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ABSTRACT: Chemosynthetic ecosystems off Aotearoa/New Zealand comprise both hydrothermal
vents on the Kermadec Arc and methane seeps on the Hikurangi Margin which host rich commu-
nities of specialized fauna including 4 alvinocaridid shrimp species. The systematic positions of
these New Zealand alvinocaridid shrimps have not been studied using genetic tools and little is
known about their habitat use and feeding habits. Here, we re-evaluate the taxonomy of alvino-
caridid shrimps from New Zealand using genetic barcoding and characterize their connectivity and
isotopic niches across 8 localities. We describe a new species, Alvinocaris webberi sp. nov., pre-
viously confused with A. longirostris. We also show that A. alexander and A. chelys are junior syn-
onyms of A. dissimilis, revealing a high genetic connectivity across hydrothermal vents and meth-
ane seeps from Japan to New Zealand, greatly extending its range. Finally, we find clear niche
separation in co-occurring alvinocaridid shrimps, suggesting different diets and/or habitat use.
Nevertheless, all species rely on chemosynthetic resources, regardless of the habitat depth, which
ranges from 380 to 1650 m.

KEY WORDS: Alvinocarididae - Chemosynthesis - Connectivity - Stable isotope - Hydrothermal
vent - Hydrocarbon seep * Methane seep
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1. INTRODUCTION

Sustained by microbial chemosynthesis, hydro-
thermal vents and hydrocarbon seeps host dense bio-
logical communities on the deep-sea floor (Levin et
al. 2016). These ecosystems constitute spatially re-
stricted assemblages of high biomass and endemicity
—but low species diversity —around emissions of
geofluids and/or gas (Van Dover & Trask 2000, Levin
et al. 2016). Vents and seeps also provide geographi-
cally isolated habitats with variations in species com-
position across different regions constituting distinct
biogeographic provinces across the world (Moalic et
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al. 2012, Rogers et al. 2012, Zhou et al. 2022). This
heterogeneous distribution of species results from
dispersal barriers related to currents, bathymetry or
topography, which limit their ability to reach and con-
nect with other chemosynthetic sites (Adams et al.
2012, Levin et al. 2016). Additionally, a variety of lar-
val developmental modes and dispersal durations
(mostly larval dispersal, although adult migration is
possible in some highly mobile groups) also affect
their distributional ranges and connectivity patterns.
Although most vent- and seep-endemic species are
limited to one biogeographic province, several exam-
ples of species with wider distributions across several
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vent or seep biogeographic regions exist (Borda et al.
2013, Tunnicliffe & Breusing 2022, Zhou et al. 2022,
Portanier et al. 2023). Distribution in both vent and
seep or even organic-fall habitats have also been
reported in several groups, including alvinocaridid
shrimps (Teixeira et al. 2013, Pereira et al. 2020, He
et al. 2023, Methou et al. 2023b), bathymodioline
mussels (He et al. 2023) and siboglinid tubeworms
(McCowin et al. 2019, 2023); an extreme case is the
cosmopolitan distribution of the holothurian Chiri-
dota hydrothermica (Thomas et al. 2022).

Within the Southwest (SW) Pacific biogeographic
province, the Kermadec Arc constitutes a distinct re-
gion of hydrothermal vents (250—1800 m depth) with
several unique species of bathymodioline mussels
(Boschen et al. 2015b), siboglinid tubeworms (Miura
& Kojima 2006) and alvinocaridid shrimps (Webber
2004, Ahyong 2009). Nearby methane seeps hosting
dense assemblages of chemosynthetic fauna are also
known on the Hikurangi Margin off Aotearoa/New
Zealand (720—2300 m depth) with evidence of species
overlaps with Kermadec vents (Baco et al. 2010, Bow-
den et al. 2013). Four species of alvinocaridid shrimps
have been listed in New Zealand since the presence of
this family was first shown by 2 damaged specimens
from a rock dredge sample (Wright et al. 1998), iden-
tified as Alvinocaris cf. lusca (Williams & Chace 1982).
Following re-sampling at Brothers Seamount and
Rumble V about 160 km southwest of it, 2 species, ten-
tatively called Alvinocaris sp. A and Alvinocaris sp. B,
were reported by Webber & Bruce (2002). Subse-
quently, the former was identified as A. longirostris
Kikuchi & Ohta, 1995, widely known from the North-
west (NW) Pacific; and the latter was described as a
new species, Alvinocaris niwa Webber, 2004. Ahyong
(2009) proposed that the type series for the latter spe-
cies in fact represented 2 distinct species, describing
Alvinocaris alexander Ahyong, 2009 from part of the
original paratype series, and reported the presence of
a fourth alvinocaridid species, Nautilocaris saintlau-
rentae Komai & Segonzac, 2004 also found on the
Tonga Arc and the North Fiji and the Lau Basins in
addition to New Zealand vents (Komai & Segonzac
2004, Komai et al. 2016). Unfortunately, represen-
tatives of the different alvinocaridid species from
New Zealand have not been included in molecular
phylogenetic studies such as the one by Vereshchaka
et al. (2015), who combined morphological cladistic
analyses with available genetic data for the mitochon-
drial cytochrome oxidase c¢ subunit I (COI) and 16S
rRNA gene sequences. Similarly, little is known about
their habitat use and feeding habits compared to alvi-
nocaridids from the Atlantic (Gebruk et al. 2000, Pon-

sard et al. 2013, Methou et al. 2020) or other SW Paci-
fic vents (Methou et al. 2023a). Feeding habits of alvi-
nocaridids are diverse, with some species having a
purely chemosymbiotic diet and others displaying
bacterivorous, detritivorous or mixed diets (Gebruk
et al. 2000, Ponsard et al. 2013, Methou et al. 2020,
2023a).

Variable distributional patterns among these spe-
cies may be partly due to their diversity of habitats
across different depth ranges, which is likely linked to
different degrees of dependency on chemosynthetic/
photosynthetic organic matters. Although organic
matter mostly originates from the chemoautotrophy
of various microorganisms, input of photosynthetic
carbon can also play a significant role, particularly in
shallower sites from the upper bathyal zone (Stevens
et al. 2015, Levin et al. 2016, Nomaki et al. 2019). In
hydrothermal vents, food web structures at sites
above 200 m are largely supported by photosynthetic
matter (Comeault et al. 2010, Stevens et al. 2015),
whereas deeper sites mostly depend on endogenous
chemosynthetic production (Comeault et al. 2010,
Stevens et al. 2015, Nomaki et al. 2019). In some
cases, evidence of mixed-source diets has been found
between 200 and 400 m depth (Stevens et al. 2015). A
dominant supply of photosynthetic material was also
exceptionally observed at the Mohn's Ridge vent in
the Arctic Ocean between 550 and 600 m depth;
however, no typical vent-endemic fauna were present
there (Sweetman et al. 2013). Similarly, significant
reliance on photosynthetic sources was found for
some meiofaunal groups in vents from the Izu-Ogasa-
wara Arc between 700 and 900 m depth, contrasting
with the chemosynthetic diets of macrofaunal groups
from the same area (Nomaki et al. 2019).

The study of nutritional sources and trophic inter-
actions in chemosynthetic ecosystems is often in-
ferred from stable isotope ratios of mainly carbon
(8'3C), nitrogen (8!°N) and sulphur (8*S) that provide
complementary ecological information. The use of
photosynthetic vs. chemosynthetic organic matter is
determined by the large differences in §*S between
vent fluid sulphides (below 10%,) and seawater sul-
phates (about 16—21%,) (Fry et al. 1983, Reid et al.
2013). Differences in 8'°C are mostly related to the
use of distinct carbon fixation pathways by chemo-
autotrophic microbes, the Calvin—Benson—Bassham
(CBB) cycle (—22 to —30%.) or the reductive tricarbo-
xylic acid (rTCA) cycle (2 to —14%,) (Hiigler & Siev-
ert 2011), but can be affected by the use of methane as
carbon sources (Portail et al. 2018). Variations in 8!°N
have generally been used to infer species' trophic
position (Minagawa & Wada 1984); however, studies
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have revealed it could also be attributed to distinct
inorganic nitrogen sources such as nitrates (5—7%o)
and ammonium (<0%,) (Lee & Childress 1994, Rie-
kenberg et al. 2016, Methou et al. 2020).

Here, we use a combination of morphological ob-
servations, genetic barcoding and stable isotope anal-
yses to re-evaluate the taxonomy of alvinocaridid
shrimps from New Zealand and characterize their
genetic connectivity as well as their isotopic niches.
Our study addresses the following questions: (1) Does
genetic barcoding support the current taxonomic
classification of Alvinocaris shrimps within this region
or does the taxonomy need to be revised? (2) How
well are the different populations of these species
connected among different sites in the SW and NW
Pacific? (3) Is chemosynthesis the main primary pro-
duction source for the nutrition of all of these shrimps
regardless of their depth distribution (350—1650 m
depth)? (4) Do these species share and use the same
resources within their habitat, or do they show differ-
entiation of their ecological niches?

2. MATERIALS AND METHODS
2.1. Animal sampling

Alvinocaridid shrimps were collected between 2004
and 2012 during 6 oceanographic expeditions sam-
pling hydrothermal vents on the Kermadec Arc:
TANO0411, TAN1206, TAN1213, KOK0506, KOK0507
and YKO04-09; and 2 expeditions in 2019 (TAN1904)
and 2021 (TAN2102) at methane seeps on the Hiku-
rangi Margin (Fig. 1A—C). A total of 95 individuals
were sampled using either an epibenthic sledge
onboard the research vessel (RV) 'Tangaroa’ or a suc-
tion sampler mounted on the human-occupied
vehicle (HOV) 'Shinkai 6500" onboard the RV ‘Yoko-
suka' (YKO04-09), the HOV 'Pisces V' onboard RV
'Ka'imikai-o-Kanaloa' or the remotely operated
vehicle (ROV) 'ROPOS' onboard the RV 'Tangaroa’'.
For comparative purposes, 11 additional shrimp spe-
cimens were also collected in 2021 and 2022 on the
Higashi-Aogashima vent field (lizasa et al. 2019) of
the Izu-Ogasawara Arc with the suction sampler of
the HOV 'Shinkai 6500" (RV ‘Yokosuka'; expedition
YK22-05) or the ROV 'Hyper-Dolphin' (RV 'Shinsei-
Maru'; expedition KS-21-20) (Fig. S1 in Supplement 1
at www.int-res.com/articles/suppl/m739p085_suppl.
pdf). For more detailed information on sampling
localities and sample processing, see Table S1 in Sup-
plement 2 at www.int-res.com/articles/suppl/m739
p085_supp2.xlsx.

