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Abstract

During a coastal biodiversity survey of meiofauna taxa in southwest Puerto Rico, specimens of the genus Xouthous Thomson,
1883 were recovered. Morphological and genetic studies were ensued and two new species, Xouthous spinifurca sp. nov.
and Xouthous dichroma sp. nov. are herein described. The new species were recovered from epiphytic algae growing on
red mangrove (Rhizophora mangle) roots. Xouthous spinifurca sp. nov. is closely related to X. aemula (Thompson & Scott,
1903), X. wellsi Huys, 2016, and X. yeoghooni Song, Lee, Lee & Khim, 2020 sharing with them the palisade-like spines
on the female baseoendopod of the fifth pereopod and the seven-segmented female antennule. It differs from the first two
species by the presence of longer baseoendopodal spines of the fifth pereopod, as long or longer than the baseoendopod,
the baseoendopod reaching the middle of the longer exopod. It is closely related to X. yeoghooni, sharing the same female
baseoendopod/exopod ratio of the fifth pereopod, a rectangular endopod-2 of the first pereopod, and a strong outer process in
the endopod-2 of the second pereopod. However, in the new species, the baseoendopod spines are longer, the endopod-2 of
the first pereopod has three inner setae instead of two present in X. yeoghooni, and the outer process on the endopod-2 of the
second pereopod is stronger in X. spinifurca sp. nov. Xouthous dichroma sp. nov. does not belong to the palisade group and
appears to be closely related to X. simulans (Brady, 1910), and X. naroensis Karanovic, 2023, sharing the presence of two
inner setae on the endopod-2 of the second pereopod. It differs from X. simulans by the presence of a shorter baseoendopodal
seta 1, even shorter than setae 3—5, not ending in a long flagellate portion, and the presence of a shorter female exopod of the
fifth pereopod exp, not longer than twice its width (about three times as long as wide in X. simulans), and with five setae (six
in X. simulans). Xouhous naroensis and X. dichroma share the same ratio and armature of the female exopod/baseoendopod
of the fifth pereopod, differing, however, in the presence of serrate outer spines in the third exopod of the second to fourth
pereopods. A gap between setae four and five of the female baseoendopod of the fifth pereopod occur in both X. dichroma
and X. naroensis. A genetic analysis of available cytochrome oxidase subunit I (COI) Pseudotachidiidae sequences indicate
that the two new Xouthous species share a closer genetic distance than to other available species of Pseudotachidiidae in
GenBank. The 20% sequence divergence in COI between the two Xouthous species may be indicative of the phylogenetic
separation of the species belonging to the palisade group (e.g., X. spinifurca sp. nov.) and those that do not (e.g., X. dichroma
sp. nov.). Within species divergence in two different species of Pseudotachidiidae ranges from 0.7 to 1% and between species
belonging to different genera can be as high as 36-37%.
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Introduction

The Caribbean Sea is a biodiversity-rich region that washes
the coasts of 30 countries and territories and stretches across
nearly 4 million km? of sea. The island biogeography and
This article is registered in ZooBank under https://zoobank.org/ complex geological history of the Caribbean have created
606C696A-36B4-4408-B073-26D57EF678E6 a wide array of unique habitats and high species diversity
(Miloslavich et al. 2010). As many as 10,676 metazoan
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species, including about 2916 crustaceans, were reported
in the most recent, comprehensive census of Caribbean bio-
diversity (Miloslavich et al. 2010). Meiofauna taxa are not
well represented in this biodiversity census because of lim-
ited taxonomic expertise and effort in the Caribbean despite
new species and new lineages that are still being discovered
regularly (Schizas et al. 2015; Veglia et al. 2018; Corgosinho
et al. 2016). The ubiquitous meiobenthic taxon of harpacti-
coid copepods is represented in the Caribbean region by 178
species (Suarez-Morales et al. 2006), which is certainly just
a portion of the true diversity of this micro-crustacean taxon.

The genus Xouthous Thomson, 1883, has a single record
(X. purpurocinctum (Norman & Scott T., 1905) in the Car-
ibbean from Mexico as Idomene purpurocincta (Suérez-
Morales et al. 2006), but since then, the genus Xouthous,
previously known as Idomene Philippi, 1843 was re-estab-
lished by Huys (2009). Xouthous purpurocinctum was origi-
nally collected by dredging in Salcombe, southwest England
in 1875 (Norman & Scott T. 1905). Such wide distribution
raises some doubt about the real distribution of species, and
more studies are needed to confirm this record.

Xouthous consists of 17 species, two of them appearing
as taxon inquirendum, i.e., X. australis (Brady, 1910) and X.
kabylica Monard, 1936. They can be associated with ascid-
ians (X. purpurocinctus; Saito 2009; Song et al. 2020), bryo-
zoans, mollusks (Song et al. 2020), the phytal community
(Médioni and Soyer 1968; Song et al. 2020), and within tidal
pools (Song et al. 2020). The genus is distributed worldwide
(see Map in Song et al. 2020), with most of the records in the
Indian and Pacific Ocean, and the northern Atlantic coast of
Europe. Xouthous novaezealandiae Thomson, 1883 collected
from Dunedin, New Zealand is the designated type species
of the genus, which is tentatively divided into two groups,
the guttiform (teardrop-shaped) and the clypeiform (shield-
shaped) groups (Huys 2016). According to Huys (2016), a
future analysis would probably restrict the generic concept to
a core group of species belonging to the first group, also char-
acterized by the discrete color pattern (first three free somites
red or brownish). Within the guttiform group, the species
can be ascribed to a palisade and a non-palisade group of
species (Huys 2016; Song et al. 2020). The last new species
of this genus (Xouthous yeonghooni Song et al. 2020, and X.
naroensis Karanovic, 2023) were recently described from
Korean waters (Song et al. 2020; Karanovic 2023).

Material and Methods
Collections
Specimens of Xouthous were collected from various islands

and habitats of the northeastern Caribbean Sea (Fig. 1). Most
specimens were collected from Puerto Rico because most of
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the collection efforts were made there. The habitats varied
from algae overgrowing red mangrove (Rhizophora mangle)
roots (Fig. 2) to Thalassia testudinum seagrass blades to
dead coral rubble. The samples were collected from a 0.5- to
55-m depth. All samples regardless the geographic origin
were treated the same. They were placed on a I-mm sieve
and were washed to a 0.063-mm sieve. The fraction of the
sample retained on the 0.063-mm sieve was fixed in ethanol
90% for further observations and sorting under an Olympus
dissection microscope. Type series deposited at Museum
of Marine Invertebrates (MMI-UPRM) at Magueyes Island,
Puerto Rico.

Morphology

Prior to light microscopic examination, specimens were
cleared, dissected in lactic acid, and mounted on slides
with glycerine. The specimens were dissected in lactic acid
and mounted on slides with glycerine. All observations
and drawings were conducted with the aid of an Olympus
BX51 compound microscope equipped with Normarsky
interference contrast and using a drawing tube, at 400 X and
1000 X magnifications.

