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A B ST R A CT 

Valettietta Lincoln & Thurston, 1983 (Amphipoda: Alicelloidea) is an infrequently sampled genus of scavenging amphipod, with a known bathy-
metric range from 17–5467 m encompassing a variety of habitats from anchialine caves to abyssal plains. Molecular systematics studies have 
uncovered cryptic speciation in specimens collected from the abyssal Pacific, highlighting uncertainty in the description of Valettietta anacantha 
(Birstein & Vinogradov, 1963). Here, we apply an integrative taxonomic approach and describe two new species, Valettietta trottarum sp. nov. 
and Valettietta synchlys sp. nov., collected at abyssal depths in the Clarion-Clipperton Zone, Pacific Ocean. Both species can be distinguished by 
characters of the gnathopods, uropod 3, and the inner plate of the maxilliped. Further, molecular phylogenetic analyses of two mitochondrial 
(16S rDNA and COI) and two nuclear (Histone 3 and 28S rRNA) regions found both new species to form well-supported clades and allowed 
us to re-identify previously published records based on genetic species delimitation. The biogeography of Valettietta is discussed in light of these 
re-evaluated records, and a new taxonomic key to the genus is provided. These new taxa highlight the strength of applying an integrated taxo-
nomic approach to uncover biodiversity, which is critical in regions being explored for potential industrial purposes.
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I N T RO D U CT I O N
Traditionally the deep ocean (> 200 m depth) has been re-
garded as a largely homogenous environment with a lack of 
obvious isolating barriers to gene flow (Sanders 1968). This 
homogeneity was thought to result in cosmopolitan distribu-
tions of taxa (Madsen 1961), with patterns of diversity largely 
controlled by biological interactions such as competition and 
predation (McClain and Hardy 2010). This notion of a lack 
of barriers to gene flow has now been challenged, as increased 
deep-sea exploration has revealed complex topographical 
and hydrological features such as mid-ocean ridges, trenches, 
polymetallic nodule fields, and hydrothermal vents (Lonsdale 
1977, Paull et al. 1984, Danovaro et al. 2014, Riehl et al. 2020), 

as well as high levels of biodiversity and endemism (Grassle 
and Maciolek 1992, Glover et al. 2002, Brandt et al. 2007, 
Stewart et al. 2023). Increased research effort has demon-
strated that the deep sea, and particularly the abyssal plains 
(3000–6000 m), is a heterogenous environment, wherein bio-
logical communities are influenced by complex interactions 
between physical (e.g. hydrography), biological (e.g. compe-
tition), and historic factors (e.g. palaeoceanographic cooling) 
(McClain and Hardy 2010). The interplay between these 
factors can lead to species having complicated biogeographic 
ranges, with potential dispersal capability not necessarily 
reflecting actual geographic and bathymetric distributions 
(Lester et al. 2007).
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The use of molecular methods combined with higher reso-
lution sampling efforts have allowed for some of these assumed 
cosmopolitan distributions to be untangled, revealing cases of 
endemism (Downey et al. 2018, Weston et al. 2021a), species 
with wide ranges but spatially fragmented populations (Brandt 
et al. 2007, Havermans 2016, Weston et al. 2022), and cases of 
bipolar distributions (Havermans et al. 2013, Georgieva et al. 
2015). In addition, molecular analyses have led to a rapid in-
crease in the identification of morphologically similar, yet gen-
etically distinct, ‘cryptic’ species (Vrijenhoek 2009, Havermans 
et al. 2013, Brasier et al. 2016). The identification of cryptic spe-
cies subsequently requires the reassessment of biogeographic 
patterns across the genera in which they are found (Havermans 
2016).

There have been many examples of this work in studies of 
deep-sea scavenging amphipods (Crustacea: Peracarida), par-
ticularly within the genus Eurythenes S.I. Smith in Scudder, 
1882. Combinations of morphological and molecular studies 
have expanded the genus from three, to now 10 formally de-
scribed species within the past decade (d’Udekem d’Acoz and 
Havermans 2015, Narahara-Nakano et al. 2018, Weston et al. 
2020a, 2021a). Each species has unique patterns of distribu-
tion, ranging from endemism (Eurythenes atacamensis Weston & 
Espinosa-Leal in Weston, Espinosa-Leal, Wainwright, Stewart, 
González, Linley, Reid, Hidalgo, Oliva, Ulloa, Wenzhöfer, 
Glud, Escribano, Jamieson, 2021; Weston et al. 2021a), bi-polar, 
cosmopolitanism [Eurythenes gryllus s.s. (Lichtenstein in Mandt, 
1822); Havermans, 2016], presence across multiple oceans 
(Eurythenes maldoror d’Udekem d’Acoz & Havermans, 2015; 
Havermans, 2016), as well as documented instances of sympatry 
(Eustace et al. 2016, Horton et al. 2020, Bribiesca-Contreras et 
al. 2021, Weston et al. 2023). As the deep sea becomes increas-
ingly explored by humans for potential resources (Hein et al. 
2013), characterizing species ranges, population connectivity, 
and life history strategies is essential for understanding the re-
sistance and resilience of both species and whole ecosystems 
to anthropogenic impact (Palumbi 2003, Stewart et al. 2023). 
However, the evaluation of cryptic speciation in other scaven-
ging genera beyond Eurythenes and Paralicella Chevreux, 1908 is 
limited (Havermans 2016, Jażdżewska et al. 2021a). This bias is 
driven, in part, by a low number of records and material distrib-
uted over a wide geographic range.

Herein, we explore cryptic speciation within the infrequently 
recorded genus of Valettietta Lincoln & Thurston, 1983 (family 
Valettiopsidae Lowry & De Broyer, 2008). Valettietta was erected 
by Lincoln and Thurston (1983), as a sister taxon to Valettiopsis 
Holmes, 1908. While originally placed in the family Lysianassidae 
Dana, 1849, this placement was questioned by Thurston (1989) 
based on the presence of a toothed incisor process on the man-
dibles, eventually leading to the establishment of the family 
Valettiopsidae by Lowry and De Broyer (2008). Valettietta is 
currently represented by five species: Valettietta lobata Lincoln 
& Thurston, 1983 and Valettietta gracilis Lincoln & Thurston, 
1983 both from the abyssal Atlantic Ocean, Valettietta anacantha 
(Birstein & Vinogradov, 1963) described from the abyssal 
Philippine Trench, Valettietta punctata Bellan-Santini, 1985 
from bathyal depths in the Mediterranean Sea, and Valettietta 
cavernicola Stock & Iliffe, 1990 from a shallow anchialine cave in 

the Galapagos Islands (see Supporting information, Table S1 for 
all available records). Diagnostic characters of the genus include 
a large coxal plate 1, subequal to the coxa of gnathopod 2, and 
a urosome lacking a strong acute tooth (Lincoln and Thurston 
1983, Lowry and De Broyer 2008). A new species of Valettietta 
was reported from submarine canyons of the Western Iberian 
Peninsula by Duffy et al. (2012). However, this has not since 
been described formally and has no available molecular data for 
comparison.

Increased sampling in the central Pacific has led to an uptick in 
recorded observations of the species V. gracilis and V. anacantha 
( Jamieson et al., 2011; Ritchie et al., 2015; Lacey et al., 2016; 
Patel et al., 2020; Bribiesca-Contreras et al., 2021; Mohrbeck 
et al., 2021; see Supporting information, Table S1 for full list 
of published records). This includes records of V. gracilis in the 
New Hebrides Trench (Pacific Ocean), approximately 16,500 
km from its type locality (Ritchie et al. 2015). While it is not un-
known for scavenging amphipod species to have such broad dis-
tributions (Havermans 2016), without comparative molecular 
data from the type locality these records cannot be confirmed. 
Further, V. anacantha has often been tentatively identified in 
published records due to uncertainties with the original de-
scription as a result of an incomplete set of illustrations. Recent 
molecular work on specimens identified as V. cf. anacantha has 
identified two distinct genetic lineages found in the Clarion-
Clipperton Zone (CCZ), an expansive area of the Pacific abyssal 
seafloor under investigation for polymetallic nodule mining, 
highlighting potential cryptic diversity within the species and 
genus (Bribiesca-Contreras et al. 2021, Mohrbeck et al. 2021).

Considering the morphological uncertainty within Valettietta, 
we applied an integrative taxonomic approach to identify these 
two cryptic lineages within the CCZ, and formally describe them 
as: Valettietta trottarum sp. nov. and Valettietta synchlys sp. nov., 
also providing an updated key to the genus. We used mitochon-
drial (16S and COI) and nuclear (28S and H3) DNA sequences 
for these new species, and for V. gracilis from the type locality to 
investigate the phylogenetic placement of the genus Valettietta. 
Previous records of Valettietta are re-evaluated, and the biogeog-
raphy of the genus discussed.

