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Descriptive anatomy of Cairnsichthys rhombosomoides
and Iriatherina werneri (Teleostei: Atheriniformes),
and a phylogenetic analysis of Melanotaeniidae

Aarn* and Walter Ivantsoff*

The comparative asteology of Cairnsichtliys rhombosomoides and Irigthering werneri is described in detail. Phyloge-
netic analysis of Melanotaeniidae was conducted with a computer program examining the distribution of
46 characters over 22 taxa. Melanotaeniidae is monophyletic and comprises 8 genera, Bedotia and Rheccles endemic
to Madagascar, and 6 genera from Australia and New Guinea. Atheriniformes is considered to be monophyletic
and comprise 8 families, including Telmatherinidae, of Sulawesi, and Pseudomugilidae, of Australia and New
Guinea. Within Melanotaeniidae, the hierarchy of relationships is: {Iriatherinn, (({Bedotia, Rheocles), (Cairnsichthys,
Rhadinocentrus)), {Chilatherina{Glossolepis{Melanotaenin})). The analysis did not resclve the latter trichotomy. It is
hypothesised that the disparate distribution of the family reflects recent evolution from cosmopolitan marine

Atheriniformes.

Historical introduction

Richardson (1843) described Atherina nigrans from
Port Essington (Darwin, Northern Territory
12°27'S 130°50'F) with a ‘peculiar angular form
of the mouth’. Gill (1862) established Melanotae-

_nig for this fish, signalling the possible ocurrence

of a large assemblage of fish, unknown to Furo-
pean naturalists, in the infant British colonies of
present-day Australia.

Kner (1866; cited in Derijst, 1989) described
Pseudomugil signifer, presumably from Sydney,
New South Wales (33°53'S 151°13'E) and subse-
quently established Pseudomugilidae (Kner, 1867;
cited in Derijst, 1989).

Gill (1894} established Melanotaeniinae, com-
prising Melanotaenia and Rhombatractus (=Melano-

taeniz; Regan, 1914). The subfamily was defined
with a ‘strong spine in the dorsal fin’, in contra-
distinction to other atherinoids; forward place-
ment of the ventral fins, anus and anal fin origin;
and presence in the freshwaters of the ‘Austral-
asian realm’.

Ogilby (1896) considered that 20 species in 5
nominal genera, gathered from present-day Aus-
tralia and New Guinea, were sufficlently differ-
ent from atherinids to warrant the establishment
of a new family. Melanotaeniidae was diagnosed
on the basis of examination of external and oral
morphology of Rhombatractus, and published
descriptions of the other 4 genera. ’

Boulenger (1897) described Telmatherina cele-
bensis, from Sulawesi, with bilateral compression
and decreased vertebral count, lacking the lateral
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band characteristic of atherinids. Munro (1958)
established (without diagnosis) Telmatherinidae,
including Quiris stramineus Whitley (=Craferoce-
phalus stramineus; Crowley & Ivantsoff, 1992) of
northern Australia. Subsequently, Munro (1967)
defined Telmatherinidae, based on an examina-
tion of Charisella fredericki Fowler (=Melanotaenia
goldei Macleay; Allen, 1980).

Weber (1908) considered Melanotaeniinae to
be an atherinid subfamily. Weber drew attention
to the {morphologic and geographic) proximity
of Telmatherina, while noting differences in dor-
sal fin elements and posjition. Weber provided
revised definitions of Pseudomugil, Rhombatractus
and Melanotaenia, and established Glossolepis on
the basis of differences in jaw structure, scale
shape and organisation, and gill raker density.

Regan (1914) revised Melanotaeniinae, syno-
nymising 14 species (in 7 genera) with M. nigrans
while excluding Psendomugil (suggesting a great-
er affinity with Telmatherina} to ‘form a natural
group’. Regan noted allometric growth and re-
ferred to dentition, fins, squamation and jaw
symmetry in establishing 5 new genera: Chilath-
ering (2 species} and Centratherina (=Chilathering;
Allen, 1980) with the ‘lower jaw inferior’, Aniso-
centrus and Rhombosoma (both =Melanofaenia; Al-
len, 1980) and describing Rhadinocentrus ornatus
with jaws equal anteriorly’ and ‘all the rays slen-
der and flexible’ in the first dorsal fin. Regan
comnsidered melanofaeniids were not sufficiently
distinct (from atherinids) to warrant subfamilial
status.

Previously, Regan (1903) described Bedotia
madagascariensis from Madagascar with a less-
protractile mouth, notched premaxillaries, for-
ward-placed pelvic fins and a truncate caudal fin
(compared to other atherinds). Rheocles Jordan
and Hubbs was subsequently established (Jor-
dan & Hubbs, 1919) for Eleotris sikorae Sauvage,
described as a ‘robust’ fish bearing few, compact
gill rakers. _

Jordan & Hubbs (1919} remarked on the re-
semblances between the Madagascan genera Be-
dotia and Rheocles, and the Australonesian melan-
otaeniines (the 3 groups being treated as sub-
families). Jordan & Hubbs maintained Pseudomugil
and Telmatherina in Melanotaeniinae.

De Beaufort (1922) detailed melanoctaeniine
anatomy, suggesting that bilateral compression
of the body necessitated repositioning of the sec-
ond dorsal and anal fins craniad, and the pelvics
venirad, to maintain equilibrium. The absence of

a distinct premaxillary dorsal process (‘proximal
peduncle’) was suggested to restrict faw motion
to pivotting about the attachment at (the bend of)
the premaxilla. While de Beaufort noted similar-
ities (body-form and fins) with Telmatherina and
Bedotia, the *most essential feature’ of Melanotae-
niinae was considered to be oral anatomy, and it
was speculated that feeding usually entailed
scraping the upper jaw along fixed objects.

Gosline (1962} attempted to identify interre-
lationships amongst ‘percesocine’ fishes but ex-
pected that Pranesus (=Atherinomorus), used in
that study, would differ from Melanotaenia. Rosen
(1964) attempted a novel alignment in creating
the order Atheriniformes. The definition of the
limits of Atheriniformes has provided the impe-
tus for substantial research during the past
30 years. Rosen listed 23 anatomical characters,
and remarked on reproductive similarities (sex-
ual dimorphism and egg morphology), of the
group. Subfamilies were not listed in Rosen’s
manuscript. Rosen referred to Jordan & Hubbs
(1919) on the geographic distribution of genera,
apparently including Bedotia, Rheocles and Pseu-
domugil in Atherinidae, distinct from Melanotae-
niidae (Telmathering not examined).

Greenwood et al. (1966) listed 21 *characteris-
tic trends’ of Series Atherinomorpha (i.e. a revi-
sion and elevation of Rosen’s Atheriniformes),
establishing equivalent ranking to the 7 other
extant teleost superorders. Suborder Atherinoi-
dei-comprised 5 families: Melanotaeniidae, *Ath-
erinidae (including Bedotiidae, Pseudomugili-
dae)’ and 3 others (telmatherinids not listed).

Munre (1967) defined Melanotaenjidae, Pseu-
domugilidae and Telmatherinidae on the basis of
external morphology, considering the 3 families
to have descended from marine atherinids.
Meinken (1974) described Irirthering werneri from
Irian Jaya (West Irian) on the basis of oral anato-
my and fin morphology. Meinken considered
this fish an atherinid (Ahrenfische) and noted a

-superficial resemblance to Telmathering, Howev-

er, the head and extravagant sexual dimorphism
evident in the first dorsal fin of Iriatherina sepa-
rated it from Telmathering and Pseudomigil.
Patten (1978) considered Atherinidae (Ath-
erincidei of Greenwood et al., 1965) to comprise
6 subfamilies (phallostethids and Madagascan
fish not examined), The musculoskeletal anato-
my of many atherinid species, plus some ath-
erinopsids, Iso, Atherion, Telnatherina ladigesi,
Pseudomugil signifer and 4 Melunotaenia spp., was
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detailed. Melanotaeniinae, including the ‘less
advanced’ Telmathering with Psendomugil and
Melanotaenia, was considered the sister group to
Atherininae

Zeiske et al. (1979) examined the structure of
the nasal organ of 5 melanotaeniid species (Glosso-
lepis sp., Chilatherina sp. and 3 Nemalocentrus
(=Melanolaenia; Allen, 1980) spp.) and suggested
that epithelial organisation was ‘relatively prim-
itive’ (compared to cyprinodontids). Melinkat &
Zeiske (1979) exarnined the anatomy and me-
chanics of this organ in Bedotia genyi, concluding
that the mechanism of ventilation in this species
was different to that of other Atheriniformes,
except notocheirids.

Allen (1980) revised Melanotaeniidae, con-
sidering it to comprise 8 genera (6 ‘rainbowfish’
and 2 ‘blue-eye’ genera). Three rainbowfish gen-
era were monotypic: Iriatherina, Rhadinocentrus
and Cairnsichihys (established for R. rhombo-
somoides Nichols & Raven). Allen identified the
interpelvic modification (the pelvic fins connect-
ed to the ventral body wall by a fine membrane,
enclosing an asquamate area cranial to the anus),
the reduced premaxillary dorsal process {*short
median ascending process’), presence of teeth
outside the mouth, and sexual dimorphisin as
definitive characteristics of Melanotaeniidae. Al-
len noted that a complete pelvic-body membrane
occurred in various non-atheriniform groups, but
only.a partial membrane was (putatively) present
in some atherinids and Bedotia (although not re-
ported in the literature; Stiassny & Reinthal {1992)
described the ‘region from rounded interpelvic
scale to anus naked’ in 3 species of Rheocles), but
conceived Melanotaeniidae as geographically
restricted to present-day Australia and New
Guinea, a probable sister-group of Atherinidae.
Interestingly, Allen’s analysis placed blue-eyes
(with high-set pectoral fins, reduced/lacking in-
terdorsal pterygiophores, reduced cleithrum cau-
dodorsal enclosure, pelvic fin attached to fourth
pleural rib} plesiomorphic to other genera, while
fin spine and additional dentigerous surfaces in
Melanotaenia, Glossolepis and Chilathering were
considered apomorphic characters. Subsequent-
ly, Derijst (1989) ascertained priority for the fam-
ily name Pseudomugilidae over Melanotaenii-
dae, for Allen’s definition of the family.

Grier et al. (1980) investigated teleost sper-
matogonia and found the telogonic testis (sper-
matogonia restricted to the distal portion of the
testis) to be an atherinomorph autapomorphy.
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Jamieson (1991} published micrographs of sper-
matocytes of some Australian melanotaentids,
remarking that ‘sperm structure in atheriniforms
suggests that familial classification of the ather-
inid-melanotaeiniid section of the order may re-
quire revision’.

