S, and 28S, data sets were aligned by MAFFT ver. 7 (Katoh & Standley, 2013) using the automatically selected strategy L-INS-i. After being aligned with ClustalW algorithm (Thompson et al., 1994) implemented in MEGA ver. 7 (Kumar et al., 2016), COI and H3 sequences were checked by translating into amino acids to see if they did not contain stop codons. Ambiguous sites were removed by Gblocks ver. 0.91b (Castresana, 2000) under a less stringent option; a 657-bp sequence for COI, a 458-bp for16S, a 1740-bp for 18S, a 1221-bp for 28S, and a 330-bp for H3 finally remained. After tree topology is checked for each marker and consistent with each other, partial sequences of COI, 16S, 18S, 28S, and H3 were concatenated using MEGA ver. 7.


Table 3 | GenBank accession numbers of eumonostiliferans except species herein described, which are used in the molecular phylogenetic analyses.



To infer phylogenetic relationships among cratenemertids examined in the present study, molecular phylogenetic trees were reconstructed based on maximum-likelihood (ML) and Bayesian inference (BI) analyses. The ML analysis was performed with RaxML ver. 8.0.0 (Stamatakis, 2014) under GTR + G + I selected as an optimum nucleotide substitution model by PartitionFinder ver. 2.1.1 (Lanfear et al., 2016) employing the greedy algorithm. Nodal support values were obtained from 1000 bootstrap pseudoreplicates. The BI tree was obtained using MrBayes ver. 3.2.3 (Ronquist et al., 2012) under GTR + G + I model selected by PartitionFinder ver. 2.1.1, launching two independent Metropolis-coupled analyses with four Markov chains for 107 generations and sampling every 100 generations from the chains. Run convergence was assessed by Tracer ver. 1.7 (Rambaut et al., 2018).

Uncorrected pairwise genetic distances were calculated based on 657-bp COI by MEGA ver. 7.



Species Delimitation Analyses

Using 658 bp of COI dataset, species delimitation analyses for Nipponnemertes species with cephalic patches were performed employing three methods: Automatic Barcode Gap Discovery (ABGD) (Puillandre et al., 2012), Bayesian implementation of the PTP (bPTP) (Zhang et al., 2013), and statistical parsimony (Templeton et al., 1992). The ABGD analyses was performed on the online server (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html) with default settings. The bPTP analyses were performed based on a ML tree generated by RaxML ver. 8.0.0 with the COI dataset. The statistical parsimony analysis was performed using the TCS algorithm (Clement et al., 2000) implemented in PopART (Leigh & Bryant, 2015). Haplotype networks for individual loci were generated for visualizing relationships between haplotypes by using PopART.




Results


Phylogenetic Relationships Among Nipponnemertes

In the present study, we performed molecular phylogenetic analyses with 59 specimens of Nipponnemertes (Figures 2, 3). Of these, 10 species turned out to be new to science and described based on external (Figures 4–6) and internal morphology (Figures 7–16).




Figure 2 | Molecular phylogenetic tree reconstructed based on ML analyses using concatenated sequences of 16S rRNA, COI, 18S rRNA, 28S rRNA, and histone H3 genes, with illustrations showing general head morphology of species constituting each clade. Tree topology obtained by BI was generally identical with ML. Numbers near nodes indicate bootstrap support values (BS) generated by 1000 replicates and posterior probability (PP) of a separate partitioned BI analysis (BS/PP). Solid circles indicate full support values (100/1.00). Collection depths are provided in blue letters. acf, anterior cephalic furrow; cp, cephalic patch; cr, mid-dorsal cephalic ridge; oc, ocelli; pcf, posterior cephalic furrow; scg, secondary transverse groove.






Figure 3 | Results of species delimitation analyses for Nipponnemertes spp. in Clade (B). (A) A haplotype network generated by statistical parsimony analysis based on partial sequence (658 bp) of COI. Numbers of black bars correspond to the numbers of nucleotide substitutions between the haplotypes. (B) A ML tree based on 658 bp of COI. Vertical bars indicate the putative species delineated with TCS, ABGD, and bPTP methods. Solid circles indicate 100% of bootstrap values.






Figure 4 | Images of Nipponnemertes spp., taken in life. (A, B), Nipponnemertes cf. ogumai, Sado (A, whole body; B, magnification of head). (C, D) Nipponnemertes sp. 1, off Jogashima (C, whole body; D, magnification of head). acf, anterior cephalic furrow; cr, mid-dorsal cephalic ridge. Scale bars: 1 cm (A, C), 5 mm (B, D).






Figure 5 | Images of Nipponnemertes spp., taken in life. (A) Nipponnemertes arenaria, Peter the Great Bay. (B–D) Nipponnemertes crypta sp. nov., Sugashima (B, whole body; C, magnification of head, dorsal; D, ventral). (E–H) Nipponnemertes jambio sp. nov., off Jogashima (E), whole body; (F), magnification of head, dorsal; (G), ventral; (H), lateral). (I–K), Nipponnemertes ojimaorum sp. nov., Koganezaki [(I), whole body; (J), magnification of head, dorsal; (K), ventral]. (L–P), Nippponnemertes neonilae sp. nov., Vostok Bay [(L), whole body; (M), magnification of head, dorsal, living specimen; (N), magnification of head, dorsal, fixed specimen in formalin; (O), magnification of head, ventral, living specimen; (P), microphotograph of a live squeezed specimen, dorsal], (Q–T), Nippponnemertes punctatula [(Q), Tateyama; (R, S), Misaki; (T), Sugashima]. Each arrowhead points to posterior cephalic furrows. acf, anterior cephalic furrow; cg, cerebral ganglia; co, cerebral organ; cr, mid-dorsal cephalic ridge; ic, lateral diverticulum of intestinal caecum; pp, proboscis pore; py, pylorus. Scale bars: 1 cm (A, B, L, S), 5 mm (B, C, I, M, N, Q, T); 2.5 mm (D); 1 mm (E, R); 500 μm (F–H, J, K, O, P); 1.5 mm (I).






Figure 6 | Images of Nipponnemertes spp., taken in life. (A–F), Nipponnemertes ganahai sp. nov., collected off Ofunato (A–C), off Jogashima (D), Tosa Bay (E–G) [(A), CL01, whole body; (B), magnification of head, dorsal; (C), lateral; (D), JG01, whole body; (E), KC01, whole body; (F), magnification of head, ventral; (G), microphotograph of a live squeezed specimen, dorsal]. (H–J), Nipponnemertes kozaensis sp. nov., Koza [(H), whole body; (I), magnification of head, ventral; (J), dorsal]. (K, L), Nipponnemertes lactea sp. nov., off Izu [(K), whole body; (L), microphotograph of a live squeezed specimen, ventral]. (M), Nipponnemertes notoensis sp. nov. [(M), whole body; (N), magnification of head, dorsal; (O), ventral]. (P, Q), Nipponnemertes ornata sp. nov., off Noto [(P), whole body; (Q), magnification of head, dorsal]. (R–U), Nipponnemertes sugashimaensis sp. nov., Sugashima [(R), whole body; (S), magnification of head, dorsal; (T), microphotograph of a live squeezed specimen, dorsal; (U), lateral blood vessel]. (V, W), Nipponnemertes sp. 2, off Jogashima [(V), whole body; (W), microphotograph of a live squeezed specimen, dorsal]. (X), Cratemertidae sp. Guam, a live squeezed specimen. Each arrowhead points to posterior cephalic furrows. acf, anterior cephalic furrow; bv, blood vessel; cg, cerebral ganglia; pb, proboscis; pp, proboscis pore. Scale bars: 2 mm (A, D, E), 1.5 mm (B); 1 mm (C, H, M, P, V); 500 μm (F, K, L, N, O, U); 300 μm (G, J, Q, S); 700 μm (I, R); 100 μm (T, W, X).






Figure 7 | Stylet apparatus of Nipponnemertes spp., micrographs of squeezed live specimens.






Figure 8 | Nipponnemertes crypta sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (arrowhead). (D) Cephalic glands (arrowhead). (E) Precerebral vessels (arrowheads). (F) Precerebral septum. (G) Vascular plug (arrowhead). (H) Proboscis, arrowheads pointing to proboscis nerves. (I) Magnification of proboscis musculature. (J) Posterior region of cerebral ganglia. (K) Nephridial canals (black arrowheads) and mid-dorsal vessel (white box, a white arrowhead pointing to a blood cell in mid-dorsal vessel). (L) Testes. co, cerebral organ; dcg, dorsal cerebral ganglia; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ilm, body-wall inner longitudinal muscle; mdv, mid-dorsal vessel; oc, ocelli; ocm, body-wall outer circular muscle; pcg, postcerebral glands of cerebral organ; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; poc, proboscis outer circular muscle; rc, rhynchocoel; rd, rhynchodaeum; st, stomach; sg, submuscular glands; te, testis; vcg, ventral cerebral ganglia. Scale bars: 50 μm (A–D, I), 100 μm (E, F, K), 200 μm (G), 150 μm (H, J), 250 μm (L).






Figure 9 | Nipponnemertes neonilae sp. nov., transverse sections. (A) Anterior part of cephalic blood lacuna. (B) Rhynchodeal sphincter (arrowhead). (C) Cerebral organ (arrows indicate bifurcate canal of cerebral organ). (D) Collar. (E) Stomach. (F) Intestine. cg, cephalic glands; co, cerebral organ; col, collar; dcg, dorsal cerebral ganglia; dvm, dorso-ventral muscles; es, esophagus; in, intestine; ln, lateral nerve; oc, ocelli; pv, precerebral vessel; rd, rhynchodaeum; st, stomach; vp, vascular plug. Scale bars: 100 μm (A, C), 200 μm (B, D–F).






Figure 10 | Nipponnemertes ojimaorum sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (arrowhead). (D) Cerebral glands. (E) Precerebral vessel (arrowhead). (F) Cerebral organ opening. (G) Mid-dorsal vessel (arrowehead). (H) Proboscis, arrowheads pointing to proboscis nerves. (I) Magnification of proboscis musculature. (J) Ventral cerebral commissure. (K) Nephridial tubules. (L) Intestine. co, cerebral organ; dcg, dorsal cerebral ganglia; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ic, lateral diverticulum of intestinal caecum; ilm, body-wall inner longitudinal muscle; in, intestine; ln, lateral nerve; mdv, mid-dorsal vessel; nt, nephridial tubule; oc, ocelli; ocm, body-wall outer circular muscle; pcg, postcerebral glands of cerebral organ; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; poc, proboscis outer circular muscle; rc, rhynchocoel; rd, rhynchodaeum; sg, submuscular glands; st, stomach; vcg, ventral cerebral ganglia. Scale bars: 50 μm (A, C, D, E), 25 μm (B, F), 100 μm (G, J–L), 75 μm (H), 30 μm (I).






Figure 11 | Nipponnemertes ganahai sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (white arrowhead) and cephalic glands (black arrowhead). (D) Precerebral vessels (arrowhead). (E) Cerebral organ opening (arrowhead). (F) Proboscis, arrowheads pointing to proboscis nerves. (G) Magnification of proboscis musculature. (H) Dorsal and ventral cerebral commissure. (I) Cerebral organ. (J) Posterior region of cerebral ganglia. (K) Ovaries. co, cerebral organ; dcg, dorsal cerebral ganglia; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ic, lateral diverticulum of intestinal caecum; ilm, body-wall inner longitudinal muscle; in, intestine; ln, lateral nerve; mdv, mid-dorsal vessel; nt, nephridial tubule; oc, ocelli; ocm, body-wall outer circular muscle; ov, ovaries; pcg, postcerebral glands of cerebral organ; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; poc, proboscis outer circular muscle; py, pylorus; sg, submuscular glands; st, stomach; vcg, ventral cerebral ganglia. Scale bars: 30 μm (A, B, G), 50 μm (C–E, J, K), 150 μm (F), 75 μm (H, I).






