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The Formosa Ridge methane seep is one of three known active methane seepage areas
discovered on the northern slope of the South China Sea. Cyphocaris is a genus of pelagic
amphipods. Two new species of Cyphocaris collected from water columns above the
Formosa Ridge methane seep are reported in the present study. Cyphocaris lubrica sp.
nov. collected at a depth of 1,118 m is characterized by pereonite 1 dorsal projection not
extending beyond head, and the pereopod 5 having a spur beyond pereonite 7.
Cyphocaris formosa sp. nov. collected at a depth of 500–800 m is characterized by
well-developed pereonite 1 dorsal projection extending beyond head and pereopod 5
without spur. The present work describes these two new species and compares themwith
closely related species, and provides a modified key of world Cyphocarididae species.

Keywords: Amphipoda, Cyphocaris, taxonomy, deep sea, new species
INTRODUCTION

The Formosa Ridge is an active methane seep on the northern South China Sea continental slope
(Feng and Chen, 2015; Feng et al., 2018; Kuo et al., 2019), located in the passive China continental
margin about 100 km southwest of Taiwan (Lin et al., 2007a; Lin et al., 2007b; Machiyama et al.,
2007). The community of the Formosa Ridge methane seep is dominated by two epibenthic species:
the bathymodioline mussel Gigantidas platifrons (Hashimoto and Okutani, 1994) and the galatheid
squat lobster Shinkaia crosnieri (Baba and Williams, 1998; Zhao et al., 2020). Although a number
of studies have been conducted to understand the biodiversity of the epifauna of this methane seep
(Li, 2017; Zhao et al., 2020), and the connectivity of such epifauna with those of the open western
Pacific (Xu et al., 2022), nothing is known about the zooplankton in the water columns above
the seep.
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Amphipoda is one of the largest orders of the Crustacea and
the most widespread crustacean taxa, occurring in almost all
aquatic environments, some subterranean habitats and some
terrestrial habitats (Barnard and Karaman, 1991; Lowry and
Myers, 2017). Cyphocaridids are pelagic amphipods found
throughout the oceans of the world from 90 m to thousands of
meters deep (Hughes and Lowry, 2015). The Cyphocarididae is
characterized by having reduced coxae 1–3, a well-developed
lacinia mobilis, outer plate of maxilla 1 with an unmodified 6/5
setal-tooth arrangement, and a deeply cleft telson (Lowry and
Stoddart, 1997). Cyphocarididae contains two genera Cyphocaris
(Boeck, 1871) and Procyphocaris J.L. (Barnard, 1961).
Procyphocar i s i s a monotyp ic genus tha t can be
morphologically distinguished from Cyphocaris by the basis of
pereopod 7 having smooth, rather than serrate posterior margin,
and by having only coxae 1–2 reduced and covered by coxa 3
(Hughes and Lowry, 2015).

The genus Cyphocaris was reviewed by Hughes and Lowry
(2015), and updated by Andrade et al. (2021). The genus,
currently containing 18 species, includes members that are
widely reported from the Pacific, the Atlantic, the Indian
Ocean, the Arctic and the Antarctic Oceans. Six Cyphocaris
species (C. anonyx, C. bouvieri, C. challengeri, C. faurei, C.
Polaris, and C. richardi) have been reported from more than
one ocean (Hughes and Lowry, 2015). For instance, C. anonyx
(Boeck, 1871) has been reported from the Indian Ocean
(Barnard, 1937; Birstein & Vinogradov, 1964; Vinogradov,
2004), the South and North Pacific (e.g. Schellenberg, 1929;
Pirlot, 1933; Shoemaker, 1945; Birstein and Vinogradov, 1963;
Barnard, 1967; Sanger, 1974; Vinogradov, 1990), the South and
North Atlantic (e.g. Schellenberg, 1955; Thurston, 1976; Gislason
and Astthorsson, 1992), the Great Australian Bight (Birstein and
Vinogradov, 1962), and the Subantarctic (Kane, 1962). The rest
of the Cyphocaris species have been reported from just one
ocean, namely, two species (C. boecki and C. pedroi) from the
South Atlantic (Sorrentino et al., 2016; Andrade et al., 2021); two
species (C. geyserensis and C. cornuta) form the Indian Ocean
(Ledoyer, 1978; Ledoyer, 1986; Vinogradov, 2004); two species
(C. johnsoni and C. tunicola) from the North Atlantic
(Shoemaker, 1934; Lowry and Stoddart, 1997); two species(C.
latirama and C. ohtsukai) from the North Pacific (Hendrycks
and Conlan, 2003; Tomikawa, 2009); and four species (C.
ananke, C. bellona, C. nesoi, and C. tartaros) from the South
Pacific (Lowry and Stoddart, 1994; Hughes and Lowry, 2015).

