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Australyichthys gen. nov. (Teleostei, Syngnathidae),
a lost mesophotic lineage from southern Australia,
with description of A. aegis sp. nov. and reclassification of
Hippocampus minotaur and H. paradoxus
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Abstract: Australyichthys gen. nov. is described as a new genus of Syngnathidae (seahorses, pipefishes,
seadragons, pipehorses, and pygmy pipehorses) endemic to temperate mesophotic habitats of southern
Australia and erected to include A. minotaur comb. nov. and A. paradoxus comb. nov., together with A. aegis
sp. nov. The genus occurs at depths of 50-124 m within a mesophotic zone characterized by reduced light
penetration and structurally complex benthic habitats. The included taxa possess hippocampiform features
including a ventrally angled head, a fully enclosed brood pouch, and a prehensile tail, but are distin-
guished by a consistent osteological combination. Micro-computed tomography reveals an elevated, ante-
riorly inclined supraoccipital, a reduced anterior nuchal plate not forming a coronet, and unfused inferior
trunk plates lacking a continuous ventral ridge. The external morphology is comparatively unsegmented,
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with subtle dermal lobulation contributing to a fleshy habitus. A derived ventral trunk complex is present,
composed of anterior and posterior ventral elements flanking a median anal pterygiophore, homologous to
the anal-fin pterygiophore complex of Hippocampus but reorganized into a novel ventral support architec-
ture not observed elsewhere in Syngnathidae. Phylogenomic analyses of ultraconserved elements recover
Australyichthys within Haliichthyini, the sister clade to Hippocampini, indicating that the hippocampiform
body plan arose independently of Hippocampus and reflects convergence rather than shared ancestry. The
genus is represented by eight specimens collected incidentally over nearly eighty years, with no collections
within the last two decades and no verified in situ observations, and therefore meets the criteria of a lost
taxon. Its rarity, restricted depth range, and predominant occurrence in mesophotic habitats underscore
the need for targeted surveys and formal conservation assessment.

Keywords: convergent evolution, Great Southern Reef, lost species concept, phylogenomics, southern Aus-
tralia, systematics, taxonomy, temperate mesophotic ecosystems

Conservation statement: Our ability to assess the conservation status of Australyichthys is limited: the ge-
nus is known from only a few historical museum specimens and has never been observed in the wild, the
most recent record being a 2006 trawl-bycatch specimen. We interpret this absence of recent records conser-
vatively, as reflecting limited sampling of temperate mesophotic habitats rather than population decline or
extirpation. Under the lost species framework, all three species qualify as lost, unrecorded for ten or more
years. We have not undertaken a formal International Union for Conservation of Nature (IUCN) Red List
assessment; available data are insufficient to support one, and the genus is best regarded as Data Deficient
pending targeted, non-extractive surveys of southern Australian mesophotic habitats.

A second-language abstract and conservation statement are not provided. The distribution of Australy-
ichthys gen. nov. spans the Sea Country of many First Nations across southern Australia, which cannot be

fairly represented by any single language.

INTRODUCTION
Natural history

Australia is a global center of syngnathid (pipe-
fishes, seahorses, seadragons, pipehorses, and
pygmy pipehorses) diversity and endemism,
harboring nearly half of all recognized genera
and supporting 45 endemic species distributed
across 16 endemic genera (Dawson 1985; Ham-
ilton et al. 2017). Phylogenetic studies indicate
that endemic taxa occur in all major clades, ex-
cept the Atlantic (Hamilton et al. 2017; Stiller
et al. 2022). Southern Australia alone accounts
for 36 endemic species and 15 endemic genera,
forming the core of a monophyletic radiation
of temperate pipefishes that exemplifies eco-
logical specialization and morphological diver-
sification within Syngnathidae (Dawson 1985;
Hamilton et al. 2017; Stiller et al. 2022). Much
of this diversity occurs in shallow ecosystems
dominated by fucoid algae and extensive sea-
grass meadows, which constitute the best-doc-
umented syngnathid habitats in the region
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(Dawson 1985; Martin-Smith 2003; Browne et
al. 2008; Moore et al. 2024). In contrast, south-
ern Australia’s temperate mesophotic ecosys-
tems, spanning approximately 30-150 m depth,
remain poorly represented in collections. Me-
sophotic ecosystems exhibit distinct ichthyo-
faunal assemblages, elevated endemism, and
ecological structure that differ markedly from
shallow reef systems (Bongaerts and Smith
2019; Bridge et al. 2013; Loiseau et al. 2023;
Turner et al. 2019), and remain among the least
studied marine habitats globally.
Australyichthys is the first syngnathid genus
documented predominantly from the temper-
ate mesophotic ecosystems of southern Aus-
tralia (Dawson, 1985), with all records to date
between 50 and 124 m depth. The genus is
diagnosed by morphological characters con-
sistent across all known specimens. Dorsal
dermal lobes are recurrent external features
within the genus; their functional role remains
unknown, although they may facilitate crypsis
within structurally complex benthic habitats.
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All verified records of Australyichthys occur
at mesophotic depths based on available col-
lection data, in contrast to the predominantly
shallow-water syngnathid fauna of southern
Australia’s coastal shelf. Temperate meso-
photic ecosystems (TMEs), defined here as
approximately 30-150 m depth, exhibit fau-
nal assemblages and habitat structure distinct
from shallow reef systems (Bastiaansen et al.
2024; Bell et al. 2024; Beran 2024; Currey-Ran-
dall et al. 2021; Gragnolati et al. 2024; Turner et
al. 2019; Williams et al. 2019; Wong et al. 2023).
Despite this ecological significance, TMEs re-
main among the least studied components of
Australia’s marine biota. Whereas shallow
syngnathid habitats are dominated by mac-
roalgae and seagrass (Baker 2006; Browne et al.
2008; Dawson 1985; Last et al. 2011; Moore et
al. 2024; Peter et al. 2011), the mesophotic zone
along southern Australia’s shelf comprises
structurally complex biogenic habitats, includ-
ing sponge gardens, bryozoan colonies, and
coral-like assemblages. These habitat-form-
ing taxa produce patchy, three-dimensional
structures across calcareous and sedimentary
substrates, a habitat configuration compatible
with the occurrence of cryptobenthic taxa. All
specimens of Australyichthys have been collect-
ed from depths and regions where such ben-
thic assemblages are documented (Adams et
al. 2023; Ahmadia et al. 2012; Bastiaansen et al.
2024; Bell et al. 2024; Brandl et al. 2018; Harris
et al. 2021; Navarro et al. 2023). Trophic evi-
dence from this study, though limited to a sin-
gle specimen, provides the first direct evidence
of diet; computed tomography (CT) scans of A.
paradoxus revealed unidentifiable crustacean
remnants within the digestive tract, indicating
ingestion of small invertebrate prey.

Systematics
Taxonomic background
and history

Two enigmatic syngnathids from the meso-

photic depths of southern Australia have resist-
ed taxonomic resolution since their original de-
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scriptions. Hippocampus minotaur Gomon, 1997
from New South Wales and H. paradoxus Foster
& Gomon, 2010 from Western Australia exhibit
external characters diagnostic of Hippocampus,
including a ventrally angled head, prehensile
tail, and enclosed brood pouch, yet both spe-
cies possess morphological features inconsis-
tent with that genus (Foster and Gomon 2010;
Gomon 1997) (Fig. 1). These anomalies suggest
that the resemblance to Hippocampus reflects
external similarity rather than shared ancestry,
warranting osteological reassessment. Resolu-
tion of their taxonomic placement has required
comparative osteological and phylogenomic
data that were previously unavailable.

The Syngnathidae comprises more than 300
species in 57 genera, including seahorses, pipe-
fishes, pipehorses, seadragons, and pygmy
pipehorses (Dawson 1985; Hamilton et al. 2017;
Stiller et al. 2022). Phylogenetic analyses based
on multilocus and ultraconserved element
datasets have resolved several principal radi-
ations, providing a framework of major clades
for evaluating morphological evolution and
biogeographic structure across the family. One
such division separates the sister tribes Hip-
pocampini (which includes Hippocampus) and
Haliichthyini, an Indo-Pacific assemblage of
pipefishes and pygmy pipehorses (Hamilton et
al. 2017; Stiller et al. 2022). Members of Haliich-
thyini exhibit extensive variation in overall
morphology, ranging from ground-dwelling
pipefishes to pygmy pipehorses with prehen-
sile tails (Hamilton et al. 2017; Short and Trnski
2021; Stiller et al. 2022).

Consistent with the poor representation of
temperate mesophotic taxa in museum collec-
tions, H. minotaur and H. paradoxus are known
collectively from only six specimens collected
between 64 and 124 m depth. Gomon (1997)
described H. minotaur as possessing an en-
larged fleshy head, complete absence of spi-
nation, atypical development of mid-dorsal
dermal lobes, and undeveloped ventral trunk
ridges. Foster and Gomon (2010) provided ad-
ditional osteological details for H. paradoxus
from CT scans, including a reduced anterior
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nuchal plate, modified inferior trunk plates, a
complex of ventral ossifications near the anal
region, and a posteriorly expanded abdomen
visible through the integument. The taxonom-
ic placement of these species remained unre-
solved, limited by few specimens and the ab-
sence of comparative osteological data, which
together constrained morphological compari-
son and the phylogenomic analyses needed to
resolve their placement within Syngnathidae.
Although H. paradoxus was examined using CT
(Foster and Gomon 2010), equivalent imaging
data were unavailable for H. minotaur, preclud-
ing detailed skeletal comparison. The absence
of phylogenomic data and comparative mate-
rial from additional taxa prevented assessment
of whether shared morphological features re-
flected divergence within Hippocampus or affil-
iation with an independent lineage.

Resolution of this lineage was enabled by the
discovery of a specimen from the entrance to
Spencer Gulf, South Australia, here described
as a new species. This material bridges the geo-
graphic gap between the New South Wales and
Western Australian taxa, spanning more than
2,500 km of the southern Australian coastline,
and permits explicit evaluation of whether the
anomalous characters documented in H. mino-
taur and H. paradoxus are shared across the lin-
eage. Osteological comparison demonstrates
that these features are conserved across all ex-
amined specimens and together define a mor-
phologically cohesive group.

High-resolution CT of all three species, to-
gether with genome-scale phylogenomic data
from the Spencer Gulf specimen, permit reas-
sessment of this lineage within Syngnathidae,
and provides an integrated framework for
interpreting its morphology in a broader phy-
logenetic context. Osteological features distin-
guishing this group from Hippocampus include
modifications of the supraoccipital, anterior
nuchal plate, and inferior trunk plates, and a
derived ventral trunk complex without coun-
terpart in Hippocampus. Among these features,
modifications of the ventral trunk are the most
diagnostic, as they involve discrete skeletal re-
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organization, rather than external body shape.
In particular, the ventral trunk incorporates a
highly modified anal-fin—associated support
system integrated with novel ventral ossifica-
tions, which together constitute the primary
evidence for generic distinction. The combina-
tion of external seahorse-like characters with
this unique ventral trunk architecture does
not correspond to any recognized syngnathid
body plan, including those of seahorses, pipe-
fishes, pipehorses, seadragons, or pygmy pipe-
horses. This lineage accordingly represents a
novel morphological configuration within Syn-
gnathidae.

Our UCE-based phylogenomic analyses, de-
scribed in detail below, place this lineage with-
in Haliichthyini, an Indo-Pacific assemblage of
pipefishes and pygmy pipehorses previously
resolved as the sister clade to Hippocampini
(Hamilton et al. 2017; Stiller et al. 2022). This
robustly supported pattern demonstrates that
seahorse-like external morphology has evolved
independently within both tribes. We examine
the anatomical basis of this convergence, and
its possible functional correlates, through com-
parative analysis of ventral architecture across
Haliichthyini and Hippocampini.

We here formally recognize this lineage as
Australyichthys gen. nov. and describe A. aegis
sp. nov. from Spencer Gulf. Morphological,
osteological, and phylogenomic evidence sup-
ports the validity of the genus and reveals pre-
viously unrecognized diagnostic characters,
including synapomorphies of the ventral trunk
region that permit comparative assessment of
skeletal organization between Haliichthyini
and Hippocampini. The restriction of Australy-
ichthys to temperate mesophotic ecosystems,
together with its extreme rarity in collections,
constrains inference about its distribution,
population status, and ecological associations,
and bears directly on the conservation assess-
ment presented here.

The taxonomic history of A. minotaur and
A. paradoxus has been shaped by interpreta-
tions of the traditional character suite used to
delimit Hippocampus, most notably the ventral-
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ly angled head, prehensile tail, and fully en-
closed brood pouch. Reliance on these external
features led Gomon (1997) to originally assign
H. minotaur to Hippocampus, proposing affinity
with the pygmy seahorse H. bargibanti based
on shared reductions in ventral ossification,
dorsal lobe development, and apparent trun-
cation of the ventral trunk structure. However,
Foster and Gomon (2010) interpreted the brood
pouch of H. minotaur as conforming to the
Type V configuration sensu Wilson et al. (2001)
based on external morphology, aligning it with
non-pygmy seahorses rather than the pouch
morphologies typical of pygmy taxa. Their as-
sessment predated detailed comparative eval-
uation of ventral trunk osteology; the present
study shows that this resemblance reflects ex-
ternal similarity to the Type V pouch of Hippo-
campus rather than a shared reproductive syn-
apomorphy, removing the principal character
previously used to argue affinity with pygmy
seahorses.

Lourie and Kuiter (2008) noted the unusual
morphology of H. minotaur, including enlarged
dorsal dermal lobes, absence of cranial and
trunk spination, an apparently discontinuous
cleithral profile, and atypical cranial propor-
tions, and highlighted that these characters
did not conform to diagnostic expectations for
Hippocampus. Foster and Gomon (2010) further
emphasized the incongruity between seahorse-
like external morphology and internal skeletal
structure in both H. minotaur and H. paradoxus.
Although CT was employed in the description
of H. paradoxus, the observed osteological char-
acters were examined under the assumption
that the species belonged to Hippocampus. As
a result, these characters were not analyzed
in the comparative detail presented here and
were instead interpreted as species-level modi-
fications within Hippocampus.

