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Abstract

:

Two new Uromunna species, Uromunna mundongensis sp. n. and Uromunna jejuensis sp. n., are described from the Korean Peninsula, representing the first record of the genus in Korean waters. Genetic analyses using two mitochondrial (COI, Cytb) and one ribosomal (18S rRNA) gene allowed us to confirm high pair-wise interspecific differences with the establishment of reliable barcoding gaps of COI (19.9%) and 18S (0.4%) between the new species. Finally, the phylogenetic relationship between the Uromunna species as well as the position of the genus within the munnoid groups are reconstructed using 18S.
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1. Introduction


It is currently conceptionally agreed that species are defined as entities that emerge during the speciation event as separately evolving segments of metapopulation lineages [1,2,3,4]. A central issue for modern taxonomists is to characterize the accordance between such theoretical concepts and extant taxa, given that the species is the fundamental unit of biodiversity research [5,6,7]. Inference of speciation between population lineages is generally assessed by comparing the population’s variabilities in biological properties such as morphological and genetic differences, reproductive isolation, and monophyly [8]. These characteristics remain the optimal lines of evidence for identifying the lineage divergence and delimiting species [6,9]. However, the evolutionary history of compared traits often differ within a particular lineage, indicating a lack of universal criterion to delimit species boundaries [10]. Morphological characters, for instance, have been undoubtedly the prime source for identifying species in most metazoan groups. However, the genetic information accumulated by the advance of molecular techniques over the past few decades has allowed researchers to uncover unexpected genetic diversity within species throughout the tree of life [11,12]. Indeed, a multisource approach, the so-called “Integrative Taxonomy”, which takes advantage of complementarity among several disciplines, has been suggested as a method to establish more robust criteria for species delimitation, and subsequently, for a description of a new entity [7,8,13,14]. The utility of integrated taxonomy simultaneously develops knowledge of species concept and evolutionary processes that provides a definite nomenclatural outcome, even if debate remains about the hierarchy of the types of characters and criteria to use for species delimitation [15,16,17].



Isopod crustaceans are major constituents of the marine ecosystems with many species described based on morphological characters with little taxonomic resolution [18]. Identification of some isopod species using general diagnostic characters, including male genitalia, is impossible when species have several genetic lineages and can be considered cryptic [19,20,21,22,23]. Therefore, an integrative approach that would combine more detailed morphological studies and genetics is a welcome method in the isopod taxonomy. Most isopods are bottom dwellers and are brooders without a larval life stage, indicating that their dispersal ability can be restricted by geographical barriers such as underwater ridges [24,25,26]. In this regard, the speciation potential of these animals is assumed to be increased due to their low vagility and small body size [27]. Previous studies, based on genetic data, reported the existence of species complexes, with the putatively widespread marine isopods, e.g., Betamorpha fusiformis (Barnard, 1920) [28], Atlantoserolis vemae (Menzies, 1962) [29], and Coxicerberus fukudai (Ito, 1974) [30]. These results imply the need for multiple lines of evidence to establish more rigorous species identification and delimitation of isopod species for comprehensive taxonomic work.



Isopods of the family Munnidae Sars, 1897 are small free-living crustaceans with a global distribution, ranging from tropical to polar regions of both hemispheres [31]. They are found in various habitats from shallow to abyssal depths, including mud, sand, intertidal rock pools, seagrass meadows, sponges, and coral reefs [31]. Most munnid isopods are known as detritivores, typically feeding on dead, decomposing organic matter on the bottom layer [32] and the algal substrate [33]. They often appear locally in great abundance, representing a valuable indicator of environmental conditions [33,34]. Munnidae currently accounts for more than 100 described species classified across six genera [35]. The genus Uromunna Menzies, 1962, is after Munna Krøyer, 1839 the second largest group, with 26 recorded species [35]. Initially, it was described as a subgenus within Munna [36] with species having spineless, flat, leaf-like ventral rami of the uropod. After several systematic re-evaluations [37,38,39], Poore [40] erected Uromunna to the genus rank, provided a species list, and a new diagnosis. Esquete et al. [34] described a new species of Uromunna from the Iberian Peninsula with a note on the seasonal variation of emergence. Finally, Esquete and Wilson [41] established a classification key for all species recorded up to that time, along with the description of three new species of Australian water.



We examined Munnidae collected from various localities along the east and west coasts of the Korean Peninsula. Initially, they were identified as either Uromunna serricauda Müller, 1992 or Munna japonica Shimomura & Mawatari, 2001. Both species have been previously reported from Hokkaido Island [42]. However, we assume that Korean populations might show differences in morphology and genetics, considering the substantial geographical distances and heterogeneous habitat conditions among the regions. Therefore, we first address the question of populational geographic diversification by comparing the morphological characters with the original description. We amplified two mitochondrial genetic markers to examine the genetic distance among populations and used this to check the genetic identity of the species based on the barcoding concept [43]. We also compared the genetic data of one ribosomal gene with the publicly available sequences of other “munnoid” groups that share a so-called munnoid body shape, with an elongated carpus of pereopod I, small or reduced eyes, and pleopods covering the anus [44,45], to evaluate the phylogenetic relationship of the species within the genus Uromunna and family Munnidae. As a result, we describe two new Uromunna species based on both morphological and genetic characters.




