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ABSTRACT

A new species of Cuapetes, C. canariensis sp. nov., is described on the basis of a single specimen

from Tenerife, Canary Islands. This is the first record of a species in the genus Cuapetes from the

eastern Atlantic. It belongs to a group of previously exclusively Indo-West Pacific species possessing

a supraorbital spine and a distoventral tooth on the merus of the second pereiopods. A morphological

comparison with members of this group of species is provided. A molecular analysis based on the

mitochondrial 16S gene of available sequences of Cuapetes species and species of related genera

reveals its close affinity with Cuapetes amymone.

Key words. — Crustacea, Decapoda, Caridea, Cuapetes, new species, Canary Islands

RESUMEN

Se describe una nueva especie de Cuapetes, C. canariensis sp. nov., a partir de un sólo ejemplar

colectado en Tenerife, Islas Canarias. Este es el primer registro del género Cuapetes en el Atlántico

Este. Pertenece a un grupo de especies del Indo-Pacífico occidental que caracterizado por la presencia

de una espina supraorbitaria y un diente distoventral en el mero del segundo pereiópodo. Se

proporciona una comparación morfológica con miembros de este grupo de especies. Un análisis

molecular basado en el gen mitocondrial 16S de las secuencias disponibles de especies de Cuapetes

y de géneros relacionados revela su estrecha afinidad con Cuapetes amymone.
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INTRODUCTION

To date, the marine palaemonid shrimp genus Cuapetes Clark, 1919 comprises
29 species (De Grave & Fransen, 2011; Bruce, 2012, 2013; Okuno, 2012; Okuno &
Chan, 2012). Members of the genus are known from subtropical to tropical regions.
Most species of Cuapetes are free-living, only a few are known as associates of
cnidarians. Cuapetes americanus (Kingsley, 1878) is the only species recorded in
the Atlantic, distributed in the tropical and subtropical western Atlantic from North
Carolina to southeastern Brazil (Holthuis, 1951; Moraes et al., 2021). The genus
has not yet been recorded from the eastern Atlantic.

In 2011, a specimen of Cuapetes was collected at a depth of 15 m at Punta
Prieta, Tenerife, Canary Islands. The specimen possesses a supraorbital spine on
the carapace and a distoventral tooth on the merus of the second pereiopod. These
features are not present in the other Atlantic species, C. americanus. Indo-Pacific
species of Cuapetes with a supraorbital spine and a distoventral tooth on the merus
of the second pereiopods are: C. agag (Kemp, 1922), C. amymone (De Man, 1902);
C. andamanensis (Kemp, 1922); C. demani (Kemp, 1915); C. elegans (Paulson,
1875); C. ensifrons (Dana, 1852); C. grandis (Stimpson, 1860); C. longirostris
(Borradaile, 1915); and C. suvadivensis (Borradaile, 1915). In the present study,
the Canary Islands specimen is described as a new species and compared with the
above-mentioned members of the genus. A molecular analysis based on the 16S
gene was carried out to reconstruct its putative phylogenetic position in the genus.

The type material is deposited in the collection of Naturalis Biodiversity Center,
Leiden, The Netherlands.

MATERIAL AND METHODS

Specimens were studied with a dissecting stereomicroscope (Zeiss Discov-
eryV8, Zeiss, Oberkochen, Germany) and a compound microscope (Olympus
BX53, Olympus, Tokyo, Japan) both provided with a drawing tube. Drawings were
scanned (Canon Canoscan 9000F, Canon, Tokyo, Japan) with a resolution of 600
dpi and subsequently mounted into plates using Adobe Photoshop software (Adobe
Systems, San Jose, CA, U.S.A.). Post-orbital carapace length (pocl) was measured
from the posterior margin of the orbit to the posterior margin of the carapace.