2.2. Morphological examination

Size is expressed as postrostral carapace length
(CL), excluding rostrum, in mm. Material examined
is deposited in the NIWA Invertebrate Collection
(NIWA) and the Institute of Marine Biology,
National Taiwan Ocean University (NTOU). Indi-
viduals were identified as male (M) or female (F)
based on sexual dimorphism of the first and second
pleopod appendages and position of the gonopores.
Ovigerous females (ov.) were identified when brood-
ing eggs under their abdomens, and juveniles (juv.)
were small-sized individuals with red/orange lipid
stores. All measurements, identification and termi-
nology follow Komai & Segonzac (2005), Webber
(2004) and Ahyong (2009). The species description
of Alvinocaris webberi sp. nov. indicates ranges and
measurements across all adult specimens examined,
with measurements for the holotype given in square
brackets.

2.3. DNA extraction and sequencing

Pieces of abdominal muscle were used to extract
DNA from 106 alvinocaridid shrimps using the
DNeasy Blood & Tissue kit (Qiagen) and following the
manufacturer's instructions. The specific Cari-COI-
1F and Cari-COI-1R alvinocaridid primers, designed
to avoid amplification of potential mitochondrial
pseudogenes, amplified a 734 bp fragment of the COI
gene 5' region (Methou et al. 2020). In addition, for 3
individuals of each species, a 914 bp fragment of the
18S gene and a 715 bp fragment of the 28S gene were
amplified with the 18S-1F and 18S-5R primers for 18S
and 28S-C1 and 28S-D2 primers for 28S (Aznar-Cor-
mano et al. 2015). These amplifications were done in a
25 pl reaction mixture including 10.5 pl of RNAse-
free H,O, 12.5 pl of 2x Premix ExTaq HS buffer which
included dNTPs mix and Taqg polymerase (TaKaRa
Bio), 0.5 pl of each primer at 10 pM, and 1—3 pl of the
shrimp template DNA. Conditions for PCR cycling
followed Methou et al. (2023b), with 35 cycles at 50°C
as the annealing temperature for COI, 40 cycles at
51°C for 18S and 40 cycles at 55°C for 28S. Sanger se-
quencing of these PCR products was conducted on
both strands by the FASMAC Corporation (Kanaga-
wa, Japan). Sequence editing of forward and reverse
strands was performed using Geneious Prime®
2023.1.2 (https://www.geneious.com). Phylogenetic
trees were constructed using the MrBayes plugin
v3.2.6 (Huelsenbeck & Ronquist 2001) in the
Geneious software. New sequences generated in this
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Fig. 1. (A) Geographical context of alvinocaridid shrimps from chemosynthetic ecosystems in Aotearoa/New Zealand.

(B) Chemosynthetic communities of stalked barnacles at Brothers Seamount hosting alvinocaridid shrimps (indicated by white

arrows). (C) Chemosynthetic communities of stalked barnacles and Bathymodiolus mussels at Tangaroa Seamount hosting

alvinocaridid shrimps (indicated by white arrows). (D) Specimen of Alvinocaris niwa collected at the summit of Tangaroa

Seamount. (E) Specimen of A. dissimilis (formerly A. alexander) from Rumble V Seamount (eastern flank). (F) Specimen of
A. webberi sp. nov. from Brothers Seamount

study are deposited in NCBI GenBank under acces- (2023b) were also used (see Table S1 for specimen
sion numbers OR750757—OR750768; OR750745— details). Details of haplotypes are given in Table S2in
OR750756; OR734008—0OR?734016; and OR766468— Supplement 1 (also see Supplement 1 for all following

OR766495. Additional sequences from Methou et al. supplemental tables and figures).
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2.4. Population genetics analyses

Haplotype networks were built on a 734 bp align-
ment of the COI gene using the median-joining algo-
rithm (Bandelt et al. 1999) implemented in PopART
v1.7 (Leigh & Bryant 2015) with the epsilon parameter
set to 0. The same alignment was used to detect bar-
code gaps with the Assemble-Species-by-Automatic-
Partitioning (ASAP) method developed by Puillandre
et al. (2021) to identify the most probable partitioning
of species-level clades in the A. dissimilis species
complex.

Number of variable sites (S), haplotype diversities
(Hg), nucleotide diversities () and average number
of nucleotide differences (k) (Tajima 1983) of each
shrimp species and population were inferred using
DnaSP v6 (Rozas et al. 2017). Using the same software,
net genetic distances (D,) were calculated from hap-
lotype frequencies among each local population. For
all shrimp species, Tajima's D and Fu and Li's F-statis-
tics (Fu & Li 1993) were computed to test the hypoth-
esis of demographic changes against the null hypoth-
esis of a mutation-drift equilibrium. Finally, analysis
of molecular variance (AMOVA) and pairwise Fgr
with 1000 permutations were calculated among pop-
ulations defined in DnaSP, using Arlequin v3.5.2.2
(Excoffier et al. 1992).

2.5. Stable isotope measurements and analyses

Abdominal muscles were dissected from each indi-
vidual, oven-dried to constant mass at 60°C for more
than 48 h and then ground into powder using a mortar
and pestle. Mortar, pestle and handling tools were
cleaned with ethanol and chloroform between each
sample to remove residual traces of lipids. The pre-
treated muscle powder was transferred quantitatively
to a precleaned tin foil capsule for the isotope analy-
sis described below.

Carbon and nitrogen stable isotope compositions
were determined by a nano-elemental analyser—
isotope ratio mass spectrometer (nano EA/IRMS) sys-
tem consisting of a modified elemental analyzer (Flash
EA1112, Thermo Finnigan, Bremen, Germany), con-
tinuous flow interface (ConFlo III, Thermo Finnigan)
and an isotope ratio mass spectrometer (Delta plus XP,
Thermo Finnigan; Ogawa et al. 2010, Isaji et al. 2020).
Sulphur isotopic compositions were determined by a
nano EA/IRMS for S system with a modified elemental
analyser (Flash 2000, Thermo Scientific), gas chroma-
tography (GC-2010 Plus, Shimadzu), a ConFlo III and
a Delta plus XP IRMS. The carbon, nitrogen and sul-

phur isotopic compositions are expressed in conven-
tional d notation relative to Vienna Pee Dee belemnite,
air and Vienna—Canyon Diablo troilite.

The isotopic compositions were calibrated using
inter-laboratory determined standards ranging from
—26.86 to 0.18%, for 8'3C and from —5.73 to 60.40%,
for 8!°N (L-tyrosine, L-alanine, L-proline, L-valine, L-
glutamic acid; Tayasu et al. 2011, Sun et al. 2023).
Authentic international standards ranging from
—34.1 to 21.17%0 (IAEA-SO-5, IAEA-SO-6 and
NBS127) were used for the %S calibration. The ana-
lytical uncertainties determined based on replicate
measurements of L-tyrosine (for 83C and 8!°N) and
NBS127 (for §**S) were smaller than *0.3%, for 8'°C,
+0.2%, for "N and +0.5%, for %S (10).

For each individual, isotopic datasets were grouped
by species and localities. Statistical comparisons of
d13C, 8N and 'S among groups were carried out
with the non-parametric Kruskal-Wallis test followed
by post hoc Dunn tests (detailed p-values of these
tests are given in Table S3). All analyses were per-
formed in the R v4.2.1 statistical environment. In
addition, the 'Stable Isotope Bayesian Ellipses in R
(SIBER)' v2.1.6 package (using the unit %,? for ellipse
areas introduced by Jackson et al. 2011) was used to
explore isotopic niches of shrimp species as a proxy of
their realized ecological niches since variations in the
isotopic composition of animals are dictated by both
their habitat use (Flaherty & Ben-David 2010) and
the prey items consumed (McCutchan et al. 2003,
Jackson et al. 2011). For each population, standard
ellipses were constructed in 2 separated sets: one with
813C and 8'°N data and another with §3C and &*S
data. Overlaps between these standard ellipses were
interpreted as partial sharing of food sources and/or
habitat resources between groups, with more sharing
resulting in larger overlap (Jackson et al. 2011).

3. RESULTS
3.1. Morphometric analysis

Table 1 provides key comparative morphometrics
for the 4 putative species (Alvinocaris dissimilis, A.
alexander, A. chelys and A. stactophila) using those
characters typically used to discriminate species of
Alvinocaris (Komai & Segonzac 2005; for a com-
prehensive list of morphometric characters, see
Table S4). The differences between the former 3 spe-
cies are slight and overlap in nearly all regards, with
the exception of the rostral length, which appears to
be slightly longer in A. dissimilis (0.53—0.61 x CL,
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Table 1. Morphological characteristics of 4 taxa in the Alvinocaris dissimilis complex: A. dissimilis Komai & Segonzac, 2005,

A. alexander Ahyong, 2009, A. chelys Komai & Chan, 2010 and A. stactophila Williams, 1988. Grey boxes highlight key morpho-

logical differences between the putative species. Characters and terminology follow Komai & Segonzac (2005). CL: carapace
length. For full list of comparative morphological characters, see Table S4 in Supplement 1

Morphological character

Species

Telson: posterior margin 2 pairs of postero-

spines on dactylus accessory spine
large, proximally

declining in size

A. dissimilis A. alexander A. chelys A. stactophila
Carapace: dorsal angle (°) 155 145 155 170
Rostrum: length (x CL) 0.53-0.61 0.25—0.39 0.28—0.45 0.42
Usually reaching Not reaching Not reaching end of Not reaching end
to A2 to slightly mid-length A2 (reaching end of A1  of A2 (slightly over-
overreaching of A2 to mid-length of A2) reaching A1)

2 pairs of postero-

spines lateral spines, lateral spines, lateral spines, longest pair (2nd pair)
plumose setae plumose setae plumose setae distinctly curved
Pereopod 3: Distal-most Distal-most Distal-most Distal 4 accessory

accessory spine
large, proximally
declining in size

2 pairs of postero- 8 pairs of spines;

accessory spine
large, proximally
declining in size

spines subequal
in size, larger than
distal-most spine

compared to 0.25—0.45 x CL for both A. alexander and
A. chelys), with the rostrum usually reaching to
slightly overreaching the second antennular pedun-
cle, compared to not reaching the mid-length in both
A. alexander and A. chelys (Table 1). Additional
material for A. alexander could extend some of the
ranges deemed as diagnostic characters by Ahyong
(2009), e.g. the antennal scale can be up to twice as
long as broad (1.90—2.16 in A. dissimilis), the telson
length:width ratios overlap with those of both A. dissi-
milis and A. chelys, and the length:width ratios of the
second antennular peduncle overlap, with ratios of
1.3—1.4 for A. alexander, 1.3—1.7 for A. chelys and
1.4—1.8 for A. dissimilis. Furthermore, the proposed
character of the extent of the postrostral ridge (poste-
rior two-thirds or beyond for A. alexander and mid-
length for A. dissimilis) is variable in the specimens
examined, e.g. the ridge only reaches to mid-length
in a large male (NIWA 86458, see Section 5).