Two adult specimens of each species (female and male
of X. dichroma sp. nov. and X. spinifurca sp. nov.) were
used for CLSM (confocal laser scanning microscopy) as
indicated below. The specimens were stained with 1:1 solu-
tion of Congo Red and Acid Fuchsin overnight using pro-
cedures adapted from Michels and Biintzow (2010). The
whole specimens were temporarily mounted in glycerin,
and self-adhesive plastic reinforcement rings were used
to support the coverslip (Kihara and Rocha 2009; Michels
and Biintzow 2010). The material was examined using a
Leica TCS SP5 equipped with a Leica DM5000 B upright
microscope and three visible-light lasers (DPSS 10 mW
561 nm; HeNe 10 mW 633 nm; Ar 100 mW 458, 476, 488
and 514 nm), combined with the software LAS AF 2.2.1.
(Leica Application Suite Advanced Fluorescence). Images
were obtained using a 561-nm excitation wavelength
with 80% acousto-optic tunable filter (AOTF). Series of
stacks were obtained, collecting overlapping optical sec-
tions throughout the whole preparation with an optimal
number of sections according to the software. The acquisi-
tion resolution was 2048 x 2048 pixels, and final images
were obtained by maximum projection. To obtain a three-
dimensional representation from selected body parts, the
data produced during the CLSM scanning was processed
with the free software ImageJ Fiji 2.1.0 (https://imagej.nih.
gov/ij/), Drishtiimport v2.6.4, and Drishti v2.6.4 (http://
anusf.anu.edu.au/Vizlab/drishti/), using a protocol adapted
from Kamanli et al. (2017). Final plates were composed
and adjusted for contrast and brightness using the software
Adobe Photoshop CS4.
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Fig. 1 Map of distribution of X. dichroma sp. nov. and X. spinifurca sp. nov. in the Caribbean

Terminology and homologization of maxillary and
maxillipedal structures follow the methods of Ferrari and
Ivanenko (2008). The terms seta, setules, spines, and spi-
nules are used according to the terminology proposed by
Huys and Boxshall (1991). The following abbreviations are
used in the text: Al, antennule; A2, antenna; ap, apomor-
phy; baseoenp, baseoendopod; enp, endopod; enp-1 (2,3),
proximal (middle, distal) segment of endopod; exp, exopod;
exp-1 (2,3), proximal (middle, distal) segment of exopod;
Md, mandible; Mx1, maxillule; Mx2, maxilla; Mxp, maxil-
liped; P1-P6, first to sixth thoracopod; pl, plesiomorphy;
UPRM-MMI, University of Puerto Rico, Mayagiiez—
Museum of Marine Invertebrates, PR, USA (Department of
Marine Sciences).

Molecular methods

We used the Chelex® 100 Resin (Bio-Rad, Inc.) protocol to
extract DNA from individual copepods. The quantity and
quality of DNA were obtained with the NanoDrop 2000™
Spectrophotometer. We amplified by PCR (polymerase
chain reaction) fragments of ~650 bp of the mitochondrial
cytochrome oxidase subunit I (COI) gene with the univer-
sal primers LCOI-1490 (5" GGT CAA CAA ATC ATA

AAG ATA TTG G 3') and HCOI-2198 (5' TAA ACT TCA
GGG TGA CCA AAA AAT CA 3') (Folmer et al. 1994).
Each PCR reaction mixture (total volume 25 ul) contained
1 ul DNA as template, 0.3 pl of each primer forward and
reverse (100 pM), 12.5 pl of BioMix (Bioline Company),
and 10.9 ul water (ddH20). PCR reactions were conducted
on a Bio-Rad MyCycler ™ Thermal Cycler. The PCR pro-
tocol for COI was 95 °C for 3 min, followed by 35 cycles
of 15 s at 95 °C, 30 s at 43 °C, 30 s 72 °C, followed by 1
cycle of 5 min at 72 °C, and finally keeping the PCR prod-
ucts at 15 °C. PCR products were loaded on a 1% agarose
gel stained with ethidium bromide and visualized under UV
fluorescence. All successful PCR products were cleaned
using ExoSAP-IT (Affymetrix, Santa Clara, CA, USA) to
eliminate the remainder dNTPs and unincorporated primers
which were then sequenced in both directions using Sanger
sequencing at MCLAB (San Francisco, CA, USA) with an
ABI 3130x1 16-capillary Genetic Analyzer. All original
DNA sequences have been submitted to GenBank and are
included in Table 1 of this contribution (COI: Accession
Numbers PP786541-PP786544). The accession numbers
for the GenBank sequences of the other taxa included in the
analysis are from Khodamis’s et al. unpublished data (COI:
Accession Numbers MF077872, MF077872, MH976521,
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Fig. 2 Illustration of the envi-
ronment in which X. dichroma
sp. nov. can be found
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MH976523-MH976528). The list of taxa and GenBank
accession numbers for the COI data used in this work are
also given in Table 1.

The resulting DNA traces were viewed and checked for
quality control and verification of mutations in Codon Code
Aligner v. 10.0.2 (Codon Code Corp.). Edited sequences
were aligned within the MAFFT portal v.7 (Katoh et al.
2019). The genetic analysis of COI sequences were con-
ducted with the maximum likelihood method as imple-
mented in raxmIGUI 2.0.10 (Edler et al. 2020; Stama-
takis 2014). The program ModelTest-ng (Darriba et al.
2020) was used within raxmlGUI to estimate the best
model of nucleotide substitution for the COI alignment.

@ Springer

The alignment is available in Supplementary material
1. The RaxML-ng algorithm (Kozlov et al. 2019) within
raxmlGUI was used with the following line of commands:
raxml-ng —all -msa < FILENAME >-model K81uf+1+G
—prefix < FILENAME > —seed 259,370 —outgroup Sentirop-
sis_sp_MF(077872 —bs-metric tbe —tree rand{ 10} —bs-trees
1000. Clade support was assessed with the transfer bootstrap
expectation (Lemoine et al. 2018). The resulting tree file
was uploaded to iTOL v6.6 (Letunic and Bork 2021) for tree
visualization and editing. Final edits were made in Adobe
Ilustrator. Sequence divergence between and within spe-
cies was assessed in PAUP* (Swofford 2002) with the HKY
model of substitution (Hasegawa et al. 1985).
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Results
Molecular methods