During research cruises on board the Chinese research vessel
KEXUE to survey the biodiversity of the Formosa Ridge methane
seep (Figure 1) in the South China Sea in 2020 and 2021, two
individual of Cyphocarididae were collected at different depths
by using MultiNet. The two specimens are identified to
Cyphocaris on the basis of pereopod 7 having serrate posterior
margin, and reduced coxae 1–3 partly covered by coxa 4. These
two individuals exhibit some characteristics distinct from other
described Cyphocaris species, so they are identified as new
species, described morphologically and compared with other
similar congeneric species. The provided key is modified from
Hughes and Lowry (2015) and Sorrentino et al. (2016).
Frontiers in Marine Science | www.frontiersin.org 2
MATERIAL AND METHODS

Zooplankton samples were taken on board the research
vessel KEXUE by MultiNet (Multi Plankton Sampler XL MPS
XL, 200-mesh sieve, sampling for about 3 h), during expeditions
to the Formosa Ridge methane seep by the Institute of
Oceanology, Chinese Academy of Sciences (IOCAS) in May
2020 and June 2021, respectively. Type material of C. lubrica
sp. nov. was collected at 1,118 m depth [temperature (4.1°),
salinity (34.63‰) and oxygen (4.9 mg/l)], and was sorted on
board and fixed in 96% ethanol, then transferred to 75% ethanol
in the laboratory; type material of C. formosa sp. nov. was
collected at 500–800 m depth [temperature (6–9°), salinity
(34.56–34.63‰) and oxygen (5.25–5.15 mg/l)] and was sorted
on board and fixed in 10% formalin, then transferred to 75%
ethanol in the laboratory. Both specimens were deposited in the
Marine Biological Museum (MBM), Chinese Academy of
Sciences (CAS), Qingdao, China.

The individuals were examined and dissected with a ZEISS
Discovery V20dissecting microscope. Scanning electron
microscope (SEM) observation of the distal part of the outer
plate and palp of maxilla 1 of C. lubrica sp. nov., was conducted
using Hitachi S-3400N SEM at an accelerating voltage of 5 kV.
Line drawings were first created from images from the dissecting
microscope, and then completed using the software Adobe
Photoshop CS6 with a graphics tablet (Wacom PTH-851;
Coleman, 2003). Length measurements were made by using a
LINKS caliper along the outline of the animal, beginning from
the rostrum to the posterior margin of telson.

The following abbreviations were used in Figures 2–6:
A, antenna; G, gnathopod; H, head; L, left; LL, lower lip;
Md, mandible; Mx1, maxilla 1; Mx2; maxilla 2; Mxp,
FIGURE 1 | A map showing the location of sampling site (red circle) in the
South China Sea.
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FIGURE 2 | Cyphocaris lubrica sp. nov., MBM 286819, male holotype (9.1 mm), showing head, antenna 1 and 2, gnathopod 1 and 2 and pereopod 3 and 4. For
abbreviations, see text.
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FIGURE 3 | Cyphocaris lubrica sp. nov., MBM 286819, male holotype (9.1 mm), showing pereopod 5–7, uropod 1–3 and telson. For abbreviations, see text.
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maxilliped; P, pereopod; R, right; T, telson; U, uropod; UL,
upper lip.
RESULTS

We described two new species of Cyphocaris, and each new
species was described based on one individual. The classification
system follows that of Lowry and Myers (2017).

Order Amphipoda (Latreille, 1816).
Frontiers in Marine Science | www.frontiersin.org 5
Suborder Amphilochidea (Boeck, 1871).

Superfamily Lysianassoidea (Dana, 1849).

Family Cyphocarididae (Lowry and Stoddart, 1997).

Genus Cyphocaris (Boeck, 1871).