In contrast, A. stactophila is only known from seeps
in the Gulf of Mexico, with unusual apomorphic char-
acters such as the spination of the telson; A. stacto-
phila has 8 pairs of spines, with the lateral pair con-
spicuously long and curved, while the other species
have only plumose setae along the distal margin of
the telson; the spination of the third pereopod is
unusual, with the distal 4 accessory spines subequal
in size, compared to proximally declining in size in
the other species.

Alvinocaris niwa displays a number of unique char-
acters, as also reported by Webber (2004): the row of
spines along the lateral margin of the distal segment
of the third maxilliped is apomorphic within the Alvi-

nocarididae; a number of distal spines are usually pre-
sent in other species, but the lateral face is smooth or
only furnished with a few stiff setae. The shape of the
mandibular incisor process differs slightly, with the
distal half slightly set back from the proximal half and
formed by a row of 3 to 4 teeth, rather than a single
tooth as appears to be most common for other species
in this family (Fig. 2). This character is not always
illustrated for all species, and the stability of this char-
acter is not reportedbterminal rows of spines are
shared with the clade of species containing Rimicaris
Williams & Rona, 1986 and the former genera Opae-
pele Williams & Dobbs, 1995, Manuscaris Komai &
Tsuchida, 2015 and Alvinocaridinides Komai & Chan,
2010 which have been recently synonymized under
Rimicaris (Methou et al. 2024). The former genus
Shinkaicaris Komai & Segonzac, 2005, now also syn-
onymized under Rimicaris (Methou et al. 2024), dis-
plays 3 or 4 rows of spines. This differs from nearly all
Alvinocaris, with only A. komaii Zelnio & Hourdez,
2009 displaying this character, although it is variable
(the holotype only has a single row of spines along the
dactylar flexor margin).

3.2. Phylogeny, haplotype networks and
genetic diversities

Phylogenetic reconstruction using the COI gene
indicates that shrimps from the Kermadec Arc pre-
viously identified as A. longirostris were in fact closer
to A. muricola from the Atlantic, the two in turn being
sister to the clade comprising A. longirosiris and A.
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Alvinocaris dissimilis

Fig. 2. Mandible, posterior (convex) view. (A—C) Alvinocaris dissimilis Komai & Segonzac, 2005. (D—F) Alvinocaris niwa

Webber, 2004. (A) female, NIWA 42014, carapace length (CL) 9.7 mm (A. alexander paratype). (B) Male, NIWA 86458, CL

8.2 mm. (C) Ovigerous female, NIWA 82323, CL 10.9 mm. (D) Holotype male, NIWA 3253, CL 15.4 mm (reproduced from
Webber 2004). (E) Male, NIWA 32842, CL 14.0 mm. (F) Male, NIWA 32842, CL 12.3 mm

lusca with strong support from posterior probabilities
(Fig. 3A). These individuals represent a new Alvino-
caris species, named Alvinocaris webberi sp. nov.
herein (see Section 5 for a detailed description). This
phylogenetic tree also shows that A. dissimilis and its
junior synonyms A. chelys and A. alexander formed a
clade together with A. stactophila, sister to most Alvi-
nocaris species, including A. kexueae, A. solitaire, and
those mentioned above (Fig. 3A). A similar clade
grouping A. dissimilis with A. chelys and A. alexander
was also obtained with a concatenated phylogeny of
the 18S and 28S genes, but sister to all Alvinocaris and
Rimicaris species (Fig. 3B). A. niwa is recovered sister
to the Rimicaris clade, with high posterior probability
in the COI phylogeny (Fig. 3A) and sister to a clade
formed by A. longirostris, A. lusca and A. webberi sp.
nov. on the concatenated 18S—28S phylogeny and
with very low posterior probability (Fig. 3B). The
lower resolution on the nuclear tree could be ex-
plained by low taxon sampling, with only a small
number of alvinocaridid species with 18S and 28S
genes available in online databases, and because
these markers are more conservative.

Specimens initially identified as A. dissimilis, A.
chelys and A. alexander constituted a network of 11

haplotypes, with 2 haplotypes shared among the 3
species, out of 45 barcoded individuals, including se-
quences from Yahagi et al. (2015) for A. dissimilis from
Minami-Ensei and from Vereshchaka et al. (2015) for
A. chelys from Gueishandao (also known as Kueishan
Island) (Fig. 4A). These 3 species are now all synony-
mized under A. dissimilis (see '‘Systematics', Section
5). For A. niwa and A. webberi sp. nov., 7 and 10 haplo-
types were identified out of 24 and 42 barcoded indi-
viduals, respectively (Fig. 4B,C). The number of vari-
able sites (S) was 7, 10 and 11, respectively, for A. niwa,
A. webberi sp. nov. and A. dissimilis. A. dissimilis and
A. webberi sp. nov. showed comparable haplotype di-
versities (Hy = 0.495 = 0.092 and 0.517 = 0.091, re-
spectively); however, nucleotide diversity (w) was
more than twice higher for A. dissimilis (Table 2).
Haplotype diversity of A. niwa (Hy = 0.678 = 0.090)
was slightly higher than for the other 2 alvinocaridids,
but nucleotide diversity was slightly lower than in A.
dissimilis (Table 2). The average number of nucleotide
differences (k) was comparable between A. niwa and
A. dissimilis (k = 1.127 and 1.372, respectively) but
was lower for A. webberi sp. nov. (k = 0.632).

A. niwa and A. webberi sp. nov. exhibited no genetic
structuring, with all of the variation occurring within
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Fig. 3. Phylogenetic tree of alvinocaridid shrimps based on Bayesian inference using a GTR model. Numbers on each node

indicate posterior probabilities. New sequences of species from chemosynthetic ecosystems off Aotearoa/New Zealand and

the northwestern Pacific are highlighted. (A) Phylogenetic tree using the mitochondrial cytochrome oxidase ¢ subunit I
(COI) mitochondrial markers. (B) Concatenated tree using the 18S and 28S nuclear markers

their populations (Table 3). Similarly, AMOVAs
showed low Fgrvalues (0.0054, p = 0.39) for the A. dis-
similis species complex, with 99.46% of the genetic
variation occurring within populations (Table 3). Net
genetic distances (D,) among local populations were
also very low, including among localities from the
Okinawa Through, the Izu-Ogasawara Arc and the
Kermadec Arc. These ranged from 0.00002 between
populations from Minami-Ensei and off-Gueishandao
vents and 0.00112 between Higashi-Aogashima and
Tangaroa vents (Table S5). Similarly, the 2 best par-
titions with lowest ASAP score obtained by the bar-
code gap approach on the A. dissimilis complex
delimited either 3 or 2 distinct subsets, but none that
was statistically supported (p > 0.1; Fig. S2). These
partitions did not correspond to a geographical clus-
tering by site nor to a clustering by putative species,
with each subset including at least a mix of A. alex-
ander and A. dissimilis individuals. In addition, the
distribution of pairwise differences did not follow any
clear patterns (Fig. S2).

Demographic analyses suggested a population ex-
pansion of A. webberi sp. nov., with significantly neg-

ative values for Tajima (D = —2.019, p < 0.05) and Fu
& Li tests (F = —3.726, p < 0.05). Conversely, popula-
tions of A. niwa and A. dissimilis best fitted a model of
constant size populations with Tajima (A. niwa: D =
—1.521, p>0.1; A. dissimilis: D = —1.507, p>0.1) and
Fu & Li values (A. niwa: F = —1.873, p>0.1; A. dissi-
milis: F = —1.914, p > 0.1) that were not significantly
different from zero.

Combining morphological and genetic evidence,
we refer to the alvinocaridid species hereinafter by
their revised taxonomy: A. dissimilis and A. webberi
sp. nov. (see Section 5 for additional details).

3.3. Stable isotope analysis

Alvinocaridid shrimps showed significantly dis-
tinct 8'°C values among species and among vent
fields (Kruskal-Wallis 2 = 52.46, p < 0.001, df = §;
Fig. 5), with significantly less-negative '*C values
for A. niwa compared to A. dissimilis both at Tanga-
roa and Rumble V Seamounts (Dunn's multiple
comparison tests, p < 0.001). On the other hand, no
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Alvinocaris chelys
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(Vereshchaka et al. 2015)
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[ Tangaroa Seamount
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Fig. 4. COI haplotype networks of alvinocaridid shrimps from chemosynthetic
ecosystems off Aotearoa/New Zealand and Japan. Names of specimens used
for the phylogeny are indicated after an asterisk (*) next to their correspond-
ing haplotype. (A) Haplotype network of specimens of Alvinocaris dissimilis,
including specimens previously identified as A. chelys and A. alexander (now
junior synonyms). (B) Haplotype network of A. niwa. (C) Haplotype network

of A. webberi sp. nov.

clear variation in 8'*C was found among vent pop-
ulations of A. niwa and A. dissimilis (Dunn's multiple
comparison tests, p > 0.05) but A. webberi sp. nov.
from Brothers Seamount showed a significant 3C-
enrichment compared to those from Tangaroa and
Monowai (Dunn's multiple comparison tests, p <
0.001; Fig. S3). Marked variations in §"°N could also
be observed among shrimp species (Kruskal-Wallis
x? = 48.02, p < 0.001, df = 8; Fig. 5), with signifi-
cantly higher 8'°N values for A. niwa compared to

Alvinocaris dissimilis

[_] Minami Ensei knoll
(Yahagi et al. 2015)

[[_] Higashi Aogashima
[ Kuroshima Knoll

Alvinocaris alexander
[ Tangaroa Seamount
I RumbleV Seamount
I Clark Seamount

Alvinocaris webberi sp. nov
[ Tangaroa Seamount
[ Brothers Seamount

[] Monowai Volcano

Il Glendhu Ridge seep

the other 2 co-occurring alvinocaridid
species at Tangaroa Seamount
(Dunn's multiple comparison tests,
p <0.001, df = 8; Fig. S4) and slightly
higher 8°N values for A. niwa com-
pared to A. dissimilis at Rumble V
Seamount (Dunn's multiple compari-
son tests, p < 0.05). The 3 Alvinocaris
species had relatively similar 8N
values among populations from dif-
ferent vent fields except a slightly
higher 8"°N at Rumble V Seamount
compared to Higashi-Aogashima for
A. dissimilis and a slightly lower §'°N
at Tangaroa Seamount compared to
Brothers Seamount for A. webberi sp.
nov. (Dunn's multiple comparison
tests, p < 0.05; Fig. S3). Variations in
8%S were also found (Kruskal-Wallis
%2 = 32.69, p < 0.001; Fig. 5), with a
34S-depletion for A. webberi sp. nov.
from Tangaroa Seamount compared
to the other 2 vent fields (Monowai
and Brothers) (Dunn's multiple com-
parison tests, p < 0.05) and a 3'S-
enrichment for A. dissimilis from
Higashi-Aogashima compared to pop-
ulations from the Kermadec Arc
(Dunn's multiple comparison tests,
p = 0.01).