After cleaning and end-trimming, the final sequence COI
alignments were 605 bp length. Nucleotide pairwise distance
based on 600 bp of COI within and between species of Pseu-
dotachidiidae Lang, 1936 are on Table 2. The genetic dis-
tances were estimated with the HKY (Hasegawa et al. 1985)
nucleotide model of substitution. The final data set consisted
of sequences of Xouthous dichroma sp. nov. and X. spinifurca
sp. nov. and sequences from three other Pseudotachidiidae
species available in GenBank at that time (all from (Khodami
et al. unpublished data); Table 1). The phylogenetic analysis

with maximum likelihood yielded a monophyletic clade com-
prised of the two new species of Xouthous (100% bootstrap
transfer value; Fig. 19). The Xouthous species were more
closely related to Pseudotachidius bipartitus Montagna, 1980
than to Danielssenia typica Boeck, 1873. Up to 1% sequence
divergence was observed among the three specimens of X.
dichroma sp. nov. (Table 2). In other Pseudotachidiidae spe-
cies comparisons, the DNA divergence in D. typica ranged
from 0% (identical sequences of D. typica specimens 4, 5,
and 7) to 0.73% divergence. The between species comparisons
yielded much larger differences. The two species of Xouthous
differ as much as 20% in COI sequence divergence (Table 2).
The biggest differences were observed between D. typica and
the Xouthous dichroma sp. nov. specimens (~36-37%).

Table 1 Name of species used in the phylogenetic analyses, collection sites, Genbank Accession numbers and references

Species name Collection site GenBank accession Reference
numbers
Pseudotachidius bipartitus Pacific Ocean: North MF077873 (Khodami et al., unpublished data)
Pacific
Sentiropsis sp. Mediterranean Sea MF077872 (Khodami et al., unpublished data)
Danielssenia typica4 North Sea MH976524 (Khodami et al., unpublished data)
Danielssenia typica3 North Sea MH976523 (Khodami et al., unpublished data)
Danielssenia typical North Sea MH976525 (Khodami et al., unpublished data)
Danielssenia typical North Sea MH976521 (Khodami et al., unpublished data)
Danielssenia typica8 North Sea MH976528 (Khodami et al., unpublished data)
Danielssenia typica6 North Sea MH976526 (Khodami et al., unpublished data)
Danielssenia typica5 North Sea MH976527 (Khodami et al., unpublished data)
Xouthous dichromal sp. nov. Puerto Rico PP786541 This study
Xouthous dichroma3 sp. nov. Puerto Rico PP786542 This study
Xouthous dichroma4 sp. nov. Puerto Rico PP786543 This study
Xouthous spinifurca sp. nov. Puerto Rico PP786544 This study

Table 2 Nucleotide pairwise distance based on 600 bp of COI within and between species of Pseudotachidiidae

1 2 3 4 5 6 7 8 9 10 11 12
1-Xouthous dichroma3 -
2-Xouthous dichroma4 0.83 -
3-Xouthous dichromal 1.00 0.83 -
4-Xouthous spinifurca 20.24 2048 2048 -
5-Pseudotachidius 2336 2336 2399 2243 -
6-Sentiropsis sp. 2640 26.63 2688 2637 22.12 -
7-Danielssenia typica4 36.93 3641 37.61 33.76  35.10 31.89 -
8-Danielssenia typica3 3753 36773 37.87 3521 3516 31.73 0.18 -
9-Danielssenia typical 3723 3643 3756 3490 3516 3145 0.00 0.17 -
10-Danielssenia typica8 36.77 3592 37.10 3482 3471 31.57  0.37 0.17 0.35 -
11-Danielssenia typical 36.26 3544 3658 3504 3436 3152 0.73 0.51 0.68 0.18 -
12-Danielssenia typica5 3723 3643 3756 3490 3516 3145 0.00 0.17 0.00 0.35 0.68 -
13-Danielssenia typicab 36.69 3590 37.02 3437 3449 3094 0.17 0.33 0.17 0.17 0.51 0.17

Genetic distances were estimated with the HKY (Hasegawa et al. 1985) nucleotide model of substitution in PAUP*. Numbers after the species

indicate specimen IDs

@ Springer
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Taxonomy

Order Harpacticoida Sars, 1903

Family Pseudotachidiidae Lang, 1936

Subfamily Pseudotachidiinae Lang, 1936

Genus Xouthous Thomson, 1883

Type species: Xouthous novaezealandiae Thom-
son, 1883 (type by original designation)

New taxa: Xouthous dichroma sp. nov. and Xouthous
spinifurca sp. nov.

Description
Xouthous dichroma sp. nov.

Zoobank: https://zoobank.org/SOBESE28-A1BA-4DDA-BEOF-
621C2A50F494.

Type material: 1 female from Bioluminescent Bay, La
Parguera Natural Reserve (LPNR), southwest Puerto Rico
dissected and mounted in 7 slides (holotype; MMI-UPRM
10007); 1 male from LPNR dissected and mounted in 7
slides (paratype; MMI-UPRM 10008); 1 male from LPNR
dissected and mounted in 7 slides (paratype; MMI-UPRM
10009); 1 female from LPNR dissected and mounted in 6
slides (paratype; MMI-UPRM 10010); 1 undissected female
from LPNR, mounted in 1 slide (paratype; MMI-UPRM
10011); two undissected males from Ponce, south Puerto

Rico, mounted in 1 slide each (paratype; MMI-UPRM
10012, 10,013); three undissected females from Ponce,
mounted in 1 slide each (paratype; MMI-UPRM 10014,
10,015, 10,016); two undissected males from LPNR (Cayo
Media Luna), mounted in 1 slide each (paratype; MMI-
UPRM 10017, 10,018); 1 undissected female from LPNR
(Cayo Media Luna), mounted in 1 slide (paratype; MMI-
UPRM 10019); 1 undissected female from Isla Grande in
Panama, mounted in 1 slide (paratype; MMI-UPRM 10020);
1 undissected male from Parque Nacional del Este Domini-
can Republic, mounted in 1 slide (paratype; MMI-UPRM
10021); 1 female from Guadeloupe, mounted in 1 slide
(paratype; MMI-UPRM 10022). Coordinates, sampling date,
depth, and substrate in Table 3.

Type locality: Samples recovered from the Biolumines-
cent Bay, La Parguera Natural Reserve, southwest Puerto
Rico; taken from epiphytic algae on the roots of red man-
groves, varying from 30 cm to 1 m in depth; other samples
were collected from Cayo Media Luna, Cayo Caracoles
and Cayo Enrique, also located inside the La Parguera
Natural Reserve of Puerto Rico.

Other material: Additional samples were collected from
Dominican Republic, Guadeloupe, and Panama (Table 3).

Etymology: Xouthous dichroma sp. nov. was named
after the brownish color of the first three free prosomites,
characteristic of the guttiform group (see Huys 2016).