Genomic DNA was isolated from pleon tissue using a modified Puregene
method (Gentra Systems, Minneapolis, MN, U.S.A.). The mitochondrial gene
encoding the rRNA of the large 16S ribosomal subunit (16S) was partially
amplified via polymerase chain reactions (PCR) with the primers 16L29 (5′-
YGCCTGTTTATCAAAAACAT-3′) and 16H11 (5′-AGATAGAAACCRACC
TGG-3′) (Schubart, 2009) and the following profile: 4 min at 94°C; 40 cycles with
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45 s at 95°C for denaturing, 60 s at 48°C for annealing, 60 s at 72°C for extension;
and final extension with 5 min at 72°C.

A 468 bp 16S DNA sequence of the new Cuapetes species was compared with
9 sequences of other Cuapetes species and 17 sequences of species from related
genera comprising Clade 1 in Horka et al. (2016, fig. 3) and Clade IIIA in Chow et
al. (2021) (their fig. 2) (table I). The Exoclimenella species were used as outgroup.

A multiple sequence alignment was obtained using the MUSCLE (Edgar,
2004) algorithm (default settings), and were trimmed manually in MEGA v10.2.5
(Kumar et al., 2018). The alignment was examined for highly divergent blocks with
the aid of Gblocks v0.91b (Talavera & Castresana, 2007) using default parameters.
This resulted in the retention of 311 positions. The model for sequence evolution
was calculated in MEGA v10.2.5 (Kumar et al., 2018) using default settings. The
best model (TN93+G) was chosen based on values for the Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC).

Phylogenetic analyses were performed under the maximum likelihood (ML)
and Bayesian Inference (BI) criteria using RAxML via the on-line CIPRES
(Miller et al., 2010) with the RAxML-NG BlackBox v1.0.0 tool (Kozlov et al.,
2019) and MrBayes v3.2.7 (Ronquist & Huelsenbeck, 2003), respectively. The
BI analysis was conducted using a Markov Chain Monte Carlo (MCMC) method
with two independent runs and four chains. The analysis was run for 10 000 000
generations reaching an average standard deviation of split frequencies (ASDSF)
value of 0.007896, burnin was set to 0.25. Trees were visualized in FigTree v1.4.4
(Rambaut, 2009).

SYSTEMATIC ACCOUNT

PALAEMONIDAE Rafinesque, 1815
Genus Cuapetes Clark, 1919
Cuapetes canariensis sp. nov.

(figs. 1-6)

Material examined.— Holotype male, pocl. 3.1 mm, RMNH.CRUS.D.58025: Canary Islands,
Tenerife, Punta Prieta, 28°11′37.1′′N 016°25′16.5′′W, 15 m depth, 27.iii.2011, collected by
Leopoldo Moro, T467-6.

Description.— Medium sized, rather slender shrimp, with slender pereiopods
(fig. 1).

Carapace smooth. Rostrum (fig. 1) well developed, reaching beyond scapho-
cerite, almost straight, slightly upcurved in distal half; dorsal margin not elevated,
with nine subequal teeth of which posteriormost (epigastral) tooth postorbital, at
somewhat larger distance to anterior teeth than distance between teeth on ros-
trum proper, 2-4 plumose setae just in front of each dorsal tooth; ventral margin
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Fig. 1. Cuapetes canariensis sp. nov. holotype male, pocl 3.1 mm, RMNH.CRUS.D.58025, habitus
lateral. Scale = 2 mm.

with four shallow teeth in distal 2/3rd; posterior half of ventral margin with single
row of plumose setae, distal half with double row of plumose setae. Supra-orbital
spines acute. Inferior orbital angle well developed, slightly produced, rounded in
lateral view. Antennal spine robust and elongate, submarginal, situated below infe-
rior orbital angle. Hepatic spine about as large as antennal spine, situated well
behind level of posterior orbital margin and slightly below level of antennal spine.
Anterolateral angle of carapace rounded, not produced.