M AT E R I A L  A N D  M ET H O D S

Specimen collection
The material examined consisted of 42 individuals collected 
across four expeditions (see Table 1 for location data, and 
Supporting information, Table S2 for all examined material 
including accession numbers). Of these, 36 were sampled from 
the Clarion-Clipperton Zone (CCZ), central Pacific Ocean, five 
from the Porcupine Abyssal Plain (PAP), north Atlantic Ocean, 
and one from the Wallaby-Zenith Fracture Zone (WZFZ), east 
Indian Ocean (Fig. 1).

Specimens from the CCZ were collected from the UK-1 con-
tract area in April–May 2015 on the MIDAS (Managing Impacts 
of Deep-seA reSource exploitation) JC120 expedition on board 
the RRS James Cook (detailed in Jones 2015), and from the 
NORI-D contract area in November–December 2022 on board 
the MV Island Pride on Campaign C7B.
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Specimens from the PAP were collected on the RRS Discovery 
cruise DY077 in April–May 2017 (Lampitt 2017). Specimens 
were collected using DE-rated Mark And Recapture (DEMAR) 
amphipod traps (see Horton et al. 2020) baited with Scombridae 
fish. Collection information for the specimen from the WZFZ 
can be found in Weston et al. (2020b).

The holotypes were selected from among DNA barcoded 
specimens to minimize the potential for future taxonomic and 
nomenclatural issues. Type material and slides are deposited at 
the Natural History Museum, London (NHMUK). GenSeq no-
menclature is applied to the type material following Chakrabarty 
et al. (2013).

Table 1. Collection information for Valettietta spp. from expeditions to the Porcupine Abyssal Plain and the Clarion-Clipperton Zone. For full 
specimen data see Supporting information, Table S2

Expedition Station Latitude (°) Longitude (°) Depth (m) Date

JC120 039 17.321 -122.833 4230 29/04/2015
JC120 008 16.891 -123.004 4313 22/04/2015
C7B AT-03 10.330 -117.17 4290 13/12/2022
DY077 083 49.007 16.419 4850 28/04/2017

Figure 1. Distribution of Valettietta Lincoln & Thurston, 1983 species. A, all published records of Valettietta species. Stars represent type 
localities and circles all other records. Filled shapes indicate specimens identified by morphology and DNA, and empty shapes indicate 
specimens identified by morphology only. Individuals only tentatively identified by morphology (e.g. V. cf. gracilis), or only identified to genus 
level are not shown. Black boxes indicate location of map sections B and C. B, type locality for V. trottarum and V. synchlys within the Clarion-
Clipperton Zone. C, paratype locality for V. synchlys within the Clarion-Clipperton Zone. See Supporting information, Table S2 for full 
specimen collection details.
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Morphological assessment and illustration
Dissected parts were mounted in either polyvinyl-lactophenol 
stained with lignin pink or Aquatex. Illustrations were prepared 
using Wild M5, LeicaTM MZ 7.5, and LeicaTM DMR stereo-
microscopes with an attached camera lucida. Illustrations were 
scanned and digitally inked using Adobe Illustrator (Coleman 
2003).

A loan of the type material of Valettietta anacantha, which is 
held at the Zoological Museum of Moscow University, was not 
possible; however, photographs of the prepared slide (accession 
number: Mb-1109) were made available by the curators and 
compared with our specimens. Examination of the slide found 
the illustrations of Birstein & Vinogradov (1963) to be accurate 
to the material.

The following abbreviations have been used: A, antenna; E, 
epimeron; Ep, epistome; GN, gnathopod; LL, lower lip; Md, 
mandible; MX, maxilla; MXP, maxilliped; P, pereopod; T, 
telson; U, uropod; UL, upper lip; l, left; r, right. Setal and mouth-
part classifications follow Lowry and Stoddart (1993, 1995). 
Specimens with no identifiable secondary sexual characteristics 
are noted as ‘immature’.

DNA extraction, amplification, and sequencing
Two mitochondrial [16S rRNA (16S), and cytochrome oxidase 
subunit I (COI)] and two nuclear [28S rRNA (28S) and early 
stage histone 3 (H3)] genetic markers were used to assess the 
phylogenetic position of the genus Valettietta. Various combin-
ations of these markers have proved useful for the reconstruction 
of phylogenetic relationships within the scavenging Amphipoda 
at ordinal or familial levels (Corrigan et al. 2014, Ritchie et al. 
2015). To increase the robustness of phylogenetic analyses, add-
itional amplifications were undertaken on specimens from the 
families Alicellidae Lowry & De Broyer, 2008, Cyclocaridae 
Lowry & Stoddart, 2011, Hirondelleidae Lowry & Stoddart, 
2010, Scopelocheiridae Lowry & Stoddart, 1997, and Uristidae 
Hurley, 1963 from specimens originally published in Bribiesca-
Contreras et al. (2021), as well as newly collected specimens of 

Eurythenes maldoror (see Supporting information, Table S3 for 
full detail of comparative material).

DNA was extracted from a pair of pleopods using 
QuickExtractTM DNA extraction solution (Lucigen), following 
manufacturer guidelines, and adapted for a digestion time of 
45 min. Regions of 16S, COI, 28S, and H3 were amplified with 
published primer sets (Folmer et al. 1994, Corrigan et al. 2014, 
Lörz et al. 2018). The PCR mix for each reaction contained 10.5 
µl of Red Taq DNA Polymerase 1.1× MasterMix (VWR), 0.5 
µl of each primer (10 µM), and 1 µl of DNA template. Primers 
and PCR conditions are detailed in Table 2. We also attempted 
to amplify a fragment of 18S rDNA using the following primer 
pairs: 18SA (AYCTGGTTGATCCTGCCAGT; Medlin et al. 
1988) and 18SB (ACCTTGTTACGACTTTTACTTCCTC; 
Nygren and Sundberg 2003), and 18SA1F 
(CCTACTTCTGGTTGATTCCTTGCCAGT) and 1800R 
(TAATGATCCTTCCGCAGGTT; both Steiner and Dreyer 
2003). However, the two primer sets failed to produce sufficient 
PCR products for sequencing.

PCR products were purified using a Millipore Multiscreen 
96-well PCR Purification System and sequenced using the same 
primers as used for amplification, using an ABI 3730XL DNA 
Analyzer (Applied Biosystems) at the Natural History Museum 
Sequencing Facilities. Using Geneious 7.0.6 (Kearse et al. 2012), 
for each gene fragment contigs were assembled by aligning both 
forward and reverse sequences, chromatograms were visually in-
spected, and ambiguous base calls were corrected manually.

Phylogenetics
To construct phylogenetic trees, comparative species sequences 
were retrieved from GenBank for available species from the 
families Alicellidae, Valettiopsidae, Cyclocaridae, Uristidae, 
Scopelocheiridae, Eurytheneidae, and Hirondelleidae 
(Havermans et al. 2013, Corrigan et al. 2014, Ritchie et al. 
2015, Jażdżewska and Mamos 2019, Weston et al. 2020b, 
2021a, Bribiesca-Contreras et al. 2021, Jażdżewska et al. 2021a, 
Mohrbeck et al. 2021, Kniesz et al. 2022; Supporting information, 

Table 2. Primers and PCR programs used for DNA amplification

Gene Primer Sequence (5’ – 3’) PCR program Reference

COI LCO1490 Forward GGTCAACAAATCATAAAGATATTGG 1 × (5 min at 95 °C), 35 × (30 s at 95 
°C, 30 s at 49 °C, 1 min at 74 °C), 
1 × (5 min at 74 °C)

Folmer et al. 1994

HCO2198 Reverse TAAACTTCAGGGTGACCAAAAAATCA Folmer et al. 1994
16S 16SFt_amp Forward GCRGTATIYTRACYGTGCTAAGG 1 × (2 min at 95 °C), 35 ×  

(30 s at 95 °C, 30 s at 50 °C, 45 s at  
72 °C), 1 × (5 min at 72 °C)

Lörz et al. 2018

16SRt_amp Reverse CTGGCTTAAACCGRTYTGAACTC Lörz et al. 2018
28S 28Sftw Forward AGAAACTAACMAGGATTCCYYTAGTA 1 × (2 min at 95 °C), 35 × (40 s at 

94 °C, 40 s at 50 °C, 40 s at 72 °C), 
1 × (10 min at 72 °C)

Corrigan et al. 2014

28Srtw Reverse ACTTTCCCTCAYGGTACTTGT Corrigan et al. 2014
H3 HisH3f Forward AAATAGCYCGTACYAAGCAGAC 1 × (2 min at 95 °C), 35 × (40 s at 

94 °C, 40 s at 45 °C, 40 s at 72 °C), 
1 × (10 min at 72 °C)

Corrigan et al. 2014

HisH3r Reverse ATTGAATRTCYTTGGGCATGAT Corrigan et al. 2014
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Tables S1, S3). The species Epimeria (Pseudepimeria) grandirostris 
(Chevreux, 1912) was used as an outgroup in all phylogenies.