Description of adult female holotype: Habitus shield-
shaped (Figs. 3a and 4b, c). Total body length 412 pm

Table 3 Date of collection of the new species, with their respective locality sampling depths and associated substrata

Species Locality

Latitude, longitude

Depth Date Substrate

Xouthous dichroma sp. Bioluminescent Bay—
nov. Puerto Rico

Xouthous dichroma sp. Media Luna—Puerto
nov. Rico

Xouthous dichroma sp. Ponce—Puerto Rico

nov.
Xouthous dichroma sp.
nov. ican Republic

Xouthous dichroma sp. Isla Grande—Panama

nov.

Xouthous dichroma sp.
nov.

Guadeloupe

Xouthous spinifurca sp.  Abrir La Sierra—Puerto
nov. Rico

Xouthous spinifurca sp.
nov.

S. Buoy 8—Puerto Rico

Xouthous spinifurca sp. ~ Lang Bank—St. Croix

nov.

Xouthous spinifurca sp. ~ North Star—St. Croix

nov.

Xouthous spinifurca sp. East St. John

nov.

17.973611,—-67.014722 0.5 m Not

17.935556,—67.0425 18 m

Parque Del Este—Domin- 18.205,—68.753611

9.629722,—-79.568056

18.76197,-67.15696 50m
18.130556,—67.334167 15m
17.83421,-64.47584 50m
17.76985, —64.82173 23 m

18.22186, —64.67596

Algae from red mangrove
recorded roots

21/11/2008 Sediment/Coral rubble

17.964167,—66.610278 Shallow—up to 1 m 28/11/2004 Acanthophora spinicifera

Shallow—up to 1 m  28/09/2008 Algae from red mangrove
roots

Shallow—up to 1 m  31/01/2009 Coral rubble

16.356389,—61.626944 Shallow—up to 1 m 02/05/2008 Thalassia testudinum

25/04/2012 Wash from lithic substrate
and corals

28/04/2012 Coral sample

06/05/2012 Wash from lithic substrate
and corals

01/05/2011 Wash from lithic substrate
and corals

08/05/2012 Wash from lithic substrate
and corals

24-27m
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Fig.3 X. dichroma sp. nov., female; confocal laser scanning microscopy of the dorsal (a) and ventral (b) habitus. Scale bar 50 um

(mean=374.6 um + 32 um, n="7), measured from the ante-
rior margin of the rostrum to the posterior margin of the cau-
dal rami. Body sensilla and pores as depicted in Figs. 3a, b
and 4b, c). Rostrum absent. Cephalothorax wider than long,
posterior border smooth with hyaline frill; relation width/
length equal 1.09. First three free pedigerous somites dark
red in colour, with serrulate outer margins (Figs. 3a and
5a). All body somites ending in well-developed hyaline

frill. Urosome gradually tapering posteriorly, 5-segmented,
comprising P5-bearing somite, genital-double somite, 2 free
abdominal somites, and telson (Figs. 3a, b and 4c), dorsal
margin of urosomites 2 and 3 with distal row of spinules.
Genital double-somite (Figs. 3a and 4c) about 2.0 times
wider than long, with transverse surface ridges dorsally and
laterally, representing original segmentation. P6 (Fig. 6b)
represented by smooth single plate over gonopore. Telson
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«Fig. 4 X. dichroma sp. nov., male, dorsal habitus (a); female 1st to
3rd free pedigerous somites (b), and urosomite (without 5. pediger-
ous somite) with telson and furca (c); female telson and furca, dorsal
view (d); female furca, ventral view (e). Scale bars 50 um; dorsal (a),
(¢), ventral (d), (e)

(Figs. 3a, b and 4c, d) with deep cleft medially, ventrally
with a row of unequal spinules near the insertion of the
furca. Anal operculum strongly serrulate, partially covered
by the hyaline frill of the previous somite (Fig. 4c, d). Furca
(Fig. 4d, e) about 1.65 times wider than long, with ventral,
inner, and outer row of spinules; with 6 setae inserted dis-
tally, outer setae II and III almost the same size of seta VI
and VII, setae IV and V the largest, seta V pinnated on the
middle outer margin.

A1l (Fig. 6a) 7-segmented; segment 1 small; segment 2
longest; segments 5 and 6 shortest. All setae bare. Setal for-
mula as follows: 1-[1], 2-[9], 3-[9], 4-[5+ 1 fused to the ae],
5-[4], 6-[2], 7-[3 + acrothek (2 + ae)].

A2 depicted for the male only, equal in both sexes.

Md (Fig. 7a) with well-developed gnathobase bearing
several bicuspidate teeth distally and 1 long seta in dorsal

corner; anterior surface with a short row of spinules; palp
comprising basis and 1-segmented exp and enp; basis orna-
mented with short spinules on anterior surface, and with 4
long plumose setae; exp and enp subequal, exp with 2 lateral
strong spines and 4 distal plumose setae, enp with 2 lateral
setae, and 7 distal setae.

Mx1 (Fig. 7b, b’), praecoxa without ornamentation, arth-
rite well-developed, with 9 distal spines/setae, and 2 anterior
surface setae, coxa with 5 plumose setae, basis with 6 bare
setae, exp fused to basis with 4 plumose setae, enp shorter
than exp, with proximal row of spinules, fused to basis with
2 plumose and 1 smooth setae.

Mx2 (Fig. 7c), syncoxa without ornamentation, and with
2 endites; proximal endite divided into 2 bulbs, proximally
with 1 unipinnate large seta, distally with 2 long setae; sec-
ond endite with 2 bipinnate large setae; basis with 1 endite
with a long seta and a strong claw-like unipinnate seta (distal
one broken); enp-1 drawn out into strong claw with 3 acces-
sory setae; enp-2 represented by 3 setae.

Mxp (Fig. 7d) well-developed, subchelate, syncoxa with
spinular rows as depicted, and with 1 long uniplumose seta
distally, basis elongated with strong spinular row along

Fig.5 Three-dimensional representation of the anterior half of a female (a) and a male (b), of X. dichroma sp. nov. Scale bars 50 um
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D

Fig.6 X. dichroma sp. nov., female; Al (a) and P5, P6, and genital field (b). Scale bars 50 um

palmar margin, with 1 plumose seta on palmar margin, enp
represented by a strong and unipinnate claw, with 1 long
accessory seta.

P1 (Fig. 8a). Praecoxa smooth; coxa wider than long,
ornamented with 2 spinular rows and setules along outer
margin and on anterior surface, and a small pore on anterior
inner surface; basis wider than long, with 1 bipinnate outer
and 1 plumose inner spine, with spinules at insertion of both
elements, on anterior proximal surface, between enp and
exp, and a pore on anterior outer surface; exp 3-segmented,
much shorter than enp-1; exp-1 with outer setules and spi-
nules, and 1 outer unipinnate spine; exp-2 slightly longer
than exp-1, with outer spinules, 1 outer unipinnate spine, and
1 plumose inner seta; exp-3 shortest, with outer spinules, 3
outer unipinnate spines, and 2 geniculate setae unipinnate at
their distal halves; enp 2-segmented; enp-1 large, trapezoid
and broad, with spinular rows on outer margin, with anterior
median pore, and with 1 long plumose inner seta in proximal
third; enp-2 much smaller than enp-1, squared, about 1.4
times as broad as long, with few spinules on outer margin, 2
plumose setae on the inner margin, 1 geniculate seta pinnate
medially and proximally, and 1 claw pinnate proximally, rat-
tail ornamented distally.

