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ABSTRACT

‘Glass’ squids (family Cranchiidae Prosch, 1849) are diverse and
widely distributed, but many cranchiid genera are in need of
global taxonomic revision. Although two species of Taonius are
generally recognised from the Pacific Ocean (T. belone and T.
borealis), a recent review of material from this basin has revealed
the presence of at least six species, including at least four new to
science, described here as T. expolitus, T. notalia, T. robisoni, and T.
tanuki. Morphological species identities are supported by several
characters, including arm sucker count, and arm and manus
sucker dentition. Proposed species delimitations are further
supported by differences in mitochondrial DNA (cytochrome ¢
oxidase subunit I). Although a full systematic review of the
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Cranchiidae is still needed tripling the known diversity of Taonius
in the Pacific Ocean and clarifying identities of its locally
occurring species represent an important step forward.

Introduction

Representatives of the ‘eerie’ glass squid genus Taonius Steenstrup, 1861, have been
known from the Atlantic and Pacific Oceans for more than 150 years. However, the sys-
tematics of this group remain notoriously unstable. Accurate understanding of these
species’ biodiversity and zoogeography are important, both for characterising regional
faunal assemblages, and because they can be key components of deep-sea trophic
webs. For example, many cetaceans have been shown to feed on cranchiids, and the
genus Taonius can constitute up to 35% of an individual’s diet (MacLeod et al. 2003);
large individuals are also important prey for lancetfish (Chen et al. 2022). Yet distinguish-
ing these species remains challenging (even when specimens are in good condition), and
many ecological surveys identify Taonius only to the generic level.

Before the establishment of the Cranchiidae Prosch, 1849, species of this family were
attributed to Loligo Lamarck, 1798, along with species that would later be moved to
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several other genera and families. The earliest described species that would later be placed
into Taonius was the type species, Loligo pavo Lesueur, 1821, from the western North
Atlantic. Although the L. pavo description noted several useful characters, Lesueur did
not mention the fusion between the head and mantle, an unusual feature for any
squid species known at that time. His description focused on the elongated mantle
and fins, as well as the large eyes protruding from a small head, a feature that was also
emphasised by future authors. Unfortunately, Lesueur was not able to comment on
the tentacular clubs and the ends of the arms, as these had been removed by the
fishermen who provided the original specimen, a mature female. He described the
tissues as being a mottled rusty brown colour, and illustrated a large egg mass protruding
from the siphon (Lesueur 1821).

Several later authors recognised that Loligo was not the correct placement for T. pavo
and attempted to resolve this. It was moved into Loligopsis d’Orbigny, 1845, (d’Orbigny,
1845), and later Leachia Lesueur, 1821, by Steenstrup (1861), who believed this to be the
oldest available generic name for any squid with fusions at the head and mantle. Over the
next few decades, new genera and species were erected as various authors attempted to
provide some stability in the family Cranchiidae. Unfortunately, this profusion of names
had the opposite effect, since many were proposed for specimens that ultimately proved
to represent different growth stages of previously described taxa. Some of these nominal
species were attributed to Taonius, and have since been synonymised with older names or
moved to other cranchiid genera (see synonymies below).

Chun (1906) described the next new species that is still attributed to Taonius, although
he placed it into a new genus, Toxeuma Chun, 1906. Toxeuma belone Chun, 1906, was
described, from the Indian Ocean, as a slender squid with moderately stalked eyes that
were elongated. Chun felt this differentiated it from Taonius because all known
Taonius, at that time, had large, sessile eyes (Chun 1910). Chun’s description of
T. belone also lacked detail regarding the armature, a feature used in subsequent descrip-
tions to distinguish it from other species found in the same region. Lane (1957) erected
another new genus, Belonella Lane, 1957, for T. belone and this name replaced Toxeuma
in the literature, as Toxeuma was an invalid junior homonym for an insect genus. Two
further Pacific species were soon added to Belonella: B. borealis Nesis, 1972; and
B. pacifica Nesis, 1972; the former is still considered a valid species, while the latter
was synonymised with Taonius belone by Nesis in 1987. Voss (1980) considered Belonella
a junior synonym of Taonius but upheld both T. belone and T. borealis, which are the two
Taonius species now generally recognised from the Pacific basin. Taonius borealis was
(and is still considered to be) distributed throughout the northern Pacific, throughout
the waters of Japan, the Bering Sea, and the upper west coast of North America.
Taonius belone is thought to occur throughout the central eastern Pacific as well as Indo-
nesia and in the Indian Ocean (Young 2014b); however, the geographic distribution of
this species is less well understood than that of T. borealis.

Lu and Clarke (1974) were the next to contribute to Taonius taxonomy (albeit inad-
vertently); they described what they believed to be a new species of Galiteuthis,
G. triluminosa. The specimen was quite long and slender, and possessed unusual eye
morphology: slightly stalked eyes, with three luminous organs on the ventral surface,
and an unusual eye shape caused in part by their oblique upward orientation (Lu and
Clarke 1974). Shortly thereafter, Young (1975) reported that Taonius species develop
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telescopic eyes as a transitional stage between paralarval and adult morphology, which
enabled subsequent authors’ recognition of ‘G. triluminosa’ as a junior synonym of the
known T. belone (= T. belone, fide Imber, 1978; Nesis, 1987; but see Remarks for
T. cf. belone).

Taxonomic debate has continued through to the most recent studies. Voss’s (1980)
revision of the Cranchiidae placed Belonella into synonymy with Taonius, while Nesis’
(1987) summary of the family retained Belonella as a valid genus. Nesis supported this
choice by suggesting that autotomy of the tentacles was a distinguishing characteristic
of Taonius, and due to this, he did not discuss the tentacle club armature. Although
Taonius is largely believed to be the correct generic designation, Belonella has been main-
tained in some ecological reports (Arkhipkin 1996; Poltev 2007). It appears that a com-
bination of molecular and morphological analyses is required to resolve the status of
these genera and species.

Methods
Taxonomic conventions

Herein, many junior genus and species names are discussed, due to considerable historic
systematic instability. When discussed, the senior name follows the junior name in par-
entheses, with an equal sign and the attributing author, e.g. Loligopsis pavo (=Taonius
pavo fide Steenstrup, 1861). The synonymy for individual taxa is limited to previous taxo-
nomic descriptions providing adequate morphological detail. In some instances, where
previous literature lacked sufficient written detail, species identity could be confirmed
based on the illustrations.

Fifty-one specimens were examined, mostly representing coastal areas, but also some
more central regions of the Pacific Ocean (Figure 1). Specimens from the Southern
Ocean and Antarctic waters were relatively scarce and no material from the eastern
South Pacific was available. Some material could not be confidently identified due to
either material condition, age, or size and is therefore excluded from systematic
treatment.

Prior to examination, most specimens had been fixed in ~5-10% formalin and stored
in 70-80% ethanol or ~40% isopropyl. Morphological measures and counts follow Roper
and Voss (1983) with some modifications. Measurements and counts for symmetrical
features (those appearing on both sides of the midline, e.g. arms, eyes) were taken
from the more complete side of the specimen. Ranges of indices are provided in text
as X-Y-Z, where X is the lowest observed value, Y is the mean, and Z is the highest
observed value. If both sides of the specimen were equally damaged, a ‘minimal esti-
mation’ value was taken and noted; however, these values were not included in the
mean value calculation. Mean values were not calculated for sucker counts (on either
arms or tentacle clubs) as the presence of suckers, particularly on the distal portion of
the arms, varied due to damage.

Arm and tentacle club suckers were imaged using a traditional microscope or a scan-
ning electron microscope (SEM) if available, after being critical-point dried and then
sputter-coated in gold—palladium. Due to restrictions on destructive sampling, beaks
and gladii could not be removed from most specimens housed in overseas collections.
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Figure 1. Distribution of examined Taonius material. Symbols corresponding to species are defined in
the legend; solid black shapes represent specimens that were morphologically identified, hollow
shapes indicate genetic vouchers, solid grey shapes identify vouchers where both morphological
and molecular data were compared.

This was a limitation of this research, as the beak in particular is a vital component of
identification in trophic and ecological research.

When sufficient material was present, paralarval and juvenile developmental stages
were identified based on morphological differences, with divisions made when several
physical features changed markedly, or developed where absent in the previous stage
(as for Teuthowenia pellucida [Chun, 1910]; see Evans and Bolstad 2014). In most
species the sub-adult (or juvenile) form was characterised by attaining all diagnostic mor-
phological features other than those relating to sexual maturity (as per Young and
Harman 1988); in ‘adult’ specimens, primary and secondary sexual characteristics were
fully developed.

