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Here we analyze available recorded occurrences for species of Neotanaoidea, a deep-sea peracarid superfamily, in the frame of biogeographic bathyal, abyssal, and hadal provinces. In addition, we provide the first phylogeny based on molecular data for this group. Despite the existence of large knowledge gaps, the observed patterns reveal levels of connectivity across biogeographic provinces, oceans, and depths higher than initially expected for a superfamily consisting of relatively small deep-sea benthic invertebrates without a pelagic larval stage, and therefore hypothetically low mobility capabilities. We have detected neotanaid species with closely related populations across the Pacific Ocean or able to overpass a geographical barrier as significant as the Mid-Atlantic Ridge. Additionally, the molecular analyses expose the need for a taxonomic review of the four genera within Neotanaoidea. A search for better suited morphological and possibly ecological characters as diagnostic traits for genera and species should be undertaken, aiming at a better definition of the existing taxa and the description of new ones.
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1 Introduction

Neotanaidae Lang, 1956 is a deep-water family within Tanaidacea, represented by species with most charismatic males. They grow up larger than most tanaidaceans [although with some exceptions (e.g. Kudinova-Pasternak, 1975)], and are therefore considered the giants of this order (Gardiner, 1975; Larsen, 2005; Błażewicz-Paszkowycz et al., 2012), even when they are relatively small if compared to other invertebrates. They are distinguished by an exceedingly marked sexual dimorphism (Wolff, 1956; Gardiner, 1975) in addition to a set of unique morphological characteristics revealed by the females (Wi et al., 2015). Neotanaids lack eyes and the thoracic or spinning glands found in other tanaidaceans, they have antennules with seven or eight articles and antennae with nine, a mandible with strong and heavily calcified molars, well-developed maxillae with multiple specialized setae, an ischium is present in the chelipeds (although small and incomplete), and they count five pairs of pereopods, all of similar unspecialized “walking” type with a coxa present in all of them (e.g., Kakui et al., 2011 or Larsen et al., 2015, Figure 1A).




Figure 1 | Depth ranges for the currently accepted 51 species and 4 genera of the family Neotanaidae. The text colour of the species names groups them into the four genera: Carololangia, Herpotanais, Neotanais, and Venusticrus. Golden shades separate the genus Neotanais into the six “Gardiner groups” (Gardiner, 1975). (A) Male of a species of Neotatanis from the Sea of Okhotsk. (B) Part of the pleotelson of V. thor, redrawn from [Araújo-Silva et al. (2015), (fig. 5K)], to show the ventral attachment of the uropods, characteristic for the genus. (C) Carololangia plumata, only species of its genus, redrawn from [Gardiner (1975): (fig. 74, as C. mirabunda)], and (D) pleopod of Herpotanais kirkegaardi, with one ramus only, characteristic of the genus, redrawn from [Gardiner (1975): (fig. 88)].



Despite them being found in all oceans at depths starting at 223 m (Neotanais antarcticus Kussakin 1967, www.obis.org, last visited 02 Feb 2024), neotanaids are not as often collected from the oceanic floor as other tanaidaceans and much is still unknown about their distribution patterns, life history, or behavior. They form a relatively diverse family represented currently by a total of 51 species, distributed among four genera: Neotanais Beddard, 1886, Herpotanais Wolff, 1956, Carololangia Gardiner, 1975, and Venusticrus Gardiner, 1975. That means that, out of the 36 extant tanaidacean families currently recognized, neotanaids hold place 16 regarding the number of species. Of the four genera, Neotanais, which was described as one of the first tanaidaceans ever, is the genus with the largest number of species. It covers 44 of the 51 species in the family. Herpotanais and Venusticrus include two and four species respectively, whereas Carololangia remains to this date a monotypic genus (Figure 1). In addition to the number of species and genera, the taxonomical classification of the entire family has been updated as well. It has transitioned along history from been originally grouped together with all other tanaidaceans in one family within the isopods, to being currently placed as a single family within Neotanaoidea, one of three superfamilies in the suborder Tanaidomorpha (Kakui et al., 2011).

The genus Neotanais, originally placed in the family Tanaidae, at that time part of the order Isopoda, was erected by Beddard (1886a). The same year, Norman and Stebbing (1886) described three species, assigned to the genus Alaotanais (Norman and Stebbing, 1886), and placed them within Tanaidae as well. They considered Isopoda to be a subclass rather than an order though, indicating a lack of consensus for higher taxonomic ranks in the group back then. Genus Alaotanais was later synonymized with Neotanais, since Neotanais serratispinosus, one of the three species described by Norman and Stebbing (1886), was declared a junior synonym of N. americanus, the first species introduced by Beddard (Gardiner, 1975). In 1895, Tanaidacea appeared on a publication for the first time as a name with the rank of order (Hansen, 1895). Later, Hansen (1913) reported on the Danish Ingolf Expedition, which explored Greenland, Iceland, and the Faroe Islands waters, and recorded the collection of two neotanaid species, one of them previously undescribed. Nevertheless, Hansen did not yet deem necessary to establish a new family for the genus. That happened only after Lang studied details in antennules, antennae, and mouth parts of a few Neotanais species (Lang, 1956). He recognized the similarities and differences to other tanaidaceans and proposed a new system for the order, dividing it into five families (two of them new) separated in two suborders, based on the morphology of cephalothorax appendages, the number of oostegites in the marsupium, and the genital cones in males. Neotanaidae was accepted as a distinct group, at an intermediary position between what were at the time the families Apseudidae, Tanaidae and Paratanaidae. The particular placement of neotanaids among them, however, varied depending on the weight attributed by the different authors to the chosen set of morphological characters (Lauterbach, 1970; Gardiner, 1975; Sieg, 1980a; Sieg, 1984). Eventually, Sieg (1980b) found the differences between families larger than previously considered and replaced Lang’s two-suborder system with a classification consisting of four suborders, one of them being Neotanaidomorpha, elevating thus the rank for neotanaids. A revision of fossil tanaidaceans led to the addition of a fifth, extinct, superfamily (Schram et al., 1986). Suborder Neotanaidomorpha, however, suffered no change, until the taxonomic relationships within the order Tanaidacea were analyzed using molecular methods (Kakui et al., 2011). These phylogenetic analyses revealed that the relationships between some of the previously established suborders are closer than suggested by their ranks. These associations were supported by morphological characters as well, which warranted an amendment of the previous five-suborder classification. The classification established by Kakui et al. (2011) for extant tanaidaceans divides the group into two suborders, Apseudomorpha and Tanaidomorpha, which encompass apseudids, tanaids, paratanaids and neotanaids, accepted currently as superfamilies. Neotanaids are placed within suborder Tanaidomorpha as a superfamily composed of a single family. Some claim the suborder rank is still under debate (Larsen et al., 2015), nevertheless the two-suborder classification system for extant species is accepted as the current valid system at the World Register of Marine Species (WoRMS, http://www.marinespecies.org, last visited 02 Feb 2024). According to the most updated classification, Neotanaoidea is the only of the four superfamilies within Tanaidacea composed solely of deep-sea species. This makes it an important key for resolving the puzzle of colonization, diversity, and evolution of invertebrates in the ocean depths.

The genera within Neotanaidae can be distinguished by morphological characters, including the shape and size of pereopods and uropods, together with their setation or spines, the number of pleopod rami, the geometry of the pleoteson, or the number of articles for the antennae (Figure 1).