P2 (Fig. 8b), intercoxal sclerite with 2 median rows of
spinules; praecoxa with outer row of spinules; coxa wider

@ Springer

than long with anterior hyaline frill, inner surface pore, and
outer setules and spinule rows; basis wider than long, with
outer bipinnate spine, outer row of spinules, row of spinules
between exp and enp, and pore on the outer surface margin;
exp 3-segmented, all segments nearly equal in length; exp-1
with spinules on outer margin, spinules distally in the outer
corner, and inner hyaline frill, with 1 bipinnate outer spine
and 1 short plumose inner seta; exp-2 with strong outer spi-
nules, spinules distally in the outer corner, inner hyaline frill,
with 1 bipinnate outer spine and 1 long plumose inner seta;
exp-3 with spinules on outer margin, spinules distally in
the outer corner, 2 strong outer spines (heavily pectinate on
inner side and pinnate outer side), 1 bipinnate outer spine,
1 bipinnate and 1 plumose long seta distally, and 2 plumose
long inner setae; enp 3-segmented, longer than exp; enp-1
shortest, with outer spinules, 1 plumose short inner seta and
inner hyaline frill; enp-2 and enp-3 subequal in length, enp-2
with outer spinules, distal hyaline frill, 2 outer spinules, 1
inner plumose short seta proximally, and 1 strong inner
bipinnate outer seta; enp-3 with outer spinules, distal pore,
2 distal bipinnate spines, 1 distal weakly unipinnate seta, and
2 inner plumose setae.

P3 (Fig. 9a), praecoxa with strong outer spinules; coxa
wider than long, with spinules on outer margin and on dis-
tal inner margin, and medially; basis wider than long, with
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Fig.7 X. dichroma sp. nov., female; Md (a); Mx1 (b, b”); Mx2 (c); Mxp (d). Scale bars 50 pm
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Fig.8 X. dichroma sp. nov., female; P1 (a) and P2 (b). Scale bar 50 um

outer spinules, outer pore and small outer seta, with row of
spinules between enp and exp; exp 3-segmented; segments
slightly different from P2 in fine ornamentation, similar to
P2 in armature, except for 3 plumose inner setae on exp-3;
enp 3-segmented, as long as exp; enp-1 as in P2; enp-2 with
outer spinules and 1 plumose long inner seta; enp-3 longest,
with spinules on outer margin, spinules on distal outer mar-
gin, distal anterior pore, 1 bipinnate outer spine, 1 bipinnate
distal spine and 1 distal plumose seta, and 3 plumose long
inner setae.

P4 (Fig. 9b), praecoxa with outer spinules; coxa wider
than long with outer spinules, spinules distally on the inner
margin, and inner pore; basis wider than long, with spi-
nules near outer seta and between exp and enp, 1 pore on
outer surface, and with 1 bare outer seta; exp 3-segmented;
segments slightly different from P2 in fine ornamentation,
similar to P2 in armature, except for 3 plumose inner setae

@ Springer

on exp-3, as in P3; enp 3-segmented, slightly shorter than
exp; enp-1 and enp-2 as in P3; enp-3 as in P3 except for the
absence of the distal surface pore and the presence of only
2 plumose inner setae.

P5 (Fig. 6b) with completely separated baseoenp and exp.
Baseoenp broad, with anterior row of spinules; outer basal
seta long and smooth; endopodal lobe reaching the inser-
tion of exp spine 9, slightly convex, with 5 spines and a
gap between spine 4 and 5; exp 1.5 as long as wide, clearly
protruding beyond apical margin of baseoenp, with 5 spines:
2 outer unipinate, 2 distal, and 1 inner bipinate spines.

P6 (Fig. 6b) represented by smooth and unarmed single
plate over gonopore.

Description of adult male allotype. Total body length
375 um (mean =377 pm £ 5.7 um, n=4), measured from
anterior margin of the cephalothorax to posterior margin
of caudal rami (Figs. 4a and 10a, b). Urosome gradually
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Fig.9 X. dichroma sp. nov., female; P3 (a) and P4 (b). Scale bar 50 um

tapering posteriorly (Figs. 4a and 10a,b). Cephalothorax
wider than long, ornamented as in the female; relation-
ship width/length equal 1.05. First three free pedigerous
somites dark in color as in female, with serrulate outer mar-
gin (Figs. 4a, 10b, and 5b). Urosome (Figs. 4a and 10a,b)
6-segmented, comprising P5-bearing somite, genital somite,
3rd to Sth urosomites, and telson, with row of spinules on
urosomites 2—4.

A1l (Fig. 11a) 8-segmented; subchirocer; segment 1 with
1 plumose seta; segment 2 shortest with 1 plumose seta;
segment 3 with 6 setae anteriorly and 5 setae posteriorly,
and an anterior ae; segment 4 small with 6 bare setae, and 1
ae; segment 5 with 2 bare setae; segment 6 strongly swollen
with 5 bare setae and 1 ae; segment 7 elongate with 1 modi-
fied spinule, segment 8 with acrothek (2 setae + ae).

NI
73
/] N
AN
an
AN

SO

A2 (Fig. 11b) 3-segmented, comprising coxa, alloba-
sis (fused basis and first endopodal segment), and free
endopodal segment; coxa small, without ornamentation;
allobasis longer than enp and bearing a abexopodal seta,
and 2 inner spinular rows; enp with inner spinular rows;
armature consisting of 8 spines/setae (1 swollen unipin-
nate spine with a distal flagellar portion, 4 geniculate
setae, 1 naked seta, 1 unipinnate seta and 1 modified
spine with pinnate tip); exp 2-segmented and slightly
shorter than enp; proximal segment short with 2 plumose
setae, distal one with a spinule row distally, 2 lateral
bipinnate and 2 distal bipinnate setae.

Mouth appendages, P1, P2, P3, and P4 as in female.

P5 (Fig. 11c) with separated baseoenp and exp;
baseoenp confluent, with row of spinules along anterior
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Fig. 10 Confocal laser scanning microscopy of the dorsal (a) and ventral (b) habitus of a male of X. dichroma sp. nov. Scale bar 50 ym
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Table 4 Setal formula of swimming legs of Xouthous dichroma sp.
nov.

Thoracopod Exopod Endopod
P1 11230 1220
P2 11223 12221
P3 11224 11321
P4 11224 11221

margin, with undulated distal margin, and 2 long bipin-
nate distal setae accompanied by spinules around each
seta; with outer basal seta in a long setophore; exp longer
than wide, with 6 bipinnate setae, 3 outer, 2 distal, and
1 inner setae.