Sequences for COI and H3 were aligned using MUSCLE 
(Edgar 2004) in MEGA X (Kumar et al. 2018); with nucleotides 
translated into amino acids to identify pseudogenes based on 
the presence of stop codons. Sequences for 16S and 28S were 
aligned using MAFFT v.7 (Katoh and Standley 2013) with the 
iterative refinement method FFT-NS-i. Un-alignable regions 
were filtered using the Gblocks server (http://phylogeny.lirmm.
fr/phylo_cgi/one_task.cgi?task_type=gblocks), allowing gap 
positions in final blocks and less strict flanking positions.

These alignments were used in four different datasets: (1) 
COI alignment of all publicly available Valettietta COI sequences, 
plus sequences from comparative amphipod families; (2) 16S 
alignment of all publicly available Valettietta 16S sequences, plus 
sequences from comparative amphipod families; (3) concat-
enated COI and 16S alignment from specimens with sequence 
data for both genes, excluding sequences with low percentage 
identity (< 70%) to other Valettietta sequences (mtDNA); and 
(4) concatenated COI, 16S, 28S, and H3 alignment of a reduced 
dataset of only specimens with sequences for all four genes 
(mtDNA + nuclear). Two sequences from Ritchie et al. (2015) 
(accession numbers KP713950 and KP456094) were excluded 
from analyses as Jażdżewska et al. (2021b) determined them to 
be misidentifications. Single gene phylogenies (COI and 16S) 
were estimated to allow for molecular re-identification of pre-
viously published Valettietta sequences. Accession numbers for 
all comparative sequences used can be found in Supporting in-
formation, Tables S1 and S3. Individual gene alignments were 
concatenated in Geneious. The best substitution models for 
each partition (each marker, and each codon position for COI 
and H3) were determined using PartitionFinder 2 (Lanfear et al. 
2017).

Phylogenetic trees were estimated using both Bayesian infer-
ence (BEAST v.2.4.7; Bouckaert et al. 2014) and a maximum-
likelihood approach implemented with IQ-TREE v.2.2.6. (Minh 
et al. 2020). The best inferred substitution model for each par-
tition was estimated using ModelFinder (Kalyaanamoorthy et 
al. 2017). Node support in IQ-TREE was estimated using 1000 
ultrafast bootstraps (Hoang et al. 2018). BEAST analyses were 
performed with trees and clock models linked, a Yule tree model, 
and a relaxed clock log normal. Two independent runs of a max-
imum of 70 million steps were combined after discarding 10% as 
burn-in. Runs were checked for convergence (Effective Sample 
Size (ESS) > 200) and a median consensus tree was estimated 
from the combined post-burn-in samples.

Sequence divergences were compared within and between 
the Valettietta species using the Kimura two-parameter (K2P) 
distance model (Kimura 1980) on 53 COI sequences (14 of V. 
trottarum; six of V. gracilis; 33 of V. synchlys), undertaken with 
MEGA X. K2P was chosen as it is used as a standard model 
for COI barcoding studies and allows direct comparison with 
other studies (e.g. Havermans et al. 2013). Relationships among 
haplotypes were explored for the COI, 16S, H3, and 28S genetic 
markers using the software PopART v.1.7. (Leigh and Bryant 
2015) and applying the minimum-spanning algorithm.

Species delimitation was done using two methods, one 
distance-based and one tree-based. The tree-based method was 
a Bayesian Poisson Tree Process (bPTP) model (Zhang et al. 

2013) conducted on the web interface (https://species.h-its.
org/ptp/). The bPTP model infers species boundaries using 
speciation or branching events based on substitution rates. This 
was conducted on all four phylogenetic trees. The distance-based 
method used was Assemble Species by Automatic Partitioning 
(ASAP; Puillandre et al. 2021) undertaken on the web interface 
(https://bioinfo.mnhn.fr/abi/public/asap/) using the Kimura 
(K80) substitution model with a gap-width of 1.5. ASAP uses 
pairwise genetic distances to define groups and a scoring system 
to estimate species partitions. The ASAP method was applied to 
the two concatenated alignments (mtDNA and mtDNA + nu-
clear).

R E SU LTS

Molecular phylogenetics and genetic divergence
Within Valettietta, 41 specimens were successfully sequenced for 
a total of 83 gene amplicons: 36 for COI (~650 bp), 33 for 16S 
(~400 bp), seven for H3 (~300 bp), and seven for 28S (~315 bp). 
An additional 22 specimens from the families Alicellidae, 
Cyclocaridae, Hirondelleidae, Eurytheneidae, Scopelocheiridae, 
and Uristidae were successfully sequenced for a total of 56 gene 
amplicons: two for COI (~650 bp), 10 for 16S (~400 bp), 22 for 
H3 (~300 bp), and 22 for 28S (~315 bp). GenBank accession 
numbers for all new sequences are provided in Supporting infor-
mation, Tables S2 and S3. Subsequently, we present phylogenies 
for two single gene datasets (16S, Supporting information, Fig. 
S1; COI, Supporting information, Fig. S2), a wider concatenated 
dataset of 16S and COI (mtDNA; Fig. 2), and a smaller concat-
enated dataset of 16S, COI, H3, and 28S (mtDNA + nuclear; 
Fig. 3).

The placement of V. trottarum and V. synchlys within the 
Valettietta genus varied depending on the sequence type. In the 
COI phylogeny V. gracilis was sister to V. synchlys, forming a clade 
which was reciprocally monophyletic to V. trottarum (Supporting 
information, Fig. S2). In comparison, in the 16S phylogeny, V. 
gracilis was basal, and V. synchlys was a sister taxa to V. trottarum 
(Supporting information, Fig. S1). Based on these single gene 
phylogenies, a number of previously published sequences iden-
tified as species of Valettietta can be re-identified. A full summary 
of these changes in identifications can be found in Supporting 
information, Table S1. Four specimens identified as V. anacantha 
in Ritchie et al. (2015) and Ritchie et al. (2017) [16S accession 
numbers: KP456092, KP456093, KP456095, KX034322] have 
16S sequences bearing 82–85% similarity to sequences of V. gra-
cilis, V. trottarum, and V. synchlys. Without examining the morph-
ology of the specimens it is not possible to absolutely ascertain 
their identity. However, we suggest the possibility that these 
sequences do represent the true V. anacantha. Within the 16S 
phylogeny, these V. anacantha sequences formed a clade that was 
basal to all other species of Valettietta and delimited as a separate 
species by bPTP analysis (Supporting information, Fig. S1).

Both the maximum-likelihood and Bayesian mtDNA 
phylogenies (Fig. 2) grouped the three Valettietta species to-
gether, to form a single monophyletic Valettietta clade with high 
posterior probability and bootstrap support. This clade was 
sister to Valettiopsis, which together formed a monophyletic 
Valettiopsidae clade. Within Valettietta, V. gracilis formed a clade 
which was sister to V. synchlys, and reciprocally monophyletic to 
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V. trottarum. However, node support for these clades was mixed 
(posterior probability = 0.54; bootstrap = 96) and so this re-
lationship cannot be fully resolved. The specimen identified as 
Valettietta sp. from the WZFZ clustered closely with specimens 
of V. gracilis from the PAP.