The current study re-evaluates these struc-
tures within a comprehensive comparative
context, revealing that the osteological or-
ganization of Australyichthys is incompatible
with Hippocampus. The anterior nuchal plate is
vestigial and free-floating rather than integrat-
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ed into the continuous supraoccipital-nuchal
complex typical of non-pygmy seahorses. In
A. paradoxus, the apparent prominence of this
element reflects positional and integumentary
effects rather than osteological development.
The ventral trunk region of Australyichthys
possesses a derived, three-part anal-region
support complex: anterior and posterior ven-
tral elements (AVE, PVE) flanking a centrally
positioned median anal pterygiophore (MAP)
(Figs. 2, 3, 4, 5). In Hippocampus, the anal region
is supported exclusively by the anal fin ptery-
giophore complex expressed as multiple radi-
als, which retain a fin-support role and are not
reorganized into discrete anterior or posterior
ventral elements flanking a median element.

Materials and methods

Material examined. All available type and
non-type specimens of A. minotaur, A. paradox-
us, and A. aegis were examined from the ich-
thyological collections of Museums Victoria
(NMYV), the Australian Museum (AMS), the
South Australian Museum (SAMA), the Com-
monwealth Scientific and Industrial Research
Organisation (CSIRO), and the California
Academy of Sciences (CAS). These specimens
formed the basis for all genetic, morphological,
meristic, micro-computed tomography (CT),
and comparative assessments conducted in
this study.

Material examined for A. minotaur includes
the holotype NMV A192 (male, 48.7 mm SL),
paratypes AMS IA.3509 (female, 42.2 mm SL)
and AMS IA.3560 (female, 52.6 mm SL), and
non-type specimens CSIRO H4464-01 (male,
53.9 mm SL) and CAS 13403 (male, 33.7 mm
SL). Australyichthys paradoxus is represented by
the holotype SAMA F10490 (female, 64.6 mm
SL). Australyichthys aegis is represented by the
holotype SAMA F14993 (male, 56.0 mm SL).

The examined material is predominantly
housed in Australian ichthyological collections
(CSIRO, AMS, SAMA, NMV), with the excep-
tion of a single A. minotaur specimen deposited
at CAS.
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Institutional abbreviations follow Sabaj
(2020). Taxonomic nomenclature follows
Yearsley et al. (2006), Hoese et al. (2006), Go-
mon et al. (2008), and Neira et al. (1998). The
comparative material examined from other
syngnathid taxa, which provided the basis for
the osteological comparisons presented below,
is listed in the following entries.

Hippocampus erectus, UF 138664; Honduras,
Caribbean Sea, Pink Shrimp grounds off Car-
atasca; 15.933°N, 83.683°W, depth 0 m; 12 April
1967; R/V Shady Lady (station 6703.15.933).

Acentronura gracilissima, CAS 81986; Japan,
Pacific Ocean, NW and Central Pacific, Saga-
mi-nada (Sagami Sea), Misaki, Honshu Island,
35.16°N, 139.49°E (2 dp; ~14 km uncertainty
on record); marine; 1900; D. S. Jordan and J. O.
Snyder.

Halicampus grayi (identified as Halicampus
grayi; catalogued as Hippichthys penicillus),
LSUMZ 18017 Kuwait, Kuwait Bay (Persian
Gulf); 5 June 2014; P. Chakrabarty and J. Bish-
op.

Haliichthys taeniophorus, SIO 09-362, Aus-
tralia, Western Australia, Indian Ocean, near
Shark Bay, 25.500°S, 113.500°E, captive bred
(sampling protocol), Dallas World Aquarium.

External morphology and meristics. External
measurements were taken following Dawson
(1985) and are expressed as percentages of
standard length (SL) or head length (HL). Mer-
istic counts follow Lourie and Randall (2003),
with modifications outlined by Foster and
Gomon (2010) for interpretation of trunk ring
boundaries and fin-support elements. Mea-
surements were obtained using digital calipers
to the nearest 0.1 mm.

Specimens were examined under a Leica
MZ16 stereomicroscope. Digital images were
captured using a Canon EOS 5D camera fit-
ted with a 50 mm macro lens. Terminology for
external morphology follows Dawson (1985),
with additional clarification from Foster and
Gomon (2010) and Short and Trnski (2021).
Characters were assessed across all diagnos-
tically relevant body regions, including the

Journal of Lost Species ® Volume 1 ® pp. x—x

Australyichthys gen. nov., with description of A. aegis sp. nov.

head, trunk, tail, dermal ornamentation, and
fin-support structures.

Osteology and micro-computed tomography.
High-resolution CT was conducted at the Kar-
el F. Liem Biolmaging Center, Friday Harbor
Laboratories, University of Washington. Scans
were performed using a Bruker SkyScan 1173
system equipped with a 1 mm aluminum fil-
ter, operated at 65 kV and 123 pA. Image stacks
were acquired at 2048 x 2048 pixel resolution
with isotropic voxel sizes ranging from 8 to
12 um, depending on specimen size.

Specimens were scanned in ethanol and
stabilized within 15 ml plastic tubes using
ethanol-moistened cheesecloth to minimize
movement. Reconstructions were generated
using NRecon software. Volumetric datasets
were visualized and examined using 3D Slicer
v.5.10.10 with the SlicerMorph extension (Kiki-
nis et al. 2013; Rolfe et al. 2021).

Skeletal structures were examined in dor-
sal, lateral, and ventral views and in three di-
mensions to document their configuration and
associations. Ring counts, fin-ray counts, and
spatial relationships among trunk, tail, and
fin-support elements were derived directly
from CT reconstructions.

Comparative CT data from Hippocampus
erectus were examined to document the ar-
rangement and position of trunk elements,
fin-support structures, and ventral skeletal
components for comparison with the corre-
sponding structures in Australyichthys.

Phylogenomic data and analyses. Genomic
DNA was extracted from tail tissue of Australy-
ichthys aegis sp. nov. (holotype SAMA F14993;
tissue bank registration number ABTC137691),
fixed in ethanol, using the DNeasy Blood and
Tissue Kit (Qiagen, Inc.) following the manu-
facturer’s protocol, with extended lysis to max-
imize total yield. Extractions were conducted
at the Australian Centre for Wildlife Genomics
(ACWG), Australian Museum. DNA integrity
was assessed by agarose gel electrophoresis
and an Agilent TapeStation 4200, and DNA
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concentration was quantified using a Qubit 3.0
fluorometer.

An [llumina-compatible shotgun genomic li-
brary was constructed by the University of Or-
egon Genomics and Cell Characterization Core
Facility. Library quality and fragment-size dis-
tribution were evaluated using an Agilent 2100
Bioanalyzer. Sequencing was performed on an
[Nlumina NovaSeq 6000 platform using paired-
end 150 base-pair reads, yielding 101,723,675
whole-genome shotgun reads.

The whole-genome shotgun reads generat-
ed for A. aegis were used directly as input to
PhyloAln v1.0.0 (Huang et al. 2024), which
aligns short-read sequencing data onto exist-
ing reference alignments, allowing a newly
sequenced taxon to be incorporated into an
established phylogenomic dataset without de
novo assembly. Newly generated genomic data
for A. aegis will be deposited in GenBank upon
acceptance.

Existing UCE alignments for syngnathid
fishes published by Stiller et al. (2022) were
obtained from the EMBL-EBI BioProject PRJ-
NA734786. From these datasets, UCE sequenc-
es from twenty-two species spanning 15 genera
were selected to represent phylogenetic diver-
sity across the Stiller et al. (2022) species trees,
and included seven species of Hippocampus. Of
the published UCE alignments, 271 loci con-
tained sequences from all selected comparator
taxa (Table 1). These loci were combined with
newly generated data for A. aegis to produce
a23-species alignment.

Phylogenetic inference was conducted us-
ing both concatenated and coalescent-based
approaches. Maximum Likelihood analyses
were performed in IQ-TREE2 v2.4.0 (Minh et
al. 2020) under default settings, with Model-
Finder (Kalyaanamoorthy et al. 2017) select-
ing a single best-fitting nucleotide-substitu-
tion model for the concatenated matrix, with
nodal support assessed using 1000 ultrafast
bootstrap replicates (Hoang et al. 2018). For
the coalescent-based analysis, a separate gene
tree was inferred for each of the 271 loci in
IQ-TREE2 under the same settings, and these
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Table 1. List of species and sample accession num-
bers for ultraconserved element (UCE) genomic se-
quences analyzed in this study. All sequences were
obtained from Stiller et al. (2022) (EMBL-EBI Bio-

Project PRINA734786).

Species Sample accession
Acentronura tentaculata SAMN19535364
Amphelikturus dendriticus SAMN19535366
Corythoichthys intestinalis SAMNO06563050
Doryrhamphus excisus SAMN19535409
Filicampus tigris SAMN19535434
Halicampus grayi SAMN19535438
Halicampus macrorhynchus SAMN19535440
Haliichthys taeniophorus SAMN19535445
Hippocampus bargibanti SAMN19535461
Hippocampus denise SAMN19535472
Hippocampus pontohi SAMN19535494
Hippocampus jugumus SAMN19535483
Hippocampus abdominalis SAMN19535457
Hippocampus white SAMN19535510
Hippocampus zosterae SAMN12912696
Micrognathus crinitus SAMN19535530
Idiotropiscis lumnitzeri SAMN19535518
Leptonotus elevatus SAMN19535523
Lissocampus filum SAMN19535526
Phycodurus eques SAMN14574976
Syngnathus scovelli SAMN19535597
Trachyrhamphusbicoarctatus SAMN19535603

gene trees were summarized into a species
tree using weighted ASTRAL (wASTRAL
v1.20.3.7; Zhang and Mirarab 2022), which
accommodates gene-tree uncertainty through
branch-support and branch-length weighting,
with local posterior probabilities (Sayyari and
Mirarab 2016) calculated for each node. Do-
ryrhamphus excisus was specified as the single
outgroup for all analyses. The concatenated
ML tree and the wASTRAL species tree were
drawn and labelled in FigTree v1.4.4 (Rambaut
2010).

The resulting phylogenetic hypotheses were
used to evaluate the placement of Australy-
ichthys within Syngnathidae and to assess its
relationship to Hippocampus and other Indo-Pa-
cific pipefish lineages.
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Taxonomic account

Australyichthys Short, Foster & Gomon, gen.
nov. Diagnosis. A genus of Syngnathidae dis-
tinguished from all other syngnathid genera
by a derived ventral trunk support complex—
comprising anterior ventral elements (AVE),
paired posterior ventral elements (PVE), and a
single median anal pterygiophore (MAP) po-
sitioned between them—that provides ventral
support in place of the midline plate contact
present in other syngnathids. This reorganiza-
tion of ventral trunk support, rather than any
particular configuration of its component ele-
ments, is the genus-level synapomorphy; the
detailed configuration of the complex varies
among species (the AVE is a single median se-
ries in A. minotaur but paired in A. paradoxus
and A. aegis; the PVE is unfused in A. minotaur
and A. paradoxus but proximally fused in A. ae-
gis) and is treated as species-level variation in
the accounts below. The genus is further distin-
guished by ventral plates absent and inferior
trunk plates unfused along the ventral mid-
line, so that a continuous ventral trunk ridge
is lacking; anterior nuchal plate reduced and
not integrated with the supraoccipital, failing
to form a coronet; supraoccipital highly ele-
vated; superior and lateral trunk plates fused;
and spination absent. Externally, the genus re-
sembles Hippocampus in the ventrally angled
head (axis approximately 90° to the trunk),
prehensile tail, absent caudal fin, and fully
enclosed male brood pouch, but differs from
that genus in the reduced anterior nuchal plate
(vs. a coronet formed by integration of the su-
praoccipital and anterior nuchal plate), the un-
fused inferior plates and absent ventral plates
(vs. inferior and ventral plates meeting at the
ventral midline to form a rigid enclosure), and
the consolidation of the anal-fin pterygiophore
complex into the median MAP integrated into
ventral trunk support (vs. three discrete radials
retaining a fin-support role). The head is large
and fleshy, with a short snout; the cleithrum is
robust; the first vertebra has a bifurcated an-
terior margin; the body is externally soft and
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unsegmented, with ring boundaries obscured;
the mid-dorsal dermal lobes are aligned along
the dorsal midline and unsupported by bony
processes, ranging from well developed to
reduced or absent among species. Dorsal fin
variably present: present in A. minotaur (seven
rays on five pterygiophores, restricted to the
first tail ring) (Fig. 6), absent together with all
associated pterygiophores in A. paradoxus and
A. aegis. Pectoral-fin rays 10-11; anal-fin rays
4 or fewer, vestigial or absent in adults; trunk
rings §; tail rings 38—42. Embryos in males po-
sitioned beneath the PVE-MAP complex; hy-
drated oocytes in females within the abdomi-
nal cavity between the AVE and PVE. Standard
length 33.7-64.6 mm.

The type species is Australyichthys minotaur
(Gomon, 1997), by original designation.

The genus name is a neologism derived from
the Latin australis (southern), referencing the
geographic restriction of the genus to southern
Australia, and the Greek ichthys (fish), reflect-
ing its taxonomic placement within the family
Syngnathidae; gender masculine.

Common English name. Sea Muppet. The com-
mon name “sea Muppet” reflects the appear-
ance of the genus, with its large, prominently
domed head and fleshy lobes evoking features
reminiscent of the animated characters from
The Muppet Show.

Remarks. The original assignment of Hippocam-
pus minotaur and H. paradoxus to Hippocampus
was based primarily on external morphology;
osteological interpretation was constrained by
the limitations of radiography and by difficulty
resolving fine skeletal structure through dense
integument (Foster and Gomon 2010; Gomon
1997). Externally, members of Australyichthys
possess features that contributed to this histor-
ical assignment, including an angled neck rel-
ative to the body, a fully enclosed male brood
pouch, and a prehensile tail, characters tradi-
tionally associated with Hippocampus. A series
of dermal lobes arranged strictly along the dor-
sal midline, extending from the first trunk ring
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onto the tail (Figs. 1, 3, 7, 8, 9), reinforced the
seahorse-like appearance. These lobes are un-
supported by bony processes and therefore dif-
fer from spine-supported lobes of seadragons
(Phyllopteryx, Phycodurus) and from the dorso-
lateral filamentous appendages of Haliichthys
taeniophorus. The series of medially aligned lobes
described for A. paradoxus and A. aegis includes
trunk and tail lobes that superficially resemble
fins but lack fin rays and fin supports, consis-
tent with interpretation as integumentary out-
growths, rather than fin derivatives (Foster and
Gomon 2010) (Fig. 10). Because molecular data
could be obtained only from A. aegis, the trans-
fer of A. minotaur and A. paradoxus to Australy-
ichthys rests on the shared osteological synapo-
morphies of the genus rather than on sequence
data from those two species (Figs. 11, 12).