DNA barcoding

Tissue samples were fixed in 80-100% EtOH and maintained at room temperature until
analysis. Samples were extracted using EconoSpin (Epoch Life Science) spin columns
with QIAGEN reagents following the protocols for the DNeasy Blood & Tissue Kit
(QIAGEN). PCR amplification for the DNA barcode region was carried out in 12.5 pl
reaction volumes with: 6.25 ul 10% trehalose, 2 ul ddH,O, 1.25 ul 10X buffer, 0.625 pl
MgCl, (50 mM), 0.1 ul primer LCO1490 (Folmer et al. 1994) (10 pm), 0.1 pl
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primer HCO2198 (Folmer et al. 1994) (10 pm), 0.0625 ul 10 mM dNTPs, 0.06 pl Plati-
num Taq polymerase (5 U/pl), and 2 pl of DNA. A two-step amplification was run
using the following reaction profile: hot start of 94°C for 1 min; 5 cycles of 94°C for
40 s, 45°C for 40 s, 72°C for 1 min; 35 cycles of 94°C for 40 s, 51°C for 40 s, 72°C for
1 min; extension at 72°C for 5 min, hold 4°C indefinitely. PCR products were run on a
1% agarose gel stained with GelRed and only products showing a single clear band
were sent for sequencing.

The sequencing reaction was performed by Macrogen (Korea) using the same primers
used for PCR. Bidirectional sequences were assembled into contigs and edited in Codon-
Code v 9.0.1 (Richterich 2004). These sequences were combined with publicly available
sequences for Taonius and the outgroup Cranchia scabra Leach, 1817 (Table 1). The out-
group species was chosen because it belongs to the Cranchiidae, but is in a separate sub-
family (Cranchiinae) from Taonius (Taoniinae). Sequences were submitted to NCBI
(National Center for Biotechnology Information) and checked for contamination
through the Basic Local Alignment Search Tool (BLAST) through NCBI. Sequences
were uploaded to the Barcode of Life Data System (BOLD) (Ratnasingham and Hebert
2007) in a public project titled “Taonius Sequences’ (project code: TAONI). All BOLD
sequences used in the present study were compiled into a public dataset titled
‘Taonius Taxonomy’ (dataset code: DS-TAONI24).

Sequence analysis

Sequences were aligned using the Multiple Alignment using Fast Fourier Transform-
ation (MAFFT) online server (Katoh and Standley 2013). This dataset was analysed in
jModelTest (under Bayesian Information Criterion) to determine the appropriate
model. Nodes with low support (below 75%) were collapsed. The maximum-likelihood
phylogeny was generated in MEGA 7.0.26 (Kumar et al. 2016) using Hasegawa-
Kishino-Yano (HKY) + I + G. Intra- and interspecific distances were calculated in
MEGA 7.0.26 (Kumar et al. 2016) using uncorrected p-distances. The distances in
COI among taxa were used to calculate the ‘barcode gap’, which is the separation
between the largest intraspecific distance and the smallest interspecific distance
(Meier et al. 2008). Species delimitation was determined using two methods. The
Barcode Index Number (BIN) system uses an algorithm to form clusters of barcode
sequences that have a high congruence with species (Ratnasingham and Hebert
2013). This system is integrated in BOLD and automatically generates BINs for
sequences that are added to the database, and that meet the quality criteria (Ratna-
singham and Hebert 2013). The species delimitations were also assessed using the
maximume-likelihood solution based on the Bayesian Poisson tree processes (bPTP)
model (Zhang et al. 2013).

Instruments used

Ilustrations were made by hand or using a camera lucida attachment and Leica WILD
M3B microscope when the specimen was too small. Inked images were scanned and
then digitally compiled using Adobe Photoshop. Global distribution maps were made
using ArcGIS Online (ESRI) to plot geographic coordinates.
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Table 1. Specimen data for Taonius (and outgroup Cranchia scabra) sequences used in the present
study.

BOLD GenBank
Taxon ID BIN Process ID  Specimen ID ID Locality Reference
T. cf. belone BOLD: NZCRA004-17 NSMT 016 PQ388246 Pacific Ocean Present study
ADH3661
T. cf. belone BOLD: NZCRA049-17 NSMT 030 PQ388243 Pacific Ocean Present study
ADH3661
T. cf. belone BOLD: NZCRA074-17 NSMT 254 PQ388253 Pacific Ocean Present study
ADH3661
T. cf. belone BOLD: TAONI002-24 WAMS 116598 PQ388245 Indian Ocean Present study
ADH3661
T. cf. belone BOLD: TAONI003-24  WAMS 116586 PQ388242 Indian Ocean Present study
ADH3661
T. borealis  BOLD: GBCPH1829-14 N/A KF309244 Mid-Atlantic Ridge Bolstad et al. (2015)
ACD9245
T. borealis  BOLD: RBCMI492-14 RBCM: 011-  PQ388248 NE Pacific Ocean BOLD project ‘RBCM
ACD9245 00132-002 (BC) Invertebrates’ (project code
RBCMI)
T. expolitus  BOLD: KERCE125-17  AIM 124798 A MK185995 New Zealand Braid and Bolstad (2019)
ADH3662 (Kermadec
Islands)
T. expolitus  BOLD: KERCE127-17  AIM 124798 C MK185994 New Zealand Braid and Bolstad (2019)
ADH3662 (Kermadec
Islands)
T. expolitus  BOLD: KERCE126-17  AIM 124798 B MK185997 New Zealand Braid and Bolstad (2019)
ADH3662 (Kermadec
Islands)
T. expolitus  BOLD: KERCE128-17  AIM 124798 D MK185998 New Zealand Braid and Bolstad (2019)
ADH3662 (Kermadec
Islands)
T. expolitus  BOLD: KERCE129-17  AIM 124798 E MK185996 New Zealand Braid and Bolstad (2019)
ADH3662 (Kermadec
Islands)
T. expolitus  BOLD: NZCRA018-17 NIWA 92488 PQ388255 New Zealand Present study
ADH3662
T. notalia ~ BOLD: TAONI005-24  Cherel-628 PQ388252 Falklands Present study
AFX4200
T. notalia ~ BOLD: TAONI006-24  MNHN-CG651- PQ388254 Indian Ocean Present study
AFX4200 0001
T. notalia ~ BOLD: TAONI007-24  MNHN-CG654- PQ388250 Indian Ocean Present study
AFX4200 0002
T. pavo BOLD: GBCPH1057-10 N/A EU735381 N Atlantic Ocean  Lindgren (2010)
AAM9951
T. pavo BOLD: GBMN(C29582- USNM MT223328 N Atlantic Ocean Taite et al. (2020)
AAM9951 20 1531375
T. pavo BOLD: GBMN(C29581- USNM MT223406 N Atlantic Ocean Taite et al. (2020)
AAM9951 20 1531117
T.sp. PO1T  BOLD: NZCRA035-17 NSMT 245 PQ388251 Pacific Ocean Present study
ADH3660
T.sp. POT  BOLD: TAONI004-24  WAMS 116670 PQ388249 Indian Ocean Present study
ADH3660
T. robisoni  BOLD: TAONIO01-24  Young Y38 PQ388247 N Pacific Ocean  Present study
AAK0251 (Hawaii)
T. robisoni  BOLD: NZCRA050-17 FMNH 278101 PQ388244 N Pacific Ocean  Present study
AAKO0251 (Hawaii)
T. tanuki BOLD: KERCE062-17  AIM 124799  MK185999 New Zealand Braid and Bolstad (2019)
ADH3663 (Kermadec
Islands)
Cranchia BOLD: KERCE002-17  AIM 124785 MK185908 New Zealand Braid and Bolstad (2019)
scabra AAJ6514 (Kermadec

Islands)
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Due to the unique morphology of the Cranchiidae, with the head and mantle fused in
three places, some specialised terms are used to refer to specific parts of the cranchiid
anatomy. The dorsal fusion between the head and the mantle is referred to as the
nuchal fusion, while the two ventral fusion points (which are almost always identical
to each other morphologically, symmetrical across the midline) are referred to as the
funnel-mantle fusions. Cartilaginous connections are usually present at these ventral
fusion points, which are thought to provide some structure for the otherwise gelatinous
mantle. The shape of these cartilaginous areas in cranchiids are genus specific and can
sometimes help distinguish between species as well. In Taonius, these cartilaginous
‘windows’ are often rounded (whereas in other genera they could be angular or linear
[e.g. Figure 14]).

Commonly used morphological abbreviations

ML—Mantle length (dorsal); MW—Mantle width; FL—Fin length; FW—Fin width;
HL—Head length; HW—Head width; FB—Funnel base width; FA—Funnel aperture
width; ED—Eye diameter; TnL—Tentacle length (including stalk and club); CL—Tenta-
cle club length; LRL—Lower rostral length (of beak).