P6 (Fig. 11d) represented a single cuticular flap with 1
bare seta, and 1 strong bipinnate spine on each side. P1-P4
armature formulae in Table 4.

Xouthous spinifurca sp. nov.

Zoobank: https://zoobank.org/SCEE1575-2440-4A68-90EC-
263B350C9EO01.

Type material: 1 female from east St. John, (US Virgin
Islands—USVI) dissected and mounted in 7 slides (holo-
type; MMI-UPRM 10023); 1 male from east St. John dis-
sected and mounted in 7 slides (paratype; MMI-UPRM
10024); 1 undissected female from east St. John mounted
in 1 slide (paratype; MMI-UPRM 10025); 1 undissected
male from Abrir La Sierra in Puerto Rico, mounted in 1
slide (paratype; MMI-UPRM 10026); three undissected
females from South Bouy 8 in Puerto Rico, mounted in 1
slide each (paratype; MMI-UPRM 10027); 1 undissected
male from Lang Bank in St. Croix (USVI), mounted in 1
slide (paratype; MMI-UPRM 10028); two undissected male
and 1 undissected female from Lang Bank and North Star
respectively-St. Croix, mounted in 1 slide each (paratype;
MMI-UPRM 10029); 1 undisected male from east St. John,
mounted in 1 slide (paratype; MMI-UPRM 10030). Coordi-
nates, sampling date, depth, and substrate in Table 3.

Type locality: St. John, U.S. Virgin Islands-. Other sam-
ples recovered from St. Croix, USVI, Abrir La Sierra, and
S. Buoy 8, both locations west off Puerto Rico (Table 3).

Etymology: Xouthous spinifurca sp. nov. was named
after its characteristic furca being more ornate with larger
spinules.

Description of adult female holotype: Habitus
shield-shaped (Fig. 12a). Total body length 400 um
(mean =444.7 ym + 58 um, n=3), measured from the ante-
rior margin of the cephalothorax to the posterior margin
of the caudal rami. Body sensilla and pores as depicted in
Figs. 12a, b and 13b, c). Rostrum absent. Cephalothorax
wider than long, posterior border smooth with hyaline frill;
relation width/length equal 1.13. First three free pedigerous

somites dark red in color, with serrulate outer margins
(Figs. 12b; 18a). All body somites ending in well-devel-
oped hyaline frill. Urosome gradually tapering posteriorly,
5-segmented, comprising P5-bearing somite, genital-double
somite, 2 free abdominal somites, and anal somite (Fig. 12a,
b; Fig. 13c). Dorsal margin of urosomites 2 (genital double
somite) and 3 with distal row of spinules. Genital double-
somite (Figs. 12a and 13c) about 2.0 times wider than long,
with transverse surface ridges dorsally and laterally, rep-
resenting original segmentation. Telson (Figs. 12a, b and
13c, d) with deep cleft medially, ventrally with a row of
long spinules near the insertion of the furca. Anal opercu-
lum strongly serrulate, with sharp edges (Fig. 13c, d). Furca
(Fig. 13d, ) about 1.76 times wider than long, with ventral,
inner and outer row of spinules; with 6 setae inserted dis-
tally, outer setae II shorter than seta III; seta III almost the
same size of seta VI and VII, setae IV and V the largest.

Al, A2, and mouth appendages as in Xouthous dichroma
Sp. nov..

P1 (Fig. 14a). Praecoxa and coxa damaged during dissec-
tion; basis wider than long, with 1 bipinnate outer and 1 plu-
mose inner short and thick seta, with spinules at insertion of
both elements, on anterior midline, running from the middle to
inner margin, and a pore on anterior outer surface; exp 3-seg-
mented, shorter than enp-1; exp-1 with outer spinules, and
1 outer unipinnate spine; exp-2 with outer spinules, 1 outer
unipinnate spine, and 1 plumose inner seta; exp-3 shortest,
with outer spinules, 3 outer unipinnate spines, and 2 geniculate
setae unipinnate at their distal halves; enp 2-segmented; enp-1
large, trapezoid and broad, with spinular rows on outer margin,
and with 1 long plumose inner seta in proximal third; enp-2
much smaller than enp-1, rectangular, about 1.7 times as long
as wide, with few spinules on anterior surface, 3 plumose setae
on the inner margin, 1 geniculate seta pinnate medially, and 1
claw pinnate medially, rat-tail ornamented distally.

P2 (Fig. 14b), praecoxa with outer row of spinules; coxa
wider than long with outer row of spinules and inner pore;
basis wider than long, with outer bipinnate seta, outer row
of spinules, short row of spinules between exp and enp,
and pore on the outer surface margin; exp 3-segmented,
all segments subequal in length; exp-1 with spinules on
outer margin, spinules distally in the outer corner, and
inner hyaline frill, with 1 bipinnate outer spine and 1 short
plumose inner seta; exp-2 with strong outer spinules, spi-
nules distally in the outer corner, inner hyaline frill, with 1
bipinnate outer spine and 1 long plumose inner seta; exp-3
with spinules on outer margin, spinules distally in the
outer corner, 3 bipinnate outer spines, 1 unipinnate and 1
plumose long seta distally, and 2 plumose long inner setae;
enp 3-segmented, longer than exp; enp-1 shortest, with
outer spinules, 1 plumose short inner seta and inner hya-
line frill; enp-2 with outer spinules, a long outer spiniform
process distally, 1 inner plumose short seta proximally,
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and 1 bare long inner seta; enp-3 with outer spinules, 2
distal bipinnate spines, 1 distal plumose seta, and 2 inner
plumose setae.

P3 (Fig. 15a), praecoxa and coxa damaged during dis-
section; basis wider than long, with outer spinules, outer
pore and small outer seta, with row of spinules between enp
and exp; exp 3-segmented; segments slightly different from
P2 in fine ornamentation, similar to P2 in armature, except
for 3 plumose inner setae on exp-3; enp 3-segmented, as
long as exp; enp-1 as in P2; enp-2 with row of spinules
along whole outer margin, inner hyaline frill, and 1 plu-
mose long inner seta; enp-3 longest, with row of spinules
on whole outer margin, 1 bipinnate outer spine, 1 bipinnate
distal spine and 1 distal plumose seta, and 3 plumose long
inner setae.

P4 (Fig. 15b), praecoxa smooth; coxa wider than long
with outer spinules; basis wider than long, with spinules
near outer seta, 2 small spinules between exp and enp, 1
pore on outer surface, and with 1 bare outer seta; exp 3-seg-
mented; segments less ornamented than P2 and P3, similar
to P2 in armature, except for 3 plumose inner setae on exp-3,
as in P3; enp 3-segmented, slightly shorter than exp; enp-1
and enp-2 less ornate than in P3, but with the same armature;
enp-3 less ornate than in P3, with a distal surface pore and
with only 2 plumose inner setae.