Figure 12 | Nipponnemertes kozaensis sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (arrowhead). (D) Precerebral vessel (arrowhead) running above cerebral glands. (E) Mid-dorsal vessel. (F) Proboscis, arrowheads pointing to proboscis nerves. (G) Magnification of proboscis musculature. (H) Cerebral organ opening. (I) Cerebral organ. (J) Nephridial tubules. (K) Intestine. cg, cephalic glands; co, cerebral organ; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ic, lateral diverticulum of intestinal caecum; in, intestine; ln, lateral nerve; lv, lateral vessel; mdv, mid-dorsal vessel; nt, nephridial tubule; oc, ocelli; ocm, body-wall outer circular muscle; pcg, postcerebral glands of cerebral organ; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; py, pylorus; st, stomach; vcc, ventral cerebral commissure. Scale bars: 15 μm (A, B), 50 μm (C, D, F), 75 μm (E, H, J, K), 25 μm (G), 30 μm (I).






Figure 13 | Nipponnemertes lactea sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (arrowhead). (D) Cerebral glands. (E) Proboscis, arrowheads pointing to proboscis nerves. (F) Magnification of proboscis musculature. (G) Cerebral organ opening. (H) Posterior region of cerebral ganglia. (I) Pylorus. (J) Ovaries. co, cerebral organ; dcg, dorsal cerebral ganglia; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ic, lateral diverticulum of intestinal caecum; ilm, body-wall inner longitudinal muscle; in, intestine; ln, lateral nerve; oc, ocelli; ocm, body-wall outer circular muscle; ov, ovary; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; poc, proboscis outer circular muscle; py, pylorus; rc, rhynchocoel; vcg, ventral cerebral ganglia. Scale bars: 30 μm (A, F), 25 μm (B, C), 100 μm (D, E), 75 μm (G–I), 50 μm (J).






Figure 14 | Nipponnemertes notoensis sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (arrowhead). (D) Cerebral glands. (E) Proboscis, arrowheads pointing to proboscis nerves. (F) Magnification of proboscis musculature. (G)  Cerebral organ opening. (H) Middle region of cerebral organ (I) posterior region of cerebral organ. (J) Postcerebral glands of cerebral organ. (K) Nephridial tubules. (L) Intestine. cg, cephalic glands; co, cerebral organ; dcg, dorsal cerebral ganglia; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ilm, body-wall inner longitudinal muscle; in, intestine; ln, lateral nerve; nt, nephridial tubule; oc, ocelli; ocm, body-wall outer circular muscle; pcg, postcerebral glands of cerebral organ; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; poc, proboscis outer circular muscle; py, pylorus; sg, submuscular glands; st, stomach; stl, stylet; vcg, ventral cerebral ganglia. Scale bars: 15 μm (A, B), 60 μm (C, D, L), 75 μm (E), 30 μm (F, I, J), 50 μm (G, H, K).






Figure 15 | Nipponnemertes ornata sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (arrowhead). (D) Proboscis, arrowheads pointing to proboscis nerves. (E) Cerebral organ opening. (F) Ventral cerebral commissure. (G) Cerebral organ. (H) Postcerebral glands. (I) Pylorus and intestinal caecum. (J) Ovaries. cg, cephalic glands; co, cerebral organ; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ic, lateral diverticulum of intestinal caecum; ilm, body-wall inner longitudinal muscle; in, intestine; ln, lateral nerve; nt, nephridial tubule; ocm, body-wall outer circular muscle; ov, ovaries; pcg, postcerebral glands of cerebral organ; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; poc, proboscis outer circular muscle; py, pylorus; st, stomach; sg, submuscular glands; vcc, ventral cerebral commissure. Scale bars: 20 μm (A, B, H, I), 50 μm (C, E, F, J), 75 μm (D), 30 μm (G).






Figure 16 | Nipponnemertes sugashimaensis sp. nov., transverse sections. (A) Body wall in precerebral region. (B) Body wall in foregut region. (C) Apical organ (arrowhead). (D) Cerebral glands. (E) Mid-dorsal vessel (arrowhead). (F) Proboscis, arrowheads pointing to proboscis nerves, (G) Cerebral organ opening. (H) Posterior region of cerebral ganglia, arrowhead pointing to vascular plug. (I) Nephridial tubules. (J) Pylorus, arrowhead pointing to mid-dorsal vessel. (K) Intestine. cg, cephalic glands; co, cerebral organ; dcg, dorsal cerebral ganglia; de, dermis; dvm, dorso-ventral muscle in body wall; ep, epidermis; ic, lateral diverticulum of intestinal caecum; ilm, body-wall inner longitudinal muscle; in, intestine; ln, lateral nerve; lv, lateral vessel; nt, nephridial tubule; oc, ocelli; ocm, body-wall outer circular muscle; pcg, postcerebral glands of cerebral organ; pe, proboscis epithelium; pic, proboscis inner circular muscle; pml, proboscis middle longitudinal muscle; pn, proboscis nerve; poc, proboscis outer circular muscle; py, pylorus; vcg, ventral cerebral ganglia. Scale bars: 30 μm (A), 20 μm (B), 50 μm (C–F, G–I), 150 μm (J), 100 μm (K).



In the resulting tree (Figure 2), a clade constituted by 59 specimens of Nipponnemertes was sister to another clade formed by the two bathyal species, Cratenemertidae sp. IZ-45644 and Cratenemertea sp. 25DS (possibly pelagic juvenile of Cratenemertidae sp. IZ-45644) and an abyssal species, Uniporus alisae (Chernyshev & Polyakova, 2018). The Nipponnemertes clade was divided into three major clades (Figure 2). The tree topology reconstructed by the ML analysis was almost identical with the BI tree. Below, we refer to the “N. pulchra–Nipponnemertes cf. ogumai” clade as Clade A, the “N. incainca–N. punctatula” clade as Clade B, and the “N. lactea–N. ganahai” clade as Clade C.

In Clade A, Nipponnemertes cf. ogumai from Sado (the Sea of Japan) (Figures 4A, B) was a sister taxon of N. ogumai from Araihama (Pacific Ocean); they were nested in a clade along with N. pulchra, Nipponnemertes sp. DNA105622, Nipponnemertes sp. DNA105589 (Andrade et al., 2012), and Nipponnemertes sp. 1 (Figures 4C, D). Nipponnemertes sp. 1 and Nipponnemertes sp. DNA105622 (Andrade et al., 2012) from California constituted a clade supported by 99% of bootstrap value (BS); between the two species, the genetic distances based on COI were 3.4% in uncorrected p-distance (Table S1), smaller than interspecific genetic distances previously reported in Nipponnemertes (Chernyshev & Polyakova, 2022).

Within Clade B, N. incainca was first branched from the rest of the members in this clade. Nipponnemertes neonilae sp. nov. collected from the Sea of Japan and Kuril Islands (Figures 5L–P) was sister-related with a clade constituted by “N. bimaculata–N. punctatula” clade with full support value. Nipponnemertes ojimaorum sp. nov. collected from Koganezaki was nested in the “N. bimaculata–N. punctatula” clade, together with Nipponnemertes jambio sp. nov. and Nipponnemertes crypta sp. nov.

Clade C was detected for the first time in this study; all members were herein newly included in molecular analyses. In this clade, Nipponnemertes lactea sp. nov. (Figures 6K, L) was sister to the rest of the members. Nipponenemertes ganahai sp. nov. (Figures 6A–G) formed a clade weakly supported by 60% of BS and 0.75 of PP with N. kozaensis sp. nov. (Figures 6H–J), N. notoensis sp. nov. (Figures 6M–O), N. ornata sp. nov. (Figures 6P, Q), N. sugashimaensis sp. nov. (Figures 6R–U), Nipponnemertes sp. 2 (Figures 6V, W), and Cratenemertidae sp. Guam (Figure 6X) (Chernyshev & Polyakova, 2019).



Species Delimitation for Clade B

We performed species delimitation analyses using partial sequences of COI (658 bp) to examine putative species boundaries among Clade B. Five distinct lineages (each corresponding to N. bimaculata, N. crypta, N. jambio, N. ojimaorum, and N. punctatula) were identified by all three methods (TCS, ABGD, and bPTP) (Figure 3). Among them, the maximum value of intraspecific genetic distance was 7.9% of uncorrected p-distance (N. bimaculata–N. jambio and N. bimaculata–N. punctatula); the minimum value was 1.6% between N. crypta and N. ojimaorum.



Systematics

Family Cratenemertidae Friedrich, 1968

Genus Nipponnemertes Gibson & Crandall, 1989

(= Collarenemertes Chernyshev, 1993)

Type species: Nipponnemertes drepanophoroides Griffin, 1898.

Diagnosis [given by Friedrich (1968); Gibson & Crandall (1989), and Riser (1998)]: Cratenemertids with generally more than 10 eyes on each side of head in adults. Mouth and rhynchodaeum opening via common pore. Anterior cephalic furrows with secondary longitudinal grooves; latter faintly visible or invisible in small individuals. Mid-dorsal cephalic ridge present or absent. Rhynchocoel extending to posterior end of body, consisting of interwoven longitudinal and circular muscle fibres, without lateral pouches. Mid-dorsal vessel penetrating into rhynchocoel to form a single vascular plug. Apical organ and cephalic glands present. Large cerebral organs extending behind brain.


1 Nipponnemertes cf. ogumai

(Figures 4A, B)

Material examined: Posterior tip used for DNA extraction, collected at depths of 8 m by SCUBA diving, Shukunegi, Sado Island, Niigata Prefecture, Japan (Figure 1A), by Naoto Jimi, on 26 September 2019.

Description: Body 4.5 cm in length, 4.2–6.0 mm in width; body uniformly orange coloured (Figures 4A, B). Head conspicuously demarcated from trunk; cephalic patch absent; proboscis pore depressed; mid-dorsal cephalic ridge present but not well developed (Figure 4B). Anterior cephalic furrows completely encircling body, meeting at midline on dorsal surface (Figure 4B). Ocelli numerous, arranged in lateral margin of head (Figure 4B).

Remarks: In the present study, we refer to the Sado specimen as Nipponnemertes cf. ogumai due to morphological similarity in the uniformly orange body. A genetic distances between N. ogumai collected from intertidal zone of Araihama, Pacific coast of Japan (Kajihara et al., 2015) is 6.6% in uncorrected p-distance (Table S1), comparable with interspecific COI divergences among hoplonemerteans (Sundberg et al., 2016). Without samples for deposition in museum except the total DNA, we leave a species description to a future study when additional materials for further observation and museum deposition are available.



2 Nipponnemertes sp. 1

(Figures 4C, D)

Material examined: ICHUM 8331, preserved in 99% ethanol; posterior tip used for DNA extraction, collected at depths of 87–89 m by dredging, off Jogashima, Kanagawa Prefecture (35°8.42′N, 139°34.74′E–335°8.22′N, 139°34.67′E), by Hiroshi Kajihara, on 19 February 2014.