2. Material and Methods


2.1. Sample Collection and Morphological Examination


Sample collection was carried out from the littoral zone of Mun Island south of Jeju Island (33°13′39.6″ N 126°33′56.7″ E; April 2020), Mudong port, Gijang-gun of Busan (35°18′21.6″ N 129°15′29.3″ E), Homigot, Pohang (36°04′43.6″ N 129°34′10.2″ E), Jangho port, Samcheok (37°17′22.1″ N 129°19′07.9″ E), and Daepunggam Cliff of Ulleung Island (37°31′23.7″ N 130°47′34.1″ E), Republic of Korea, respectively (Figure 1). At Mun Island, sediment samples (depth of about 15 m) were collected by scuba diving with a plastic corer and initially kept in a plastic bag. At the rest, brown algae (Phaeophyceae) (depth of about 50 cm) were collected using a trowel and kept in a plastic bag with seawater. The algae and sediment samples were transferred to a bucket containing fresh water and the top layer of water was strained through nets with a mesh size of 38 μm. Then, the filtered material was transferred to 250 mL bottles and preserved in 96% ethanol. The sorting and dissection of the specimens was performed using an Olympus SZX 12 stereo-binocular microscope. Dissected appendages were mounted onto glass slides in lactophenol. Line drawings were made using an Olympus BX 51 (Olympus, Tokyo, Japan) compound microscope equipped with a camera lucida. The line drawings’ measurements were performed following Riehl and Brandt’s protocol [46]. All measurements from the dorsal view of the line drawings were made using the distance measurement tools of Adobe Acrobat Professional (Adobe, CA, USA). The ratios of the appendages were measured in distal to proximal order, excluding the setae. The body ratios were measured from the anteromedial to posteromedial end. The ratio measurements were made based on the holotype specimen. Terminology was mostly based on Esquete and Wilson [41]. The term ‘unequally bifid’ seta was abbreviated as UB seta. All studied material was deposited at the invertebrate collection of the National Institute of Biological Resources (NIBR) and Marine Biodiversity Institute of Korea (MABIK) in Republic of Korea.




2.2. DNA Amplification and Sequencing


Ten individuals were randomly selected from each locality, except from Daepunggam, where only two individuals were sorted. The specimens were transferred into distilled water for 15 min before amplification to eliminate ethanol. Genomic DNA was isolated from the specimens using a LaboPassTM Kit (Cosmo, Seoul, Republic of Korea) following the manufacturer’s protocols. Fragments of mitochondrial cytochrome c oxidase (COI), cytochrome b (Cytb), and the complete 18S ribosomal genes were amplified through polymerase chain reaction (PCR) a TaKaRa PCR thermal cycler (TaKaRaBio, Kusatsu, Japan). The universal primer pair, jgLCO1490 (5′–TIT CIA CIA AYC AYA ARG AYA TTG G–3′) and jgHCO2198 (5′–TAI ACY TCI GGR TGI CCR AAR AAY CA–3′) [47] was used for COI with the following amplification protocol: denaturation at 94 °C for 2 min, 30 cycles of denaturation at 94 °C for 1 min, annealing at 48 °C for 1 min, extension at 72 °C for 1 min, final extension at 72 °C for 10 min, and stored at 4 °C. CytbF (5′–GGW TAY GTW YTW CCW TGR GGW CAR AT–3′) and CytbR (5′–GCR TAW GCR AAW ARR AAR TAY CAY TCW GG–3′) primers [48] were used for Cytb with the following protocol: denaturation at 94 °C for 5 min, 40 cycles of denaturation at 94 °C for 30 sec, annealing at 42 °C for 2 min, extension at 72 °C for 1 min, and final extension at 72 °C for 10 min, and stored at 4 °C. For 18S rDNA, the unique primer sets and amplification protocol for the deep sea asellote phylogeny were used [49]. The PCR products were purified for sequencing reactions using the LaboPass™ PCR Purification Kit (Cosmo, Seoul, Republic of Korea) following the manufacturer’s protocol. DNA was sequenced with the ABI automatic capillary sequencer (Bionics, Seoul, Republic of Korea) using the same set of primers.




2.3. Sequence Alignment and Phylogenetic Analysis


All acquired sequences were confirmed with BLAST search [49]. Sequences were visualized using Geneious Prime (Biomatters Ltd., Auckland, New Zealand) [50]. Multiple sequence alignments were performed with MAFFT v7.490 [51] as implemented in Geneious using the default setting. The alignment was made with the following settings: automatic algorithm choice; scoring matrix 200 PAM/k = 2; Gap open penalty: 1.53; Offset value: 0.123. Uncorrected pairwise distances were calculated from the aligned sequences and presented as difference (%). Mitochondrial sequences were checked for potential stop codons with ORF finder on the NCBI website (https://www.ncbi.nlm.nih.gov/orffinder/ (accessed on 2 November 2022)) using the invertebrate mitochondrial code. Newly obtained COI (OP737458–OP737461), Cytb (OP745425–OP745443), and 18S (OP730547–OP730554) sequences are publicly available on GenBank.



Phylogenetic inference was carried out using the maximum likelihood (ML) approach with 10,000 replicates of ultrafast bootstrapping [52] using the IQ-Tree web application [53]. The best-fit evolutionary model was determined using ModelFinder in IQ-Tree [54] based on Bayesian Information Criterion [55]. The COI phylogram was generated with additional GenBank sequences of Munna japonica (KX186724) [56], Munnidae sp. (KJ736157), and rooted with the sequence of Proasellus cavaticus (Leydig, 1871) (JQ921083), belonging to the Asellidae, a freshwater lineage. The Cytb phylogram was not constructed due to the failure to amplify this fragment in U. jejuensis. The 18S phylogram comprised additional sequences of Uromunna nana (Nordenstam, 1933) and a putatively related deep-sea family Dendrotionidae (Dendromunna sp. (AY461464), Acanthomunna spinipes (Vanhöffen, 1914) (EU414421)), and Haplomunnidae (Thylakogaster sp. 1 (AY461470), sp. 2 (EU414424)). In order to check the monophyly of “munnoid” groups, Iais pubescens (Dana, 1853) (EU414437) of Janiridae, the sister taxon of Dendrotionidae and Haplomunnidae, was used [44]. The phylogram was rooted with Stenasellus racovitzai Razzauti, 1925 (AF496663), belonging to the Stenasellidae, which is a primitive asellote group inhabiting fresh water [57]. The phylograms were visualized and graphically enhanced using FigTree v1.4.4. [58] (https://github.com/rambaut/figtree/ (accessed on 17 November 2022)).





