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Descriptions of Three Newly Discovered Abyssal Snailfishes (Liparidae) from

the Eastern Pacific Ocean
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Three species of snailfishes (family Liparidae) are described from single collections based on morphological and
genetic evidence, from the eastern abyssal Pacific, depths 3,268-4,119 m. Careproctus colliculi, new species, the Bumpy
Snailfish, can be identified by its pink color in life, 22 pectoral-fin rays (uppermost rays long), round head, eight cau-
dal rays, large eye, and well-developed pterygiophores that form a large suction disk. Careproctus yanceyi, new species,
the Dark Snailfish, bears a moderate ventral suction disk (<3% standard length), single nostrils, six branchiostegal
rays, and is distinct from other eastern Pacific deepwater snailfishes in having a fully black body with a rounded head
and horizontal mouth. Additional defining characters include a small gill opening located entirely above the pectoral
fin, two pectoral radials, and 22 pectoral-fin rays. Paraliparis em, new species, the Sleek Snailfish, is distinguished from
other snailfishes by its long, black, laterally compressed body, absence of a suction disk, prominently angled jaw, sin-
gle pectoral-fin radial, anteriorly positioned anus, and five branchiostegal rays. Each of these three taxa has a distinct
mitochondrial cytochrome c oxidase subunit | (COI) sequence compared to all other sequenced snailfishes. Genetically,
Paraliparis em, new species, is most similar to P. wolffi from the Crozet Basin in the Indian Ocean, as well as bearing
similarity to the northeastern Pacific snailfishes P. megalopus and P. ulochir, together known as Paraliparis Clade 1.
Careproctus yanceyi, new species, shows little similarity in COl sequences to other taxa and perhaps represents a dis-
tinct clade in the family. The COI sequence of Careproctus colliculi, new species, fits in the Osteocareprocta clade, most
similar to Careproctus continentalis, C. discoveryae, C. longipectoralis, and Osteodiscus cascadiae. Paraliparis em, new spe-
cies, and Careproctus yanceyi, new species, show significant morphological and genetic divergence from one another,
despite both being black snailfishes collected on the same submersible dive. These findings reveal cryptic diversity in
deep-sea snailfishes and highlight the necessity of combined imaging, morphological, and genetic approaches to
studying fish biodiversity. These three newly discovered species begin to fill an important sampling gap for the family
Liparidae and demonstrate the importance of snailfishes in communities of the abyssal seafloor.

temperate to cold habitats across ocean basins (Burke,
1930; Chernova et al., 2004; Orr et al., 2019). In shal-
low waters, snailfishes use a specialized ventral suction disk
to cling to rocks, forming a curled, snail-like posture that
gives the group their English common name. The snail-
fishes play important roles in ecosystems from the intertidal
zone to hadal trenches (>6,000 m), and these fishes are well
adapted to a wide variety of habitats, likely due to rapid evo-
lutionary rates (e.g., Orr et al., 2019; Gerringer et al., 2021).
The Liparidae include 31 accepted genera and 450 valid
species, 43 of which have been described in the last ten
years (Fricke et al., 2024). At the family level, the liparids are
well distinguished by their scaleless bodies, ventral suction
disk formed from modified pelvic fins in many genera, and
elongated body forms compared to similar taxa such as the
Cyclopteridae (e.g., Burke, 1930). However, the boundaries
between snailfish genera are less clear. In particular, the spe-
cies-rich genera Paraliparis and Careproctus—once distin-
guished by how reduced or fully formed the ventral suction
disk appeared, respectively—have been shown by genetic
evidence to be paraphyletic (Orr et al., 2019). With the eco-
logical importance of the family, the high rate at which new
snailfishes are being discovered (e.g., Orr and Maslenikov,
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2007; Stein and Drazen, 2014; Orr, 2016, 2020, 2021; Mata-
llanas and Piacentino, 2019; Orr et al.,, 2020; Chernova
et al., 2021; Linley et al., 2022; Gardner et al., 2023; Mori
et al., 2024), and the significant work needed in revising
snailfish classifications (e.g., Orr et al., 2019), snailfish tax-
onomy remains an important undertaking to better under-
stand marine biodiversity.

In addition to their broad distribution across cold, shal-
low seas, snailfishes inhabit multiple deep-sea habitats
worldwide. Snailfishes are notably successful in deep-sea
trenches, exceeding depths of 8,000 m (Nielsen, 1964; Fujii
et al., 2010; Gerringer, 2019; Gerringer et al., 2021; Jamie-
son et al., 2021, 2023). Based on genetic evidence, snail-
fishes have independently evolved into hadal trenches at
least twice: in the Notoliparis/Pseudoliparis clade and in one
of the Paraliparis clades (Linley et al., 2022). Research on
hadal snailfishes has increased in recent years and has
shown these deepest living liparids to be incredibly well
adapted to deep-sea trench habitats in diet, ability to live
under high pressures, and life history (e.g., Gerringer et al.,
2017a, 2017b, 2017c, 2018, 2020; Gerringer, 2019; Wang et
al., 2019; Mu et al., 2021). However, very few studies have
investigated other deep-living snailfishes that inhabit
depths 1,000-5,000 m. In hadal trenches, snailfishes gather
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Table 1. Collection information of three newly described species of abyssal snailfishes. One individual of each species was collected, now the

holotypes.

Species

Careproctus colliculi, new species CAS-ICH 248611 D1138-SS5
AT4210-D5030-180 3 May 2019
AT4210-D5030-181 3 May 2019

Careproctus yanceyi, new species SIO 24-49
Paraliparis em, new species SIO 24-50

in large groups at bait falls, which sometimes even attract
multiple species of liparids at the same time (Linley et al.,
2016, 2022; Jamieson et al., 2021). At bathyal and abyssal
depths, snailfishes are perhaps more difficult to find, with
baited cameras and traps more commonly attracting other,
larger fishes such as rattails (Macrouridae), cusk-eels (Ophi-
diidae), and cutthroat eels (Synaphobranchidae; e.g., Priede
et al., 1990, 1991; Collins et al., 1998; Bailey et al., 2006).
Although occasional records of snailfishes from bathyal
depths have been found, typically in trawl samples (e.g.,
Chernova et al., 2004), there is a noticeable gap in snailfish
collections from depths ~3,000 to 5,000 m. This gap has
been hypothesized to reflect sampling bias, rather than a
lack of abyssal snailfishes (Gerringer, 2019), but with few
observations of abyssal and bathyal snailfishes, this hypoth-
esis has not been tested.

In 2019, three snailfishes were collected by the human
occupied vehicle (HOV) Alvin on the R/V Atlantis and the
remotely operated vehicle (ROV) Doc Ricketts on the R/V
Western Flyer from depths of 3,268-4,119 m in the eastern
Pacific. Here, we describe these three new species of abyssal
snailfishes using morphological and genetic evidence. These
new collections demonstrate that snailfishes inhabit deep
abyssal depths and call for further exploration of abyssal
fish biodiversity.

MATERIALS AND METHODS

Collection—Specimens were collected on two expeditions in
2019, AT42-10 on the R/V Atlantis in May and a March expe-
dition of the R/V Western Flyer (Table 1, Fig. 1). The AT42-10
expedition collected two black snailfishes from the abyssal
study site Station M, located almost 300 km off the coast of
Santa Barbara, California (e.g., Smith and Druffel, 1998).
These snailfishes, described here as Paraliparis em, new spe-
cies (collected as sample AT4210-D5030-181), and Careproc-
tus yanceyi, new species (sample AT4210-D5030-180), were
collected by suction sampler from ~4,100 m water depth,
using the HOV Alvin. Both snailfishes were collected on the
same dive, 5030, on 3 May 2019 (Table 1). The third speci-
men, described here as Careproctus colliculi, new species, was
collected on 23 March 2019 by the ROV Doc Ricketts via suc-
tion sampler from 3,268 m water depth, less than 100 km
offshore from Monterey Bay, California.

Tissue collection.—Fin clips were dissected from each snail-
fish shipboard. For the AT42-10 specimens, fin clips were
stored in 95% ethanol and then frozen at -80°C. The fin clip
of C. colliculi, new species, was frozen directly at -80°C prior
to processing in the lab.