Rosen & Parenti (1981) considered Rosen’s
(1964) proposed relationships to be based on
somewhat ‘unworkable’ characters. They listed
13 apomorphies (including 2 novel gill-arch char-
acters) for Atherinomorpha, and a further 4 apo-
morphies, which could be used to demarcate the
paraphyletic ‘Division 1°. Melanotaeniidae (in-
cluding Pseudomugilidae), Bedotiidae, and Tel-
matherinidae were 3 of the 6 families comprising
this division. Rosen & Parenti suggested that
Bedotiidae most closely resembled a hypotheti-
cal ‘atherinoid” precursor (on the basis of fin
placement, fin elements and vertebral count), that
melanotaeniids were slightly more derived (in
dorsal fin architecture) and that pseudomugi-
lids, phallostethids and freshwater/marine ath-
erinids approached the advanced state of cypri-
nodontids and exocoetids. Further, ‘Atherinidae
might only be definable by exclusion of both
bedotiids and melanotaeniids’. Parenti (1984)
gave 2 further characters (premaxilla articular
process reduced, enhanced ‘decoupling” of ros-
tral cartilage to premaxilla) to support a basal
niche for (Bedotiidae + Melanotaeniidae), and
expanded the hypothesis by suggesting that pseu-
domugilid affinities were with telmatherinids and
phallostethids (sharing a large meniscus or bone
interposed between maxilla and vomer, and an
enlarged first anal pterygiophore).

White et al. (1984) reported 2 developmental
characteristics, in part gleaned from the litera-
ture {short preanal length at the time of flexure
and the dorsal pigmentation pattern), as atheri-
niform apomorphies. However, Parenti (1984,
1989, 1993) disputed the universality of these
putative characters. Dyer & Chernoff (1996) also
expressed reservation on including these charac-
ters in their analysis.

Parenti (1993) listed 14 atherinomorph apo-
morphies, substantially revising Rosen & Parenti
(1981), but maintained the paraphyly of Divi-
son 1. She argued that ichthyologists needed to
define characters and homologies precisely, and
examine proposed outgroups thoroughly, to es-
tablish the sister-group to atherinomorphs, iden-
tify unequivocal division 1 synapomorphies and
determine atherinoid interrelationships. An anal-
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ysis of the structure of the first dotsal fin of
atherinomorphs, mugilids and outgroups ech-
oed the widely-accepted contention that Bedoti-
idae was the most basal atherinomorph clade.
Saeed et al. (1989) accepted Pseudomugili-
dae, a clade distinct from the 6 genera compris-
ing Melanotaeniidae. Pseudomugilidae was di-
agnosed on the basis of the absence of the me-
sethmoid, a single rostral infracrbital and the
articular coronoid process as high as the dentary.
Pseudomugilidae was separated into Psevidomu-
gilinae, with an elongate first epibranchial unci-
nate process, absence of the articularmaxillary
ligament and 2 other characters, and Kiunginae
{type species Kiunga ballochi Allen) with a ‘keel-
like’ abdominal outgrowth, derived maxilla-Iat-
eral ethmoid articulation and 5 further charac-
ters. Ivantsoff et al. (1991) subsequently described
Scaturiginichthys vermeilipinnis and established
Scaturiginichthyinae. :
Stiassny (1990} argued for monophyly of both
Bedotin and Rheocles, within a monophyletic Be-
dotiidae. The family was characterised with me-
dian exostoses on the caudal 6-7 vertebrae, lach-
rymal plus one elongate rostral infraorbital, and
asymmetric pelvic medial processes. Bedotia was

characterised with reduced/absent pelvic crani-

al spinous processes, paired median basibranchi-
al toothplates and a premaxillary notch. Rkeocles
was characterised with fusion of the parhypural
to the lower hypural plate. She noted that an
indistinct subdivision of m. pharyngocleithralis
(=m. pharyngoclavicularis; Winterbottom, 1974)
was common to Bedofin, Rheocles and the basal
mugilid Agonostomus but not melanotaeniids. She
suggested 4 apomorphies supporting a sister-
group alignment between Atherinomorpha and
the proposed Mugilomorpha. Expanding this
hypothesis, Stiassny (1993) presented a revised
set of 7 apomorphies supporting the above rela-
tionship, also noting that Bedotin, Rheocles and
melanotaeniids shared an underived (large) su-
pracleithrum while Bedotia, Rheocles and Agonos-
tomus shared a plesiomorphic configuration of
m. levator operculi. Stiassny & Raminosa (1994)
suggested that there was need for a further revi-
sion of Bedotin and Rheocles.

Kottelat (1990, 1991) investigated the ichthyo-
fauna of Sulawesi, recognising 3 genera and 16
species of telmatherinids. Saeed & Ivantsoff (1997)
established the telmatherinid genus Kalypfathe-
rira for Pseudomugil helodes Allen and Ivantsoff,
from islands off the west coast of New Guinea.

Telmatherinidae was diagnosed with a short ros-
trum, reduced first vertebral neural spine and
reduced fourth pharyngobranchial toothplate,
while other *distinguishing’ osteological charac-
ters were given pending the publication of a de-
tailed analysis of Telmatherinidae.

Saeed et al. (1994) pursued their analysis of
atheriniforin interrelationships, partitioning di-
vision 1 between new world Atherinopsoidea
(with one apemorphic character) and old world
Atherinoidea (with 4 apomorphies), considering
the latter to comprise 7 families (including Be-
dotiidae, Melanotaeniidae, Telmatherinidae and
Pseudomugilidae). The distribution of ¢ charac-
ters across Atherinoidea placed Bedotidae and
Melanotaeniidae as plesiomorphic, while pseu-
domugilids were placed closest to phallosteth-
ids, the latter 2 families sharing apomorphic disc-
like supracleithra and reduction/loss of inter-
dorsal pterygiophores.

Zhu et al. (1994) examined 2 DNA sequences
from representatives of 26 populations of Melano-
taenin spp. and one Glossolepis sp. They conclud-
ed that parsimony analysis of nucleotide sequence
evolution data accorded reasonably with postu-
lated relationships (based on morphological anal-
ysis} within Melanotaenia.

Nelson’s (1994) synopsis was compiled from
characteristics published elsewhere in the litera-
ture. Nelson recognised 3 suborders in Atherini-
formes: Bedotioidei, Melanotaenioidei (includ-
ing Pseudomugilidae) and Atherinoidei (includ-
ing Telmatherinidae), with ‘interrelationships of
the five families ... uncertain’ in the third subor-
der.

Dyer & Chemoff (1996) proposed a phyloge-
netic analysis of Atheriniformes, and provided a
detailed assessment of melanotaeniid relation-
ships. Atheriniformes was diagnosed with 10
characters, including 3 autapomorphies. Melan-
otaeniidae was diagnosed with a restricted cau-
dal myodome, 3 or more pleural ribs caudal to
the origin of the anal fin, and 4 other characters.
The family comprised Bedotiinae, Melanotaenii-
nae and Pseudomugilinae (=Pseudomugilini +
Telmatherinini). Bedotiinae was diagnosed with
a pterotic shelf (not canal), caudal extension of
the parasphenoid, enclosed mandibular sensory
canal and no spine in the anal fin. Melanotaeni-
inae was diagnosed with 2 characters, the pelvic-
body membrane providing ‘additional support’.
However, Dyer & Chernoff suggested their anal-
ysis of this clade was somewhat sketchy. Seven
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characters listed as diagnostic of Pseudomugili-
nae included ligamentous attachment of nasal to
palatine, enlarged submaxillary meniscus with
hyaline cartilage core, maxillary shaft expanded
proximally, tendon of m. adductor mandibulae
to distal half of maxilla and ‘plate’-like first anal
pterygiophore. Dyer & Chernoff disputed pseu-
domugilid characters listed by Saeed et al. (1989)
and Saeed & Ivantsoff (1991), providing instead
a set of ‘novel’ characters derived from examina-
tion of Pseudomugil signifer and P. tenellus. In fact,
most of these characters (and others) were given
as diagnotic traits by Saeed et al. (1989). Two
specimens of Telmathering ladigesi were examined
and a single apomorphy proposed.

Dyer & Chernoff (1996) disputed the notion
that bedotiines and melanotaeniines were ‘prim-
itive atherinoids’, suggesting rather that the (per-
comorph-like) enlarged dorsal mesethmoid, deep
body and pungent fin spines (in Melanotaenia)
were (within Atheriniformes) derived character-
istics.

Aarn & Ivantsoff (1996) detailed the anatomy
of the melanotaeniid R. ornatus, listing this fish’s
apomorphies. Tt was reiterated that detailed an-
atomical analyses of C.rhombosomoides and
I werneri were prerequisite for clarification of
melanotaeniid systematics. Aarn et al. {in press)
identify atherinid (lachrymal caudal notch, pel-
vic ventrolateral spinous process) and melano-
taeniid (angular premaxilla, pelvic-body mem-
brane) characteristics which are variably-distrib-
uted in Telmatherinidae, and describe a fifth
felmatherinid genus.

In summary, more than a century of research
culminated in the synthesis formalised by Rosen
{1964) (in part suggested earlier; see Parenti, 1993),
just prior to the rise of phylogenetic systematics.
This invigorated research into atheriniform in-
terrelationships, culminating in the comprehen-
sive phylogenetic analysis of Dyer & Chernoff
(1996} in which important novel atheriniform
apomorphies were identified. This manuscript
presenits new anatomical data, proposing a new
definition and phylogenetic analysis of Melano-
taeniidae.

Descriptive anatomy
Methods. Procedures for clearing and staining,

disarticulation and illustration of specimens fol-
low Aarn & Ivantsoff (1996). Details of these pro-
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cedures, for prepared specimens from museums
other than MQU, were not available. Terminolo-
gy follows Aarn & Ivanisoff (1996) and the rec-
ommendations of Anon. (1983). Sulawesi is the
name of the territory formerly known as Celebes.
New Guinea is the name of the island comprising
Irian Jaya and Niugini.

Fin elements were counted on a maximum of
12 fish from each collection: some collections had
less than 12 specimens, and some fins were dam-
aged. Vertebrae, pleural ribs, epineurals and
pterygiophores, and gill rakers of the lower left
gill-arch, were counted in cleared and stained
fish.

Melanotaeniidae Gill, 1896
Type genus. Melanotaenia Gill, 1862

Diagnosis. An atheriniform family of brackish-
and fresh-waters of Australia and New Guinea,
and Madagascar, differing from other Atherini-
formes in the following combination of charac-
teristics: dorsal mesethmoid large; rostral carti-
lage piriform; narrow meniscus between vomer-
ine and maxillary condyles; upper jaw fixed;
premaxilla ventral margin angular; premaxilla
postmaxillary process reduced or absent; coro-
noid process of dentary low; palatine robust;
dentary incisure extensive; toothed surfaces re-
duced, teeth rarely present on ectopterygoid;
mesopterygoid edentulous; premaxillary teeth
displaying moderate to marked anisometry; in-
teropercle caudodorsal margin notched; hypo-
branchial ITT deltoid, without marked rostroven-
tral tapering; epibranchial I uncinate process
mederately or markedly elongate; ceratobranchial
V broad in most species; epibranchial IV large,
with large medial condyle; 32-41 vertebrae; first
neural spine enlarged; 1-3 interdorsal pterygio-
phores; parhypural generally reduced, fused to
lower hypural plate; anal fin originates cranial to
3+ pleural ribs; 2 postcleithra: small, scale-like
dorsal, and trabecular (coursing on craniolateral
face of first rib) ventral, elements; pelvic cranial
spinous process truncate; pelvic fin attached lig-
amentously to pleural rib 2-4; pelvic ventrolater-
al spinous process absent; anus situated between
pelvic fins; membrane between ventral body wall
and inner pelvic fin ray; body deep to discoidal.
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-Subfamily Melanotaeniinae Gill, 1894

Diagnosis. External ramus of maxilla moderate
to elongate, premaxilla large and elongate; first
anal pterygiophore reduced.