This topology was mirrored within the maximum-likelihood 
and Bayesian mtDNA + nuclear phylogenies (Fig. 3), with V. 
gracilis forming a clade that was sister to V. synchlys and recip-
rocally monophyletic to V. trottarum. However, there was also 
low posterior probability support for the relationship between 

Figure 2. Bayesian tree showing the relationships between amphipod species based on a concatenated dataset of 16S and COI sequence data. 
Bayesian posterior probability values greater than 0.5 (before /) and maximum-likelihood bootstrap values (after /) are shown on branch 
nodes. Branches are labelled by species name, with collection location and depth (m) in brackets. Asterisks indicate sequences added by 
this study. Species delimitation results and family are denoted on the right. Scale indicates time relative to root age. Location abbreviations 
are as follows, CCZ—Clarion-Clipperton Zone; ANS—Afanasy Nikitin Seamount; WZFZ—Wallaby Zenith Fracture Zone; NHT—New 
Hebrides Trench; MT—Mariana Trench; PAP—Porcupine Abyssal Plain; PCT—Peru-Chile Trench; AnB—Angola Basin; ArB—Argentine 
Basin; BB—Brazil Basin; KT—Kermadec Trench; SEIR—South East Indian Ridge; MAR—Mid-Atlantic Ridge. For complete references and 
accession numbers for sequences see Supporting information, Tables S2, S3.
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V. gracilis and V. synchlys. Hence, the relationships between these 
clades cannot be fully resolved. While in the mtDNA phylogeny 
the Valettiopsidae formed a sister clade to a nested clade of 
Eurytheneidae, Uristidae (Stephonyx sp.), and Scopelocheiridae, 
in the Bayesian mtDNA + nuclear phylogeny, Valettietta 
formed a reciprocally monophyletic clade with Abyssorchomene 
(Uristidae). This pattern was not found in the maximum-
likelihood mtDNA + nuclear phylogeny, instead Valettiopsidae 
was reciprocally monophyletic with Alicellidae. Neither the 
Bayesian nor maximum-likelihood methods on either of the 

concatenated datasets were able to confidently resolve the rela-
tionships between families at higher levels.

Valettietta gracilis, V. trottarum, and V. synchlys were delimited 
as well supported clades by bPTP analysis across all phylogenies, 
except for the 16S phylogeny for which support values for all 
delimited species were low (Figs 2–3; Supporting information, 
Figs S1S2). An additional species delimitation method (ASAP) 
performed on the concatenated mtDNA and mtDNA + nu-
clear alignments also produced the same pattern of delimita-
tion, consistent with our morphological identifications. The 

Figure 3. Bayesian tree showing the relationships between amphipod species based on a concatenated dataset of 16S, COI, H3, and 28S 
sequence data. Bayesian posterior probability values above 0.5 (before /) and maximum-likelihood bootstrap values (after /) are shown on 
branch nodes. Branches are labelled by species name, with collection location and depth (m) in brackets. Asterisks indicate sequences added 
by this study. Species delimitation results and family are denoted on the right. Scale indicates time relative to root age. Location abbreviations 
are as follows, CCZ—Clarion-Clipperton Zone; ANS—Afanasy Nikitin Seamount; WZFZ—Wallaby Zenith Fracture Zone; NHT—New 
Hebrides Trench; MT—Mariana Trench; PAP—Porcupine Abyssal Plain; PCT—Peru-Chile Trench; AnB—Angola Basin; MAR—Mid-
Atlantic Ridge. For complete references and accession numbers for sequences see Supporting information, Tables S2, S3.
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level of COI sequence divergence between the three barcoded 
species of Valettietta was high, ranging from 8–10% (Table 3). 
Furthermore, a clear barcoding gap between the highest intra-
specific (0.6%) and lowest interspecific (8%) divergences 
could be observed. The specimen from the WZFZ identified 
as Valettietta sp. [GenBank accession number: MN262182] 
had between 0–0.0068% genetic divergence with specimens of 
V. gracilis. Minimum-spanning haplotype networks of the 16S 
and COI genes found distinct clusters corresponding to each 
sequenced Valettietta species (Supporting information, Fig. 
S3). In comparison, all species were found to share the same 
28S haplotype, while the H3 haplotypes differed by only one 
mutational step.

Systematics

Order Amphipoda Latreille, 1816

Superfamily Alicelloidea Lowry & De Broyer, 2008

Family Valettiopsidae Lowry & De Broyer, 2008

Genus Valettietta Lincoln & Thurston, 1983

Type species:  Valettietta lobata Lincoln & Thurston, 1983, ori-
ginal designation.

Diagnosis (after Lincoln and Thurston 1983): Body robust, com-
pressed; pleosome well developed; urosome segment 1 with 
weak dorsal process. Segment 3 broad and flattened dorsally 
with lateral margins raised. Antenna 1 and 2 elongate, slender, 
about equal length; peduncle articles 2–3 of antenna 1 com-
pressed, flagellum article 1 conjoint, accessory flagellum well 
developed, multi-articulate. Upper lip weakly notched. Lower 
lip without inner lobes, mandibular lobes prominent. Mandible 
with robustly dentate incisor, spine row strong, interspersed 
with plumose setae, molar large and triturative, palp attached 
level with molar, article 2 elongate with proximal and distal 
margin setose. Maxilla 1 inner plate densely setose along entire 
inner margin, palp robust, 2-articulate. Maxilla 2 inner and outer 
plates subequal length, inner plate with dense mediodistal and 
facial setae. Maxilliped basic; outer plate with short stout inner 
marginal spines grading distally to robust elongate spines. Coxal 
plates 1–4 forming continuous series; plate 4 with deep posterior 
emargination. Coxal plate 5 anterior lobe not deeper than pos-
terior lobe. Gnathopod 1 subchelate; palm oblique; gnathopod 
2 subchelate or simple. Pereopods 5–7 basis expanded with pro-
longed rounded posterodistal lobe. Uropods biramous, lanceo-
late, spinose. Telson triangular, deeply cleft. Branchial lobes with 
small accessory lobe close to base.

Included species:  Valettietta lobata Lincoln & Thurston, 1983; 
Valettietta gracilis Lincoln & Thurston, 1983; Valettietta 
punctata Bellan-Santini, 1985; Valettietta anacantha (Birstein & 
Vinogradov, 1963); Valettietta cavernicola Stock & Iliffe, 1990; 
Valettietta synchlys; Valettietta trottarum.

Valettietta synchlys sp. nov.

Figs 4–7
Valettietta cf. anacantha CCZ_056C—Bribiesca-Contreras et al. 
2021: 1–15, figs 1, 4–6, table 1.

Valettietta cf. anacantha—Mohrbeck et al., 2021: 1–12, figs 3, 
5, 7, tables 2, 3.

ZooBank registration:  http://zoobank.org/F787152D-237B- 
4C45-A6DA-C7A366D9D62A

Holotype: Immature, 16.1 mm, carcass and 22 slides, ECDS_
AMP33, NHMUK 2024.63, Clarion-Clipperton Zone, Pacific 
Ocean (17.321 N, 122.833 W), expedition JC120, Station 
039, depth 4230 m, genseq-1 COI (PP841420), genseq-1 
16S (PP849019), genseq-1 H3 (PP855322), genseq-1 28S 
(PP848491).

Paratypes:  Immature, 9.23 mm, carcass, NHM_10315, NHMUK 
2024.75, Clarion-Clipperton Zone, Pacific Ocean (10.33 N, 
117.17 W), expedition C7B, Station AT-03, depth 4292 m, 
genseq-2 COI (PP841434), genseq-2 16S (PP849032), genseq-2 
H3 (PP855323), genseq-2 28S (PP848494). Mature male, 
15.44 mm, carcass and 13 slides, ECDS-AMP32, NHMUK 
2024.62, Clarion-Clipperton Zone, Pacific Ocean (17.321 N, 
122.833 W), expedition JC120, Station 039, depth 4230 m, 
genseq-2 COI (PP841419), genseq-2 16S (PP849018), genseq-2 
H3 (PP855321), genseq-2 28S (PP848490). Immature, 
11.33 mm, carcass, ECDS-AMP35, NHMUK 2024.65, Clarion-
Clipperton Zone, Pacific Ocean (17.321 N, 122.833 W), ex-
pedition JC120, Station 039, depth 4230 m, genseq-2 COI 
(PP841422), genseq-2 16S (PP849021). Mature male, 14.35 mm, 
carcass, ECDS-AMP38, NHMUK 2024.68, Clarion-Clipperton 
Zone, Pacific Ocean (17.321 N, 122.833 W), expedition JC120, 
Station 039, depth 4230 m, genseq-2 COI (PP841424), genseq-2 
16S (PP849024). Immature, 10.96 mm, carcass, ECDS-AMP16, 
NHMUK 2024.38, Clarion-Clipperton Zone, Pacific Ocean 
(16.891 N, 123.004 W), expedition JC120, Station 008, depth 
4313 m, genseq-2 COI (PP841404), genseq-2 16S (PP849005).

Type locality: The Clarion-Clipperton Zone, central Pacific 
Ocean (17.321 N, 122.833 W), expedition JC120, Station 039, 
depth 4230 m.