P5 (Fig. 16b) with completely separated baseoenp and
exp. Baseoenp broad, with anterior row of spinules; outer
basal seta long and smooth; endopodal lobe not reaching the
insertion of exp spine 10, straight, with 6 juxtaposed thick
spines; exp 2.6 times as long as wide, with 3 bipinnate and 2
unipinnate spines: 2 outer, 2 distal, and 1 inner spine. P1-P4
armature formulae in Table 5.

P6 (Fig. 16b) represented by single plate over gonopore,
armed on each side with a seta and a pectinated short spine.

Description of adult male allotype. Total body length 450.

um (mean=438.8 um + 26 um, n=4), measured from
anterior margin of cephalothorax to posterior margin of
caudal rami (Figs. 13a and 17a, b). Urosome gradually
tapering posteriorly. Cephalothorax wider than long, orna-
mented as in the female (Fig. 13a); relationship width/
length equal 1.11. First three free pedigerous somites dark
in color as in female, with serrulate outer margin (Figs. 13a,
17a, b and 18b). Urosome (Figs. 13a and 17a) 6-segmented,

Table 5 Setal formula of swimming legs of Xouthous spinifurca sp.
nov.

Thoracopod Exopod Endopod
P1 11230 1220
P2 11223 12221
P3 11224 11321
P4 11224 11221
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comprising P5-bearing somite, genital somite, 3rd to 5th
urosomites, and telson.

Al, A2, and mouth appendages as in Xouthous dichroma
sp. nov. P1, P2, P3, and P4 as in female.

P5 (Fig. 16a) with separated baseoenp and exp; baseoenp
confluent, with 2 rows of spinules along anterior margin, with
strongly irregular distal margin, with 2 long bipinnate distal
setae; with outer basal seta in a long setophore; exp longer than
wide, with 6 spines, 3 outer, 2 distal, and 1 inner spine, outer
proximal missing.

P6 (Fig. 16a) represented a single cuticular flap with 1 bare
seta, and 1 strong bipinnate spine on each side.

Discussion

The new species belong to the guttiform group of spe-
cies, sharing the following characters that we consider
apomorphic for this group (plesiomorphies within brack-
ets): a discrete color pattern of red or brownish on the
first 3 free somites (absent in the clypeiform group),
the teardrop-shaped (guttiform) habitus (shield-shaped
in the clypeiform group), the presence of 2 enlarged
spines on the Md exp (3 in the ground pattern of the
clypeiform group), and the 2-segmented P1 enp (3 in the
clypeiform group) with a distinctly trapezoidal-shaped
proximal segment. The coloration persists even in speci-
mens stored in ethanol.

It is challenging to establish a clear phylogenetic struc-
ture for the species in the guttiform group of the genus
Xouthous due to the lack of complete descriptions, absence
of illustrations, and insufficient information in the exist-
ing literature. Determining the phylogenetic significance
of certain traits, especially those newly observed or pre-
viously undescribed, is particularly difficult. Despite the
significant contributions by Huys in 2016, who redefined
the genus and introduced three new species with detailed
character descriptions in the identification key, understand-
ing the phylogenetic relationships within Xouthous remains
complex. However, the palisade group within the mono-
phyletic guttiform group appears to be well-defined by a
unique feature: the palisade arrangement of spines on the
female P5 baseoenp, which is one of the most distinct mod-
ifications observed within Xouthous and is considered an
apomorphic trait for this group. In contrast, the baseoenp
setae within harpacticoids are seldom tightly juxtaposed,
often showing significant gaps between setae. It is not pos-
sible to address, with the current knowledge of the group
and the incomplete descriptions available in the literature
if there is any apomorphy for the non-palisade group. As
far as we can know, this group lacks clear apomorphies,
suggesting that it may be paraphyletic.
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Fig. 11 X. dichroma sp. nov., male; A1l (a); A2 (b); P5 (c); P6 (d). Scale bars 50 um; vertical (a), (b), horizontal (c), (d)
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The palisade group is composed of X. laticaudatus
(Thompson & Scott, 1903), X. maldiviae Sewell, 1940, X.
andamanensis Huys, 2016, X. aemula, X. wellsi, X. yeong-
hooni. Its monophyly is supported by a female PS5 baseoenp
“with broad, spatulate, parallel-sided setae that are tapered
or rounded only towards the extreme apex; setae set very
close together and approximately equal in length, giving
the appearance of a palisade” (Huys 2016) (ap). Xouthous
spinifurca sp. nov. has all of these characters and can be
easily accommodated within the palisade group. Within this
group, Xouthous spinifurca sp. nov. differs from X. laticau-
datus, X. maldiviae, X. andamanensis by the presence of a

7-segmented Al in the female (pl). It differs from X. lati-
caudatus by having a longer female P5 exp (pl), extending
at least or beyond the middle of the baseoenp setae, which
are as long or longer than the exp. It also differs from X.
maldiviae, and X. andamanensis by the presence of a female
P5 baseoenp reaching at least the middle of the exp (pl?;
ap?); the seta 10 of the female P5 exp is not fused as in X.
maldiviae (pl), and the female P5 exp has only 5 setae (ap),
instead of 6 as in X. andamanensis. Xouthous spinifurca sp.
nov. may be closely related to X. laticaudatus and X. yeong-
hooni sharing with them rectangular enp-2 of P1 (ap), the
quadratic enp-2 observed in other species such as X. aemula

Fig. 12 X. spinifurca sp. nov., female; confocal laser scanning microscopy of the dorsal (a) and ventral (b) habitus. Scale bar 50 um
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Fig. 13 X. spinifurca sp. nov., male, dorsal habitus (a); female 1st to view (d); female furca, ventral view (e). Scale bars 50 pum; left (a),
3rd free pedigerous somites (b), and urosomite (without 5.0 pediger- (c), right (d), (e)
ous somite) with telson and furca (c¢); female telson and furca, dorsal
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Fig. 14 X. spinifurca sp. nov., female; P1 (a) and P2 (b). Scale bar 50 um

and X. maldiviae is considered plesiomorphic. Nothing can
be said about the proximity of Xouthous spinifurca sp. nov.
and X. andamanensis and X. wellsi, because they were
established by Huys (2016) without illustrations or refer-
ence to this character. It differs from the first two species
by the presence of longer P5 baseoenp spines, as long as
or longer than the baseoenp (pl), the baseoenp reaching
the middle of the longer exp (pl); in X. aemula, X. wellsi
the female P5 baseoenp is longer than the exp (ap) and the
baseoenp setae are short and truncate (ap). The P1 enp-2 is
also longer, with 3 inner setae (pl) in Xouthous spinifurca
sp. nov. It is most closely related to X. yeonghooni, sharing
the same female P5 baseoenp/exp ratio with the baseoenp
not reaching the insertion of the exopodal seta 10 (pl). With
X. yeonghooni it shares a rectangular P1 enp-2 (ap), and
a strong outer process in the P2 enp-2 (ap), convergently
appearing in X. naroensis from the non-palisade group.
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However, in the new species the baseoenp spines are longer
(pD), the P1 enp-2 has 3 inner setae (pl) instead of 2 present
in X. yeonghooni and X. aemula (ap), the outer process on
the P2 enp-2 is much stronger in X. spinifurca sp. nov. (ap),
and the outer spines of the P2—P4 exp-3 are not serrate
(pl) (these two last characters could not be accessed for X.
aemula in the literature).