Cairnsichthys Allen, 1980

Diagnosis. A monotypic melanotaeniid genus
with the vomer rostral margin markedly convex,
vomerine condyles directed caudolaterally. Na-
sal forming rostral roof of orbit. Maxillary exter-
nal ramus elongate, narrow-hemispatulate, max-
illa resting in deep sulcus of premaxilla. Mandib-
ular sensory.canal enclosed. Rostral infracrbital
series of 2 elements. Flexible spine at start of anal
fin, most specimens with flexible spine at start of
second dorsal fin. Supracleithrum broad. Pelvic
fin lacking cranial spinous process, attached lig-
amentously to fourth pleural rib.

Cairnsichthys rhombosomoides
. (Nichols & Raven)
(Fig. 1a-b)

External morphology. Body slender, rthombo-
fusiform with slight sigmoid flexure, caudal body
laterally-compressed. Mouth terminal, jaws equal
rostrally, oblique caudally. Angle of mouth ex-
tending caudal to transverse plane through ros-
tral margin of orbit, with upper jaw enclosing
lower jaw. Several rows of small, conical teeth
extending along premaxilla outside gape. Deep
indentation (‘notch’) at junction of rostrotrans-
verse and caudolateral rami of upper jaw. Labial
prominence of lower jaw filling notch, Rostral
nares papilla adjacent to notch. Rostrum slightly
depressed in preserved fish.

First dorsal fin small, thomboidal, originat-
ing on cranial half of body well behind pectoral
tips, of V-VI flexible spines. Second dorsal fin of
14-15 rays, caudal 10-1? branching subterminal-
ly. Anal originating caudal to pelvic tips and
origin of first dorsal, terminating just czanial to
termination of second dorsal, with small spine
and 19-21 rays, caudal 16-20 branching subtermi-
nally. Second dorzal and anal fins extended from
bedy as moderate sectors. Caudal fin symmetric,
emarginate, of 9+8 (dorsal + ventral) principal
branched and unbranched rays. Pectoral fin
broad-fusiform, with dorsal ‘spur’ (minute spine)

and 10-12 rays {dorsal ray unbranched). Pelvic
fin originating before pectoral tip, deltoid, with
small lateral spine and 5 branched rays, medial
ray attached to ventral body wall by fine merm-
brane. Anus caudal to origin of last pelvic ray.
Urogenital papilla between anus and anal fin.
Urogenital orifices in asquamate area bounded
by pelvic-body membranes.

Body, except jaws and vent, covered in faint-
ly-crenulate cycloid scales. Scales in lateral series
from pectoral axilla to origin of caudal fin 36-38,
in transverse rows betwen origins of dorsal and
anal fins 10.

Live colouration relatively drab, prominent
black midlateral line with blue and gold irides-
cent spots uneventy disiributed over yellow/ol-
ive dorsum, silver ventrum and transparent
miedian fins. Caudal fin yellow. Sexual dimor-
phism inapparent, but second dorsal and anal
fins reportedly edged with yellow in males (Mer-
rick & Schmida, 1984). Colour most intense on
largest fish. _

Specimens stored in 70 % ethanol with prom-
inent black band traversing midlateral row of
largest scales, from pectoral axilla to tip of caudal
peduncle. Scales above band with centrifugal
pigmentation, forming reticulated pattern, scales
below lacking reticulation. Black line coursing
along dorsal body contour, from interorbital plane
through base of dorsal fins to tip of caudal pe-
duncle. Lachrymal, opercular and belly regions
grey. Some specimens with faint black submar-
ginal crescent in second dorsal and anal fins.
Caudal rays heavily pigmented proximally, be-
coming faint peripherally.

Largest documented specimen 66 mm SL
(Allen, 1980); largest examined osteologically
64 mm SL.

Musculoskeletal anatomy

Cranium. Cranium broad, snout depressed be-
low roof of orbit (Figs. 2a-c). Vomer edentulous,
broad-deltoid, rostral margin convex, condyles
for articulation with maxillae triangular, direct-
ed caudolaterally. Vomer dorsal surface bearing
small lateral processes contacting ethmoid carti-
lage; vomer parasphenoid process reduced
(Fig. 3). Strong vomeropalatine ligament direct-
ed bilaterally from angle of vomerine condyle to
rostroventral process of palatine.
Parasphenoid rostral process spatulate

Aarn & lvantsoff: Anatomy of Cairnsichthys and Iriathering
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Fig. 1. Cairnsichthys rhiombosomoides: a, aquarium specimen (pholograph by Neil Armstrong); b, MQU 1470,
62 mm SL {upper fish} and 34 mm SL {lower fish).

(Fig. 2b), extending from rostral angle (above
vomer, beneath ethmoid) caudally to form ven-
tromedian interorbital septum, coursing beneath
prootic median synthesis, terminating in circular
caudal fossa, caudal to transverse plane through
basioccipital rosiral angle. Alar process, contact-
ing prootic, truncated. Ventral fenestration (Dyer
& Chernoff, 1996) in some immature specimens,
between alar processes and caudal fossa. Sec-
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ondary lateral expansion caudal to ala. Basi-
sphenoid belophragm base broad, contacting
dorsal surface of parasphenoid between alag;
meningosts directed laterally to contact free ros-
tral margin of prootics close to median prootic
synthesis.

Ethmoid cartilage widest rostrally, narrow-
ing caudoventrally to form rostral interorbital
septum. Ethmoid rostrodorsally contacting piri-
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Fig. 2. Catrnsichthys rhombosomoides, MQU 1471, 47 mun SL. Cranium in: a, dorsal aspect; b, ventral aspect;
¢, lateral aspect. Abbreviations: bo, basioccipital; boc, basioccipital condyle; bs, basisphenoid; car, parietal
cartilage; do, dermosphenoid; ei, epiotic; eil, epiotic lateral ridge; et, ethmoid cartilage; ex, exoccipital;
exe, exocdpital condyle; fm, foramen magnum; fr, frontal; frs, frontal supraoccipital lamina; ic, intercalar;
le, lateral ethmoid; lee, lateral ethmoid condyle; lei, lateral ethmoid incisure; md, dorsal mesethmoid; na, nasal;
oxb, orbit; pe, pterotic; pei, pterotic incisure; pd, pterosphenoid; pmf, posttemporal fossa; po, prootic;
ps, parasphencid; psa, parasphenoid ala; pse, parasphenoid caudal foramen; psr, parasphenoid rostral ram-
us; psv, parasphenoid ventral fenestration; re, rostral cartilage; so, supraoccipital; soc, supraoccipital crest;
st, sphenotic; stp, sphenotic postorbital process; ts, temporal shelf; vo, vomer; voc, vomerine condyle. Scale
bar: T mm. Stippling: cartilage; dotted lines: obscured siructures.
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form rostral cartilage, middorsally contacting
dorsal mesethmoid, caudodorsally contacting
frontals, laterally fused to lateral ethmoids and
ventrally contacting vomer and parasphenoid.
Ethmoid dorsal face slightly depressed. Lateral
ethmoids widely-separated, at rostral margin of
orbits, dorsally attached to nasal ventromedial
crest. Lateral ethmoid rostral angle at level of
transverse plane through vomerine condyles,
caudal to ethmoid cartilage rostral margin. Lat-
eral ethmoid deeply excavated rostrolaterally,
forming palatine facet. Caudoventral margin al-
most transverse, bearing shallow palatine sulcus.
Caudolateral vertical border convex, ventral an-
gle forming small lachrymal condyle. Dorsal
mesethmoid forming large rhomboidal lamina,
contacting lateral ethmoids, nasals and rostral
angle of frontals (Fig 4).

: [
Fig. 3. Cafmsichithys rhombosemoides, MQUL469, 41 mm
SL. Vomer in: a, dorsal aspect; b, rostral aspect.
Abbreviations: vee, vomerine condyle; vop, vomer
parasphenoid process. Scale bar: 1 mm.
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Fig. & Cairnsichthys rhombosomoides, MQU1.472, 36 mun SL. Facies in rostrodorsal aspect. Abbreviations: et, ethmoid
cartilage; fr, frontal; l¢, lachrymal; lcs, lachrymal subnasal shelf; le, lateral ethmoid; md, dorsal mesethmoid;
mx, maxilla; mxi, maxilla internal ramus; na, nasal; pa, palatine; pxa, premaxilla alveolar ramus; pxd, premaxilla
dorsal process; ro, rostral cartilage; vo, vomer. Scale bar: 1 mm. Stippling: cartilage; dotted lines: obscured

structures.
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Fig. 5. Cairnsichthys rhombosomoides, MQU 1472, 41 mun SL. Superficial musculature and ligaments of head and
pectoral region. Abbreviations: de, dentary; do, dérmiosphenoid; et, ethmoid cartilage; Lar, articularmaxil-
laryligament; lc, lachrymal; Lla, labial ligament; Mal/2, m.adductor mandibulae, Aland A2 sections; Ma3, m.
adductor mandibulae, A3 section; Maa, m. adductor arcus palatini; Mam, m. adductor mandibulae, mandibu-
lar branch; Mas, m. abductor superficialis; Mdo, m. dilator operculi; Mep, epaxial musculature; Mla, m. le-
vatorarcus palatini; Mle, m.levator aperculi; Mtl, tendon of m. adductor mandibulae to lachrymal; Mtm, tendon
of m. adductor mandibulae to maxilla; op, opercle; orb, orbit; pm, posttemporal; pp, preopercile; px, pre-
maxilla; ry, fin ray; sb, subopercle. Scale bar: 1 mm. Dashed lines: muscles.

Nasal elongate and broad, falcate rostrome-
dial margin forming perimeter of rostral fossa.
Broader caudal portion of nasal dorsal and later-
al to lateral ethmoid, extending caudal to lateral
ethmoid to contact frontal, forming substantial
part of roof of orbit. Prominent dorsal sensory
crest directed rostrolaterally on rostral portion
(Fig. 2a), small sensory trabecula midcaudally.
Median ventral ridge extending from rostral an-
gle to transverse plane at level of lateral ethmoid
excavation, giving origin (rostrally) to nasolach-
rymal, and {caudally} to ethmonasal, ligaments.

Yrontal irregular, narrow rostromedially ad-
jacent to caudal extension of nasal, above eth-
mwid. Frontal caudal portion broad, forming most
of roof of cranial vault, and roof of orbit. Frontals
joined along asymmetric caudomedian suture,
rostrally persistent fontanel causing discontinuity,
above ethmoid. Shallow sulcus demarcating {me-
dian) calvarial lamina of frontal from supraorbi-
tal lamina, 2-3 small sensory trabeculae about
sulcus.