CT reveals osteological characters that dis-
tinguish Australyichthys from Hippocampus,
allowing direct evaluation of whether exter-
nal similarity is underpinned by shared skel-
etal structure. In Hippocampus, the coronet is
formed by structural integration of the supra-
occipital and anterior nuchal plate (Figs. 13-
15). In H. paradoxus, Foster and Gomon (2010)
reported that the coronet was only evident in
radiographs, as diffuse ossification lying be-
tween the supraoccipital and the first nuchal
plate, and not in contact with the supraoccip-
ital. CT in the present study resolves this mor-
phology as a reduced anterior nuchal plate
that lacks the structural integration required to
form a discrete coronet (Figs. 2, 8, 10). In Aus-
tralyichthys, reduction of the anterior nuchal
plate precludes coronet formation. CT also re-
veals that the skeletal structure of the ventral
trunk lacks a continuous ventral ridge formed
by fused inferior plates (Figs. 2, 4, 8, 10). This
contrasts with the ventral trunk in Hippocam-
pus, in which inferior plates meet along the
ventral midline to form a continuous ridge and
contribute to complete ossification support of
the trunk (Figs. 13-15). In A. paradoxus, Foster
and Gomon (2010) described thoracic rings that
almost encircle the trunk but remain unfused
ventrally, with the ventral trunk ridge absent,
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and noted scaffold-like ossified elements asso-
ciated with the last trunk ring; these observa-
tions are consistent with CT-based interpreta-
tion of reduced ventral trunk ossification, in
which discrete ventral ossifications (AVE, PVE,
MAP) provide structural support, rather than
midline fusion of ventral plates (Figs. 2, 4, 5,
8, 10). The superior trunk ridges also differ: in
A. paradoxus and A. aegis, the superior trunk
ridges are elevated, whereas in Hippocampus
superior trunk ridges lack elevations and in-
stead bear spines (Figs. 13-15).

Among all examined skeletal regions, the
ventral trunk support complex provides the
clearest osteological evidence for generic dis-
tinction of this lineage. The principal synapo-
morphy of Australyichthys is a derived ventral
trunk support system comprising anterior ven-
tral elements (AVE), posterior ventral elements
(PVE), and a centrally positioned median anal
pterygiophore (MAP). The AVE are expressed
as a single median multisegmented series in
A. minotaur (Figs. 2, 4, 5) and as paired multi-
segmented series in A. paradoxus and A. aegis
(Figs. 8, 10). The AVE arise from the inferior
plates, whereas the PVE originate from plate
elements of the final trunk ring and are inter-
preted as modified inferior plate derivatives.
Together with the MAP, the AVE and PVE re-
organize ventral support in the absence of a
midline ventral ridge. The presence of this re-
organized complex is shared by all three spe-
cies and diagnoses the genus, whereas the dif-
fering configurations of its elements (the AVE
median or paired; the PVE unfused or proxi-
mally fused) distinguish the species.

The median anal pterygiophore (MAP) is
a cylindrical ossification with a bulbous ter-
minus, positioned centrally between the AVE
and PVE (Figs. 2, 4, 5, 8, 10). Homology of
the MAP is inferred on the basis of position-
al correspondence within the ventral trunk
series, consistent spatial relationships to the
AVE and PVE, and shared internal structural
features revealed by CT. Its homology is inter-
preted through comparison with Hippocampus,
in which the anal fin support comprises three
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proximal pterygiophores, each constructed
from serial radial segments—proximal and
distal radials (Dudley et al. 2022; Schneider et
al. 2023). In Hippocampus abdominalis, Dudley
et al. (2022) documented the distal ends of the
proximal pterygiophore segments as a con-
tinuous lobed cartilage based on histological
staining, describing them as “fused middle ra-
dials”; the same fused morphology is corrobo-
rated here by CT observations of Hippocampus
erectus (Figs. 13-15). In Hippocampus, the prox-
imal radials terminate ventrally in fused ends
that articulate with the corresponding inferior
plates of the posterior-most trunk ring; the dis-
tal radials serve as fin ray articulation sites. In
the CT reconstruction of the adult H. erectus,
the anal fin pterygiophore complex appears as
a partially fused or incompletely subdivided
structure in which the termini of the proximal
radials are laminated together in a stacked ar-
rangement with two horizontal grooves that
mark the boundaries between the three ra-
dials; proximal to this fused end, the radials
remain separated from each other as smooth
rods (Fig. 14C).

In Australyichthys, only a single median anal
pterygiophore is apparent; however, CT data
reveal this element has a complex, horizontal-
ly grooved topography suggesting consolida-
tion of more than one pterygiophore element
(Figs. 2, 8, 10). As in Hippocampus, A. minotaur
has four anal-fin rays, though these are vari-
ably present. We therefore hypothesize that the
singular anal pterygiophore structure (MAP)
in Australyichthys could have resulted from in-
complete separation, or from secondary fusion,
of more than one proximal radial cartilage el-
ement during development of the anal ptery-
giophores, laminating them together along
their length (Figs. 2D, E). A horizontal groove
in the bulbous end of the structure might mark
the boundary between two radial elements. In
the absence of developmental or ontogenetic
series, we offer this as the most parsimonious
interpretation of the CT evidence rather than a
confirmed homology. Accordingly, the MAP of
Australyichthys is interpreted as corresponding
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positionally and structurally to the seahorse
anal fin pterygiophore complex, while being
expressed as a single midline element inte-
grated into the ventral trunk support system,
rather than as three discrete pterygiophores
associated with fin ray articulation as in Hippo-
campus. Its position relative to the brood pouch
is compatible with a mechanical role in pouch
deformation during parturition (cf. Dudley et
al. 2022).

The ventral trunk support complex is inte-
grated with reproductive anatomy. In males,
a fully enclosed brood pouch is present along
the ventral midline of the posterior trunk and
extends onto the anteriormost caudal rings
(Figs. 1, 3, 9). In females, a brood pouch is ab-
sent; hydrated oocytes are present within the
abdominal cavity between the AVE and PVE
(Figs. 3, 5, and 8). In A. minotaur males, brood-
ed embryos are present beneath the combined
PVE-MAP complex.

Sexual dimorphism is documented most
clearly in A. minotaur, in which differences
occur in the supraoccipital, AVE, and PVE.
The supraoccipital is highly elevated in both
sexes, but males exhibit a more steeply an-
gled supraoccipital than females (Figs. 2, 4).
In the AVE, males possess four ossified units,
whereas females retain two elongate ossified
units, all associated with the ventral plate of
the third trunk ring (Figs. 2, 4, 5). In males,
the PVE form paired elongate, rod-like ossifi-
cations attached to the lateral plates at trunk
ring 8; in females, the PVE are broader and
spatulate, with distal contact and fusion in-
volving the MAP (Figs. 4, 5). In A. paradoxus,
only the female holotype is available; the PVE
are broad and unfused, flanking a free MAP
(Fig. 8), a configuration consistent with the fe-
male morphology observed in A. minotaur. In
A. aegis, only the male holotype is available;
the PVE are proximally fused and diverge dis-
tally, enclosing the MAP between their termi-
nal ends (Fig. 10), a configuration that differs
from males of A. minotaur and may represent
species-level variation or an alternative male
morphology. Whether comparable sex-specif-
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ic variation occurs in A. paradoxus and A. aegis
remains unknown pending acquisition of ad-
ditional specimens.

Dorsal fin expression varies within the ge-
nus. Australyichthys minotaur retains a dorsal
fin with seven rays supported entirely by the
first tail ring and by five dorsal fin pterygio-
phores (Fig. 6), whereas A. paradoxus and
A. aegis lack the dorsal fin and associated
pterygiophore elements. Complete absence of
the dorsal fin in adults, as in A. paradoxus and
A. aegis, is uncommon within Syngnathidae
but is not unique. It also characterizes the “fin-
less” pipefishes (Penetopteryx and Apterygocam-
pus; Dawson and Allen 1978) and the pughead
pipefishes (Bulbonaricus), in which adults lack
the dorsal and pectoral fins. In these taxa the
dorsal fin is present in larvae and lost during
development (Dawson and Allen 1978), and
the finless condition co-occurs with a cryptic,
largely sedentary existence within coral, rub-
ble, or other structurally complex microhab-
itats—an ecological parallel consistent with
the loss inferred here for Australyichthys. Re-
striction of the dorsal fin base to the first tail
ring contrasts with Hippocampus, in which
the dorsal fin base commonly extends across
both trunk and tail rings (Figs. 13-15). The
loss of the dorsal fin in A. paradoxus and A. ae-
gis may reflect reduced dependence on active
locomotion in species closely associated with
structurally complex mesophotic habitats. If
these species are largely sedentary and rely
on crypsis within bryozoan, sponge, or soft
coral assemblages, the locomotory function of
the dorsal fin may be under relaxed selection,
facilitating its loss. This contrasts with Hippo-
campus bargibanti, which retains its dorsal fin
despite an obligate association with gorgoni-
an corals of the genus Muricella, suggesting
that host specificity alone does not predict
dorsal fin loss (Baine et al., 2008; Lourie and
Randall, 2003; Smith et al., 2012). We present
this scenario as a hypothesis: direct observa-
tions of habitat use and behavior are lacking,
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and the contrast with Hippocampus bargibanti
is suggestive rather than conclusive. Retention
of the dorsal fin in A. minotaur may indicate
less specialized habitat use or greater reliance
on fin-mediated movement.

Gomon (1997) proposed a close relationship
between Hippocampus minotaur and H. bargi-
banti based on shared reductions in external
segmentation and ventral trunk ridges, and
noted that in H. bargibanti the ventral belly
ossifications are reduced to disconnected star-
like plates, whereas in H. minotaur dermal os-
sifications were described as absent ventral-
ly, with a crescentic process in radiographs
of females (Gomon 1997). The present study
does not support a close relationship between
Australyichthys and H. bargibanti. The ventral
skeletal organization of Australyichthys com-
prises a derived AVE, PVE, and MAP complex,
whereas the ventral trunk in H. bargibanti is
characterized by reduced, discontinuous ven-
tral ossifications rather than a discrete ventral
support system (Gomon 1997). Additionally,
standard lengths of examined Australyichthys
specimens (33.7-64.6 mm SL) exceed those of
pygmy seahorses, which rarely surpass 30 mm
SL (Short et al. 2018, 2020).

Key to the species of Australyichthys
(external characters only)

la. Dorsal fin present, with seven rays;
mid-dorsal dermal lobes reduced, vari-
ably developed, or absent ........ A. minotaur

1b. Dorsal fin absent .......cccccovvveeivveieeivineeennnee, 2

2a. Mid-dorsal dermal lobes broad and
square-shaped; superior trunk ridges
elevated on trunk rings 1-3 ... A. paradoxus

2b. Mid-dorsal dermal lobes sharply tri-
angular and laterally compressed,
consisting of a single large trunk lobe
followed by six progressively small-
er tail lobes; superior trunk ridges el-
evated on all trunk rings ................. A. aegis
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Australyichthys minotaur (Gomon, 1997)
Short, Foster & Gomon, comb. nov.
(Figs. 1-6)

Common name: bullneck sea Muppet.

Hippocampus minotaur Gomon, 1997: 245-253,
Figs. 1-3; Kuiter, 2001: 304-305 (part); Foster
and Gomon, 2010: 64; Lourie et al., 2016: 33
(part).

Holotype. NMV A192, male, 48.7 mm SL; Aus-
tralia, New South Wales, off Eden, 64-73 m
depth, 30 December 1960, Danish seine trawl,
collected by R.]J. Slack-Smith.

Paratypes. AMS IA.3560, female, 52.6 mm
SL, 13 km east of Eden, 91.5-109.8 m depth,
37.00°S, 150.00°E, 1927, collected by H. How-
ell; AMS IA.3509, female, 42.2 mm SL, coast of
New South Wales, trawl.

Other material. CAS 13403, male, 33.7 mm SL;
Australia, New South Wales, 8 miles east of
Eden, 73 m depth, 37.066°S, 150.055°E, Octo-
ber 1941, Danish seine trawl, collected by J.A.
Tubb. CSIRO H4464-01, male, 53.9 mm SL;
Australia, New South Wales, east of Disaster
Bay (south of Eden), 124 m depth, 37.317°S,
150.277°E, 10 December 1996, collected by D.
Gledhill.