3. Results


3.1. Taxonomy


Suborder: Asellota Latreille, 1802



Superfamily: Janiroidea Sars, 1897



Family: Munnidae Sars, 1897



Genus: Uromunna Menzies, 1962



Munna (Uromunna) Menzies, 1962: 36; Kussakin 1962:



68, 1988: 326; Frankenberg & Menzies 1966: 201; Fresi



& Mazella 1974: 51.



Munnoides Carvacho, 1977, p. 6.



Munna (Pangamunna) Schultz, 1979: 577.



Uromunna—Poore 1984: 70.



Type species. Uromunna ubiquita (Menzies, 1952)




3.2. Uromunna mundongensis sp. n.


Type locality. Shallow water (depth 2–3 m) of East Sea (Sea of Japan), Mundong port, Gijang-gun, Republic of Korea, 38°17′43.8″ N 128°33′15.1″ E.



Type material examined. Holotype: adult male, (MABIK CR00252867) in micropreparations; Paratypes: one adult male (NIBRIV0000900870) in micropreparations, Mundong port, Gijang-gun, (38°17′43.8″ N 128°33′15.1″ E); one ovigerous female (MABIK CR00252868) in micropreparations, Mundong port, Gijang-gun; one adult female (MABIK CR00252869) in micropreparations, Homigot, Pohang (36°04′43.6″ N 129°34′10.2″ E); one adult female (MABIK CR00252870) in micropreparations, Jangho port, Samcheok (37°17′22.1″ N 129°19′07.9″ E).



Diagnosis. Pleotelson 1.3 times longer than wide, 0.3 times of whole body, first antennular article with four plumose and four simple setae distally, maxillipedal endite with three coupling hooks proximomedially, palp second article with three simple setae, third article with four simple setae, fifth article with three simple and two robust setae, pereopod 1 with setal formula as follows (except for claws of dactylus): 5: 3: 6: 6: 13: 4, uropodal endopod with two simple and three plumose setae.



3.2.1. Description of the Male Holotype


Color: preserved specimens, brown.



Body (Figure 2A,B): flattened in dorsal view, total length 1.04 mm, length 2.5 times longer than wide.



Cephalothorax (Figure 2A,B): 0.6 times longer than wide and 0.2 times of whole body, anterior margin narrower than posterior one, eyes present, ommatidia on eyelobe outer border, dorsal margin covered with 22 min setae.



Pereon (Figure 2A,B): 0.5 times of whole body, maximal body width in pereonite 4, equal to maximal width of cephalothorax, dorsal margin of each pereonite armed with minute simple setae, first pereonite 0.1 times longer than wide, second pereonite 0.2 times longer than wide, third pereonite 0.2 times longer than wide, fourth pereonite 0.2 times longer than wide, fifth pereonite 0.1 times longer than wide, sixth pereonite 0.1 times longer than wide, seventh pereonite 0.3 times longer than wide.



Pleonite (Figure 2A,B): 0.3 times longer than wide, without setae.



Pleotelson (Figure 2C): pyriform; 1.3 times longer than wide, 0.3 times of whole body, dorsal margin covered with 28 simple setae.



Uropod (Figure 2D): protopod not visible in dorsal view; endopod with two simple and three plumose setae; exopod minute, with one simple seta.



Penial papillae (Figure 2E): bifurcate distally, distal margin slightly round, located ventrally on posteromedial margin of pereonite 7.



Antennula (Figure 3A): six articles; first article 1.1 times longer than wide, with two plumose setae; second article 1.2 times longer than first article, 1.7 times longer than wide, with four plumose and four simple setae distally; third article rectangular, 1.4 times longer than wide, with one simple setae distally; fourth article 1.3 times longer than wide, with one seta on proximal margin; fifth article 4.1 times longer than wide, without setae; sixth article 2.8 times longer than wide, with four simple, one plumose setae, and one elongate aesthetasc distally.



Antenna (Figure 3B): six peduncular and ten flagellar articles; first article as long as width, with one simple seta laterally; second article 1.4 longer than wide, without seta; third article as long as width, with one simple seta laterally; fourth article as long as width, with three simple setae laterally; fifth article 6.2 times longer than wide, with seven simple setae; sixth article longest, 12.2 times longer than wide, with 13 simple setae; flagellar first article longest, 5.9 times longer than wide, with five simple setae; setal formula of following articles as follows: 4: 3: 3: 3: 4: 4: 4: 4: 4.



Mandibles (Figure 4): right mandible (Figure 4A) pars incisiva with five cusps bearing four robust serrate setae; lacking lacinia mobilis; pars molaris truncate, with grinding surface; one simple seta arising from basal margin; left mandible (Figure 4B) pars incisiva with five cusps, lacinia mobilis with four cusps, three serrate setae located below lacinia mobilis; palp inserted on cuticular projection; first article 1.9 times longer than wide, with one simple seta distally; second article 2.6 times longer than wide, without setae, third article 2.3 times longer than wide with two plumosesetae apically.



Labium (Figure 4C): body separated into two lobes by deep medial incision, distal margin of each lobe covered with elongated thin setae.



Maxillula (Figure 3D): lateral lobe longer and thicker than medial one, with 11 robust apical setae, three of which denticulate; medial lobe with five robust setae on distal margin, along lateral margin with fine setae.



Maxilla (Figure 3E): lateral and mesial lobes each with one pectinate and three robust simple setae distally; medial lobe coalescent with basis, broader than others, with 18 robust setae along distal margin, some of them setulated.