Our SIBER analysis revealed that the
core isotopic niches of alvinocaridid
shrimps were generally well separated
among species inhabiting the same
vent fields (Fig. 5; Fig. S4). Hence, at
Tangaroa Seamount, only a limited
overlap of 2.07%.> (i.e. 21.4% of the
smaller ellipse area) for carbon versus
nitrogen ellipses and of 11.7%.> (i.e.
24% of the smaller ellipse area) for car-
bon versus sulphur ellipses was found
between A. niwa and A. webberi sp.
nov., whereas A. webberi sp. nov. and
A. dissimilis clearly overlapped for carbon versus
nitrogen ellipses (3.97%0% i.e. 55.4% of the smaller
ellipse area) but only slightly for carbon versus sul-
phur ellipses (2.22%o% i.e. 4.6% of the smaller ellipse
area). At Brothers Seamount, a notable overlap of
3.81%,?2 (i.e. 42.5% of the smaller ellipse area) could
be observed between A. webberi sp. nov. and Nautilo-
caris saintlaurentae for carbon versus nitrogen
ellipses, but no overlap was found for carbon versus
sulphur ellipses. Comparison of isotopic niches from
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Table 2. Genetic diversity based on partial mitochondrial cytochrome oxi-

4. DISCUSSION

dase c subunit I (COI) sequences from alvinocaridid shrimps for each species

and sampling site. N: number of sequenced individuals for each population;
S: number of variable sites; h: number of haplotypes; Hy: haplotype diversity
(+=SD); m: nucleotide diversity; k: number of nucleotide differences

4.1. Alvinocaridid shrimps
from Aotearoa/New Zealand show
different distributional ranges

Species Statistics ) o )
Population N S h H, k Our taxonomic revision combined
with individual barcoding revealed the
:?Jvinocaris niwa 5 6 6 070540114 000138 010 existence of a new species of Alvino-
angaroa . +0. . . . : ;
Rumble V 9 5 4 06940147 000189 13g9 | CAI'S A webberisp. nov, previously
All populations 24 8 7 0.678+0.090 000154  1.127 presented as A. longirostris (95.1%
Alvinocaris dissimilis complex pairwise identity; partvlal COlI gene) in
Gueishandao 2 1 2  1.0%=0.500 0.00152  1.000 the absence of genetic data (Webber
Minami-Ensei 17 4 4 0.331 £0.143 0.00103 0.676 2004). In fact, it is genetically closer to
Higashi-Aogashima 12 4 4 0.636+0.128 0.00185 0.836 A. aff. muricola (97.5% pairwise iden-
Tangaroa 5 7 4 0900=0.161  0.00490  3.600 titv: partial COI Hected
Rumble V 8 8 5 0857+0.108 0.00384  2.821 1ty partia gene) collected on ex-
All populations 44 12 11 0.495=0.092  0.00208  1.372 perimental free-fall landers deployed
Alvinocaris webberi sp. nov. off the Brazilian deep margin in the SW
Monowai 4 1 2 0500=*0265 000068  0.500 Atlantic (Pereira et al. 2020). This revi-
Brothers 14 3 4 0.396 = 0.159 0.00075 0.549 sion also Sy—nonymjzes A. alexander
Tangaroa 12 3 4 0455=0.170  0.00068  0.500 : il
Glendhu 12 5 6 0.758+0.122 0.00132  0.970 al? d fA ) Ch.e lys Wlth.’g' dgilzlhs' and for
All populations 42 9 10 0517+0091  0.00086  0.632 the first time provides sequences
for A. niwa. The genetic similarity of A.

Table 3. Analyses of molecular variance among sampling sites based on partial
COIsequences from 3 alvinocaridid shrimps

dissimilis with A. stactophila on the
COI marker is surprising and also
highlights the need for further taxono-
mic revisions of this clade. However,

Species Statistics the morphological differences of A.
Fsr p Among- Within stactophila in several characters and its

population  population- extremely distant geographical distri-

variation (%) variation (%) bution (Gulf of Mexico), on the other

Alvinocaris niwa 0 1 0 100 §1de Of. the gllobe, rallse c.autlon before
Alvinocaris dissimilis complex 0.0054 0.39 0.54 99.46 including this species into the pro-
Alvinocaris webberi sp. nov. 0 1 0 100 posed synonymy of A. dissimilis. With-

different fields showed distinct trends depending on
the species (Fig. 5; Fig. S3). For A. niwa, a striking
overlap was found between populations from Tanga-
roa and Rumble V for both carbon versus nitrogen
ellipses (5.54%0% i.e. 72.9% of the smaller ellipse area)
and carbon versus sulphur ellipses (14.16%0% i.e.
85.8% of the smaller ellipse area). On the other hand,
niches of the different A. webberi sp. nov. populations
segregated clearly except between Brothers Sea-
mount and Tangaroa Seamount with a slight overlap
of 0.57%,° (i.e. 6.3% of the smaller ellipse area) for car-
bon versus nitrogen ellipses. For A. dissimilis, niches
of Tangaroa and Rumble V populations strongly over-
lapped for carbon versus sulphur ellipses (12.05%0%
i.e. 81.2% of the smaller ellipse area) but were com-
pletely separated in terms of carbon versus nitrogen
ellipses.

out access to A. stactophila specimens
for our analyses, we believe that future
work including additional individuals is required to
comprehensively resolve the taxonomy of this group.

These results drastically extend the distribution of
A. dissimilis, which was previously known only from
the Okinawa Trough at the Minami-Ensei Knoll vent
field (Komai & Segonzac 2005), recently expanded to
the Higashi-Aogashima vent field on the Izu-Bonin
Arc and the Kuroshima Knoll methane seep on the
Ryukyu Arc (Methou et al. 2023b), and now is known
to inhabit 4 additional locations on the Kermadec
Arc, namely the Brothers, Tangaroa, Rumble V and
Clark Seamounts (Fig. 1; Fig. S1). Thus, A. dissimilis
exhibits genetic homogeneity in the marker genes
used, despite the large geographical distances
between sites. Such cases of implied broad-scale
genetic connectivity are not uncommon in alvinocar-
idids, with several examples of panmictic popula-
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Fig. 5. Comparison of isotopic niches (8!3C against §!°N on the left and §'3C against %S on the right) of Alvinocaris niwa,
A. dissimilis, A. webberi sp. nov. and Nautilocaris saintlaurentae from different vent fields

tions in Rimicaris exoculata or Alvinocaris markensis
across their entire distribution in the Atlantic Ocean
(Teixeira et al. 2012, 2013). Highly connected pop-
ulations were also reported for Rimicaris kairei
across distinct biogeographic regions in the Indian
Ocean (Zhou et al. 2022). Similarly in the Pacific
Ocean, R. loihi, previously known as Opaepele loihi
(Methou et al. 2024), or A. longirostris appear to
have extended geographical distributions, across the
Mariana Arc and Loihi Seamount near Hawaii for R.
Ioihi (Stevens et al. 2008) and from Sagami Bay to
Okinawa Trough, South China Sea, to the Manus
Basin for A. longirostris (Yahagi et al. 2015, Van
Audenhaege et al. 2019, He et al. 2023). For A. dissi-
milis, no intermediate sites between the SW Pacific
(Kermadec Arc, Lau Basin, Hikurangi Margin) and
the NW Pacific (Okinawa Trough, Izu-Ogasawara
Arc, Sagami Bay) are so far known despite more than
9000 km of distance.

Early larval stages of 4 previously studied alvino-
caridid species showed similar morphological charac-
teristics among the different species, suggesting an
early lecithotrophic phase followed by an extended
development, which are indicative of a long plank-
tonic larval duration and large dispersal potential
(Hernandez-Avila et al. 2015). In addition, although
the exact position of alvinocaridid larvae in the water

column during the dispersal phase is not known for
any of these species (Methou et al. 2020), the distribu-
tion of A. dissimilis in relatively shallow vent fields —
up to 380 m depth for Rumble V — suggests a possible
enhanced dispersal in shallow and faster oceanic cur-
rents, at least for larvae departing from the shallowest
sites. Lamellibrachia columna tubeworms also offer an
interesting case in a similar geographic context to
A. dissimilis, with evidence of genetic connectivity
across methane seeps in Sagami Bay and Nankai
Trough off Japan and in the Hikurangi Margin off
New Zealand as well as hydrothermal vents of the Lau
Basin (McCowin et al. 2019).

Conversely, the other 2 alvinocaridids showed a
much more limited distribution, restricted to the Ker-
madec Arc vents and the Hikurangi Margin seeps for
A. webberi sp. nov. and to the Kermadec Arc vents
only for A. niwa (Fig. 1). At present, these 2 species
have to be considered endemic and range restricted
to those localities, with further sampling of hitherto
underexplored chemosynthetic habitats in the region
still required. Future work combining a population
genomic approach, such as RAD-sequencing, and
dispersal simulation modelling could also provide
opportunities to assess ongoing connectivity among
sites and define which are the source populations of
these shrimp species.
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4.2. Alvinocaridid shrimps occupy distinct niches
within vent fields of the Kermadec Arc

Regardless of the hydrothermal vent field occupied,
co-occurring alvinocaridid shrimps on the Kermadec
Arc exhibited distinct isotopic niches with little to no
overlap, suggesting a different use of their habitat re-
sources. This niche partitioning between A. niwa and
the other shrimp species was mostly related to '*C-
and '°N-enriched sources for A. niwa. On the other
hand, niches of A. webberi sp. nov. and A. dissimilis at
Tangaroa and niches of A. webberi sp. nov. and Nauti-
locaris saintlaurentae at Brothers were segregated
mostly by a 3S-depletion for A. webberi. The different
morphology of A. niwa mouthpart appendages, in par-
ticular the mandible, compared to A. webberi and A.
dissimilis also support a distinct feeding regime for
this species. However, variation in geochemical signa-
tures between the different geographical sites might
have also impacted this isotopic niche segregation be-
tween the different alvinocaridid species, and this var-
iability must be taken into account to assess niche par-
titioning between these shrimps (see Section 4.3).