Supraoccipital forming caudal roof of cranial

vault, with deltoid rostral process lying ventral
to caudomedian angle of frontals. Supraoccipital
crest moderately developed.

Sphenotic at caudal margin of crbit in contact
with caudolateral angle of frontal (Fig. 2c). Sphe-
notic postorbital process directed ventrolateral-
ly, somewhat caudally, giving origin to m. leva-
tor arcus palatini.

Pterotic contacting caudal margin of sphe-
notic, coursing around caudolateral margin of
skull to contact epiotic. Deep, narrow indenta-
Hon extending centrifugally. Small process on
ventral face, adjacent to apex of indentation, de-
limiting caudal extent of hyomandibula facet.
Temporal shelf extending hcrizontally, rostral
angle derived from sphenotic, caudal (larger)
portion from pterotic.

Epiotic somewhat triangular, dorsal apex ly-
ing ventral to supraoccipital, oblique caudal bor-
der contacting exoccipital, ventral base contact-
ing pterotic. Epiotic bearing prominent lateral
ridge for articulation with posttemporal and in-
sertion of epaxial musculature (Fig. 5).

Aarn & Ivantsoff: Anatomy of Cairnsiciithys and Irinthering
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Fig. 6. Cairnsichthys rhontbosomoides, MQU 1.469, 37 mm 5SL. Jaws. Abbreviations: ara, articular process of arigin
of articularmaxillary ligament and mandibular branch of m. adductor mandibulae; are, articular neural canal;
arl, arlicular lateral muscular process; art, articular trochlear groove; dec, dentary neural canal; dei, dentary
caudal incisure; dep, dentary coronoid process; Lai, insertion of articularmaxillary ligament; Lli, insertion of
labial ligament; ma, mandibular cartilage; mmi, insertion of adductor tendon to maxilla; mxa, maxilla alveo-
lar ramus; mxc, maxillary condyle; mxe, maxilla external ramus; mxi, maxilla internal ramus; mxp, maxilla
palatine sulcus; pxd, premaxilla dorsal process; pxp, premaxilla postmaxillary process; pxs, premaxilla lateral
suleus; qut, quadrate tubercle; 1a, retroarticular; sa, supraangular. Scale bar: 1 mm. Stippling: cartilage; dotted

lines: obscured structures.

Exocripital forming dorsal portion of base of
skull, dorsally contacting supracccipital and epi-
otic, laterally contacting pterotic, ventrally con-
tacting basioccipital. Exoccipitals joined above
foramen magnum, paired exoccipital {minor oc-
cipital) condyles projecting caudally to articula-
tion with first vertebra.

Basioccipital forming caudoventral angle of
skull, extending rostrad dorsal to parasphenaid
caudal foramen, rostrolaterally contacting proot-
ics, dorsolaterally contacting exoccipitals, caudally
forming major occipital condyle. Axialpectoral
(Baudelot’s) ligament originating (bilaterally)
from prominence on caudal angle of otic bulla,
caudolateral to centre of basioccipital, directed
laterally. Prootic expansive, laminar, forming
rostral floor of skull, rostrodorsally contacting
pterosphencid and sphenotic, caudodorsally con-
tacting pterotic, caudally contacting basioceipital.
Prootics meeting in median plane, dorsal to alae
and caudal extension of parasphenoid. Otic bulla
ellipsoid, bilaterally extending from basioccipital
to prootic rostrolateral region, enclosing otoliths.
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Pterosphenoid forming partial septum be-
tween orbit and cranial vault, dorsally contacting
frontal, laterally contacting sphenotic, ventrome-
dially contacting prootic, indented medial mar-
gin free.

Jaws. Upper jaw not protrusible. Maxilla bifur-
cating rostrally to give elongate tubiform inter-
nal, and hemispatulate external, rami, about pre-
maxilla dorsal process (Fig. 6). Maxilla internal
ramus bound in dense connective tissue beneath
rostral cartilage. Condyle for articulation with
vomer at base of internal face of internal ramus,
biconcave discoidal meniscus interposed between
maxilla and vomer. Shallow dorsal sulcus for
palatine just caudal to bifurcation. Articularmax-
illary ligament inserting on dorsal spine of max-
illa somewhat caudal to bifurcation. Maxillary
tendon of m. adductor mandibulae inserting on
ventromedian face of maxilla caudal to ligament.
Maxilla alveolar (lateral) ramus elongate, resting
in sulcus on external face of premaxilla, extend-
ing caudad beyond caudal angle of premaxilla.
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Fig. 7. Caimsichthys rhombosomeides, MQU 1470, 64 mm SL. Suspensorium and jaws. Abbreviations: ar, articu-
lar; de, dentary; ec, ectopterygoid; hyc, hyomandibula condyle; hyf;, hyomandibula foramen; hyt, hyoman-
dibula tubercle; if2, infracrbital 2; io, interopercle; le, lachrymal; ma, mandibular cartilage; ms, mesop-
terygoid; mi, metapterygoid; mx, maxilla; opg, opercle glencid cavity; op, opercle; pa, palating; pap, palatine
rostroventral pracess; pp, preopercle; pqr, palatoquadrate cartilage; Px, premaxilla; qu, quadrate; gut, quad-
rate tubercle; ra, retroarticular; sa, supraangular; sb, subopercle; sbd, subopercle dorsal process; sm, sym-
plectic. Scale bar: 1 mm. Stippling: cartilage; dotted lines: obseured structures.

Premaxilla irregular, rostromedian symphy-
seal part with low dorsal process and deep ven-
tral extension, separated from alveolar ramus by
prominent dorsal and veniral notches. Postmax-
illary process very low, edentulous dorsal lami-
na of premaxilla alveolar ramus terminating ros-
tral to caudad extension of dentigerous lamina.
Premaxilla bearing several rows of caniniform
teeth; largest teeth on rostromedian alveolar sur-
face, testh very small about ventral notch, larger
teeth along alveolar ramus extending caudad
beyond caudal angle of premaxilla.

Dentaries joined in median symphysis. Den-
tary coronoid process low, caudal incisure shal-
low, caudodorsal angle caudad to caudoventral
angle. Several rows of small caniniform teeth
from symphysis along alveclar ramus, largest
teeth adjacent to premaxillary notch, directed
somewhat laterally; caudodorsal angle edentu-
lous. Labial ligament rising from internal face of
caudal angle of maxilla and premaxilla, and Jat-
eral face of articular coronoid process, coursing
rostrally on lateral face of dentary alveolar ram-
us to insertion at labial prominence {Fig. 5).

Articular elongate, low, lacking coronoid proc-
ess. Articular caudal processs giving origin to
articularmaxillary ligament just rostal to inser-

tion of small mandibular branch of m. adductor
mandibulae. Trochlear groove at caudolateral
angle of articular forming ginglymus (hinge joint)
with quadrate tubercle (Fig. 6). Mandibular
(Meckel’s) cartilage extending from origin close
to dentary symphysis along internal face of den-
tary, to caudal angle of articular, always lower
than articular. Elongate supraangular (coro-
nomeckelian) bone attached to dorsal surface of
mandibular cartilage at level of rostroventral
angle of articular. Retroarticular small, at cau-
doventral angle of lower jaw. Mandibular senso-
ry canal on ventrolateral face of dentary and ar-
ticular, enclosed by perforate osseous sheaf.

Suspensorium. Comprising palatoquadrate as-
semblage, ectopterygoid, mesopterygoid, metap-
terygoid, symplectic, preopercle and hyorman-
dibula (all edentulous) (Fig. 7).

Palatine with robust rostral process lacking
ventral deviation (Fig. 8), resting in maxillary
sudcus. Palatine ethmoid process attached to lat-
eral ethmoid. Rostroventral process small, con-
tacting lateral ethmoid. Palatine caudodorsally
contacting, mesopterygoid, extending caudoven-
trally as narrow trabecula to contact quadrate.
Quadrate with compact vertical lamina, ventral
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Fig.8. Crirnsichtlys rhombosomoides, MQU1.469, 41 mm
SL. Palatine in lateral aspect. Abbreviations: pae, pa-
latine ethmoid process; pap, palatine rostroventral
process; par, palatine rostral process. Scale bar: 1 mm.
Stippling: cartilage.

to mesopterygoid, and elongate preopercle (lat-
eral) ramus bearing large rostral tubercle and
trabecular caudal extension.

Ectopterygoid narrow, arcuate, on medial face

~ of palatine ventral trabecula (Fig. 7). Mesoptery-

goid thin, narrow, encapsulating orbit ventrola-
terally. Metapterygoid almost straight, rostrally
contacting quadrate caudal cartilage, dorsal to
symplectic, caudodorsally contacting ventral and
rostral processes of hyomandibula. Symplectic
narrow-piriform, extending from incisure in
quadrate to form conical cartilage, articulating
with hyomandibula ventral cuneiform cartilage.

Hyomandibula irregular, long axis vertical,
2 dorsal condyles capped with cartilage articu-
lating with facets of sphenotic and pterotic. Small
rostroventral ramus and rostral border of hyo-
mandibula ventral angle contacting metaptery-
goid. Ventral cuneiform cartilage forming expan-
sive synarthrosis with symplectic, medial face
giving origin to interhyal ligament. Hyomandib-
ula lateral face bearing vertical ridge contacting
preopercle. Large caudal tubercle, with cartilag-
inous articular surface, forming enarthrosis (ball
and socket joint) with opercle glenoid cavity.

Preopercle forming rightangular canal, open
ventrally and caudally, ventral ramus shorter and
slightly curved.

Opercular series. Consisting of interopercle,
opercle and subapercle. Interopercle deep, with
shallow caudodorsal indentation, dorsal border
deep to preopercle horizontal ramus. Operclerec-
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Fig.9. Cairnsichihys rhombosomoides, MQU 1409, 37 mum
SL. Lachrymal in lateral aspect. Abbreviations: les, lach-
rymal subnasal shelf; MIi, insertion of adductor ten-
don on lachrymal. Scale bar: 1 mm. Dotted lines: ob-
scured structures.

tangular except convex caudoventral margin.
Dorsal margin almost linear, below level of hor-
izontal plane through hyomandibula dorsal con-
dyles. Medial surface rostral border bearing tu-
bercle with glenoid fossa for articulation with
hyomandibula; small ossecus ridge extending
briefly caudad from tubercle. Subopercle distort-
ed-fusiform, curled about caudoventral margin
of opercle, bearing large rostrodorsal process.

Circumerbital series. Consisting of lachrymal
and second infracrbital (rostrally), and dermos-
phenoid. Lachrymal with rhombojdal dorsal
portion and deltoid ventral portion, apex direct-
ed caudoventrally (Fig. 9). Lachrymal dersal bor-
der entire, subnasal shelf on medial face project-
ing rostrally beyond lachrymal rostral border-
Horizontal sensory canal at caudal margin of
lateral face; caudal {ransverse face concave, acco-
modating condyle of lateral ethmoid. Tendon
from m. adductor mandibulae inserting on me-
dial face close to caudal angle of subnasal shelf.
Second infraorbital forming elongate osseous
canal coursing caudoventrally.