Maxilliped (Figure 3C): epipod 2 times longer than wide, distal end reaching to palp second article; basis 2.4 times longer than wide; endite 1.4 times longer than wide, distal margin covered with numerous hairs, one simple, five plumose, and two fan-like setae distally, three robust serrated setae on ventral margin, three coupling hooks along proximomedially; palp first article 0.7 times longer than wide, with one simple seta on distomesial corner; second article 0.95 times longer than wide, 1.6 times longer than first article, with two simple and one setae on distomesial and distolateral corners, respectively; third article as long as width, with four simple setae on distomesial margin and one seta on distolateral corner; fourth article 1.5 times longer than wide, with three simple setae on distal margin; fifth article 2 times longer than wide, with three simple and two robust setae on distal end.



Pereopods: coxae of pereonites 4–7 visible in dorsal view, each coxa with two or three simple setae (Figure 2B); pereopod 1 subchelate, dactylus of pereopods partly covered by articular plate projected from distal margin of propodus.



Pereopod 1 (Figure 4D) article length and width (L/W) ratios 2.8: 1.6: 1.4: 1.1: 1.8: 3.4; basis with five simple setae; ischium with three simple setae; merus with five simple and one robust setae distally; carpus with four simple, one robust and one UB setae; propodus with 12 simple and one robust setae; dactylus tapering distally, with four simple setae and two claws on distal apex with different length.



Pereopod 2 (Figure 4E): article L/W ratios 4: 3.1: 1.6: 3.3: 4.1: 2.3; basis with seven simple setae; ischium with seven simple setae; merus with five simple and one robust setae; carpus with four simple and six UB setae; propodus ventral margin with seven simple and three UB setae; dactylus with two claws and four simple setae.



Pereopod 3 (Figure 5A): article L/W ratios 2.9: 2.5: 1.7: 4.3: 7.3: 3; basis with six simple and four plumose setae; ischium with five simple setae; merus with three simple and one robust setae; carpus with four simple and five UB setae; propodus with four simple and eight UB setae; dactylus with two robust claws and four simple setae.



Pereopod 4 (Figure 5B): article L/W ratios 2.7: 3: 2.1: 4.2: 11.3: 2.6; basis with six simple and two plumose setae; ischium with seven simple setae; merus with five simple and one robust setae; carpus with nine simple and five UB setae; propodus with 13 simple and six UB setae; dactylus with two claws and four simple setae.



Pereopod 5 (Figure 5C): article L/W ratios 2.6: 3.3: 2.1: 4.5: 12: 2.7; basis with five simple and three plumose setae; ischium with seven simple setae; merus with seven simple setae; carpus with ten simple and 11 UB setae; propodus with nine simple and nine UB setae; dactylus with two claws and four simple setae distally.



Pereopod 6 (Figure 6A): article L/W ratios 3: 3.5: 2: 4.7: 12.5: 3; basis with four simple and three plumose setae; ischium with six simple setae; merus with five simple and two robust setae; carpus with four simple and 14 UB setae; propodus with 14 simple and 13 UB setae; dactylus with two claws and four simple setae distally.



Pereopod 7 (Figure 6B): article L/W ratios 2.4: 4: 2.3: 4.9: 14.3: 3.5; basis with four simple and three plumose setae; ischium with four simple and four UB setae; merus with six simple setae and two robust setae on distal corner; carpus with six simple and 12 UB setae; propodus with 17 simple and 16 UB setae; dactylus with two claws and four simple setae distally.



Pleopod 1 (Figure 7A): consisting of two coalescent halves, 1.9 times longer than maximum wide (measured at widest section of proximal part); proximal part enlarged and tapering distally, separated in half by medial stylet-guiding groove running from proximal end, distal margin of each lobe tapering distolaterally, four simple setae on ventral margin, each distal lobe with three setae.



Pleopod 2 (Figure 7B): protopod elongate, 2.7 times longer than wide, with two subapical setae; endopodal stylet, elongate, medially swollen but becoming narrower until distal tip, without any ornamentation; exopod distally round, located below stylet distomedially in protopod.



Pleopod 3 (Figure 7C): protopod rectangular, 0.8 times longer than wide; endopod 1.6 times longer than wide, suboval, with three stout, plumose setae distally; exopod consisting of two articles, proximal article 2.7 times longer than distal one, lateral margin covered with hairs, distal article 2.6 times longer than wide with one apical seta.



Pleopod 4 (Figure 7D): protopod 0.6 times longer than wide; endopod 1.6 times longer than wide, with distolateral protrusion; exopod 5.5 times longer than wide, with one long plumose seta.




3.2.2. Sexual Dimorphism


Body (Figure 8A): total length 1.03 mm, 1.8 times longer than wide.



Cephalothorax (Figure 8A): 0.5 times longer than wide and 0.2 times of whole body.



Pereon (Figure 8A): 0.5 times of whole body, pereonites 2–4 distinctly expanded than other pereonites, maximal body width in pereonite 3, 1.3 times wider than maximal width of cephalothorax. first pereonite 0.1 times longer than wide, second pereonite 0.2 times longer than wide, third pereonite 0.2 times longer than wide, fourth pereonite 0.2 times longer than wide, fifth pereonite 0.1 times longer than wide, sixth pereonite 0.1 times longer than wide, seventh pereonite 0.2 times longer than wide.



Pleonite (Figure 8A): 0.3 times longer than wide, without setae.



Pleotelson (Figure 8B): 1.2 times longer than wide, dorsal margin covered with 30 simple setae.



Female operculum (Figure 8C): oval-shaped, 1.3 times longer than wide, with 18 simple setae on dorsal margin.



Antennula (Figure 8D): first article 1.4 times longer than wide, with two plumose setae; second article 1.5 times longer than wide, with seven plumose and one simple setae distally; third article 1.4 times longer than wide, without setae; fourth article 1.4 times longer than wide, with one seta distally; fifth article 3.9 times longer than wide, without setae; sixth article 2.5 times longer than wide, with three simple, one plumose setae, and one elongate aesthetasc distally.



Etymology: The new species is named after the locality where specimens were collected, Mundong port.