Description: Body 1.2 cm in length, 0.8–1.2 mm in width; body uniformly pale-orange coloured (Figures 4C, D). Head demarcated from trunk; cephalic patch absent; mid-dorsal cephalic ridge present (Figure 4D). Anterior cephalic furrow completely encircling body, nearly M-shaped on dorsal surface (Figure 4D). As many as 19 ocelli irregularly arranged on each side (Figure 4D).

Remarks: A genetic distance between the present specimen and Nipponnemertes sp. DNA105622 collected from California at depths of 367–389 m (Andrade et al., 2012) is 3.2% in uncorrected p-distance (Table S1); these values fall within previously reported intraspecific COI divergences among hoplonemerteans (Sundberg et al., 2016). Due to the lack of museum deposition, we leave a species description to a future study.



3 Nipponnemertes crypta sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese name: kakure-omen-himomushi]

(Figures 5B–D, 7, 8)

Material examined: Holotype: ICHUM 8315, serial transverse sections of anterior tip to intestine, a posterior tip used for DNA extraction, bycaught with a gill net from 10 m depth, Sugashima, Mie Prefecture, Japan (Figures 1A, D), collected by Natsumi Hookabe and Naoto Jimi, on 3 November 2021.

Habitat and geographic distribution: The species is only known from the type locality, off Sugashima, Mie, Japan, and collected from rock samples bycaught with a gill net. After rock samples were broken into pieces using a hammer, the specimen was found in a rock crack, probably as a result of erosion by rock boring sipunculans, which sympatrically occur around the studied area in Sugashima.

Etymology: The specific name is derived from Greek, kryptós (concealed, hidden), referring to cryptic habitat of the new species, among a subtidal rock crack.

Description: External features. Body 4.2 cm in length, 5 mm in width; body dorsally pale brown and ventrally lighter coloured than dorsal surface (Figures 5B–D). Head slightly demarcated from trunk, with a pair of pale brown cephalic patches (Figures 5C, D). Narrow longitudinal midline present between cephalic patches but not reaching to anterior tip of head (Figure 5C). Anterior cephalic furrow incompletely encircling body, opening at mid-dorsal line (Figure 5C). Posterior cephalic furrow V-shaped on dorsal surface (Figure 5C). Twenty ocelli in an irregular cluster on each side of head (Figure 5C). Cerebral ganglia visible through body wall as a pair of red spots (Figures 5C, D).

Internal morphology. Epidermis 30–38 μm thick, with numerous red- and yellow-stained acidophilic cells, blue-stained basophilic cells, and ciliated cells (Figures 8A, B). Dermis up to 39 μm thick, forming cup-like structures on distal surface (Figures 8A, B). Body wall musculature with outer circular and inner longitudinal muscle layers (Figures 8A, B); distinct diagonal muscle layers not found. Precerebral septum present (Figure 8F). Oesophagus with red-stained acidophilic cells, blue-stained basophilic cells, and ciliated cells (Figures 8G, J, K). Dorso-ventral muscles present in cerebral region (Figure 8G) and between intestinal diverticula (Figure 8L). Cephalic glands (Figure 8D) leading to well-developed submuscular glands (Figures 8A, E). A single apical organ present (Figure 8C). Precerebral vessels transversely connected above rhynchodaeum at anterior tip of head, running posteriorly in both sides of rhynchodaeum (Figure 8E). Mid-dorsal vessel protruding into rhynchocoel to form a single vascular plug in posterior region of brain (Figure 8G); mid-dorsal vessel containing red- to orange-coloured blood cells (Figure 8K).

Proboscis pore opening ventrally (Figure 8D). Rhynchocoel muscular wall interwoven with circular and longitudinal musculatures (Figures 8G, J-L). Proboscis epithelium with well-developed papilla (Figures 8H, I). Proboscis musculature composed of outer circular, middle longitudinal, and inner circular muscle layers (Figures 8H, I). Proboscis nerves 13 in number (Figure 8H). Stylet basis oval, 33.6 μm in length and 22.0 μm in maximum width; central stylet smooth, 72.5 μm in length; stylet-to-basis-length (S/B) ratio 2.16 (Figure 7). Two accessory stylet pouches present, each containing 9 stylets (Figure 7).

Pigment-cup ocelli embedded in body-wall longitudinal muscle layer (Figures 8A, D, E). Cerebral organs unbranched, extending to posterior region of brain (Figures 8F,J) and posteriorly followed by developed gland cells (Figure 8G). Brain separated from body wall by outer neurilemma; inner neurilemma absent (Figures 8G, J); dorsal lobe with glomerular structures (Figure 8J). Lateral nerves without accessory nerves and neurochords (Figure 8L).

Nephridial tubules anteriorly extending to brain region, forming a bundle of tubules behind brain region (Figure 8K). Testes between intestinal diverticula (Figure 8L).

Remarks: Nipponnemertes crypta sp. nov. is distinguished from all the congeners in the body colouration and cephalic patches (Figures 5C, D). Body colouration of N. pacifica (Coe, 1905) described based on preserved specimens is most similar to, but distinguished from N. crypta sp. nov. in lacking cephalic patches. The same is true for the Antarctic species N. variabilis (Korotkevitsch, 1983); in addition, N. crypta sp. nov. differs from N. variabilis in the absence of accessory stylet in a central stylet basis (Figure 7).



4 Nipponnemertes jambio sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese name: jyambio-omen-himomushi]

(Figures 5E–H, 7)

Cf. Cosmocephala japonica: Kajihara, 2017, p. 436, Figure 16F, G.

Material examined: Holotype: ICHUM 8319, preserved in 99% ethanol, posterior tip used for DNA extraction, collected by dredging from 87–89 m depth, off Jogashima, Sagami Bay, Kanagawa Prefecture, Japan (Figures 1A, C), by Hiroshi Kajihara, on 19 February 2014. Paratype: ICHUM 8318, preserved in 99% ethanol, posterior tip used for DNA extraction, collected by dredging from 80 m depth, off Jogashima, Sagami Bay, Kanagawa Prefecture, Japan (Figures 1A, C), by Hisanori Kohtsuka, on 25 April 2012.

Habitat and geographic distribution: The species is only known from the type locality, off Jogashima, Miura (Kanagawa), Japan.

Description: External features. Body 2.0–2.2 cm in length, 1.0–1.4 mm in width; in trunk region, dorsal body surface uniformly brownish orange; ventral surface slightly lighter coloured than dorsal surface (Figures 5E–H). Head with a pair of cephalic patches and a narrow longitudinal midline between cephalic patches on dorsal surface (Figures 5E, F); mid-longitudinal line without reaching to anterior end of cephalic patches (Figures 5E, F); ventral surface pale coloured (Figure 5G). Anterior cephalic furrows incompletely encircling body, dorsally discontinuous at midline (Figure 5F), ventrally extending anteriorly and meeting at midline (Figure 5G). Posterior cephalic furrows V-shaped on dorsal side (Figure 5H). Eyes 14–17 in number, present on each side of lateral margin of head (Figures 5F, H).

Internal morphology. Stylet basis oval, 45.0–60.0 μm in length and 35.0–48.0 μm in maximum width; central stylet smooth, 95.0–120.0 μm in length; S/B ratio 1.86–2.15 (Figure 7). Two accessory stylet pouches present, each containing 4–5 stylets (Figure 7).

Remarks: In external morphology, N. jambio sp. nov. is extremely similar to N. ojimaorum sp. nov. However, it is distinguished from the latter in the following features: i) trunk region ventrally lighter coloured than dorsal surface (Figure 5G), ii) a narrow longitudinal midline (mid-dorsal cephalic ridge) between cephalic patches reaching more anteriorly than N. ojimaorum sp. nov., without fusing with cephalic patches (Figure 5F).

Intraspecific COI divergences in this species are 0.0–0.3% in uncorrected p-distance (Table S2).



5 Nipponnemertes neonilae sp. nov. Hookabe, Kajihara & Chernyshev

[Japanese name: rishiri-himomushi]

(Figures 5L–P, 7, 9)

Amphiporus bimaculatus: Iwata, 1954

Collarenemertes bimaculatus: Chernyshev, 1993

Collarenemertes cf. bimaculata: Chernyshev & Polyakova, 2019

Material examined: Holotype: MIMB 43013, preserved specimen, a proboscis used for DNA extraction, collected by Alexei V. Chernyshev from 5 m depth, among Modiolus kurilensis, Vostok Bay, Peter the Great Bay (Figure 1A), Sea of Japan, Russia, 11 August 2015. Paratypes: two specimens, MIMB 43014 and 43015, transverse and sagittal sections of anterior tips, collected by Alexei V. Chernyshev from topotype. Additional specimens: (GenBank specimen ID NipbimIt15), collected by V.G. Kuznetzov from 5–15 m depth, Iturup Island, 45°22.397′N, 148°27.296′E, Sea of Okhotsk (Figure 1A), 19 August 2019; 16 specimens from Sea of Japan and Kuril Islands (Zoological Museum of Far East Federal University and personal collection of AVC).

Habitat and geographic distribution: The species is known from the type locality (Vostok Bay) and Kuril Islands (Iturup Island). Externally identical specimens were collected in Posyet, Ussuri, and Vladimir Bays, Valentin Bight (Sea of Japan), Aniwa Bay (South Sakhalin), Shikotan Island (Kuril Island), and Rausu, Hokkaido (Sea of Okhotsk) (Hookabe & Jimi, personal observation) from the intertidal to a depth of 14 m. As well, the species was reported from Rishiri Island, Hokkkaido (Sea of Japan) (Iwata, 1954). The present species is extracted from substrate samples, in which sedentary mytilids (Modiolus kurilensis and Crenomytilus grayanus) and calcareous algae (Bossiella sp.) were included.

Etymology: The specific name is a noun in the genitive case, after Dr. Neonila Polyakova, to whom we acknowledge her significant contribution to molecular systematics of nemerteans.

Description: External features. Body 5–16 cm in length (12 cm in holotype), 5–6 mm in width (up to 12–15 mm in contracted specimens); body dorsally brownish-red or brick-red and ventrally beige or whitish (Figure 5L). Head triangular from above, with a pair of darker triangular cephalic patches and a longitudinal midline between cephalic patches on dorsal surface; mid-longitudinal line not reaching to anterior tip of head and not fused with cephalic patches (Figures 5M, N). Narrow longitudinal midline between cephalic patches not reaching to anterior tip of head (Figures 5M, N, P). When contracted, head can be retracted into body, forming a collar (Figure 9D). Anterior cephalic furrow incompletely encircling body, opening at mid-dorsal line, with secondary grooves (Figure 5O). Posterior cephalic groove V-shaped on dorsal surface (Figure 5M). Eyes 12–23 in number, present on each side of head (Figure 5P).

Internal morphology. Epidermis with numerous ciliated and orange-stained glandular cells. Dermis up to 60–80 μm thick in contracted specimens. Body-wall musculature as in other species in the genus, diagonal muscles detected by confocal laser scanning microscopy (Chernyshev, 2010: Figure 3). Pylorus sporadically with glandular cells; intestinal caecum anteriorly extending beneath pylorus (Figure 5P), with 5–6 pairs of lateral pouches. Dorso-ventral muscles present between intestinal diverticula (Figure 9F). Cephalic glands (Figure 9B) and the subsequent submuscular glands as in other species in the genus. Precerebral vessel extending above rhynchodaeum at anterior tip of head and posteriorly bifurcated (Figure 9A). Mid-dorsal vessel protruding into rhynchocoel to form a single vascular plug in posterior region of brain (Figures 9D, E); blood cells colourless.