Diagnosis: Head deeper than long. Flagella of antennae long;
first peduncular article of antenna 1 with callynophore, accessory
flagellum present. Mouthparts forming quadrate bundle; upper
lip and epistome separate; mandible incisor ordinary, molar
triturative, palp well setose, attached opposite molar; inner plate
FIGURE 4 | Cyphocaris lubrica sp. nov., MBM 286819, male holotype (9.1 mm), showing mouthparts, SEM picture showing outer plate of distal part of outer plate
and palp of maxilla 1. For abbreviations, see text.
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FIGURE 5 | Cyphocaris formosa sp. nov., MBM 286820, male holotype (19 mm), showing head, antenna 1 and 2, mouthparts, uropod 1–3 and telson. For abbreviations,
see text.
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FIGURE 6 | Cyphocaris formosa sp. nov., MBM 286820, male holotype (19 mm), showing gnathopod 1 and 2, pereopod 3–7. For abbreviations, see text.
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of maxilla 1 strongly setose; palp 2-articulate, large; inner and
outer plates of maxilliped well-developed, plap strongly exceeding
outer plate, dactylus well-developed. Coxae 1–3 small, strongly
shortened and partly covered by coxa 4; coxa 4 large and visible,
strongly lobate and excavate; coxa 5 usually large. Gnathopod 1
simple, carpus and propodus subequal in length, dactylus large.
Propodus of gnathopod 2 slightly to greatly shorter than carpus,
often both very elongate and linear, propodus minutely
subchelate. Uropod 3 ordinary to elongate, peduncle elongate,
aequiramous, outer ramus uni- or 2-articulate. Telson elongate,
deeply cleft (Barnard and Karaman, 1991).

Cyphocaris lubrica sp. nov. (Figures 1, 2, 6, 7)
lsid:zoobank.org:act:B7BECCC6-0681-4E32-A36F-75E00CB68311
Type Material: Holotype: MBM 286819,♂ (9.1 mm), dissected,

the Formosa Ridge methane seep, coll. No. TXNLQ044, 22°07′N
119°17′E, depth 1118 m, 19 June 2021, MultiNet, collected by
Min Hui and Ziming Yuan.

Description
Holotype, male, 9.1 mm. Body smooth, without setae. Pereonite 1
conspicuously produced anterodorsally, length subequal to basal
width. Head narrow than long, eyes present, dumbbell-shaped;
rostrum absent; lateral cephalic lobe acute, anteroventral
corner produced rounded, ventral margin convex. Antenna 1
much shorter than antenna 2; peduncular article 1 longer than
articles 2 and 3 combined; accessory flagellum short, 5-articulate,
have tufts of setae, almost reaching to end of primary flagellum
first article; primary flagellum article 1 very long, ventrally with
well-developed callynophore in two fields, calceoli absent.
Antenna 2 slightly shorter than body, peduncular article 4
strongly broadened, nearly as long as body, flagellum
calceoli absent.

Epistome and upper lip separate, unequally produced.Mandible
incisor smooth, toothed laterally; right lacinia mobilis absent, left
one smooth, blade-like; right accessory setal with 5 setae; molar
well-developed, triturative; palp 3-articulate, article 1 shortest, article
2 longer than article 3, posterior margin nearly straight, anterior
margin with medial bulge, with dense row of submarginal setae
distally, article 3 anterior margin with dense row of setae.Maxilla 1
outer plate with 11 setal teeth; inner plate tapering distally, inner
margin with 13 plumose setae; palp with 8 robust dentate setae and
5 slender plumose setae. Maxilla 2 inner plate broad, triangular,
with marginal plumose setae and slender setae; outer plate with
apical setae. Maxilliped inner plate rectangular, with 3 nodular
apical robust setae, distal margin lined with 6 plumose setae; outer
plate subovate, apicolateral margin with long setae, medial margin
with 13 nodular robust setae; palp 4-articulate, article 2 subequal in
length to article 1, mesial margin with row of plumose setae, distal of
lateral margin with three plumose setae; dactylus slightly shorter
than article 3, mesial margin with short dense plumose setae.

Gills present on Gnathopod 2 to pereopod 7, gill on pereopod
7 not reduced.