Diagnosis. Australyichthys minotaur is distin-
guished from its congeners A. paradoxus and
A. aegis by the combination of a dorsal fin pres-
ent (seven rays on five robust pterygiophores
positioned entirely on the first tail ring), ver-
sus dorsal fin and associated pterygiophores
absent in both congeners; the AVE is a single
median multisegmented series, versus paired
in both; superior trunk ridges are not elevated,
versus elevated in both; and mid-dorsal dermal
lobes are reduced or absent, versus well devel-
oped and distinctly shaped in the congeners.
Generic characters—the ventrally angled head,
prehensile tail, absent caudal fin, enclosed
male brood pouch, soft unsegmented body,
and AVE-PVE-MAP ventral support com-
plex—are given in the genus diagnosis above.
The head is large and fleshy, with a short snout.
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Figure 1. Australyichthys minotaur, NMV A192, holo-
type, male, 48.7 mm SL, freshly preserved, off Eden,
New South Wales, Australia. Lateral view show-
ing large fleshy head, soft externally unsegment-
ed trunk and tail, and absence of spination. Photo
credit, Martin Gomon.
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The supraoccipital is highly elevated and ante-
riorly angled, more steeply inclined in males
than in females. The anterior nuchal plate is
vestigial and positioned between the supraoc-

2nd inferior plate

3rd inferior plate
4th inferior plate

5th inferior plate

6th inferior plate

cipital and the first vertebra, lacking articula-
tion with adjacent elements. The cleithrum is
robust and dorsally expanded, extending an-
terior to the level of the first vertebra. The first

2nd inferior plate

AVE —=

Figure 2. Micro-computed tomography (CT) scans of the skeleton of Australyichthys minotaur, NMV A192,
holotype, male, 48.7 mm SL. (A) Lateral view. (B) Anterolateral view. (C) Anterior view. (D) Anterolateral
trunk region showing the anterior ventral elements (AVE), median anal pterygiophore (MAP), posterior
ventral elements (PVE), and inferior trunk plates (IP). (E) Anterolateral trunk region showing the second
inferior trunk plates (IP), the median anal pterygiophore (MAP), and the ventral plate (VI?). Abbreviations:
AVE = anterior ventral elements; MAP = median anal pterygiophore; PVE = posterior ventral elements; IP =
inferior plate; VP = ventral plate; ANP = anterior nuchal plate.
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vertebra has a bifurcated anterior margin and a
flattened dorsoposterior surface. The superior
trunk ridges are not elevated, the superior and
lateral plates are fused, and the inferior plates
are unfused along the ventral midline. The in-
ferior plates of the second trunk ring are elon-
gate and interdigitate ventrally, whereas those
of the remaining trunk rings are short and
do not interdigitate. The ventral trunk region
bears a derived support system comprising a
single median anterior ventral element (AVE)
and paired posterior ventral elements (PVE)
that flank a centrally positioned median anal
pterygiophore (MAP). The AVE is a multiseg-
mented series of four ossified units in males
and two elongate ossified units in females. The
PVE is sexually dimorphic: in males it com-
prises elongate, curved ossifications with blunt
distal termini, whereas in females it comprises
broad, spatulate elements with scoop-like dis-
tal expansions fused at their margins, with the
MAP fused between their terminal contacts. In
males, the embryos are positioned beneath the
PVE-MAP complex, whereas in females the
hydrated oocytes lie within the abdominal cav-

AM IA.3560

NMV A192

AM IA.3509

Australyichthys gen. nov., with description of A. aegis sp. nov.

ity between the AVE and PVE. The pectoral-fin
rays number 11, the anal-fin rays number 4
(vestigial or absent in adults), the trunk rings
number 8, and the tail rings number 38—42.

Remarks. Australyichthys minotaur, the type spe-
cies of the genus, establishes the anatomical
framework for generic diagnosis. The species
exhibits all generic characters: a large, fleshy
head; soft, externally unsegmented trunk and
tail lacking visible ring boundaries; 8 trunk
rings; unfused inferior trunk plates; absence
of spination; and minute mid-dorsal dermal
lobes (Figs. 1-3), although these lobes are re-
duced or absent in some specimens. Extensive
integumentary development obscures external
skeletal segmentation, resulting in a highly
modified external appearance relative to most
syngnathids.

Gomon (1997:245-246) described this spe-
cies as Hippocampus minotaur based on external
morphology and radiographic examination,
documenting a trunk and tail with extensive
integumentary development, a markedly ab-
breviated snout, a coronet appearing as a low,

CSIRO H4464-01 CAS 13403

Figure 3. Australyichthys minotaur, preserved specimens from Eden, New South Wales, in lateral view.
(A) NMV A192, holotype, male, 48.7 mm SL. (B) AMS IA.3560, paratype, female, 52.6 mm SL. (C) AMS
IA.3509, paratype, female, 42.2 mm SL. (D) CSIRO H4464-01, non-type, male, 53.9 mm SL. (E) CAS 13403,
non-type, male, 33.7 mm SL. Note variation in development of mid-dorsal dermal lobes across specimens.
Photographs and CT images in this and subsequent figures by Graham Short unless otherwise noted.
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Figure 4. Micro-computed tomography (CT) scans of the skeletons of Australyichthys minotaur, female para-
types. (A-C) AMS IA.3560, 52.6 mm SL, in lateral, anterolateral, and anterior views. (D-F) AMS IA.3509,
42.2 mm SL, in lateral, anterolateral, and anterior views. Images show the anterior ventral elements (AVE),
posterior ventral elements (PVE), median anal pterygiophore (MAP), and dorsal fin base (DFB). Note the
broad, spatulate configuration of the PVE in females. Abbreviations: AVE = anterior ventral elements; PVE =
posterior ventral elements; MAP = median anal pterygiophore; DFB = dorsal fin base.
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Figure 5. Micro-computed tomography (CT) scans of the skeletons of Australyichthys minotaur, male speci-
mens. (A) CAS 13403, 33.7 mm SL, lateral view. (B-D) CSIRO H4464-01, 53.9 mm SL, lateral, anterolateral,
and anterior views. Hydrated embryos (highlighted in red) are positioned beneath the posterior ventral
elements (PVE) and median anal pterygiophore (MAP). Approximately nine embryos are visible within the
brood pouch. Abbreviations: PVE = posterior ventral elements; MAP = median anal pterygiophore.

Dorsal-fin ray——4

Figure 6. Micro-computed tomography (CT) cross-section through the dorsal fin base of Australyichthys mino-
taur, NMV A192, holotype, male, 48.7 mm SL, showing five robust pterygiophores supporting seven dorsal
fin rays. The dorsal fin base is positioned entirely on the first tail ring. This configuration is unique to A. mino-
taur within the genus; both A. paradoxus and A. aegis lack the dorsal fin and all supporting skeletal elements.
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shallow mound, an extremely deep “neck”
only slightly shallower than head depth, and
absence of inferior and median ventral trunk
ridges. Gomon (1997) also noted a dorsal fin
with seven rays and low pectoral and anal fin
ray counts; these meristic values are corrobo-
rated by CT imaging (Figs. 2, 4-6). The absence
of ventral ridges reflects the derived plate
configuration diagnostic of Australyichthys, in
which inferior trunk plates remain unfused
along the ventral midline.

Gomon (1997:246) described “crescentic pro-
cesses” projecting laterally from the ventral
margin of the final trunk ring, suggesting they
provided mechanical support to the posterior
margin of the abdomen. CT reveals that these
structures represent the posterior ventral ele-
ments (PVE) diagnostic of Australyichthys. In
males, the PVE form unsegmented, curved os-
sifications (Figs. 2, 5); in females, they appear
as broader, spatulate structures (Fig. 4). The
crescentic morphology described by Gomon
reflects the external contour of the combined
AVE-PVE complex. The AVE in A. minotaur
comprises four ossified units in males and two
elongate ossified units in females; the PVE
flank a centrally positioned MAP (Figs. 2, 4, 5).
The dorsal fin comprises seven rays supported
by five robust pterygiophores positioned en-
tirely on the first tail ring (Fig. 6). Restriction
of the dorsal fin base to the first tail ring con-
trasts with Hippocampus, in which the dorsal fin
base extends across both trunk and tail rings
(Figs. 13-15). Within Australyichthys, dorsal fin
retention is restricted to A. minotaur whereas
A. paradoxus and A. aegis lack the dorsal fin and
all associated pterygiophores. Available mate-
rial is insufficient to determine whether dorsal
fin absence in these species represents shared
or independent evolutionary loss.

Sexual dimorphism in A. minotaur occurs
in the supraoccipital, AVE, and PVE. The su-
praoccipital is highly elevated in both sexes
but more steeply angled in males, producing
sex-specific head profiles (Figs. 2, 4). The AVE
comprise four ossified elements in males and
two elongate elements in females. The PVE in
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males consist of elongate, unsegmented os-
sifications closely associated with the MAP,
forming a rigid support rostral and dorsal to
the brood pouch; in females, the PVE are broad
and spatulate and do not form a comparable
supportive framework (Figs. 4, 5). CT imaging
of male specimen CSIRO H4464-01 revealed
approximately nine embryos within the brood
pouch (Fig. 5), providing the first direct visu-
alization of male brooding in this species. The
posterior abdominal expansion emphasized by
Gomon (1997) corresponds to the PVE-MAP
complex, linking external abdominal morphol-
ogy to underlying ventral skeletal structure
and reproductive function.

All examined type and non-type material
conforms to the meristic ranges reported by
Gomon (1997) and Foster and Gomon (2010):
trunk rings 8; tail rings 38—42. The document-
ed depth range of 64-124 m places the species
consistently within the temperate mesophotic
zone.

Coloration in preservative. Coloration in life is
unknown but is presumed to resemble that
of the freshly preserved state. In the freshly
preserved specimen, the head and dorsal re-
gion are pale orange to ochre, mottled with
irregular, diffuse brown speckling, most con-
centrated along the snout and dorsum. The
orbit is darkly pigmented and encircled by a
faint translucent margin. The trunk is slightly
deeper in hue, exhibiting a reticulated pattern
of fine brownish-orange markings over a light-
er orange-tan background. The lateral trunk
surface, particularly the enlarged trunk area,
is semi-translucent with a subtle marbled pat-
tern. The dorsal fin is hyaline with a pale base;
the pectoral fin is similarly translucent with
faint orange pigmentation along the rays. The
tail narrows posteriorly, maintaining a uni-
form basal orange-brown coloration with fine
reticulations that become more linear and ver-
miform toward the tip. The ventral surface and
underside of the tail are paler, and the distal
tip terminates in a tightly coiled, slightly light-
er-toned prehensile tail.



Short, Foster, Gomon, Bassham, Small, et al.

Distribution and habitat. Australyichthys mino-
taur is known from southeastern Australian
waters and is currently confirmed from only
three localities in New South Wales and Vic-
toria (Fig. 11). The holotype (NMV A192) was
collected off Eden, New South Wales, at depths
of 64-73 m using a Danish seine trawl (Gomon,
1997). Paratypes include two females: AMS
IA.3509 collected by trawl off the New South
Wales coast, and AMS IA.3560 collected 13 km
east of Eden at depths of 91.5-109.8 m (Gomon,
1997). Several non-type specimens have also
been collected off Eden, suggesting that this re-
gion may represent suitable habitat for the spe-
cies. An additional juvenile specimen (NMV
A14161), not examined in the present study,
was collected from Bass Strait, 38 km southwest
of Cape Paterson, Victoria, at a depth of 70 m
on fine sand substrate, using the RV Tangaroa
on 12 November 1981. Collection data indicate
an association with fine sandy habitats for at
least one specimen. Anecdotal records suggest
the species was encountered during environ-
mental monitoring surveys off Wollongong,
New South Wales (Gomon, 1997); however, ex-
amination of the original records suggests un-
certainty in the identification of the observed
specimens, which were considered more likely
to represent juvenile Hippocampus abdominalis.
Given the distinct morphology of A. minotaur,
it is likely the species would have been clearly
recognized if present.

Australyichthys paradoxus
(Foster & Gomon, 2010)
Short, Foster & Gomon, comb. nov.
(Figs. 7-8)

Common name: paradoxical sea Muppet.

Hippocampus paradoxus Foster & Gomon, 2010:
61-68, Figs. 1-4; Lourie et al., 2016: 34-35 (part).
Holotype. SAMA F10490, female, 64.6 mm SL;
Australia, Western Australia, SW of Esperance,
Station GAB 108, 102 m depth, approximate-
ly 34.48°S, 121.53°E, 26 July 1995, collected by
S. Hageman, P. Bock, and Y. Bone.
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Diagnosis. Australyichthys paradoxus is distin-
guished from congeners by mid-dorsal dermal
lobes broad, square-shaped, arranged along
trunk and tail—two on trunk (first low, span-
ning trunk rings 1-3; second larger, spanning
trunk rings 7-8), ten on tail (first spanning
tail rings 3-5, subsequent lobes progressively
smaller, posteriormost reduced to small tu-
bercle); dorsal fin and all associated pterygio-
phores absent. The head is large and fleshy,
with a short snout. The supraoccipital is el-
evated and anteriorly inclined. The anterior
nuchal plate is reduced and free-floating. The
first vertebra has a bifurcated anterior margin.
The cleithrum is dorsally expanded, continu-
ous, and extremely robust. The superior trunk
ridges are elevated on rings 1-3, and the infe-
rior trunk plates are unfused along the ventral
midline. The ventral trunk region bears the
AVE-PVE-MAP complex diagnostic of the
genus. The AVE are paired, each a multiseg-
mented series of five overlapping ossified units
derived from the inferior plates of trunk rings
3-6. The PVE are paired, broad, spatulate os-
sifications associated with the last trunk ring,
flanking a centrally positioned MAP. The spe-
cies is known only from the female holotype,
in which the hydrated oocytes are positioned
within the abdominal cavity between the AVE
and PVE. The trunk rings number 8, the tail
rings 41, the pectoral-fin rays 11, and the anal-
fin rays 4.

Coloration in preservative. Coloration in life is
unknown. In preservative, the body is pale
yellow-cream, diffusely speckled with minute
brown chromatophores. Nuchal tubercles are
densely pigmented with fine brown dots. A se-
ries of faint brown spots, some enclosing pale
centers, extends along the dorsal midline from
trunk rings 3 to 6.

Distribution and habitat. The species is only
known from its type locality near Esperance,
Western Australia, on the extreme western mar-
gin of the Great Australian Bight (Fig. 11). The
holotype of A. paradoxus was collected from



Short, Foster, Gomon, Bassham, Small, et al.

Figure 7. Australyichthys paradoxus, SAMA F10490,
holotype, female, 64.6 mm SL, preserved, south-
western Australia, off Esperance, Western Austra-
lia. Lateral view showing externally unsegmented
trunk and tail and multiple fleshy dorsal lobes dis-
tributed across trunk and tail.
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the mid-continental shelf of the Great Austra-
lian Bight at a depth of 102 m, in an area tar-
geted for its rich bryozoan assemblages (Foster
and Gomon, 2010). This mesophotic habitat is
characterized by high-energy wave conditions
and substrates composed of rippled calcareous
sand interspersed with structurally complex
bryozoan- and sponge-stabilized “islands”.
The substrate includes a diverse assemblage of
bryozoans, such as species in the genera Adeo-
na and in the family Catenicellidae, alongside
“lace corals” (Phidoloporidae) and sponges
(James et al. 2001). Seafloor photographs from
the collection region illustrate this complex
and biodiverse habitat (James et al. 2001). The
mid-continental shelf across the Great Austra-
lian Bight remains sparsely surveyed, and syn-
gnathid records are rare across this extensive
(>2,500 km) coastline. Consequently, the ecol-
ogy, habitat associations, and broader distri-
butional limits of A. paradoxus remain poorly
understood (Foster and Gomon 2010).