Proboscis pore sub-terminal, opening ventrally. Rhynchocoel musculature consisting of interwoven longitudinal and circular muscle fibres (Figures 9E, F). Proboscis nerves 16–17 in number. Stylet basis oval, 118–156 (156 in holotype) μm in length and 80–97 (94 in holotype) μm in maximum width; central stylet smooth,152–222 (218 in holotype) μm in length; S/B ratio 1.14–1.67 (1.39 in holotype) (Figure 7). Two (rarely four or five) accessory stylet pouches present, each containing 3–10 (7 in holotype) stylets (Figure 7).

Pigment-cup ocelli embedded in body-wall muscle layer (Figure 9A). Cerebral organs extending to posterior region of brain, posteriorly bifurcated (Figure 9C); posterior glandular part located between lateral blood vessel and lateral nerve (Figure 9E). Brain and lateral nerves as in other species of the genus.

Nephridial tubules branching near lateral blood vessels. Gonads, gonoducts, and gonopores not found in the material examined.

Remarks: In external morphology, N. neonilae sp. nov. is very similar to N. bimaculata. However, it is distinguishable from the latter by the presence of a narrow longitudinal midline (mid-dorsal cephalic ridge) between cephalic patches (Figures 5M, N, P). In the original description of N. bimaculata, Coe (1901) wrote that the head had two oval, black or very dark brown patches in material from Victoria (British Columbia, Canada), Sitka (Alaska, USA), and Puget Sound (Washington, USA). Later, Coe (1905: pl. 2, figure 21) illustrated a specimen with two narrow triangular cephalic patches. Photographs of the similar specimens are provided in BOLD (http://v3.boldsystems.org/index.php/Taxbrowser_Taxonpage?taxid=939114). Dr. Frank Crandall (personal communication) regarded that specimens of N. bimaculata with oval and triangular cephalic patches belong to two different species. If this is the case, specimens with oval head spots should be assigned to N. bimaculata. Nipponnemertes neonilae sp. nov. is distinguished from N. bimaculata in the Northeast Pacific in having triangular patches by wider and darker cephalic patches.

From Japanese waters, Iwata (1954) reported a similar form with the present species from sublittoral among laminarian holdfasts, Rishiri Island (Hokkaido), the Sea of Japan. As noted in Crandall et al. (2002), the form differs from Coe’s (1901) description of N. bimaculata in having triangular cephalic patches, and Crandall et al. (2002) noted that the form identified by Iwata (1954) differs from Coe’s (1901) taxon in having a pair of quadrangular head markings, and rather resembles N. neonilae sp. nov. Therefore, we herein redescribe Iwata’s (1954) taxon as N. neonilae sp. nov.



6 Nipponnemertes ojimaorum sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese name: benishouga-omen-himomushi]

(Figures 5I–K, 7, 10)

Material examined: Holotype: ICHUM 8324, serial transverse sections of anterior tip to intestine, posterior tip used for DNA extraction, collected by SCUBA diving from 12 m depth, Koganezaki, Shizuoka Prefecture, Japan (Figures 1A,C), by Masanori Okanishi, on 21 October 2020. Paratypes: ICHUM 8325, fixed in Bouin’s fluid and later preserved in 70% ethanol, collected by SCUBA diving from 8 m depth, Koganezaki, Shizuoka Prefecture, Japan (Figures 1A, C), by Natsumi Hookabe, on 6 January 2021; ICHUM 8326, fixed in Bouin’s fluid and later preserved in 70% ethanol, collected by SCUBA diving from 7 m depth, Koganezaki, Shizuoka Prefecture, Japan (Figures 1A, C), by Naoto Jimi, on 6 January 2021.

Habitat and geographic distribution: The species has been currently known only from Koganezaki (Shizuoka), Japan, inhabiting subtidally under rocks on sandy substrates (Figure 1E).

Etymology: The specific name is a noun in the genitive plural, named after Tomohito Ojima and Masako Ojima, who organized a field survey on subtidal invertebrate fauna in Koganezaki; all the specimens of the new species were collected during the survey.

Description: External features. Body 2.2 cm in length, 1.2 mm in width; in trunk region, dorsal body surface uniformly bright red coloured; ventral surface the same colour as dorsal surface (Figures 5I–K). Head with a pair of cephalic patches on dorsal surface (Figure 5J); ventral surface pale coloured (Figure 5K). Narrow longitudinal midline between cephalic patches not reaching to anterior tip of head (Figure 5J). Anterior cephalic furrows incompletely encircling body, dorsally discontinuous at midline (Figure 5J), ventrally extending anteriorly and meeting at midline (Figure 5K). Posterior cephalic furrows V-shaped on dorsal side (Figure 5J). Eyes arranged on each side of lateral margin (Figure 5J); number of eyes not counted for the present species.

Internal morphology. Epidermis with numerous red-stained acidophilic cells and ciliated cells (Figures 10A, B). Dermis up to 30 μm thick, forming cup-like structures on distal surface in precerebral region (Figure 10A); in foregut region more flattened and without forming conspicuous cup-like structure (Figure 10B). Body-wall musculature (Figures 10A, B), esophagus (Figure 10G), pylorus, intestinal caecum (Figures 10H, K) as in other species in the genus. Dorso-ventral muscles present in cerebral region (Figure 10J) and in intestinal region between intestinal diverticula (Figure 10L). Cephalic glands and the subsequent submuscular glands as in other species in the genus (Figure 10A). A single apical organ present (Figure 10C). Precerebral vessels transversely connected above rhynchodaeum at anterior tip of head (Figure 10E). A single vascular plug present in posterior region of brain (Figure 10G); mid-dorsal vessel not well distinguished thorough histology in the present species.

Proboscis pore positioned sub-terminally (Figure 5K). Rhynchocoel musculature (Figure 10G), proboscis epithelium (Figure 10H), and proboscis musculature (Figures 10H, I) as in other species in the genus. Proboscis nerves 13 in number (Figure 10H). Stylet basis oval, 53.0 μm in length and 32.0 μm in maximum width; central stylet smooth, 98.0 μm in length; S/B ratio 1.85 (Figure 7). Two accessory stylet pouches present, each containing 7–8 stylets (Figure 7).

Pigment-cup ocelli embedded in body-wall muscle layer (Figure 10A). Cerebral organs unbranched (Figures 9F, J) and followed by glands (Figure 10G) as in other species in the genus. Lateral nerves lacking accessory nerves and neurochords (Figures 10K, L).

Nephridial tubules forming a bundle of tubules behind brain region (Figure 10K). Gonads, gonoducts, and gonopores not found in the specimen examined.

Remarks: Nipponnemertes ojimaorum sp. nov. is similar to N. arenaria (Figure 5A), N. bimaculata, N. crypta sp. nov. (Figures 5B–D), N. jambio sp. nov. (Figures 5E–H), N. neonilae sp. nov. (Figures 5L–P), and N. punctatula (Figures 5Q–T) because these species possess cephalic patches in common. However, N. ojimaorum sp. nov. can be differentiated from these species by the colouration of the dorsal and ventral body surfaces, which is the same in N. ojimaorum sp. nov. (Figures 5I–K), whereas the dorsal surface is darker than the ventral in other species. In terms of the colour contrast between the dorsal and ventral body surfaces, N. ojimaorum sp. nov. most closely resembles N. jambio sp. nov. because the ventral surface in the latter is only slightly lighter than the dorsal surface; in other species (N. arenaria, N. bimaculata, N. crypta sp. nov., N. neonilae sp. nov., and N. punctatula), the contrast is more prominent with a darker dorsal surface against paler ventral one. Still, N. ojimaorum sp. nov. is distinguishable from N. jambio sp. nov. by the mid-dorsal cephalic line, which is i) not reaching to the anterior end of the cephalic patches, ii) laterally fusing to the cephalic patches, and iii) posteriorly fusing to the dorsal dark colour (Figure 5J); in N. jambio sp. nov., the mid-dorsal cephalic line i) extends anteriorly almost reaching to the level of the anterior end of the cephalic patches, ii) is laterally separated from the cephalic patches, and iii) is not continuous with the dorsal dark colour (Figure 5F).

Cosmocephala japonica Stimpson, 1857—currently Amphiporus japonica (Stimpson, 1857)—is anticipated to be a species in Nipponnemertes (Kajihara et al., 2015; Kajihara, 2017); it was originally described based on specimens intertidally collected from Shimoda (Shizuoka), geographically close to Koganezaki, the type locality of N. ojimaorum. sp. nov. However, by having ventrally pale-coloured body surface, Cosmocephala japonica is distinguished from N. ojimaorum sp. nov.



7 Nipponnemertes punctatula (Coe, 1905)

[Japanese name: madara-himomushi]

(Figures 5Q–T)

Material examined: ICHUM 8328, preserved in formalin, posterior tip used for DNA extraction, collected at intertidal, Tateyama, Mie Prefecture, Japan (Figures 1A, C), by Ryuta Yoshida, on 13 June 2018. ICHUM 8329, preserved in formalin, posterior tip used for DNA extraction, collected at intertidal, Sugashima, Mie Prefecture, Japan (Figures 1A, D), by Naoto Jimi, on 24 June 2021.

Habitat and geographic distribution: The species is widely known from Japanese coastal waters from Hokkaido to Nagasaki.

Description: External features. Body 4.0–5.2 cm in length, 8–12 mm in width; in trunk region, dorsal body surface with a dorsal brown blotch pattern (Figures 5Q, R) or uniformly brownish (Figures 5S, T); ventral surface pale-coloured (Figure 5T). Head with a pair of cephalic patches and a narrow longitudinal midline between cephalic patches on dorsal surface; mid-longitudinal line without reaching to anterior end of cephalic patches (Figures 5Q–T)). Posterior cephalic furrows V-shaped on dorsal side (Figure 5Q).

Remarks: Body colouration pattern of the present species varies from previously known brown blotch pattern (Figures 5Q, R) to uniformly brown colour without blotched (Figures 5S, T). Intraspecific COI divergences in this species are 0.0–0.2% in uncorrected p-distance (Table S2), suggesting intraspecific variation of body colouration pattern in N. punctatula.



8 Nipponnemertes ganahai sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese ganaha-omen-himomushi]

(Figures 6A–G, 7, 11)

?Nipponnemertes sp. 1: Yamaoka, 2005, p. 151–152.

Material examined: Holotype: ICHUM 8317, serial transverse sections of anterior tip to intestine, a posterior tip used for DNA extraction, collected by dredging from 116–211 m depth, off Jogashima, Miura, Kanagawa Prefecture, Japan (Figures 1A, D), by Natsumi Hookabe, on 31 July 2020. Paratypes: ICHUM 8316, serial transverse sections of anterior tip to intestine, a posterior tip used for DNA extraction, collected by dredging from 71.2–79.2 m depth, off Noto, Ishikawa Prefecture, Japan (Figures 1A, B), by Natsumi Hookabe, on 20 November 2019.

Habitat and geographic distribution: The species has been collected off Jogashima (Kanagawa Prefecture), Noto (Ishikawa Prefecture), Ofunato (Iwate Prefecture), and Tosa (Kochi Prefecture), Japan, likely preferring muddy to sandy sediments (Figures 1F, G).

Etymology: The specific name is a noun in the genitive case, after Ikumasa Ganaha, to whom we acknowledge his significant contribution to molecular experiments including DNA extraction, PCR amplification, sequencing, and organizing the obtained molecular data for several specimens used in the present study.