Gnathopod 1 weakly subchelate; coxa small; basis long, slightly
widened distally; merus posteriorly produced, acute, posterior
surface with short setae; carpus length 0.6 × propodus; propodus
with palm finely serrate; dactylus posterior margin serrated, with
Frontiers in Marine Science | www.frontiersin.org 8
one and a pair distal robust setae, nail present. Gnathopod 2
minutely subchelate; coxa small, deeper than long; basis elongate,
margins naked; ischium elongate, margins naked; merus length
0.7 × ischium subtriangular; carpus length 1.1 × merus, anterior
margin setose; propodus length 0.8 × carpus, subrectangular,
posterior and distal margins with slender setae, palm reduced,
palmer corner not defines by stout seta; dactylus small, curved,
reaching to palmar corner. Pereopod 3 slender; coxa subquadrate;
basis elongate, posterodistal corner with one long seta; ischium
short; merus and carpus subequal in length, posterior margins
with long setae; propodus subequal in length to carpus, posterior
margin with one and two pairs of robust setae; dactylus slightly
curved, apical rounded. Pereopod 4 slender, coxa large, expanded
and round anteriorly, posteroventral corner forming subacute
projection, partially overlapping coxae 2–3; basis elongate,
posterodistal corner with one long seta; ischium to propodus
similar to that of pereopod 3, but propodus subequal in length to
carpus; dactylus slender, longer than 1/2 length of propodus.
Pereopod 5–7 increasing in length. Pereopod 5 coxa large,
subrectangular, anterodistal corner forming an elongate
subacute projection, posteroventral corner expanded and
rounded; basis anterior margin broadly rounded, with two small
setae, posterior margin with large subacute spur, straight, beyond
pereonite 7, ventral margin smooth, dorsal margin proximal with
three teeth; ischium short, anterior margin with one seta; merus
and carpus subequal in length, anterior and posterior margins
with robust setae; propodus elongate; dactylus slightly curved,
nearly 1/2 length of propodus. Pereopod 6 coxa small,
subquadrate; basis suboval, anterior margin with several small
setae, posterior margin expanded, serrated, posteroventral lobe
truncatus; merus slightly expanded posteriorly; carpus longer
than merus, posterior and anterior margins with small setae;
propodus slender; dactylus small, only 1/10 length of propodus,
rounded. Pereopod 7 coxa small, ventral margin convex; basis
suboval, anterior margin with several small robust setae, posterior
margin serrated, posteroventral lobe subacute; merus and carpus
subequal in length, merus slightly expanded posteriorly, anterior
and posterior margins with robust setae; propodus slender,
anterior margin with several pairs of robust setae; dactylus
slender, nearly straight, longer than 1/2 length of propodus.

Uropod 1 elongate, peduncle much longer than rami, with 8
marginal robust setae; rami subequal in length margins with
robust setae. Uropod 2 peduncle slightly longer than outer ramus,
with 7 marginal robust setae; inner ramus broken, margins with
robust setae. Uropod 3 peduncle short, marginal with 4 short
plumose setae, ventrodistally with one robust seta; outer ramus
slightly longer than inner ramus, outer margin with several long
plumose setae, inner margin with two short plumose setae; inner
ramus 2-articulate, inner margin with four short plumose setae.
Telson elongate, deeply cleft to 87%, lobes tapering distally, each
with one subapical robust seta.

Etymology
From the Latin lubric (=smooth), referring to the spur of
pereopod 5 having smooth ventral margin and dorsal margin
only having three teeth at base.
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Distribution
Northwest Pacific, South China Sea, the Formosa Ridge methane
seep at a depth of 1118 m.
Remarks
Cyphocaris lubrica sp. nov. is most similar to C. bouvieri, but can
be easily distinguished from the latter by pereonite 1 having well-
developed dorsal projection, which is absent in C. bouvieri
(Gurjanova, 1962, Figure 7; Hughes and Lowry, 2015, Figure 9);
the spur of pereopod 5 beyond pereonite 7, and dorsal margin of it
having only three large teeth, while the dorsal margin of spur
having more than 7 teeth in C. bouvieri (Gurjanova, 1962, Figure
7; Tencati and Geiger, 1968, Figure 4; Hughes and Lowry, 2015,
Figure 12); eyes absent in C. bouvieri (Gurjanova, 1962, Figure 7;
Hughes and Lowry, 2015, Figure 9).
Frontiers in Marine Science | www.frontiersin.org 9
C. lubrica sp. nov. is similar to five species: C. ananke (Hughes
and Lowry, 2015),C. anonyx (Boeck, 1871),C. bouvieri (Chevreux,
1916), C. challengeri (Stebbing, 1888), C. faurei (Barnard, 1916)
and C. pedroi (Sorrentino et al., 2016) for the spur of pereopod 5
not beyond pleonite 1. The new species differs from C. challengeri,
C. faurei and C. pedroi by the produced pereonite 1 (Stebbing,
1888; Hughes and Lowry, 2015; Sorrentino et al., 2016); differs
from C. ananke and C. anonyx the posterior margin of basis of
pereopod 5 not completely serrate, and the spur of pereopod
reaching to middle length of pleonite (Hughes and Lowry, 2015).