Non-morphological abbreviations

MWT—Mid-water trawl; BT—Bottom Trawl
Specimens were examined from natural history collections around the Pacific Ocean,
and further abroad for certain type specimens. The following institutions were visited:

e Australian Museum (AMS), Sydney, Australia

e Auckland War Memorial Museum Tamaki Paenga Hira (AIM)

¢ Field Museum of Natural History (FMNH), Chicago, United States

e Muséum National d’Histoire Naturelle (MNHN), Paris, France

¢ Museum of New Zealand Te Papa Tongarewa (NMNZ), Wellington, New Zealand

e National Museum of Victoria (MV), Melbourne, Australia

o National Institute of Water and Atmospheric Research, Ltd (NIWA), Wellington,
New Zealand

¢ Smithsonian National Museum of Natural History (NMNH), Washington, D.C.,,
United States (previously known as United States National Museum [USNM])

¢ National Museum of Nature and Science (NSMT), Tokyo, Japan

* Rosenstiel School of Marine, Atmospheric, and Earth Science (RSMAS), Miami,
United States

e Santa Barbara Museum of Natural History (SBMNH), Santa Barbara, United States

Results
Genetic results

COI sequences for 24 Taonius individuals representing eight species were included in our
analysis, including 11 sequences that were available from previous studies, and 13 that
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were generated in the present study (Table 1). COI sequences were 658 bp long, except
for one specimen of T. notalia sp. nov. (MNHN-CG651-0001) that was only 600 bp
because of non-specific binding that occurred at the start of the sequence, which was
truncated before analysis. All sequences used in the analysis were free from indels and
stop codons.

All species where multiple individuals were sequenced (T. cf. belone, T. sp. PO1, T.
robisoni sp. nov., T. borealis, T. pavo, T. notalia sp. nov, and T. expolitus sp. nov.)
formed distinct species clusters on the phylogeny (Figure 2). The one species represented
by a single specimen (T. tanuki sp. nov.) was well separated from all other species (4.4%
divergent from its nearest neighbour, T. cf. belone). The smallest interspecific distance
was found between T. cf. belone and T. sp. PO1 (2.4%), which showed a strongly sup-
ported sister relationship. The largest interspecific distance was found between
T. borealis and T. notalia sp. nov. (13.6%), with the next-largest interspecific distance
found between T. notalia and T. expolitus (12.7%).

Very low intraspecific variation was found (with a maximum of 0.6% found within T.
cf. belone) (Table 2). However, it should be noted that our sample size for each species
was quite low, with most species represented by three individuals or fewer. The largest
sample size for a single species was T. expolitus sp. nov., which was represented by six
individuals (this species had a maximum intraspecific divergence of 0.3%). BINs were
assigned to all barcode clusters generated in this study using a spectral clustering

T.cf. belone (n=5)
BOLD:ADH3661

T.PO1 (n=2)
100| BOLD:ADH3660

T. tanukisp. nov. (n=1)
BOLD:ADH3663

T. robisoni sp. nov. (n =2)
100 | BOLD:AAK0251

L T. borealis (n =2)
99| BOLD:ACD9245
T.pavo (n=3)
9\ BOLD:AAM9951

|T. notalia sp. nov. (n = 3)
BOLD:AFX4200

T. expolitus sp. nov. (n = 6)
%°\[BOLD:ADH3662

0.05

100

Cranchia scabra
BOLD:AAJ6514

Figure 2. Maximume-likelihood phylogeny of all Taonius specimens sequenced for this study and from
previously published sequences for cytochrome ¢ oxidase subunit 1 (COl)generated in MEGA 7.0.26
(Kumar et al. 2016) using Hasegawa-Kishino-Yano (HKY) + | + G. Bootstrap support values are indi-
cated at nodes and based on 1000 bootstrap replicates. Nodes with bootstrap support below 75%
have been collapsed. The scale bar indicates in the number of substitutions per site.
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method implemented in BOLD v4 (Ratnasingham and Hebert 2013). All eight species
were recognised as distinct in the bPTP analysis (Appendix A).

Systematics

Taonius Steenstrup, 1861 (Table 3)

Taonius Steenstrup, 1861: 37-38; Voss 1980: 390-392, fig. 8.
Toxeuma Chun, 1906: 86; Pfeffer 1912: 699-700.

Belonella Lane, 1957: 287; Nesis 1987: 274, fig. 71 F-J.

Diagnosis

Mantle usually long and narrow, tapering gradually to point; conus of gladius long (~50%
ML). Fins slender (often 10-20% ML), lanceolate, attaching to conus at its widest point.
Tubercles absent at all head—-mantle fusion points. Eyes large in adults, with two ventral
photophores: one large, crescent shaped, on ventral surface of eye; one smaller, crescent
shaped or linear, ventral or posteroventral to lens. Arms robust, of variable relative
length but none markedly longest; arm-sucker teeth blunt, rounded, or adentate. Tentacles
shorter than ML; clubs with suckers in four longitudinal series; those in two medial series
largest, with 2-8 enlarged hook-like teeth in most species.

Taonius belone (Chun, 1906) (Tables 1-3, Figure 3)

Toxeuma cf. belone (Chun, 1906): 86; Chun 1910: 296-297, Pl. LVI fig. 10, PL
LVIII ﬁg. 1-5; Pfeffer 1912: 700-702.

Taonius pavo (not Lesueur, 1821) Sasaki 1920: 201.

Belonella pacifica pacifica Nesis, 1972: 80-82, fig. 1.

Galiteuthis triluminosa Lu and Clarke, 1974: 991-994, fig. 3-4.

?Taonius belone (Chun, 1906) [see Remarks]: Imber 1978: 458-459, 1H, 3, 4, 5C.

Belonella belone (Chun, 1906): Nesis 1987: 264, fig. 71 F-J.

Taonius belone (Chun, 1906): Evans 2018: 163-165, fig. 10.2.

Diagnosis

Mantle slender (mean MW ~20% ML); arm suckers with 20-30 blunt teeth evenly dis-
tributed around entire margin (fide Voss 1963). Tentacle club mid-manus suckers in
medial two series with two enlarged primary cusps; secondary cusps absent.

Type material

(not examined) Toxeuma belone Type repository unresolved [species not traced by
Glaubrecht and Salcedo-Vargas (2000)]. Type locality: 10.13°S, 97.23°E (Indian Ocean)
[fide Chun (1910: 380)].

Material examined (3 specimens)

NSMT-Mo.75441, ML 270 mm, sex indet., 29.68°N, 130.66°E, off Okinawa, 1000 m,
Tansei-Maru, 23/10/2004; WAMS_116598 [BOLD Process ID TAONI002-24], ML
~240 mm, sex indet., 22.02°S, 113.64°E, 792 m, RV Investigator, scampi trawl, 8/12/
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Table 2. Intra- and interspecific variation within Taonius (in percentages) for cytochrome ¢ oxidase
subunit | (COI). These values represent uncorrected p-distances calculated using MEGA 7.0.26
(Kumar et al. 2016).

Intraspecific variation (%)

Species Min Mean Max Nearest species Min distance to nearest species (%)
T. borealis - 0.2 - T. sp. PO1 7.5
T. cf. belone 0 0.3 0.6 T. sp. PO1 24
T. expolitus sp. nov. 0 0.1 0.3 T. tanuki sp. nov. 10.3
T. notalia sp. nov. 0 0 0 T. tanuki sp. nov. 9.8
T. pavo 0 0.2 0.3 T. cf. belone 7.7
T. sp. PO1 - 0 - T. cf. belone 24
T. robisoni sp. nov. - 0 - T. tanuki sp. nov. 44
T. tanuki sp. nov. - - - T. cf. belone 44

Table 3. Comparison of morphological characters across all known Taonius species.

Maximum Arm sucker Manus sucker
Mean fin Relative arm  arm sucker tooth number tooth
Species Mantle length lengths count and shape arrangement
T. cf. belone  Slender 20%-40% ML N>1>1V>| 30-52 20+, rounded 2 primary
(MW 15—
20% ML)
T. borealis Stout ~35% ML >1>1V>I 90 16-22, rounded 2 primary, 3-6
(MW 15— secondary
40% ML)
T. expolitus  Slender ~28% ML N>=IV>I 54 adentate 5-11 teeth (no
sp. nov. (MW 12— primary)
19% ML)
T. notalia Slender ~35% ML MxI>IV>I 36-48 5-7, blunt 1 primary, 4-6
sp. nov. (MW 11— secondary
17% ML)
T. robisoni Slender ~50% ML M>1>IV>I 28-48 3 or 4, blunt 2 primary, 2-4
sp. nov. (MW 10- secondary
25% ML)
T. tanuki Slender ~35% ML >1>1V>I 50 12-18, blunt 2 primary, 0-2
sp. nov. (MW 13- secondary
28% ML)
T. pavo Slender ~28% ML NA NA 4 or 5, blunt 2 primary, no
(MW ~13% (d'Orbigny secondary
ML) 1845)
(d'Orbigny
1845)

2022. WAMS_116586 [BOLD Process ID TAONI003-24], ML ~430 mm, sex indet.,
22.22°S 113.63°E, RV Investigator, scampi trawl, 5/12/2022.