Abdominal somites (fig. 1) smooth. Third somite not produced posterodorsally.
Pleura of first four somites broadly rounded, that of fifth with posteroventral tooth.
Sixth abdominal somite 1.6 times as long as fifth with posteroventral angle feebly
produced, acute, posterolateral angle acute.

Telson (fig. 2B) 1.3 times as long as sixth abdominal somite and 2.9 times
as long as anterior width; lateral margins converging posteriorly; two pairs of
submarginal dorsal spines present at 0.33 and 0.66 of telson length; posterior
margin triangularly produced, 0.35 of anterior width, ending in acute tip, with
three pairs of spines. Lateral spines short, slightly shorter than dorsal spines.
Intermediate spines very long, about 0.39 of telson length, 3.0 times length of
submedian spines.

Eyes (fig. 2A) well developed. Cornea globular, with distinct accessory pigment
spot dorsally. Eyestalks slightly longer than proximal width.

Antennular peduncle (fig. 2C) reaching 0.75 of rostrum length. Basal segment
long, slender, 2.5 times as long as wide; stylocerite short, acute, reaching to 0.45 of
basal segment; lateral margin straight, anterolateral margin slightly produced, with
distolateral acute tooth and rows of setae; medial ventral margin with tooth at 0.45
of length. Statocyst containing granular statolith. Intermediate and distal segments
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Fig. 2. Cuapetes canariensis sp. nov. holotype male, pocl 3.1 mm, RMNH.CRUS.D.58025. A, Ante-
rior part of carapace and anterior appendages, dorsal view; B, telson; C, antennule, dorsal view;
D, antenna, ventral view; E, fourth and fifth thoracic sternites. Scale A, B, E = 2 mm; C, D = 1 mm.
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short, together equal to 0.7 of basal segment length. Upper outer flagellum
biramous, with first 14 segments fused. Aesthetascs present on distal 5 segments
of fused part and short free ramus. Shorter free ramus three-segmented, longer
free ramus with few segments. Lower inner flagellum slender, slightly longer than
upper flagellum.

Antennal basicerite (fig. 2D) with acute lateroventral tooth. Ischiocerite and
merocerite normal. Carpocerite slender, reaching 0.25 of length of scaphocerite.
Scaphocerite long, slender, 5.6 times as long as broad, with greatest width at 0.25
of its length; lamella not overreaching distolateral tooth; lateral margin slightly
concave, ending in acute, large distolateral tooth.

Epistome and labrum normal.
Second and third thoracic sternites unarmed.
Fourth thoracic sternite (fig. 2E) with long finger-like medial process, slightly

curved forward.
Fifth thoracic sternite (fig. 2E) with distinct lateral plates posteromedial of

second pereiopods.
Sixth to eighth thoracic sternites unarmed.
Mandible (fig. 3A) with cylindrical molar process bearing five blunt teeth and

a brush of setae distally. Incisor process slender, with three well developed teeth
distally, of which lateralmost slightly enlarged. Mandible without palp.

Maxillula (fig. 3B) with upper lacinia rectangular with row of few spines and
slender setae medially; lower lacinia lost in dissection; palp bilobed, medial lobe
with single short recurved simple seta.

Maxilla (fig. 3C) with short tapering palp with few plumose setae laterally.
Basal endite well developed, deeply bilobed, both lobes with many long simple
setae distally. Coxal endite obsolete, median margin convex, without setae, medial
region slightly convex. Scaphognathite normal, widest centrally, about 2.6 times
as long as central width, with marginal plumose setae.

First maxilliped (fig. 3D) with short, slender, tapering palp with one long
plumose seta subdistally. Basal endite broad, distinctly separated from coxal
endite. Median margin of both endites provided with many setulose and slender
simple setae. Caridean lobe distinct, with plumose marginal setae. Flagellum of
exopod well developed with long plumose setae in distal fourth. Epipod very large,
indistinctly bilobed.