Notes on biology. CT scans of the female ho-
lotype revealed a high concentration of dis-
crete, circular, high-density objects distributed
throughout the trunk cavity. These structures
are interpreted as remnants of ingested prey,
most likely unidentifiable crustacean frag-
ments, their elevated density consistent with
the presence of calcified exoskeletal material.
These fragments are primarily concentrated
anterior to the developing oocytes and adja-
cent to visceral organs. The presence of these
prey remnants is consistent with ingestion of
minute benthic or planktonic crustaceans, indi-
cating that A. paradoxus may feed opportunis-
tically on small invertebrates present within its
mesophotic habitat.

Remarks. Australyichthys paradoxus is known
only from the female holotype. The species
was originally described as Hippocampus para-
doxus based on its modified external morphol-
ogy, including a soft, externally unsegmented
trunk and tail, obscured ring boundaries, and
prominent dorsal dermal lobes (Foster and Go-
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mon 2010). The difficulty of placing this spe-
cies within Hippocampus was noted given the
absence of a dorsal fin and the presence of un-
usual ossified structures associated with the
trunk (Foster and Gomon 2010; Gomon 1997).
CT examination in the present study demon-
strates that A. paradoxus conforms to the diag-
nostic characters of Australyichthys, supporting
its reassignment.

Foster and Gomon (2010) provided a de-
tailed description of the holotype based on ex-
ternal morphology, radiography, and CT imag-
ing. They documented a prominent head (HL
15.2% SL) with axis approximately 90° to trunk
axis; a particularly robust cleithrum making
the head bulbous posteriorly; head deep (HD

Australyichthys gen. nov., with description of A. aegis sp. nov.

85.7% HL), rising steeply from a short snout
(SnL 25.5% HL) to a prominent supraoccipital;
first nuchal plate prominent dorsally, of similar
height to supraoccipital relative to the horizon-
tal axis of the head and much higher than the
second nuchal plate; coronet evident only in ra-
diograph as diffuse ossification lying between
supraoccipital and first nuchal plate, not in
contact with supraoccipital; and gill openings
narrowly separated at top of head just anterior
to cleithrum. Foster and Gomon (2010) also de-
scribed a fleshy ridge-like crest extending pos-
teriorly from the supraoccipital between gill
openings and over the first nuchal plate, noting
this crest as the highest point on the head, and
a blunt fleshy “neck spine” adorned with short

Figure 8. Micro-computed tomography (CT) scans of the skeleton of Australyichthys paradoxus, SAMA
F10490, holotype, female, 64.6 mm SL. (A) Lateral view showing robust cleithrum, eight trunk rings, and
forty-one tail rings. (B) Anterior view showing unfused inferior trunk plates and ventral support structure.
(C) Dorsolateral view highlighting the proportionally long and slender posterior ventral elements (PVE)
characteristic of the species. Views show the anterior ventral elements (AVE), posterior ventral elements
(PVE), median anal pterygiophore (MAP), inferior trunk plates (IP), and trunk rings (Tr). Abbreviations:
AVE = anterior ventral elements; PVE = posterior ventral elements; MAP = median anal pterygiophore; IP =
inferior plate; Tr = trunk ring; ANP = anterior nuchal plate.
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cirri at the intersection of the superior trunk
ridge with trunk ring 1. CT in the present study
reveals that this fleshy crest corresponds exter-
nally to the elevated superior trunk ridges on
rings 1-3. The diffuse ossification interpreted
by Foster and Gomon (2010) as a remnant coro-
net is here identified as a reduced, free-floating
anterior nuchal plate that lacks the structural
integration with the supraoccipital required to
form a discrete coronet.

The orbit is surrounded by 9 conical papil-
lae, with additional conical papillae distributed
across the head, including a broad-based “nose
spine” just anterior to the eyes, and smaller
papillae on the snout, forehead, supraoccipital,
operculum, around gill openings, and overly-
ing the second nuchal plate (Foster and Gomon
2010). The dorsal surface is densely covered
with microscopic papillae.

Mid-dorsal dermal lobes are well developed,
broad, and square-shaped, arranged strictly
along the dorsal midline: two on trunk (first
low, spanning trunk rings 1-3; second larger,
spanning trunk rings 7-8, resembling a dorsal
fin but fleshy and without rays); ten on tail (first
spanning tail rings 3-5, subsequent lobes fair-
ly regularly spaced, each spanning about 2-2.5
rings, becoming progressively smaller and less
distinctively shaped posteriorly, posteriormost
reduced to small tubercle; second tail lobe con-
siderably smaller than first and third). Pairs of
small, fleshy, flange-like lateral outgrowths oc-
cur adjacent to inferior tail ridges ventral to the
second and third tail lobes. The dorsal fin and
all associated pterygiophores are absent.

Foster and Gomon (2010) described the os-
teology based on CT imaging, noting mostly
complete but very light ossification dorsally;
superior and lateral trunk ridges are clearly
discernible but lateral trunk ridge is lost with
ossification decreasing just prior to the tail;
trunk ring 1 completely encircles the neck and
is fused to the cleithrum; remaining thoracic
rings (trunk rings 2-6) are almost encircling
the trunk but are unfused ventrally, with ven-
tral trunk ridge absent; and trunk ring 7 is
similar but not encircling the body due to the
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expanded abdomen. These observations are
consistent with CT-based interpretation in the
present study of reduced ventral trunk ossifi-
cation diagnostic of Australyichthys, in which
discrete ventral ossifications (AVE, PVE, MAP)
provide structural support rather than midline
fusion of ventral plates. Foster and Gomon
(2010) described “ossified ventral elements
associated with last trunk ring (TrR8) scaf-
fold-like, somewhat extended and strongly
angled posteriorly, following contour of pos-
terior surface of abdomen”; CT in the present
study identifies these structures as the poste-
rior ventral elements (PVE), which arise from
the final trunk ring as broad, spatulate ossifi-
cations flanking the MAP (Fig. 8). Foster and
Gomon (2010) also documented “segmented
inferior trunk ridge remnants, originating
from TrR6 ossified elements,” which followed
the contour of the abdomen, converging ven-
troposteriorly to run almost parallel adjacent
to the ventral midline before diverging after
trunk ring 7 and recurving dorsoposteriorly,
terminating just anterior to the anus; CT in the
present study identifies these structures as the
anterior ventral elements (AVE), which origi-
nate from the inferior plates of trunk rings 3-6
and form overlapping ossifications beneath
the abdominal cavity.

Foster and Gomon (2010: 64) noted an ossi-
fied element at the base of the second dorsal
dermal lobe, initially interpreted as a possible
remnant of dorsal fin pterygiophores before
being reconsidered as a bony outgrowth of the
superior trunk ridge. CT in the present study
clarifies that this structure represents neither a
retained dorsal fin pterygiophore nor an out-
growth of the superior trunk ridge. Its appar-
ent position reflects lateral overlap between the
dorsal dermal lobe and the ventral ossification
complex, particularly the MAP. Three-dimen-
sional reconstructions demonstrate that the
element originates ventrally and forms part
of the AVE-PVE-MAP complex, resolving the
ambiguity noted by Foster and Gomon (2010)
and confirming complete absence of dorsal fin
supports.
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Comparison with A. minotaur. Foster and Gomon
(2010) compared H. paradoxus with H. minotaur,
documenting several differences: the cleithrum
of A. paradoxus is much more robust and the first
nuchal plate more dorsally prominent, with a
height similar to the supraoccipital; in A. mino-
taur, the supraoccipital is tallest and the head
lacks the fleshy crest, tapering instead into a
deeper anterior trunk. Australyichthys paradox-
us possesses 9 circumocular papillae and ad-
ditional conical papillae distributed across the
head; A. minotaur lacks circumocular papillae.
Mid-dorsal dermal lobes in A. paradoxus are
well developed, broad, and square-shaped; in
A. minotaur, dermal lobes are reduced to min-
ute tubercular swellings or absent. Foster and
Gomon (2010) noted that thoracic rings (trunk
rings 2-6) are retained ventrally, at least in part,
in A. paradoxus, whereas A. minotaur appears to
have lost them ventrally. Radiography of the
female H. minotaur paratype (AMS IA.3509) re-
vealed “extended TrR8 ossified elements” and
“indications of inferior trunk ridge remnants
girdling the anterior of the abdomen”; these
observations correspond to the PVE and AVE
respectively, indicating that Foster and Gomon
(2010) had identified components of the ventral
support complex in both species, although the
homology and diagnostic significance of these
structures was not recognized at the time.

CT in the present study reveals additional
osteological differences. The superior trunk
ridges are elevated on rings 1-3 in A. paradoxus
but are not elevated in A. minotaur (Figs. 3-6,
8). The AVE are expressed as paired multiseg-
mented series in A. paradoxus but as a single
median multisegmented series in A. minotaur
(Figs. 2, 4, 5, 8). The dorsal fin and all associat-
ed pterygiophores are absent in A. paradoxus;
A. minotaur retains a dorsal fin with seven rays
supported by five pterygiophores positioned
entirely on the first tail ring (Fig. 6).

The holotype contains 11 hydrated oocytes,
each approximately 2 mm in diameter, posi-
tioned within the abdominal cavity between
the AVE and PVE, consistent with females of
A. minotaur. Because A. paradoxus is known
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only from a single female specimen, sex-specif-
ic variation in ventral trunk morphology can-
not be assessed.

Australyichthys aegis Short,
Foster & Gomon, sp. nov.
(Figs. 9-10)

Common name: helmethead sea Muppet.

Holotype. SAMA F14993, male, 56.0 mm SL;
Australia, South Australia, entrance to Spen-
cer Gulf, Gambier Islands, approximately 50 m
depth, 35.20°S, 136.27°E, 11 February 2006; col-
lected by dredge deployed to sample brachio-
pods during the Waterhouse Club Expedition
— Verco 2006.

Paratypes. None; Australyichthys aegis is known
only from the holotype, which is the sole spec-
imen available.

Diagnosis. Australyichthys aegis is distinguished
from congeners by mid-dorsal dermal lobes that
are sharply triangular, laterally compressed,
arranged singly along dorsal midline of trunk
and tail —one large lobe spans trunk rings 3-8,
with six additional lobes on tail progressively
decreasing in size; dorsal fin and all associated
pterygiophores are absent. The head is extreme-
ly large and dome-shaped, with a steep dorsal
profile. The supraoccipital is highly elevated
and angled anteroposteriorly. The anterior nu-
chal plate is sharply tapered and rugose, firmly
embedded within the bifurcated anterior mar-
gin of the first vertebra (not free-floating as in
congeners), and does not articulate with the su-
praoccipital. The first vertebra has an elevated,
irregular dorsoposterior margin that projects
posteriorly. The cleithrum is robust and contin-
uous. The first trunk ring bears a distinct, ele-
vated, rugose bony crest immediately posterior
to the cleithrum. All superior trunk ridges are
elevated, including that of the anteriormost tail
ring; the superior and lateral trunk plates are
fused; and the inferior trunk plates are unfused
along the ventral midline. The ventral trunk re-
gion bears the AVE-PVE-MAP complex diag-
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nostic of the genus. The AVE are paired, each a
multisegmented series of four partially overlap-
ping ossified units with the terminal segment
recurved ventrally, originating from the inferi-
or plates of trunk ring 6. The PVE are paired,
broad, and spatulate, fused proximally and
diverging distally to partially enclose the MAP
between their separated termini, originating
from trunk ring 8. The inferior plates of trunk
rings 1-6 are longitudinally compacted, those
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of rings 1-4 overlapping without interdigitat-
ing, whereas the inferior plates of trunk rings
7-8 are oriented laterally and do not overlap at
the ventral midline. The trunk rings number 8
and the tail rings 38. The pectoral-fin rays num-
ber 10, and the anal fin is reduced or absent.

Description. Body shape illustrated in Figs. 9-10;
morphometric and meristic data in Table 2. The
body is extremely compressed and fleshy, lack-

Figure 9. Australyichthys aegis, SAMA F14993, holotype, male, 56.0 mm SL, entrance to Spencer Gulf, Gam-
bier Islands, South Australia. (A) Freshly collected specimen showing vivid orange to pink-orange color-
ation with irregularly distributed patches and blotches of pink, white, and pale yellow. (B) Preserved spec-
imen showing faded pale yellow-brown base coloration with scattered white and silvery speckles. Note the
sharply triangular, laterally compressed dorsal dermal lobes arranged as a single large trunk lobe followed
by six progressively smaller tail lobes.
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ing visible bony segmentation; the head-trunk
junction is without exaggerated constriction;
and the head axis is approximately 90° to the
trunk axis. The abdomen is protuberant and
barrel-shaped in lateral view. The head is ex-
tremely large and dome-shaped, with a steep
dorsal profile (HL 17.5% SL; HD 88.8% HL),
and the snout is short and blunt (SnL 25.8%
HL). The gill openings are positioned at the
highest point of the cleithrum, separated by a
fleshy crest extending along the dorsum; this
crest corresponds externally to the elevated
superior trunk ridges, a feature shared with
A. paradoxus but absent in A. minotaur. The
body lacks dermal filaments, spines, or orna-
mentation. The pectoral fin has 10 rays. The
dorsal fin is absent; CT confirms the complete
absence of dorsal-fin rays, pterygiophores, and
neural-spine modifications (Fig. 10). The anal
fin is not visible externally and is presumed
reduced or absent. The trunk is short and com-
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pact, comprising 8 rings. The tail is elongate
and prehensile, comprising 38 rings; the caudal
fin is absent.

Dermal lobes arranged along the dorsal mid-
line of trunk and tail (Fig. 9), sharply triangular
and laterally compressed. A long, low, fleshy
ridge spans trunk rings 2—4, distinct from the
dermal lobes. A single large triangular lobe
spans trunk rings 3-8. Six additional lobes oc-
cur on the tail: first originating on tail ring 1,
spanning four rings; second spanning two
rings; third spanning four rings; fourth span-
ning three rings; fifth and sixth each spanning
two rings.