Gardiner (1975) established a key for the genera, although Araújo-Silva et al. (2015) provided a re-diagnosis for Venusticrus when describing V. thor and reassigning Neotanais rotermundiae Gardiner, 1975 to this genus as well. On the other hand, Larsen (1999) produced a key for the 30 species for which the female was known, out of the 37 species described at the time. The differences between species can be subtle and elusive. Rather than by a particular character, most species are identified by a combination, or a set of morphological features. Furthermore, identification can be challenging due to marked sexual dimorphism, differences among developmental (ontogenetic) stages, and the fact that deep-sea collections are usually low in numbers and in many cases one of the sexes or some stages remain unknown. Neotanaid species, similar to other deep-sea tanaidacenas, are usually described based on the female, since they are more common, and for more than a dozen the males are unknown. However, the opposite is true for N. magnificus Kudinova-Pasternak, 1972 and N. mesostenoceps Gardiner, 1975. They were described on the basis of a male specimen and the females remain unknown. In some cases, not all developmental stages are known either. The most notable example is N. hessleri Gardiner, 1975, known only from two mancas. These facts deliver additional compelling arguments for an integrative approach when tackling the study of the biodiversity, taxonomy, and ecology of the group, for which molecular data will be necessary. However, DNA fragments are available so far only for two of the 51 neotanaid species (GenBank, www.ncbi.nlm.nih.gov/genbank/, last visited 2 Feb 2024). Furthermore, only one of them, Venusticrus thor Araújo-Silva and Larsen, 2015, has been identified to specific level. The second taxon for which DNA sequences are available was simply identified as Neotanais sp. Additionally, one transcriptome is available for a taxon identified as Neotanais cf. kuroshio, included in a study on the silk proteins of tanaidaceans (Kakui et al., 2021).

Here we initiate an integrative-approach study of the singular deep-sea superfamily Neotanaoidea. Initially we analyze available records for occurrences of neotanaids worldwide to compare their distribution among bathyal and hadal oceanic biogeographic provinces. In addition, we are building the first molecular phylogeny for neotanaids, using material collected relatively recently and preserved in a way that allows for nucleic acids extraction and sequencing, in order to scope the magnitude of genetic diversity and connectivity across oceanic regions and ocean depths.




2 Materials and methods

In future mentions the following abbreviations will be used for DNA fragments: COI and H3 for the mitochondrial cytochrome c oxidase subunit I and the nuclear histone subunit 3 genes respectively, and 16s, 18s, and 28s for the mitochondrial 16s rRNA, and the nuclear 18s and 28s rRNA genes.

For the sampling campaigns from which the sequenceable material was obtained we will use in figures and tables the following abbreviations:

	AleB: AleutBio, in 2022, aboard the RV Sonne along the Aleutian Trench, led by the Senckenberg Gesellschaft für Naturforschung, Germany.

	Div3: Diva3, in 2009, latitudinal gradients of deep-sea biodiversity in the Atlantic, aboard the RV Meteor, German Centre of Marine Biodiversity (DZMB).

	IceA: IceAge, Icelandic marine animals: genetics and ecology, in 2011, aboard the RV Meteor, German Centre of Marine Biodiversity (DZMB).

	JPIO: JPI Oceans Ecological Aspects of Deep-Sea Mining, in 2015, aboard the RV Sonne at the Mn-nodule belt in the Clarion-Clipperton Zone (CCZ), Joint Programming Initiative Healthy and Productive Seas and Oceans.

	KaD: KanaDeep, in 2019 aboard L’Atalante, off New Caledonia, French National Museum of Natural History (MNHN) and Research Institute for Development (IRD).

	KuB: KuramBio, Kuril-Kamchatka Biodiversity studies, in 2012 and 2016, aboard the RV Sonne, German Ministry for Science and Education (BMBF) and Russian Scientific Foundation.

	Saya: MEIO1-Saya, Monaco Explorations Indian Ocean Expedition, Saya de Malha ecosystem, in 2022 aboard the SA Agulhas.

	SoB: SokhoBio, Sea of Okhost expedition, in 2015, aboard the Akademik M.A. Lavrentyev, German Ministry for Science and Education (BMBF) and Russian Scientific Foundation.

	VT: Vema-TRANSIT, in Dec 2014 – Jan 2015, aboard the RV Sonne, in the Vema Fracture are and the Puerto Rican Trench, GEOMAR Helmholtz-Zentrum für Ozeanforschung, Germany.



The abbreviations used for sampling gear are:

	AGT: Agassiz Trawl.

	BC: box corer.

	EBS: epibenthic sledge.





2.1 Analyses of the geographical and depth distributions for neotanaids

Data on occurrences for geographical distribution and depth for neotanaids were downloaded from OBIS (Ocean Biodiversity Information System, obis.org, March 2023). We checked for duplicates, updated the list with the most recently described species, and completed the information, when possible, with records from the literature. Most records correspond to the original species descriptions, and nearly half of the species have been reported only for the type location. Other entries can be traced back to digitally available museum collections, such as those for the natural history museums in London or the Smithsonian Institution in Washington DC. The information shown reflects only the occurrences for taxa identified to species level (Figures 2, 3). Out of the 635 records, about 70 occurrences correspond to unidentified neotanaids, simply identified as “Neotanais sp.” or “Neotanaidae”. Although only records from digitalized collections and published occurrences were available to us, the available data shed some light on the known geographical and depth distribution for members of the family.




Figure 2 | Map of the available occurrences for samples of Neotanaidae identified to the level of species, obtained from the Ocean Biodiversity Information System (www.obis.org) and curated to eliminate duplicates, and to add data from recent species descriptions and digitally available museum collections.






Figure 3 | Number of neotanaid species in the biogeographic provinces of the deep ocean floor (as proposed by Watling et al., 2013) for (A) bathyal, and (B) hadal provinces.



The distribution of neotanaid records was evaluated in the frame of the biogeographic provinces proposed by Watling et al. (2013) for the ocean floor. In order to do that, two layers with biogeographic provinces, kindly provided by Les Watling, were mapped together with the layer containing the occurrences for neotanaids and analyzed using QGIS 3.22.14 (newer versions available at http://qgis.org, last checked 31 Jan 2024). When defining these biogeographic provinces, Watling et al. (2013) excluded from their analyses regions within economic exclusive zones (EEZs) by discarding bathymetric data from layers above 800 m depth. For the evaluation of the neotanaid occurrences studied here it means that only 15 points could not be assigned to one of the provinces as described by Watling. Nevertheless, most of them belong to locations within the Gulf of Mexico or off Antarctica, and all of them could be manually assigned to a region. The layers provided did not include hadal provinces, since for these Watling et al. (2013) adopted the ones proposed by Belyaev (1989). For our case in particular, this had very little impact on the analyses of species among provinces again, since only 18 of the records were located in hadal zones, most of which could be easily attributed to well-known deep-sea trenches.