Cyphocaris formosa sp. nov. (Figures 3, 4, 8)
lsid:zoobank.org:act:337E3D54-C517-446A-9811-0FD4E05C9F0C
Type material: Holotype: MBM 286820, ♂ (19 mm),

dissected, the Formosa Ridge methane seep, coll. No. CS051,
22°07′N 119°17′E, depth 500–800 m, 17 May 2020, MultiNet,
collected by Min Hui and Ziming Yuan.
FIGURE 7 | Cyphocaris lubrica sp. nov., MBM 286819, male holotype (9.1 mm), photographed immediately after sorting from the zooplankton samples by Ziming
Yuan.
April 2022 | Volume 9 | Article 849449

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Wang et al. Two New Species of Cyphocaris
Description
Holotype, male, 19 mm. Body smooth, without setae. Pereonite 1
conspicuously produced anterodorsally.Head narrow, much deeper
than long, eyes present, subovate; rostrum absent; lateral cephalic
lobe rounded, anteroventral corner produced acute, ventral margin
convex. Antenna 1 much shorter than antenna 2; peduncular article
1 longer than articles 2 and 3 combined; accessory flagellum short,
5-articulate, having tufts of setae, not reaching end of primary
flagellum first article; primary flagellum article 1 very long, ventrally
with well-developed callynophore in two fields, calceoli absent.
Antenna 2 length slightly longer than body, peduncular article 4 not
strongly broadened; flagellum calceoli absent.

Epistome and upper lip separate, unequally produced.
Mandible incisor smooth, toothed laterally; right lacinia mobilis
absent, left one smooth, boot-shaped; accessory setal row with 4
(left) and 5 (right) setae; molar well-developed, triturative; palp 3-
articulate, article 1 much shorter than 2 and 3, article 2 posterior
margin nearly straight, anterior margin with medial bulge, with
dense row of submarginal setae distally, article 3 shorter than 2,
anterior margin with dense row of setae. Maxilla 1 inner plate
triangular, tapering distally, inner margin lined with 1 robust
plumose seta and 11 slender plumose setae; outer plate with 11
Frontiers in Marine Science | www.frontiersin.org 10
setal teeth; palp 2-articulate, with 9 robust setae and with 9 slender
setae in two rows. Maxilla 2 inner plate triangular, lined with 9
slender setae and 21 slender plumose setae; outer plate with 13
apical setae. Maxilliped inner rectangular, with 3 nodular apical
robust setae, distal margin lined with 9 plumose setae; outer plate
subovate, apicolateral margin with long plumose setae, medial
margin with 9 nodular robust setae and row of submarginal
slender setae; palp 4-articulate, article 1 longest, article 2 longer
than article 3, inner margin with row of plumose setae, article 2
margins with dense plumose, dactylus subequal to article 3,
margins have plumose.