Non-localised material examined (2 specimens)
NSMT-Mo.67349, ML 121, 116 mm, sex indet., 480 m, 04/08/1986.

Description

(ML 113-270 mm; Figure 3)—Mantle elongate, slender (MW 15-20-27% ML); fins lan-
ceolate (FL ~40% ML in specimens ML ~120 mm, ~20% at ML ~250 mm), FW ~14%
ML. HL ~9% ML, eyes proportionally small, ED ~9% ML, HW ~18% ML. Eyes with two
crescentric photophores: outer photophore traverses ventral half of eye circumference;
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Figure 3. Taonius cf. belone, (a) dorsal view and (b) ventral view (NMST Mo.75114; ML 113 mm).

inner photophore linear or slightly curved, spanning ~50% ED just ventral to lens.
Funnel narrows to small aperture, FA 33-37-44% FB; ventral fusion cartilaginous
windows appear slightly wider than in other species.

Arm formula III>II~IV>I: Arm I 10-13-16% ML, Arm II 15-17-26% ML, Arm III
17-20-26% ML, Arm IV 13-17-23% ML, with aboral keel; minimal webbing between
arms. Arms with 30-52 small subequal suckers, largest arm sucker with at least 22
blunt teeth. Tentacles 20-35-45% ML, stalks with ~14 suckers. Clubs ~9% ML (16—
25-32% TnL) with up to 90 suckers. Largest manus suckers with two enlarged
primary cusps and no small secondary cusps.

Known distribution. Generally thought to be an Indo-Pacific species (as reported by
Nesis 1987). Material examined herein was from Japan and the northeastern Indian
Ocean (Figure 1).

Remarks. Unfortunately, only five specimens of T. cf. belone were available for examin-
ation, none of which appeared to be mature. Morphologically, T. cf. belone appears most
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similar to T. tanuki sp. nov. These species can be differentiated by their eye photophores,
arm-sucker dentition, and manus dentition. Taonius cf. belone has noticeably more teeth
on the arm suckers (>22 teeth, compared to 12-18 teeth in T. tanuki), and only two large
primary cusps (no secondary) on the largest manus suckers, whereas T. tanuki has
additional smaller cusps along the lateral sucker margins (see Figure 21). Genetically,
T. belone shows a sister relationship to T. sp. ‘PO1” and these species form a clade
with T. tanuki and T. robisoni. All four species were assigned separate BINs.

Lu and Clarke (1974) diagnosed their novel Galiteuthis triluminosa (=T. belone, fide
Nesis 1987) by the presence of three distinct photophores on the ventral surface of
stalked, tubular eyes. Tubular eyes are now understood to occur during an intermediate
ontogenetic stage of the genus Taonius, but as all known species of both Galiteuthis and
Taonius only have two eye photophores, the presence of three would be unusual for
either genus. Although Nesis (1987) placed G. triluminosa into synonymy with T.
cf. belone, the status of this species is not clear. The type locality of G. triluminosa is
in the northern Atlantic Ocean, while T. cf. belone presently appears restricted to
Indo-Pacific waters (Young 2014b), which makes this synonymy unlikely. Because the
taoniins are so poorly known, G. triluminosa could represent a junior synonym of a
different species of Taonius, or a valid species in this subfamily.

Taonius borealis (Nesis, 1972) (Tables 1-3, Figures 4-7)

Belonella pacifica borealis Nesis, 1972: 82-86, fig. 2; Arkhipkin 1996: 123-132, fig. 1, 2, 4.
Taonius borealis (Nesis, 1972): Voss et al. 1992: 198-200; Evans 2018: 165-169, figs 10.3-
10.6.

Diagnosis

Mantle stout (MW up to 40% ML). Arm suckers with 16-22 rounded teeth distributed
around entire ring margin. Tentacle club manus suckers with two enlarged primary
cusps and a total of three to six smaller cusps around sucker margin.

Type material
(not examined) Belonella pacifica borealis ZIN Holotype [fide Nesis (1987:274)]. Type
locality: 44.12°N, 150.44°E (North Pacific Ocean).

Material examined (15 specimens)

RBCM 979-11242-1, ML 185 mm, sex indet., 50.00°N, 145.00°W, Ocean Stn. Papa, 23/
08/1979; RBCM 979-11252-4, ML 154 mm, sex indet., 50.00°N, 145.00°W, Ocean Stn.
Papa, 31/08/1979; RBCM 979-11230-2, ML 145 mm, sex indet., 50.00°N, 145.00°W,
Ocean Stn. Papa, 04/08/1979; RBCM 979-11252-4, ML 58 mm, sex indet., 50.00°N,
145.00°W, Ocean Stn. Papa, 31/08/1979; RBCM 010-00251-008, ML 118 mm, sex
indet., 48.71°N, 126.52°W-48.71°N 126.49°W, Pacific Ocean, Father Charles Canyon,
offshore of Vancouver Island, 561-563 m, 30/08/2001; RBCM 010-00264-001, ML
245 mm, sex indet., 48.52°N, 126.47°W-48.52°N, 126.45°W, Pacific Ocean, offshore to
SW of Ulcuelet, Vancouver Island, 1268-1270 m, 04/09/2001; RBCM 010-00247-015,
ML 133 mm, sex indet., 48.37°N, 126.46°W-48.38°N, 126.47°W, Pacific Ocean,
Loudoun Canyon, 1416-1433 m, 13/04/2011; SBMNH 464441, ML 144 mm, sex
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Figure 4. Taonius borealis, adult (a) dorsal, and (b) ventral views (RBCM 988-00212-003, ML 141 mm).

indet., 44.00°N, 125.00°W, USA, Oregon, OSU MT 2340; NSMT-Mo. 71705, ML
450 mm, sex indet, 42.30°N, 144.02°E, oftf Kushiro, Japan, NW Pacific Ocean, 867 m,
Wakataka-Maru, 23/07/1999; NSMT-Mo.85452, ML 250 mm, sex indet., 41.57°N,

Figure 5. Taonius borealis, right eye schematic (a) lateral view, (b) ventral view (RBCM 988-00212-003;
ML 141 mm).
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Figure 6. Taonius borealis, armature (a) Mid-Arm IIl sucker, (b) right tentacle club with (c) largest
manus sucker (RBCM 988-00212-003; ML 141 mm).

wu |

]

Figure 7. Taonius borealis, juvenile tubular right eye (a) lateral view and (b) ventral view (RBCM 987-
00076-001; ML 57 mm).

143.48°E, off Enmo-misaki, Hokkaido, 850 m, Tansei-maru, 28/05/2010; NSMT-
Mo.76413, ML 160 mm, sex indet., 41.03°N, 144.84°E, off Sanriku, Japan, Western
North Pacific, 650 m, Marusada-maru, 06/07/1996.

Non-localised material examined (4 specimens)
RBCM 988-00212-003, ML 141 mm, sex indet., Pacific Ocean, oft Clayquot Canyon, 29/
02/1998; RBCM 987-00076-001, ML 46, 57, 54 mm, sex indet., 0-500 m, Stn. 1, 03/03/

1969.
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Description

Adult (ML 118-450; Figures 4-7)—Mantle stout, MW 17-27-38% ML,; skin reticulate in
adults. Fin length 31-39-43% ML, FW 9-12-16% ML (55-80% MW). HL 10-13-17%
ML; eyes large, often extending beyond remainder of head tissue (ED 9-12-16% ML,
ED 80-96-133% HL, HW 75-94-140% MW). Eyes sessile from ~60 mm ML, with
two crescentric photophores (Figure 5). Funnel narrows to small aperture, FA 32-36-
42% FB, cartilaginous fusion windows rounded.