DNA extraction.—Fish tissue samples were digested with pro-
teinase K at 56°C for one to two hours, then DNA was extracted
using the Qiagen DNeasy® Blood & Tissue Kit according to the

Museum number Collection number Date

Latitude Longitude  Depth (m)

23 March 2019 36.38359°N 122.66665°W 3,268
34.67°N 123.00°W 4,119
34.67°N 123.00°W 4,115

manufacturer’s protocol (Qiagen, Hilden, Germany). Quantity
of extracted DNA was determined using a Qubit 4 fluorometer
(Invitrogen, Thermo Fischer Scientific Inc., Waltham, MA,
USA), totaling 1.22 ng/uL for the holotypes of Paraliparis em,
new species, AT4210-D5030-181; 25.3 ng/uL for Careproctus yan-
ceyi, new species, AT4210-D5030-180; and 46 ng/uL for Care-
proctus colliculi, new species, D1138-SS5.

DNA amplification and sequencing.—To compare to previous
studies and to gain sufficient context to position these
fishes in a phylogenetic tree, primer sets targeting the
mitochondrial cytochrome ¢ oxidase subunit I (COI) and
ribosomal 16S rRNA genes were used. First, following the
methods of the largest sequencing effort for the snail-
fishes to date, conducted by Orr et al. (2019), the COI
primers LCO1490: 5'-GGT CAA CAA ATC ATA AAG ATA
TTG G-3’ and HCO2198: 5'-TAA ACT TCA GGG TGA CCA
AAA AAT CA-3’ designed by Folmer et al. (1994) were
used. PCR amplification for this gene included a 2-minute
denaturation step at 95°C, followed by 35 cycles at 95°C
for 1 minute, annealing at 40°C for 1 minute, and exten-
sion 72°C for 1.5 minutes, then a final annealing step at
72°C for 7 minutes, before being held at 4°C. Second, a
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Fig. 1. Collection locations of three newly discovered abyssal snail-
fishes from deep waters off California, USA. The holotypes of both
Paraliparis em, new species, and Careproctus yanceyi, new species,
were collected at the same location (white circle). The collection loca-
tion of the holotype of Careproctus colliculi, new species, is shown as
a white square.
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1,472 bp partial length fragment of the 16S rRNA gene for
Careproctus yanceyi, new species, and Paraliparis em, new
species, was amplified using the primers 16S_liparids_F
(5'-CTA TTA ATA CCC CCA AAT ACC CC-3’) and
16S_liparids_R (5'-CGA TGT TTT TGG TAA ACA GGC G-
3’; Gerringer et al., 2017b). For the 16S rRNA gene, PCR
cycling included a 2-minute incubation at 95°C, 35 cycles
of denaturation at 95°C for 30 seconds, annealing at 48°C
for 30 seconds, and extension at 72°C for 1 minute, fol-
lowed by 72°C for 5 minutes and a hold period at 4°C.
PCR products were purified using a PureLink™ PCR Puri-
fication Kit (Thermo Fisher Scientific Inc.), according to
the manufacturer’s protocols. DNA concentrations were
determined using a Qubit 4 fluorometer. Sanger sequenc-
ing for the forward and reverse directions (COI) and for-
ward direction (16S rRNA) was performed for each gene
by Retrogen, Inc. (San Diego, CA, USA). Sequence chro-
matograms were manually checked in FinchTV (Geospiza,
Inc.) and assembled in Jalview v.2 (Waterhouse et al.,
2009). N’s were placed in positions of uncertainty.
Sequence lengths for the COI gene are 379 bp for Careproc-
tus colliculi, new species; 637 bp for Careproctus yanceyi,
new species; and 641 bp for Paraliparis em, new species.
Due to the lack of available comparative data for the 16S
gene across the liparids, 16S trees were not used to posi-
tion the taxa described here within the snailfish phylog-
eny; however, these sequences are being made available
with this study for future comparison (545 bp for Care-
proctus yanceyi, new species; 450 bp for Paraliparis em, new
species). All sequences are available through NCBI’'s GenBank
(Benson et al., 2009), under the accession numbers: Careproc-
tus colliculi, new species, PV300957 (COl); Careproctus yanceyi,
new species, PV300956 (COI), PV298546 (16S); and Paralipa-
ris em, new species PV300955 (COI), PV298545 (16S).

Phylogenetic tree construction.—Phylogenetic analyses were
performed with a dataset modified from Orr et al. (2019) used
to describe the family Liparidae. Sequences were accessed from
GenBank (Benson et al., 2009) and the Barcode of Life Data
(BOLD) Systems portal (Ratnasingham and Hebert, 2007) to cre-
ate a dataset consisting of 273 sequences (Supplemental Table
1; see Data Accessibility). Sequences were aligned using multi-
ple sequence comparison by log-expectation (MUSCLE; Edgar,
2004; McWilliam et al., 2013), and a handful of long sequences
were trimmed to a final alignment length of 652 bp using Jal-
view v2 (Waterhouse et al., 2009). The average sequence length
was 597 bp. Maximum-likelihood phylogenetic analyses were
performed according to Orr et al. (2019) in R v4.4.1 (R Core
Team, 2024) with the package phangorn v2.11 (Schliep, 2011).
The optimal evolutionary model was identified as
TIM1+G(4)+] using the command modelTest. A maximum-
likelihood phylogenetic tree was inferred with nearest neigh-
bor interchange (NNI) rearrangement using the command
pml_bb (log likelihood, In(L) = —12914.14), and 1,000 boot-
strap replicates were created using the command bootstrap.pml.
Bootstrap support was mapped to the tree using the plotBS
function, and the tree was rooted using ape v5.8 (Paradis and
Schliep, 2019). The lumpfishes (family Cyclopteridae) Cyclo-
pterus lumpus (BOLD Sequence ID: GBGCS5052-08; Museum
Catalog Number: ZMUB F1; NCBI GenBank: AM498313) and
Eumicrotremus  orbis (GBGCA12719-15, UW119780-1,
AB917653) were used as outgroups to root the tree, using ape
v5.8 (Paradis and Schliep, 2019). Trees were visualized using

the Interactive Tree of Life v.5 (Letunic and Bork, 2021).
Although our goal was not to reconstruct a complete phylog-
eny of the Liparidae, phylogenetic analyses are generally consis-
tent with Orr et al. (2019). The sequence of Careproctus
bowersianus (SGJWO046-18, UW 119291, MH630278) is highly
dissimilar from other sequences in the tree and its position dif-
fers from that reported in Orr et al. (2019). Other clades resolve
in a similar manner to that previously reported (Orr et al.,
2019), whereas the relationships between clades remain
unclear.

Morphological descriptions.—Definitions of measurements,
counts, and characters follow established protocols for snail-
fishes (e.g., Stein et al., 2001; Andriashev, 2003; Stein, 2012),
and museum abbreviations follow Sabaj (2020). All measure-
ments and counts are based on specimens preserved in ethanol,
which are typically ~10% smaller than fresh measurements for
deep-water snailfishes (Gerringer et al., 2017b). Ratios for pro-
portions are presented using both percent standard length (%
SL) and percent head length (%HL). Pectoral girdles were dis-
sected and stained using alizarin red S and alcian blue (Taylor,
1967a, 1967b). Radial counts are described according to the
available information, but we note that these deep-water speci-
mens have small and poorly ossified pectoral girdles. Distal
radials were not examined due to damage and limited visibility.
Sex was determined visually by abdominal cavity dissection,
with females identified by the presence of eggs.