Gnathopod 1 subchelate; coxa small, ventrally rounded; basis
long, slightly widened distally; merus posteriorly produced, acute,
posterior surface with short setae; carpus length 1.2 × propodus;
propodus with palm finely serrate, defined by weak corner; dactylus
curved, posterior margin finely serrate, with 3 subapical slender
setae, with nail and subterminal spine. Gnathopod 2 minutely
subchelate; coxa tapering ventrally; basis with triangular lobe
anterodistally; ischium elongate; merus length 0.8 × ischium,
subtriangular; carpus twice longer than propodus, posterior
margin lined with long setae, surface without short setae;
propodus with palm smooth; dactylus small. Pereopod 3 slender;
FIGURE 8 | Cyphocaris formosa sp. nov., MBM 286820, male holotype (19 mm), photographed immediately after sorting from the zooplankton samples by Ziming
Yuan.
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coxa subquadrate; basis straight; merus to propodus gradually
increasing in length; dactylus shorter than 1/2 length of
propodus. Pereopod 4 coxa anterior margin rounded,
posteroventral lobe produced acute. Pereopod 5 shorter than
pereopods 6 and 7; coxa subquadrate; basis posterior margin not
produced, serrate, posterodistal lobe not much beyond distal
margin of ischium; merus distinctly longer than carpus; propodus
subequal in length to merus; dactylus length 0.45 × propodus.
Pereopod 6 distinctly shorter than pereopod 7; coxa subquadrate;
basis posterior margin serrate, posterodistal lobe not beyond distal
margin of ischium; merus and carpus subequal in length, and much
shorter than propodus; dactylus recurved. Pereopod 7 coxa small,
subquadrate; basis subrectangular, posterior margin nearly straight,
serrate, posterodistal lobe beyond distal margin of ischium, corner
serrate; merus shorter than carpus; propodus longer than carpus;
dactylus slender, straight.

Uropod 1 elongate, peduncle longer than inner ramus, with 5
marginal robust setae; outer ramus shorter than inner one.
Uropod 2 reaching end of uropod 3; peduncle shorter than
inner ramus; outer ramus shorter than inner one. Uropod 3
slightly beyond posterior margin of telson; peduncle much
shorter than rami; rami subequal in length; outer ramus 2-
articulate. Telson elongate, deeply cleft to 87%, lobes tapering
distally, distal of right lobe broken.

Etymology
The species is named after the type locality “the Formosa Ridge
methane seep”.

Distribution
Northwest Pacific, South China Sea, the Formosa Ridge methane
seep at a depth of 500–800 m.

Remarks
Cyphocaris formosa sp. nov. is most similar to C. nesoi (Hughes
and Lowry, 2015) and C. richardi (Chevreux, 1905) for having
the peduncular article 4 of antenna 2 not strongly broadened; the
pereonite 1 having slender dorsal projection extending well
beyond bead and the basis of pereopod 5 without spur. The
new species differs from C. nesoi by the dactylus of gnathopod 1
having subterminal spine; the accessory flagellum 5-articulate;
only outer ramus of uropod 3 2-articulate, but both rami having
two articles in C. nesoi (Hughes and Lowry, 2015, Figure 19);
lateral margin of telson without setae. With the limited original
illustration of C. richardi, C. formosa sp. nov. differs from it by
the posterior margin of basis of pereopod 5 not strongly serrate,
and not beyond distal margin of ischium, while the posterodistal
corner of basis far beyond distal margin of ischium (Chevreux,
1905, Figure 2); the shape of dorsal projection of pereonite 1
columned, not triangular (Chevreux, 1905, Figure 1; Birstein and
Vinogradov, 1955, Figure 2).

Key to World Cyphocarididae Species

1. Pereopod 7 basis posterior margin smooth; coxae 1–2 reduced,
covered by coxa 3 Procyphocaris indurata (Barnard, 1925).
Frontiers in Marine Science | www.frontiersin.org 11
–Pereopod 7 basis posterior margin serrate; coxae 1–3 all small,
partly covered by coxa 4 2 (Cyphocaris).

2. Pereopod 5 basis posterior margin with spur 3

–Pereopod 5 basis posterior margin without spur 16

3. Pereopod 5 basis posterior margin spur extremely elongate,
reaching beyond pleonite 1 4

–Pereopod 5 basis posterior margin spur not reaching beyond
pleonite 1 10

4. Pereopod 5 basis posterior margin spur ventral margin with
serrations 5

–Pereopod 5 basis posterior margin spur ventral margin smooth,
without serration 8

5. Pereopod 5 basis posterior margin spur ventral margin with
single serration 6

–Pereopod 5 basis posterior margin spur ventral margin with
multiple serrations 7

6. Pereonite 1 dorsal projection short, not extending beyond
head C. geyserensis (Ledoyer, 1986).

–Pereonite 1 dorsal projection long, extending well beyond head
C. tartaros (Hughes and Lowry, 2015).