3.2.3. Remarks


Uromunna mundongensis sp. n. is most similar to U. serricauda, recorded in Hokkaido, Japan, showing a round distal apex of male pleopod I with three pairs of apical setae [42]. However, the examined specimens of U. mundongensis differ in the ornamentation of antennular articles (2: 8: 1: 0: 0: 6 vs. 1: 6: 0: 1: 0: 6), the shape and L/W ratio of antennular article 3 (rectangular, 1.4 vs. trapezoidal, 0.9), the ornamentation of antennal peduncular articles (1: 0: 1: 3: 7: 13 vs. 0: 0: 1: 1: 4: 10), the number of maxillipedal coupling hooks (3 vs. 2), the setal formula of the maxillipedal palp (1: 3: 5: 3: 6 vs. 0: 3: 3: 3: 5), the numbers of apical robust setae on the medial lobe of the maxillula (5 vs. 4), the numbers of robust setae on the medial lobe of the maxilla (18 vs. 9), the setal formula of all pereopods, the numbers of setae on endopod of uropod (5 vs. 4), and the lateral shape of the pleotelson (smooth vs. serrated). The female of U. mundongensis is distinguished from U. serricauda by the relative L/W ratio of operculum (1.3 vs. 0.9) with setal formula.





3.3. Uromunna jejuensis sp. n.


Type locality. Shallow water (depth 2–3 m) of East Sea (Sea of Japan), littoral zone of Mun Island of Jeju Island, 33°13′39.6″ N 126°33′56.7″ E.



Type materials examined. Holotype: adult male, (MABIK CR00252871) in micropreparations; Paratypes: one ovigerous female (NIBRIV0000900871) in micropreparations; one ovigerous female (MABIK CR00252872) in micropreparations; one adult female (MABIK CR00252873) in micropreparations.



Diagnosis. Pleotelson 1.3 times longer than wide, 0.3 times of whole body, antennular first article with two plumose and one simple setae, second article with six plumose, two simple setae distally, maxillipedal endite with two coupling hooks proximomedially, palp first article with one simple seta, second article with four simple setae, fifth article with four simple and two robust setae, pereopod 1 with setal formula as follows (except for claws of dactylus): 5: 2: 6: 6: 14: 4, uropodal endopod with four simple and four plumose setae.



3.3.1. Description of the Male Holotype


Color: preserved specimens, brown.



Body (Figure 9A): total length measured with holotype 1.03 mm, length 2.3 times longer than wide.



Cephalothorax (Figure 9A): 0.5 times longer than wide and 0.2 times of whole body, anterior margin narrower than posterior one, ommatidia on eyelobe outer border, dorsal margin covered with 15 min setae.



Pereon (Figure 9A,B): 0.5 times of whole body, maximal body width in pereonite 4, 1.06 times of maximal width of cephalothorax, each pereonite armed with minute setae dorsally, first pereonite 0.1 times longer than wide, second pereonite 0.2 times longer than wide, third pereonite 0.2 times longer than wide, fourth pereonite 0.2 times longer than wide, fifth pereonite 0.1 times longer than wide, sixth pereonite 0.1 times longer than wide, seventh pereonite 0.2 times longer than wide.



Pleonite (Figure 9A): 0.4 times longer than wide and as long as whole body.



Pleotelson (Figure 9C): 1.3 times longer than wide, 0.3 times of whole body, dorsal margin covered with 26 simple setae.



Uropod (Figure 9D): protopod not visible in dorsal view; endopod with four simple and four plumose setae; exopod with one simple seta.



Penial papillae (Figure 9E): bifurcate distally, distal apex slightly round, located on posteromedial margin of seventh pereonite.



Antennula (Figure 9F): six articles; first article 1.5 times longer than wide, with one plumose and one simple setae; second article 1.1 times longer than first article, 1.8 times longer than wide, with six plumose and two simple setae distally; third article 1.5 times longer than wide, with one simple setae distally; fourth article 1.5 times longer than wide, with one distal seta; fifth article 4.1 times longer than wide, without setae; sixth article 2.9 times longer than wide, with one plumose, four simple setae, and one elongate aesthetasc distally.



Mandibles (Figure 10): right mandible (Figure 10A) pars incisiva with five cusps bearing four robust serrate setae; lacinia mobilis absent; pars molaris truncate, with grinding surface distally; left mandible (Figure 10B) pars incisiva with five, lacinia mobilis with four cusps, three serrate setae under lacinia mobilis; basal margin of both mandibles with two simple setae; palp inserted on cuticular projection; first article 2.2 times longer than wide, with one simple seta distally; second article 2.2 times longer than wide, without setae, third article 2.3 longer than wide with two plumose apical setae.



Labium (Figure 10C): body divided into two lobes by deep medial incision, each lobe covered with elongated thin setae on distal margin.



Maxillula (Figure 10E): lateral with 11 robust apical setae, three of which denticulate; medial lobe with five robust setae distally, fine setae along lateral margin.



Maxilla (Figure 10F): lateral and mesial lobes each with one pectinate and three robust simple setae distally; medial lobe coalescent with basis, distal margin with 18 robust setae, some of them setulated.



Maxilliped (Figure 10D): epipod 1.9 times longer than wide; basis 2.4 times longer than wide; endite 1.5 times longer than wide, distal margin covered with numerous hairs, with six plumose, one simple, and two fan-like setae distally, two robust serrated setae ventrally, two coupling hooks along proximomedial edge; palp first article 0.6 times longer than wide, with one simple seta on distomesial corner; second article 0.7 times longer than wide, 1.4 times longer than first article, with three simple and one setae on distomesial and distolateral corners, respectively; third article as long as width, with four setae distomesially and one simple distolaterally; fourth article 1.8 times longer than wide, with three simple setae distally; fifth article 1.9 times longer than wide, with three simple and two robust setae distally.