To determine counts of vertebrae, dorsal- and anal-fin rays,
pre-dorsal-fin length, and branchiostegal ray counts, speci-
mens were scanned using micro-computed tomography
(micro-CT) at the Karel F. Liem Bioimaging Center at Friday
Harbor Laboratories, University of Washington (Friday Harbor,
WA, USA). Specimens were imaged using a Bruker SkyScan
1173 at 65 kV and 123 pA with a 1 mm aluminum filter. Scan
resolution was 15.9 and 34.4 um voxel size, sufficient for iden-
tifying taxonomically important characters such as tooth
shape and ray counts, in addition to other characters such as
otolith size. Each micro-CT scan was reconstructed using NRe-
con (Bruker, 2005-11), which included optimizing x-y align-
ment, reducing ring artifacts, correcting beam hardening
artifacts, and post-aligning the segments of the scan. Scan seg-
mentation was carried out in DataViewer (Bruker, 2004-11).
Measurements and visualizations were conducted in 3D Slicer
(Fedorov et al., 2012) and CT Vox (Bruker, 2004-11). Full
micro-CT scans generated for this study are available via Mor-
phoSource (Duke University) under the media ID numbers
000718441 (all three fishes, raw scan data), 000718935 (Care-
proctus colliculi, new species, and Paraliparis em, new species,
high resolution raw scan data), 000718579 (Careproctus collic-
uli, new species, reconstructed and cropped scan), 000718591
(Careproctus yanceyi, new species, reconstructed and cropped
scan), and 000719446 (Paraliparis em, new species, recon-
structed and cropped scan). 3D models (STL, stereolithogra-
phy files) are also provided on MorphoSource for each species
(Careproctus colliculi, new species: full body 000744884, head
000744893, lower jaw 000744892, pharyngeal jaw 000744897,
upper jaw 000744900; Careproctus yanceyi, new species: full
body 000744854, head 000744858, lower jaw 000744861, pha-
ryngeal jaw 000744872, upper jaw 000744874; Paraliparis em,
new species: full body 000744827, head 000744830, lower
jaw 000744838, pharyngeal jaw 000744843, upper jaw
000744849).
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Paraliparis penicillus (MH630336)

Careproctus longidigitus (LC495312)
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97 Osteodiscus cascadiae (FJ164436)

73! Osteodiscus cascadiae (FJ164433)

Temnocora (N=6)

Clade H (Crystallichthyia; N=7)
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(euedijowBiusy) 3 spejo

Lopholiparis flerxi (MH630322)
Clade N (Melanura; N=29)
Clade P (P. dactylosus group, N=4)

Clade O (Careproctus, N=19)
yanceyi, new species

Fig. 2.

Rhinoliparis attenuatus (KF918899)
Rhinoliparis attenuatus (FJ165100)

Paraliparis thalassobathyalis (FKCI019-10)

Clade K (Amitrichthys, N=4)

Lipariscus nanus (N=10)

Clade L (P. antarcticus group, N=20)

Paraliparis em, new species
g9t Paraliparis wolffi (FKC1022-10)
90 Paraliparis wolffi (FKCI021-10)
Paraliparis megalopus (FJ164959)
Paraliparis ulochir (MH630337)
gof Paraliparis sp. (F1164953)
86| Paraliparis ulochir (FJ164958)
86l paraliparis ulochir (FJ164954)

Careproctus bowersianus (MH630278)
Paraliparis pectoralis (N=8)
Rhinoliparis barbulifer (KU053770)

Clade J (P. copei group, N=8)

Clade M (Paraliparis, N=25)

(euedieied) O apelD
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Clade | (P. ulochir group, N=8)

Phylogenetic relationships of snailfishes, based on mitochondrial COI genes and maximum likelihood tree estimation (In(L) =

-12914.14). Taxa described here are shown in large blue type. Triangles represent collapsed clades, with the vertical size illustrating the number
of sequences in the clade and the lateral shape illustrating branch length and diversity in the clade. The tree file and accession numbers for all
sequences are provided in the supplementary information. Bootstrap values are shown for nodes with sufficient support (>50%). Informal clade
names are based on Orr et al. (2019) classifications. All sequences are described in Supplementary Table 1, the full tree is presented in
Supplementary Figure 1, and the tree file is available as supplemental material (see Data Accessibility).

Data analysis and specimen availability.—The collection map
was created in the statistical programming platform R using
the marmap package (Pante and Simon-Bouhet, 2013) using
bathymetry data from the National Oceanic and Atmo-
spheric Administration and National Centers for Environ-
mental Information.

Specimens have been deposited at the Marine Verte-
brate Collection at Scripps Institution of Oceanography
(SIO; Careproctus yanceyi, new species, SIO 24-49; Parali-
paris em, new species, SIO 24-50) and the California Acad-
emy of Sciences (CAS, Careproctus colliculi, new species,
CAS-ICH 248611) and are available for future compara-
tive study.

Careproctus colliculi Gerringer, new species
urn:lsid:zoobank.org:act:761C95CC-F72C-4930-9AB4-
EE5F60C52140

The Bumpy Snailfish

Figures1, 2, 3,4, 5; Tables 2, 3

Holotype.—CAS-ICH 248611 (collection number: D1138-SS5),
92.2 mm preserved total length (TL), 78.9 mm SL, mature
female, Monterey Canyon, 36.38359°N, 122.66665°W, 3,268
m, R/V Western Flyer, 23 March 2019. Good condition.

Diagnosis.—Careproctus colliculi is distinguished from other
eastern Pacific deep-water congeners by its well-developed
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Fig. 3. Images of Careproctus colliculi, new species, the Bumpy Snailfish, based on the holotype CAS-ICH 248611. Standard length 78.9 mm. (A) Lateral
view drawing. Artist: Emily McMahon. (B) Photograph of freshly collected specimen. Photo by Gustav Paulay (used with permission). (C) Photograph of
specimen fixed in 4% formaldehyde, then stored in 70% ethanol. Photo by Mackenzie Gerringer. Scale bar 5 mm. (D) Lateral view of micro-computed
tomography (micro-CT scan) of the holotype. Scale bar 5 mm. Scan by Mackenzie Gerringer. (E) Ventral view drawing. Artist: Emily McMahon.

suction disk, anteriorly positioned anus, simple canine
teeth, 22 pectoral-fin rays, the upper ~4 of which extend
well beyond the other rays, round head, eight caudal-fin
rays, large eye, and pink coloration with bumpy flesh, par-
ticularly anteriorly, in life.

Description—Due to its genetic placement (Fig. 2), large
ventral suction disk, single nostrils, and absence of pseudo-
branchs, we describe Careproctus colliculi in the genus Care-
proctus (Orr and Maslenikov, 2007; Orr, 2020). Careproctus
colliculi has 53 total vertebrae, with 9 abdominal and 44
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Fig. 4. Morphology of Careproctus colliculi from micro-CT scanning. (A) Lateral view micro-CT scan of Careproctus colliculi, head length 21.6 mm.
(B) Jaw and tooth morphology: premaxilla (top), mandible (middle), pharyngeal jaws (bottom), micro-CT images. (C) Ventral view micro-CT, ven-
tral suction disk. CT scans by Mackenzie Gerringer. Scale bars 5 mm.

caudal. Pleural ribs absent. Dorsal-fin rays 43, anal-fin rays
40, caudal-fin rays 8 (4 upper + 4 lower, no auxiliary rays),
pectoral-fin rays 22 (15 upper lobe + 4 notch + 3 lower
lobe), pectoral radials 2 visible, 6 branchiostegal rays. Mea-
surements, counts, and ratios for Careproctus colliculi are
shown in Tables 2 and 3.

Head rounded, snout deep and rounded, mouth horizontal
(Fig. 3). Head length approximately 23% greater than head
depth at occiput. Head depth similar to body depth. Opercular
flap terminates in triangle with some fleshiness, two distinct
opercular “spines” (meant here as the sharp edges of the opercle
and subopercle supporting the opercular flap) below the thin
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Fig. 5. In situ imagery of Careproctus colliculi, collected by the ROV Doc Ricketts, 3,263 m, Monterey Bay, California, USA. Copyright: MBARI (used
with permission).

skin. Nostrils single, large, and protruding tubes. Teeth simple,
sharp, long, and prominent (Fig. 4). Maxillary teeth present in
23 rows with a maximum of 7 teeth per row, forming a moder-
ately wide band of 4 teeth across. Mandibular teeth arranged in
24 rows with a maximum of 6 teeth per row, forming a moder-
ately wide band of 4 teeth across. Pharyngeal teeth well ossified,
conical, and sharp, positioned on globular tooth plates. Eye
moderate, 14.8% HL. Orbit moderately sized, 29.2% HL, dorsal
margin below that of the head. Gill opening small, 8.7% SL,
located mainly above the pectoral fin, but with a partial,
~2 mm overlap. Cephalic pores visible, often prominent. Nos-
tril large in life, prominently raised. Nasal pores 2. Infraorbital
pores 6, including 1 supraorbital pore. Preoperculomandibular
pores 7. In the temporal pore series: postorbital pore 1, supra-
branchial pore 1 (Fig. 3). Pore counts according to Burke (1930):
2-6-7-2. Some neuromasts present, difficult to identify.