2.2 Molecular data

A collection of more than 320 neotanaid samples from all over the world were available to us at the University of Lodz, gathered from sampling campaigns carried out in the last 15 years, or from museum loans. The samples were visually examined and for every project they were roughly divided into morphogroups, for which sequencing attempts were made, targeting both mitochondrial (16s, COI) and nuclear markers (18s, 28s, H3). Tentative identifications of the specimens to species were made, however, are not included here. Additional morphological studies, beyond the scope of the current work, are ongoing, aiming at refining valid diagnostic characters and apomorphies to characterize potential new genera, and in some cases, when the available number of specimens allows, including morphometrics and species delimitation analyses, in order to distinguish members of species complexes. For the purposes of the present work, specimens used for molecular studies are identified to the level of genus, and given numeric identifications in combination with a code assigning them to the corresponding sampling campaign. Two of the analyzed specimens were loaned from the Victoria Museum in Melbourne, Australia, and are labelled “aus”. When necessary, also haplotypes are properly identified. This will make it possible to track the specimens used in this study, if future investigations should so require (Table 1; Figure 4; Supplementary Figures S1–S4). Genomic DNA was extracted using the Sherlock AX kit for DNA purification (A&A Biotechnology, Gdynia, Poland), following the instructions indicated for fresh tissue, although adding a step to re-hydrate the tissue in sterile water, before the lysis step. If the specimens were small (up to 1-2 mm), the whole animal was used in the extractions, but if the specimen was large enough and both chelipeds were available, one of them was dissected and used in the extraction. In some cases, if parts of the specimen were already damaged or detached, they were used for the DNA extraction instead. When possible, the specimens or the parts used in the extractions were recovered after the lysis step for future potential morphological analyses. The isolation protocol was slightly modified to increase the yield of extracted DNA: after the washing steps, when mixing the filtrates with DNA with the isopropanol solution, instead of continuing right away with the next step, the mix was incubated at -20°C for a few hours (usually overnight). The DNA was resuspended in the TE buffer provided with the kit.


Table 1 | Specimens used for the phylogenetic analyses of the superfamily Neotanaoidea.






Figure 4 | Phylogeny of Neotanaoidea (best tree) inferred from Maximum Likelihood analysis (RAxML) of concatenated 1360 bp long sequences including fragments of the mitochondrial COI (656 bp) and 16S (375 bp), and the nuclear H3 (329 bp) genes. Bootstrap values (5000 bp with bootstopping) are shown when higher than 50%. Taxa are identified to the level of genus, to species for Venusticrus thor, the only neotanaid species with genetic data previously available on GenBank. For tracking down of the corresponding specimens, the abbreviation of the corresponding sampling campaign or museum lending the material (see Material and Methods) is added. When necessary, the haplotypes are identified with the abbreviation HT and assigning them a number. Locations for the sampling campaigns are indicated on the included world map.



Polymerase chain reactions (PCRs) were performed following the recommendations of the polymerase’s manufacturer (DreamTaqTM Green DNA polymerase, Thermo-Fisher Scientific, Waltham, MA, USA, and AccuStart II PCR SuperMix, QuantaBio, Beverly, MA, USA). The fragments targeted were the mitochondrial COI and 16s, as well as the nuclear 18s, 28s and H3 genes. For COI we used primers LCOI-1490 and HCOI-2198 (Folmer et al., 1994), and their degenerated forms designed by Astrin and Stüben (2008) (LCOI1490-JJ and HCOI2198-JJ), and by Lobo et al. (2013) (LoboF1 and LoboR1). For 16s we used primers Ft_amp and Rt2_amp, designed for amphipods (Lörz et al., 2018), but that have proven successful also for their use with neotanaids. Some fragments for 18s, 28s, and H3 could be obtained using primers 18s 4F and 18s 2R (Pitz and Sierwald, 2010) or SSU_F04 and SSU_R22 (Blaxter et al., 1998), 28sA and 28sB (Taylor et al., 1999), and Hex3AF and Hex3AR (Svenson and Whiting, 2004) respectively. The PCR conditions for amplifying COI and 28s sequences followed the protocol indicated by Hou et al. (2007) for COI. The settings for 16s and H3 fragments included an initial 5 min activation at 95°C, followed by 36 cycles of 30 s at 95°C, 60 s at 48°C, 60 s at 72°C, and a final 5 min extension at 72°C. The PCR conditions for 18s were similar to those for 16s, but with an annealing temperature of 54°C and an extension time of 120 s. A 2-μl aliquot of the PCR product was visualized in a Midori Green-stained (Nippon Genetics) 1.5% -agarose gel to verify its quality and length and consequently 5 μl of PCR products were cleaned using a combination of 0.1 μl Exonuclease I (0.1 μl) and 1 μl Fast Polar-BAP Thermosensitive Alkaline Phosphatase (EURx Sp.z o.o., Gdansk, Poland), diluted with 1.9 μl water for reactions following a standard protocol including 15 min incubation at 37°C and 15 min inactivation at 85°C. The cleaned PCR products with the appropriate primers were sent for sequencing at Macrogen Europe (Amsterdam, Netherlands).  The obtained sequences were assembled and manually edited, when necessary, with Geneious Prime® 2023.2.1 (Biomatters Ltd., Boston, MA, USA). To reduce the chances of including pseudogenes or contaminated fragments in the analyses, the obtained sequences were compared with those available on GenBank using the BLASTn suite (Basic Local Alignment Search Tool, Altschul et al. 1990). Preliminary alignments for the 16s, COI and H3 sequences were assembled, including the apseudomorphan Carpoapseudes varindex Bamber, 2007 as an outgroup, and subsequently concatenated into one final alignment with BioEdit 7.1.3.0 (Hall, 1999). An additional concatenated alignment was built with the two mitochondrial genes. The number of sequences successfully obtained for the other two nuclear genes, 18s and 28s, was very low, and were therefore not included in the concatenated alignment. Nevertheless, the combinations of 16s, COI and H3, and of 16s and COI, have shown enough resolution for the identification of neotanaids to specific level, with the possibility for further studies on the relationships among neotanaids in the future, when more sequences will be available for comparison and additional taxa can be included in the analyses.

Prior to the concatenation, the 16s alignment was tested for accuracy with MUSCLE (Multiple Sequence Comparison by Log-Expectation; Edgar, 2004) using the online tool made available by the European Bioinformatics Institute (www.ebi.ac.uk, last visited 29th Jan 2024). Poorly aligned positions were identified with Gblocks v. 0.91b (Castresana, 2000) using the online tool on http://www.phylogeny.fr/index.cgi (Dereeper et al., 2008, last visited 29th Jan 2024) allowing all three categories for choosing a less stringent selection. This was not necessary for the COI or the H3 alignments, as the alignments had no gaps.

The resulting concatenated alignment had a total sequence length of 1357 bp, for which 656 bp corresponded to COI, 375 bp to 16s and 329 bp to H3. This alignment, the concatenated alignment of both mitochondrial genes, as well as the alignments for the individual genes were submitted to the Cyberinfrastructure for Phylogenetic Research (CIPRES) web portal (www.phylo.org, last visited 19th Nov 2023) for Model test of the individual gene alignments (jModelTest2 on XSEDE, Darriba et al., 2012) and Randomized Accelerated Maximum Likelihood (RAxML) analyses (Stamatakis et al., 2008) using the RAxML-NG tool with 5000 bootstraps, although using autoMRE with a cutoff of 0.3 for bootstopping, choosing the “All-in-One” option, indicating the outgroup and the partition. The best models resulting from the model tests, and subsequently indicated in the partition, were HKY+I+G for COI, TIM2+G for 16s and K80+I+G for H3. The resulting trees from the RAxML analyses were visualized and analyzed with Mega 11.0.11 (Tamura et al., 2021). The obtained tree files were edited with Microsoft PowerPoint (Microsoft Office 2019) and Corel Photo-Paint (Home & Student 2018, v. 20.0.0.633). The fragments resulting from these Sanger sequencing efforts have been accessioned to GenBank (Table 1). The corresponding sequences will be updated in a near future in order to add the identification of the specimens to species, once associated morphological and morphometric studies, discussed in upcoming papers, make it possible. Furthermore, the studied specimens will be deposited at a museum, the Senckenberg Museum in Germany for samples associated with German projects or the National Museum of Natural History in France for samples from projects funded by French and Monegasque agencies, where they will be properly catalogued and linked accordingly to their GenBank accession numbers.