Second maxilliped (fig. 4A) with dactylar segment narrow, 3.0 times as long
as wide, straight medially, densely fringed with numerous coarsely serrulate,
spiniform, and long curled finely serrulate setae medially. Propodal segment longer
than dactylar segment, with distomedial angle produced, with several long robust
serrulate and slender simple setae. Carpus short, unarmed. Meral segment short,
not excavate, without setae. Ischium fused to basis. Basis with long slender exopod
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Fig. 3. Cuapetes canariensis sp. nov. holotype male, pocl 3.1 mm, RMNH.CRUS.D.58025.
A, Mandible; B, maxillula (lower lacinia not figured); C, maxilla; D, first maxilliped; E, second

maxilliped. Scale = 0.5 mm.

exceeding length of endopod, with long plumose setae distally and subdistally.
Coxa slightly produced medially, rectangular small oblong epipod laterally.

Third maxilliped (fig. 4B) slender. Terminal segment 5.2 times as long as
proximal width, slightly shorter than length of penultimate segment, with many
serrulate and simple setae medially. Penultimate segment slender, 6.0 times as long
as distal width. Antepenultimate segment long, strongly bowed, 1.2 times length
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Fig. 4. Cuapetes canariensis sp. nov. holotype male, pocl 3.1 mm, RMNH.CRUS.D.58025. A, Sec-
ond maxilliped; B, third maxilliped. Scale = 0.5 mm.
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of penultimate segment, with row of 8 mobile spines in distal half of ventrolateral
margin. Basal segment short, exopod reaching distal margin of antepenultimate
segment, with distal and subdistal plumose setae. Coxa with small setose median
process, with rounded lateral plate and small arthrobranch.

First pereiopod (fig. 5A) slender, reaching distal margin of scaphocerite. Chela
with palm subcylindrical, straight, 3 times as long as wide. Fingers almost as long
as palm, straight not subspatulate, with brushes of setae in distal part, cutting edges
entire, tips of fingers hooked. Cleaning setae present on palm and distoventral part
of carpus. Carpus twice length of chela, 12 times as long as distal width. Merus
almost as long as carpus, almost twice length of ischium. Basis and coxa without
special features.

Second pereiopods (fig. 5B), equal in length, similar, extending beyond scapho-
cerite with chela and half of carpus. Chela with palm subcylindrical, straight, about
4 times as long as wide. Fingers (fig. 5D) 0.80 of palm length. Dactylus as wide as
fixed finger, fingers with brushes of short setae in distal part, tips strongly hooked,
cutting edges with about 8 slightly rounded teeth proximally, distally entire. Carpus
1.3 times as long as palm length, expanded distally, disto-lateral margin bearing
broad blunt tooth, distal medial margin with long slender acute subdistal spine
(fig. 5C). Merus as long as carpus, with subdistal ventral acute spine. Ischium
slightly shorter than merus, unarmed. Basis and coxa without special features.

Ambulatory pereiopods (fig. 5E-H) slender, similar in form and length. Dactylus
(fig. 5F) slender, uniformly tapering, unarmed, about 0.37 of propodus length,
8.0 times as long as proximal width, with slender unguis almost half as long as
corpus. Propodus about 20 times as long as wide, with 4-5 ventral spines and two
distoventral spines. Carpus, merus and ischium 0.50, 1.1 and 0.47 of propodus
length, respectively, unarmed. Basis and coxa normal.

Endopod of first pleopod in male (fig. 5I, J) short, half-length of exopod, distally
broad, rounded, with long plumose setae along lateral and distal fourth of medial
margin; proximal part of medial margin with row of short serrate setae increasing
in length proximally. Endopod of second pleopod in male (fig. 5K), 0.78 times
length of exopod. Appendix masculina (fig. 5L) long and slender, 1.35 times as
long as appendix interna, with many long simple setae; distalmost setae serrate.

Uropods (fig. 1) extending beyond tip of telson. Protopodite unarmed laterally.
Exopod with lateral border almost straight, entire, slightly longer than endopod,
terminating in a small tooth with mobile spine medially.