Pectoral fin divided into upper and lower lobes with no
rudimentary rays. Upper pectoral-fin lobe long, 28.9% SL
and 105.6% HL, with lower pectoral-fin lobe slightly shorter
than the upper, 26% SL, 94.9% HL. Upper pectoral rays
tightly spaced, with widely spaced lower-lobe rays and mod-
erately spaced notch rays, upper pectoral rays (~4) extend-
ing considerably beyond the length of the other upper lobe
rays. Two pectoral radials visible, one in the center of the
upper section of the pectoral girdle and the other in the
lower section of the pectoral girdle. Pectoral girdle fragile,
the lower radial is faint and poorly ossified.

Ventral suction disk present and large (Fig. 4), 5.8% SL
and 21.3% HL in length, and 9.1% SL, 33.3% HL in width.
Anus positioned anteriorly. Disk margin fragile, thin skin
surrounding disk pterygiophores.

In life, skin pink, with most prominent coloration at the
anterior of the body (Fig. 3, 5). In ethanol, body pale, slight
duskiness. Peritoneum very dark in color. Holotype skin

thin, in good condition. Head strikingly textured with
small, soft, fleshy prickles giving skin a bumpy texture, cov-
ering the full body but especially prominent on the head of
the fish (Fig. 5). Prickles round, relatively large (~1 mm)
and variable in size, and irregularly distributed. Raised prick-
les appear well adhered, rather than deciduous. These
bumps appear to be soft flesh, rather than ossified structures
as found in other snailfishes such as Liparis gibbus. In some
snailfishes, prickles can be sexually dimorphic traits, for
example, found only in the males of Liparis gibbus (e.g., Able
and McAllister, 1980). With only a single specimen from a
single time point, it is not known whether these bumps are
sexually dimorphic or ephemeral in Careproctus colliculi.
Nostrils and pores prominent in situ. Pectoral fin webbed,
with finger-like rays extending well beyond the connecting
membrane between each ray. Lower pectoral fin with little
webbing, rays extended in swimming, possibly to aid in
sensing. In ethanol, skin smooth, prickles and skin texture
are significantly less prominent after preservation but
remain visible as small (<0.5 mm) bumps, particularly on
the skin of the head. Subdermal extracellular matrix appear-
ing partially lost in preservation, particularly around the
head.

Phylogenetic relationships.—Mitochondrial COI sequencing
reveals Careproctus colliculi belongs to the informal clade
Osteocareprocta (Fig. 2), within the clade Aenigmoliparia
(Clade E), as defined by Orr et al. (2019). The COI
sequence of C. colliculi (379 bp) shares the most similarity
with Osteodiscus cascadiae (97.36% to specimen TZFPA134-
06, RBCM TagG5006, FJ164437; 97.10% to TZFPA133-06,
RBCM TagG5005, FJ164436; and 97.10% to TZFPA101-06,
RBCM 15941, FJ164433) previously identified as Careproc-
tus cf. cypselurus (see Orr et al., 2019). The sequence also
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Table 2. Measurements, counts, and ratios of three newly described snailfishes from the abyssal Pacific. Measurements taken from preserved
specimens, given in mm. Dorsal-fin origin between vertebrae #, #. Values represent single collections, the holotypes of each species. Each species
is known only from the holotype (n = 1). Disk length for Careproctus colliculi and C. yanceyi were measured from the micro-CT scan and represent
the distance from the anterior-most portion of the first disk pterygiophores to the posterior-most portion of the last disk pterygiophores.

Paraliparis em does not have a disk.

Careproctus colliculi,

new species
Measurements
Standard length 78.9
Total length 92.2
Head length 21.6
Head depth at occiput 17.1
Head width 16.9
Snout length 8.1
Lower-lobe distance 4.5
Body depth 19.9
Orbit width 6.3
Disk length 5.7
Gill opening 6.9
Upper-jaw length 9.3
Lower-jaw length 1.5
Distance: mandible to disk 1.3
Distance: snout to anus 19.0
Distance: mandible to anus 18.6
Distance: disk to anus 33
Distance: anus to anal fin 17.3
Length upper-pectoral fin lobe 22.8
Length lower-pectoral fin lobe 20.5
Counts
Total vertebrae 53
Abdominal vertebrae 9
Caudal vertebrae 44
Dorsal-fin origin 4,5
Dorsal-fin rays 43
Anal-fin rays 40
Total pectoral rays 22
Pectoral-fin rays (upper lobe) 15
Pectoral-fin rays (notch) 4
Pectoral-fin rays (lower lobe) 3
Total caudal-fin rays 8
Caudal-fin rays (upper) 4
Caudal-fin rays (lower) 4
Caudal-fin rays (auxiliary) 0

shares 97.10% similarity with Careproctus discoveryae
(FKCI020-10, MNHN 2006-1232), 97.10% similarity with
Careproctus longipectoralis (EATF504-10, MNHN 2008-2592,
HQ712900), and 96.31% with Careproctus longidigitus
(LC495312, Fig. 2).

Reproduction.—Holotype is a mature, gravid female. Eggs
irregular in size, suggesting multiple developing cohorts, as
found in other deep-water snailfishes such as Pseudoliparis
swirei at hadal depths in the Mariana Trench (Gerringer et
al., 2017b). Each ovary includes at least ten very large eggs,
up to 4 mm in diameter, in addition to at least 20 small eggs
that are less than 1 mm.

Distribution.—Known only from the holotype, eastern
Pacific Ocean, abyssal depths off California, depth 3,268 m.

Careproctus yanceyi, Paraliparis em,
new species new species
156.0 101.2
174.0 113.1
32.0 195
26.7 16.9
227 10.9
11.9 5.6
2.2 0.1
342 15.1
7.0 7.2
3.5 -
9.3 48
6.8 8.1
8.8 10.8

13.4 -
36.7 17.3
315 16.0
139 -
30.5 8.4
221 17.9
29.4 18.6
63 ~74
11 10
52 ~64
4,5 56
57 ~70
53 ~66
22 17
13 10
4 3
5 4
10 4
5 3
5 1
0 0

Comparisons.—Careproctus colliculi, the Bumpy Snailfish, is
genetically and morphologically similar to Osteodiscus casca-
diae. The genus Osteodiscus was originally distinguished from
Careproctus in having a disk “covered only by thin skin, skele-
tal; fleshy margin absent; supporting rays of disk webbed
between the tips, attenuate posteriorly, the most posterior
extending almost to anus,” along with other characteristics
such as single nostrils and large cephalic pores that many
snailfishes share (Stein, 1978). The position of the anus rela-
tive to the disk, thin skin between disk pterygiophores, and
fragile disk margins of C. colliculi are similar, but this species
does not display the webbing and absent margin or extended
pterygiophores of O. cascadiae, the type species in this genus.
Current morphological and genetic comparisons demon-
strate similarities between Osteodiscus and the southern
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Table 3. Ratios of the snailfishes Careproctus colliculi, C. yanceyi, and Paraliparis em. All measurements represent single holotypes and were

taken on preserved specimens.

Careproctus colliculi,

new species

Ratio (fixed specimen) %SL %HL
Head length 27.4 —

Head width 21.4 782
Snout length 10.3 37.5
Eye width 4.1 14.8
Orbit width 8 29.2
Upper-jaw length 11.8 43.1
Lower-jaw length 14.6 53.2
Body depth 25.2 92.1
Upper-pectoral fin length 28.9 105.6
Lower-pectoral fin length 26 94.9
Gill opening 8.7 319
Disk length 5.8 213
Distance: disk to anus 4.2 153
Distance: mandible to disk 14.3 523
Lower-lobe distance 5.7 20.8
Predorsal fin length 40.9 149.5
Preanal fin length 44 160.6
Distance: snout to anus 24.1 87.9
Distance: mandible to anus 23.6 86.1
Distance: anus to anal fin 219 80.1