CT reveals a markedly elevated supraoc-
cipital angled anteroposteriorly (Fig. 10A-B).
Anterior nuchal plate sharply tapered, rugose,
firmly embedded within the bifurcated anteri-
or margin of the first vertebra, not free-floating
as in congeners (Fig. 10D). Dorsoposterior mar-
gin of first vertebra elevated, craggy, projecting

Figure 10. Micro-computed tomography (CT) scans of the skeleton of Australyichthys aegis, SAMA F14993,
holotype, male, 56.0 mm SL. (A-C) Lateral, anterolateral, and anterior views showing the anterior ventral
elements (AVE), posterior ventral elements (PVE), median anal pterygiophore (MAP), and trunk rings
(Tr). Note the fused spatulate PVE enclosing the MAP in anterior view (C). (D) Anterior trunk region
showing the multi-segmented anterior ventral elements (AVE), each comprising four partially overlapping
segments with the terminal segment recurved ventrally, and the centrally positioned median anal pterygio-
phore (MAP). The anterior nuchal plate (ANP) is firmly embedded within the bifurcated anterior margin of
the first vertebra. Abbreviations: AVE = anterior ventral elements; PVE = posterior ventral elements; MAP =
median anal pterygiophore; ANP = anterior nuchal plate; Tr = trunk rings.
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Table 2. Select morphometric measurements and meristic counts for species of Australyichthys examined
in this study. Measurements are expressed as percentages of standard length (SL) or head length (HL), as
indicated. Abbreviations: SL = standard length; HL = head length; TrL = trunk length; TaL = tail length;
CH = head depth at cleithrum; HD = maximum head depth; SnL = snout length; DF = dorsal fin rays; PF =
pectoral fin rays; AF = anal fin rays; TrR = trunk rings; TaR = tail rings. Institutional abbreviations follow
Sabaj (2020). Sex is indicated.

Measurement A. minotaur A. minotaur A. minotaur A. minotaur A. minotaur A. paradoxus A. aegis

Voucher NMV A192 AMS AMS CSIRO 4464- CAS 13403 SAMA SAMA
IA.3509 IA.3560 01 F10490 F14993
Type status Holotype  Paratype  Paratype  Non-type Non-type  Holotype Holotype
SL (mm) 48.7 42.2 52.6 53.9 33.7 64.6 56.0
Sex Male Female Female Male Male Female Male
% SL
HL 14.4 16.0 15.9 14.9 15.1 15.2 17.5
TrL 16.4 20.4 18.2 17.8 16.9 229 22.9
TaL 69.2 64.0 65.9 67.3 68.0 61.9 59.6
% HL
CH 69.2 59.7 67.0 61.3 64.7 50 59
HD 91.2 79.4 85.7 85.0 76.5 85.7 88.8
SnL 28.5 30.9 28.7 21.3 25.4 25.5 25.8
Counts
Trunk rings 8 8 8 8 8 8 8
Tail rings 41 42 38 41 40 41 38
DF 7 7 7 7 7 - -
PF 11 11 11 11 11 11 10

posteriorly beyond the adjacent dorsal margin.
CT reveals a markedly elevated supraoccipi-
tal angled anteroposteriorly (Fig. 10A-B). The
anterior nuchal plate is sharply tapered and
rugose, firmly embedded within the bifurcat-
ed anterior margin of the first vertebra, and
is not free-floating as in congeners (Fig. 10D).
The dorsoposterior margin of the first verte-
bra is elevated and craggy, projecting poste-
riorly beyond the adjacent dorsal margin. The
cleithrum is robust and continuous, appearing
discontinuous where the cleithral arm does
not extend completely over the first vertebra.
All superior trunk ridges are elevated, and the
anteriormost tail ring also bears an elevated
superior ridge. The superior and lateral trunk
plates are fused, forming a continuous exo-
skeletal frame, whereas the inferior plates are
unfused along the ventral midline (Fig. 10A).
The inferior plates of trunk rings 1-6 are longi-
tudinally compacted, and those of trunk rings
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1-4 overlap without interdigitating (Fig. 10B).
The inferior plates of trunk rings 7-8 are ori-
ented laterally and do not overlap at the ven-
tral midline. The inferior plates of trunk ring
6 are connected ventrally to a large unpaired
plate (Fig. 10D).

The ventral trunk bears the AVE-PVE-MAP
complex diagnostic of the genus (Fig. 10A-D).
The AVE originate from the inferior plates of
trunk ring 6 as paired, multisegmented ele-
ments (Fig. 10A-B, D); each element compris-
es four partially overlapping ossified units,
the terminal unit recurved ventrally. The PVE
originate from trunk ring 8 as a pair of broad,
spatulate ossifications, fused proximally and
diverging distally to partially enclose a central-
ly positioned, cylindrical MAP between their
separated termini (Fig. 10C-D). This configura-
tion differs from A. minotaur and A. paradoxus,
in which the PVE remain paired and unfused.
In anterior view, the overlapping AVE and
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fused PVE form a reinforced, tunnel-like con-
figuration encasing the MAP within a semi-en-
closed channel.

Remarks. Australyichthys aegis is known only
from the male holotype (SAMA F14993), the
sole ethanol-preserved specimen of the ge-
nus, enabling extraction of high-quality DNA
and providing molecular confirmation of the
placement of Australyichthys within Haliich-
thyini (Fig. 12). Because no female is known,
sex-specific variation in ventral trunk mor-
phology and dermal lobe development cannot
be evaluated.

Externally, A. aegis shares the enlarged,
fleshy head, soft externally unsegmented trunk
and tail, and absence of spination diagnostic
of the genus. The species differs from conge-
ners in dermal lobe morphology (Fig. 9): lobes
in A. aegis are sharply triangular and laterally
compressed, arranged singly along the dorsal
midline; in A. paradoxus, lobes are broad and
square-shaped; in A. minotaur, lobes are re-
duced or absent. A fleshy crest extends along
the dorsum from the supraoccipital, a feature
that is shared with A. paradoxus but absent
in A. minotaur; CT reveals that this crest cor-
responds externally to the elevated superior
trunk ridges. The dorsal fin and all associated
pterygiophores are absent, as in A. paradoxus;
A. minotaur retains a dorsal fin with seven rays
supported by five pterygiophores.

Neurocranial and trunk osteology also dif-
fer among species. The anterior nuchal plate
(ANP) in A. aegis is sharply tapered, rugose,
and firmly embedded within the bifurcated
anterior margin of the first vertebra (Fig. 10D),
not free-floating as in A. minotaur and A. para-
doxus (Figs. 3-6, 8). The ANP is proportionally
smallest in A. aegis, intermediate in A. minotaur,
and largest in A. paradoxus. The first vertebra in
A. aegis exhibits an elevated, craggy dorsopos-
terior margin, and a distinct, elevated, rugose
bony crest occurs on the first trunk ring imme-
diately posterior to the cleithrum (Fig. 10B);
these features are absent or less developed in
congeners. The supraoccipital is highly elevat-
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ed in all species; in A. minotaur, angulation is
sexually dimorphic (more steeply inclined in
males), but whether similar dimorphism oc-
curs in A. aegis or A. paradoxus cannot be as-
sessed from available material. Superior trunk
ridges are elevated on all trunk rings in A. aegis,
including the anteriormost tail ring (Fig. 10A);
in A. paradoxus, elevation is restricted to trunk
rings 1-3; in A. minotaur, superior trunk ridges
are not elevated (Figs. 3-6, 8).

The ventral trunk skeleton of A. aegis ex-
hibits the most derived configuration of the
AVE-PVE-MAP complex within Australy-
ichthys (Fig. 10). The AVE are paired and mul-
tisegmented, originating from the inferior
plates of trunk ring 6; each comprises four
partially overlapping ossified units, the ter-
minal unit recurved ventrally. In A. paradoxus,
the AVE are paired with five segments per el-
ement (Fig. 8) and in A. minotaur, the AVE is
expressed as a single median multisegmented
series (Figs. 3-6). The PVE in A. aegis arise from
trunk ring 8 as broad, spatulate ossifications,
fused proximally and diverging distally to
partially enclose the MAP between their sepa-
rated termini (Fig. 10C-D). In A. minotaur and
A. paradoxus, the PVE remain paired and un-
fused. In anterior view, the overlapping AVE
and fused PVE of A. aegis form a reinforced,
tunnel-like configuration encasing the MAP
within a semi-enclosed channel; this configu-
ration is not observed in congeners.

In A. minotaur, PVE morphology is sexually
dimorphic: males bear elongate, rod-like PVE
with blunt distal termini, whereas females bear
broad, spatulate PVE whose distal ends fuse to
the MAP. The fused PVE configuration in the
male holotype of A. aegis differs from males of
A. minotaur and may represent species-level
variation or an alternative male PVE morphol-
ogy; resolution requires additional specimens.

The holotype of A. aegis (56.0 mm SL) is in-
termediate in size between the smallest known
A. minotaur specimen (33.7 mm SL) and the ho-
lotype of A. paradoxus (64.6 mm SL); however,
size ranges across the genus are largely over-
lapping (33.7-64.6 mm SL) and size compari-
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sons are constrained by limited material. The
holotype was collected at approximately 50 m
depth, shallower than the 64-124 m range doc-
umented for A. minotaur and the 102 m depth
for A. paradoxus, although all three species oc-
cur within the temperate mesophotic zone. The
type locality in Spencer Gulf, South Australia,
is geographically intermediate between south-
eastern Australia (A. minotaur) and the western
Great Australian Bight (A. paradoxus), spanning
approximately 2,500 km of southern Australian
coastline.

Coloration. In life, the body is vivid orange to
pink-orange, overlaid with irregularly distrib-
uted patches and blotches of pink, white, and
pale yellow. Fine white chromatophores and
pale pink pigment granules are distributed
across the integument, with highest density
over the head, nape, and anterior trunk, collec-
tively producing a mottled appearance. Finer
speckling of pink chromatophores traces sub-
tle contours of the dermal surface, enhancing
camouflage. Along the dorsal midline of the
trunk and tail, the dermal lobes exhibit modest
soft-tissue growth, contributing to an irregular
outline and further disrupting the body’s sil-
houette. Pigmentation fades along the lower
flanks and is markedly reduced on the ven-
tral surfaces, where pale or translucent areas
contrast with the denser dorsolateral pigmen-
tation. The prehensile tail retains the mottled
pattern, with the curled tip tinged in pink and
white. In ethanol, body coloration fades to a
pale yellow-brown base, with scattered white
and silvery speckles across the head, trunk,
and tail.

Distribution and habitat. Australyichthys aegis is
known only from its type locality, where the
holotype was collected from approximately
50 m depth in the waters between the Gam-
bier Islands and Neptune Islands, near the
entrance to Spencer Gulf, South Australia
(Fig. 11), during the Waterhouse Club Expedi-
tion — Verco 2006, a survey conducted by the
Waterhouse Club in affiliation with the South
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Australian Museum. This expedition ranged
from the Sir Joseph Banks Group Archipela-
go to southwest of the Gambier Islands and
primarily targeted marine invertebrates, such
as sponges and soft corals. The Gambier and
Neptune Islands form a small archipelago sit-
uated between the southern tips of the Eyre
and Yorke Peninsulas, within the Eyre Yorke
Block bioregion, which spans the mid-south-
ern part of South Australia (Department for
Environment and Heritage [DEH] 2009; De-
partment of Environment, Water and Natural
Resources [DEWNR] 2012a, 2012b). The spe-
cific habitat of the holotype remains unknown
owing to the limited locality data recorded
during this non-scientific expedition. Howev-
er, the surrounding Gambier Islands Group
Marine Park includes diverse marine habitats,
particularly in the southern and southwestern
areas of the Gambier Islands. Reefs around
the islands extend from the intertidal zone
into deep water, exceeding 50 m in depth on
its southwestern side (DEH 2009; DEWNR
2012a, 2012b). Large portions of the seafloor in
the Eyre Yorke Block bioregion remain unsur-
veyed (DEH 2008), and the habitat preferences
and ecological role of A. aegis are correspond-
ingly undocumented.

Etymology. The specific epithet aegis (Latinized
from the Greek aigis) refers to the protective
shield or breastplate in Greek mythology. The
name refers to the species” prominent domed
head, recalling the protective strength of the
aegis, and follows the mythologically derived
epithets of its congeners. Treated as a noun in
apposition.

Phylogenomic reclassification

The phylogenomic dataset comprised twen-
ty-three syngnathid species (the 22 compar-
ator taxa in Table 1 plus Australyichthys aegis)
and 271 loci. Maximum Likelihood (IQ-TREE)
and weighted ASTRAL species-tree analyses
produced congruent topologies rooted by the
outgroup Doryrhamphus excisus (Fig. 12). Aus-
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tralyichthys is recovered as phylogenetically
excluded from Hippocampini sensu Stiller et
al. (2022) (UFBoot = 100; LPP = 1.0), a tribe de-
fined to include the genus Hippocampus as well
as the pipefishes Halicampus macrorhynchus and
H. punctatus. Instead, the new genus is nested
within Haliichthyini, a tribe comprising a di-
verse assemblage of Indo-Pacific pipefishes
together with the Pacific pygmy pipehorses
(Idiotropiscis, Acentronura, and Cylix). With-
in Haliichthyini, Australyichthys is recovered
as the sister lineage (UFBoot = 100; LPP = 1.0)
to a clade containing Filicampus tigris, Trachy-
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rhamphus, Halicampus grayi, and Haliichthys
taeniophorus. Collectively, Haliichthyini is re-
covered with strong statistical support as the
sister group to Hippocampini, which compris-
es Hippocampus and closely allied pipefish-
es. Because genomic data could be obtained
only from the ethanol-preserved holotype of
A. aegis, the molecular placement of Australy-
ichthys rests on that single species; referral of
A. minotaur and A. paradoxus to the genus is
based on the shared osteological synapomor-
phies documented above rather than on se-
quence data.