At hydrothermal vents, §'3C variations are mostly
attributed to the use of different carbon fixation path-
ways by the chemosynthetic primary producers, with
typical 8'3C values of —15 to —10%, for rTCA-fixing
microorganisms and —36 to —30%, for CBB-fixing
ones (Hiugler & Sievert 2011, Portail et al. 2018).
Alvinocaridid shrimps at Kermadec vent fields were
either found directly on rocks close to bacterial mats
or within faunal assemblages of the stalked barnacle
Vulcanolepas osheai (Buckeridge 2000), or the vent
mussels Gigantidas gladius (Boschen et al. 2015b;
Tangaroa and Rumble V) and Bathymodiolus manu-
sensis (Leybourne et al. 2012; Monowai) (Fig. 1B,C).
For their nutrition, V. osheai barnacles at Brothers
Seamount were shown to largely depend on the epi-
biotic bacteria they host, with §°C ranging from
—12.0 to —12.3%, (Suzuki et al. 2009). On the other
hand, G. gladius and B. manusensis mussels are
known to host gammaproteobacterial endosymbionts
using the CBB cycle (Lorion et al. 2013) and exhibit
BC-depleted values in vent fields from other regions
(Van Audenhaege et al. 2019). Therefore, the en-
riched '*C values of A. niwa may indicate a preference
for food resources derived from the barnacle habitat,
potentially small invertebrates, bacterial mats or
detritus from the barnacles, whereas A. dissimilis and
A. webberi sp. nov. from the same site might prefer
organic matter derived from the mussel habitat or a
mix from both habitats. The ""N-enrichment of A.
niwa from Tangaroa and Rumble V could indicate a

higher trophic position for this species (Minagawa &
Wada 1984), although variations in 8'°N are also asso-
ciated with the use of different nitrogen sources with
typically 8!'°N <0%, for ammonium and §'°N values of
5—7%o for nitrates (Lee & Childress 1994, Riekenberg
et al. 2016). For instance, R. exoculata shrimps, which
mainly feed directly on their epibiotic symbionts
(Ponsard et al. 2013), exhibit unusually high 8N
values for a purely chemosymbiotic species (Methou
et al. 2020), which is probably related to the ability of
these epibionts to use nitrates as a nitrogen source
(Jan et al. 2014). Therefore, we cannot rule out that
the diet of A. niwa is based on organic matter pro-
duced by microorganisms with a different nitrogen
metabolism than food sources of A. webberi sp. nov.
and A. dissimilis.

Niche theory predicts that co-occurring species al-
ways differ by their resource use and/or spatio-
temporal habitat to avoid competitive exclusion when
the ecosystem is at equilibrium (Hutchinson 1957,
Schoener 1974). Like on the Kermadec Arc, co-occur-
ring alvinocaridids of the Mid-Atlantic Ridge occupy
distinct thermal habitats (Methou et al. 2022) and
have distinct feeding habits, either purely chemosym-
biotic or mixotrophic (Gebruk et al. 2000, Methou et
al. 2020). In contrast, R. variabilis and Nautilocaris
saintlaurentae displayed similar niches at the Fatu
Kapa vent field on Futuna Arc (Methou et al. 2023a).
This was attributed to the high productivity and high
stochasticity of these hydrothermal vents, preventing
these shrimps from exceeding the carrying capacity
of their environment (Methou et al. 2023a). Thus,
niche differentiation among alvinocaridids from the
Kermadec Arc or the Mid-Atlantic Ridge could be
linked to greater stability of these communities com-
pared to those of the Fatu Kapa vent field.

4.3. All alvinocaridid shrimps use chemosynthetic
resources across their entire depth range

Overall, alvinocaridid shrimps from the Kermadec
Arc exhibited S < —10%, (Fig. 5), suggesting that
all individuals mainly rely on the chemosynthetic
vent production (Fry et al. 1983, Reid et al. 2013)
whether they inhabit sites from the upper bathyal
zone such as at Rumble V (380 m depth) or deeper
vent sites like Brothers Seamount (1650 m depth).
This is consistent with previous work on other shal-
low-water vents suggesting mixed diet of photosyn-
thetic and chemosynthetic matter at sites within the
photic zone (100 m) (Comeault et al. 2010) but signif-
icant dependence on the vent endogenous produc-
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tion only at sites below 200—350 m (Comeault et al.
2010, Stevens et al. 2015, Nomaki et al. 2019). An ex-
ception was found for 2 A. dissimilis individuals col-
lected at the Higashi-Aogashima vent field on the Izu-
Ogasawara Arc that showed 84S > 15%,. These 2
individuals were characterized by small sizes and red
lipid stores typical of juvenile stages of alvinocaridids
(Methou et al. 2020). Ontogenetic variations from
photosynthetic-derived sources to a chemosynthetic-
based diet have been observed in several alvinocari-
did species along their settlement phase (Stevens et
al. 2008, Methou et al. 2020, 2023a) and could be re-
sponsible for the high 84S values of these 2 A. dissi-
milis juveniles.

Significant variations in the isotopic niches of alvi-
nocaridid species could also be seen among popula-
tions from different vent fields. Niches of A. webberi
sp. nov. and A. dissimilis were clearly distinct be-
tween each of their populations, with large variations
in 8!3C and 8%'S. Similarly, 8*!S values of N. saintlau-
rentae from Brothers Seamount were largely below
those previously reported at Fatu Kapa (Futuna Arc)
and Phoenix (North Fiji Basin) for this species
(Methou et al. 2023a). To our knowledge, isotopic
compositions of vent fluids were only available for
Brothers Seamount (de Ronde et al. 2011), limiting
comparisons between vent fields without information
on their isotopic baseline composition. Nevertheless,
the absence of dense mussel assemblages at Brothers
Seamount (Boschen et al. 2015a) and at Higashi-
Aogashima vent fields (P. Methou & C. Chen pers.
obs.) could potentially explain the '*C-enrichment
observed for A. webberi sp. nov. and A. dissimilis at
these sites. This absence of '*C-depleted resources
from a mussel assemblage could possibly promote a
shift in the usual diet of these shrimps towards avail-
able resources within the barnacle habitat of the
stalked barnacle V. osheai at Brothers for A. webberi
sp. nov. and of the barnacle Neoverruca intermedia at
Higashi-Aogashima for A. dissimilis. Although we
cannot exclude variations of the isotopic baselines
among vent fields, such a hypothesis would suggest
flexible feeding habits for these 2 shrimps. Con-
versely, A. niwa showed similar niches between pop-
ulations of Tangaroa and Rumble V, suggesting the
same diet at both sites.

5. SYSTEMATICS
Order Decapoda Latreille, 1802

Family Alvinocarididae Christoffersen, 1986
Genus Alvinocaris Williams & Chace, 1982

5.1. Alvinocaris dissimilis Komai & Segonzac, 2005
(Figs. 1E, 2A—C)

Alvinocaris dissimilis Komai & Segonzac, 2005: 1158,
Figs. 25, 26. — Komai & Segonzac (in: Desbruyeres et
al. 2000): 414, Figs. 1—4.

Alvinocaris alexander Ahyong, 2009: 777, Figs. 1-3.
— Schnabel et al. (2023): 434 (list).

Alvinocaris niwa Webber, 2004: 5—18 [part, some
paratypes]. — Martin & Haney (2005): 463 [part].
— Komai & Segonzac (in: Desbruyeres et al. 2006):
419 [part]. — Zelnio & Hourdez (2009): 68 (key).

Alvinocaris chelys Komai & Chan, 2010: 16, Figs. 1—6.

5.1.1. Diagnosis

Body robust. Rostrum directed downward or for-
ward, straight, tip barely reaching first to reaching
end of second antennular peduncle segment; length
0.3—0.6 x CL; dorsal margin with 9—17 teeth (6—10
teeth on rostrum proper; 3—8 postorbital); with 0—2
small ventral subdistal teeth; posterior-most tooth
arising from anterior 0.17—0.31 x CL. Carapace width
0.63—0.80 x CL; dorsal angle about 145—155°. Postros-
tral median ridge moderately high, extending to pos-
terior mid-length to three-quarters of carapace. Third
abdominal pleuron rounded and unarmed; fourth ab-
dominal pleuron rounded and unarmed or armed with
small posteroventral tooth and additional 1—3 small
teeth on posterior margin. Abdominal somite 6 length
about 1.2—1.5 x height. Telson not reaching posterior
margin of uropodal endopod; armed with 5—8 dorso-
lateral spines; posterior margin convex, with 2 pairs of
posterolateral spines and 11—22 plumose setae all
longer than mesial pair of lateral spines. Antennular
peduncle segment 2 stout, about 1.3—1.7 times as long
as wide. Distal segment of the third maxilliped setose,
lacking spines along the lateral face. Pereopods 3—4
meri with 0—3 movable spines ventrolaterally; dactyli
with single row of corneous spines on flexor margin,
distal-most largest, proximal spines declining in size.

5.1.2. Material examined

2 females (F), ovigerous (ov.) (7.4, 9.0 mm), 1 male (M)
(8.0 mm), 5 not examined, Rumble V Eastern flank,
Kermadec Ridge, 36.1415—36.1420°S, 178.1997—
178.2008°E, 405—408 m, Stn TAN1213/59, 26 Oct
2012, NITWA 86458.

2 F ov. (12.0, 16.0 mm), summit of Tangaroa Sea-
mount, Kermadec Ridge, 36.3247—-36.3237°S,
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178.0308—178.0298°E, 667—695 m, Stn TAN1206/17,
16 Apr 2012, NIWA 89343.

1 Fov. (10.9 mm), 2M (7.3, 9.3 mm), Clark Seamount,
Kermadec Ridge, 36.452—36.4552°S, 177.8463—
177.8525°E, 1030—1255 m, Stn TAN1206/39, 18 Apr
2012, NTWA 82323.