In addition to the phylogenetic analyses, genetic distances were calculated for the COI sequences. The fragments were trimmed to the length of the shortest sequence (507 bp) and the genetic distances were obtained using DNADIST version 3.5c (copyright 1986-1993 by Joseph Felsenstein and the University of Washington) on BioEdit 7.1.3.0 (Hall, 1999).





3 Results



3.1 Biogeographic patterns

The map (Figure 2) shows the world distribution of the current records for neotanaid samples. We have counted a total of 565 individual occurrences for neotanaid samples identified to species. Of these occurrences, 410 are located in the North Atlantic.

Mapping the occurrences for neotanaid species together with the layers provided by Watling et al. (2013) with the bathyal and abyssal biogeographic provinces for the deep-sea floor allowed us to assign a province to a large majority of our records. Of the 565 individual records, only 36 did not match any of these bathyal or abyssal biogeographic provinces. These 36 records correspond for the most part to locations where neotanaids were collected from waters 6156 m deep or more (18 occurrences) and from waters 676 m deep or less (15 occurrences). The records from the deepest waters represent collections resulting from the exploration of deep-sea trenches (Puerto Rican trench 11 records, Kermadec Trench three records, South Sandwich Trench two records, Mariana Trench one record, all deeper than 7150 m) and from the North Pacific, off Honshu, Japan (one record). The occurrences from shallower waters were recorded in the Gulf of Mexico (six records), the Antarctic (four records), off the coast of Pernambuco, Recife (three records), the straits of Florida (one record) and off Valentia, southwest of Ireland (one record). In addition, three occurrences did not fall into any of biogeographic provinces as described by Watling et al. (2013), although their depths were within the bathyal or the abyssal range: one location off the Falkland Islands at -1105 m, one off Antarctica at -2920 m, and one location west of Nicaragua at -3777 – -3950 m.

Neotanaids have been recorded in all but in two of the 14 bathyal biogeographic provinces (Figure 3A). Figure 3 shows the number of neotanaid species present in each of these provinces. The North Atlantic is, with 16 species, the province that hosts the most species, followed by far by the Northern North Atlantic, where seven neotanaid species are present. In a bathyal province usually two to five species can be found. In the West Pacific province and the south east Pacific ridges, on the other hand, only one neotanaid taxon is present, whereas in the Arctic and the South Pacific provinces, no neotanaid has been recorded.

The distribution of neotanaid species among the 14 abyssal biogeographic provinces (Figure 3B) shows to some extent a similar picture. The North Atlantic province displays again the highest diversity in terms of number of neotanaid species. Whereas the highest number for neotanaid species present in an abyssal province is four or five, the North Atlantic hosts 13 species. It is followed in numbers by the East Pacific Basins with seven. For the abyssal provinces, the Antarctic is divided into East Antarctic Indian and West Antarctic. While the East Antarctic Indian province shows also a high diversity with seven neotanaid species, only one can be found in the West Antarctic. Similar as for bathyal provinces, in the case of the abyssal biogeographic provinces, no neotanaid is reported for the Arctic. Neither for the Brazil or the West Pacific Basins could any collection occurrences be found.

When considering the distribution of neotanaids among the biogeographic provinces, we observed that most species have been found in only one province, no matter if deep-bathyal, abyssal, hadal, or shallower than 800 m (Figure 5). Of the 51 known species, 24 have been reported in only one province, while only six species have been reported for five or more provinces. The most widespread neotanaid species in terms of their presence in a variety of biogeographic provinces are Neotanais americanus and Neotanais armiger Wolff, 1956. They are present in eight provinces, when adding together their distribution considering depth as well as coordinates.




Figure 5 | Number of the 51 current neotanaid species that are present in one or two biogeographic provinces of the deep ocean floor (as proposed by Watling et al., 2003) and number of species that are more widespread (present in 3, 4, or more provinces).






3.2 Phylogenetics

A total of 69 neotanaid specimens were considered for DNA extraction. When available, adults were used, although in some cases juvenile mancas were subjected to molecular analyses for the purpose of confirming identification, or to extend the geographical coverage of the study. In 13 cases out of these 69 DNA extractions no DNA fragment could be successfully obtained. The most successful were PCRs targeting 16s, for which high-quality fragments were obtained for 44 specimens, followed by COI with 39 fragments, and H3 with 30 fragments. For 18s and 28s only 13 and 19 high-quality sequences respectively were obtained. In the final alignments, only sequences representing unique haplotypes were included. In addition, only those sequences were taken into account for which at least two of the three genes were available, so that robust comparisons between the different alignments were possible. That resulted in a final number of 28 sequences included in the alignments for COI, 27 sequences for 16s, and 16 sequences for H3 (Table 1).

Of these 28 studied specimens, five were identified as belonging to the genus Venusticrus and all others to Neotanais. No representatives of Herpotanais were available to us, and, although we had access to catalogued samples of Carololangia plumata (Kudinova-Pasternak, 1975) from the Natural History Museum in London and the National Museum of Natural History in Paris, several PCR attempts failed and no quality molecular data could be produced for this species. After comparison of the obtained sequences with the publicly available fragments on GenBank, two of the specimens could be identified as Venusticrus thor, which was in agreement with the tentative morphological identification.

None of the five phylogenies built, based on the analyses with the two different combinations of genes (concatenation of COI, 16s and H3, Figure 4, and concatenation of COI and 16s, Supplementary Figure S1) or on the alignments of the individual genes (Supplementary Figures S2–S4 for COI, 16s, and H3 in that order), resulted in either of the two represented genera showing as monophyletic. In the case of Venusticrus, of the three included species only two, Venusticrus thor and Venusticrus species from the North Atlantic, grouped together as a highly supported clade (no support in the COI phylogeny, Supplementary Figure S2), whereas the Venusticrus sp. from the Atlantic tropical area, just south of the Equator, is included in clades with Neotanais species, although never with any relevant support values. Regarding the genus Neotanais, the included specimens grouped into up to five well supported clades, the largest one including Neotanais sp. 1–6, always with very high support values (94% or higher), followed in size by a clade formed by Neotanais sp. 7 – 10, although this one with lower support values (no higher than 72%). Neotanais sp. 11 and Neotanais sp. 12 always grouped together, but with low support (no higher than 58%), same for Neotanais sp. 13 and Neotanais sp. 14, in this case with relatively high support values (as high as 86%). Additionally, Neotanais sp. 16–18 built also a highly supported clade. On the other hand, Neotanais sp. 15, represented by two specimens loaned from the Museum Victoria in Melbourne, Australia, was never included in a highly supported clade grouping it to any other neotanaid species included in the analyses.

The two phylogenies based on the two concatenated alignments, one including only the mitochondrial genes and the other one analyzing additionally the available H3 fragments, were very similar, showing the same major clade formation, and differing mainly in the support values and the genetic distances. In general, the built clades showed slightly better support in the phylogeny based on all three genes than when dropping H3. The same tendency is observed when comparing to the phylogeny based on COI only: similar clades were built, although with, once again, slightly lower support values. In some cases, the internal clade formation of the major six clades changed to a small extent. However, for most instances, those internal clades showed low support values. Likewise, the phylogeny based on 16s only, showed a similar main clade formation. In this case, however, some more obvious differences were observed. Unlike in the previous tree, in the 16s phylogeny Neotanais sp. 7-8 and Neotanais sp. 9-10 did not group together into a well-supported clade, but split instead into the two internal clades, both with high support values. Additionally, and since no 16s fragment was available for Neotanais sp. 12, the corresponding clade formation with Neotanais sp. 11 resolved in the other phylogenies could not be analyzed here. The phylogeny built based on H3 only revealed a low resolution power for this gene. Only three clades grouping different species together showed support values higher than 50%, the highest been for a clade formed by the two north Atlantic species of Venusticrus.