Table 3. Estimates of K2P divergence values within and between species of Valettietta, estimated from COI sequence data. Sequence data from 
this study, Bribiesca-Contreras et al. (2021), Weston et al. (2021b), and Mohrbeck et al. (2021)

Intraspecific Interspecific

Species Min Max Mean Min Max Mean

Valettietta gracilis 0.0000 0.0068 0.0045 0.0804 0.1048 0.0914
Valettietta synchlys 0.0000 0.0049 0.0016 0.0804 0.1048 0.0949
Valettietta trottarum 0.0000 0.0018 0.0001 0.0901 0.1002 0.0952
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Material examined:  See Supporting information, Table S2.

Etymology:  Synchlys, Greek, meaning mixed or ‘washed together 
by the waves’, alluding to the morphological characters of this 
species resembling a mixture of both Valettietta anacantha and 
Valettietta gracilis. Used as a noun in apposition.

Diagnosis:  Coxa 1 not shorter or slightly shorter than coxa 2 
and not strongly tapered distally. Gnathopods 1 and 2 weakly 
subchelate or simple, tapering distally, palms weakly defined 
or lacking. Gnathopod 1 propodus slender, tapering distally, 
carpus and propodus subequal. Gnathopod 2 propodus slender, 
length less than 5 × width. Basis of pereopod 7 with distinct 
posterodistal lobe. Maxilliped inner plate reaching halfway along 
palp article 1, with two short nodular robust setae on sub-apical 
medial margin. Inner ramus of uropod 1, 2, and 3 shorter than 
outer. Telson with four lateral spine groups, apices with a single 
subapical large robust seta and one small setae towards lateral 
margins.

Description (Figs 4–7) Based on holotype, immature,  
16.1 mm length, NHMUK 2024.63

Head: Head large, rostrum absent. Pale yellow eyes present upon 
collection but faded in ethanol (Fig. 4). Lateral lobe triangular, 
apically rounded. Antennae 1 (Fig. 5) elongate, 0.37 × as long as 
body length, flagellum 33-articulate, sparsely setose; accessory 
flagellum 6-articulate, reaching beyond end of basal conjoint art-
icle of flagellum; conjoint article subequal to length of peduncle 
article 1. Antennae 2 (Fig. 5) 0.78 × the length of Antennae 1, 

0.28 × as long as body, flagellum 31-articulate, proximal flagellar 
articles with slender setae.

Mouthparts:  Upper lip asymmetrically rounded with small apical 
notch, distal surface minutely setose (not illustrated). Mandible 
(Fig. 6) left incisor 8-dentate and closely applied to 8-dentate 
lacinia mobilis, spine row with 12 large spines interspersed with 
long plumose setae, left molar damaged (not illustrated), palp 
robust, article 1 small, article 2 elongate, broadened medially/
centrally, 14 A2 setae present, D2 setae present along distal half, 
B2 setae present proximally on medial margin. Article 3 oval, 
tapering distally; three A3 setae, two B3 setae, and five plumose 
E3 setae present, 19 plumose D3 setae on the posterodistal two-
thirds of the margin. Right incisor 9-dentate, closely applied to 
5-dentate lacinia, spine row with seven large spines interspersed 
with long plumose setae, molar strongly triturative; palp ro-
bust, article 1 small, article 2 elongate, broadened laterally/cen-
trally, 21 A2 setae present, D2 setae present along distal half, 
B2 setae present proximally on lateral margin. Article 3 oval, 
tapering distally; two A3 setae, one central and two lateral B3 
setae, and six plumose E3 setae present, 18 plumose D3 setae 
on the posterodistal two-thirds of the margin. Maxilla 1 (Fig. 
6) inner plate with 20 marginal plumose setae, outer plate with 
6/5 setal-tooth crown arrangement; palp large, article 2 lateral 
margin with two long slender setae, distal margin with 12 robust 
setae and row of 11 long submarginal setae. Maxilla 2 (Fig. 6) 
inner and outer plates subequal, distally setose, inner plate also 
with oblique row of 17 plumose facial setae. Maxilliped (Fig. 6) 
inner plate reaching halfway along palp article 1, with two short 
nodular robust setae at sub-apical medial margin; outer plate 

Figure 4. Photographs of Valettietta synchlys: top, holotype, immature, NHMUK 2024.63, preserved specimen; bottom, paratype, immature, 
NHMUK 2024.75, fresh specimen showing ocular patch. Scale bar = 2mm.
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Figure 5. Valettietta synchlys holotype, immature, NHMUK 2024.63, 16.1 mm, Clarion-Clipperton Zone, 4230 m. A = Antenna; 
GN = Gnathopod. Unfilled circles indicate setal bases.
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Figure 6. Valettietta synchlys holotype, immature, NHMUK 2024.63, 16.1 mm, Clarion-Clipperton Zone, 4230 m. MX = Maxilla; 
Md = Mandible; MXP = Maxilliped; LL = Lower lip; l = left; r = right. Unfilled circles indicate setal bases.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/201/4/zlae102/7735801 by guest on 03 Septem

ber 2024



12  •  Stewart et al.

Figure 7. Valettietta synchlys holotype, immature, NHMUK 2024.63, 16.1 mm, Clarion-Clipperton Zone, 4230 m. P = Pleopod; U = Uropod; 
T = Telson.
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reaching halfway along palp article 2, inner margin with row 
of 19 short nodular robust setae grading to seven elongate and 
plumose setae distally; palp 4-articulate, article 4 with three ro-
bust setae distally, dactylus well-developed.

Pereon:  Gnathopod 1 (Fig. 5) subchelate; coxa 1 shorter than 
coxa 2, slightly tapering distally, proximal and distal margins sub-
rectangular, setose; carpus and propodus subequal, propodus not 
strongly elongate or tapering distally, palm acute, palmar margin 
straight and dentate, delimited by three bifid robust setae, dactylus 
overlapping palm, inner margin toothed with a few fine setules. 
Gnathopod 2 (Fig. 5) subchelate; anterodistal corner of coxa 
sub-rectangular, distal margin setose, basis curved, ischium ex-
tremely elongate (sub-equal to basis); carpus slightly shorter than 
propodus (1:0.85), both slender, propodus length 5 × width; palm 
acute, palmar margin straight and dentate, dactylus shorter than 
palm, not reaching single palmar defining robust seta, inner margin 
toothed with a few fine setules. Pereopod 3 (Fig. 7) coxa rectangular, 
distal margin setose; basis curved; merus and propodus longer than 
carpus; all articles with long slender marginal setae. Pereopod 4 (Fig. 
7) coxa very broad with large posteroventral lobe, posterodistal 
margin broadly rounded and setose; merus and propodus subequal 
in length and longer than carpus. Pereopods 5–7 (Fig. 7) coxa 5 
broadly expanded and bilobate with posterodistal lobe largest, coxa 
6 smaller than coxa 5 with posterior margin weakly lobate; coxa 7 
smaller than coxa 6, not bilobate; basis broadly expanded distally, 
increasing from P5 to P7.

Pleon and urosome:  Epimeron (Fig. 5) 1 broadly rounded, 2 
subquadrate, 3 produced to a subacute tooth. Urosomite 1 with 
low rounded boss on dorsal margin. Uropods (Fig. 7) biramous, 
lanceolate. Uropod 1 inner ramus shorter than outer (1:0.8), 
with both margins lined by short robust setae, adjacent mar-
gins minutely serrate, apex of both rami with inset small setule; 
peduncle with one apicolateral robust seta, 11 dorsolateral 
setae, nine dorsomedial setae, and 10 longer ventrolateral setae. 
Uropod 2 inner ramus shorter than outer (1:0.75), both margins 
of outer ramus lined by short robust setae, inner margin of inner 
ramus lined by short robust setae, with one seta present on outer 
margin, adjacent margins minutely serrate, apex of both rami 
with inset small setule; peduncle with fewer setae than peduncle 
of uropod 1, one large robust seta present on peduncle at base of 
inner and outer ramus. Uropod 3 inner ramus shorter than outer 
(1:0.9), distal article of outer ramus approximately two-thirds 
length of proximal article, apex of proximal article with robust 
setae, inner margin minutely serrate; proximal inner margin of 
inner rami with four plumose setae, distal inner margin of inner 
rami minutely serrate; peduncle with long fine setae on inner 
margin, and three groups of two short setae on outer margin. 
Telson (Fig. 7) triangular, 75% cleft, apices with a single subapical 
large robust seta and one small setae towards lateral margins; 
lobes with four lateral robust setae.

Habitat and ecology: Valettietta synchlys is a benthopelagic scav-
enger species, currently known only from the central Pacific 
Ocean in the Clarion-Clipperton Zone, at abyssal depths of 
4230–4313 m.