Size.— Holotype pocl. 3.1 mm.
Colour (fig. 6).— Body and appendages generally translucent. Carapace with

laterally oblique and dorsally longitudinal lines of red chromatophores, alternating
with lines and patches of light blue chromatophores; more prominent oblique red
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Fig. 5. Cuapetes canariensis sp. nov. holotype male, pocl 3.1 mm, RMNH.CRUS.D.58025. A, First
pereiopod; B, second pereiopod, dorso-lateral view; C, idem, carpo-propodal joint, ventro-medial
view; D, idem, fingers of chela, medial view; E, third pereiopod; F, idem, dactylus; G, fourth
pereiopod; H, fifth pereiopod; I, first pleopod; J, idem, endopod; K, second pleopod; L, idem,
appendix masculina and appendix interna. Scale A, B, E, G, H = 2 mm; C, D, I, K = 1 mm; F,

J, L = 0.25 mm.
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lines departing from basal and coxal segments of third pereiopods and third max-
illipeds. Tip of rostrum and scaphocerite with few bright yellow chromatophores.
Abdomen with patches of light blue chromatophores, dorsally and laterally inter-
spersed with scattered red chromatophores, most prominent ventrolaterally. Telson
and uropods translucent except for some bright yellow chromatophores at distal
margins. Eyestalks with faint dorsal longitudinal reddish stripes and scattered red
chromatophores ventrally. Joints between basis, coxa, ischium of pereiopods 1,
2, 4 and 5 with bright blue chromatophores, that of third pereiopods with red
chromatophores. All pereiopods with ischial-meral joint with bright blue chro-
matophores. First two pereiopods reddish; joints between merus and carpus and
between carpus and propodus with some bright blue chromatophores. Chela of
second pereiopods with fingers reddish with yellow chromatophores at base of fin-
gers.

Etymology.— The species name ‘canariensis’ refers to the Canary Islands,
the region where the species was discovered. It is an adjective referring to a
geographical location, and agreeing in gender with the (masculine) generic name.

PHYLOGENETIC ANALYSIS

The result of the phylogenetic analysis based on the mitochondrial gene 16S
rRNA shows (fig. 7) that Cuapetes canariensis sp. nov. clusters together as sister
species with C. amymone (De Man, 1902).

DISCUSSION AND CONCLUSIONS

The currently known Cuapetes species with a supraorbital spine and a distoven-
tral tooth on the merus of the second pereiopods are: C. agag (Kemp, 1922), C.
amymone (De Man, 1902), C. andamanensis (Kemp, 1922), C. demani (Kemp,
1915), C. elegans (Paulson, 1875), C. ensifrons (Dana, 1852), C. grandis (Stimp-
son, 1860), C. longirostris (Borradaile, 1915) and C. suvadivensis (Borradaile,
1915). C. canariensis sp. nov. shares the possession of one acute tooth on the distal
margin of the carpus of the second pereiopods with C. amymone, C. andamanensis,
C. demani, C. elegans and C. grandis.

Cuapetes amymone differs from the new species in having: (1) the carpus of
the second pereiopod with two acute distal teeth, whereas the new species has only
one distal acute tooth in the distal part of the carpus; (2) the ambulatory pereiopods
being rather short and stout whereas long and slender in the new species; (3)
the propodi of the ambulatory pereiopods only with one small distoventral spine
whereas several spines are present along the ventral margin in the new species; (4)
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Fig. 6. Cuapetes canariensis sp. nov. holotype male, pocl 3.1 mm, RMNH.CRUS.D.58025, colour
photographs taken, A, under water; and, B, in the laboratory. [Photographs by Leopoldo Moro.].

and in having the dactyli of the ambulatory pereiopods short and stout, about 2.2
times as long as their proximal width (see Bruce, 1980, fig. 1I), whereas they are
long and slender, about 8 times as long as their proximal width, in the new species.
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Fig. 7. Phylogenetic tree for Cuapetes canariensis sp. nov. and related species (Clade 1 of Horka
et al. (2016) and Clade IIIA of Chow et al. (2021)) resolved by Maximum Likelihood based on
16S DNA sequences retrieved from GenBank. RAxML bootstrap support and Bayesian posterior
probabilities expressed as percentages indicated. Dash (−) indicates support value lower than 50%.