Types of Alvinocaris alexander material examined:

F ov. (11.9 mm), Rumble V Seamount, 36.1377—
36.1327°S, 178.1957—178.195°E, 485—415, Stn
TANO0107/325, 24 May 2001, NIWA 42018 (HOLO-
TYPE). 1 F (12.1 mm), same as holotype, NIWA 42015
(PARATYPE). 2 M (7.7, 7.8 mm), Rumble V Seamount,
36.1382—36.1445° S, 178.1957—178.1952° E, 730—
470 m, Stn TANO0107/324, 24 May 2001, NIWA 42017
(PARATYPES). 2 F (11.8, 13.2 mm), Rumble V Sea-
mount, 36.1392—36.1450°S, 178.1957—178.1930°E,
520—367 m, Stn TANO0107/233, 24 May 2001, NIWA
42016 (PARATYPES). 1 M (9.7 mm), 1 F (8.1 mm),
Brothers Seamount, 34.8815—34.8812°S, 179.0627—
179.0535°E, 1346—1196 m, Stn TANO0107/135,
21 May 2001, NIWA 42014 (PARATYPES).

Material for Alvinocaris chelys examined from Gue-
ishandao (or Kueishan Island), Taiwan:

1 M (6.3 mm), 24.8280° N, 122.0042° E, 300—276 m,
4 Sep 2008, 2.5 m beam trawl, Stn KS 12, NTOU 00783
(PARATYPE).

2 Fov. (64, 71 mm), 1 F (6.3 mm), 2 M (CL 5.8,
5.9mm), 24.8508° N, 121.9859° E, 253 m, 12 Aug 2010,
Stn KS24, NTOU M02617.

Colour and structure:

Body pink to red colour, thin and flexible, transpar-
ent exoskeleton (Fig. 1E; NIWA 86458, male, CL =
10.5 mm).

5.1.3. Remarks

Ahyong (2009) described A. alexander from 2
hydrothermal vents on the Kermadec Volcanic Arc:
Rumble V and Brothers Caldera. More recently, sam-
ples have been collected from similar depths (405—
1255 m) on Rumble V (the type locality) and Tangaroa
and Clark Seamounts further south, providing fresh
specimens and the opportunity to include gene
sequences into the existing phylogenetic framework
(Fig. 3). COI sequences generated for A. alexander
fall within the multi-species clade containing A. dissi-
milis Komai & Segonzac, 2005, A. chelys Komai &
Chan, 2010 and A. stactophila Williams, 1988, as first
shown by Yahagi et al. (2014) with several shared COI

haplotypes (Fig. 4A). Within this clade, ASAP analy-
sis on the COI gene for species delimitation failed
to detect any statistically supported species-level
clades, indicating that all sequences should be
treated as conspecific. 18S and 28S sequences of A.
chelys from Yang et al. (2012) and Aznar-Cormano et
al. (2015), as well as A. dissimilis and A. alexander
(this work) corroborate results from COI only, with a
single clade for the 3 species and identical sequences
for all individuals sequenced (Fig. S2). While we pro-
pose that there is sufficient evidence for the synony-
my of A. dissimilis, A. alexander and A. chelys here, we
suggest that the decision to formally dissolve A. stac-
tophila requires a more detailed study.

5.1.4. Distribution

Okinawa Trough, Ryukyu Arc and Izu-Ogasawara
Arc (northwestern Pacific Ocean), vents (off Gueish-
andao, Minami-Ensei Knoll, Higashi-Aogashima) and
seeps (Kuroshima Knoll), 252—705 m. Now includes
the Kermadec Volcanic Arc hydrothermal vents
(Rumble V, Brothers, Tangaroa and Clark Seamounts,
southwestern Pacific Ocean), 470—1346 m (most
likely not distributed far below the peak of Brothers
Volcano at 1197 m) (Fig. 1A).

5.2. Alvinocaris niwa Webber, 2004
(Figs. 1D, 2D—F)

Alvinocaris niwa Webber, 2004: 5. — Komai & Segon-
zac (in: Desbruyéres et al. 2006): 419, Figs. 1—4
(part). —Zelnio & Hourdez (2009): 68 (key). —
Webber et al. (2010): 224 (list). — Yaldwyn &
Webber (2011): 188 (list). — Schnabel et al. (2023):
434 (list).

Alvinocaris sp. A. Webber & Bruce, 2002: 6 (fig., whole
animal). —Batson (2003): 77 (fig. whole animal,
after Webber & Bruce 2002).

5.2.1. Diagnosis

Rostrum short, not reaching to just overreaching
distal margin of first segment of antennular pedun-
cle, directed forward, weakly compressed laterally,
terminating acutely, dorsal margin carinate, armed
with 5—11 teeth; posterior-most tooth at about poste-
rior orbital margin; ventral margin usually unarmed
or rarely with 1 tiny subterminal tooth. Carapace
somewhat compressed laterally, with sharp postros-
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tral ridge reaching anterior about 0.2 of CL; antennal
spine acuminate, conspicuous lobe mesial to anten-
nal spine; pterygostomial angle weakly to somewhat
produced in adults, reaching or distinctly overreach-
ing antennal spine, terminating in sharp spine.
Abdomen smooth dorsally; pleuron of third somite
usually smooth, those of fourth and fifth somites at
least with posterolateral tooth and frequently with
additional small teeth ventrally and/or posteriorly.
Telson with 5 or 7 dorsolateral spines arranged in
weakly sinuous row on either side; posterior margin
gently bi-lobed, with 1—-3 small spines at each lateral
angle and row of numerous long plumose setae,
minute median spine. Eyestalks degenerated,
broadly fused mesially, with small dorsomesial gran-
ule, cornea unfaceted; anterior surface unarmed;
without heavily plumose bacteriophore setae. Distal
segment of the third maxilliped with row of spines
along the lateral face. Chela of first pereopod with-
out fine row of long submarginal setae on outer sur-
face along cutting edges of fingers. Second pereopod
with distal movable spines on ischium; third to fifth
pereopods moderately slender; dactyli armed with 2
or more rows of accessory spinules on ventral sur-
face; meri usually unarmed; ischia of third and fourth
pereopods armed usually with 2 lateral spines.
Maxilliped 3 with rudimentary epipod, absent in
pereopods. Appendices internae on second to fourth
pereopods slender, without coupling hooks. Uropo-
dal exopod with a single movable spine mesial to
posterolateral tooth.

5.2.2. Material examined

Rumble V Seamount:

1 M (154 mm), 36.1413—36.1465°S, 178.1950—
178.1922°E, 360—755 m, Stn TAN0107/230, 24 May
2001, HOLOTYPE (H837) NIWA 3258. 5 F (9.8, 10.0,
10.4, 11.2, 13.0 mm), 3 M (10.8, 11.0, 12.2 mm),
36.1394°S, 178.1959°E, 379 m, Stn KOK0506/16 (PV-
624-3-SS-B), 30 Apr 2005, NITWA 32843. 3 M (6.1, 7.6,
8.1 mm), 2 F (5.2, 4.6 mm) NW summit, 36.1415—
36.142°S, 178.1997—178.2008°E, 405—408 m, Stn
TAN1213/59, 26 Oct 2012, NIWA 154064.

Tangaroa Seamount:

1 F (9.6 mm), 36.3228°S, 178.0295°E, 667 m, Stn
KOKO0507/32 (P5-633-7-SS3), 16 May 2005, NIWA
70346. 1 F (12.8 mm), 4 M (8.2, 9.0, 12.8, 14.0 mm),
36.3233°S 178.0303° E, 653 m, Stn KOK0507/12 (PV-
629-19SS), 12 May 2005, NIWA 32842. 13 M (10.0—
15.3mm), 4 F ov. (13.5—14.3 mm), 2 F (12.0, 14.0 mm),

20 specimens (not examined), summit, 36.3247—
36.3237°S, 178.0308—178.0298°E, 667—695 m, Stn
TAN1206/17, 16 Apr 2012, NIWA 82117.

Colour and structure:

Pink to red, blind, with a thin and flexible exoskeleton
(Fig. 1D, live colouration of an undetermined spe-
cimen from TAN1206/17, NIWA 82117).

5.2.3. Remarks

Specimens presented here for A. niwa conform well
with Webber's (2004) detailed description of the holo-
type. The length of the postorbital carapace ranges
from 7.4—15.0 mm for females (ovigerous from
13.5 mm), 6.1—15.3 mm for males and 4.6—5.2 mm for
2 juveniles (NIWA 154064). Total body length is 17—
54 mm, and the number of rostral spines is 5—11
(median = 8); the rostrum did not reach the end of the
first antennular segment in more than half of the spe-
cimens, while about a third had a rostrum that slightly
over-reached it. The second antennular segment
length:width ratio ranges from 1.1 to 2.0, with juve-
niles having the stoutest segments and only slightly
positive relationship towards more slender segments
for larger adults. The telson length:width ratio is 2.5—
1.9, with a slight trend towards a stouter telson in the
larger adults. Sexual dimorphism in the size of the
first pereopod palm is distinct, with the larger males
(CL > 14 mm) having both an inflated palm relative to
the fingers (palm length vs. finger length >0.8) and
an elongated palm (length:width ratio >1) compared
to females or smaller males.

5.2.4. Distribution

Endemic to active hydrothermal vents on southern
Kermadec Volcanic Arc; Brothers, Rumble V and Tan-
garoa Seamounts, 379—1538 m (most likely not dis-
tributed far below the peak of Brothers Volcano at
1197 m) (Fig. 1A).