Pereopods coxae of all pereonites visible in dorsal view, each coxa with two or three setae (Figure 8B); dactylus of pereopods partly covered by articular plate generated from propodus distal margin.



Pereopod 1 (Figure 11A) article L/W ratios 2.3: 1.8: 1.3: 0.8: 1.5: 2.8; basis with five simple setae; ischium with two simple setae; merus with five simple and one robust setae distally; carpus with four simple, one robust and one UB setae; propodus with 11 simple and three robust UB setae; dactylus tapering distally, with four simple setae and two claws on distal apex with different length.



Pereopod 2 (Figure 11B): article L/W ratios 3.8: 3.1: 1.6: 3.2: 3.8: 3.2; basis with five simple setae; ischium with four simple setae; merus with five simple and one robust setae; carpus with two simple and four UB setae; propodus with one plumose, four simple, and four UB setae; dactylus with two claws and four simple setae.



Pereopod 3 (Figure 11C): article L/W ratios 2.7: 3.1: 2: 5: 7.4: 2.4; basis dorsal margin with one plumose, six simple setae; ischium with five simple setae; merus with five simple and one robust setae; carpus with three plumose, six simple, eight UB setae; propodus with one plumose, ten simple, and six UB setae; dactylus with two robust claws and four simple setae.



Pereopod 4 (Figure 11D): article L/W ratios 2.5: 2.9: 1.7: 4.1: 9.8: 3.5; basis with two plumose, five simple setae; ischium with seven simple setae; merus with seven simple and one robust setae; carpus with six simple, six UB setae; propodus with one plumose, eleven simple, and five UB setae; dactylus with two claws and four simple setae.



Pereopod 5 (Figure 12A): article L/W ratios 2.8: 2.6: 1.7: 4.6: 10.8: 2.9; basis with one plumose, six simple setae; ischium with seven simple setae; merus with six simple and two robust setae; carpus with nine simple, nine UB setae; propodus with one plumose, 15 simple, and six UB setae; dactylus with two claws and four simple setae distally.



Pereopod 6 (Figure 12B): article L/W ratios 2.6: 3.2: 1.9: 4.5: 11.8: 3.8; basis with two plumose, four simple setae; ischium with nine simple setae; merus with six simple and two robust setae; carpus with one plumose, eight simple, and ten UB setae; propodus with 16 simple and ten UB setae along margin; dactylus with two claws and four simple setae distally.



Pleopod 1 (Figure 13A): 2.1 times longer than maximum wide (measured at widest section of proximal part); proximal part enlarged and becoming narrower distally, separated in half by medial stylet-guiding groove running from proximal end, four simple setae on mediolateral margin; distal margin of each lobe tapering distolaterally and with six simple setae.



Pleopod 2 (Figure 13B): protopod elongate, 1.8 times longer than wide, with two apical setae; endopodal stylet, medially swollen but becoming narrower until distal tip; exopod distal apex round, located below protopod.



Pleopod 3 (Figure 13C): protopod as long as width; endopod 1.8 times longer than wide, suboval, with three elongate, plumose setae apically; exopod with two articles, proximal article 2.5 longer than wide and 2.4 times longer than distal one, distal article 2.6 times longer than wide with one simple seta distally.



Pleopod 4 (Figure 13D): protopod 0.6 times longer than wide; endopod 1.6 times longer than wide, with distolateral protrusion; exopod 4.6 times longer than wide, with one elongate plumose seta distally.




3.3.2. Sexual Dimorphism


Body (Figure 14A): total length 800 µm, 1.9 times longer than wide.



Cephalothorax (Figure 14A): 0.5 times longer than wide and 0.3 times of whole body.



Pereon (Figure 14A): 0.4 times of whole body, pereonites 2–4 distinctly expanded than other pereonites, maximal body width in pereonite 3, 1.1 times wider than maximal width of cephalothorax, first pereonite 0.07 times longer than wide, second pereonite 0.2 times longer than wide, third pereonite 0.2 times longer than wide, fourth pereonite 0.1 times longer than wide, fifth pereonite 0.1 times longer than wide, sixth pereonite 0.08 times longer than wide, seventh pereonite 0.1 times longer than wide.



Pleonite (Figure 14A): 0.3 times longer than wide, without setae.



Pleotelson (Figure 14B): 1.3 times longer than wide, lateral margin serrated, dorsal margin covered with 28 simple setae.



Female operculum (Figure 14C): oval-shaped, 1.4 times longer than wide, with 18 simple setae on dorsal margin.



Uropod (Figure 14D): endopod with two simple and six plumose setae; exopod with one simple seta.



Antennula (Figure 14E): first article 1.2 times longer than wide, with one plumose, one simple setae; second article 1.5 times longer than wide, with five plumose and three simple setae distally; third article 1.6 times longer than wide, without setae; fourth article 1.6 times longer than wide, with one seta on proximal margin; fifth article 3.4 times longer than wide, without setae; sixth article 2.9 times longer than wide, with two simple, one plumose setae, and one elongate aesthetasc distally.



Etymology: The new species is named after Jeju Island, where the type locality of Mun Island is located.




3.3.3. Remarks


The male antenna and pereopod 7 are not described due to the lack of an additional male specimen. Uromunna jejuensis sp. n. extremely resembles U. serricauda and U. mundongensis in the general appearance of the habitus, mouthparts, pereopods, and pleopods. However, the new species is distinguishable based on the following characteristics of the examined specimens: the setal formula of the antennula, the numbers of setae on the basal margin of the mandibles (2 vs. 1), the setal formulas of the maxilipedal palp and all pereopods, the relative distance between setae on the distal margin of pleopod 2 and the setal formula of the endopod of uropod. The female of U. jejuensis is distinguished from U. mundongensis by the lateral shape of the pleotelson (serrated vs. smooth).





3.4. Key to the East Asian species of Uromunna


Key to the identification of males:




	1.