Xouthous purpurocinctus, X. parasimulans (Médi-
oni & Soyer, 1968), X. simulans, X. pectinatus (Scott &
Scott, 1898), X. namibiensis Huys, 2016, X. naroensis
Karanovic, 2023 , and Xouthous dichroma sp. nov. com-
pose the group outside of the palisade group. Xouthous
dichroma sp. nov. has 2 inner setae on the P2 enp-2 (pl), a
character not shared with Xouthous purpurocinctus and X.
parasimulans which share only 1 inner seta on this segment
(ap). It differs from X. pectinatus, and X. namibiensis by
the presence of 5 setae on the female PS5 exp (ap), instead



Marine Biodiversity (2025) 55:17

Page 21 of 26

S

\§ /

N

NI ‘

R Ay R

% ZE [N
. = N
NS 3
N

/AN

ZANN
XN

Fig. 15 X. spinifurca sp. nov., female; P3 (a) and P4 (b). Scale bar 50 um

of 6 setae (pl). Xouthous dichroma sp. nov. resembles X.
simulans, and X. naroensis, sharing the presence of 2 inner
setae on the P2 enp-2. It differs from X. simulans by the
presence of a shorter baseoenp seta 1 (ap), even shorter
than setae 3-5, not ending in a long flagellate portion (pl)
as in X. simulans and X. naroensis (ap). X. dichroma sp.
nov. and X. naroensis seem to be closely related, sharing a
female P5 exp with 5 setae (ap), and no longer than twice
its width (ap), whereas in X. simulans the female PS5 exp is
also elongate, “about 3 times as long as wide” (Huys 2016)
(ap?), but with 6 setae (pl). X. naroensis, X. dichroma sp.
nov. also share the same female P5 exp/baseoenp ratio and
armature, differing, however, in the presence of serrate
outer spines in the exp-3 of P2-P4 of X. dichroma sp. nov.
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(ap). In addition, in X. simulans the setae of female P5
baseoenp are evenly spaced (pl), occurring a gap between
setae 4 and 5 in both X. dichroma sp. nov. and X. naroen-
sis (ap). It also differs from X. naroensis by the presence
in this species of a strong outer process in the endopod-2
of the second pereopod (ap), a character not found in X.
dichroma sp. nov. (pl).

The genetic distance analysis (Table 2) is based on
very few species of Pseudotachidiidae; nevertheless,
some useful conclusions can be drawn from the result-
ing topology (Fig. 19) which must be viewed not as a
phylogenetic cladogram, but as representing the genetic
relationships of different Pseudotachidiidae taxa given a
chosen genetic distance. As expected, the two congeneric
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Fig. 16 X. spinifurca sp. nov., male P5 and P6 (a); female P5, P6, and genital field (b). Scale bars 50 pm

species of Xouthous closely related to each other than to
other available species of Pseudotachidiidae in GenBank.
The 20% sequence divergence in COI between the two
Xouthous species may be indicative of the phylogenetic
separation of the species belonging to the palisade group
(e.g., X. spinifurca sp. nov.) and those that do not (e.g.,
X. dichroma sp. nov.). As more copepod species receive
COI barcodes, the phylogenetic relationship between the
two proposed taxonomic subdivisions of Xouthous can be
further tested. The morphological resemblance of X. spini-
furca sp. nov. to three species (X. aemula, X. wellsi, and X.
yeonghooni) found in the Indo-Pacific may be indicative
of a species radiation from the Pacific to the Caribbean
Sea. If this is true, X. spinifurca sp. nov. has been isolated
from its Pacific congeners at least 2.8 MYA, since the full
formation of the Isthmus of Panama (O’Dea et al. 2016).
The resemblance of X. dichroma sp. nov. with the species
X. simulans, and X. naroensis is challenging to interpret
because of the wide distance covering the distribution of
these species; Xouthous simulans from Simons Bay (South
Africa) and X. naroensis from South Korea. Although we
cannot give a definite answer, if X. dichroma sp. nov. is
closer to X. naroensis, we would have the same biogeo-
graphic and radiation pattern proposed for X. spinifurca

@ Springer

sp. nov. also occurring outside of the palisade group. It is
important to mention that the widespread distribution of X.
purpurocinctus (UK, Namibia, Maldives, Micronesia, and
California) and X. simulans (Portugal and Easter Island)
presents an excellent opportunity to test with molecular
markers whether these are truly cosmopolitan species or
are comprised of cryptic species.

The geographic and depth distributions of the two new
Xouthous species are different. Xouthous dichroma sp. nov.
was collected from a much wider area in the Caribbean
stretching from Puerto Rico to Panama whereas X. spini-
furca sp. nov. was collected exclusively in the US Caribbean
(Fig. 1, Table 3). Xouthous dichroma sp. nov. was sampled
from shallow depths (1-18 m) but X. spinifurca sp. nov.
attains a wider depth distribution from shallow (15 m) to
mesophotic depths (50 m) (Table 3). The harpacticoid fauna
and more generally the meiofauna of the mesophotic reefs
of the Caribbean has not been studied and it will certainly
yield many new species findings as indicated from prelimi-
nary work (e.g., Schizas et al. 2015; Corgosinho et al. 2016;
Veglia et al. 2018). The reported species geographic and
depth distribution should be regarded preliminary since
they are based on a limited number of samples. The type
of substrate also differs by species: X. dichroma sp. nov.
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Fig. 17 X. spinifurca sp. nov., male; confocal laser scanning microscopy of the dorsal (a) and ventral (b) habitus. Scale bar 50 pm

seems to be a generalist since specimens were collected
from phytal/coral/sediment substrata; X. spinifurca sp. nov.
was limited to coral substrata. Because of the way we pro-
cessed the substrata (i.e., washing whole pieces of corals,

coral rubble with the underlying substrate over sieves) we
cannot be certain of the exact habitat of each species and it
is likely with more samples and more precise collections to
find both species in additional habitats.

@ Springer
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Fig. 18 Three-dimensional representation of the anterior half of a female (a) and a male (b), of X. spinifurca sp. nov. Scale bars 50 um
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