3.3 Phylogenetics within biogeographic and bathymetric frames

When examining the phylogenies built within a biogeographic frame, of the six well-supported clades observed, only one brings together species from one single ocean, namely the clade composed of Neotanais sp. 7–10, all from the Pacific, but that fit into three different biogeographic provinces according to Watling et al. (2013) distribution. Neotanais sp. 7 was collected at the Aleutian Trench from more than 6500 m deep, Neotanais sp. 8 and 10 in the abyssal North Pacific, and Neotanais sp. 9 in the abyssal Central Pacific provinces. All other five highly supported clades combining different neotanaid species are grouping together specimens from distant regions, including species from different oceans.

Regarding the depths from where the specimens were collected, of the six highly supported main clades only two are formed of species from only one depth zone: the clade with only two species, Neotanais sp. 11 and 12, encompasses only abyssal specimens, and the clade formed of the three bathyal species Neotanais sp. 16–18. On the other hand, in the clade assembling species Neotanais sp. 1–6, we find the two extremes of Neotanais sp. 6, collected during an epibenthic sled tow starting at a depth of 1588 m and finishing at 1626 m, grouped together with Neotanais sp. 3, collected from waters deeper than 8300 m at the Puerto Rican Trench.

Table 2 shows the genetic distances for the 507 bp-long COI fragments between all 29 specimens included in the phylogenetic analyses (28 neotanaids and one apseudomorphan outgroup). The largest genetic distance between neotanaid specimens corresponds to that between Neotanais sp. 14 from Icelandic waters (IceA) and Neotanais sp. 1 haplotypes collected in the North Pacific, off Alaska (AleB), and in the Sea of Okhotsk (SoB) with 0.347, whereas the smallest genetic distances shown correspond to those between haplotypes of what are here considered specimens of the same species, Venustricus thor collected in the Kuril-Kamchatka Trench (KuB) and the Clarion-Clipperton Zone (JPIO) with 0.047, Neotanais sp. 1 haplotypes (AleutB and SoB), values between 0.00 and 0.087, Venusticrus sp. collected in the North Atlantic (VT), from the Puerto Rican Trench and the Vema Fracture with 0.002, and the two specimens from the Museum Victoria in Melbourne, with 0.0806. The smallest genetic distance observed for neotanaid specimens considered here as belonging to different species is 0.117, the distance between Neotanais sp. 9 (JPIO) and Neotanais sp. 10 (KuB).


Table 2 | Genetic distances matrix for COI sequences (507 bp) for the specimens included in this study.







4 Discussion and conclusions



4.1 Discovering neotanaid species

The family Neotanaidae Lang, 1956 presents a great opportunity to illustrate the exploration of the deep-sea and the study of its biodiversity. The first species of the group, Neotanais americanus Beddard, 1886, was collected in 1873 and 1876 during the historical HSM Challenger expeditions off American Atlantic coasts (Beddard, 1886a, b). Its description was based on only two specimens, two 6-mm long males, one of which was collected SE of New York, and the other off Río de la Plata. That publication was followed shortly after by the report of two more species, N. hastiger Norman and Stebbing, 1886 and N. laevispinosus Norman and Stebbing, 1886, originally described as members of the genus Alaotanais, now a junior synonym for Neotanais Beddard, 1886. Both species were collected 1869 and 1875 from Northeast Atlantic waters during British Expeditions aboard the HSM Valorous and the HSM Porcupine (Norman and Stebbing, 1886). After this promising start, however, for the next seven decades only one more neotanaid, Neotanais giganteus Hansen, 1913, was described (Hansen, 1913). Six more species were reported after a 43-years gap from the previous description (Wolff, 1956), as a result of the study of the collections from the Danish Galathea Expedition (1950–1952). Since then, however, a slow but steady trickling income of new species are being added to the family, found not only in the Atlantic Ocean but around the world, due to the increasing number of oceanic expeditions and the exploration of the deep-sea accelerating in the second half of the last century (e.g. Koslow, 2007; Thaler and Amon, 2019). The steepest increase in the number of neotanaid species up to this date took place in the 1970s, when Kudinova-Pasternak studied material collected mostly, although not exclusively, during Soviet expeditions in a variety of oceanic regions, including North Pacific bathyal provinces, the Pacific and South Atlantic abyssal zones, and specimens from the newly discovered deepest trenches and Antarctic waters (Kudinova-Pasternak, 1970; 1972; Kudinova-Pasternak 1973a; b; 1975; 1978). In addition, Gardiner published in 1975 a major revision of the family Neotanaidae, as part of his studying material collected in the 1960s aboard ships of the Woods Hole Oceanographic Institution. Gardiner (1975) erected two new neotanaid genera as well, bringing it to the current number of four. Despite the amount of information contributed up to this point, many questions on the taxonomy, systematics and ecology of the group remained open.

It was not until the beginning of this century that a new update in the study of neotanaids and their diversity was tackled. Larsen studied the deep-sea tanaids from the Gulf of Mexico, what led, among other results, to the publication of an extensive monograph on the biology, ecology and taxonomy of deep-sea tanaids (Larsen, 2005). These four authors together, Wolff, Gardiner, Kudinova-Pasternak and Larsen, are responsible for the description of two-thirds of the known 51 neotanaid species to date (Figure 1).

Here we have been able to detect at least 21 species, based mainly on molecular data, combined with morphological examinations for a limited number of specimens. The majority of them belong to already known species. Nevertheless, a few probably represent complexes of species that are similar morphologically, but separated due to ecological or biogeographic factors, such as dispersal abilities, currents, or other physical barriers. Establishing the extent of such separations will require studies including more specimens, to allow for species delimitation analyses, morphometrics, or ecological modelling. In some cases, the number of required specimens are readily available to us, whereas for other species, further sampling would be necessary. (See below, under 4.4. Genetic diversity and connectivity for neotanaids, for additional discussion points on the matter).




4.2 Ecology of neotanaids

Similarly to many deep-sea taxa, ecological information on individual neotanaid species is scarce, as many of them are collected from benthic and epibenthic dredge and sled or box core samples, mostly in low numbers, and therefore with little possibility to record information on habitat, lifestyle, feeding habits or social and reproductive behavior. Their small size limits the number of collecting devices that can be deployed. It also imposes a very restrictive approach when it comes to material handling and preservation. Therefore, most ecological data had to be inferred from morphological characteristics (e.g. the development of walking or swimming appendages, the absence of glands for the building of tubes, or the shape, size, or setation of mouth appendages) and from indirect observations, such as gut contents. Their lack of eyes clears any doubt of this family radiating in the deep-sea. So far, no neotanaid has been reported from depths above 200 m (Gardiner, 1975; Figure 1), not even in polar regions, possibly ruling out a depth distribution associated with water temperature rather than with depth. Whether or not the distribution of neotanaids is subjected to polar emergence should be investigated once sufficient data on depth, salinity, and temperature for the collection stations can be assembled. On the other end of the depth range, Neotanais hadalis Wolff, 1956 was described based on four specimens collected from a depth of 8210 m at the Kermadec Trench, northeast of New Zealand, whereas N. persephone Messing, 1977 was collected from the Puerto Rican Trench from 8381 m deep waters. These are two of the deepest records for neotanaids up to date. A few other species have been collected from waters deeper than 7000 m, however, most commonly occurrences for neotanaids are found at depths 1000–5000 m (Figure 1). Nevertheless, it should be pointed out that this might not reflect the actual depth distribution for the group, but rather indicate the allocation of sampling efforts for deep-sea expeditions.