-10 s O > AR T -10
&o
-20 -20
-30 -30
= ¢
VIC
O Australyichthys paradoxus o
-40 @ Australyichthys aegis o 2 -40
@ Australyichthys minotaur
0 290 580 870km
120 130 140 150

Figure 11. Map of the southern coast of Australia showing the type localities (indicated by colored circles)
of the three species of Australyichthys. Green circles indicate collection sites for A. minotaur (off Eden, New
South Wales, and Bass Strait, Victoria); at the New South Wales site, the symbol represents several spec-
imens collected within a small area off Eden; yellow circle indicates the type locality for A. paradoxus (off
Esperance, Western Australia, Great Australian Bight); blue circle indicates the type locality for A. aegis
(Gambier Islands, entrance to Spencer Gulf, South Australia). All specimens were collected from mesophot-
ic depths (50-124 m) as trawl bycatch. Map generated using SimpleMappr (Shorthouse, 2010).
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Figure 12. Concatenated-alignment Maximum Likelihood (IQ-TREE) phylogenetic tree with ultrafast boot-
strap (UFBoot) support values ranging from 0 to 100 (A) and weighted ASTRAL (WASTRAL) species tree
with local posterior probability support values ranging from 0 to 1 (B). Branch lengths were inferred from
the concatenated Maximum Likelihood (IQ-TREE) analysis; terminal branch lengths are not inferred by
WASTRAL and are displayed uniformly for visualization purposes. Both topologies are rooted on the out-
group species Doryrhamphus excisus, a member of the tail brooding syngnathids. Branches colored blue rep-
resent A. aegis and members of Hippocampus. Australyichthys was previously classified within Hippocampus
but is recovered outside the monophyletic Hippocampus clade (Clade VII, Hippocampini) in both phyloge-
netic analyses, supporting its reassignment. Australyichthys is resolved within Haliichthyini, sister to Filicam-
pus, Trachyrhamphus, Halicampus, and Haliichthys. Images of Australyichthys aegis holotype shown at right.
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Phylogenetic position and morphological
convergence

Phylogenomic analysis places Australyichthys
within Haliichthyini, a diverse clade origi-
nally identified in molecular phylogenies by
Hamilton et al. (2017) and Stiller et al. (2022).
The genus is recovered within an Indo-Pacif-
ic assemblage comprising Filicampus tigris,
Trachyrhamphus, Halicampus grayi, Haliichthys
taeniophorus, Lissocampus, and the Indo-Pacific
pygmy pipehorses Idiotropiscis and Acentronu-
ra. This placement, distinct from Hippocampi-
ni sensu Stiller et al. (2022), demonstrates that
external seahorse-like morphology does not
indicate close evolutionary relationship with
Hippocampus. The shared occurrence of a ven-
trally angled head, prehensile tail, and fully
enclosed brood pouch in Australyichthys, pyg-
my pipehorses, and Hippocampus represents
repeated emergence of similar morphology
across phylogenetically disparate lineages.
This character combination is not restricted to
Indo-Pacific taxa but also occurs in the West-
ern Atlantic pygmy pipehorse Amphelikturus
dendriticus (Syngnathini; Hamilton et al. 2017;
Stiller et al. 2022), indicating that this suite of
characters has arisen multiple times within
Syngnathidae.

Ventral pterygiophore evolution

The phylogenetic placement of Australyichthys
within Haliichthyini invites comparison with
Acentronura, Idiotropiscis, and Cylix, which to-
gether form the sister clade to Hippocampus
(Hamilton et al. 2017; Stiller et al. 2022). CT ex-
amination of A. gracilissima (CAS 81986, male)
reveals that this species shares several exter-
nal characters with Australyichthys, including
a head angled ventrally from the principal
body axis, a prehensile tail, absence of a caudal
fin, and development of a fully enclosed male
brood pouch (Fig. S1; Dawson 1985; Short and
Trnski 2021).

In male A. gracilissima, the brood pouch is
positioned along the ventral midline of the tail
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and extends beneath the anteriormost 14 tail
rings. CT reveals that enclosure is achieved by
paired, bilaterally arranged brood pouch plates
(BPP) situated on the first tail ring and pro-
jecting ventrolaterally from the anterior ven-
tral plate ridges of successive tail rings, with
elements diminishing progressively in size
posteriorly (Fig. S1B; Short and Trnski 2021).
Bilateral anal pouch plates (APP) are modified
ventral plates associated with the pouch origin
on the posteriormost trunk ring (Fig. S1B, C).
Each APP is broad and paddle-shaped along
its ventrocaudal margin and curves postero-
laterally relative to the remaining brood pouch
plates (Fig. S1C). Centered between, and struc-
turally continuous with, the paired APPs is a
pelvic-shaped median bone that curves ventro-
anteriorly. Two pterygiophores are positioned
between this pelvic-shaped element (Fig. S1D),
remaining integrated into the serial ventral
plate complex.

The pterygiophores associated with the ven-
tral pouch complex in A. gracilissima closely
resemble the enlarged, composite anal pte-
rygiophore described in Australyichthys and
Hippocampus, in which the proximal radials
are more or less rigidly bound together into
a mechanically prominent element. The two
pterygiophores in A. gracilissima are stacked
vertically, as in Hippocampus, and possess bul-
bous, arrow-shaped termini. Comparative de-
velopmental and anatomical studies of Hippo-
campus indicate that skeletal muscle bundles
associated with the anal fin assembly and its
pterygiophores contribute directly to defor-
mation of the pouch opening during parturi-
tion. Dudley et al. (2022) demonstrated that
in H. abdominalis, the brood pouch epithelium
contains only scattered small smooth muscle
bundles, and in-vitro application of isotocin
(a teleost nonapeptide hormone) does not pro-
duce measurable pouch contractions. Instead,
CT and histological analysis revealed large
skeletal muscle bundles attached to the anal fin
bones at the male brood pouch opening, with
two muscle pairs (depressors and inclinators)
associated with each pterygiophore (Dudley



Short, Foster, Gomon, Bassham, Small, et al.

et al. 2022; Schneider et al. 2023). Parturition
in Hippocampus is likely facilitated by contrac-
tion of these skeletal muscles, which, in combi-
nation with body movements, serves to gape
open the pouch and expel neonates (Dudley et
al. 2022). These studies support interpretation
of the anal pterygiophore complex in Hippo-
campus as a mechanically integrated lever sys-
tem acting in concert with associated skeletal
musculature.

Similarly enlarged and integrated ptery-
giophores within the ventral pouch complex
of Acentronura and Australyichthys indicate a
shared structural framework for brood pouch
mechanics within these lineages. In Australy-
ichthys, a single median pterygiophore ap-
pears to represent fusion of multiple elements,
whereas Acentronura retains two discrete
pterygiophores stacked vertically; both con-
figurations contrast with the three proximal-
ly discrete pterygiophores with fused termini
retained in Hippocampus. This parallel reduc-
tion from three pterygiophores to one or two
is observed in two genera within Haliichthyini
(Australyichthys, Acentronura). This distribution
raises the question of whether pterygiophore
consolidation represents a synapomorphy of
Haliichthyini, or whether it has arisen inde-
pendently in Acentronura and Australyichthys
in association with enclosed male brooding.
The comparative data presented below begin
to address this question, although two of three
species of Pacific pygmy pipehorses (Idiotropi-
scis and Cylix) remain unexamined.

CT examination of Haliichthys taeniophorus,
also recovered within Haliichthyini (Fig. 12),
reveals three thick pterygiophores positioned
internally within the anal ring at its posterior
margin (Fig. S2). The pterygiophores are sepa-
rated from each other but positioned between
bones that form the posterior of the anal ring
(Fig. S2B). The three pterygiophores are not
fused as are the three in Hippocampus; they are
unequal in size, with the largest element ap-
pearing to represent fusion of two proximal
radials (Fig. S2C). The terminal ends of the
pterygiophores in H. taeniophorus differ mark-
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edly from those observed in Australyichthys,
Hippocampus, and Acentronura; rather than ex-
hibiting bulbous termini, they are clavate with
transverse ridges (Fig. S2C). Discrete, unfused
pterygiophores in H. taeniophorus, which pos-
sesses a semi-exposed brood pouch and only
a semi-prehensile tail at its distal tip, consti-
tute a distinct departure from the fused ptery-
giophore morphology in genera with fully
enclosed brood pouches and prehensile tails
(Hippocampus, Australyichthys, Acentronura).
CT examination of Halicampus grayi (LSUMZ
18017), a pipefish also recovered within
Haliichthyini, reveals three pterygiophores
visible through the anal pore (Fig. S3). The
pterygiophore termini taper to blunt tips rath-
er than exhibiting the bulbous or clavate ends
observed in other genera (Fig. S3B, C). Unlike
in Haliichthys taeniophorus, the pterygiophores
are positioned internally within the anal ring
rather than embedded between its constituent
bones. Three hook-like spines of varying length
are also present (Fig. S3B, C). Despite possess-
ing pterygiophores, the overall configuration
differs markedly from Haliichthys. To assess
pterygiophore morphology in pipefish lin-
eages from phylogenetically distant tribes, we
examined the trunk brooder Syngnathus typhle
(UW 8205) from Syngnathini and Choeroichthys
brachysoma (SLU 900) from Microphini; both
possess two anal fin pterygiophores of vary-
ing shape, situated just posterior to the bones
forming the anal ring (Figs. S4 and S5). Ptery-
giophore number and shape thus vary widely
among pipefish genera, in configurations that
appear genus-specific, suggesting that ptery-
giophore structure may be informative for ge-
neric delimitation within Syngnathidae.
Pterygiophore morphology in Australy-
ichthys, Acentronura, and Hippocampus is strik-
ingly similar: all three genera share enlarged
pterygiophores with bulbous termini, com-
bined with a prehensile tail, fully enclosed
brood pouch, and ventrally angled head. By
contrast, the non-prehensile Halicampus grayi
possesses pterygiophores with blunt termini
that differ markedly from this bulbous form.



Short, Foster, Gomon, Bassham, Small, et al.

Haliichthys taeniophorus, which possesses a
semi-exposed brood pouch and only a loose-
ly semi-prehensile tail at its distal tip, exhibits
three unfused pterygiophores with a config-
uration that appears intermediate between
pipefish and seahorse-like morphologies. If
pterygiophore elaboration is linked to prehen-
sility rather than pouch mechanics, taxa with
enclosed pouches, but non-prehensile tails,
would be predicted to lack enlarged pterygio-
phores. We hypothesize that pterygiophore en-
largement could represent a derived structural
modification associated with tail prehensility
and mechanical stabilization of the trunk-tail
junction during grasping. Selection acting on
prehensile lineages may have favored skeletal
reinforcement at the posterior trunk to redis-
tribute torsional and compressive loads away
from the brood pouch during anchoring, a se-
lective pressure absent in non-prehensile pipe-
fishes. The recurrence of similar pterygiophore
morphology in phylogenetically independent
lineages, Hippocampus in Hippocampini, and
Acentronura and Australyichthys in Haliichthy-
ini, suggests functional convergence and indi-
cates that pterygiophore modification may be
a predictable biomechanical response to the
combined evolution of prehensile tails and en-
closed brooding.

A potential biomechanical explanation con-
cerns the constraints imposed by prehensile
tail morphology on parturition. In pipefishes
with caudal fins, body undulation may gen-
erate sufficient force to expel eggs or neonates
from open or semi-enclosed pouches. Taxa with
prehensile tails lack caudal fins and exhibit re-
duced axial flexibility, potentially limiting the
effectiveness of undulation during parturition.
The elaboration of anal pterygiophore-associ-
ated musculature in Hippocampus, Acentronura,
and Australyichthys may represent a compen-
satory mechanism, providing skeletal leverage
for pouch deformation in the absence of caudal
propulsion. Under this hypothesis, pterygio-
phore consolidation and muscle elaboration
are functionally linked to both pouch enclosure
and tail prehensility, explaining their repeated
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co-occurrence. We stress that this scenario is a
hypothesis derived entirely from comparative
anatomy; no functional, kinematic, or biome-
chanical data were collected here, and it re-
mains to be tested directly, including through
the prediction set out below.

Apterygocampus epinnulatus Weber, 1913,
the only pipefish known to possess a fully en-
closed brood pouch yet lacking a prehensile
tail (Dawson 1985), represents a critical test of
this hypothesis. Unlike Hippocampus, Acentron-
ura, and Australyichthys, this species retains the
elongate pipefish body plan and non-prehen-
sile tail, thereby decoupling pouch enclosure
from tail prehensility. If pterygiophore elabora-
tion is linked to prehensility rather than pouch
enclosure alone, this species would likely lack
the enlarged pterygiophores observed in pre-
hensile taxa. Future anatomical examination of
A. epinnulatus would clarify the evolutionary
and functional integration of these characters
across Syngnathidae.

Despite these similarities in pterygiophore
structure, ventral trunk organization differs
fundamentally between Acentronura and Aus-
tralyichthys. In Acentronura, ventral plates are
retained and contribute to brood pouch en-
closure through development of anal pouch
plates (APP) and brood pouch plates (BPP). In
Australyichthys, ventral plates are entirely ab-
sent; the ventral trunk is instead supported by
the derived AVE-PVE-MAP complex, which
does not contribute to a continuous ventral
ridge or enclosed pouch structure. The external
similarity between these genera, including the
seahorse-like body plan, prehensile tail, and
enclosed brood pouch, therefore reflects con-
vergent evolution of reproductive and locomo-
tor adaptations rather than shared ancestry or
homologous ventral trunk architecture.

Distinction from Hippocampus

The single most decisive contrast with Hippo-
campus, detailed in the Diagnosis and Remarks
above, concerns the ventral trunk: Hippocam-
pus encloses the body cavity in a rigid cylin-
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der of inferior and ventral plates fused along
the midline, whereas in Australyichthys ventral
plates are absent, the inferior plates never meet
at the midline, and ventral support is provided
instead by the derived AVE-PVE-MAP com-
plex—a configuration unknown elsewhere in
Syngnathidae and the principal synapomor-
phy of the genus.

The derived ventral trunk skeleton of Aus-
tralyichthys is closely integrated with reproduc-
tive anatomy. In males, embryos are positioned
ventral to the posterior ventral elements (PVE)
and immediately adjacent to the median anal
pterygiophore (MAP), rather than being en-
closed within a ventral brood chamber formed

A

A. minotaur

Australyichthys

Australyichthys gen. nov., with description of A. aegis sp. nov.

by fused ventral plates as in Hippocampus. The
AVE-PVE-MAP complex forms a ventral scaf-
fold that partially surrounds and supports de-
veloping embryos. This configuration differs
fundamentally from the fully enclosed Type V
brood pouch of Hippocampus, in which bilater-
al pouch walls meet and fuse along the ventral
midline to form a sealed incubation chamber.