Remarks: Valettietta synchlys most closely resembles V. anacantha 
in the shape of coxa 1, gnathopods 1 and 2, and uropod 3, and has 

been recorded as V. cf. anacantha in recent literature (Bribiesca-
Contreras et al. 2021, Mohrbeck et al. 2021). Valettietta synchlys 
can be distinguished by characters of gnathopod 1, which more 
closely resembles that of V. gracilis, with propodus longer and 
more strongly tapering distally (shorter and broader, weakly 
tapering distally in V. anacantha), and a longer carpus (shorter 
in V. anacantha). It can be further distinguished by the angle of 
the anterodistal corner of coxa 2 which is sub-rectangular in V. 
synchlys (rounded in V. anacantha). The basis of pereopod 7 is 
narrower with a distinct posterodistal lobe (in V. anacantha this 
is significantly more broadly rounded with a shallow, rounded 
posterodistal lobe). Body size ranged from 9.23–16.10 mm be-
tween examined specimens.

Valettietta trottarum sp. nov.

Figs 8–11
Valettietta gracilis—Ritchie et al., 2015: 122–128, fig 2, table 1, 3.

Valettietta anacantha—Ritchie et al., 2015: 122–128, fig 2.
Valettietta cf. anacantha Va1—Bribiesca-Contreras et al., 

2021: 1–15, figs 1, 4–6, table 1.
Valettietta cf. anacantha—Mohrbeck et al., 2021: 1–12, figs 3, 

5, 7, tables 2, 3.

ZooBank registration:  http://zoobank.org/901CA16B-ECE3- 
4886-A72D-74960AA34027

Holotype:  Immature, 10.5 mm, carcass and 22 slides, ECDS-
AMP10, NHMUK 2024.37, Clarion-Clipperton Zone, Pacific 
Ocean (16.891° N, 123.004° W), expedition JC120, Station 
008, depth 4313 m, genseq-1 COI (PP841401), genseq-1 H3 
(PP855319), genseq-1 28S (PP848488).

Paratypes:  Immature, 8.79 mm, carcass and two slides, ECDS-
AMP13, NHMUK 2024.53, Clarion-Clipperton Zone, Pacific 
Ocean (17.321° N, 122.833° W), expedition JC120, Station 
039, depth 4230 m, genseq-2 COI (PP841403), genseq-2 16S 
(PP849004), genseq-2 H3 (PP855320), genseq-2 28S (PP848489). 
Immature, 8.65 mm, carcass and 1 slide, ECDS-AMP17, NHMUK 
2024.39, Clarion-Clipperton Zone, Pacific Ocean (16.891° N, 
123.004° W), expedition JC120, Station 008, depth 4313 m, genseq-2 
COI (PP841405). Immature, 9.09 mm, carcass, ECDS-AMP18, 
NHMUK 2024.40, Clarion-Clipperton Zone, Pacific Ocean 
(16.891° N, 123.004° W), expedition JC120, Station 008, depth 
4313 m, genseq-2 COI (PP841406), genseq-2 16S (PP849006). 
Immature, 7.9 mm, carcass, ECDS-AMP21, NHMUK 2024.43, 
Clarion-Clipperton Zone, Pacific Ocean (16.891° N, 123.004° 
W), expedition JC120, Station 008, depth 4313 m, genseq-2 COI 
(PP841409), genseq-2 16S (PP849009). Immature, 7.92 mm, 
carcass and three slides, ECDS-AMP22, NHMUK 2024.44, 
Clarion-Clipperton Zone, Pacific Ocean (16.891° N, 123.004° 
W), expedition JC120, Station 008, depth 4313 m, genseq-2 COI 
(PP841410), genseq-2 16S (PP849010). Immature, 7.81 mm, car-
cass, ECDS-AMP44, NHMUK 2024.45, Clarion-Clipperton Zone, 
Pacific Ocean (16.891° N, 123.004° W), expedition JC120, Station 
008, depth 4313 m, genseq-2 COI (PP841430).

Type locality: The Clarion-Clipperton Zone, central Pacific 
Ocean (16.891° N, 123.004° W), expedition JC120, Station 008, 
depth 4313 m.
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Etymology:  This species is named for the Trott family of Deal, Kent 
(UK). In their service as sailors of luggers, they saved many lives 
before the introduction of formal lifeboats (c.1750—c.1856). It 
is particularly named for Robert and Suzanne Trott, who spent 
their childhood in the city of Valetta, Malta. Used as a noun in 
apposition, gender feminine.

Diagnosis:  Coxa 1 not shorter or slightly shorter than coxa 2 
and not strongly tapered distally. Gnathopods 1 and 2 weakly 
subchelate or simple, tapering distally, palms weakly defined or 
lacking. Gnathopod 2 propodus extremely slender and elongate, 
length more than 6 × width, propodus with weak convex den-
tate palm. Uropod 3 outer ramus article 2 elongate, subequal to 
article 1. Maxilliped inner plate reaching two-thirds along palp 
article 1, with two short nodular robust setae, and three smaller 
nodular setae at sub-apical medial margin. Telson with three ro-
bust setae in large sub-apical notch.

Description (Figs 8–11) Based on holotype, immature fe-
male, 10.5 mm length, NHMUK 2024.37

Head: Head large, rostrum absent. Eyes not documented at col-
lection and not apparent in preserved specimen (Fig. 8). Lateral 
lobe sub-rectangular. Antennae 1 (Fig. 9) elongate, 0.39 × as long 
as body length, flagellum 22-articulate, sparsely setose; acces-
sory flagellum 4-articulate, reaching to end of basal conjoint art-
icle of flagellum; conjoint article subequal to length of peduncle 
article 1. Antennae 2 (Fig. 9) 0.84 × the length of Antennae 1, 
0.33 × as long as body, flagellum 22-articulate, proximal flagellar 
articles with slender setae.

Mouthparts: Upper lip (Fig. 10) asymmetrically rounded with 
small apical notch, distal surface minutely setose. Lower lip (Fig. 
10) as for genus. Mandibles (Fig. 10) asymmetric. Left incisor 
7-dentate and closely applied to 7-dentate lacinia mobilis, spine 
row with 4 large spines interspersed with long plumose setae, 
molar strongly triturative; palp robust, article 1 small, article 
2 elongate, broadened medially/distally, 11 A2 setae present, 

D2 setae present along distal three-quarters of medial margin. 
Article 3 oval, tapering distally; two A3 setae and four plumose 
E3 setae present, 15 plumose D3 setae on the posterodistal 
half of the margin. Right incisor 8-dentate, closely applied to 
5-dentate lacinia mobilis, spine row with nine large spines inter-
spersed with long plumose setae, molar strongly triturative; 
palp robust, article 1 small, article 2 elongate broadened medi-
ally/distally, 14 A2 setae present, D2 setae present along distal 
three-quarters of medial margin. Article 3 oval, tapering distally; 
three A3 setae and five plumose E3 setae present, 13 plumose D3 
setae on the posterodistal half of the margin. Maxilla 1 (Fig. 10) 
inner plate with 22 marginal plumose setae, outer plate with 6/5 
crown arrangement; palp large, article 2 lateral margin with two 
long slender setae, distal margin with 13 robust setae and row of 
seven long submarginal setae. Maxilla 2 (Fig. 10) inner and outer 
plates subequal, distally setose, inner plate also with oblique 
row of 22 plumose facial setae. Maxilliped (Fig. 10) inner plate 
reaching two-thirds along palp article 1, with two short nodular 
robust setae, and three smaller nodular setae at sub-apical medial 
margin; outer plate reaching halfway along palp article 2, inner 
margin with row of 15 short nodular robust setae grading to four 
elongate and plumose setae distally; palp 4-articulate, dactylus 
well developed.