See text for further explanation; see also table I.

Cuapetes andamanensis is very similar to the new species, both in morphology
as well as coloration (see Ashrafi et al., 2020; their fig. 2A). It differs in having: (1)
2, rarely 3, teeth on the ventral margin of the rostrum while the new species has 4
ventral teeth; (2) and the palm of the second pereiopod chelae being 1.8-2.1 times
as long as the fingers, whereas 1.1 times as long as the fingers in the new species.

Cuapetes demani differs from the new species in having the distolateral tooth
of the scaphocerite not, or scarcely, exceeding the lamella, whereas it is distinctly
exceeding the lamella in the new species.

Cuapetes elegans differs from the new species in having: (1) the carpus of the
second pereiopod with two acute distal teeth, whereas the new species has only
one distal acute tooth in the distal part of the carpus; (2) the ambulatory pereiopods
being rather short and stout whereas long and slender in the new species; (3) and
in having the dactyli of the ambulatory pereiopods short and stout, 4.0-4.5 times
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as long as their proximal width (see Kemp, 1922: 217, their fig. 62e), whereas they
are long and slender, about 8 times as long as their proximal width, in the new
species.

Cuapetes grandis differs from the new species in having: (1) the palm of the
second pereiopod chela much longer than the fingers (1.6-2.0 times as long),
whereas it is about as long as the fingers in the new species; (2) and in having
the dactyli of the ambulatory pereiopods 6.0-6.5 times as long as their proximal
with, whereas 8 times their proximal width in the new species.

Finally, with regard to the results of the phylogenetic analysis performed,
according to the data derived from the 16S mitochondrial gene, the systematic
position of Cuapetes canariensis can be characterized as being most closely
related to C. amymone, as apparent from the cladogram represented in fig. 7.
This phylogenetic reconstruction is based on 16S mitochondrial gene sequences
of Cuapetes species available on GenBank, covering 26% of the Cuapetes species
currently known. More robust multi-gene phylogenetic reconstructions including
species of Cuapetes have recently been published by Horka et al. (2016) and Chow
et al. (2021). These reconstructions show that the Indo-West Pacific Cuapetes form
a monophyletic group (not confirmed in our single gene analysis) as well as the
isolated position of the western Atlantic Cuapetes americanus (as confirmed in
our analysis).
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switching events shape the evolution of symbiotic palaemonid shrimps (Crustacea: Decapoda).
Sci. Rep., 6: 26486.

KEMP, S., 1915. Fauna of the Chilka lake. No. 3. Crustacea Decapoda. Mem. Ind. Mus., 5: 201-325.
KEMP, S., 1922. Notes on Crustacea Decapoda in the Indian Museum, XV. Pontoniinae. Rec. Ind.

Mus., 24: 113-288.
KINGSLEY, J. S., 1878. Notes on the North American Caridea in the Museum of the Peabody

Academy of Science at Salem, Mass. Proceedings of the Academy of Natural Sciences of
Philadelphia, 1878: 89-98.

KOZLOV, A. M., D. DARRIBA, T. FLOURI, B. MOREL & A. STAMATAKIS, 2019. RAxML-
NG: a fast, scalable and user-friendly tool for maximum likelihood phylogenetic inference.
Bioinformatics, 35: 4453-4455.

KUMAR, S., G. STECHER, M. LI, C. KNYAZ & K. TAMURA, 2018. MEGA X: molecular evolution-
ary genetics analysis across computing platforms. Mol. Biol. Evol., 35: 1547-1549.