	
Antennula second article with six setae; maxillipedal palp first article without setae; lateral margin of pleotelson serrated ............................................................ U. serricauda




	−

	
Antennula second article with eight setae; maxillipedal palp first article with one seta; lateral margin of pleotelson smooth …………………………..…………...……………. 2




	2.

	
Antennula first article with two setae; antennula fourth article without setae; three maxillipedal coupling hooks; one seta on basal margin of mandible ……………………………………………………………………… U. mundongensis sp. n.




	−

	
Antennula first article with three setae; antennula fourth article with one seta; two maxillipedal coupling hooks; two setae on basal margin of mandible …………………………………………………………………………… U. jejuensis sp. n.









Key to the identification of females:




	1.

	
Lateral margin of pleotelson smooth............................................ U. mundongensis sp. n.




	−

	
Lateral margin of pleotelson serrated ……………...……………………...……………. 2




	2.

	
Operculum as long as broad with eight simple setae on dorsal surface …………………………………………………………………………………. U. serricauda




	−

	
Operculum longer than wide with 18 simple setae on dorsal surface …………………………………………………………………………… U. jejuensis sp. n.










3.5. Phylogeny


The COI, Cytb, and 18S sequences of U. mundongensis were acquired from two, eighteen, and three individuals, respectively. For U. jejuensis, one COI and four 18S sequences were obtained; however, the Cytb sequence could not be amplified. BLAST searches of COI and Cytb sequences detected no pseudogenes. Final COI alignment resulted in a dataset with the following characteristics: six sequences with 666 nucleotide sites, 268 parsimony-informative sites, 120 singleton sites, and 278 constant sites. The sequences translated into a polypeptide of 222 amino acids and revealed no stop codon. The best-fit evolutionary model for the COI dataset according to BIC was K3Pu + F + G4. The Cytb alignment included nineteen sequences and was trimmed to the length of 391 nucleotide sites with the following characteristics: 1 parsimony-informative site, 160 singleton sites, and 230 constant sites. The sequences translated into a polypeptide of approximately 130 amino acids with no stop codon. The 18S alignment comprised fifteen sequences trimmed into 2422 nucleotide sites with the following characteristics: 546 parsimony-informative sites, 394 singleton sites, and 1482 constant sites. The model, SYM + I + G4, was chosen as the best-fit evolutionary model for the 18S dataset according to BIC.



The COI uncorrected p-distance (Table S1) between U. mundongensis and U. jejuensis was 19.9%, while the distance between the two M. japonica specimens was 2.01%. The specimens collected from Daepunggam Cliff of Ulleung Island were identified as M. japonica. The distances between the Uromunna species and M. japonica ranged between 37.8 and 39.6%. The highest p-distance between the in-group and out-group was estimated in U. jejuensis at 43.9%, and the lowest was found in M. japonica (KX186724) at 33.9%. The Cytb uncorrected p-distance between U. mundongensis and M. japonica was estimated (Table S1), ranging from 41.4 to 41.7%. The highest distance between the U. mundongensis populations was estimated as 0.26% from the specimens of Homigot, Pohang. The 18S uncorrected p-distance between U. mundongensis and U. jejuensis was 0.4% (Table S1). The distances between the new species and U. nana ranged from 6.4 to 6.5%. The highest generic distance between Uromunna and Munna was estimated at 31.4%.



The resulting ML phylogram of COI (Figure 15) showed that two sequences of U. mundongensis clustered separately from a sequence of U. jejuensis but with a moderate support (80.5). Two sequences of M. japonica formed a well-supported (95) independent clade. The separation of Uromunna and Munna was well supported (85.9).



The 18S phylogram (Figure 16) showed that the Uromunna species, including U. mundongensis, U. jejuensis, and U. nana, grouped together and formed a monophyletic clade with high confidence (100). Munna japonica was grouped beside the Uromunna clades, together forming a superficial monophyletic clade of Munnidae with a low supporting value (70.9). Each deep sea group of Dendrotionidae and Haplomunnidae clustered in its own unique clade, as previously seen by [47]. Iais pubescens was grouped with the clades of Dendrotionidae and Haplomunnidae with a high supporting value (99.9).





4. Discussion


In this study, we describe two Uromunna species from the Korean Peninsula with subtle differences in the chaetotaxy and L/W ratios of appendages based on the male morphology. The values of the COI uncorrected pairwise distances between the Korean new species fall within the broadly recognized barcoding gap for closely related asellote species with 0–2% differences within species and 10–40% between species [25,59,60,61,62,63]. For 18S, on the other hand, the p-distance lay within the intraspecific level and was slightly lower than the interspecific threshold, ranging between 1–4% [61,64]. Overall, our genetic results, which are the first phylogenetic information in the entire family, supported the morphology-based establishment of a new taxa by determining the unique genetic identity of U. mundongensis and U. jejuensis. A high genetic divergence rate is in contrast with a low degree of morphological differences. First of all, we failed to detect any difference in the male pleopods 1–2 between U. mundongensis and U. jejuensis, which is one of the crucial key characteristics in Uromunna taxonomy [41]. Interestingly, this is not the first case. For instance, Esquete et al. [34], found only a few differences between U. naherba Esquete, Wilson & Troncoso, 2014 and U. serricauda, despite the fact that these species are described from the Iberian Peninsula and the Malaysian waters, respectively. Uromunna serricauda also has male pleopods similar to U. nana, U. humei Poore, 1984, U. phillipi Poore, 1984, U. rhamnda Esquete & Wilson, 2016, and the new Korean species herein. Such phenomenon across the Uromunna species is noteworthy, given that morphological variability in the invertebrate genital organ can influence the copulation success rate, resulting in reproductive isolation among morphologically diverged individuals [65,66]. The males of Janiroidea have highly modified pleopods specialized for insemination, forming a channel with a combination of pleopods 1, 2, and the penial papillae to deliver the sperm into the female genitalia [67]. Interspecific morphological variability in these organs is common in most of the janiroidean isopods. In this sense, we assume the morphological homogeneity of Uromunna’s pleopods is the case of character displacement. The evolutionary process of this sort is known to be driven by the ecological, behavioral, and reproductive competition between closely related species for resources, leading to dramatic diversification, more greatly between sympatric populations than between allopatric ones [68,69,70,71]. The constant morphological state of genitalia regarded as the outcome of character displacement has been observed in various invertebrate taxa [72,73,74,75].