Pereon: Gnathopod 1 (Fig. 9) subchelate; coxa 1 shorter than 
coxa 2, slightly tapering distally, proximal margin rounded, 
distal margin sub-rectangular and setose; carpus shorter than 
propodus, propodus not strongly elongate, tapers slightly dis-
tally; palm acute, palmar margin slightly rounded and dentate, 
delimited by three bifid robust setae, dactylus overlapping palm, 
inner margin smooth, outer margin with a few fine setules. 
Gnathopod 2 (Fig. 9) subchelate; coxa rectangular, proximal 
margin rounded, distal margin setose, basis curved, ischium ex-
tremely elongate (equal to basis); carpus slightly shorter than 
propodus (1:0.81), both slender, propodus length seven times 
width; palm acute, palmar margin convex and minutely dentate, 
dactylus overlapping palm, inner margin toothed with a few fine 
setules, one robust palmar defining seta. Pereopod 3 (Fig. 11) 

Figure 8. Valettietta trottarum holotype, immature, NHMUK 2024.37, preserved specimen. Scale bar = 1mm.
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Figure 9. Valettietta trottarum holotype, immature, 10.5 mm, NHMUK 2024.37, Clarion-Clipperton Zone, 4313 m. A = Antenna; 
GN = Gnathopod.
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Figure 10. Valettietta trottarum holotype, immature, 10.5 mm, NHMUK 2024.37, Clarion-Clipperton Zone, 4313 m. MX = Maxilla; 
Md = Mandible; MXP = Maxilliped; LL = Lower lip; UL = Upper lip; l = left; r = right. Unfilled circles indicate setal bases.
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Figure 11. Valettietta trottarum holotype, immature, 10.5 mm, NHMUK 2024.37, Clarion-Clipperton Zone, 4313 m. P = Pleopod; 
U = Uropod; T = Telson. P7 and U3 are illustrated from the paratype, immature, 8.79 mm, NHMUK 2024.53.
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coxa rectangular, distal margin setose, ventral proximal margin 
corner angular rather than rounded; basis curved; merus longer 
than propodus, and both longer than carpus; all articles with 
long slender marginal setae. Pereopod 4 (Fig. 11) coxa very 
broad with large posteroventral lobe, posterodistal margin 
broadly rounded and setose; merus and propodus subequal in 
length and longer than carpus. Pereopods 5–7 (Fig. 11) coxa 6 
smaller than coxa 5, both weakly bilobate; coxa 7 smaller than 
coxa 6, not bilobate; basis broadly expanded distally, increasing 
from P5 to P7.

Pleon and urosome: Epimeron (Fig. 9) 1 weakly rounded, 2 
subquadrate, 3 produced to a subacute tooth. Uropods (Fig. 11) 
biramous, lanceolate. Uropod 1 (Fig. 11) inner ramus shorter 
than outer (1:0.8), outer margin with three short robust setae, 
inner margin with two on distal half, proximal half of inner 
margin minutely serrate; outer margin of outer rami lined 
by short robust setae, inner margin with two setae on central 
margin, inner margin minutely serrate; apex of both rami with 
inset small setule; peduncle with row of robust setae on both 
margins, one large robust seta present on peduncle at base of 
inner ramus. Uropod 2 (Fig. 11) inner ramus shorter than outer 
(1:0.75), both margins of inner and outer ramus lined by short 
robust setae, adjacent margins minutely serrate; apex of both 
rami with inset small setule; peduncle damaged, one large ro-
bust seta present on peduncle at base of inner ramus and two 
at base of outer ramus. Uropod 3 (Fig. 11) inner ramus shorter 
than outer (1:0.9), distal and proximal article of outer ramus 
subequal in length, apex of proximal article with robust setae, 
inner margin of distal article minutely serrate, centre of outer 
and inner margin of outer rami with one robust seta; inner and 
outer distal margin of inner rami minutely serrate, outer margin 
with three robust setae on proximal half of margin; peduncle 
with long fine setae on inner margin, two robust setae present at 
base of outer rami. Outer ramus article 2 elongate, subequal to 

article 1. Telson (Fig. 11) triangular, over 75% cleft, apices with 
three short robust setae in subapical notch; lobes with three lat-
eral robust setae.

Habitat and ecology: Valettietta trottarum is an abyssal 
benthopelagic scavenger species. It is currently known to occur 
in high numbers in both the east and west Clarion-Clipperton 
Zone (abyssal central Pacific), at depths of 4082–4313 m. Based 
on available genetic sequences, the species is also present in 
both the Mariana and New Hebrides Trenches, in the western 
and southern Pacific, respectively, at depths down to 5467 m 
(Ritchie et al. 2015).

Remarks: Valettietta trottarum morphologically most closely 
resembles V. gracilis in the distally narrowing propodus of 
gnathopod 1, the sub-rectangular shape of coxa 2, and the 
presence of three spine groups along the telson. However, V. 
trottarum can be distinguished from V. gracilis by the convex 
dentate palm of gnathopod 2 (concave in V. gracilis), and the 
large sub-apical notch on the telson with three robust setae (vs. 
a small notch with one robust seta in V. gracilis). Key morpho-
logical differences distinguishing V. trottarum from V. synchlys 
and V. anacantha can be found in the key to the genus (below). 
Ritchie et al. (2015) identified specimens of V. gracilis and V. 
anacantha morphologically in the west and south Pacific Ocean; 
however, based on our phylogenetic analyses of the associated 
genetic sequences, some of these specimens actually belong to 
the species V. trottarum (Supporting information, Figs S1S2). 
Modified records can be found in Supporting information, 
Table S1. Body size in examined specimens ranged from 7.81 to 
10.50 mm, which was notably smaller than the body size range 
of measured specimens of V. synchlys. This, however, should not 
be deemed as a defining characteristic of the species, as we only 
collected immature individuals and so the full body size range is 
not currently known.

Key to Valettietta species:

1.	 Coxa 1 much shorter than coxa 2 and strongly tapered distally��������������������������Valettietta cavernicola (Anchialine cave habitat)
 	 Coxa 1 not shorter or slightly shorter than coxa 2 and not strongly tapered distally������������������������������������������������������������������������2
2.	 Gnathopods 1 and 2 subchelate, robust, with sub-rectangular broadened carpus and propodus, palms weakly oblique�����������

�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������3
 	 Gnathopods 1 and 2 weakly subchelate or simple, tapering distally, palms weakly defined or lacking�����������������������������������������4
3.	 Tegument ornamented with small conical setules, single tooth on the posterodistal margin of coxae 1, 2, and 3������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� Valettietta punctata
 	 Tegument without ornamentation, two teeth on the posterodistal margin of coxae 2 and 3������������������������������ Valettietta lobata
4.	 Gnathopod 2 propodus extremely slender and elongate, length more than 6 × width���������������������������������������������������������������������5
 	 Gnathopod 2 propodus slender, length less than 5 × width�������������������������������������������������������������������������������������������������������������������6
5.	 Gnathopod 2 propodus lacking palm, very strongly narrowed distally; uropod 3 outer ramus article 2 shorter than article 1 

(0.74 × length of article 1)������������������������������������������������������������������������������������������������������������������������������������������������ Valettietta gracilis
 	 Gnathopod 2 propodus with weak convex palm; uropod 3 outer ramus article 2 elongate, subequal to article 1������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������Valettietta trottarum
6.	 Gnathopod 1 propodus robust, tapering distally, broadly rounded proximally, carpus, short and broad, clearly shorter than 

propodus������������������������������������������������������������������������������������������������������������������������������������������������������������������������ Valettietta anacantha
 	 Gnathopod 1 propodus slender, tapering distally, carpus and propodus subequal�������������������������������������������� Valettietta synchlys
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D I S C U S S I O N

Species delimitation
The salient finding of this study is that paired molecular and 
morphological data provide congruent support for establishing 
two new species within Valettietta, V. trottarum, and V. synchlys. 
While morphologically quite cryptic, these species can be dis-
tinguished by the shape of the propodus of gnathopod 1, and 
the relative lengths of the articles of the outer ramus of uropod 
3. These two new species also formed two well-supported 
monophyletic clades in multiple phylogenetic analyses. A clear 
‘barcoding gap’ was found in the COI data (Table 3), with mean 
interclade divergences of around 9.5% being concordant with 
divergences previously reported for lysianassoid amphipods 
(Havermans et al. 2011, 2013, Havermans 2016, Mohrbeck et 
al. 2021). Hebert et al. (2004) proposed a standard sequence 
threshold of ten times the mean intraspecific divergence (K2P 
distance) to delimit animal species, a value which has since been 
used in the study of marine amphipods (Havermans et al. 2011, 
2013, Havermans 2016, Mohrbeck et al. 2021). Based on our 
data, for Valettietta, the value to delimit species is recommended 
between 1–4%. However, while this may present a useful guide-
line, the use of an absolute threshold for delimiting species based 
on molecular data has the potential to ignore differing patterns 
of intraspecific genetic variation. It may be the case that larger 
intraspecific divergences are present within V. trottarum and V. 
synchlys; however, the species are currently not well sampled, 
and so the true genetic diversity is unknown.