Dermosphenoid forming elongate cuneiform
canal, apex lying deep, superficial face open.
Dermosphenoid extending from caudomedian
angle of frontal supraorbital lamina, on rostral
face of sphenotic postorbital processs, to level of
horizontal plane through middle of orbit.

Hyobranchial apparatus. Comprising median
unpaired glossohyal cartilage, basishyal, {3) basi-
branchials and urchyal, bilaterally paired dorsal
and ventral hypohyals, ceratohyal, epihyal,
(6) branchiostegals, interhyal, (3) hypobranchi-
als, (5) ceratobranchials, {4) epibranchials and
(3) pharyngobranchials, and associated tooth-
plate/patches (Fig. 10a-b}.
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Fig 10. Cairnsichthys riombosomoides, MQU 1470, 38 mm SL. Hyobranchial apparatus, right pharyngobranchials
teased open, ina, dorsalaspect; b, veniral aspect (urohyal removed). Abbreviations: bb, basibranchial; bbe, basi-
branchial cartilaginous pedicle; bh, basihyal; br, branchiostegal; cb, ceratobranchial; ch, ceratchyal; dh, dorsal
ypohyal; éb, epibranchial; eh, epihyal; gh, glossohyal; gr, gill raker; hb, hypobranchial; ih, interhyal;
pb, pharyngobranchial; pbt, pharyngobranchial toothplate; tp, toothpatch; vh, ventral hypohyal. Scale bar:
1 mm. Stippling: cartilage; dotted lines: obscured structures.

Glossohyal ovate, caudally fused to deltoid
basihyal, both edentulous. Basihyal bilaterally
contacing medial face of dorsal hypohyals, cau-
dal apex contacting rostral apex of first basi-
branchial. First basibranchial small, lateraily cont-
acing dorsal hypohyals, caudally contacting sec-
ond basibranchial. Second basibranchial elongate,

rostrolaterally contacting first hypobranchials,
rostroventrally contacting urohyal, caudally con-
tacting third basibranchial. Third basibranchial
largest element of basibranchial series, rostrola-
terally contacting second hypobranchials, caudal
portion encircled by third hypobranchials and
dorsal median toothpatch, terminating caudov-
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Fig. 11. Cairnsichtiys rhombosomoides, MQU 1.470,
64 mm SL. Urohyal in lateral aspect. Abbreviations:
uha, urchyalals; uhc, urohyal condyle; whr, urohyal
rostrodorsal process; uhv, urohyal ventral canal, Scale
bar: I mm.

entrally as cartilaginous pedicle. Cartilaginous
nodule in horizontal basibranchial plane, above
pedicle,

Urohyal elongate (Fig. 11), rostral condyles
attached ligamentously to ventromedian face of
ventral hypohyals, rostrodorsal articular process
approaching second basibranchial, ventromedi-
an margin an open canal, caudal border emar-
ginate, with small dorsal alae.

Dorsal hypohyal irregular-hemispherical
(Fig.12). Ventral hypohyal irregular, joined to
fellow ligamentously at large rostromedian con-
dyle. Ceratohyal rostrally fused to hypohyals,
caudally extending as narrow collar to vertical
caudal lamina. Cartilaginous fusion between cer-
atohyal and (smaller) epihyal reinforced dorsally
with osseous lamellae. Epihyal caudal margin
directed caudodorsally, caudodorsal angle giv-
ing origin to interhyal ligament containing elon-
gate interhyal sesamoid. Rostral 2 (small) bran-
chiostegals rising from ventral border of collus of
ceratohyal. Intermediate 2 branchiostegals artic-
ulating with facets on ceratohyal lateral face.
Caudal 2 branchiostegals on lateral face of epihy-
al, occasionally penultimate branchiostegal on
ceratohyal-epihyal synchondrosis.

First hypobranchial angular, directed caudal-
ly, bearing 2-3 small gill rakers. Second hypo-
branchial smaller than first, directed caudolater-
ally. Third hypobranchial oriented vertically,
dorsal angle contacting median basibranchial
toothpatch, curling around third basibranchial,
ventral angle almost contacting fellow towards
median plane.

Rostral 4 ceratobranchials elongate, narrow,
dorsal surfaces bearing occasional small tooth-
plates. Rostral 3 ceratobranchials rostrally con-
tacting respective hypobranchials, fourth hypo-
branchial contacting median cartilaginous nod-
ule. First ceratobranchial bearing 7-8 fusiform
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Fig. 12. Cairnsichthys rhombosemoides, MQU 1.470,
64 mm SL. Hyoid bar in lateral aspect. Abbreviations:
br, branchiostegal; ch, ceratohyal; che, ceratohyal-
epihyal osseous lamnella; dh, dorsalhypohyal; eh, epi-
hyal; ih, interhyal; Lih, interhyal ligament; vh, ven-
tral hypohyal. Scale bar: 1 mm. Stippling: carti-
lage; dotted Jines: obscured struciures.

gill rakers. Longest gill raker less than first hypo-
branchial; gill rakers bearing few denticles. Fifth
teratobranchial deltoid, rostral angle contacting
rostromedian face of fourth ceratobranchial,
broadest midlength, caudal angle bearing large
tubiform process. Dorsal surface supporting low-
er pharyngeal toothplate, with largest caniniform
teeth towards midlateral region. Ventral surface
bearing broad muscular process.

First epibranchial stout, bifurcating distally,
rostral process contacting first epibranchial, unc-
inate process contacting small spherical interar-
cual cartilage resting on second pharyngobranchi-
al. Second epibranchial angular, with proximal
ramus larger than distal ramus, contacting sec-
ond and third pharyngobranchials. Third epi-
branchial stellate, contacting third pharyngo-
branchial, small process contacting fourth pharyn-
gobranchial dorsal process. Fourth epibranchial
largest element of series, angular, large distal
ramus articulating with median caudodorsal con-
dyle of third pharyngobranchial.

First pharyngobranchial small, near-linear
edentulous rod. Second pharyngobranchial al-
most rhomboidal, attached to rostral border of
third pharyngobranchial, dorsal border narrow,
ventral margin bearing 2-3 rows of teeth. Third
pharyngobranchial irregular, bearing enlarged
third, and caudally contacting reduced fourth,
pharyngeal toothplates, largest caniniform teeth
towards centre of third toothplate.

Vertebrae and ribs. Total vertebrae 36-38, pre-
caudal 16-17, caudal 19-21, epineurals on all pre-
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Fig. 13. Cairnsichthys rhombosomeides, MQU 1471,
47 ram SL. First 6 vertebrae. Abbreviations: en, epi-
neural; rp, pleural rib; ven, vertebral neural process;
vep, vertebral parapophysis. Scale bar: 1 mm.

caudal and first 5-6 caudal vertebrae. Precaudal
vertebrae with large laterally-directed parapo-
physes, candal facet contacting proximal angle of
pleural xib from third to final precaudal verte-
brae, parapophyses directed ventrally in first 3-4
caudal vertebrae, developed as haemal arches
then spines in subsequent vertebrae, largest hae-
mal spine on penultimate vertebra, :
First vertebra articulating with occipital con-
dyles, bearing moderate neural plate: Second to

B[

Fig. 14. Cairnsichthys rhombosomoides, MQU 1.471,

. 47 mm SL. Caudal fin and last few vertebrae. Abbrevia-

tions: ep, epural; hpl, lower hypural plate; hpu, up-
per hypural plate; ks, hypurapaphysis; ph, parhy-
pural;ryo, precwrentray; ryp, principal ray;un, uro-

- neural; ws, urostyle; veh, vertebral haemal spine;

ven, vertebral neura] spine. Scale bar: 1 mm.

fourth vertebrae with broad neural plates (Fig 13).
Subsequent 8-9 vertebrae with tall vertical neural
spines and slender cranial dorsal zygapophyses,
neural spines becoming inclined caudad in cau-
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Fig.15. Cairnsichihys rhombosomoides, MQU 1471, 47 mm SL. Fins and supports: a, dorsal fins and supports; b, anal
fin spine and first few rays, and supports; ¢, anal fin caudal rays and supports. Abbreviations: id, interdorsal
pterygiophore; pg, pterygiophore; tp, pleural rib; ry, fin ray; sp, fin spine; sy, fin stay; veh, vertebral hae-
mal sping; ven, vertebral neural pracess. Scale bar: 1 mm. Stippling: cartilage.
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Fig. 16, Cairnsichthys rhombesomoides, MQU 1471, 47 mim SL. Pectaral fin: a, whole; b, detail. Abbreviations:
dl, cleithrum; cle, cleithrum craniodorsal spine; cld, cleithrum caudodorsal process; cle, cleithrum medial cranial
process; cli, cleithrum dorsal incisure; clv, cleithrum wventral process; co, coracoid; cof, coracoid feo-
ramen; dp, dorsal postcleithrum; ic, intercalar; Lap, axialpectoral ligament; pmd, posttemporal dorsal ram-
us; pmh, posttemporal horizontal ramus; rd, proximal radial; rdd, distal radial; ry, fin ray: se, sca-
pula; scf, scapula foramen; sl, supracleithrum; sp, fin spine. Scale bar: 1 mm. Dotted lines: obscured struc-

tures.

dal vertebrae, much reduced in penultimate ver-
tebra, cranial dorsal zygapophyses disappearing
until distal 10 caudal vertebrae. Ventral zygapo-
physes developed on distal 10 caudal vertebrae.

Marked median exostosis about spines and
zygapophyses of distal 5 caudal vertebrae.

Two elongate epurals above penultimate cen-
trum, radiating caudodorsally (Fig. 14). Terminal
hemivertebra fused to caudodorsally-directed
urostyle, well-developed uroneural on urostyle
cranial margin. Upper hypural plaie veniral to
urostyle, comprising (unfused) hypurals 3-5.
Lower hypural plate of fused hypurals 1-2. Large
autogenous parhypural at cranial border of first
hypural, bearing caudolaterally-directed parhy-
purapophysis. Tubiform radial cartilage between
distal angles of penultimate and adjacent cranial
vertebra haemal spines.

Fins and girdles. First dorsal fin originating at
level of transverse plane through vertebral cen-
tra 13-15 (Fig. 15a). Large, shallow pterygiophore
supporting cranial 2 spines, subsequent spines
supported individually by single pterygiophore.
Two shallow interdorsal pterygiophores. Second
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dorsal fin commencing at level of cenira 19-21
(caudal to visceral cavity), each ray supported by
individual pterygiophore except caudal 2 rays,
on single pterygiophore, at level of centra 28-30.

Anal fin originating slightly caudal to {(within
one centra of} origin of first dorsal. Spine and
first ray supported by small curved pterygiophore
(Fig. 15b), subsequent rays supported individu-
ally, except terminal 2 rays on single pterygi-
ophore (Fig. 15c). Some specimens with single
bifid anal pterygiophore.