hemisphere species C. continentalis, C. discoveryae, and C.
longipectoralis, which are now defined in the informal clade
Osteocareprocta (Orr et al., 2019). Careproctus colliculi can be
distinguished from O. cascadiae through the differences in
disk morphology described above, also having eight, rather
than seven, caudal-fin rays, a smaller gill opening extending
no more than 2 mm or ~3 fin rays behind the pectoral fin,
rather than up to seven fin rays behind the pectoral fin in O.
cascadiae (Stein, 1978). Further, O. cascadiae is black or very
dark brown, whereas C. colliculi is pink in life, fading to pale
under preservation. Careproctus discoveryae, known only from
the holotype in the Crozet Basin at 4,250 m, has ?5 caudal
rays, whereas C. colliculi has 8, and although both have 22
pectoral-fin rays, the spacing differs considerably, with C. col-
liculi having 15 upper, 4 notch, and 3 lower lobe rays,
whereas C. discoveryae has 12 upper, 5 notch, and 5 lower
lobe rays. Although both are tadpole-shaped with round
heads, C. discoveryae has a considerably more elongate tail,
with a pre-anal-fin length of 37.8% vs. 44% SL in C. colliculi
(Duhamel and King, 2007). Careproctus colliculi is also distinct
from C. longipectoralis (2,025-2,037 m) and C. continentalis
(425-600 m), found in the Weddell Sea in the Southern
Ocean (Duhamel, 1992). Careproctus continentalis has 27 pec-
toral-fin rays and C. longipectoralis has 25, whereas C. colliculi
has 22 (Andriashev and Prirodina, 1990; Duhamel, 1992).
Careproctus colliculi lacks the dark coloration and distinctive
long, black upper pectoral-fin rays of C. longipectoralis
(Duhamel, 1992). Additional distinctions between Careproc-
tus colliculi and other deep-water snailfishes of the North
Pacific are described below in the comparisons for C. yanceyi.

Etymology.—Careproctus colliculi is named for the distinctive
small bumps (from the Greek) that cover the skin, particu-
larly the head and anterior portion of the fish in life (Fig. 5).

Careproctus yanceyi, Paraliparis em,
new species new species
%SL %HL %SL %HL
20.5 - 19.3 -
14.6 70.9 10.8 55.9
7.6 37.2 55 28.7
2.1 10 34 17.4
45 219 7.1 36.9
4.4 213 8 415
5.6 27.5 10.7 55.4
219 106.9 14.9 77.4
14.2 69.1 17.7 91.8
18.8 91.9 18.4 95.4
6 29.1 47 24.6
2.7 13.1 — —
8.9 43.4 - —
8.6 41.9 - —
1.4 6.9 0.1 0.5
23.8 116.3 17.5 90.8
41.1 200.3 24.8 128.7
23.5 114.7 17.1 88.7
20.2 98.4 15.8 82.1
19.6 95.3 8.3 43.1

Careproctus yanceyi Gerringer, new species
urn:lsid:zoobank.org:act:0236C0C1-BA79-4753-B2C4-
4F156666C2F0

The Dark Snailfish

Figures1, 2, 6, 7; Tables 2, 3

Priede et al., 2020, one of “two specimens of Liparidaev.”

Holotype.—SIO 24-49 (collection number: AT4210-D5030-
180), 197 mm TL upon collection, 189 mm SL, 74.4 g,
174.0 mm preserved TL, 156.0 mm preserved SL, mature
female, Station M, 34.67°N, 123.00°W, 4,119 m, Cruise
AT42-10, R/V Atlantis, 3 May 2019. Good condition.

Diagnosis.—Careproctus yanceyi is distinguished from other
deep-water congeners in the eastern Pacific by the combi-
nation of the following characters: black body with
rounded head and horizontal mouth, simple canine teeth,
along with a moderate, but developed ventral suction disk
(<3% SL), and small gill opening located entirely above
the pectoral fin, which has 22 fin rays and two pectoral
radials.

Description.—Based on the presence of a ventral suction
disk, a single pair of nostrils, and the absence of pseudo-
branchs, we ascribe this fish to the paraphyletic genus Care-
proctus (e.g., Orr, 2020; Orr and Maslenikov, 2007).
Careproctus yanceyi has 63 total vertebrae, with 11 abdomi-
nal and 52 caudal. Pleural ribs absent. Dorsal-fin rays 57,
anal-fin rays 53, caudal-fin rays 10 (5 upper + 5 lower, no aux-
iliary rays), pectoral-fin rays 22 (13 upper lobe + 4 notch + 5
lower lobe), pectoral radials 2 visible, branchiostegal rays 6.
Measurements, counts, and ratios for C. yanceyi are shown in
Tables 2 and 3.
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Fig. 6. Careproctus yanceyi, new species, the Dark Snailfish, based on the holotype, SIO 24-49. Standard length 156.0 mm. (A) Lateral view draw-
ing. (B) Photograph of specimen upon collection. (C) Photograph of specimen fixed in 4% formaldehyde, then stored in 70% ethanol. (D) Lateral
view of micro-computed tomography of the holotype. (E) Ventral view drawing, showing anterior portion of the fish. Artist (A, E): Emily McMahon.
Photo (B) by Jeffrey Drazen. Photo (C) and CT scan (D) by Mackenzie Gerringer. Scale bars 10 mm.
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Head rounded, snout deep, bluntly rounded, mouth hori-
zontal (Fig. 6). Head length approximately 20% greater than
head depth at occiput. Head depth similar to body depth.
Opercular flap terminates in moderately fleshy, broad trian-
gle with opercular “spines” identifiable below the skin. Nos-
trils single. All teeth simple, canine, and sharp, oriented
interiorly (Fig. 7). Maxillary teeth present in 8 rows with a
maximum of 12 teeth per row, forming a moderately wide
band of 4 teeth across. Mandibular teeth arranged in 10
rows with a maximum of 15 teeth per row, forming a rela-
tively wide band of 5 teeth across. Pharyngeal teeth well
ossified, conical, and sharp, positioned on globular tooth
plates. Eye small, 10% HL. Orbit moderately sized, 21.9%
HL, dorsal margin well below that of the head. Gill opening
small, 6% SL, located completely above pectoral fin.
Cephalic pores visible, often prominent. Nostril moderate
in size in preserved specimen. Nasal pores 2. Infraorbital
pores 6, including 1 supraorbital pore. Preoperculomandib-
ular pores 7. Suprabranchial pore 1 (Fig. 6). Pore counts
according to Burke (1930): 2-6-7-1. Neuromasts present in 2
rows, along the body.

Pectoral fin divided into prominent upper and lower lobes
with no rudimentary rays (Fig. 7). Upper pectoral-fin lobe
moderate, 14.2% SL and 69.1% HL, with lower pectoral-fin
lobe longer than the upper, 18.8% SL, 91.2% HL. Upper pec-
toral rays tightly spaced, with moderately spaced lower lobe
and notch rays. Two pectoral radials visible, one in the
upper section of the pectoral girdle and one in the lower
section.

Ventral suction disk present (Fig. 7), moderate in size,
length 2.7% SL, 13.1% HL, and width 4.0% SL, 19.4% HL.
Disk margin moderately fleshy, disk small but robust. Pylo-
ric caeca 12, digitate, thick, and short, relatively consistent
in length.

In life, body completely black, skin textured with small mod-
erately raised bumps covering the head and body. Bumps are
densely packed, approximately 1 mm in diameter and 1 mm
apart (Fig. 6). In ethanol, skin completely black. Skin texture
does not remain after preservation. Skin smooth, loose, largely
intact. Peritoneum very black. Subdermal extracellular matrix
present, partially lost in preservation.

Phylogenetic relationships.—Based on the mitochondrial COI
gene, Careproctus yanceyi is distinct from all other snailfish
taxa that have been sequenced and does not cluster strongly
into any of the defined snailfish clades (Fig. 2). Phylogenetic
analysis shows that C. yanceyi may represent a monotypic
branch sister to the informal Ambidisca (Clade F; composed
of clades H and Q), although this relationship has low boot-
strap support and reflects the low similarity of this fish to
other sequenced snailfishes (Fig. 2). The COI sequence of
Careproctus yanceyi (637 bp) is dissimilar to all other snail-
fishes. The most similar COI sequences identified included
Pseudoliparis swirei (USNM 438982, KY659181) and Notolipa-
ris kermadecensis (KY659176), both of which share 95.45%
similarity with C. yanceyi. Careproctus yanceyi also shares
94.81% similarity with C. longipectoralis (MNHN 2008-2592,
EATF504-10, HQ712900) and 94.78% with C. ovigerus
(TZFPA097-06, RBCM TagR5831, FJ164449, previously iden-
tified as C. georgianus, see Orr et al., 2019 for clarifications
on identifications). The COI sequence of Careproctus yanceyi
is 93.14% similar to that of C. colliculi, described above. Due
to morphology (described below) and genetic distance

(94.97% similarity), this species is indeed distinct from Para-
liparis em, new species, collected on the same dive from the
same location.