Description: External features. Body 1.2–1.6 cm in length, 1.5–2.0 mm in width; body uniformly pale pink to yellow coloured (Figures 6A–E). Head not conspicuously demarcated from trunk; cephalic patch absent (Figures 6A–D). Anterior cephalic furrows completely encircling body, extending anteriorly and meeting at midline on ventral side (Figure 6F). Posterior cephalic furrows V-shaped on dorsal surface, completely encircling body (Figure 6B). As many as 15–21 ocelli irregularly arranged on each side, varying in sizes; 2 to 3 ocelli fused in several specimens (Figures 6C, F, G).

Internal morphology. Epidermis with numerous red-, yellow-, and blue-stained cells and ciliated cells (Figures 11A, B). Dermis up to 25 μm thick, forming cup-like structures on distal surface (Figures 11A, B). Body-wall musculature (Figures 11A, B), oesophagus (Figures 11H, I), pylorus, and intestinal caecum (Figure 11F) as in other species in the genus. Dorso-ventral muscles present between intestinal diverticula (Figure 11K). Cephalic glands (Figure 11C) leading to well-developed submuscular glands (Figures 11A, D). A single apical organ present (Figure 11C). Precerebral vessels transversely connected above rhynchodaeum at anterior tip of head (Figure 11D). Mid-dorsal vessel present between rhynchocoel and pylorus (Figure 11F); vascular plug not detected in the present species.

Proboscis pore sub-terminal, opening ventrally (Figure 6F). Rhynchocoel musculature, proboscis epithelium, and proboscis musculature (Figures 11F, G) as in other species in the genus. Proboscis nerves 10 in number (Figure 11F). Stylet basis oval, 57.0–71.0 μm in length 45.0–47.0 μm in maximum width; central stylet vertically sculptured, 89.0–92.0 μm in length; S/B ratio 1.29–1.56 (Figure 7). Two accessory stylet pouches present, each containing four stylets (Figure 7).

Pigment-cup ocelli embedded sub-dermally (Figures 11A, C, D). Cerebral organs ventrolaterally opening in precerebral region (Figure 11E) and extending to posterior region of brain (Figures 11H, I), followed by glandular cells (Figure 11J). Brain (Figures 11H–J) and lateral nerves (Figures 11F, K) as in other species of the genus.

Nephridial tubules branching near lateral nerves (Figure 11F). Ovaries between intestinal diverticula; each ovary containing 10 or more oocytes; oocytes 100–150 μm in diameter (Figure 11K).

Remarks: Nipponnemertes ganahai resembles N. africana (Wheeler, 1940), N. danae (Friedrich, 1957) (probably synonym of N. pulchra in morphological basis; Berg, 1985), N. magna (Punnett, 1903), N. pulchra (Johnston, 1837), and N. sanguinea Riser, 1998 in having pale pink to yellow body (Figures 6A–E) and intestinal caecum extending to pyloric region (Figure 11F) and anteriorly extending in posterior region of esophagus. However, it is distinguished from N. pulchra (also probably from N. danae) in lacking an accessory stylet in the basis of the central stylet armature (Figure 7). Between the remaining three species, the number of the proboscis nerves can be useful for species distinction; it is 10 in N. ganahai sp. nov., 20 in N. magna (Punnett, 1903), and 12 in N. sanguinea (Riser, 1998). Furthermore, N. sanguinea is distinguished from N. ganahai in the red-coloured fluid contained in blood vessels due to red blood corpuscles (Riser, 1998); red blood was not visible in a live squeezed specimen of N. ganahai sp. nov. through a light microscope (Figure 6G).

Intraspecific COI divergences in this species are 0.0–0.8% in uncorrected p-distance (Table S3).



9 Nipponnemertes kozaensis sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese name: koza-sujinashi-himomushi]

(Figures 6H–J, 7, 12)

?Nipponnemertes sp. 2: Yamaoka, 2005, p. 152–153.

Material examined: Holotype: ICHUM 8320, serial transverse sections of anterior tip to intestine, posterior tip used for DNA extraction, found during anaesthetization for ascidians in menthol-floated seawater; the ascidians were collected by Naohiro Hasegawa from 12 m depth by SCUBA diving, Kaminoshima, Koza, Wakayama Prefecture (Figure 1A), Japan, on 11 May 2021.

Habitat and geographic distribution: The present specimen was found among rocky substrate samples. In the substrate samples, several sessile invertebrates such as sponges, ascidians, and bryozoans were colonized. Currently known from the type locality, Koza (Wakayama Prefecture), Japan.

Etymology: The specific name is derived from the type locality, Koza, Wakayama Prefecture, Japan.

Description: External features. Body 1.5 cm in length, 1.0 mm in width; background generally pale-coloured, mottled with red-brown and white dots; red-brown dots more densely distributed in dorso-anterior region of body; white dots uniformly distributed on both dorsal and ventral surfaces (Figures 6H–J). Head devoid of red-brown pigments and slightly demarcated from body (Figure 6I). Anterior cephalic furrows not conspicuous, probably discontinuous on dorsal midline, but ventrally meeting at midline (Figures 6I, J). Posterior cephalic furrows completely encircling body and V-shaped on dorsal side (Figures 6I, J). As many as 14 eyes arranged in two irregular rows at lateral margin on each side of head (Figure 6I). Internal organs visible through body wall; proboscis pure white, extending three-fourths the body; foregut and intestine yellow coloured (Figure 6H).

Internal morphology. Epidermis with numerous red-, yellow-, blue-stained cells and ciliated cells (Figures 12A, B). Dermis thin, up to 20 μm thick, forming cup-like structures on distal surface (Figures 12A, B). Body-wall musculature (Figures 12A, B), oesophagus (Figure 12I), pylorus, and intestinal caecum (Figure 12E) as in other species in the genus. Intestinal caecum anteriorly extending beneath pylorus (Figure 12E). Dorso-ventral muscles present between intestinal diverticula (Figure 12K). Cephalic glands (Figure 12D) followed by subsequent submuscular glands (Figure 12H). A single apical organ present (Figure 12C). Precerebral vessels as in other species in the genus (Figure 12D). Mid-dorsal vessel passing above pylorus and containing red to orange blood cells (Figure 12E); vascular plug indistinguishable in the specimen examined.

Proboscis pore sub-terminal, opening ventrally (Figure 6J). Rhynchocoel musculature (Figures 12E, J), proboscis epithelium (Figures 12E, F, J), and proboscis musculature (Figures 12E–G, J) as in other species in the genus. Proboscis nerves 10 in number (Figure 12F). Stylet basis oval, 49.6 μm in length and 32.0 μm in maximum width; central stylet vertically sculptured, 75.0 μm in length; S/B ratio 1.51 (Figure 7). Two accessory stylet pouches present, each containing 8 stylets (Figure 7).

Pigment-cup- ocelli embedded sub-dermally (Figures 12A, H). Cerebral organs extending to posterior region of brain (Figure 12I). Brain (Figure 12I) and lateral nerves (Figures 12E, J, K) as in other species of the genus.

Nephridial tubules branching near lateral blood vessels, latter containing red to orange blood cells (Figure 12J). Gonads, gonoducts, and gonopores not found in the specimen examined.

Remarks: Currently five species have been known to possess pale coloured body mottled with red to brown dots in the genus: N. occidentalis (Coe, 1905), N. madagascarensis (Kirsteuer, 1965), N. kozaensis sp. nov., N. ornata sp. nov., and N. sugashimaensis sp. nov. (Figure 6). Nipponnemertes kozaensis sp. nov. is distinguished from the two previously known species, N. occidentalis and N. madagascarensis, by having submuscular glands originated from cephalic glands, although it could not be traced because of poor fixation or staining in N. occidentalis and N. madagascarensis and its validity as a diagnostic character needs to be reexamined in future study. In addition, N. kozaensis sp. nov. differs from N. madagascarensis in having 10 proboscis nerves (Figure 12F) and 8 accessory stylets in each pouch (Figure 7), whereas N. madagascarensis possesses 9 proboscis nerves and 2–3 accessory stylets per pouch (Kirsteuer, 1965). No information as to the proboscis in N. occidentalis is available, because the proboscis was lost in the type material (Coe, 1905). According to the original description, one of the notable anatomical features found in N. occidentalis is the complex alimentary canal with oesophageal and cardiac caeca (Coe, 1905, pl. XX, fig. 121). In the species herein described, including N. kozaensis sp. nov., complex alimental canals as depicted by Coe (1905) were not observed. This would also allow the distinction of N. occidentalis from N. kozaensis sp. nov.

In contrast to N. madagascarensis and N. occidentalis, no conspicuous difference is found in the internal morphology between N. kozaensis sp. nov., N. ornata sp. nov., and N. sugashimaensis sp. nov. Nipponemertes ornata sp. nov. differs from N. kozaensis sp. nov. in the lower density of brown dots on the body surface (Figures 6P, Q). Although the species distinction is molecularly supported by the resulting phylogenetic tree, where the two species were not in a sister relation (Figure 2), further observation based on additional materials is required to examine if any subtle differences in the spotting pattern might represent interspecific variation and thus could be used for species discrimination. A brown colour pattern similar to the one found in N. kozaensis is also present in N. sugashimaensis but the pattern is irregular in the latter specie (Figure 6R) rather than the uniformly distributed dots in N. kozaensis (Figure 6H).

In the resulting molecular phylogenetic tree (Figure 2), N. kozaensis formed a clade with N. sugashimaensis with high support values. Although we could not obtain COI sequences for them even with specific primers for their delimitation, the nucleotide differences between the two species were comparable with interspecific divergences observed in Nipponnemertes.



10 Nipponnemertes lactea sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese name: irojiro-sujinashi-himomushi]

(Figures 6K, L, 7, 13)

?Nipponnemertes sp. 1: Yamaoka, 2005, p. 151–152

Material examined: Holotype: ICHUM 8321, serial transverse sections of anterior tip to intestine, a posterior tip used for DNA extraction, collected at depths of 98–120 m by dredging, Takase, off Shimoda, Shizuoka Prefecture, Japan (Figures 1A, C), by Natsumi Hookabe, on 25 March 2021.

Habitat and geographic distribution: The species is only known from the type locality, off Shimoda (Shizuoka), Japan.

Etymology: The specific name is derived from the Latin lacteus, meaning “milky”, after the uniformly pale body colouration in this species.

Description: External features. Body 0.7 cm in length, 0.8 mm in width; body uniformly pale; intestinal region pale-orange due to internal organs (Figure 6K). Head demarcated from trunk and without cephalic patches. Anterior cephalic furrows completely encircling body. Posterior cephalic furrows V-shaped on dorsal surface, completely encircling body (Figure 6K). As many as 12 eyes arranged on each side of lateral margin (Figure 6L).

Internal morphology. Epidermis with numerous red-stained cells and ciliated cells (Figures 13A, B). Dermis up to 25 μm thick, forming cup-like structures on distal surface in precerebral region (Figure 13A); in foregut to intestine regions, dermis becoming thicker and more flattened without forming cup-like structure (Figure 13B). Body-wall musculature (Figures 13A, B); oesophagus, pylorus, and intestinal caecum (Figure 13I) as in other species of the genus. Dorso-ventral muscles present between intestinal diverticula (Figure 13I). Cephalic glands (Figure 13D) leading to well-developed submuscular glands. A single apical organ present (Figure 13C). Precerebral vessels, mid-dorsal vessel, and vascular plug difficult to be confirmed in type material.