7. Gnathopod 2 coxa sub-triangular; epimeron 2 posteroventral
corner quadrate; telson almost reaching posterior end of
uropod 3 C. ohtsukai (Tomikawa, 2009).

–Gnathopod 2 coxa sub-quadrate; epimeron 2 posteroventral
corner rounded; telson not reaching mid-length of inner
ramus of uropod 3 C. cornuta (Ledoyer, 1978).

8. Head eye not greatly enlarged, length twice as long as wide;
telson reaching posterior end of uropod 3. C. bellona (Lowry
and Stoddart, 1994).

–Head eye greatly enlarged, length at least 3 times longer than
wide; telson exceeding posterior end of uropod 3 9

9. Pereonite 1 forming long, narrow, slightly up-turned process
in male, not developed in female. Telson 1.5 × as long as
uropod 3 C. johnsoni (Shoemaker, 1934).

–Pereonite 1 forming long, narrow, slightly down-turned process
in both sexes. Telson 1.8 × as long as uropod 3 C. tunicola
(Lowry and Stoddart, 1997).

10. Pereopod 5 basis posterior margin spur margins serrate 11

–Pereopod 5 basis posterior margin spur margins smooth 12

11. Pereopod 4 coxa anterior margin is subacute; telson short not
reaching the end of uropod 3 C. anonyx (Boeck, 1871).

–Pereopod 4 coxa anterior margin is broadly rounded; telson long
reaching end of uropod 3 C. ananke (Hughes and Lowry, 2015).

12. Pereopod 5 basis proximal posterior margin smooth 13

–Pereopod 5 basis proximal posterior margin serrate 14

13. Gnathopod 1 merus with subtrapezoid serrated structure on
the posterodistal corner; pereopod 5 coxa well-developed lobe
on anterodistal margin, broadly rounded and apically
reverted backwards C. pedroi (Sorrentino et al., 2016).

–Gnathopod 1 merus anterodistal margin tapered; pereopod 5
coxa, anterodistal margin expanded posteriorly, rounded C.
faurei (Barnard, 1916).
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14. Pereopod 5 basis posterior margin spur exceeding length of
merus 15

–Pereopod 5 basis posterior margin spur not exceeding merus
C. challengeri (Stebbing, 1888).

15. Eyes absent; pereonite 1 dorsal projection absent; spur of
pereopod 5 not beyond pereonite 7 C. bouvieri (Chevreux,
1916).

–Eyes present; pereonite 1 dorsal projection present; spur of
pereopod 5 beyond pereonite 7 C. lubrica sp. nov.

16. Pereonite 1 dorsal projection extending well beyond head 17

–Pereonite 1 dorsal projection absent or extending slightly
beyond head 19

17. Pereopod 5 basis posterior margin weakly serrate (or strongly
in male), posterodistal corner rounded 18

–Pereopod 5 basis posterior margin strongly serrate,
posterodistal corner subacute C. richardi (Chevreux, 1905).

18. Accessory flagellum 7-articulate; dactylus of gnathopod 1
without subterminal spine; inner ramus of uropod 3 2-
articulate C. nesoi (Hughes and Lowry, 2015).
Frontiers in Marine Science | www.frontiersin.org 12
–Accessory flagellum 5-articulate; dactylus of gnathopod 1 with
subterminal spine; inner ramus of uropod 3 uniarticulate
C. formosa sp. nov.

19. Head lateral cephalic lobe concave C. latirama (Hendrycks
and Conlan, 2003).

–Head lateral cephalic lobe subacute C. polaris (Gurjanova,
1951).
DISCUSSION

The amphipod fauna described from methane seeps comprises,
up to now, 22 species spread over 12 families (Table 1).
Moreover, 23 species were reported from oil and methane seep
at a large freshwater lake, Lake Baikal (Mekhanikova and
Sitnikova, 2014). The present two new species were collected
by MultiNet, which means they are pelagic amphipods. Among
all species reported from methane seeps (Table 1), Harpiniopsis
fulgens (Barnard, 1960), Harpiniopsis naiadis (Barnard, 1960),
Paraphoxus oculatus (Sars, 1879) and Ampelisca romigi
TABLE 1 | Worldwide list of amphipods known from methane seep fields.