5.3. Alvinocaris webberi sp. nov. Schnabel & Methou
(Figs. 1F, 6, 7)

ZooBank registration LSID: urn:lsid:zoobank.org:act:
190DB608-594A-4264-BOA7-6569432C5DB3

Alvinocaris longirostris Webber, 2004: 5, Figs. 5, 6a—f
(whole female, diagnostic characters). — Ahyong
(2009): 776. — Webber et al. (2010): 224 (list). —
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Fig. 6. Alvinocaris webberi sp. nov. (A—F, H ,I) Holotype female, NIWA 64616; (G) juvenile, NIWA 162651, carapace length (CL)
6.6 mm; (J,K) male, NIWA 32846, CL 11.0 mm. (A) Habitus, right, lateral. (B) Anterior cephalothorax, dorsal. (C) Antennal scale,
ventral. (D) Antennule, dorsal. (E) Abdominal segments 2—6, left, lateral. (F) Telson and uropods, dorsal (closeup of posterior mar-
gin of telson). (G) Posterior margin of telson, dorsal. (H, J) First pleopod, ventral. (I, K) Second pleopod, ventral. Scale bars = 2mm
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A (1 mm)H-L

G

BF

Fig. 7. Alvinocaris webberi sp. nov. (A—F) female paratype, NIWA 64625, carapace length (CL) 6.5 mm; (G—L) holotype female,
NIWA 64616. (A) Mandible, left, convex view. (B) Maxillule, left, ventral. (C) Maxilla, ventral. (D) First maxilliped, ventral, inset
view of endopod of first maxilliped, dorsal. (E) Second maxilliped, ventral; inset: view of epipod and podobranch, dorsal. (F) Third
maxilliped, ventral. (G) Right pereopod 1 merus and chela, mesial. (H) Left pereopod 1, lateral. (I) Left pereopod 2, lateral. (J) Right
pereopod 3, with detail of distal propodus and dactylus. (K) Right pereopod 4. (L) Left pereopod 5. Scale bars: 1 mm (A), 2mm (B—L)
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Yaldwyn & Webber (2011): 188 (list). — Schnabel et
al. (2023): 434 (list).

A. cf. lusca Wright et al. (1998): 342.

Alvinocaris sp. B Webber & Bruce, 2002: 6 (fig. whole
animal).

5.3.1. Diagnosis

Rostrum directed forward, straight or weakly curved
dorsally, 0.4—1.2 x CL, usually overreaching distal
margin of second or third antennular segment, armed
with 9—16 teeth including 3—7 relatively large teeth
on carapace posterior to orbital margin, posterior-
most tooth arising at about anterior third of CL; ventral
margin armed with 2—14 (usually 7—9) small teeth on
anterior 0.3—0.7. Carapace width 0.56—0.70 x CL;
postrostral median ridge relatively high, dorsal angle
about 155—170°; branchial region not notably inflated,
slightly convex; pterygostomial tooth strong. Third
abdominal pleura usually with 3—5 posterolateral
denticles. Fourth abdominal pleura with 5—10 teeth
around posteroventral corner. Fifth abdominal pleura
armed with 3—5 strong posteroventral teeth. Telson
not reaching to reaching posterior margin of uropodal
endopod, length 4.5—6.9 longer than posterior width,
posterior width about half of anterior width, usually
armed with 7 or 8 dorsolateral spines; posterior margin
shallowly convex, with small median spine and 2 pairs
of spines at lateral angles, furnished with 7 to 14 plu-
mose setae along margin. Eye with small spiniform tu-
bercle on anterior surface. Antennular peduncle with
second segment 1.5—2.1 times longer than wide.
Antennal scale about half length of carapace, around
twice as long as wide. Third maxilliped dactylus with-
out spines. Distal segment of the third maxilliped
setose, lacking spines along the lateral face. Third to
fifth pereopods moderately slender; dactyli each with
single row of accessory spinules; meri armed usually
with 3 spines on ventrolateral surfaces, meri of fifth
pereopod usually unarmed but may have 1 or 2 spines;
ischia with 1 or 2 spines on third and fourth pereopods,
unarmed on fifth pereopod. Second to fourth pleopods
each with slender appendix interna. Appears both at
hydrothermal vents and seeps.

5.3.2. Etymology

Named after W. Richard Webber, former Curator of
Crustacea at the Museum of New Zealand Te Papa
Tongarewa, who described the first species of Alvino-
caris from Aotearoa/New Zealand.

5.3.3. Material examined

HOLOTYPE

F (CL 17.1 mm), Brothers Seamount 34.8825—
34.8822°S, 179.068—179.0717°E, 1201—-1360 m, Stn
TAN1007/92, 05 Jun 2010, NIWA 64616.

PARATYPES

1 F (121 mm), Brothers Seamount, 34.8782°S,
179.0558—179.0822° E, 1538—1197 m, Stn TANO107/
141,22 May 2001, NIWA 3262. 1 F (6.5 mm), 34.8822—
34.8822°S, 179.0662—179.0702°E, 1199—1221 m, Stn
TAN1007/94, 05 Jun 2010, NIWA 64625.

1 Fov. (10.1 mm), 7 F (9.5—13.2 mm), 4 M (9.0, 9.0,
10.0, 11.4 mm), Tangaroa Seamount, summit,
36.3247—36.3237° S, 178.0308—178.0298° E, 667—695 m,
Stn TAN1206/17, 16 Apr 2012, NIWA 88913.

Additional material:
Monowai Seamount, active vent:

1M (11.0 mm), 25.8072°S, 177.16817°W, 1064 m, Stn
KOKO0505/7, 25.8072°S, 177.1682°W, 08 Apr 2005,
NIWA 32846. 2 juveniles (5.2, 7.5 mm), 25.8042°S,
177.1685° W, 1143 m, Stn KOK0505/14, 10 Apr 2005,
NIWA 32850. 1 F ov. (11.8 mm), 2 F (13.5, 15.0 mm), 1
M (11.8 mm) 17, SW caldera wall, 25.8048—25.8098° S,
177.1698—177.1637° W, 1140—1054 m, Stn TANO0411/
6, 03 Oct 2004, NIWA 115094.

Havre Volcano:

1 F ov. (13.3 mm), southern caldera and rim,
31.1263°S, 179.0394°W, 881.9 m, RV 'Roger Revelle'
(RR1506) Stn J2-802/HVRO0033, 30 Mar 2015, NIWA
126541.

Brothers Seamount, active vent:

3 damaged specimens (8.5—11.0 mm), 34.8787° S,
179.0717°E, 1336 m, RV 'Yokosuka' DSV 'Shinkai
6500" Dive #854, 01 Nov 2004, NIWA 4080. 1 F ov.
(11.2mm), 3F (8.0—9.6 mm), Satellite Cone, 34.8779—
34.8798°S, 179.0721—-179.0705° W, 1316—1362 m, RV
‘Thomas Thompson' Stn TN230/D09A-01, 07 Mar
2009, NITWA 48479.

Tangaroa Seamount, active vent:
2 F ov. (9.5 98 mm), 1 M (9.7 mm), 36.3228°S,

178.0295°E, 667 m, Stn KOK0507/32, 16 May 2005,
NIWA 32848.

Southern Hikurangi Margin, hydrocarbon seep:
1 M (14.5 mm), Glendhu Ridge seep, 41.7657°S,
176.0825°E, 1980—2000 m, epibenthic sled, Stn

TAN1904/50, 11 Jul 2019, NIWA 140415. 1 M
(6.4 mm), 41.7863°S, 176.2098° E, 2300 m, ROV
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"ROPOS', 8 Mar 2021, Stn TAN2102_R2137, NIWA
162645. 1 F ov. (10.0 mm), 41.7863°S, 176.2098°E,
2300 m, ROV 'ROPOS', 8 Mar 2021, Stn TAN2102_
R2137, NIWA 162646. 1 F (11.5 mm), 41.7863°S,
176.2098° E, 2300 m, ROV 'ROPOS', 8 Mar 2021, Stn
TAN2102_R2137, NIWA 162647. 1 M (7.7 mm),
41.7863°S, 176.2098°E, 2300 m, ROV 'ROPOS/,
8 Mar 2021, Stn TAN2102_R2137, NIWA 162648.
1 juv. (4.4mm), 41.7863° S, 176.2098° E, 2300 m, ROV
"ROPOS', 8 Mar 2021, Stn TAN2102_R2137, NIWA
162649.

1 F ov. (11.3 mm), 2 M (9.0, 10.5 mm), 41.76833°S,
176.0885°E, 1986 m, ROV 'ROPOS', 9 Mar 2021, Stn
TAN2102_R2138, NIWA 162650. 2 juv. (6.6, 6.6 mm),
41.76833°S, 176.0885°E, 1986 m, ROV 'ROPOS',
9 Mar 2021, Stn TAN2102_R2138, NIWA 162651.

Specimens presented by Webber (2004) from
Brothers Seamount caldera (NIWA 3262—3276, 341
specimens, NMNZ CR.9978—9988, 33 specimens).

5.3.4. Description
[Numbers in square brackets are measurements for the holotype]

Body glabrous. Rostrum directed forward, straight
to curved distally, about 0.6—1.5 [0.9] times as long as
carapace, falling short or overreaching distal end of
antennular peduncle; dorsal margin armed with 9—16
[14] teeth, including 6—11 [9] teeth on rostrum proper
and 3—7 [5] postorbital, posterior-most tooth arising
at about [0.6] —0.7 length of carapace; ventral margin
armed with 2—14 [12] teeth; lateral carina distinct
along full length, merging into orbital margin. Cara-
pace 0.65—[0.68] times as wide as long; dorsal angle
155—[160]°; with postrostral carina extending past
mid-length, [0.6] 0.8 CL; antennal tooth pronounced,
directed slightly dorsally; pterygostomial tooth
strong, acuminate, distinctly overreaching tip of
antennal tooth; post-antennal groove shallow; ante-
rior part of branchial region not inflated.

Abdomen with third pleura marginally with up to 11
[#] small denticles but may be unarmed. Fourth
pleura with 3—10 spines, sub-acute posteroventral
tooth present, with additional denticles along poste-
rior and ventral margins. Fifth pleura rarely unarmed,
usually with 2—6 [4/5] teeth on posterior margin, ven-
tral margin may be serrated or smooth. Sixth pleuron
[1.6]—1.7 times longer than proximal height, with
strong, acute posteroventral tooth. Telson barely
reaching to falling short of posterior margin of uropo-
dal endopod, about [3.0] —3.2 times longer than ante-
rior width and about [5] —8 times longer than poste-
rior width, armed with 7—11 dorsolateral spines on

either side, including paired spines on distolateral
corners, distal-most spine longest, straight; posterior
margin convex to slightly notched, usually projected
into small triangular tooth medially, with 7—14 [10]
plumose setae (numbers on either side of median typi-
cally uneven). Eye anterior surface bearing one small,
spinelike tubercle.

Antennular peduncle reaching distal margin of
antennal scale. First segment with strong distolateral
tooth, reaching about 1/3 length of second segment
of antennular peduncle; stylocerite slender, reaching
about mid-length of second segment of antennular
peduncle. Second peduncular segment 1.5—2.1 [1.76]
times as long as wide, with distomesial spine. Anten-
nal scale 2.1—[2.2] times longer than wide, lateral
margin nearly straight; distolateral tooth directed
straight forward; dorsal carina distinct, slightly
diverging from lateral margin; distal lamella rounded.