Proboscis pore opening ventrally (Figure 6L). Rhynchocoel musculature (Figures 13G–I), proboscis epithelium (Figure 13E), and proboscis musculature (Figure 13F) as in other species in the genus. Proboscis nerves 10 in number (Figure 13E). Stylet basis oval, 72.0 μm in length and 40.0 μm in maximum width; central stylet smooth, 90.0 μm in length; S/B ratio 1.25 (Figure 7). Two accessory stylet pouches present, each containing 7 stylets (Figure 7).

Pigment-cup ocelli embedded sub-dermally (Figure 13A). Cerebral organs unbranched, extending to posterior region of brain (Figures 13G, H). Brain (Figures 13G, H) and lateral nerves (Figures 13I, J) as in other species in the genus.

Nephridial tubules difficult to be confirmed in type material. Ovaries between intestinal lateral diverticula; each ovary containing 20 or more oocytes; oocytes 42 μm in diameter (Figure 13J).

Remarks: Nipponnemertes lactea sp. nov. resembles N. africana (Wheeler, 1940), N. notoensis sp. nov. (present study), and N. variabilis (Korotkevitsch, 1983) in having uniformly pale coloured body, posterior cephalic furrows completely encircling body, and the circulatory system lacking red blood corpuscles. Nipponnemertes lactea sp. nov. is characterized by the ocelli arranged in a single row at lateral margin of the head (Figure 6L). As depicted in the original illustration based on a preserved specimen (Wheeler, 1940: Figures 9B, C), the ocelli in N. africana are arranged irregularly, and the similar arrangement is found in N. notoensis sp. nov. (Figure 6N). Nipponnemertes lactea sp. nov. differs from N. variabilis in the absence of accessory stylet in the central stylet basis (Figure 7).

Nipponnemertes schollaerti (Wheeler, 1934), for which no information on posterior cephalic furrows is available from Wheeler (1934)’s original description, is distinguished from N. lactea sp. nov. in the larger numbers of the ocelli on each side of head—55 in N. schollaerti (Berg, 1985) vs 12 in N. lactea sp. nov. (Figure 6L)—and more than ten times larger body size—97 mm in N. schollaerti (preserved, mature male) vs 7 mm in N. lactea (living, mature female).



11 Nipponnemertes notoensis sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese name: noto-sujinashi-himomushi]

(Figures 6M–O, 14)

Material examined: Holotype: ICHUM 8322, serial transverse sections of anterior tip to intestine, a posterior tip used for DNA extraction, collected by dredging from 70–91 m depth, off Noto, Ishikawa Prefecture, Japan (Figures 1A, B), by Natsumi Hookabe, on 20 November 2019. Paratype: ICHUM 8323, fixed in 10% formalin and later preserved in 70% ethanol, a posterior tip used for DNA extraction, collected by dredging from 70–91 m depth, off Noto, Ishikawa Prefecture, Japan (Figures 1A, B), by Natsumi Hookabe, on 20 November 2019.

Habitat and geographic distribution: The species has been only known from the type locality, off Noto (Ishikawa Prefecture), Japan.

Etymology: The specific name is derived from the type locality, Noto, Ishikawa Prefecture, Japan.

Description: External features. Body 1.2 cm in length, 1.2 mm in width; body uniformly pale to pale-yellow coloured (Figure 6M). Head not demarcated from trunk, mottled with white spots along dorsal midline (Figures 6N, O); cephalic patch absent (Figures 5N, O). Anterior cephalic furrows not well developed. Posterior cephalic furrow V-shaped on dorsal surface (Figure 6M), completely encircling body. As many as 19–20 reddish brown ocelli irregularly arranged on each side; each ocelli irregular in size and shape; 2 to 3 ocelli fusing with each other (Figure 6N).

Internal morphology. Epidermis with numerous red-, orange-, and blue-stained cells and ciliated cells (Figures 14A, B). Dermis up to 21 μm thick, forming cup-like structures on distal surface in both precerebral (Figure 14A) and foregut regions (Figure 14B). Body-wall musculature as in other species in the genus (Figures 14A, B). Oesophagus (Figure 14G) and pylorus (Figure 14K) as in other species in the genus. Dorso-ventral muscles present between intestinal diverticula (Figure 14L). Cephalic (Figure 14D) and submuscular glands present (Figure 13G). A single apical organ present (Figure 14C). Precerebral and mid-dorsal vessel not observed.

Rhynchocoel musculature (Figures 14G–K), proboscis epithelium (Figure 14E), and proboscis musculature (Figures 14E, F) as in other species in the genus. Proboscis nerves 10 in number (Figure 14E). Stylet armature not observed in the specimen examined. Two accessory stylet pouches present, each containing more than two stylets (Figure 14E).

Pigment-cup ocelli embedded in body-wall longitudinal muscle layer (Figure 14D). Cerebral organs extending to posterior region of brain (Figures 14G–I), followed by glandular cells (Figure 14J). Brain (Figures 14H, I) and lateral nerves (Figures 14K,L) as in other species in the genus.

Nephridial tubules branching near lateral blood vessel (Figure 14K). Gonads and gonoducts not found in the specimen examined.

Remarks: Among 19 species previously described and 13 species herein reported, N. sanguinea and N. schollaerti are most similar to N. notoensis sp. nov. due to the uniformly pale-coloured body (Figure 6M) and the irregular arrangement of ocelli (Figures 6N, O) (see the Remarks section of N. lactea sp. nov.). However, N. notoensis sp. nov. can be differentiated from the two species in the number of proboscis nerves: 10 in N. notoensis sp. nov. (Figure 14E) vs 11 in N. sanguinea vs 14 in N. schollaerti.



12 Nipponnemertes ornata sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese name: kazari-sujinashi-himomushi]

(Figures 6P, Q, 15)

?Nipponnemertes sp. 1: Yamaoka, 2005, p. 152–153.

Material examined: Holotype: ICHUM 8327, serial transverse sections of anterior tip to intestine, a posterior tip used for DNA extraction, collected at depths of 70–91 m by dredging, off Noto, Ishikawa Prefecture, Japan (Figures 1A, B), by Natsumi Hookabe, on 20 November 2019.

Habitat and geographic distribution: The species is only known from the type locality, off Noto (Ishikawa Prefecture), Japan.

Etymology: The specific name is a feminine form of Latin ornatus, meaning “adorned or decorated”, derived from the body coloration mottled with white and brown dots in the present species.

Description: External features. Body 1.8 cm in length, 0.9 mm in width; background uniformly pale coloured, mottled with white and brown dots; white dots conspicuous in dorsal surface of head region; brown dots more densely distributed in dorso-anterior region of body than ventral and posterior region (Figure 6P). Head not well demarcated from trunk; cephalic patch absent (Figure 6Q). Anterior cephalic furrows not well developed (Figure 6Q). Posterior cephalic groove V-shaped on dorsal surface, completely encircling body (Figure 6Q). Ocelli 16 or 17 in number, not regularly arranged in rows, varying in size (Figure 6Q).

Internal morphology. Epidermis with numerous red-and yellow-stained cells and ciliated cells (Figures 15A, B). Dermis thin, up to 20 μm thick, forming cup-like structures on distal surface in precerebral (Figure 15A) and foregut regions (Figure 15B). Body-wall musculature (Figures 15A, B) and oesophagus (Figures 15E, F) as in other species in the genus. Intestinal caecum anteriorly extending beneath pylorus (Figure 15I). Dorso-ventral muscles present between intestinal diverticula (Figure 15J). Cephalic glands (Figure 15A) and the subsequent submuscular glands (Figure 15E) as in other species in the genus. A single apical organ present (Figure 15C). Precerebral and mid-dorsal vessel not well observed in our histological sections.

Proboscis pore opening ventrally (Figure 6P). Rhynchocoel musculature (Figures 15F, I), proboscis epithelium (Figure 15D), and proboscis musculature (Figure 15D) as in other species in the genus. Proboscis nerves 10 in number (Figure 15D). Stylet not observed in the specimen examined.

Pigment-cup ocelli embedded sub-dermally (Figure 15E). Cerebral organs extending to posterior region of brain (Figures 15E–G), followed by glandular cells (Figure 15H). Brain (Figures 15F, G) and lateral nerves (Figures 15I, J) as in other species of the genus.

Nephridial tubules not observed in the present specimen. Ovaries developing between intestinal diverticula (Figure 15J).

Remarks: The present species is extremely similar to N. kozaensis sp. nov. in having white and brown dots on uniformly pale body; however, it can be differentiated from the latter in brown dots more densely scattering on body surface (Figure 6H) (see also the Remarks section of N. kozaensis sp. nov.). Internal morphology of the two species is not remarkably different, although there might be other useful characters which are not obtained for N. ornata sp. nov. in this study (e.g., number of accessory stylets in proboscis).

Our molecular phylogenetic tree shows that N. ornata is sister-related with N. notoensis (Figure 2). Nipponnemertes notoensis differs from N. ornata in lacking dotted pattern (Figure 6M). Moreover, uncorrected p-distance between the two species was 9%, higher than the threshold value (5%) used for species separation in nemertean systematics (e.g., Sundberg et al., 2016).



13 Nipponnemertes sugashimaensis sp. nov. Hookabe, Kajihara & Chernyshev

[New Japanese Sugashima-sujinashi-himomushi]

(Figures 6R–U, 7, 16)

Material examined: Holotype: ICHUM 8330, serial transverse sections of anterior tip to intestine, a posterior tip used for DNA extraction, bycaught with a gill net from 10 m depth, Sugashima, Mie Prefecture, Japan (Figures 1A,D), collected by Natsumi Hookabe and Naoto Jimi, on 3 November 2021.

Habitat and geographic distribution: The species is only known from the type locality. Worms were picked up from rocky substrate samples bycaught with a gill net.

Etymology: The specific name is derived from the type locality, Sugashima (Mie Prefecture), Japan.

Description: External features. Body 0.9 cm in length, 1.1 mm in width; background uniformly pale coloured, with irregular, leopard-like brown mottling (Figure 6R); mottling pattern ventrally faded. Head not well demarcated from trunk; cephalic patch lacking (Figure 6S). Anterior cephalic furrows not well developed (Figure 6S). Posterior cephalic furrows not found in the specimen examined. 12 or 13 ocelli irregularly arranged (Figure 6T). Proboscis white in colour when everted.

Internal morphology. Epidermis with numerous red- and yellow-stained cells and ciliated cells (Figures 16A, B). Dermis up to 24 μm thick, forming cup-like structures on distal surface in precerebral (Figure 16A) and foregut regions (Figure 16B). Body-wall musculature (Figures 16A, B), oesophagus (Figures 16E, H), pylorus, and intestinal caecum (Figure 16J) as in other species in the genus. Dorso-ventral muscles present between intestinal diverticula (Figure 16K). Cephalic glands (Figure 16D) and the subsequent submuscular glands as in other species in the genus. A single apical organ present (Figure 16C). Mid-dorsal vessel (Figures 16E, J) protruding into rhynchocoel to form a single vascular plug in posterior region of brain (Figure 16H); mid-dorsal vessel (Figures 16E, J) as well as lateral vessels (Figures 16I, J) containing red to orange coloured blood cells.

Rhynchocoel musculature (Figures 16E, H, J, K), proboscis epithelium (Figure 16F), and proboscis musculature (Figure 16F) as in other species in the genus. Proboscis nerves 10 in number (Figure 16F). Stylet basis oval, 75.0 μm in length and 48.0 μm in maximum width; central stylet vertically sculptured, 115.0 μm in length; S/B ratio 1.38 (Figure 7). Two accessory stylet pouches present, each containing 7 stylets (Figure 7).