Integrative taxonomy aims to use varied data (including, but 
not limited to: morphological, molecular, karyological, distri-
butional, and behavioural) to create complementary lines of 
evidence to propose and consolidate species hypotheses (Will 
et al. 2005). The relative weight, however, of each complemen-
tary data type largely depends on the taxa of interest (Miralles 
et al. 2024). The importance of including both mitochondrial 
and nuclear genetic markers in species delimitation has been 
highlighted for a number of invertebrate taxa, including many 
freshwater amphipod species (Hupało et al. 2023, Knüsel et al. 
2023). However, among marine amphipod species the current, 
albeit limited, evidence suggests that nuclear genetic markers 
(including 28S) may over-lump otherwise well-delimited oper-
ational taxonomic units due to conflicting evolutionary histories 
among genes (Verheye et al. 2016). While the three Valettietta 
species with genetic data presented here exhibit only marginal 
divergence in H3 and 28S sequences, their significant mitochon-
drial genetic distances, distinct monophyletic clades in concord-
ance with the phylogenetic species concept (sensu Donoghue 
1985), and morphological variation support the establishment 
of two new species. In addition, while behavioural experiments 
are currently unfeasible with deep-sea scavenging amphipods, 
the co-occurrence of two populations in sympatry or parapatry 
with un-ambiguous differentiation of multiple traits (e.g. mo-
lecular markers and morphology), combined with the absence 
of individuals with intermediate traits, strongly suggests the ab-
sence of genetic admixture, thereby fulfilling the biological spe-
cies criteria (Hillis et al. 2021, Miralles et al. 2024).

Phylogenetics
Based on their phylogenetic reconstructions, Ritchie et al. 
(2015) suggested that Valettietta is not a monophyletic genus 

and that the morphology of V. gracilis needed to be reviewed as 
it did not fall in the same clade as V. anacantha. However, both 
of our mitochondrial and concatenated mitochondrial and nu-
clear phylogenies support Valettietta as a monophyletic genus, 
and Valettiopsidae as a monophyletic family with the inclusion 
of both 16S and COI sequences of a Valettiopsis species. This 
supports the morphological phylogenetic results of Weston et 
al. (2020b). As highlighted by Jażdżewska et al. (2021a, b), the 
inclusion of misidentified sequences is the likely cause of the 
polyphyletic Valettietta clade presented in Ritchie et al. (2015). 
The 16S sequence provided for the individual identified as V. 
gracilis (GenBank accession number: KP456130) does not show 
similarity to any Valettietta species, while the COI sequence 
(GenBank accession number: KP713951) bears 100% similarity 
to new sequences provided for V. trottarum. We therefore sug-
gest this record to be updated with the new identification of V. 
trottarum. Another individual identified as V. anacantha has a 
16S and COI sequence which bear less than 60% similarity to 
other Valettietta sequences (COI accession number: KP713950, 
16S accession number: KP456094), and so we also recommend 
these records be updated on GenBank to a broader identification 
of Amphipoda. A full list of updated identifications based on our 
new data can be found in Supporting information, Table S1.

The phylogenetic relationships between families of the 
Alicelloidea and Lysianassoidea found here contrast with re-
cent large-scale published amphipod phylogenies (Lowry and 
Myers 2017, Copilaş-Ciocianu et al. 2020). Both the morpho-
logical phylogeny of Lowry and Myers (2017) and the molecular 
phylogeny of Copilaş-Ciocianu et al. (2020) found the fam-
ilies Alicellidae and Valettiopsidae to form a clade basal to the 
Lysianassoidea. In comparison, all four of our phylogenies found 
these two families to be nested among lysianassoid families. 
This result does, however, align with other phylogenetic ana-
lyses of deep-sea scavenger amphipod taxa, which have reported 
varied placements of the Alicelloidea among the Lysianassoidea, 
supporting previous suggestions of the Alicellidae being para-
phyletic (Corrigan et al. 2014, Ritchie et al. 2015, Bribiesca-
Contreras et al. 2021, Weston et al. 2021b). While a thorough 
systematic discussion is beyond the scope of this paper, our re-
sults suggest the need for additional molecular data from across 
the Alicellidae and Lysianassoidea to increase the robustness of 
future phylogenetic work.

Biogeographic patterns
Our data and phylogenetic analyses support the notion of a 
broad biogeographic range in V. gracilis, covering both the North 
Atlantic and the Indian Oceans (Lincoln and Thurston 1983, 
Weston et al. 2020b, 2021b). Valettietta gracilis was described 
from the Bay of Biscay abyssal plain and north-west of the Cape 
Verde Islands, in the north and central Atlantic Ocean, and 
has been recorded across the North Atlantic (Thurston 1990). 
When described, Lincoln and Thurston (1983) considered it 
to be a vicarious species with V. anacantha, owing to their ‘dis-
junct distributions, one from the Atlantic Ocean and the other 
from the Pacific Ocean’. Records have since been published ten-
tatively identifying V. cf. gracilis in the New Hebrides Trench 
(south-west Pacific Ocean; Lacey et al. 2016). However, based 
on the potentially cryptic morphological characters found be-
tween V. gracilis and V. trottarum, with the latter being molecu-
larly identified from the Mariana Trench (west Pacific Ocean), it 
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is likely that this individual is V. trottarum, though without mo-
lecular data this cannot be said for certain. Similar can be said 
for the specimens identified as V. cf. gracilis in the CCZ by Patel 
et al. (2020)—these are likely to be individuals of V. trottarum 
and/or V. synchlys; however, without examining the material or 
molecular data this cannot be said for certain.

Weston et al. (2020b, 2021b) reported individuals identified 
as Valettietta sp. from the Wallaby Zenith Fracture Zone, East 
Indian Ocean, and highlighted them as a potential new species. 
However, further morphological examination of these specimens 
and comparison with specimens from the type locality suggests 
that they are in fact V. gracilis, confirmed by the phylogenetic 
placement of this specimen within the V. gracilis clade. This is the 
first true confirmation of V. gracilis outside of the Atlantic Ocean, 
adding it to the growing number of deep-sea amphipod species 
with pan-oceanic distributions (e.g. Hirondellea dubia Dahl, 
1959, Weston & Jamieson, 2022; Paralicella tenuipes Chevreux, 
1908, Jażdżewska et al., 2021a; Eurythenes gryllus, Havermans 
et al., 2013; Abyssorchomene distinctus (Birstein & Vinogradov, 
1960), Dupont et al., 2024; Rhachotropis abyssalis Lörz, 2010, 
Lörz et al., 2023).

The presence of a species across multiple ocean basins is a 
strong indicator that gene flow has occurred or is ongoing, on 
evolutionary or potentially ecological time scales. Population 
genetics studies offer the means to investigate patterns of genetic 
connectivity and diversity; however, the logistical difficulties of 
deep-sea sampling combined with often low sample numbers, 
make connectivity studies of abyssal invertebrates challenging 
(Taylor and Roterman 2017). Available population genetics 
studies of abyssal Amphipoda have shown some species to have 
limited genetic differentiation across multiple ocean basins, with 
haplotype networks of Abyssorchomene distinctus suggesting a 
single population expansion event across distances up to 24 000 
km (Dupont et al. 2024). Long range dispersal in the abyss is 
suggested to be facilitated by abyssal currents, such as the Pacific 
Arctic Intermediate Water across the Pacific Ocean (Havermans 
2016). The distribution of Valettietta gracilis between the Atlantic 
and Indian Oceans may potentially be facilitated by occasional 
westward transport of warm water of the Agulhas Current 
around southern Africa (Bowen et al. 2016). However, as it 
stands there is no direct evidence for any deep-ocean migration 
corridors. It is also possible that V. gracilis has a far more con-
tinuous range across these ocean basins than is currently known, 
due to infrequent and spatially patchy sampling efforts. Future 
molecular studies using fast-evolving nuclear markers will be 
able to test the levels of connectivity between these populations 
of V. gracilis, and determine whether they are demographically 
independent, or experience high levels of gene flow.

CO N CLU S I O N
Significant policy decisions on deep-sea mining are on the 
near horizon, and law makers need access to accurate biodiver-
sity data to make informed choices. Fundamental to this is the 
identification and formal description of new species, with sys-
tematic archiving of faunal data with accessible, vouchered, and 
databased material in open, curated collections (Glover et al. 
2018). Here, we contribute two new species of necrophagous 
amphipod to the growing list of species inhabiting the CCZ, and 

highlight the continued need for applying a fully integrative taxo-
nomic approach. Even with this addition of two new species, the 
total number of formally described amphipod species recorded 
in the CCZ is remarkably low (Rabone et al. 2023). The use of 
integrative taxonomic methods will ultimately lead to increased 
understanding of the biogeographic ranges of these ecologically-
important deep-sea organisms, and the eco-evolutionary drivers 
of speciation in the world’s largest ecosystem.
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Supplementary data is available at Zoological Journal of the 
Linnean Society online.
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