Caudal fin commencing at level of penulti-
mate vertebra, with 7-8 dorsal and 7-8 veniral
procurrent rays, principle ray hemitrichia origi-
nating on hypurals and parhypural (Fig. 14).

Pectoral girdle somewhat quadrilateral (Fig.
16a), below horizontal plane through vertebral
centra, extending cranioventrally from first in-
tercostal space to contact fellow about median
intercleithral cartilage at level of transverse plane
through caudal angle of orbit. Cleithrum medial
cranial process, craniodorsal spine and caudodor-
sal process. Incisure betweeen spine and caudo-
dorsal process. Cleithrum cranial border everted,
giving origin to pectoral abductor musculature.
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Fig. 17. Cairnsichthys rhombosomoides, MQU 1471,
47 m SL. Pelvic fin in ventral aspect. Abbreviations:
pee, pelvic medial process; pel, pélvic lateral plate;
pem, pelvic medial plate; pep, pelvic central part;
pex, pelviccandodorsal process; sp, frispine; ry, fin
ray. Scale bar: 1 mm.

Scapula irregular-triangular, large foramen

towards cranial margin. Dorsal 2 proximal radi- -

als at caudal margin of scapula, third proximal
radial largely supported at caudodorsal angle of
coracoid, large fourth proximal radial on cora-
coid. Coracoid caudal border concave, ventral
angle lying superfidal to cleithrum rostroventral
process. Spine (‘spur’) and one or 2 dorsal rays
on scapula, ventral rays supported on proximal
radials, ossified spherical distal radials associat-
ed with base of dorsal 2 rays.

Supracleithrum broad (Fig. 16b), superficial
to cleithral incisure, axialpectoral ligament at-
tached to medial face. Posttemporal reduced,
bearing stout dorsal ramus and short ventral ra-
mus, poorly-developed sensory canal coursing
vertically on lateral face. Dorsal postcleithrum
ovate, deep to cleithrum caudodorsal process.
Ventral postcleithriim dorsal angle at proximal
third of first rib cranial face, lying deep to cora-
coid caudal border, extending ventral to hori-
zontal plane through distal angle of second rib.

Pelvic fin with elongate central part (Fig. 17),
reduced medial plate, opposite first to third in-
tercostal space. Caudolateral process elongate,
margin smooth, extending dorsally on lateral
aspect of fourth rib distal angle. Pelvic medial
process round, overlapping contralateral proc-
ess. Pelvic cranial spinous process absent. Cau-
domedial spinous process well-developed, di-
rected caudodorsally.

Subfamily Iriatherininae new subfamily

Diagnosis. External ramus of maxilla reduced,
premaxilla compact; first anal pterygiophore
plate-like; accessory axialpectoral igament; odon-
todes around jaws.

Iriathering Meinken

Diagnesis. A monotypic melanotaeniid genus
displaying marked sexual dimorphism through
extravagant fin development in males. Cranium
narrow, gape reduced. Vomerine condyles di-
rected rostroventrally. Ectopterygoid fused to
palatoquadrate assemblage. Metapterygoid, and
hyomandibula rostral process, absent. Rostral
infraorbital series of 2 elemnents. Pungent spine at
start of second dorsal and anal fins.

Iriatherina werneri Meinken
(Fig. 18a-b)

External morphology. Body slender, rhomboid,
laterally-compressed. Mouth small, subterminal,
oral fissure oblique. Upper jaw ventra] profile
convex, bearing row of large canine teeth extend-
ing outside mouth. Lower jaw extending rostrad
to upper jaw, lower lip bulbous, denticulate in
aged fish. Angle of mouth rostral to transverse
plane through rostral margin of orbit. Orbit large,
eye prominent. Rostrum depressed in preserved
fish.

In adult males, first dorsal fin of VII-VIII fil-
amentous soft spines, originating on cranial half
of body, extending to caudal peduncle. Second
dorsal fin of elongate spine and 7-8 rays, first 3
rays thick, unbranched and markedly elongate,
remainder branching subterminally. Anal fin orig-
inating caudal to transverse plane through origin
of first dorsal fin, of stout spine and 11-13 rays,
first 4-5 rays thick, unbranched and elongate,
next 7-9 rays branching subterminally. Second
dorsal and anal fins arcuate-elongate, extending
beyond incisure of caudal fin. Caudal fin sym-
metric, lyre-shaped, of 9+8 (dorsal + ventral)
principal (branched and unbranched) rays, ex-
tending caudally approximately half-body length.
Pectoral fin falcate, with elongate dorsal spur
and 9-11 rays, dorsal ray unbranched. Pelvic fin
narrow, of elongate lateral spine and 5 rays
branching subterminally, medial ray attaching to
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Fig. 18. Iriathering werneri: a, aquarium specimen (photograph by Gerry Allen); b, MQU 1133, 39 mm SL (upper
fish) and MQU 1.463, 19 mm SL (lower fish). ’
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ventral body wall via fine membrane. Pectoral
tip almost attaining transverse plane through
origin of caudal peduncle. Females and subadult
males without elongation of fins.

Anus midway between base of last pelvic ray
and origin of anal fin, urogenital papilla behind
anus, both orifices in asquamate area bounded
by pelvic-body mernbranes.

Body, except jaws and perigenital area, cov-
ered in deeply-crenulated cycloid scales. Scales
in lateral series from axilla to origin of caudal fin
31-32, in transverse rows between origins of dor-
sal and anal fins 10-11.

Live colouration pale olive dorsally, belly and
thoracic regions silver: in males, iridescent pale
blue hue predominant, most intense in dorsal
cervical region. Narrow midlateral band present.
Elongate elements of second dorsal (in males)
and first dorsal, anal and pelvic fins (both sexes)
darkly pigmented. Specimens stored in 70% eth-
anol overall pale yellow, dorsum olive, midlater-
al band and elongate fin elements dark.

Largest uncleared specimen examined 39 mm
5L (MQU I-133), largest specimen examined os-
teologically 34 mm SL.

Musculoskeletal anatomy

Cranium. Cranium narrow, snout level with roof
of orbit (Fig. 19a-c). Vomer edentulous, elongate,
narrow. Rostrodorsal margin elevated, contact-
ing ethmoid cartilage. Condyles projecting ros-
troventrally beyond ethmoid.

Parasphenoid rostral process narrow, cours-
ing from rostral angle (superior to vomer) to
form ventral interorbital septum. Parasphenoid
alae contacting rostroveniral margin of prootics
and terminating with caudal fossa ventral to ba-
sioccipital. Basisphenoid consisting of narrow
median belophragm and short meningosts.

Ethmoid cartilage elongate-trapezoid, be-
tween transverse planes through base of vemer-
ine condyle and rostral third of orbit. Ethmoid
caudoventral median expansion forming {perfo-
rate) rostral interorbital septum. Lateral ethmoid
forming transverse rostral limit of orbit, rostrov-
entral angle produced as prominent lachrymal
condyle, ventral margin directed caudomediaily,
bearing palatine sulcus. Lateral ethmoids mak-
ing direct contact between interorbital septum
{dorsally) and parasphenoid (ventrally). Dorsal
mesethmoid forming large rhomboidal ossifica-

tion on ethmoid dorsal surface. Rostral cartilage
developing from bilateral spherical primordia
{Fig. 20}, forming rectangular block in adults
{transverse axis greater than median axis), frmly
attached to rostral margin of ethmoid.

Nasal elongate, with sensory canal open dor-
sally, nasal caudal angle not contributing to or-
bit. Frontal narrow, coursing from rostral contact
with nasal, above ethmoid, to caudal angle above
supraoccipital. Median interfrontal synthesis sym-
metric, interrupted rostrally by fontanel. Frontal
mediai lamina with sensory canal encircling sul-
cus demarcating supraorbital lamina. Frontal
supraorbital lamina narrow, eye protruding be-
yond margin of orbit.

Supraoccipital forming caudal roof of cranial
vault, large deltoid rostral process extending to
intraorbital symphyseal cartilage, paired parietal
‘processes extending bilaterally to sphenotics.
Supraoccipital crest low.

Sphenatic contacting dorsocaudal rim of or-
bit, bearing ventrally directed postorbital proc-
ess. Pterotic caudal to sphenaotic, coursing caudo-
mediaily to contact epiotic ventral angle and ex-
occiptal. Centrifugal indentation in superior
lamina of pterotic, ventral surface bearing con-
dyle articulating with hyomandibula. Temporal
canal coursing obliquely from rostral angle, lat-
eral to sphenotic, along pterotic to caudal termi-
nation in irregular exostoses. Intercalar small,
lying in sulcus at caudal angle of pterotic-exoe-
cipita] synchondrosis.

Epiotic rounded, lateral ridge receiving post-
temporal dorsal ramus and epaxial musculature.
Exoccipital irregular, between supraoccipital
dorsally and basioccipital ventrally, Caudal facet
developed as ridge, from lateral angle deep to
intercalar, coursing medially and forming tuber-
cle of origin of accessory axialpectoral ligament.
Exoccipitals fused in median plane on caudal

 surface of cranium, each exoccipital forming con-

dyle articulating with parapophysis of first ver-
tebra.

Basioccipital forming caudoventral braincase,
with paired otic bullae. Axialpectoral ligaments
rising bilaterally from caudal angle of basiocipi-
tal. Occipital condyle produced from caudal sur-
face of basioccipital, articulating with first verte-
bral cenirum. Prootic large, irregular, forming
floor of cranial vault and rostral portion of otic
bulla. Pterosphenoid elongate, medial margin
slightly concave, forming rudimentary partition
between orbit and braincase.

Aarn & Ivantsoff: Anatormy of Caitnsichthys and Irathering
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Fig. 19. Iriatherina werneri, MQU 1463, 20 mm SL. Cranium in: a, ventral aspect; b, dorsal aspect; ¢, lateral
aspect. Abbreviations: bo, basioccipital; boc, basioccipital condyle; bs, basisphenoid; car, parietal cartilage;
do, dermosphenoid; ei, epiotic; eil, epioticlateral ridge; et, ethmoid cariilage; ex, exoccipital; exc, exoccipital
condyle; fm, foramen magnum; fr, frontal; frs, frontal supraoccipital lamina; ic, intercalar; Lao, origin of ax-
ialpectoral ligament on basioccipital; Lao2, origin of accesory axialpectoral ligament on exoccipital; le, lateral
ethmoid; lec, lateral ethmoid condyle; md, dersal mesethmoid; na, nasal; orb, orbit; otb, otic bulla;
pe, pterotic; pei, pteroticincisure; pd, pterosphenoid; pmf, posttemporal fossa; pe, prootic; ps, parasphenoid;
psa, parasphenoid ala; ro, rostral cartilage; so, supraoccipital; soc, supracccipital crest; st, sphenotic;
stp, sphenotic postorbital process; tc, temporal canal; vo, vomer; voc, vomerine condyle. Scale bar: 1mm.
Stippling: cartilage; dotted lines: obscured structures.
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Fig.20. Irintherina werneri, MQU 1463, 24 mun SL. Facies
in rostrodorsal aspect. Abbreviations: et, ethmoid car-
tilage; fr, frontal; lc, Jachrymal; les, lachrymal sub-
nasal shelf; Lnm, nasomaxillary ligament; Lpm, pal-
atomaxillary ligament; Lvim, vomeromaxillary liga-
ment; md, dorsal mesethmoid; mxe, maxilla external
ramus; mxi, maxillaintermal ramus; na, nasal; pa, pa-
latine; pae, palatine ethmoid process; par, palatine
rostral process; px, premaxilla; 16, rostral cartilage;
vo, vomer. Scalebar: 1 mm. Stippling: cartilage; dotted
lines: obscured structures. .