Pigment-cup ocelli embedded sub-dermally (Figure 16I). Cerebral organs extending to posterior region of brain (Figures 16G–I), followed by glandular cells (Figure 16I). Brain (Figure 16H) and lateral nerves (Figures 16I, J) as in other species of the genus.

Nephridial tubules branching near lateral blood vessels (Figure 16K). Gonads, gonoducts, and gonopores not found in the specimen examined.

Remarks: Apart from N. sugashimaensis sp. nov., irregular brown mottling on uniformly pale body is known in N. madagascarensis (see the Remarks section of N. ornata sp. nov.). However, N. sugashimaensis sp. nov. is discriminated from N. madagascarensis by having submuscular glands (Figure 16A) and the larger number of accessory stylets per pouch: 7 in N. sugashimaensis sp. nov. (Figure 6T) and 2–3 in N. madagascarensis (Kirsteuer, 1965).



14 Nipponnemertes sp. 2

(Figures 6V, W, 7)

Material examined: Holotype: ICHUM 8332, preserved in 70% ethanol, a posterior tip used for DNA extraction, collected at depths of 116–211 m by dredging, off Jogashima, Miura, Kanagawa Prefecture, Japan (Figures 1A, C), by Natsumi Hookabe, on 30 July 2021.

Habitat and geographic distribution: The species is only known from Jogashima, Kanagawa Prefecture, Japan.

Description: External features. Body 0.9 cm in length, 0.8 mm in width; body uniformly pale; intestinal region visible through body wall as pinkish (Figure 6V). Head not demarcated from trunk, without cephalic patches (Figure 6V). Anterior cephalic furrows not well developed. Posterior cephalic furrow not visible. As many as 13 ocelli present (Figure 6W). Precerebral and lateral vessels filled with red corpuscles (Figure 6W).

Proboscis pore sub-terminal. Stylet basis oval, 76.0 μm in length and 42.0 μm in maximum width; central stylet smooth, 96.0 μm in length; S/B ratio 1.38 (Figure 7). Two accessory stylet pouches present, each containing six stylets (Figure 7).

Remarks: The species is characterized by pinkish intestine visible through body wall (Figure 6V). Due to the absence of morphological voucher specimen, we leave the species as an unidentified form in the present study.





Discussion


Molecular Systematics of Nipponnemertes

In this study, species diversity of Nipponnemertes in Japanese and the Far Eastern Russian waters was significantly updated from 4 to 14 species, in which newly discovered 9 species as well as herein redescribed N. bimaculata sensu Iwata (1954) (= N. neonilae sp. nov.) are included (Table 4). Our molecular phylogenetic analyses recovered three major lineages in Nipponnemertes (Figure 2). In a previous study based on six congeners (Kajihara et al., 2015), two well-supported clades each corresponding to Clade A and Clade B (Figure 2) have been detected. With increased taxon sampling especially in subtidal to deep-sea species, Clade C was newly confirmed in the present study.


Table 4 | An updated species list in Nipponnemertes and Cratenemertes amboiensis with selected morphological characters and ecological information.



Apart from relatively small body size in Clade C (see the discussion below), each clade is not characterized by any apparent synapomorphy, but is mutually distinguishable by a combination of three external characters—demarcation between the head and body, mid-dorsal ridge on head, and cephalic patches (Figure 2). The former two characters are likely plesiomorphic and retained in Clade A (Figure 4) and Clade B (Figure 5) while the last one is an apomorphy for Clade B (Figure 4). In members in Clade C, the head is not demarcated from the body and does not have a mid-dorsal ridge and cephalic patches (Figure 6). Although it remains unclear in Clade A due to a lack of data, stylet-to-basis-length ratio is also different between Clade B (1.85–2.16) and Clade C (1.25–1.64) (Figure 7). Neither clade-specific characters nor combinations of characters are found in internal morphology in the species examined in the present study.

As mentioned above, species in each clade are differentiated by external morphological characters of the head: species possessing demarcated head without cephalic patches (Clade A), demarcated head with cephalic patches (Clade B), and non-demarcated head lacking cephalic patches (Clade C) (Figure 2). Although the three lineages are presumably characterized by the combination of morphological characters of the head and could be regarded as separate genera, we place all the species in Nipponnemertes since molecular data for the type species, N. drepanophoroides is currently unavailable. In possessing heads without cephalic patches, N. drepanophoroides is probably included in Clade A rather than Clade C; however, no information is available as to the head–trunk demarcation and the mid-dorsal ridge in the original description by Griffin (1898) and redescription by Coe (1905). Molecular confirmation using topotype specimens is required for future taxonomic reappraisal.

In the present study, greater external morphological disparity between specimens (body coloration and spotting pattern) generally turned out to be a manifestation of species difference with greater phylogenetic/genetic distances (Figure 2). However, this was not the case in the N. kozaensis–N. ornata species pair. Despite having extremely similar body coloration (pale body with reddish to brownish ornamentation; Figures 5H–J, P, Q), the two did not form a single clade (Figure 2). On the contrary, the converse was not true for the “N. ojimaorum–N. punctatula” subclade in Clade B, consisting of N. crypta, N. jambio, N. ojimaorum, and N. punctatula. Their interspecific genetic distances based on COI were 1.6–4.4% in uncorrected p-distance and (Table S2), lower than interspecific COI divergences previously reported in Nipponnemertes (3.8–4.3% between N. pulchra and N. cf. rubella) (Chernyshev & Polyakova, 2022) and other nemerteans (Sundberg et al., 2016). The most conspicuous case was observed between N. crypta and N. ojimaorum showing 1.6% in p-distance, albeit apparently different body coloration (Figures 4C, D, I–K) (similar phenomena have been found in other invertebrates such as bobtail squids (Fernández-Álvarez et al., 2021) and mites (García-Jiménez et al., 2017). Moreover, the two species were not sister taxa in our tree based on the concatenated dataset (Figure 2). One thing we can deduce from the result is that the use of COI-based genetic distances might underestimate the true intraspecific divergences due to mutational saturation in COI region among the “N. ojimaorum–N. punctatula” subclade.

Our species delimitation analyses for Clade B show the consistent result, where five lineages are identified, preferring to separate N. crypta and N. ojimaorum as different species in all three methods (TCS, ABGD, and bPTP) (Figure 3). The threshold used to separate nemertean species based on COI is mostly around 5% (e.g., Chen et al., 2010; Kang et al., 2015; Krämer et al., 2017; Chernyshev et al., 2018; Hookabe et al., 2020). Although the values we obtained were lower than 5%, we describe N. crypta and N. ojimaorum as separate species based on the differences in body colouration and internal morphology, as well as the result of species delimitation analyses (Figure 3).



Reduction in Body Size and Blood-Circulatory System in Clade C

The newly confirmed Clade C is formed by relatively smaller species (7–20 mm in the maximum body lengths) than the other two clades (12–110 mm in Clade A and 11.7–160 mm in Clade B) although we could not obtain mature adults for all species in Clade C. The smallest species in Clade C is N. lactea with developed gonads. Members in Clade C were collected from subtidal (8 m~) to deep sea bottoms (~985 m). In the deep-sea environment, body-size trends across environmental gradients (hydrostatic pressure, light, water temperature, and amount of food resources) have been demonstrated in invertebrates and demersal fish (Collins et al., 2005). It is difficult to determine which variable(s) most critically influences body size; still, food availability is known as one the of major factors in these animals (Collins et al., 2005). The body size reduction in Clade C in contrast with Clade A and B might reflect an adaptation to food-limitation in deep-water bottoms (herein referring to water depths deeper than 70 m) as inferred in non-scavenging fish (Collins et al., 2005) or predatory invertebrates (Van der Grient & Rogers, 2015). If species in Clade C are suctorial predators on small crustaceans as reported in Nipponnemertes cf. africana (McDermott, 1997), N. pulchra (Brunberg, 1964; Berg, 1972; McDermott, 1984, 1993), and N. ogumai (Kajihara et al., 2015), smaller body sizes might allow them to require less food demand for survival and reproduction. The phylogenetic positions among Clade C also indicate that N. kozaensis collected at a depth of 12 m, N. sugashimaensis collected at a depth of 10 m, and Cratenemertidae sp. Guam collected at a depth of 1 m (Chernyshev & Polyakova, 2019) might have secondarily colonized from deep (>70 m) to shallow waters (<12 m). Since ecological factors other than amount of potential food resources can be also related to the body size evolution, the speculation above should be accompanied with further examination of ecological data on species collected from various water depths.

The vascular plug, by which nutrients and other substances are supposedly delivered from the blood vascular system to the rhynchocoel (Crandall, 1993), is considered to be important to maintain the function of proboscis apparatus principally used to capture prey items. In small-bodied hoplonemerteans, in contrast, this structure seems to have been often lost, suggesting that the proboscis could function without a vascular plug by diffusion through the rhynchocoel wall (Kajihara, 2021b). In Clade C, a vascular plug is not observed except for N. sugashimaensis. This might be actually resulted from a small body size; however, the other possibility is that a vascular plug is easily affected by body contraction during fixation and/or difficult to find through histological sectioning in small-sized species. Additional morphological examination with broader taxon sampling as well as alternative methods for observation of the fine muscular structure (e.g., phalloidin labelling) is expected in future studies.
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Species Type local- Distribution Depth Habitat External Colouration Cephalic Mid-dorsal cephalic Numbers Cerebral References