Arms robust basally, slender distally; low protective membrane present along arm
length; formula III>II>IV>I (although relative lengths vary only slightly): Arm I 9-21-
28% ML, Arm II 17-26-35% ML, Arm III 17-28-39% ML, Arm IV 15-22-29% ML.
Longest arms with 40-52-90 suckers, subequal in diameter along proximal % of arm
then rapidly decreasing in size distally; largest arm suckers with 16-22 rounded teeth
(Figure 6a), dentition decreasing on distal arm suckers. No sexual arm modifications
observed on material examined (to ML 450 mm). Tentacles 33-56-74% ML, with ~20
suckers on tentacular stalk. Tentacle clubs (Figure 6) 6-12-17% ML (12-25% TnL);
wide trabeculate membrane present along dorsal and ventral margins; total of 80-100
suckers: three or four pairs on carpal locking apparatus, 24-36 manus suckers, largest
mid-manus suckers with two enlarged primary cusps and 1-3 secondary cusps on
each side (Figure 6c); 50-60 dactylus suckers, largest with ~8 long pointed teeth on
distal margin and several smaller teeth on opposite margin.

Known distribution. Northern Pacific Ocean (north of 40°N) from Japanese waters to
Bering Sea and northern Vancouver Island (Figure 1). Present material collected from
250-1425 meters; previously recorded from 400-700 meters (Watanabe et al. 2006)
and reported not to perform diel vertical migrations.

Remarks. Taonius borealis is often proportionally stouter than other species, with a
maximum observed MW of 40% ML, while the maximum observed MW in other
species is ~20-25% ML. Specimens of T. borealis are genetically distinct from other
species in the genus, with a minimum nearest-neighbour distance of 7.5% (with T. sp.
POI1) and forming a distinct BIN (BOLD:ACD9245; Figure 2). The genetic relationship
of this species to others in this genus is not clear (Figure 2). This species is most likely to
be confused with the sympatric Galiteuthis phyllura Berry, 1911; however, Galiteuthis
taxa have large hooks on their tentacle clubs which begin to develop by 40 mm ML
(Evans 2018). It is possible that T. borealis may also be confused with T. robisoni sp.
nov., as there appears to be some geographic overlap between the two species in southern
Californian waters. These species can usually be distinguished using mantle width, or by
arm and tentacle sucker dentition (Table 3). Taonius borealis has 16-22 rounded teeth on
the arm sucker margins and up to six small secondary cusps laterally along the manus
sucker aperture (Figure 5c), whereas T. robisoni has around four teeth on the distal
margin of the arm suckers and four secondary cusps on the manus suckers
(Figures 13, 16).

When describing Taonius borealis, Nesis (1972) stated that on his smallest specimens
(40 mm ML), the eyes were sessile and ocular photophores had already developed. The
smallest specimens examined in this study were of similar size (ML 46-57 mm) and had
telescopic eyes in transitional states of development (Figure 7). As these specimens are
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slightly larger than those examined by Nesis (1972), this could indicate that the develop-
ment of mature features can occur over a fairly wide ontogenetic range in this species.

Taonius expolitus sp. nov. (Tables 1-3, Figures 8-10)

Taonius pavo (not Lesueur, 1821): Imber 1978: 453-455, figs 3, 4.
Taonius sp. 1: Marshall et al. 2023: 237.
Taonius sp. KER1: Braid & Bolstad 2019: 402-425.

Diagnosis

Mantle slender (mean MW 17% ML); largest arm suckers adentate; tentacular suckers
with 5-8 long pointed teeth, without greatly enlarged primary cusps. Modified portions
of male Arms I-III potentially lacking suckers at distal tips.

Type material

[Holotype] NIWA 95946, ML 285 mm, 3. Type locality: North-west of Aotearoa New
Zealand (35.9°S, 165.7°E), depth 1071 m; [Paratype] AIM MAI124798 (5
specimens) [BOLD Process ID KERCE-125-17 to -129-17] ML damaged, 31.4°S,
178.6°W-31.4°S, 178.6°W, Rangitahua/Kermadec Islands, 1000-110 m, RV Tangaroa,
TAN1612/120, 03/11/2016.

Additional material examined (5 specimens)

AMS C.9070 (4 specimens): ML 223-282 mm, 3/9, NSW, Australia, off Batemans Bay,
35.70°S 150.70°E, 940-975 m, FRV Kapala, Stn.K87-25-08, 17/12/1987, NIWA 92488
[BOLD Process ID NZCRAO018-17], 43.79°S 174.53°W, depth 811 m, TAN1401/56.

Description

Adult (ML 223-285 mm; Figure 8)—Mantle slender, conical (MW 12-17-19% ML). Fins
narrow, lanceolate, FL 23-28-33% ML, FW <9% ML (fins damaged in all known speci-
mens). HL 10-12-14% ML; eyes damaged on all known specimens, estimated ED 6-9-
13% ML; HW 10-12-13% ML. Funnel narrows markedly anteriorly, FA 18-42-73% FB;
cartilaginous window at funnel-mantle fusion expands posteriorly, curving slightly
towards ventral midline.

Arm formula III>II=IV>I: Arm I 13-16-22% ML, Arm II 15-19-25% ML, Arm III
18-22-28% ML, Arm IV 17-19-22% ML. Arms with up to 54 suckers, increasing
greatly in size mid-arm; suckers lack dentition basally and mid-arm; distal arm
suckers with 5-12 blunt/rounded teeth. Male Arms I-III modified at maturity (Figure
9) with four series of large round suckers starting mid-arm, possibly lacking suckers
entirely on distal portion with triangular dermal pads with linear ridges (Figure 9a),
15-20% arm length. Tentacles 40-43-45% ML, stalks with five or six pairs of adentate
suckers. Clubs 9-11-12% ML (22-26% TL) with 84-125 suckers. Largest manus
suckers (Figure 10) with 5-11 long, pointed, slightly curved teeth, none forming
strong primary cusps although medial two may be slightly enlarged.
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Figure 8. Taonius expolitus sp. nov., (a) dorsal and (b) ventral view (composite illustration based on
mantle and head of NIWA 95946; ML 285 mm; tentacles of AIM 124798; CL 27 mm).

Known distribution. Eastern Australian waters to northern Aotearoa New Zealand (Ran-
gitahua/Kermadec Islands; 30°S-35°S; Figure 1). Present material collected from 110-
1071 meters depth.

Remarks. Taonius expolitus sp. nov. is the only Taonius lacking the unique enlarged
primary cusps on the manus suckers, a feature that can be readily used to separate its
congeners from all other known cranchiid taxa. This species is additionally distinguished
by the notable separation between the basal-most arm sucker (or pair of suckers) and the
other sucker pairs. However, some morphological traits do align T. expolitus with other
members of Taonius. The mantle width, mean fin width, relative arm lengths, and
maximum arm sucker count for T. expolitus all fall within the range of other Taonius
species (Table 3).

The placement of this species in the genus Taonius requires further investigation.
Morphologically and genetically, this species is quite distinct (with the largest distance
to the nearest neighbour in this genus; 10.3% divergent from T. tanuki sp. nov.). Our
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Figure 9. Taonius expolitus sp. nov., male arm suckers (a) hectocotylus? and (b—d) arm suckers: (b, c)
medial suckers and (d) distal suckers (NIWA 95946; ML 285 mm).

Figure 10. Taonius expolitus sp. nov., left tentacle club and club armature (AIM 124798; CL 27 mm).

phylogeny did not resolve a placement for Taonius expolitus in this family (Figure 2).
However, these results are based only on the COI gene, and additional genes are
needed to help resolve the placement of this species within the genus, family, and
subfamily.

The generic diagnosis above (slightly amended from other recent diagnoses, e.g.
Young 2014a) includes the atypical manus sucker morphology of T. expolitus. Specimens
of T. expolitus that are missing their tentacular clubs could be confused with Galiteuthis,
as the two genera appear superficially quite similar, and some species of Galiteuthis also
lack arm-sucker dentition. However, all known Taonius species (including T. expolitus)
lack pointed tubercles at the ventral funnel-mantle fusion, which are present in all
known Galiteuthis. This species is morphologically and genetically distinct from all
other cranchiids, but the generic placement could change with additional information
in the future.
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Etymology. This species is named for the smooth (adentate) margins on both the basal
and the mid-arm suckers (from the Latin ‘expolitus’ meaning ‘smooth’), a feature
unique among the presently known Taonius species. Although other species of
Taonius may lack dentition on the basal most sucker pairs, in all other species, dentition
is visible towards the mid-arm suckers.

Taonius notalia sp. nov. (Tables 1-3, Figures 11, 12)

Belonella sp.: Nesis 1987: 274.

Diagnosis

Mantle slender (mean MW 15% ML), mid-arm suckers with 5-7 blunt teeth, basal arm
suckers adentate. Largest manus suckers on tentacle clubs with single enlarged primary
cusp and approximately six smaller secondary cusps (usually three on each side).