4.3 Biogeographic distribution of neotanaids

The distribution of the occurrences for neotanaids, with an overwhelming majority located in the North Atlantic, reveals the strong asymmetry in the historic exploration of deep-sea biodiversity (Figures 2, 3). Many of these North Atlantic samples can be traced back to the activity of the Woods Hole Oceanographic Institution and the British Natural History Museum, where some of the efforts toward the study of the deep-sea were promoted with periodical transects and repeated cruises for the collections and study of material in relatively close areas off their respective coasts. It is even possible to find some of these locations labelled as “permanent station”, quotation marks included, beautifully hand-written on the pages of the paper catalogue for the crustacean collection of the British Museum of Natural History (e.g. https://data.nhm.ac.uk/media/738536fd-9ec3-426a-b477-09ef60ed1a57) Natural History Museum (2014). The North Atlantic biogeographic provinces, both bathyal and abyssal, host much larger numbers of neotanaid species than any other province, even when some other regions are better known as biodiversity hotspots (Costello et al., 2022). One could almost say that some oceanic regions seem to have been forgotten. The complete lack of records for neotanaids from the Arctic Ocean, or the extremely low numbers of occurrences in the South Atlantic are puzzling, indicating how perhaps more remote or hard-to-access locations remain unexplored. Since scientific exploration and knowledge go hand in hand with technological advance and economic progress, we would expect that additional regions will gain more attention in the future, especially if accompanied by an increase in international collaboration in scientific projects. Most likely, when other oceanic areas are explored to the same extent as the North Atlantic has historically been studied, the levels of biodiversity for the deep-sea will increase exponentially, probably not only for neotanaids, but for marine fauna in general.

Therefore, looking into the known distribution of neotanaids from the perspective of the individual species and how widespread they are, needs to be done with care. The examined records show that of the 51 neotanaid species, 24 can be found in only one biogeographic province (Figure 5). It is necessary to remember, however, that many of them are still known only from the type collection. According to the available records, 27 have been so far reported only in the original species description and for 15 of them only a single collection station was indicated. The study of deep-sea fauna remains in the discovery phase (e.g. Webb et al., 2010; Paulus, 2021), with large gaps and scarce data for marine invertebrates (Tittensor et al., 2010), and many deep-sea species remain undescribed (Ramírez-Llodra et al., 2010). It could be suspected that at such a young stage in the study of deep-sea fauna there will be a correlation between the number of times a taxon has been reported and the amount of time for how long that species has been known. Nevertheless, the data do not offer an unequivocal answer regarding such hypothesis. For Neotanais americanus, the species described the longest ago, there are relatively many occurrences (50). However, for N. giganteus, described already in 1913, we have only 10 records. Whether the differences among the occurrences for neotanaid species can be explained through sample bias, or if they reflect to some extent the differences in their levels of rarity and endemism, will require a deeper knowledge on their ecology and life strategies, in addition to exploring a larger portion of the sea floor than what has been covered so far. Sampling effort, method of collections chosen in deep-sea expeditions, and definitely pure chance most likely play a part in the numbers and current known distribution for neotanaid species. The number of records for the species were also plotted against the number of biogeographic provinces in which they are present (Figure 6). The chances of a species being found in more than one region should increase if that species is recorded more often. The plot on Figure 6 shows that tendency, although there are some outliers. Neotanais giganteus and N. hadalis have been reported only 11 times each, but at locations that span over five and seven biogeographic provinces respectively. Moreover, their distributions extend across two oceans (Atlantic, Indian) for N. giganteus and three oceans (Atlantic, Antarctic, Indian) for N. hadalis. One of the other most widespread species, N. antarcticus, is, with only 12 records, present in six provinces. These are, however, all located within the Antarctic Ocean or adjacent regions (Subantartic, Falklands). The data for Carololangia plumata include 12 records distributed across six biogeographic provinces located in three oceans (Atlantic, Antarctic, Indian). However, cases in the opposite direction can also be observed, for which species with a relatively high number of occurrences show a more limited distribution: Neotanais micromopher, the neotanaid with the most occurrences reported (89), is present in three biogeographic provinces, all of them in the Atlantic Ocean. Similarly, N. peculiaris, has been reported 38 times, but always from the bathyal North Atlantic (37 records) and the bathyal Northern North Atlantic (one record only) provinces.




Figure 6 | Plot of the relationship between the number of records for species and how widespread they are according to the number of biogeographic provinces where they have been recorded.



Additional data and studies are necessary to separate sampling artifacts from evolutionary and ecological factors that can help us explain neotanaid biodiversity and distribution. One of those factors will be certainly depth. The number of provinces in which a neotanaid species is present will depend to some extent on its depth range and whether or not it is capable of occupying habitats in different zones. The depth ranges for neotanaids (Figure 1) show a rather large variability, with some species displaying a range restricted to the bathyal zone, but others having a very wide range, reaching from the upper-bathyal into the abyssal zones, some even into hadal depths. The two species with a widest depth range are N. armiger, with depths records from 600 to 6100 m depth, and N. hadalis, with records between 2270 and 8120 m. Such wide depth ranges and widespread distributions are unusual for marine fauna with limited dispersal abilities, as is the case for neotanaids with their lifestyle of brooding and walking benthic organisms. Further studies of already existing as well as of new collections will most probably lead to the description of new species, as some of those wide ranges and distributions could be explained by the fact that they might not be a single species, but rather a species complex of cryptic species, morphologically similar in appearance but with different physiological and ecological characters. In order to reveal these potential cryptic species, specimens with similar morphologies, but from different depths need to be included in species delimitation analyses. Ideally, these should be complemented with morphometric studies. Of special interests are the species whose depth ranges span over both, bathyal and abyssal depths. A high species turnover characterizes the transition between bathyal and abyssal fauna, related to a physiological bottleneck that requires adaptation for species to adapt to higher hydrostatic pressure (Brown and Thatje, 2014). These adaptations have been associated with the ability of membrane-folding proteins to withstand the increasing loss of membrane fluidity with increasing hydrostatic pressure past that threshold (Yancey, 2020) and including specimens from both sides of that potential physiological barrier could help detect if these adaptations translate into the formation of complexes of different species separated by depth.

The discovery of such species complexes would lead to the establishment of yet-to-be described genera as well, due to both, the placement of known species into currently undescribed taxa and because of the description of genera for newly discovered species. Gardiner (1975) established already six subgroups for 23 species of Neotanais based on morphological similarities among the members of each group. Some of the species described since then show characters matching features corresponding to one of these groups (Larsen and Hansknecht, 2003; Wi et al., 2014; Wi et al., 2015). These groups are indicated on Figure 1 with an intercalated shade-light pattern superimposed on the species of genus Neotanais (yellow rectangle) labelled with their corresponding names, and to the right of these groups, the remaining ungrouped 26 species, in ordered of their depth range, from shallowest, N. minimus, to deepest, N. persephone. The features characterizing some of these groups have potential as diagnostic characters for possible undescribed genera. For example, the species in the micromopher group are distinguished by having rectangular wider-than-long pereonites 4-6, a very short pleotelson fused to pleonite 5, long, slender, ventral cheliped carpal setae, and, for the males, slender and not sharply bent chelipedal carpi (Gardiner, 1975). However, for other groups it could be problematic. For instance, the americanus group, is, in Gardiner’s own words “noted for a lack of distinctive morphologic features compared to other groups” (Gardiner, 1975; page 43). Something similar can be observed when looking into the depth ranges within the groups. In some groups, for example the americanus group, the depth ranges are quite similar for all the species, but in others, such as the hadalis group or the robustus group, there is little consistency. On the same note, the depth ranges for species within Herpotanais and Venusticrus, especially the latter, display rather similar values, indicating that this ecological character could represent further support for the morphological characters defining genera in Neotanaidae.