Family/species Ocean Site Depth (m) References

Caprellidae
Abyssododecas styx (Takeuchi et al., 2016) Pacific Japan Trench 5,695–5,793 Takeuchi et al., 2016

Ischyroceridae
Bonnierella californica (Barnard, 1966) Pacific East·Pacific Rise: 21° N 2,590 Vinogradov, 1994; Vinogradov, 1995

Pleustidae
Mesopleustes abyssorumi (Stebbing, 1888) Pacific Monterey Canyon 694–3,040 Vinogradov, 1994; Vinogradov, 1995

Leucothoidae
Leucothoe ayrtonia (Bellan-Santini, 1997) Atlantic Barbados trench 1,947 Bellan-Santini, 1997

Eusiridae
Sennaia bidactyla (Bellan-Santini, 1997) Atlantic Barbados trench 1,654 Bellan-Santini, 1997

Infraorder Lysianassida
Phoxocephalidae
Harpinia intermedia (Bellan-Santini, 1997) Atlantic Barbados trench 1,947 Bellan-Santini, 1997
Harpiniopsis fulgens (Barnard, 1960) Pacific Guaymas Basin 128–1,934 Vinogradov, 1993; Vinogradov, 1995
Harpiniopsis naiadis (Barnard, 1960) Pacific Guaymas Basin 320–2,026 Vinogradov, 1994; Vinogradov, 1995
Paraphoxus oculatus (Sars, 1879)* Pacific Guaymas Basin 30–1,150 Vinogradov, 1993; Vinogradov, 1995
Proharpinia barbada (Bellan-Santini, 1997) Atlantic Barbados trench 1,947 Bellan-Santini, 1997

Endevouridae
Ensayara ursus (Kilgallen, 2009) Pacific Omakere Ridge 1,055–1,102 Kilgallen, 2009

Lysianassidae
Hippomedon keldyshi (Vinogradov, 1994) Pacific Monterey Canyon 3,041 Vinogradov, 1994; Vinogradov, 1995
Orchomene kaikoi (Bellan-Santini, 1990) Pacific near Japan Islands 5,640–5,695 Bellan-Santini, 1990; Vinogradov, 1995

Tryphosidae
Orchomene stocki (Bellan-Santini, 1990) Atlantic Barbados trench 4,935 Bellan-Santini, 1990
Orenoqueia serrata (Bellan-Santini, 1997) Atlantic Barbados trench 1,947 Bellan-Santini, 1997
Tryphosella uristesi (Bellan-Santini, 1997) Atlantic Barbados trench 1,947 Bellan-Santini, 1997
Galathella solivagus (Kilgallen, 2009) Pacific Omakere Ridge 1,124 Kilgallen, 2009

Uristidae
Stephonyx carinatus (Bellan-Santini, 1997) Atlantic Barbados trench 1,947 Bellan-Santini, 1997
Stephonyx incertus (Bellan-Santini, 1997) Atlantic Barbados trench 1,947 Bellan-Santini, 1997

Ampeliscidae
Ampelisca romigi (Barnard, 1954) Pacific Guaymas Basin 813 Vinogradov, 1993; Vinogradov, 1995
Byblis frigidus (Coyle and Highsmith, 1989) Pacific Bering Sea: Pyipa Volcano 492 Vinogradov, 1994; Vinogradov, 1995

Pardaliscidae
Halice hesmonectes (Martin et al., 1993) Pacific East·Pacific Rise 2,520 Martin et al., 1993; Vinogradov, 1995
*According to Jarrett and Bousfield (1994), the material of “Paraphoxus oculatus” from the California region represents another species (Vinogradov, 1995).
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(Barnard, 1954) are also pelagic amphipods and found in trawls
(Vinogradov, 1995).

Excepting for the present two new species, only two
Cyphocaris species have been reported from NW Pacific: C.
polaris and C. ohtsukai. C. lubrica sp. nov. can be distinguished
from C. polaris by the presence of spur on pereopod 5, and from
C. ohtsukai by dorsal projection of pereonite 1 not exceeding
beyond head. C. formosa sp. nov. can be distinguished from C.
polaris by the presence of acute dorsal projection of pereonite 1
exceedingly well beyond head, and from C. ohtsukai by the
absence of spur of pereopod 5.
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