ity patches ridge of probos-  organs
cis nerves
Nipponnemertes ~ Shelly Beach Algoa Bay, Shelly Beach,  Intertidal  Among algae Colour white, pink, pinkish yelow Absent  Present 1 Reaching Whesler
africana (Wheeler, ~(South Africa) ~Saldanha Bay (South Africa) Hypnea specifica  or buff, becoming lighter behind the  (1940); Berg
1940) anteriorly and deeper posteriorly brain (1985);
McDermott
(1997)
Nipponnemertes ~ Ussuri Bay ~ Peter the Great Bay (Russia) 15-62m  Sublidally on sandy ~ Dorsally brown with white Present  Present 14-15 - Ushakov
arenaria (Russia) bottom mottiing (Figure 4A); lateral and (1927);
(Ushakov, 1927) ventral margin paler Chernyshev
(1993)
Nipponnemertes  Not Pagific coasts of North Intertidal ~ Intertidal to Dorsally deep brownish orange ~ Present;  Present 16 Large Coe (1901);
bimaculata (Coe, ~ designated;  America; specimens to sublittoral, among  and ventrally uniformly pale narrow cerebral Gibson &
1901) originally identified as this species subtidal  laminarian holdfasts, triangular organs Crandall
reported reported from eastern Russia in rock crevices, extending (1989
from Victoria, and Japan likely to be N. beneath stones or behindthe  Gibson (1995)
British neonilae sp. nov.; as far among algae, brain
Colombia ~ south as Ensenada in hydroids, mussels
(Canada) and - Mexico but the species and other growths
Puget Sound  identity uncertain on rocks and pier
(USA) piings
Nipponnemertes ~ Sugashima  Sugashima (Japan) 10m  Inrock cracks Dorsally pale brown and ventrally Present  Present 13 Reaching Present study
crypta sp.nov.  (Japan) probably resulting  lighter coloured without motting behind the
from rock boring  (Figures 4B-D) brain
sipunculans
Nipponnemertes  Faroe Isiand  Faroe Isiand (Denmark); Intertical — Dorsally reddish and ventrally ~ Absent - - Large Friedrich
danae (Friedrich,  (Denmark)  Arctic waters whitish; Berg (1985) indlicated (1957); Berg
1957) morphological similarities with . (1985);
drepanophoroides Gibson (1995)
Nipponnemertes  Puget Sound  Puget Sound (USA) - - Dorsally reddish and ventrally ~ Absent - - Cephalic Griffin (1898);
drepanophoroides  (USA) whitish organs large,  Berg (1985);
anterior Gibson (1995)
portion
opposite
ventral
commissure;
posteriorly
between
dorsal and
ventral
Gangla,
extending
behind dorsal
ganglia
Nipponnemertes  Peavine Pass Peavine Pass, Friday Harbor, 4-52m  Gravel bottom; Dorsally pale brown and ventrally Absent  Present 14 Verylarge  Iwata (2001)
femalol Iwata, (UsA) Willow Island (USA) collected by night  lighter in colour; lateral margin and extend
2001 light in water transparent behind the
column
cerebral
ganglia
Nipponnemertes ~ Off Widely found in Japanese ~ 71-985 Muddy tosandy  Uniformly pale pink to yellow Absent  Absent 10 Reaching Present study
ganahai sp. nov.  Jogashima  coastal waters (of m substrates mixed  coloured in both dorsal and behind the
(Japan) Jogashima, off Ofunato, off with shel debris ventral surface brain
Noto, and Tosa Bay)
Nipponnemertes  Inca-inca  Inca-Inca beach and Interticial  Under boulders Uniformly solid bright red Present  Absent 12 - Gonzalez-
incainca beach Taganga (Colombia) coloured Cueto et al.
(Colombia) (2017)
Nipponnemertes ~ Off Off Jogashima (Japan) 80-89m Muddytosandy Dorsal body surface uniformly ~ Present  Present - - Present study
jambio sp. nov.  Jogashima substrates mixed  brownish orange; ventral surface
(Japan) with shell debris slightly lighter coloured than
dorsal surface
Nipponnemertes  Koza (Japan) ~ Koza (Japan) 12m  Among rocky Background generally pale- Absent  Absent 10 Reaching Present study
kozaensis sp. substrates coloured, mottled with red-brown behind the
nov. colonized by and white dots; red-brown dots brain
sponges, ascidians, - more densely distributed in
and bryozoans dorso-anterior region of body;
white dots uniformly distributed
on both dorsal and ventral
surfaces
Nipponnemertes ~ Of lzu Off Izu (Japan) 98-120  Among sandy Uniformly pale in both dorsal and  Absent  Absent 10 Reaching Present study
lactea sp.nov.  (Japan) m substrates ventral surface behind the
brain
Nipponnemertes  Mozambique ~ Mozambique Channel - Among dead Ochre coloured on dorsal surface Absent  Absent 9 Large Kirsteuer
madagascarensis ~ Channel (Madagascar) encrusting mottled with irregular reddish to cerebral (1965);
(Kirsteuer, 1965)  (Madagascar) bryozoans covering  brown pattems. organs Gibson (1995)
branches of a coral extending
behind the
brain
Nipponnemertes  Pysfiord Pysfiord (Norway) 500m  Oncoralbottom  Light orange brown - - 20 Wel Punnet
magna (Punnett,  (Norway) (Lophohela prolifera developed,  (1903); Berg
1903) (ourrently known as extending  (1985)
Desmophyllum behind the
pertusum)) brain
Nipponnemertes  Not Antarctic and Subantarctic ~ 474m  Among kelp In the original description, onlya ~ Absent? - 15 Large, Hubrecht
marioni designated;  waters hoidfastsand on  body diameter was provided: 5.5 extendng (188
(Hubrecht, 1887)  originally volcanic sands mm in maximum; according to behind the (198
reported Wheler (1934), body colouration brain Gibson (1995)
from Marion resembles Amphiporus moseleyi
Island and Hubrecht, 1887 (ie., dorsally
Christmas blue-green, yellow-green, pale
Harbor, buff or light brown, and ventrally
Kerguelen pale buf
Island
Nipponnemertes  Peter the East Russian waters Interticlal - Among mytiid beds  Dorsally brownish-red or brick-  Present;  Present; mid-dorsal 16-17  Reaching Chemyshev
neonilae sp.nov.  GreatBay including the Sea of Okhotsk to 15m  (Modlolus kuriensi,  red and ventrally beige or whitish paired line without reaching behindthe (1993
(Russia) and the Sea of Japan Crenomytilus (Figure 4L) dark to anterior tip of head brain present study
grayanus) and coloured  and not fused with
calcareous algae triangular  patches
(Bossiella sp.) patches
Nioponnemertes  Of Noto Off Noto (Japan) 70-91m Among muddyto  Uniformly pale to pale-yelow Aobsent  Absent 10 Reaching Present study
notoensis sp. (Japan) sandy substrates  coloured behind the
nov. brain
Nioponnemertes  Off Off Washington (USA) 70-190  On subtidal pebbles  Thickly mottled and blotched Absent? - - - Coe (1905)
occidentalis (Coe, Washington m oramong muddy  with dark reddish brown on a
1905) (UsA) substrates mixed  pale ground colour in dorsal
with pebbles surface; ventrally pale coloured
Nipponnemertes  Shimoda Widely reported from the  Intertidal  Under a rock in Uniformly orange; Absent  Present 16 Reaching Yamaoka
ogumai (Japan) Pacific coast of Honshu to5m  intertidal to subtidal  the periphery of the ventral behindthe  (1947);
(Yamaoka, 1947) (Japan) rocky bottom surface of the head is edged with brain Kajinara et al.
athin, blurred, black ine (2015); Abe
etal. (2022)
Nipponnemertes ~ Koganezaki  Koganezaki (Japan) 7-12m  Subtidally undera  dorsal body surface uniformly  Present  Present mid- 13 Reaching Present study
ojimaorum sp.  (Japan) rock on sandy bright red coloured; ventral longitudinal line ot behind the
nov. substrates surface the same colour as reaching to the brain
dorsal surface (Figures 41-K) anterior end of the
cephalic patches,
laterally fusing to the
cephalic patches, and
posteriorly fusing to
the dorsal dark colour
(Fig. 4J)
Nipponnemertes  Of Noto Off Noto (Japan) 70-91m Among muddyto  Background uniformly pale Absent  Absent 10 Reaching Present study
omata sp.nov.  (Japan) sandy substrates  coloured, mottled with white and behind the
brown dots; white dots brain
conspicuous in dorsal surface of
head region; brown dots more
densely distributed in dorso-
anterior region of body than
ventral and posterior region
(Figures 5H-J)
Nipponnemertes  Not Of central Calffomiato the ~ 70-190  Among black sand,  Reddish or brownish colouron ~ Absent ~ Absent? 14 Cerebral Coe (1905);
pacifica (Coe, designated; ~ Bering Sea; the m broken pebbles,  dorsal surface and pale on organs Friedrich
1905) originally coast of central Chile (Bahia and greenmuddy  ventral surface in a preserved remarkably  (1968)
reported San Vincente) substrates mixed  specimen large,
from the with pebbles extending
Bering Sea, behind the
off brain
Washington,
and off
central
Galfornia
Nipponnemertes  Not Widely known from the Intertidal  Under rocks, Fresh red coloured (Johnston, ~ Absent  Present 814 Large, Johnston
puichra designated;  northern hemisphere (North 10569~ among sandyto  1837); Berg (1985) indicated the (normally  extending  (1837); Berg
(Johnston, 1837)  originally America, Greenland, the m muddy substrates,  body colouration varies by 12)  behindthe (1985
reported Faroe ls., the White Sea and shell debris, and  individuals between brown, red brain Gibson (1995)
from northern Europe, gravels and pink.
Berwickshire  Scandinavia, Mediterranean)
(UK) as well as the southemn
hemisphere in Chile, South
Africa, Antarctica and
Subantarctica; species
identities from these areas
not confirmed using
molecular data
Nipponnemertes  Not Pacific coast of USA, eastem Intertidal Under rocksand  Dorsal body surface with a dorsal Present  Present 12-16  Remarkable ~ Coe (1905);
punctatula (Coe,  designated;  Russian and Japanese to among algal brown blotch pattem voluminous,  Gibson
1905) originally coastal waters (Hokkaido to ~ subtidal ~ holdfasts (Figures 4Q, R) or uniformly extending  (1995); Iwata
reported Nagasaki) brownish (Figures 4S, T) behind the ~ (2001);
from Isthmus, brain Kajinara
Cove, (2007)
Catalina
Island (USA)
Nipponnemertes  Not Pacific coasts of USA 35-200  Among mussels, on  Deep fresh colour, pale orange  Absent  Absent 14 Remarkably ~ Coe (1905);
rubelia (Coe, designated; rocks or wharf or pale red on dorsal surface; highly Gibson (1995)
1905) originally pilings ventrally paler coloured developed
reported and situated
from San beside and
Diego and behind the
San Pedro dorsal ganglia
(UsA)
Nipponnemertes  Kakikoura  Kakikoura (New Zealand) intertidal  Holdfast of Lessonia Varied from bufly white to pale  Absent  Not evident (Riser, 12 Elongated,  Riser (1998)
sanguinea Riser,  (New variegata washed  yellow to 1998) posteriorly
1998 Zealand) up on beach orange, with reddish blood reaching
vessels; ventral behind the
surface paler than dorsal; brain brain
lobes pink
Nipponnemertes ~ Schollaert  Antarctic waters 278-500 - Pale buff in a fving specimen Absent  Absent 14 Reaching Whesler
schollaerti Channel, m behind the ~ (1934); Berg
(Wheeler, 1934)  Palmer brain (1985)
Archipelago,
Antarctica
Nipponnemertes  Sugashima  Sugashima (Japan) 10m  Among subtidal Background uniformly pale Absent  Absent 10 Reaching Present study
sugashimaensis  (Japan) rocky substrates  coloured, with iregular, leopard- behind the
sp. nov. like brown motting brain
Nipponnemertes ~ Kerguelen  Antarctic and subantarctic ~ 64-295  Sandy and muddy  Beige coloured both dorsally and  Absent  Absent 12-13  Reaching  Wheeler
variabilis Island, waters (off the south-eastem  m substrates, mixed  ventrally behind the  (1934);
(Korotkevich, Antarctic coast of South America near with broken shels brain Korotkevitsoh
1983) waters Patagonia, north-west of the and gravels; (1983)
Falkdand Island, off South attached to fioating
Africa, and near South algae
Georgia and the Kerguelen
Island)
Cratenemertes ~ Banda Sea, Banda Sea, Ambon - - Uniformly fresh coloured in both ~ Absent  Absent - Small, almost ~ Biirger
amboiensis Ambon (Indonesia) dorsal and ventral surface fused with ~ (1890);
(Birger, 1890)  (Indonesia) dorsal ganglia ~Friedrich

in posterior  (1955)
region
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Nipponnemertes bimaculata E3G2
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Nipponnemertes pulchra NemBar0127
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Nipponnemertes pulchra NemBar0134
Nipponnemertes pulchra NemBar0383
Nipponnemertes pulchra NemBar1161
Nipponnemertes pulchra NemBar1162
Nipponnemertes pulchra NemBar1163
Nipponnemertes pulchra NemBar1164
Nipponnemertes pulchra NemBar1165
Nipponnemertes pulchra NemBar1449
Nipponnemertes pulchra NemBar1287
Nipponnemertes punctatula
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