Additional study of these groups should reveal if such characteristics can support their elevation to genus rank. This task will be facilitated by the implementation of an integrative approach, taking advantage of morphology, physiology, ecology, and molecular data.




4.4 Genetic diversity and connectivity for neotanaids

The phylogenies built for Neotanaidae were somewhat limited in their coverage, since they only included two of the four current genera and 21 species, while there are 51 recognized species in the family. The specimens included in the phylogenetic analyses were divided into species based on a combination of criteria, including tentative morphological identifications, biogeographic distances, or the results of the molecular analyses themselves. Some of those divisions might change in the future, when more specimens are available for further research, such as species delimitation analyses, and when ongoing morphological studies can be completed. These will allow us to establish further taxonomic assignments, discern which ones are valid species, or which rather represent species complexes, in addition to detecting new species as well as potential synonymies. For example, the genetic distance between the two haplotypes of Neotanais sp. 15, from the southeast coasts of Australia (Table 2), indicates that despite their morphological and geographic similarities, they might belong into different species. Another interesting study case is offered by Neotanais sp. 1, collected in the North Pacific in both, eastern and western areas. This species belongs to the N. americanus-sandersi-laevispinosus complex, three taxa already pointed out as “sibling species” by Gardiner (1975) and whose further investigation could result in them been appointed as populations of the same species, segregated by geographic distance or possibly depth. Neotanaids are usually collected in very low numbers, which hinders population studies. In this case, however, we are fortunate to have access to material from several locations in the North Pacific, allowing for our upcoming study on the genetic connectivity of populations of this species across the region.

Despite the limited coverage of the phylogenetic analyses, we can conclude that the generic assignments within Neotanaidae is in need of a thorough revision. This was not unexpected for genus Neotanais, historically the first genus, including 44 species, a large majority of neotanaids. Nevertheless, this is striking for the second genus included in the analyses, genus Venusticrus. There are four recognized species within that genus and it has recently been the subject of a revision, including a re-diagnosis of its morphological characters, the main diagnostic trait being a uropod ventrally attached to the telson (Figure 1B), as opposed to laterally or dorsally, as in other neotanaids. We were able to include three species of Venusticrus in our alignments, and in none of the phylogenies these three species formed a monophyletic clade. One of the specimens, labelled here Venusticrus sp. Div3 and that probably belongs to V. glandurus Gardiner, 1975, the type species of the genus, was never part of a well-supported clade with any of the other species included. Morphological re-examinations will be necessary to re-evaluate which characters can represent true diagnostic features, and what weights should be attributed to them for the purpose of assigning taxonomic identities, at generic, as well at specific levels. Furthermore, additional molecular analyses should be undertaken, in an effort to increase the number of taxa included at all levels, population, species and genus, to achieve better resolution and robustness in the analyses.

The increase in the studied specimens should also aim at providing a better picture of the connectivity of neotanaids across biogeographic regions and oceans. Our molecular analyses indicate that the evolutionary processes shaping the diversity and biogeography of neotanaid species might not be as confined as initially assumed, considering the frame of a small deep-sea benthic invertebrate with, in theory, limited dispersal abilities. Our observations reveal that, at least some, neotanaid species are able to travel relatively long distances. As an example, specimens from the Aleutian Trench in the eastern East Pacific are closely related to what seem to be conspecific populations from the Sea of Okhotsk, in the western North Pacific (Figure 4, Neotanais sp. 1). A similar case can be made for samples found in the North Atlantic, where two specimens, one collected east of the Mid-Atlantic Ridge, east of the Vema fracture, and another one from the Puerto Rican Trench, display nearly identical haplotypes (Figure 4, Venusticrus VT). In the latter case, the high genetic connectivity of the populations takes place not only across large distances, overpassing a hypothetically substantial geographical barrier, but also along a wide depth gradient, as one of the samples was collected from as deep as 8340 m and the other one from about 5100 m. Such high connectivity across large distances is not observed in other deep-sea tanaidaceans. For instance, Jakiel et al. (2019) observed spatial structure of the species of family Pseudotanaidae collected in different regions of the Clarion-Cliperton Fracture Zone (CCFZ), in correlation with geographical barriers, such as fractures and seamount chains crossing the CCFZ and separating the sampled areas. Similarly, diversity studies with other peracarids also in the CCFZ, namely deep-sea isopods, showed that, although a large proportion of species have rather restricted distributions, some could be found in areas as far from each other as 5000 km (Kaiser et al., 2023 and references therein). Nevertheless, some deep-sea isopods are known to be good swimmers, and display different types of swimming behavior (see for ex. Marshall and Diebel, 1995). In fact, distribution patterns in abyssal isopods have been linked to the locomotion abilities of adult stages for four families (Brix et al., 2020). Whether or not the findings on neotanaid connectivity across biogeographic provinces and depths, can be linked as well to behavioral or physiological patterns can only be determined once enough information on their ecology is available.

From our survey of what is known so far about the distribution and biogeography of neotanaid species, together with a first phylogeny based on molecular data for the family, we have been able to gather new insights on the diversity and genetic connectivity patterns of the group. Nevertheless, we also have opened new questions that can only be adequately answered after assembling new data. Much of the sea-floor remains unexplored, with big gaps for some large and important regions. The search for scientific knowledge is motivated mostly by short- to mid-term commercial interests, and the deep-sea is no exception. The deep-sea floor is screened for economically valuable resources and new ways of gaining power, and the study of biodiversity is often simply the means to justify such enterprises or the result of a need to find an urgent solution for a problem, generated by our ways of exploiting natural resources in unsustainable ways. Many times the search for long-term effects of our actions on natural ecosystems or for a big-picture understanding of natural processes is neglected. The records or occurrences and the available samples for neotanaids are biased towards the northern hemisphere, in addition to areas that have been historically considered of economic or strategical interest. Only if we close the existing large knowledge gaps, will we be able to develop a clear picture of the processes that shape marine biodiversity and only then will we have the ability to properly protect marine ecosystems.






Data availability statement

The genetic data produced for this study have been made publicly available by accessioning them to GenBank, with the accession numbers indicated in Table 1.





Ethics statement

This study was conducted in accordance with local legislations and insitutional requirements, as part of a project approved by Poland National Science Centre. For the collection of specimens appropriate permits were issued.





Author contributions

EPT: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. MB: Funding acquisition, Project administration, Resources, Software, Supervision, Validation, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Major support was provided under Polish Nacional Science Centre grant BIOPASS: BIOdiversity PAtternS and Scale: the case of peracarid Crustacea from south−eastern Australia (OPUS 2018/31/B/NZ8/03198), in addition to financial support by the Dean's office of the Faculty of Biology and Environmental Protection of the University of Lodz. Frontiers has granted this paper a discount of 10% on the total invoice fee. 