Type material
[Holotype] MV F53273, ML 245 mm, 56.01°S, 155.00°E, S. E. of Tasmania, 1700 m, 29/
11/1968.

Additional material examined (5 specimens)

MYV F163703, ML 307 mm, sex indet., 54.61°S, 158.74°E-54.87°S, 158.68°E, Tasmania,
Macquarie Island, 802 m, 02/01/1995; MV F163704, ML 263 mm, sex indet., 54.72°S,
158.70°E, Tasmania, Macquarie Island, 815-875 m, 08/01/1995; MV F163706, ML
310 mm, sex indet., 54.72°S, 158.70°E-54.55°S 158.77°E, Tasmania, Macquarie Island,
700-915 m, FV Austral Leader, 29/01/1995; ZMO, uncatalogued: ML 265 mm, sex
indet., 56.50°S, 158.70°W, 2000 m, SS Norvegia.

Non-localised material examined
RSMAS #782-20, ML 225, sex indet., ‘sub-Antarctic’, MWT, 3039 m, 20/10/63.

Description

Adult (ML 225-310 mm; Figures 11, 12)—Mantle slender, MW 11-15-17% ML; gladius
barely visible through dorsal tissue; rachis expanded, sagittate, anterior tip pointed. Fins
narrow, lanceolate, FL 32-36-43% ML, FW ~13% ML. HL 8-12-17% ML; HW 10-20%
ML; ED ~10% ML; inner eye photophore positioned slightly anteriorly. Funnel narrows
to small distal aperture, FA 28% FB; ventral fusion window ‘angular’.

Arm formula III~II>IV>I (although lengths vary only slightly): Arm I 15-20-29%
ML, Arm II 18-24-30% ML, Arm III 19-24-33% ML, Arm IV 16-21-27% ML. Short
web present between arms; protective membranes flank both sucker series along entire
arm length; aboral keel absent from all arms. Arms with 40-50 suckers that decrease
in size from basal-most pair to mid-arm, then increase slightly around pair 10; largest
arm suckers with five to seven blunt teeth. Tentacles 32-44-61% ML, stalk with ~18
suckers. Clubs (Figure 12) ~9% ML (16-23-29% TnL) with 80-100 suckers. Largest
manus suckers with one enlarged primary cusp and two or three secondary cusps on
each side (Figure 12a).
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Figure 11. Taonius notalia sp. nov., dorsal view (RSMAS #782-20, ML 225 mm).

Known distribution. Southern Pacific Ocean, south-east of New Zealand, possibly sub-
Antarctic (Figure 1). Material examined in this study was collected between 700 and
3032 meters depth.

Remarks. Although both T. notalia and T. borealis are known from high latitudes and
have similarly shaped tentacular clubs, their mantle shapes differ considerably.
Taonius borealis is the stoutest member of this genus (maximum MW 40% ML), while
T. notalia has the more typical slender mantle (maximum MW 17% ML). This species
is genetically distinct from all others in the genus, but its relationship to other species
is not resolved (Figure 2). The nearest neighbour to T. notalia is T. tanuki sp. nov.,
with a minimum distance of 9.8% (Table 1).
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Figure 12. Taonius notalia sp. nov., tentacle armature (RSMAS #782-20; ML 225 mm): (left) schematic
diagram of tentacular club suckers from (a,c) inner manus series and (b,d) outer manus series; (right)
photograph of right tentacular club.

As limited material of T. notalia was available for study, the full geographic distri-
bution of this species is not currently fully understood; however, it appears to overlap
with G. glacialis (which can be differentiated by its small, spherical mantle tubercles
and elongated hooks on the tentacle club). It is highly likely this was the species Nesis
(1987) reported as Belonella sp. (and N. Voss in unpublished data as ‘Taonius sp. B’;
see, e.g. Cherel 2020) from the notalian-Antarctic, since this taxon was characterised
by a singular large tooth on the manus suckers and 1-5 smaller teeth along the lateral
ring margins, and large protective membranes on the arms.

Etymology. The species name derives from the Notalian-Antarctic (the region of ocean
between tropical waters and the Southern Ocean). This area includes southern Aotearoa
New Zealand and Macquarie Island, where the type specimens were collected.

Taonius robisoni sp. nov. (Tables 1-3, Figures 13-16).

Taonius sp.: Young 1972: 98.

Diagnosis

Mantle slender (mean MW 18% ML); gladius visible along entire dorsal mantle length;
conus of gladius broadest posterior to fin insertion. Arm suckers with three or four
large, blunt teeth; largest manus suckers with two enlarged cusps and about two
smaller secondary cusps on each lateral margin.

Type material
[Holotype] SBMNH 464424, ML 143 mm, sex indet., 32.93°N, 120.42°W, USA, Califor-
nia, 3657 m, 16/02/1966.
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Figure 13. Taonius robisoni sp. nov., (a,b) juvenile (SBMNH 460944; ML 165 mm), (c — e) adult (SBMNH
464982; ML 210 mm) (a,c) dorsal and (b,d) ventral, (e) largest Arm Il sucker.

Additional material examined (4 specimens)

SBMNH 464422, ML 69 mm, sex indet., 33.38°N, 118.76°W, USA, California, Santa Cat-
alina Island, 1280 m, 16/04/1964; SBMNH 464421, ML 96, sex indet., 29.97°N, 119.20°
W, Mexico, Baja California, Isla Guadalupe, 07/08/1964; FMNH 278101 [BOLD
Process ID NZCRA050-17] 21.33°N 158.33°W; SBMNH 460944, ML 165, sex indet.,
21.38°N, 158.30°W, USA, Hawaii, Oahu, FIDO XVI tow 85, 22/03/1980.
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Figure 14. Taonius robisoni sp. nov., right funnel-mantle fusion window, schematic of connection
between mantle (M) and funnel (F) shown (SBMNH 464982, ML 210 mm).

Non-localised material examined (1 specimen)
SBMNH 464982, ML 210 mm, 02/10/1992.

Description
Adult (ML 69-210 mm,; Figures 13-16)—Mantle conical, slender, MW 10-18-25% ML;
gladius visible along entire dorsal mantle length, widening slightly at anterior margin;
conus long, over 50% ML. Fins narrow, lanceolate, FL. ~50% ML, FW 10% ML. HL 8-
9-10% ML, HW 9-14-18% ML, eye diameter 4-7-10% ML with two crescentric photo-
phores. Funnel tapers gradually from base to aperture; funnel length 6-7-9% ML, FA 30-
34-40% FB; cartilaginous fusion windows rounded (Figure 14).

Arm formula II>IT>IV>I (but nearly sub-equal): Arm I ~11% ML, Arm I19-14-17%
ML, Arm III 10-15-17% ML, Arm IV 10-13-16% ML. Sucker counts vary slightly, with

Figure 15. Taonius robisoni sp. nov., right tentacle club (SBMNH 464982; ML 210 mm).
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Figure 16. Taonius robisoni sp. nov., mid-manus medial sucker (SBMNH 464982; 210 mm); arrows indi-
cate secondary cusps.

28-48 suckers on longest arm. Sucker size increases slightly mid-arm, then decreases dis-
tally; basal-most arm suckers lack dentition, largest mid-arm suckers and remaining
distal suckers with three or four low, blunt teeth (Figure 13e). Tentacles ~35% ML;
clubs (Figure 15) ~5% ML (15-22% TnL) with ~60 suckers. Largest manus suckers
with two enlarged primary cusps and two small secondary cusps (Figure 16) on each
side; smaller manus suckers with two primary cusps and three or four smaller secondary
cusps on each side.

Known distribution. North-eastern sub-tropical Pacific Ocean (Figure 1), from Califor-
nia to Mexico (29°N-33°N) and the Hawaiian Islands; elsewhere reported as ‘Taonius sp.’
from southern Californian waters (Young 1972).

Remarks. Taonius robisoni sp. nov. is most easily distinguished by the number of arm-
sucker teeth. This species has, at most, four blunt teeth on the largest arm suckers,
while all other species with arm-sucker teeth have at least five. This species has frequently
been identified in museum collections as T. pavo, which is presently known only from the
Atlantic Ocean. Although their distribution is not known to overlap, these two species do
share some morphological similarities. The holotype of T. pavo also has arm suckers with
four or five blunt teeth on the distal ring margin. Unfortunately, the holotype of T. pavo
lacks tentacles, so it was not possible to compare them to the clubs of T. robisoni, but
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previous descriptions of T. pavo report only two large, curved teeth on the manus suckers
(Voss 1980) and do not mention any smaller secondary cusps along the ring margin, such
as are present on the manus suckers of T. robisoni. This is consistent with other non-type
specimens of T. pavo (from the Atlantic) that were examined (Evans 2018).