Reproduction.—Holotype is a mature female with many
small eggs up to 0.5 mm in diameter.

Distribution.—Known only from the holotype, eastern
Pacific Ocean, abyssal depths off California, depth 4,119 m.

Comparisons.—Careproctus yanceyi, the Dark Snailfish, can be
distinguished from other deep-water snailfishes in the
region in the genus Paraliparis due to the presence of a
developed ventral suction disk. Other deep-water snailfishes
from the eastern Pacific include C. filamentosus, C. longifilis,
C. microstomus, and C. oregonensis, which also have dark col-
oration, along with C. atakamensis, and C. kamikawai (Stein,
1978; Andriashev, 1998; Orr, 2012). Careproctus yanceyi is
distinct from P. selti in having a ventral suction disk, dark
coloration, and being known only from abyssal, rather than
hadal or near-hadal depths, among other morphological dif-
ferences (Linley et al., 2022). Although closer in habitat
depth and disk morphology to C. atakamensis, which is
known only from near the Atacama Trench in the South-
eastern Pacific from depths of 2,710-3,080 m, C. yanceyi dif-
fers from C. atakamensis in having 63, rather than 59
vertebrae, a wider head (14.6% SL vs. 10.6% SL in C. ataka-
mensis) and deeper body (21.9% SL vs. 14.0% SL) than in C.
atakamensis, a smaller suction disk (2.7% SL in length vs.
6% SL in C. atakamensis), and a pigmented peritoneum
(Andriashev, 1998). Careproctus yanceyi is easily distin-
guished from C. microstomus and C. filamentosus by fin-ray
counts, having 57 rather than 61-67 and 58-63 dorsal-fin
rays, respectively, and 10 rather than 8 and 7-8 caudal rays,
respectively (Stein, 1978). Careproctus yanceyi differs from C.
oregonensis and C. kamikawai in having simple, rather than
lobed teeth (Stein, 1978; Orr, 2012). Careproctus yanceyi lacks
the distinguishing long first pectoral-fin ray of C. longifilis,
which in C. longifilis can extend to almost half the length of
the fish’s body (Stein et al., 2006).

Careproctus yanceyi is also distinct from other congeners in
the broader northern Pacific. The following distinctions also
apply to C. colliculi, described above. Careproctus yanceyi and C.
colliculi have simple, rather than trilobed teeth, making these
species different than C. bromius (Alaska, 80-232 m; Gardner et
al., 2023), C. iacchus (Sea of Japan, Sea of Okhotsk, 152-313 m;
Kai et al., 2018), C. io (Japan, ~400 m; Kai et al., 2024), C. klisi
(Aleutian Islands, 134-280 m; Gardner et al., 2023), C. longidigi-
tus (Hokkaido, Japan, 500-1,080 m; Kai and Matsuzaki,
2020), C. Iycopersicus (Bering Sea, eastern Aleutian Islands,
304-1,096 m; Orr, 2012), C. nelsoni (Aleutian Islands,
220-329 m; Orr, 2016), C. orri (Japan, 640-808 m; Kai et
al., 2021), C. rausuensis (Hokkaido, Japan, 356 m; Machi
et al., 2012), C. rhomboides (Sea of Okhotsk, 570-825 m;
Mori et al., 2024), C. shigemii (Sea of Okhotsk, 200-300 m;
Matsuzaki et al., 2020), C. staufferi (Aleutian Islands, 205-
366 m; Orr, 2016), C. surugaensis (Suruga Trough, Japan,
1,450-1,570 m; Murasaki et al.,, 2017), C. tomiyamai
(Southern Japan, Pacific Coast, 600-808 m; Murasaki et
al., 2022), and C. zachirus (Aleutian Islands to Hokkaido,
130-800 m; Matsuzaki et al., 2020). Careproctus yanceyi
and C. colliculi differ from C. candidus (Alaska, 88-432 m)
in that the new species both lack the distinctive dorsal-fin
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Fig. 7. Morphology of Careproctus yanceyi from micro-CT scanning. (A) Lateral view micro-CT. (B) Jaw and tooth morphology: premaxilla (top),
mandible (middle), pharyngeal jaws (bottom), micro-CT images. (C) Ventral view micro-CT, ventral suction disk. Scale bars 5 mm. CT scans by

Mackenzie Gerringer.

notch of C. candidus (Gardner et al., 2023). Careproctus yan-
ceyi and C. colliculi have significantly fewer pectoral-fin rays
(22 each) than C. schmidti (34 rays, Bering Sea, 852-862 m;
Chernova et al., 2021) and C. cyanogladius (29-31 pectoral-
fin rays, Japan, 2,698-3,223 m; Kai et al., 2021). Both new
species lack the intense red coloration of C. pulcher (Bussol

Strait, 2,350-2,358 m; Chernova et al., 2020), the globular
head shape of C. globulus (Chernova et al., 2020) and have
upper pectoral fins more than double the length (%SL) of C.
brevipectoralis (Kuril Basin, Sea of Okhotsk, 3,301 m; Cher-
nova et al., 2020). Careproctus laperousei, an abyssal snailfish
known from depths of 4,796-4,803 m near the Kuril-
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Kamchatka Trench, has a distinctly larger disk than either
new species, 37% HL (Chernova et al., 2020), as compared
to 13.1% in C. yanceyi and 21.3% in C. colliculi. Careproctus
yanceyi is similar, but distinct from the recently rede-
scribed C. bathycoetus from 3,292-3,305 m in the Kuril
Basin in the Sea of OKhotsk, western North Pacific
(Chernova and Thiel, 2024). Careproctus yanceyi can be
distinguished from C. bathycoetus in having more caudal-
fin rays (10 vs. 7 in C. bathycoetus), a longer pre-anal fin
length (41.1% SL vs. 30% SL in C. bathycoetus), a smaller
disk (13.1% HL vs. 27% HL), and more pyloric caeca (12
vs. 9 in C. bathycoetus; Chernova and Thiel, 2024). Care-
proctus colliculi differs from C. bathycoetus in many charac-
ters, most prominently color (C. colliculi is pink in life and pale
preserved, rather than dark), but also in other characters
including pre-anal fin length (44% SL in C. colliculi vs. 30% SL
in C. bathycoetus), dorsal-fin rays (43 vs. 59-61 in C. bathycoe-
tus), and anal-fin rays (40 vs. 53-55 in C. bathycoetus).

Etymology.—TIt is a privilege to name this species in recogni-
tion of Dr. Paul Yancey, Whitman College, USA, to honor
his significant contributions to the field of deep-sea biology
and fish physiology and in sincere gratitude for his generous
mentorship and support.

Paraliparis em Gerringer, new species
urn:lsid:zoobank.org:act:5EFC9303-006B-4A90-A53D-
D7A890214ACE

The Sleek Snailfish

Figures1, 2, 8, 9; Tables 2, 3

Priede et al., 2020, “Paraliparis sp. 1”: figure 4A.

Holotype.—SIO 24-50 (collection number: AT4210-D5030-
181), 119 mm TL upon collection, 111 mm SL, 7.35 g,
113.1 mm preserved TL, 101.2 mm preserved SL, mature
female, Station M, 34.67°N, 123.00°W, 4,115 m, Cruise
AT42-10, R/V Atlantis, 3 May 2019. Good condition.

Diagnosis.—Paraliparis em is distinguished from all other
congeners by having five branchiostegal rays, one pectoral-
fin radial, three widely spaced pectoral-notch rays (17 total),
prominently angled jaw, narrow and elongate body, anteri-
orly positioned anus, and high number of vertebrae (about
74), dorsal-fin rays (about 70), and anal-fin rays (about 66).

Description.—Paraliparis em is placed in the genus Paraliparis
due to its lack of a ventral suction disk and having a single
pair of nostrils and single suprabranchial pore (e.g., Stein,
2012; Linley et al., 2022), along with mitochondrial COI
sequences, which position Paraliparis em in Paraliparis Clade
I (Fig. 2; Orr et al., 2019). Paraliparis em has about 74 total
vertebrae, with 10 abdominal vertebrae and about 64 caudal
vertebrae. Pleural ribs absent. Dorsal-fin rays about 70, anal-
fin rays about 66, caudal-fin rays 4 (3 upper + 1 lower, no
auxiliary rays), pectoral-fin rays 17 (10 upper lobe + 3 notch
rays + 4 lower lobe), pectoral radial 1 visible, branchiostegal
rays 5. Measurements, counts, and ratios for Paraliparis em
are shown in Tables 2 and 3.