Mandible with incisor process bearing about 6 un-
equal teeth on distal margin; molar process slender,
tip rounded, without setae; palp bi-articulated. Maxil-
lule with dense setae on inner margin of both distal
and basal endite; palp slightly bilobed, distomesial
lobe with 1 apical plumose seta, distolateral lobe
rounded, without seta. Maxilla with scaphognathite
moderately broad; palp slender, tapering; distal
endite deeply bilobed; proximal endite with single
lobe. First maxilliped with large leaf-like exopod,
anterior margin smooth; basal endite about half
length of exopod; epipod simple. Second maxilliped
with relatively stout endopod; epipod sub-ovate,
bearing slender podobranch, distally gently or dis-
tinctly bi-lobed. Third maxilliped ultimate segment
distinctly longer than penultimate segment, trigonal
in cross section, tapering, bearing 2 spines distally;
lateral surface unarmed; mesial surface flat, with rows
of dense setae; epipod widened distally, subtriangu-
lar. First pereopod moderately slender, symmetrical
in size and shape; chela sexually dimorphic with
palms most distinctly inflated in large males; fingers
curved downward and inward, cutting edges each
armed with comb-like row of uniform setae; carpus
distal half of flexor margin flared into prominent
ridge ending in strong tooth, ventrodistal tooth ab-
sent; mesial surface ventrally with grooming appara-
tus consisting of patch of short stiff setae, with prox-
imal tooth present; merus and ischium unarmed.
Second pereopod shorter and more slender than first;
chela slightly shorter than carpus; fingers slightly
longer than palm, curved distally and crossing each
other when closed; ischium armed with 1 (rarely no)
spine ventrolaterally. Third and fourth pereopods
slender; dactylus 0.14 times as long as propodus, ter-
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minating in strong, clearly demarcated unguis, bear-
ing single row of 5—6 accessory moveable spines on
flexor margin over almost entire length; propodus
with slender spinules on ventral surface; carpus
distinctly shorter than propodus, unarmed; merus
slightly longer than propodus, armed with 3 (rarely 2)
moveable spines on lateral surface ventrally; ischium
armed with 2 (rarely 1) moveable spines on lateral sur-
face ventrally. Fifth pereopod generally similar to
third and fourth pereopods, propodus with numerous
spiniform setulose setae on ventral surface, arranged
in longitudinal rows; merus with [1] or 2 spines or
unarmed; ischium usually unarmed. Pleopods typi-
cally sexually dimorphic; endopod of first pleopod
about half length of exopod, distal part of male feebly
bilobed, simple in females. Endopod of second pleo-
pod with appendix interna only in females; appendix
masculina in males, slightly shorter than appendix
interna. Uropodal rami both reaching or slightly over-
reaching posterior margin of telson; exopod slightly
longer than endopod, with 1 or 2 small movable
spines just mesial to smaller posterolateral tooth.

Size: CL 4.4—15.0 mm, ovigerous from 9.5 mm, TL
to approximately 53 mm.

Colour and structure: Body with thin and transpar-
ent exoskeleton with diffuse red reticulation on cara-
pace and anterior half of abdomen, eyes unpigmented
(Fig. 1F, live colouration of holotype female, NIWA
64616).

5.3.5. Remarks

Webber (2004) provided a detailed description of
about 400 specimens collected from 7 stations around
the Brothers Caldera during 2 surveys (1996 and
2001) that he assigned to A. longirostris. Considering
clear indications of genetic isolation provided in this
study, those specimens are assigned to a new species,
Alvinocaris webberi sp. nov. Additional material is
provided for 3 further vent sites on the Kermadec Vol-
canic Arc and 2 carbon seeps on the Hikurangi Mar-
gin, the southern extension of the Tonga-Kermadec
subduction system (Turco et al. 2022).

A. webberi sp. nov. is aligned with those congeners
that have a long rostrum, typically at least reaching
the end of the antennular peduncle, bearing dorsal
teeth that extend from the rostrum to a portion of the
carapace posterior to the orbital margin, and bearing
at least 3 ventral rostral spines, the carapace without
strongly inflated branchial region or deep post-anten-
nal groove, and the posterior margin of the telson
nearly always with 2 pairs of lateral spines and a

number of plumose setae along the margin (but see
comments on variation below). This includes A. longi-
rostris, A. markensis Williams, 1988 and A. muricola
Williams, 1988. The former was described from vents
around the Okinawa Trough and subsequently found
on seeps off Japan, first reported by Fujikura (1995).
The latter are known from vents (A. markensis) and
seeps (A. muricola) in the Atlantic Ocean and the Gulf
of Mexico; however, Teixeira et al. (2013) questioned
the validity of these 2 species based on genetic analy-
sis from across their range. A formal taxonomic revi-
sion of these species is pending.

Finding fixed apomorphies for species of Alvino-
caris appears to be difficult, with high levels of intra-
specific morphological variation being frequently
noted. We followed the assessment of Komai &
Segonzac (2005) with regards to characters useful to
discriminate species. A. webberi sp. nov. overlaps in
most characters with the aforementioned congeners,
including specimen size range, length of rostrum
compared to CL and spination. It appears that the
posterior-most rostral tooth is situated slightly more
posterior compared to the other species (0.36—0.67 x
CL, compared to 0.24—0.48 x CL for the other spe-
cies). The armature of abdominal pleura 4 varies
slightly, armed with 5—10 teeth in A. webberi sp. nov.,
with 1—4 teeth in the other species. The telson varies,
with A. webberi sp. nov. having a small median spine
situated on the convex posterior margin of the telson,
absent in the other species; and the shape of the tel-
son varies slightly, with the ratio between the telson
length and the posterior width ranging from 4.5—6.9
in adults (up to 8.4 in the smallest juvenile), although
this overlaps with ranges reported for A. longirostris
(4.10—4.90) and A. muricola/A. markensis (4.90—
5.20). Other typically useful characters such as the
shape and size of the antennular and antennal pedun-
cles or the spination of pereopods 3—5 are sufficiently
variable to overlap with all other species. While not
generally used for species discrimination, we note dif-
ferences that might warrant further examination as to
their utility: the second maxilliped bears a sub-ovate
epipod that reaches to about half the length of the
ischium and a weakly or distinctly bilobed podo-
branch; the shape and size differs from those illus-
trated for the other species. The shape of the epipod
on the third maxilliped is subtriangular in A. webberi
sp. nov., similar to that illustrated for A. muricola by
Komai & Segonzac (2005), but different from the
finger-like projection illustrated for A. longirostris by
Kikuchi & Ohta (1995).

In the absence of constant characters for specimens
found thus far at 2 sites in methane seeps along the
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Hikurangi Margin and considering the genetic simi-
larity between populations from the Kermadec volca-
noes and the Hikurangi seeps, the populations are
considered conspecific. A notable variation is ob-
served in 2 of the 11 specimens examined from seep
sites: the posterior margin of the telson is in both
cases furnished with 8 spines instead of plumose setae
as observed for all other specimens (Fig. 6), with only
2 longer plumose setae adjacent to the median spine.
These specimens otherwise align morphologically
and genetically with the other specimens assigned to
A. webberi sp. nov. (see Aw46, Fig. 3).

5.3.6. Distribution

Endemic, Kermadec Volcanic Arc, hydrothermal
vents of Monowai, Havre, Brothers, Rumble V and
Tangaroa Seamounts, cold seep '‘Glendhu Ridge' on
the southern Hikurangi Margin, 667—2000 m
(Fig. 1A).

Order Decapoda Latreille, 1802
Family Alvinocarididae Christoffersen, 1986
Genus Nautilocaris Komai & Segonzac, 2004

5.4. Nautilocaris saintlaurentae
Komai & Segonzac, 2004

Nautilocaris saintlaurentae Komai & Segonzac, 2004:
1180, Figs. 2—6 [type locality: North Fiji Basin,
White Lady Site, 2000 m]. — Ahyong (2009): 785,
Fig. 4. — Vereshchaka et al. (2015): 4, 19, Figs. 4—6.
— Schnabel et al. (2023): 434 (list).

5.4.1. Diagnosis

Rostrum carinate and dentate dorsally, reaching
distal margin of basal segment of antennular pedun-
cle; ventral surface unarmed. Carapace somewhat
compressed laterally; postrostral median carina low,
blunt, restricted to anterior 0.15 of carapace; antennal
tooth acuminate; pterygostomial angle weakly pro-
duced anteriorly, extending as far as antennal spine,
terminating in sharp tooth. Third to fifth pleonal
pleura dentate posteroventrally. Telson with 7—9 dor-
solateral spines arranged in slightly sinuous row; pos-
terior margin convex, bearing 12—19 spines in total,
1—3 spines at each posterolateral corner shorter than
mesial spines, simple, while remaining mesial spines

are elongate, bearing minute marginal setules. Eyes
rather large but degenerate, broadly fused mesially;
anterior surface smooth; no trace of pigment. Anten-
nal scale broadly oval, with distinct dorsolateral
tooth. Chela of first pereopod with fine row of long
submarginal setae on outer surface along cutting
edges of fingers. Third to fifth pereopods moderately
slender to stout; each dactylus armed with single row
of accessory spinules on ventral margin; meri un-
armed; ischia with spines in third, usually unarmed in
fourth and fifth. Third maxilliped to fourth pereopods
with strap-like, terminally hooked epipods, corre-
sponding to setobranchs above first to fifth pere-
opods; appendices internae on second to fourth pere-
opods rudimentary. (After Komai & Segonzac 2004.)

5.4.2. Distribution

Known from hydrothermal vents on the North Fiji
Basin, Lau Basin, Tonga Arc, Kulo Lasi on the Futuna
Arc and Brothers Caldera on the Kermadec Arc, at
depths of 1604—2000 m (Komai & Segonzac 2004,
Ahyong 2009, Vereshchaka et al. 2015, Komai et al.
2016).

Data availability. Sequences have been deposited in Gen-
Bank under accession numbers OR750757—0OR?750768 for
28S, OR750745—OR?750756 for 18S and OR?734008—
OR734016 and OR766468—OR766495 for COI (see Table S1
for sampling summary with associated individual ID). Meta-
data associated with each shrimp, including research vessel
and research expedition ID, collection date, sampling loca-
tion, storage conditions, life stage and body size, are dis-
played in Table S1. Isotopic ratios of each individual are also
available in Table S1.
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