Our 18S sequence analysis provides a preliminary insight into the previously unknown phylogenetic relationship between Uromunna and other related genera groups. The monophyly of Munnidae consisting of only three species in this analysis is not well-supported, and this can be due to the long branch attraction between M. japonica and Uromunna species. In addition, the monophyly of the “munnoid” groups was not recovered due to the distant relationship between the Munnidae, Dendrotionidae, and Haplomunnidae, despite the apparent morphological synapomorphies [56]. Notably, Acanthomunna, which is morphologically the least derived genus within the Dendrotionidae, with plesiomorphic traits (e.g., retention of eyes and occurrence in shallow bathyal and deep waters) [76], did not show any phylogenetic relationship with Uromunna and Munna indicating an unlikely evolutionary linkage to the Munnidae. Our result seems to superficially support the hypothesis of deep sea colonization by the Dendrotionidae and Haplomunnidae, which took place separately from Munnidae, corresponding to the previously known evolutionary phenomenon of multiple origins of deep sea janiroidean isopods [47,56,77]. However, this issue requires further study given that inferring the deep phylogenetic relationship between families is beyond the scope of our paper. Furthermore, our dataset included only a small number of species and a single genetic marker representing each family. We believe additional sequence data, from multiple genetic markers, are necessary to establish a better understanding of the intergeneric relationship of “munnoids” that will allow a more detailed evolutionary linkage, between shallow and deep sea “munnoids”, to be ascertained.
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Figure 1. Sample collection sites on the Korean Peninsula and the adjacent sea. Black square: Mun Island south of Jeju Island. Black circles: Inland collection sites along the east coast of the Korean Peninsula, Mudong port, Homigot, and Jangho port. Black triangle: Daepunggam Cliff of Ulleung Island. 
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Figure 2. Uromunna mundongensis sp. n. holotype male: (A) habitus; (B) habitus, dorsolateral; (C) pleotelson; (D) uropod; penial papillae. Scale bars = 100 µm (A–C), 50 µm (D,E). 
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Figure 3. Uromunna mundongensis sp. n. holotype male: (A) antennula; (B) antenna; (C) maxilliped; (D) maxillula; (E) maxilla. Scale bars = 100 µm (A,B), 50 µm (C–E). 






Figure 3. Uromunna mundongensis sp. n. holotype male: (A) antennula; (B) antenna; (C) maxilliped; (D) maxillula; (E) maxilla. Scale bars = 100 µm (A,B), 50 µm (C–E).



[image: Diversity 15 00020 g003]







[image: Diversity 15 00020 g004 550] 





Figure 4. Uromunna mundongensis sp. n. holotype male: (A) right mandible; (B) left mandible; (C) labium; (D) pereopod 1; (E) maxilla. Scale bars = 50 µm (A–C), 100 µm (D,E). 
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Figure 5. Uromunna mundongensis sp. n. holotype male: (A) pereopod 3; (B) pereopod 4; (C) pereopod 5. Scale bar = 100 µm. 
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Figure 6. Uromunna mundongensis sp. n. holotype male: (A) pereopod 6; (B) pereopod 7. Scale bar = 100 µm. 
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Figure 7. Uromunna mundongensis sp. n. holotype male: (A) pleopod 1; (B) pleopod 2; (C) pleopod 3; (D) pleopod 4. Scale bar = 100 µm. 
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Figure 8. Uromunna mundongensis sp. n. paratype ovigerous female (MABIK CR00252868): (A) habitus; (B) pleotelson; (C) pletelson; (D) antennula. Scale bars = 100 µm (A–C), 50 µm (D). 
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Figure 9. Uromunna jejuensis sp. n. holotype male: (A) habitus; (B) pleonites 3–7; (C) pleotelson; (D) uropod; penial papillae. Scale bars = 100 µm (A–C,F), 50 µm (D,E). 
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Figure 10. Uromunna jejuensis sp. n. holotype male: (A) right mandible; (B) left mandible; (C) labium; (D) maxilliped; (E) maxillula; (F) maxilla. Scale bars = 50 µm. 
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Figure 11. Uromunna jejuensis sp. n. holotype male: (A) pereopod 1; (B) pereopod 2; (C) pereopod 3; (D) pereopod 4. Scale bars = 100 µm. 
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Figure 12. Uromunna jejuensis sp. n. holotype male: (A) pereopod 5; (B) pereopod 6. Scale bars = 100 µm. 
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Figure 13. Uromunna jejuensis sp. n. holotype male: (A) pleopod 1; (B) pleopod 2; (C) pleopod 3; (D) pleopod 4. Scale bars = 100 µm. 
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Figure 14. Uromunna jejuensis sp. n. paratype ovigerous female (MABIK CR00252872): (A) habitus; (B) pleotelson; (C) pleotelson; (D) uropod; (E) antennula. Scale bars = 100 µm(A–C), 50 µm (D,E). 
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Figure 15. Maximum-likelihood (ML) phylogram of COI sequences showing the phylogenetic relationships of U. mundongensis and U. jejuensis sp. n. Scale shows substitutions per site. Numbers above the branches represent bootstrap support. 
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Figure 16. Maximum-likelihood phylogram of 18S sequences showing the phylogenetic relationships of U. mundongensis and U. jejuensis sp. n. with related groups. The clade in the green rectangle indicates Munnidae. Scale shows substitutions per site. Numbers above the branches represent bootstrap support. 
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