Head laterally compressed, abruptly angled snout, mouth
slightly oblique (Fig. 8). Head length approximately 10%
greater than head depth at occiput. Head depth greater
than body depth. Opercular flap narrow, sharp triangle,

terminating in two prominent “spines” below thin skin.
Nostrils single. Teeth sharp, conical, angled interiorly
(Fig. 9). Maxillary and mandibular teeth present in 19 rows
each, with a maximum of 5 teeth per row, forming rela-
tively narrow bands of three teeth across the maxilla and
mandible. Pharyngeal jaws well ossified, pharyngeal teeth
conical. Eye moderate, 17.4% HL. Orbit large, 36.9% HL.
Dorsal margin of orbit located considerably below dorsal
margin of head. Gill opening small, 4.7% SL, located com-
pletely above pectoral fin. Cephalic pores visible, often
prominent. Nostril moderate in size in preserved specimen.
Nasal pores 2. Infraorbital pores 6, including 1 supraorbital
pore. Preoperculomandibular pores ?7, very large, skin
damage may be altering this count. Suprabranchial pore 1
(Fig. 8). Pore counts according to Burke (1930): 2-6-?7-1.
Neuromasts present in 2 rows along the body.

Pectoral fin divided into two lobes with a deep notch,
rudimentary rays absent. Notch rays very widely spaced.
Lower-lobe rays more widely spaced than upper-lobe rays
(Fig. 9). Upper pectoral-fin lobe 17.7% SL, 91.8% HL, lower
pectoral lobe 18.4% SL, 95.4% HL. Lower pectoral lobes
nearly touching pelvic girdle. One pectoral radial visible,
located centrally in the upper section of the pectoral fin.
Pelvic suction disk absent. Holotype appears to lack pyloric
caeca.

In life, body black, caudal fin and posterior-most section
of body translucent. Skin very smooth. Subdermal extracel-
lular matrix present, lost upon preservation. In ethanol,
body black, peritoneum very black, tail less pigmented, par-
tially translucent.

Phylogenetic relationships.—According to mitochondrial COI
sequences, Paraliparis em is positioned in Paraliparis Clade [,
within the larger Paraliparia Clade Q, as defined by Orr et al.
(2019). This clade includes P. megalopus, P. ulochir, and P.
wolffi. Phylogenetic relationships between this species and
sequenced taxa are shown (Fig. 2). For this section of the
COI gene (641 bp), Paraliparis em shares high similarity with
P. wolffi (99.69% with specimen FKCI021-10, MNHN 2006-
1233; 99.53% with FKCI022-10, MNHN 2006-1234). These
differences reflect changes in 2 and 3 base pairs from the
sequences of P. wolffi. Paraliparis wolffi is known only from
abyssal depths in the Crozet Basin in the Indian Ocean
(Duhamel and King, 2007), more than 18,000 km away
from this collection of P. em. Given this great geographical
distance, the lack of identical COI sequences, and the mor-
phological differences (see Comparisons), Paraliparis em can
confidently be called a distinct species. The COI sequence of
Paraliparis em also shares 96.68% similarity with a Paraliparis
sp. (TZFPA069-06, TagR5068, FJ164953), previously identi-
fied as P. dactylosus, 96.52% with Paraliparis megalopus
(TZFPA130-06, TagG5002, FJ164959), previously identified
as Paraliparis melanobranchus, and 96.52% with Paraliparis
ulochir (TZFPA137-06, TagG5009, FJ164958), previously iden-
tified as P. dactylosus. See Orr et al. (2019) for clarifications on
identifications. The COI sequence from Paraliparis em is
94.16% similar to the sequence from Careproctus colliculi,
described above.

Reproduction.—Holotype is a mature, gravid female with
multiple eggs of mixed sizes. The largest of these eggs are
1 mm in diameter.
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Fig. 8. Paraliparis em, new species, the Sleek Snailfish, based on the holotype SIO 24-50. Standard length 101.2 mm. (A) Lateral view drawing.
(B) Photograph of specimen upon collection. (C) Photograph of specimen fixed in 4% formaldehyde, then stored in 70% ethanol. (D) Lateral view
of micro-computed tomography (micro-CT scan) of the holotype. (E) Ventral view drawing. Artist (A, E): Emily McMahon. Photograph (C) and CT
scan (D) by Mackenzie Gerringer. Photograph (B) by Jeffrey Drazen. Scale bars 5 mm.

Distribution.—Known only from the holotype, eastern Pacific
Ocean, abyssal depths off California, depth 4,115 m. Although
not confirmed by collections, Priede et al. (2020) note that a
species called “Paraliparis sp. 1” appearing similar to Paraliparis
em, with an elongate black body, translucent tail, and large
eye, is regularly observed in ROV footage at Station M.

Comparisons.—Paraliparis em, the Sleek Snailfish, fits geneti-
cally into Paraliparis Clade I, as defined by Orr et al. (2019),
related to P. megalopus, P. ulochir, and P. wolffi. Paraliparis em
is genetically and morphologically most similar to P. wolffi,
collected from the Crozet Islands from depths 4,182-4,195 m.
In addition to slight differences in COI sequences, Paraliparis
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Fig. 9. Morphology of Paraliparis em from micro-CT scanning. (A) Lateral view micro-CT scan of Paraliparis em, head length 19.5 mm. (B) Jaw
and tooth morphology, premaxilla (top), mandible (middle), pharyngeal jaws (bottom), micro-CT images. (C) Ventral view micro-CT, showing lack
of suction disk in Paraliparis em. CT scans by Mackenzie Gerringer. Scale bars 5 mm.

em is distinguished from P. wolffi in having only one pectoral
radial instead of two, having a small instead of large gill slit, a
slightly longer HL (19.3% SL vs. 16.4-18.4% SL for P. wolffi),
and three notch rays in the pectoral fin instead of two in P.
wolffi (Duhamel and King, 2007). Paraliparis em is distinct
from the morphologically similar P. kreffti in having one

pectoral radial instead of two, along with a far deeper habitat
depth (4,000 vs. 2,000 m) and distant distribution (Scotia Sea;
Andriashev, 1998). Paraliparis em differs from other congeners
in this clade in multiple ways. Unlike P. megalopus, which is
known from depths 2,830-3,585 m off Oregon, USA, P. em has
two opercular “spines” instead of one and much smaller eyes,
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17.4% HL in P. em vs. 22.6-34.8% HL in P. megalopus (Stein,
1978). Although P. ulochir and P. em bear some genetic and
morphological similarities, they are distinct in habitat
depth (700-1,900 m for P. ulochir; Stein, 1978; 4,000 m for
P. em). Paraliparis ulochir has significantly more pectoral-
fin rays, 24 with nine closely spaced lower-lobe rays
(Stein, 1978), as compared to 17 total pectoral rays and 4
lower-lobe rays in P. em. Paraliparis dactylosus, a species
that has sometimes been misidentified as a member of
this clade in the literature (see full explanation in Orr et
al., 2019), lives at significantly shallower depths of 541-
960 m and is morphologically distinct in having more
pectoral-fin rays (26-30 vs. 17 in P. em), fewer vertebrae
(89-61 vs. about 74 in P. em), and paler body coloration
than the black P. em (Stein, 1978). Paraliparis em is distinct
from other recently described snailfishes from the western
Pacific Ocean in location, but also by the presence of five
branchiostegal rays instead of six (P. flammeus: Kai et al.,
2020; P. hokuto and P. atramentatus: Murasaki et al., 2020;
P. ruficometes: Murasaki et al., 2018; P. variabilidens: Mura-
saki et al., 2019).

Etymology.—Paraliparis em is named after its collection site,
Station M, where it has been regularly observed. The name
honors the invaluable contribution of time series data,
such as those from Station M, and the many people who
make long-term monitoring of biological communities
possible.