Jaws. Upper jaw not protrusible. Maxiila stout,
external ramus reduced. Internal ramus tubiform,
angular. Condyle for articulation with vomer at
base of internal ramus, narrow meniscus between

ms’ ps

Mal/2

mxs

Fig. 22, Iriathering werneri, MQU 1463, 20 mum SL. Max-
illa and premaxilla in lateral aspect. Abbreviations:
Lai, insertion of articularmaxillary ligament; mmi, in-
sertion of adductor tendon to maxilla; mxe, maxillary
condyle; mxe, maxilla external ramus; mxd, maxilla
internal ramus; pxa, premaxilla alveolar ramus;
pxd, premaxilla dorsal process; pxp, premaxilla post-

- maxillary process; pxs, premaxilla lateral sulcus. Scale

bar: 1 mm. Dotted lines: obscured structures.

maxilla and vomer. Small sulcus for palatine cau-
dal to condyle, rostral to prominent spinous proc-
ess for insertion of articularmaxillary ligament.
Maxillary branch of m. adductor mandibulae
ingerting on ihternal face of maxilla (Fig. 21),
caudal to level of spinous process.

Premaxilla compact and continuous (lacking
ventral notch) from rostral symphyseal margin
to caudal angle. Broad, moderately elevated dor-
sal, and low postmaxillary, processes present.
Premaxilla lateral face, caudal angle, with small
sulcus for maxilla (Fig. 22). Premaxilla ventral
margin bearing up to 3 rows of large caniniform
teeth in aged fish.
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Fig. 23. Irintherina werneri, MQU 1463, 22 mm SL. Suspensorium and jaws, infraorbitals displaced dersally.
Abbreviations: ar, articular; arl, articular lateral process; de, dentary; ee, ectopterygoid; hy, hyomandibula;
hyt, hyomandibula tubercle; if2, infraorbital 2; io, interopercle; lee, lachrymal neural canal; lcs, lachrymal
subnasal shelf; ma, mandibular cartilage; ms, mesopterygoid; mx, maxilla; op, opercle; opg, opercle glenoid
cavity; pa, palatine; pp, preopercle; pqc, palatoquadrate cartilage; px, premaxilla; qu, quadrate; qut, quad-
rate tubercle; ra, retroarticular; sa, supraangular; sb, subopercle; sbd, subopercle dorsal process; sm, sym-
plectic. Scale bar: 1 mm. Stippling: cartilage; dotted lines: abscured structures.

Dentary short, broad (Fig. 23). Fibrocartilag-
inous lower labial prominence over dentary sym-
physeal margin in adults, bearing cdontodes.
Teeth in 1-3 rows on dorsal margin of dentary,
toward symphysis. Dentary coronoid process
high.

Articular rhomboidal, lower than dentary
coronoid process. Lateral surface of caudal angle
giving origin to broad, short articularmaxillary
ligament and small mandibular branch of m.
adductor mandibulae. Mandibular cartilage
coursing along internal face of dentary and artic-
ular. Supraangular bone elongate, on dosal sur-

face of cartilage just rostral to caudal angle of
dentary. Open mandibular sensory canal cours-
ing along ventrolateral aspect of dentary and
articular. Retroarticular small, elongate, at ventr-
ocaudal angle of articular.

Suspensorium. Palatine rostral process resting
in maxillary sulcus. Palatine attached ligamen-
tously to caudal face of vomerine condyle. Ros-
troventral prominence well-developed, contact-
ing ethmoid. Caudodorsal border contacting
mesopterygoid, ventral ramus contacting quad-
rate and ectopterygoid (Fig. 23).

Fig- 21. Irinthering werneri, MQU 1463, 24 mm SL. Superficial muscolature and ligaments of head and pecioral
region, rostral infraorbitals removed. Abbreviations: ara, process of origin of articularmaxillary ligament;
cld, cleithrum caudodorsal process; dec, dentary neural canal; do, dermosphenoid; et, ethmoid cartilage;
fr, frontal; Lai, insertion of articalarmaxillary ligament; Lar, articularmaxillary ligament; lec, lateral ethmoid
condyle; Mal/2, m. adductor mandibulae, Aland A2 sections; Ma3, m. adductor mandibulae, A3 section;
Maa, m. adductor arcus palatini; Mam, m. adductor mandibulae, mandibular branch; Map, m. abductor
profundus; Mas, m.abductorsuperficialis; Mdo, m. dilator operculi; Mep, epaxial musculature; Mhy, hypaxial
musculature; Mla, m. levator arcus palatini; Mli, insertion of adductor tendon to lachrymal; Mlo, m. levator
operculi; mmi, insertion of adductor tendon to maxilla; ms, mesopterygoid; Mtl, tendon of m. adductor
mandibulae to lachrymal; Mtm, tendon of m. adductor mandibulae to maxilla; mx, maxilla; na, nasal;
op, opercle; pm, posttemporal; pp, preopercle; ps, parasphenoid; px, premaxilla; qut, quadrate tubercle;
ry, fin ray; sh, subopercle; stp, sphenotic postorbital process. Scale bar: 1 mm. Dotted lines: obscured struc-
tures; dashed lines: muscles,
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Fig.24. Iriathering werneri, MQUI.133, 34 mim SL. Lach-
rymal in lateral aspect. Abbreviations: lec, lachrymal
neural canal; led, lachrymal condyle; les, lachrymal
subnasal shelf; Mii, insertion of adductor tendon on
lachrymal; Scale bar: 1mm. Dotted lines: obscured
structures. ’

Quadrate somewhat square, rostroventral
angle developed as tubercle to form ginglymus
with caudal glenoid cavity of articular, Quadrate
caudal ramus narrow, in close contact with sym-
plectic. Ectopterygoid laminar, fused to rostro-
medial margin of palatoquadrate. Mesopterygoid
elongate, narrow, forming rudimentary ventro-
lateral support for orbit. Symplectic forming elon-
gate trabeculum, from quadratic incisure to syn-
chondrosis with ventral angle of hyomandibula.
Metapterygoid absent.

Preopercle with very elongate horizontal, and
short vertical, rami, forming rightangular senso-
ry canal open ventrally and caudally. Hyomandi-
bula short, becoming narrow ventrally, lacking
rostral process. Hyomandibula caudal margin
forming large tubercle for articulation with oper-
cle.

Opercular series. Interopercle narrow-deltoid,
with shallow dorsal sulcus about origin of inter-
hyal ligament. Opercle somewhat rectangular,
caudoventral angle curved. Superior margin
coursing caudodorsally. Medial face bearing large
tubercle, with glenoid cavity. Subopercle arcu-
ate, small process formed at rostrodorsal angle,
subopercle coursing around caudoventral angle
of opercle to termination as narrow caudodorsal
filament.

Circumorbital series. Comprising 2 rostral, and
one caudal, elements (cf. Cairnsichihys). Lachry-
mal deltoid, horizontal axis elongate (Fig. 24}.
Lateral face bearing vertical sensory canal. Medi-
al face bearing submasal shelf, and large tubercle

caudally contacting lateral ethmoid condyle.
Lachrymal tendon of m. aductor mandibulae
inserting on small process immediately beneath
rostral angle of subnasal shelf. Second infraor-
bital small, round, oriented obliquely, ventral to
lachrymal sensory canal.

Dermosphenoid short, contacting rostral face
of sphenotic postorbital process, continuous with
caudal angle of frontal sensory canal.

Hyobranchial apparatus. Principle elements sim-
ilar to, but narrower than, Cairnsichthys. Cerato-
branchial toothpatches absent.

Glossohyal narrow, elongate, fused to small
conical basihyal. Basibranchial series narrow,
consisting of 3 osseous trabeculae and (caudal)
cartilaginous nodule. Basibranchial bones articu-
lating bilaterally with rostral angles of hypo-
branchials, cartilage nodule articulating bilater-
ally with fourth and fifth ceratobranchials.

Urohyal narrow, elongate, bearing fused small
rostral condyles, low rostrodorsal process, and
caudodorsal alae. : .

Dorsal hypohyal small, ventral hypohyal
large, ligamentous attachment between ventral
hypohyals. Ceratohyal collus fused to hypohy-
als, contacting 2 small rostral branchiostegals.
Ceratohyal caudal region laminar, contacting 2
large intermediate branchiostegals. Ceratohyal
caudal border forming synchondrosis with epi-
hyal, reinforced dorsally with horizontal osseous
trabeculae. Epihyal almost square, contacting
caudal 2 branchiostegals, caudodorsal angle giv-
ing rise to interhyal ligament. Interhyal ligament
with short interhyal sesamoid.

First hypobranchial almost straight, directed
caudally, bearing 3 lameilar gill rakers. Second
hypobranchial small, rectangular element. Third
hypobranchial coursing around caudal angle of

third basibranchial. First 4 ceratobranchials vir-

tually straight. First ceratobranchial bearing
10-11gill rakers, longest element approximately
equal to first hypobranchial. Fifth ceratobranchi-
al expanded horizontally, bearing lower pharyn-
geal toothplate with 5-6 rows of caniniform teeth.

First epibranchial small, distal rami widely-
spaced, uncinate process contacting tubiform
interarcual cartilage. Second epibranchial small,
angular. Third epibranchial slightly larger, more
angular, than second. Fourth epibranchial large,
rightangular, with prominent caudal museular
process.
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Fig. 25. Iriathering werneri, MQU 1133, 34 mm SL. Vertebrac and dorsal fins, and supports. Abbreviations:
en, epineural; id, interdorsal pterygiophores; pg, pterygiophore; rp, pleural rib; ry, fin ray; sp, spine;
ven, vertebral neural process; vep, vertebral parapophysis. Scale bar: 1 mm.

First pharyngobranchial short, deltoid, eden-
tulous. Second pharyngobranchial club-shaped,
expanded ventral margin dentigerous. Third
pharyngobranchial bearing large ovate third, and
smaller square fourth, upper pharyngeal tooth-
plates.

Vertebrae and ribs. Total vertebrae 32-34, pre-
caudal 18-20, caudal 13-14, epineurals restricted
to precaudal vertebrae. First vertebra small
(Fig. 25), with reduced neural plate and small
parapophyses articulating with exoccipital con-
dyles. Second vertebra with large neural plate
and moderate, laterally-directed parapophyses.
Second vertebral parapophysis of some speci-
mens contacting small (rib-like) trabeculum. Third
to fifth vertebrae with large, broad neural plates.
Neural plates of subsequent few vertebrae be-
coming narrow, reduced to neural spines from
vertebra 8-10, penultimate vertebra lacking neu-
ral spine.