MILLER, M. A., W. PFEIFFER & T. SCHWARTZ, 2010. Creating the CIPRES science gateway for
inference of large phylogenetic trees. In: Proceedings of the gateway computing environments
workshop (GCE), 14 Nov. 2010, New Orleans, LA: 1-8.

MORAES, I. R. R., A. O. ALMEIDA, V. J. COBO, D. F. R. ALVES, T. M. DAVANSO & A. L.
CASTILHO, 2021. Biodiversity of caridean shrimps on rocky bottoms of two preserved islands
on the southeastern Brazilian coast. Mar. Biol. Res., 16(8-9): 616-631. DOI:10.1080/17451000.
2020.1864830.

OKUNO, J., 2012. A new species of cnidarian-associated shrimp of the genus Cuapetes Clark,
1919 (Decapoda, Palaemonidae) from Suruga bay, Japan. In: H. KOMATSU, J. OKUNO &
K. FUKUOKA (eds.), Studies on Eumalacostraca: a homage to Masatsune Takeda. Crustaceana
Monogr., 17: 233-234.

OKUNO, J. & T.-Y. CHAN, 2012. A new antipatharian-associated species of the genus Cuapetes
Clark, 1919 (Crustacea: Decapoda: Palaemonidae) and a new record of C. nilandensis (Bor-
radaile, 1915) from Japan. In: T. NARUSE, T.-Y. CHAN, H. H. TAN, S. T. AHYONG & J. D.
REIMER (eds.), Scientific results of the marine biodiversity expedition — KUMEJIMA 2009.
Zootaxa, 3367: 115-125.

http://dx.doi.org/10.1080/17451000.2020.1864830
http://dx.doi.org/10.1080/17451000.2020.1864830


CUAPETES CANARIENSIS NOV. 371

PAULSON, O., 1875. Studies on Crustacea of the Red Sea with notes regarding other seas. Part 1
Podophthalmata and Edriophthalmata (Cumacea): i-xiv, 1-144. (Kiev). [In Russian.]

RAFINESQUE, C. S., 1815. Analyse de la Nature ou Tableau de l’Univers et des corps organisés:
1-224. (Palermo).

RAMBAUT, A., 2009. FigTree version 1.4.2. Available online at http://tree.bio.ed.ac.uk (accessed 14
November 2020).

RAMBAUT, A., A. J. DRUMMOND, D. XIE, G. BAELE & M. A. SUCHARD, 2018. Posterior
summarization in Bayesian phylogenetics using Tracer 1.7. Syst. Biol., 67: 901-904.

RONQUIST, F. & J. P. HUELSENBECK, 2003. MrBayes 3: Bayesian phylogenetic inference under
mixed models. Bioinformatics, 19: 1572-1574.

SCHUBART, C. D., 2009. Mitochondrial DNA and decapod phylogenies: the importance of pseudo-
genes and primer optimization. In: J. W. MARTIN, K. A. CRANDALL & D. L. FELDER (eds.),
Decapod crustacean phylogenetics. Crustac. Iss., 18: 47-65.

STIMPSON, W., 1860. Prodromus descriptionis Animalium Evertebratorum, quae in Expeditione ad
Oceanum Pacificum Septentrionalem, a Republica Federata missa, Cadwaladore Ringgold et
Johanne Rodgers ducibus, observavit et descripsit. Pars VIII, Crustacea Macrura. Proc. Acad.
Nat. Sci. Philadelphia, 1860: 22-47. [Pages 91-116 on separate.]

TALAVERA, G. & J. CASTRESANA, 2007. Improvement of phylogenies after removing divergent and
ambiguously aligned blocks from protein sequence alignments. Syst. Biol., 56: 564-577.

First received 14 March 2022.
Final version accepted 29 March 2022. Published online 18 May 2022.

http://tree.bio.ed.ac.uk