Species-level comparative variation
All species share the ventral trunk framework
diagnostic of the genus but differ consistently in

AVE segmentation, PVE fusion, ANP position,
trunk-ridge development, and dermal-lobe

H. erectus

Hippocampus

Figure 13. Comparative micro-CT images of Australyichthys minotaur (CSIRO H4464-01, male) and A. aegis
(SAMA F14993, male) with Hippocampus erectus (UF 138664, male). Lateral and anterior views illustrate
fundamental differences in trunk ossification, dorsal fin base (DFB) structure, embryo size and position
(highlighted in red), and overall body configuration between Australyichthys and Hippocampus. In Hippocam-
pus, the ventral midline is formed by continuous inferior and ventral plates, and the anal fin pterygiophore
complex consists of three discrete radials. In Australyichthys, inferior plates remain unfused, ventral plates
are absent, and the median anal pterygiophore (MAP) is interpreted as a consolidated homolog of the
three-radial complex. Abbreviations: SOC = supraoccipital; ANP = anterior nuchal plate; PNP = posterior
nuchal plate; SP = superior plate; LP = lateral plate; IP = inferior plate; VP = ventral plate; DFB = dorsal fin
base; MAP =median anal pterygiophore; AVE = anterior ventral elements; PVE = posterior ventral elements.
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morphology. In all three, ventral plates are ab-
sent and inferior trunk plates do not meet at
the ventral midline; the ventral trunk is instead
supported entirely by the AVE-PVE-MAP com-
plex, conserved in organization but variable in
configuration and articulation among species.
Despite this common structure, the AVE dif-
fer in number, segmentation, and longitudi-
nal extent among species. In A. paradoxus, the
AVE comprise multiple discrete ossifications
extending along the ventrolateral margins of
the anterior trunk, forming an elongated se-
ries associated with the anterior trunk rings. In
A. minotaur, the AVE are expressed as a more
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compact, multisegmented series with reduced
longitudinal extension relative to A. paradox-
us. In A. aegis, the AVE are present as paired
elements that are less extensively subdivided
and more tightly associated with the anterior
inferior plates. These differences in AVE con-
figuration provide consistent characters for
species-level discrimination within the genus.
Species-level variation is evident in the pos-
terior ventral elements. In A. paradoxus, fe-
males exhibit two unfused, broad, spatulate
PVE that flank a free-floating MAP. In A. mino-
taur, males bear paired elongate, rod-like PVE
attached at trunk ring 8 with blunt distal termi-

Figure 14. Micro-computed tomography (CT) scans showing anal-region osteology of Hippocampus erectus
(UF 138664). (A) Ventral view of the posterior trunk showing the anal fin pterygiophore complex composed
of three discrete radials arranged in a comb-like series at trunk ring 11. (B) Lateral view illustrating the po-
sitional relationship of the anal fin pterygiophores relative to the ventral trunk skeleton and inferior plates.
Note the four distal radials of the anal fin marked by the white arrow. (C) Oblique ventrolateral view high-
lighting the stacked alignment of the pterygiophores with the dorsalmost proximal radial (1) within the
anal fin pterygiophore complex. Anterior to left. Abbreviations: P = pterygiophores.
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ni, whereas females bear broad, spatulate PVE
whose distal ends meet and fuse to the MAP.
In A. aegis, males exhibit PVE that are fused
proximally and separated distally, with the
MAP positioned between the terminal ends.
Across all species, however, the PVE occupy a
homologous position relative to the posterior
trunk and form the primary ventral supports
underlying the brooding region. We suggest
that the contrasting male and female PVE
configurations in A. minotaur reflect variation
in load-bearing and brood-support geometry
rather than element number.

The MAP is present in all three species and
occupies a central position within the ventral

Australyichthys gen. nov., with description of A. aegis sp. nov.

trunk complex, but its morphology and degree
of integration with surrounding elements vary.
In A. paradoxus and A. minotaur, the MAP is ex-
pressed as a single elongate ossification that
extends posteriorly beneath the trunk and ex-
hibits limited contact with adjacent ventral ele-
ments. In A. aegis, the MAP is more robust and
exhibits closer spatial association with the PVE,
resulting in a more integrated ventral scaffold.

The AVE, PVE, and MAP therefore operate
at two levels: as a shared framework that di-
agnoses the genus, and, through differences in
their number, segmentation, and spatial rela-
tionships, as characters that distinguish its spe-
cies.

Figure 15. Micro-computed tomography (CT) three-dimensional reconstructions of the anal fin ptery-
giophore complex in Hippocampus erectus (UF 138664). (A) Ventral view showing the three-radial anal fin
pterygiophore complex positioned along the ventral midline at trunk ring 11. (B) Lateral view illustrating
the vertical stacking and spacing of the pterygiophores between the inferior plates of the posterior trunk.
(C) Posteroventral oblique view emphasizing the stacked arrangement of the pterygiophores with the dor-
salmost proximal radial (P1) within the ventral trunk. Anterior to left. Abbreviations: P> = pterygiophores.
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Geography

None of the three species has been recorded
from inshore or shallow waters. Australyichthys
minotaur occurs in southeastern Australia at
known depths of 64-124 m, primarily off New
South Wales and Victoria. Australyichthys para-
doxus is known from 102 m depth in the Great
Australian Bight, Western Australia, a region
that includes rich bryozoan assemblages and
wave-exposed calcareous substrates. Australy-
ichthys aegis, the only species with genomic data,
was collected from 50 m in Spencer Gulf, South
Australia, near the lower mesophotic bound-
ary as defined here. The genus spans multiple
bioregions along southern Australia, as defined
by the Integrated Marine and Coastal Region-
alisation of Australia (IMCRA; Commonwealth
of Australia 2006). This framework classifies
Australia’s marine environment into ecologi-
cally meaningful units based on the distribu-
tion of demersal fishes, marine invertebrates,
seafloor geomorphology, and oceanographic
data. Australyichthys minotaur occurs within the
Twofold Shelf mesoscale bioregion of south-
eastern Australia, extending from Eden, New
South Wales, into Bass Strait, Victoria. Australy-
ichthys aegis is known from the Spencer Gulf
Shelf Province, specifically near the Gambier
and Neptune Islands at the entrance to Spencer
Gulf, South Australia. Australyichthys paradoxus
occurs within the Great Australian Bight Shelf
Transition off Esperance, Western Australia.
These bioregions are separated by wide conti-
nental shelf embayments such as the Great Aus-
tralian Bight, with regional upwelling systems
that include the Bonney Upwelling, as well as
ecological transitions in substrate and benthic
community structure that may act as disper-
sal barriers (Commonwealth of Australia 2006;
James et al. 2001). These environmental discon-
tinuities correspond to the geographic separa-
tion among species across more than 2,500 km
of southern Australian coastline.

The distribution of Australyichthys is restrict-
ed to the mid-continental shelf, away from reef
and estuarine zones typically occupied by shal-
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low-water syngnathids. Among teleost fishes
of southern Australia, Australyichthys appears,
on present evidence, to be among the few lin-
eages largely restricted to the temperate meso-
photic zone, a pattern otherwise documented
only for the handfish genus Pezichthys (Last and
Gomon 2008), although this apparent restric-
tion may partly reflect the limited sampling of
mesophotic habitats. Species of Pezichthys are
themselves typically highly range-restricted, a
parallel that may bear on the narrow distribu-
tions and apparent rarity of Australyichthys.

STATUS

Evidence

We propose extending the lost species frame-
work of Long and Rodriguez (2022), under
which ten years without confirmed records in
the wild is the suggested benchmark for de-
claring a taxon lost, from the species level to
the generic level. Under this proposed exten-
sion, Australyichthys would qualify as a “lost
genus,” a designation we introduce here rather
than one already formalized within that frame-
work. All three species are known exclusively
from historical museum specimens, and no
individual of any species has been detected
in the wild for nearly two decades, the most
recent collection (A. aegis) dating to February
2006. The absence of verified in situ observa-
tions reflects the combined effects of apparent
rarity, restriction to poorly surveyed meso-
photic depths, and reliance on trawl bycatch
as the sole collection method. Designation as
lost in this context does not imply imminent
extinction; it identifies a priority for targeted,
non-extractive surveys of southern Australian
mesophotic ecosystems to establish whether
extant populations persist and to document the
biology of this evolutionarily distinct lineage.

Search effort

All known specimens of Australyichthys were
recovered incidentally as trawl or dredge by-
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catch rather than through targeted survey ef-
fort. The genus is represented by only seven ex-
amined specimens collected over nearly eighty
years across more than 2,500 km of southern
Australian coastline, with the most recent col-
lection in February 2006. No individual of any
species has been observed in situ, and no tar-
geted, non-extractive surveys of the temperate
mesophotic habitats in which the genus occurs
have been undertaken.

Threats

That every known specimen was taken inci-
dentally as trawl bycatch, yet only seven have
been recorded in nearly eighty years, suggests
that Australyichthys occupies benthic micro-
habitats sampled only inefficiently by bottom
trawls; this low catchability compounds the
challenge of confirming persistence through
fishery-dependent monitoring. Additional en-
vironmental pressures include ocean warming,
deoxygenation, shifts in benthic community
composition, and sedimentation from coastal
activities, particularly in semi-enclosed sys-
tems such as Spencer Gulf where A. aegis was
collected. Together, low catchability and these
environmental pressures imply substantial
vulnerability for a lineage confined to poorly
surveyed mesophotic habitats.

The disjunct distribution of the three species
across more than 2,500 km of the southern Aus-
tralian coastline, from Eden, NSW, in the east to
Esperance, WA, in the west, suggests that a for-
merly continuous mesophotic population may
have fragmented during Pleistocene sea-level
fluctuations that exposed the continental shelf.
Whether early development includes a pelagic
dispersal phase is unknown; data on egg size
and larval duration, if obtainable from future
material, could help evaluate the dispersal po-
tential of Australyichthys across barriers such
as the Great Australian Bight. If populations
represent Pleistocene relicts, recolonization fol-
lowing local extinction is unlikely, amplifying
the conservation significance of each isolated
population. The collection method (trawl) and
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association with emergent invertebrate struc-
ture suggest Australyichthys is epibenthic rath-
er than free-swimming or burrowing. Epiben-
thic species are disproportionately vulnerable
to trawl impacts because they cannot escape
into sediments or the water column, suggest-
ing that the genus faces heightened risk from
bottom-contact fishing relative to other syn-
gnathids.

Rediscovery strategy

Efforts to locate extant populations should pri-
oritize mesophotic depths corresponding to
the collection localities of the three species. The
most plausible sites for A. minotaur lie off Eden
and the southern New South Wales coast. Aus-
tralyichthys paradoxus is known only from the
western Great Australian Bight, while A. aegis
is associated with the Gambier and Neptune Is-
lands at the entrance to Spencer Gulf. These re-
gions share benthic communities dominated by
bryozoans, sponges, and soft corals, matching
the habitat descriptions provided by James et
al. (2001) for the holotype of A. paradoxus. Visu-
al searches will require mesophotic diving be-
cause the diminutive size and cryptic profile of
these fishes reduce detectability using remotely
operated vehicles. Pygmy seahorses have, how-
ever, been observed in situ using a remotely op-
erated vehicle (ROV) (D. Harasti pers. comm.
2025). Remote systems nonetheless provide
high-resolution mapping of habitat structure
and facilitate non-destructive documentation
of associated fauna. Environmental DNA may
complement these approaches, although de-
tection is likely constrained by low population
density; the genomic data generated for A. aegis
in this study provide a foundation for eDNA
primer development, and sequencing of addi-
tional species from existing museum material
would further enhance molecular detection ca-
pability. Seasonal timing may influence detec-
tion, as gravid males collected during austral
spring and summer suggest increased activity
or visibility during this period. Marine protect-
ed areas such as the Great Australian Bight Ma-



Short, Foster, Gomon, Bassham, Small, et al.

rine Park and Gambier Islands Group Marine
Park offer optimal sites for systematic surveys
free from active trawling.

CONCLUSION

The description of Australyichthys gen. nov.
reveals a previously unrecognized lineage
of syngnathid fishes restricted to temperate
mesophotic ecosystems of southern Australia.
Phylogenomic analysis places the genus within
Haliichthyini, demonstrating that its seahorse-
like external morphology, including the ven-
trally angled head, prehensile tail, and fully
enclosed brood pouch, evolved independently
from Hippocampus. CT-based osteological anal-
ysis reveals a suite of synapomorphic charac-
ters, including the AVE-PVE-MAP ventral
trunk support complex, that distinguish Aus-
tralyichthys from all other syngnathid genera.
Comparison across Haliichthyini and Hippo-
campini indicates that the co-occurrence of en-
closed brooding, tail prehensility, and elaborat-
ed anal pterygiophore architecture has evolved
repeatedly within Syngnathidae and may rep-
resent a functionally integrated character com-
plex associated with the biomechanics of par-
turition. The genus expands the documented
diversity of Australia’s mesophotic ecosystems
and identifies a clear target for expanded sur-
vey effort and comparative anatomical study
across Syngnathidae.

The designation of Australyichthys as a lost
genus extends the lost species framework to
marine mesophotic fishes, a group for which
this framework has rarely been applied. Unlike
terrestrial lost species, which may persist in re-
mote but potentially accessible refugia, meso-
photic marine taxa occupy habitats that im-
pose fundamental barriers to detection: depth,
specialized survey requirements, and the lo-
gistical constraints of technical diving. These
constraints compound uncertainty about pop-
ulation status and make dedicated mesophot-
ic survey infrastructure a prerequisite for any
reliable assessment.
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are available from the corresponding author upon
reasonable request. All physical type and voucher
specimens are permanently deposited in the ichthy-
ological collections of the South Australian Muse-
um (SAMA), Australian Museum (AMS), Museums
Victoria (NMV), CSIRO Australian National Fish
Collection, and California Academy of Sciences
(CAS), as detailed in the Materials examined.
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