Acknowledgments

We would like to thank the organizing committee of the 10th International Crustacean Congress and the Crustacean Society for making such an interesting and successful meeting possible, as well as Rachael Peart and Kareen Schnabel for creating this opportunity for us to share our findings, offering their abilities, professionalism, and time as the editors of this special issue. We want to thank also the masters, nautical officers, and all crew members of the research vessels Sonne (AleutBio2022, JPIO2015, KuramBio2012 and 2016), Meteor (Diva3-2019, IceAge2011), L’Atalante (KanaDeep2019), SA Agulhas (MEIO1-Saya-2022), and Akademik M.A. Lavrentyev (SokhoBio2015), as well as the science parties involved in these expeditions for their support collecting samples. We would like to acknowledge as well the efforts of the curators of the invertebrate collections of the Natural History Museum in London, the National Museum of Natural History in Paris, the Museum Victoria in Melbourne, and the Senckenbeg Museum in Frankfurt, and their assistance with attaining further material. We would like to appreciate also the help of two rewires, whose comments and suggestions proved useful for improving the quality of the manuscript. Additionally, we need to thank our colleagues and friends in the Polarna lab at the University of Lodz for their help and support along the way, whether facilitating the sorting and preservation of material, the adjustment of PCR protocols, or the edition of text and figures, among others.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The authors declare that one of them (MB) was an editorial board member of Frontiers at the time of submission. This had no impact on the peer review process and the final decision.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmars.2024.1395000/full#supplementary-material

Supplementary Figure 1 | Phylogeny of Neotanaoidea (best tree) inferred from Maximum Likelihood analysis (RAxML) of concatenated 1031 bp long sequences including fragments of the mitochondrial COI (656 bp) and 16S (375 bp) genes. Bootstrap values (5000 bp with bootstopping) are shown when higher than 50%. Taxa are identified to the level of genus, to species for Venusticrus thor, the only neotanaid species with genetic data previously available on GenBank. For tracking down of the corresponding specimens, the abbreviation of the corresponding sampling campaign or museum lending the material (see Material and Methods) is added. When necessary, the haplotypes are identified with the abbreviation HT and assigning them a number.

Supplementary Figure 2 | Phylogeny of Neotanaoidea (best tree) inferred from Maximum Likelihood analysis (RAxML) of 656 bp long sequences of the mitochondrial COI gene. Bootstrap values (5000 bp with bootstopping) are shown when higher than 50%. Taxa are identified to the level of genus, to species for Venusticrus thor, the only neotanaid species with genetic data previously available on GenBank. For tracking down of the corresponding specimens, the abbreviation of the corresponding sampling campaign or museum lending the material (see Material and Methods) is added. When necessary, the haplotypes are identified with the abbreviation HT and assigning them a number.

Supplementary Figure 3 | Phylogeny of Neotanaoidea (best tree) inferred from Maximum Likelihood analysis (RAxML) of concatenated 375 bp long sequences of the mitochondrial 16S gene. Bootstrap values (5000 bp with bootstopping) are shown when higher than 50%. Taxa are identified to the level of genus, to species for Venusticrus thor, the only neotanaid species with genetic data previously available on GenBank. For tracking down of the corresponding specimens, the abbreviation of the corresponding sampling campaign or museum lending the material (see Material and Methods) is added. When necessary, the haplotypes are identified with the abbreviation HT and assigning them a number.

Supplementary Figure 4 | Phylogeny of Neotanaoidea (best tree) inferred from Maximum Likelihood analysis (RAxML) of concatenated 329 bp long sequences including fragments of the nuclear H3 gene. Bootstrap values (5000 bp with bootstopping) are shown when higher than 50%. Taxa are identified to the level of genus, to species for Venusticrus thor, the only neotanaid species with genetic data previously available on GenBank. For tracking down of the corresponding specimens, the abbreviation of the corresponding sampling campaign or museum lending the material (see Material and Methods) is added. When necessary, the haplotypes are identified with the abbreviation HT and assigning them a number.
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[m]
Col 16s H3
Neotanais sp. 1 AleB HT1 8-69 52.37; -167.03 4544 - 4608 EBS PP977046 PP976932 PP977425
Neotanais sp. 1 AleB HT2 2-20 54.56; -171.57 3649 - 3651 EBS PP977048 PP976935 PP977426
Neotanais sp. 1 AleB HT3 2-20 54.56; -171.57 3649 - 3651 EBS PP977047 PP976933 -
Neotanais sp. 1 SoB HT1 11-6 45.59; 146.41 3206 EBS PP977050 PP976934 PP977428
Neotanais sp. 1 SoB HT2 4-10 47.20; 149.61 3366 EBS PP977049 PP976959 PP977427
Neotanais sp. 2 Div3 534-1 -36.01; -49.03 4607 EBS PP977051 PP976936 -
Neotanais sp. 3 VT 13-4 19.78; -67.10 8329 - 8317 EBS PP977054 PP976940 PP977430
Neotanais sp. 4 SoB 9-9 46.26; 152.05 3580 AGT PP977053 PP976939 =
Neotanais sp. 5 IceA 1172-1 67.57; -6.92 2457 ‘ EBS PP977052 PP976938 PP977429
Neotanais sp. 6 IceA 1069-1 62.99; -28.09 1588 - 1626 EBS PP977045 PP976937 -
Neotanais sp. 7 AleB 7-63 51.37; -168.94 6556 BC PP977041 PP976949 ‘ PP977423
Neotanais sp. 8 KuB 2-9 46.91; 154.50 4830 - 4863 EBS PP977040 PP976948 =
Neotanais sp. 9 JPIO 20 11.00; -117.14 4144 - 4093 EBS PP977043 PP976947 PP977424
Neotanais sp. 10 KuB 7-9 43.09; 153.03 5216 - 5223 EBS PP977042 PP976946 -
Neotanais sp. 11 Div3 636-1 29.32; -28.63 4338 EBS PP977044 PP976945 -
Neotanais sp. 12 JP10 197 18.81; -128.38 4805 EBS PP977055 - PP977431
Neotanais sp. 13 KaD EB5082 -24.49; 168.73 2376 - 2376 EBS PP977032 PP976953 PP977419
Neotanais sp. 14 IceA 1057-1 61.64; -31.36 2504 - 2531 EBS PP977031 PP976952 PP977418
Neotanais sp. 15 aus HT1 -41.63; 149.33 4022 - 4052 PP977029 PP976950 -
Neotanais sp. 15 aus HT2 -32.09; 153.25 1741 - 2115 PP977030 PP976951 PP977417
Neotanais sp. 16 KaD EB5076 -23.88; 170.02 3674 - 3676 EBS PP977039 PP976944 -
Neotanais sp. 17 Saya CP5412 -9.75; 60.8 1441 - 1396 PP977038 PP976943 -
Neotanais sp. 18 IceA 1010-1 62.55; -20.40 1384 - 1389 EBS PP977037 PP976942 -
Venusticrus sp. Div3 593-1 -3.95; -28.09 5190 PP977028 PP976941 PP977416
Venusticrus sp. VT HT1 12-6 19.82; -66.76 8340 - 8336 EBS PP977034 PP976955 PP977421
Venusticrus sp. VT HT2 6-7 10.36; -36.93 5102 - 5079 EBS PP977033 PP976954 PP977420
Venusticrus thor JPIO 118 13.87; -123.25 4511 EBS PP977036 PP976957 PP977422
Venusticrus thor KuB 1-10 43.97;157.4 5423 - 5429 EBS PP977035 PP976956 -
Apseudomorphan OutGr SoB 5-3 48.62; 150.05 1700 BC PP977541 PP976958 PP977415

(Carpoapseudes varindex)

Taxa are identified to the level of genus, to species for Venusticrus thor, the only neotanaid species with genetic data previously available on GenBank. For tracking down of the corresponding
specimens, the abbreviation of the corresponding sampling campaign or museum lending the material (see Material and Methods) is added. When necessary, the haplotypes are identified with
the abbreviation HT and assigning them a number.