Taonius robisoni is genetically distinct from all other Taonius species (BOLD:
AAKO0251; Figure 2). Although this species is most morphologically similar to T. pavo,
it formed a clade with T. tanuki sp. nov., T. cf. belone, and T. sp. PO1. The nearest neigh-
bour for Taonius robisoni is T. tanuki (minimum interspecific distance of 4.4%). The
genetic relationship between T. pavo and T. robisoni is not resolved in the current
analysis.

Etymology. This species is named in honour of Dr Bruce Robison, from the Monterey
Bay Aquarium Research Institute (MBARI), Monterey, CA, USA. Mid-water ecology
research voyages, often led by Dr Robison, have captured extensive footage of Taonius
and numerous otherwise rarely observed cephalopods oft the coast of California, provid-
ing considerable insight into these animals’ distribution and ecology.

Taonius tanuki sp. nov. (Tables 1-3, Figures 17-21)

Taonius sp. 2: Marshall et al. 2023: 237.

Taonius sp. KER2: Braid & Bolstad 2019: 402-425. Diagnosis: Mantle slender (mean MW
19% ML). Inner eye photophore resembles the typographical curly bracket symbol ({).
Arm suckers with 12-18 blunt teeth; largest tentacle club suckers with two primary
cusps and one small secondary cusp on each side.

Type material

[Holotype] AM C.607890 (previously NMNZ M.172910), ML 453 mm, &, 28.83°S,
167.57°E, Norfolk Ridge, S of Norfolk Island, 1000-1050 m, Stn.2003030, ethanol 80%;
[Paratype] NMNZ M.172913, ML 395 mm, &, 29.53°S, 167.63°E, Norfolk Ridge, 200-
1200 m; [Paratypes] NMNZ M.172908 (7 specimens), ML 283, 276, 272, 270, 261, 260,
237 mm, 3/9, 32.43°S, 161.76°E, Lord Howe Rise SE of Lord Howe Island, 1200-
1300 m, Stn.2003074.

Additional material examined (4 specimens)

AIM 124799 [BOLD Process ID KERCE062-17], 30.3°S 178.2°W, Kermadec Islands,
1000 m, MWT, TAN1612/69, 28/10/2016; NMNZ M.09146, ML 250 mm, sex indet.,
40.07°S, 167.90°E, New Zealand, 900 m, BT, Stn.J19/12/84; NMNZ M.091403, ML
208 mm, sex indet., 40.08°S, 168.11°E, New Zealand, 900 m, BT, Stn.J19/06/84; NMNZ
M.091392, ML 235 mm, sex indet., 44.69°S, 173.53°E, New Zealand, 700 m, MWT,
Stn.J15/52/83.

Description
(ML 235-453 mm,; Figures 17-21)—Mantle slender, conical (MW 13-19-28% ML). Fins
narrow, lanceolate; FL 33-37-41% ML; FW <15% ML (fins damaged in majority of
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Figure 17. Taonius tanuki sp. nov., schematic (a) dorsal view, (b) ventral view (NMNZ M.172913; ML
395 mm).

examined specimens). HL 8-13-22% ML; HW 8-13-20% ML; eyes large, ED 9% ML,
with two near-crescent shaped photophores, outer photophore terminates just anterior
to arm crown, inner photophore ~40% ED, resembles curly bracket ({) (Figure 18).
Funnel narrows slightly, FA 26-49-73% FB, cartilaginous window at funnel fusion
oval, curved towards ventral mid-line (Figure 19).

Arms robust basally, slender distally; formula III>IT>IV>I (although lengths vary only
slightly): Arm I 11-18-26% ML, Arm II 15-21-30% ML, Arm III 18-24-30% ML, Arm
IV 17-21-25% ML. Arms with up to 50 suckers increasing slightly in size toward mid-
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(b)

Figure 18. Taonius tanuki sp. nov., right eye schematic (a) lateral view, (b) ventral view (AM C.607890;
ML 453).

M

Figure 19. Taonius tanuki sp. nov., right funnel-mantle fusion window, schematic of connection
between mantle (M) and funnel (F) shown (NMNZ M.172938; ML 221 mm).

arm; largest arm sucker with 12-18 teeth, decreasing along arm length to four or five in
distal suckers. Oral surfaces of arms narrow, causing biserial suckers to appear uniserial
on proximal half of arm. Distal 25-30% of male Arms I-III modified, with about six
longitudinal series of small oblong suckers (Figure 20). Tentacles 42-57-67% ML,
stalks with 11-24 pairs of adentate suckers (Figure 21a). Clubs 7-9-11% ML (13-24%
TnL) with 68-108 suckers. Largest manus suckers (Figure 21d) with two enlarged
primary cusps and 0-1 small secondary cusps on each side.

Known distribution. Southern Pacific species presently known from Norfolk Island to
southern Aotearoa New Zealand (28°S-45°S) (Figure 1), 200-1200 meters.
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5.0kV 15.9mm x30 SE(M)

Figure 20. Taonius tanuki sp. nov., Arm Ill male modification (NMNZ 172913; ML 395 mm).

Remarks. Taonius tanuki can be distinguished from all other Taonius species by the arm
and tentacle sucker morphology (Table 3). This species is morphologically similar to the
North Atlantic T. pavo, and much of the Pacific Taonius material has previously been
attributed to T. ‘pavo’. The holotype of T. pavo (described by Lesueur [1821] as elongated
with large eyes and short arms) was examined to facilitate accurate comparisons, and
while T. pavo and the South Pacific Taonius specimens share some morphological
characteristics common to the genus (such as an elongated mantle and proportionally
shorter arms), the holotype of Taonius pavo also has four blocky teeth on the basal
arm suckers (unfortunately, the distal arm tips and tentacles had been removed). This
differs from both known southern Pacific taxa, which have at least 12 teeth (T. tanuki
sp. nov.) or lack teeth (T. expolitus sp. nov.).

Taonius tanuki is genetically distinct from other species in the genus (BOLD:
ADH3663), including T. pavo (BOLD:AAM9951; Figure 2). The relationship between
this species and others in the genus is currently unresolved, but it does form a clade
with T. robisoni sp. nov. T. sp. PO1, and T. cf. belone. The nearest neighbour of
T. tanuki is T. cf. belone and these species have a minimum interspecific distance of
4.4% (Table 2). Only a single individual of T. tanuki was available for sequence analysis,
so the intraspecific variation in this species is not known.

Taonius tanuki appears to occur in the southern Pacific Ocean around Aotearoa New
Zealand and the Tasman Sea (Figure 1). No evidence was found in the present study for
the occurrence of T. pavo sensu stricto in the Pacific Ocean; at present, it appears
restricted to the Atlantic Ocean. Taonius tanuki occurs sympatrically with T. expolitus
sp. nov. around the Rangitahua/Kermadec region north of Aotearoa New Zealand, but
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Figure 21. Taonius tanuki sp. nov., tentacle suckers: (a) tentacle stalk, (b) small manus sucker,
(c) dactylus sucker, (d) largest manus sucker (NMNZ 172913; ML 395 mm).

can be readily differentiated since T. expolitus has adentate arm suckers, whereas T.
tanuki has 12-18 blunt teeth. The nearest neighbour for T. tanuki is T. expolitus, but
these species were assigned separate BINs (BOLD:ADH3662 for T. expolitus) and have
a minimum interspecific distance of 10.3% (Table 1).

Etymology. The tanuki is a mammal endemic to Japan, and a common trickster figure in
Japanese myth and folklore, notorious for being a mischievous shape-shifter. This seems
apt, given both the historical systematic instability of this genus and a series of perplexing
complications that arose while designating the type series. This name additionally pays
homage to the extensive Japanese contributions to cephalopod research, as was made
evident at the 2015 Cephalopod International Advisory Council proceedings in
Hakodate.

Discussion

This work triples the known diversity of Taonius in the Pacific Ocean and provides
useful characters for distinguishing among species. Four of the six Pacific species
are new to science: T. expolitus, T. notalia, T. robisoni, and T. tanuki. A seventh
potential species is currently only known from genetics (T. sp. PO1; BOLD:
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ADH3660), and will require further investigation as additional specimens become
available. Yet more taxa may be recognised as further morphological and genetic
material becomes available for study; little material is yet available for the western
equatorial, northern central, and southeastern parts of the Pacific Ocean basin in
particular.