DISCUSSION

The finding of three new species of abyssal snailfishes sug-
gests that the family Liparidae contributes even more to
the diversity of abyssal ichthyofauna than previously rec-
ognized. Snailfishes are known to inhabit the full depth
range for bony fishes, to depths exceeding 8,000 m
(Nielsen, 1964; Jamieson and Yancey, 2012; Yancey et al.,
2014; Gerringer et al.,, 2021; Jamieson et al., 2023).
Although snailfishes are dominant at hadal depths and are
known from bathyal depths (e.g., Stein et al., 2006), there
is a noticeable gap in snailfish collections at abyssal
depths, with few, single observations near 4,000 m and
very few between 3,000 and 5,300 m (Gerringer, 2019;
Priede et al., 2020). This study supports the previously pro-
posed hypothesis (e.g., Gerringer, 2019) that this lack of
observations is due to sampling and not a true bathymetric
gap in the in situ distribution of snailfishes. The present
finding of three new abyssal snailfishes lends further cre-
dence to calls for additional abyssal sampling efforts and
alternative sampling methods that target non-bait attend-
ing fauna and fishes that are less likely to enter an enclosed
trap structure.

These newly discovered snailfishes also inform our
understanding of snailfish evolution. The genetic and
morphological similarity between Careproctus colliculi and
other members of the informal clade Osteocareprocta that
are known only from the Southern Ocean supports the
hypothesis that some deep-water snailfishes may have
evolved from polar relatives (e.g., Linley et al., 2022). This
hypothesis is further supported by the close morphologi-
cal and genetic similarity between Paraliparis em and the
Crozet Basin species P. wolffi (Duhamel and King, 2007).
Though there was high similarity in this portion of the
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COI gene, short COI sequences like this are known to
have limitations in resolving taxonomic relationships
between liparid species (e.g., Orr et al., 2019). Additional
sequencing would also allow better understanding of how
similar these taxa are. It is possible that both taxa evolved
from a deep polar ancestor and have dispersed to these
distant locations. Future efforts to sequence larger por-
tions of snailfish genomes and to build sampling resolu-
tion across the family would allow these hypotheses to be
tested. A similar evolution from polar waters to the east-
ern Pacific has been suggested for the hadal snailfish spe-
cies P. selti in the Atacama Trench, positioned within a
different group, Clade M (Linley et al., 2022). The present
findings suggest that evolution from shallower, cold-
adapted species in the Southern Ocean may be relatively
common and could have occurred across multiple clades.
The rattails, family Macrouridae, seem to display a similar
evolutionary pattern (Gaither et al., 2016). Genera that
have historically been divided in classification by hemi-
sphere, such as the Pacific hadal snailfish genera Notolipa-
ris and Pseudoliparis, have been shown to represent closely
related taxa based on genetic, morphological, and behav-
ioral evidence (Gerringer et al., 2017b; Orr et al., 2019).
Trends of evolution across habitat depth and temperature,
in addition to region, should be considered in future revi-
sions of the family.

The five branchiostegal rays of Paraliparis em, which are
clearly visible in the micro-CT scan of the specimen (scan
data and 3D models available on MorphoSource), distin-
guish this species from others in the paraphyletic Paraliparis
“genus.” This characteristic is shared by Nectoliparis pelagicus
Gilbert and Burke 1912, the monotypic genus that was orig-
inally distinguished from the genus Paraliparis due to this
feature (Gilbert and Burke, 1912). The phylogenetic posi-
tioning and generic assignment of Nectoliparis pelagicus has
been well supported by genetic and morphological evi-
dence, which show this genus to be sister to all other snail-
fishes (Orr et al., 2019). Despite the fishes sharing the same
number of branchiostegal rays, we are confident that Parali-
paris em is distinct from Nectoliparis pelagicus due to the COI
sequence of P. em, elongate body, sloped head, sharply
angled jaw structure, one rather than three pectoral radials,
and the position of the small gill slit above, rather than in
front of the pectoral fin (Gilbert and Burke, 1912; Orr et al.,
2019). Five branchiostegal rays are also known from Liparis-
cus nanus, which is positioned in the Clade Q Paraliparia by
Orr et al. (2019). In addition to having a distinctly different
COI sequence, Paraliparis em is distinguished from L. nanus
by color, with L. nanus being pale or reddish, having longer
lower pectoral rays, considerably more dorsal-fin rays
(~70 in P. em vs. 53 in L. nanus), and more anal-fin rays
(about 66 in P. em vs. 50 in L. nanus), and living at 4,000 m
instead of 300-600 m (Gilbert, 1915). Our finding of five
branchiostegal rays in Paraliparis em suggests that the sixth
branchiostegal ray most commonly found in snailfishes
might have been lost three times: in the N. pelagicus clade
and multiple times within Clade Q Paraliparia, including L.
nanus and P. em (Clade I). With increasing accessibility of
non-destructive techniques such as CT scanning, future
work should examine branchiostegal ray counts across
snailfishes and investigate ties between this morphology
and respiratory or suction feeding function.
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Morphological and genetic evidence demonstrate that
the two black snailfishes from Station M—Careproctus yan-
ceyi and Paraliparis em—are indeed distinct taxa, revealing
cryptic diversity in abyssal snailfishes. Paraliparis em has
been identified as one of the most abundant fishes at Sta-
tion M in video surveys, after the rattails Coryphaenoides
armatus and Coryphaenoides yaquinae (Priede et al., 2020).
Because P. em and C. yanceyi are both black abyssal snail-
fishes, it would be easy to mistake these for larger and
smaller individuals of the same species in videos or photo-
graphs, so it is possible that previous abundance estimates
represent a combined total of both snailfishes. The present
finding of these distinct species that appear similar at first
glance serves as another reminder of the importance of
physical collections and taxonomic analyses of deep-living
fishes. This finding also suggests strong potential for addi-
tional cryptic diversity within the family Liparidae, particu-
larly in deepwater groups where observations and collections
remain challenging. Without physical collections and confi-
dent identification, the true diversity of deep-water demersal
fish communities could be greatly underestimated. Only by
integrating multiple methods of investigation—including vid-
eography, morphology, genetics, genomics, physiology, and
ecology—will it be possible to understand the biodiversity and
function of deep-sea ecosystems.

DATA ACCESSIBILITY

Specimens are deposited at the Scripps Institution of Oceanog-
raphy Marine Vertebrate Collection (Careproctus yanceyi: SIO 24-
49; Paraliparis em: SIO 24-50) and California Academy of Sci-
ences (Careproctus colliculi: CAS-ICH 248611) and are available
for future comparative study. Full CT scans generated for this
study are available open access via MorphoSource (Duke
University) at the Media ID numbers: Careproctus colliculi
000718579, Careproctus yanceyi 000718591, Paraliparis em
000719446 (reconstructed, cropped files), 000718441 (raw
scan data, all three species, 34.4 pm voxel size), and 000718935
(raw scan data, Careproctus colliculi and Paraliparis em, 15.9 pm
voxel size). 3D models (STL, stereolithography files) are pro-
vided on MorphoSource for each species (Careproctus colliculi:
full body 000744884, head 000744893, lower jaw 000744892,
pharyngeal jaw 000744897, upper jaw 000744900; Careproctus
yanceyi: full body 000744854, head 000744858, lower jaw
000744861, pharyngeal jaw 000744872, upper jaw 000744874;
Paraliparis em: full body 000744827, head 000744830,
lower jaw 000744838, pharyngeal jaw 000744843, upper
jaw 000744849). Additional images of in situ observations and
photographs of freshly collected specimens are provided in
the supplementary information. Supplemental material is
available at https://www.ichthyologyandherpetology.org/
i2024069. Genetic sequences have been deposited in NCBI'’s
GenBank, accession numbers PV300957 (COI, Careproctus col-
liculi), PV300956 (COI, Careproctus yanceyi), PV298546 (168,
Careproctus yanceyi), PV300955 (COIl, Paraliparis em), and
PV298545 (16S, Paraliparis em). Unless an alternative copy-
right statement noting that a figure is reprinted from a previ-
ous source appears in a figure caption, the published images
and illustrations in this article are licensed by the American
Society of Ichthyologists and Herpetologists for use if the use
includes a citation to the original source (American Society of
Ichthyologists and Herpetologists, the DOI of the Ichthyology &
Herpetology article, and any individual image credits listed in

the figure caption) in accordance with the Creative Commons
Attribution CC BY License. ZooBank publication urn:lsid:zoo-
bank.org:pub:F16D4DB1-C6BA-4EFA-8287-B6DDC13B57F2.
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