Several morphological features appear most helpful for identifying and delimiting
Taonius species, but as is typical for cranchiids, many of these are vulnerable to
damage during collection. For material in good condition, sucker armature (both arm
and tentacle) is particularly valuable, although the number of teeth on the arm suckers
decreases distally, so care must be taken to compare suckers from similar locations on
the arms. The shape and proportions of the mantle and fins are less useful, being very
similar in many species, although T. robisoni can be distinguished by its relatively long
fins (Figure 13, Table 3), while the mantle of T. borealis is stouter than that of other
species (Figure 4, Table 3). Only slight variation has been observed in the arm lengths.
Eye photophore patterns can also be helpful, but are often difficult to compare due to
the delicacy of—and therefore frequent damage to—the eyes. Beaks have been used
extensively in other families for species identification from predator stomachs (e.g.
Cherel and Weimerskirch 1999; Cherel et al. 2004; Xavier and Cherel 2009), but their
variability in cranchiids remains less well known, partly because specimens of many
species are relatively rare in collections and the potential for damage during beak
removal is too great. Pending additional fresh material, a more thorough investigation
of the beak and gladius morphology may reveal additional characters, which would be
of particular value for dietary work on these squids’” predators.

While the present work focuses on Pacific taxa, some Atlantic specimens including the
holotype of T. pavo were examined. Taonius pavo has at times functioned as a cosmopo-
litan ‘catch-all’ name for specimens that fit a broad set of characteristics—long, slender,
conical mantle with lanceolate fins approximately half the mantle length—many of which
were eventually re-identified as a range of other taxa (including some from other genera,
e.g. Galiteuthis phyllura). Lesueur’s (1821) original description of Loligo pavo, from
‘Sandy Bay’ somewhere along the North American east coast, reported an elongated
and pointed mantle, rusty-brown colouration, and extremely large eyes that were slightly
anteriorly directed. The description did not provide details regarding sucker armature;
the tentacles and distal arm tips of the specimen were missing. The holotype has deterio-
rated significantly in the meantime, but some of the larger remaining arm sucker rings
have four or five blunt teeth on their distal margin, most similar to the three or four
present in T. robisoni. On more complete Taonius specimens recently examined from
the western North Atlantic (e.g. NMNH 1080249, ML 227 mm) and reported by
Young (2014a), the large central manus suckers possess two large, curved teeth, and
have no smaller secondary cusps along the lateral margins. While it is possible that
additional Taonius species will be recognised in the Atlantic, at present we attribute
specimens with these morphological characters to T. pavo and use this as a basis for com-
parison with (and differentiation from all known) Pacific taxa. Sequences obtained from
specimens identified as T. pavo (M. Vecchione pers. comm.), collected from the western
North Atlantic, are also genetically distinct from the six Pacific species treated in this
study (Appendix A, Figure 2). However, a full redescription of T. pavo and a review of
material collected throughout the Atlantic region should be undertaken.
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The six known Pacific Taonius species are all morphologically and genetically distinct
from our current understanding of T. pavo (s.s.). Taonius cf. belone is most morphologi-
cally similar, possessing similar manus sucker morphology. However, T. cf. belone difters
in the arm-sucker dentition, with 20-30 small blunt teeth around the entire sucker ring
margin (whereas T. pavo has fewer teeth and only on the distal margin). Interestingly, our
COI analyses show that T. cf. belone is also the nearest genetic neighbour of T. pavo (7.7%
divergent; Table 2), although the nearest neighbour of T. cf. belone itself is the unresolved
T. sp. PO1 (a potentially new species currently known from the Indian Ocean and Japan).
We note that Nesis (1972) described ‘Belonella pacifica pacifica’ from Japanese waters,
and later (1987) synonymised it with T. cf. belone. Pending additional morphological
investigations, it may prove that ‘B. pacifica pacifica’ represents the taxon herein
sequenced as T. sp. PO1, which does appear to co-occur with T. cf. belone in both the
northeastern Indian Ocean and the western North Pacific. Taonius borealis is also
found in northern Japanese waters but differs morphologically from T. cf. belone (and
T. pavo), both in sucker armature and in being noticeably stouter (Figure 4, Table 3),
and genetically from T. cf. belone and T. sp. PO1 (and T. pavo).

Two of the remaining three Pacific species, T. tanuki and T. expolitus (currently
known from waters surrounding Aotearoa New Zealand and Australia) have similarly
been previously reported as ‘T. pavo’. These can now also be morphologically and geneti-
cally distinguished from each other, all north Pacific species, and Atlantic T. pavo.
Taonius tanuki possesses a unique combination of arm and manus sucker dentition:
the largest manus suckers have two large distal primary cusps and one or two smaller
secondary cusps along each lateral margin, and the largest arm suckers have approxi-
mately 18 teeth, with an adentate proximal section (Table 2). In addition, the inner
eye photophore of T. tanuki resembles a pinched crescent (or a curly bracket), also a
unique character within the genus. Taonius tanuki can also be distinguished genetically
from all other species in this genus, and shows a close relationship with T. robisoni (4.8%
divergent).

Taonius expolitus can be distinguished from all known congeners by its unique arm-
sucker morphology, the manus sucker tooth arrangement, and genetics. Although the
existing material for this taxon is severely damaged, T. expolitus is the only known
Taonius species to lack dentition on the larger mid-arm suckers (although several
other Taonius species do lack dentition on the basal-most arm suckers). The manus
suckers of this taxon also differ from other known Taonius, as they lack the enlarged
primary cusps otherwise characteristic of this genus, instead having 5-11 subequal
pointed teeth set around the distal margin (Figure 10). Both of these characters are
unique within the genus Taonius, and this combination of characters also differs from
any other known cranchiid. In our COI analyses, the relationship of T. expolitus to
other Taonius species was not resolved (Figure 2). This species had the largest nearest
neighbour divergence (10.3% divergence), but not the largest divergence found within
this genus (13.6%, which was found between T. cf. borealis and T. notalia). Given
these differences, it is possible that T. expolitus may later be moved into a new genus.
However, this will require additional specimens and gene regions; for the moment,
Taonius remains the most suitable available genus.

Taonius notalia is the first Taonius species known to occur in sub-Antarctic waters
(Figure 1). Although this species has a similar mantle width, fin length, and arm
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formula to other Taonius species, it can be distinguished by arm-sucker morphology, and
manus-sucker structure (Figure 12, Table 3). The manus suckers of this taxon are most
similar to those of T. borealis; however, T. notalia has only a single primary cusp (as
opposed to the two primary cusps present in T. borealis) and two or three smaller sec-
ondary cusps along each lateral margin (progressively decreasing in size proximally).
In addition, T. notalia has a more slender mantle (mean MW 15% ML) compared to
T. borealis, which is often stout (mean MW 27% ML). Although the available material
for T. notalia was limited, the gladius of specimens is visible only as a narrow line
through the dorsal outer integument, whereas most other Taonius species have a
gladial vane visibly wider than two millimetres. Genetically, T. notalia specimens form
a single clade, distinct from all other Taonius species (Figure 2). This species appears
to be quite distinct from others in this genus, and has a nearest-neighbour relationship
with T. tanuki (9.8% divergent; Table 1).

Members of the genus Taonius appear to be widely distributed throughout the Pacific,
and sympatric species are now recognised in several regions. In the south-western Pacific
Ocean, T. tanuki and T. expolitus co-occur, and off the west coast of North America,
T. borealis and T. robisoni co-occur (Figure 1). In addition, the potentially new species
T. sp. ‘POY’ appears to co-occur with T. cf. belone in both the northeastern Indian
Ocean, and—along with T. borealis—in the north-western Pacific Ocean (Figure 1).
While only a single species is presently known from sub-Antarctic waters, the Atlantic
Ocean, and Hawaiian waters, material from these regions remains sparse (and entirely
unknown from other regions such as the eastern South Pacific) and future research
may well reveal additional taxa and/or wider distributions than those currently recog-
nised. It seems highly likely that, given the diversity seen in the Pacific Ocean, unde-
scribed species remain to be discovered in other major bodies of water, and future
research should focus on a worldwide systematic revision of Taonius.

Conclusion

This research re-describes the two previously reported Taonius taxa from Pacific waters
and describes four additional novel species. Pending additional material, future research
into Taonius diversity should examine the hard internal structures (beak and gladius), to
support ecological research, as these features may be isolated and identified as prey
remains in the stomach contents of marine predators. Additionally, fresh tissue
samples of Taonius specimens should be collected for molecular analysis, and additional
gene regions investigated in order to fully understand the phylogenetic relationships
among Taonius species, and within the Cranchiidae.
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Appendix A: Bayesian Poisson Tree Processes (bPTP) analysis of
cytochrome c oxidase subunit | (COI) Taonius sequences analysed in the
present study. Red lines connect members of the same species, and blue
lines show connections between separate species.
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