Pleural ribs rising from caudal facet of para-
pephyses of third to final precaudal vertebrae.
Parapophyses of first few caudal vertebrae pro-
duced as ventrally-directed haemal arches, each
subsequent vertebra producing haemal spine,
haemal spine massively developed in penulti-
mate vertebra.

Cranial dorsal zygapophyses present from
second vertebra, maximally-developed from
fourth to sixth verterbrae, diminishing caudally
and absent in last 4-5 vertebrae. Caudal dorsal
zygapophyses present but never well-developed,
fused to neural spine in last 4 vertebrae, Cranial
and caudal ventral zygapophyses small, cranial
series slightly developed from vertebra 25/26 to
29/30, caudal series from vertebra 20/21 t0 30/31.

Ichthyol. Explor. Freshwaters, Vol. 8, No. 2

Slight median exostosis associated with final
3 or 4 vertebrae (Fig. 26). Two epurals (in most
specimens) above final 2 vertebral centrae. Ter-
minal hemivertebra fused to urostyle, urostyle
cranial aspect bearing small, irregular uroneural.
Upper hypural plate consisting of fused hypurals
4-5 and unfused hypural 3, lower hypural plate
of fused hypurals 1-2. Parhypural large and au-
togenous, or small and fused to cranial aspect of
lower hypural plate. Small parhypurapophysis
present, directed caudally. Preural ventral radial
cartilage at cranial border of penultimate verte-
bral haemal spine, dorsal radial cartilage(s) var-
iable.

Fins and girdles. First dorsal fin originating at
level of transverse plane through vertebra 9-11
{Fig. 25). Large, deep cranially-expanded ptery-

Fig. 26. Iriatherina werneri, MQU 1.463, 20 mm SL. Cau-
dal fin and last few vertebrae. Abbreviations: ep, epu-
ral; hpl, lower hypural plate; hpu, upper hypural
plate; ph, parhypural; pve, preural ventral cartilage;
ryo, procurrentray; ryp, principal ray; un, uroneural;
us, urostyle; veh, vertebral haemal spine; ven, ver-
tebral neural spine. Scale bar: 1 mm. Stippling: carti-
lage.
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Fig. 27. Irinthering werneri, MQU 1.133, 34 mum SL. Ventral fins and supports: a, pelvie fin and first few anal fin
elements; b, terminal anal fin elements. Abbreviations: pg, pterygiophore; rp, pleural rib; ry, fin ray; sp, fin
spine; sy, fin stay; veh, vertebral haemal spine; vp, ventral postcleithrum. Scale bar: 1 mm. Stippling: carti-

lage.

giophore supporting cranial 2 spines, subsequent

spines supperted individually by single pterygi-

ophore. Four to five obtusely-angled interdorsal
pterygiophores. Second dorsal fin commencing
at level of transverse plane through vertebra 18-21
(ie. level with caudal limit of visceral cavity).
Massive deep pterygiophore supporting spine

and first ray, subsequent rays supported individ-
ually by single pterygiophore, final 2 rays on
common pterygiophore. Second dorsal fin cau-
dal pterygiophore at level of transverse plane
through vertebra 24-26.

Anal fin originating at level of transverse plane
through vertebra 15-17. Eight pleural tibs caudal
to origin of anal fin. Spine and first ray support-

* ed by large, laminar pterygiophore (Fig. 27), sub-

sequent rays supperted individually by single
pterygiophore, final 2 rays on common pterygi-
ophore. Anal fin caudal pterygiophore approxi-
mately one vertebral centra cranial to level of
second dorsal fin caudal pterygiophore.

Caudal fin commencing at level of final ver-
tebra, with 5 dorsal and 5 ventral procurrent
rays.

<

Fig. 28. Iriatherina werneri, MQU 1.463, 22 mm SL. Pec-
toral fin. Abbreviations: cle, cleithrum craniodorsal
sping; cld, cleithrum caudodorsal process; cli, clei-
thrum dorsal incisure; clv, cleithrum ventral process;
co, coracoid; cof, coracoid foramen; ic, intercalar:
Lap, axialpectoralligament; Lap2, accessory axialpec-
toral ligament; Lip, ligament from intercalar to post-
temporal horizontal ramus; Lxi, insertion of axialpec-
toral ligament; Lxi2, insertion of accessory axial-
pectoral ligament; pme, posttemporal neural canal;
pmd, posttemporal dorsal ramus; pmh, posttemporal
horizontal ramus; rd, proximal radial; rdd, distal
radial; ry, fin ray; sc, scapula; scf, scapula foramen;
sl, supracleithrum; sp, spine. Scale bar: 1 mm. Stip-
pling: cartilage; dotted lines: obscured structures.
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Pectoral girdle rounded (Fig. 28), below hor-
izontal plane through vertebral centrae, extend-
ing cranioventrally to intercleithral cartilage at
level of transverse plane midway between rear of
orbit and occiput. Cleithrum bearing craniodor-
sal spine and caudodorsal process, separated by
dorsal incisure. Axialpectoral ligament coursing
centripetally through base of incisure, accessory
axialpectoral ligament inserting on spine. Clei-
thrum ventral process expanded.

Scapula rhombaidal, longer axis horizontal,
large foramen toward ventral border. Dorsal 3
proximal radials supported at caudal margin of
scapula in subadult fish, third radial tending to
migrate ventrad in aged fish, fourth proximal
radial supported at caudodorsal margin of cora-
coid. Coracoid of broad dorsal, and narrow arcu-
ate caudal, portions, coursing cranioventraily to
contact ventral expansion of cleithrum. Derso-
caudal angle of coracoid not extended as shelf
below fourth radial. Expansive foramen between
deithrum and coracoid.

Pectoral spur and 3 rays supported on scap-
ula, ventral rays on proximal radials. Distal radi-
als spherical, associated with base of largest 7-8
rays, ossifying in aged fish.

Supracleithrum narrow, axialpectoral liga-
ment attaching to medial face. Posttemporal small,
dorsal and ventral rami widely separated, well-
developed sensory canal oriented horizontally.
Ligament between intercalar and posttemporal
ventral ramus partially ossified in aged fish.
Dorsal postcleithrum ovate. Ventral postclei-
thrum short, on cranioveniral aspect of reduced
first pleural rib, extending ventrally toward tip
of second rib.

Pelvic girdles joined at medial processess via
strong interpelvic ligament, in ventral midline.
Pelvic caudolateral processes attached ligamen-
tously to fourth pleural rib, in most specimens
(Fig. 29). Pelvic median lamina opposite first 3
{or 2) intercostal spaces. Small cranial, and large
oblique caudal, spinous processes present. Pelvic
fin spine robust.

Cairnsichthys rhombosomoides and Iriatherina wer-
neri possess autapomophies confirming the mono-
typic status of each species. This advancement in
knowledge of melanotaeniid anatomy provides
the basis for the following reappraisal of melan-
otaeniid systernatics
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Fig. 29. Iriathering werneri, MQU 1463, 20 mm SL. Pel-
vic fin in ventral aspect. Abbreviations: pee, pelvic
cranial spinous process; pee, pelvic medial process;
pel, pelvic lateral plate; pem, pelvic medial plate;
pep, pelvic central part; pex, pelvie caudodorsal
process; sp, fin spine; ry, fin ray. Scale bar: 1 mm.

Phylogenetic analysis of Melanotaeniidae
Introduction

The expansion of museum collections, improved
preparation techniques and refinement of optical
instrumentation has lead to increased precision
in the recognition, and definition, of phenetic
characters. In principle, the method of cutgroup
comparison eliminates subjectivity in the inter-
pretation of character-state polarity. The tran-
scription of character states into programmable
data can then be used to generate phylogenetic
analyses, based on parsimony or conforming to
other selective constraints.

The analyst may identify a single apomor-
phic state with more than one ‘character’ ~ and
conversely identify a group of ‘characters’ de-
rived from a single apomorphic state (Funk, 1983).

Methods. The following classification is adopt-
ed: Atherinomorpha is considered to be the sister
group of (Percomorpha + Mugilomorpha) (Sti-
assny, 1990). Atheriniformes is considered to be
the sister group of (Cyprinodontiformes + Beloni-
formes) {Parenti, 1984). Atherinopsidae and Noto-
cheiridae (=Jsonidae) are considered plesiomor-
phicatheriniform families {Dyer & Chenoff, 1996).
The derived atheriniform families (Infraorder
Atherines; Dyer & Chenoff, 1996) are considered
to be Atherionidae (Atherion), Phallostethidae (in-
cluding Dentathering; Dyer & Chernoff, 1996),
Atherinidae, Telmatherinidae, Pseudomugilidae
and Melanotaeniidae.

Characters are listed in the sequence followed
previously for anatomical descriptions. Charac-
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ters used in the analysis define atherine families
and/or demonstrate variation within Melano-
taeniidae. Some characters reported in other anal-
yses of Atheriniformes were found to be incon-
sistenit or incorrect; others are not considered
here. Where appropriate, acknowledgement is
made for initial definition of a character.

Forty-six characters distributed across 22 taxa
were encoded. Character states were designated
plesiomorphic (0), derived (1, 2..) or not applica-
ble (n/a) by the method of outgroup comparison.
Taxa displaying more than one character state
were interpreted as polymorphic, all characters
were considered unordered, and all characters
were assigned equal weight. Outgroups were
selected from representative percomorph, mugi-
lid, eyprinodontiform, beloniform, atherinopsid
(Menidiinae) and notocheirid (Iso) taxa.

Phylogenetic analysis was. conducted with
PAUP version 3.1.1. The search for most-parsi-
monicus trees was conducted using ‘bootstrap’
{100 replicates) and simple heuristic methods,
and consensus of resultant trees was obtained by
majority-rule (Swofford, 1993).

Characters
In the present analysis, characters 25, 28 and 33

describe fin spination, body shape, and post-clei-
thral morphology, respectively. Each of these is

considered a single anatomical trait. To dissoci-

ate, for example, character 25 into four {(pres-
ence/absence of spine in first dorsal, second
dorsal, pectoral, and anal, fins) or more (pres-
ence of more than one spine in a fin} characters
may overemphasise (in computer-generated phy-
logenies) an evolutionary tendency.

1. Ethmoid. The ethmoid is ossified in mugilo-
morphs and percomorphs. Rosen (1964) report-
ed a uni- or bi-laminar discoidal mesethmoid in
atherinomorphs. Cyprinodontiformes have a bil-
aminar discoidal ossification of the ethmoid. After
Tigano & Parenti (1988), a dorsal ossification of
the ethmoid is herein termed the dorsal meseth-
moid.

Saeed et al. (1994) reported a nasal septum in
Myoxus, Iso and atherinopsids. The ethmoid is
ossified in the median plane, from the dorsal
mesethmoid to the dorsal margin of the vomer
and/or parasphenoid, in mugilomorphs, perco-
morphs, Iso, Bedotia and Rheocles. In menidiines,

the dorsal mesethmoid interdigitates with one
{or two) flange(s) extending caudedorsally from
the rostrodorsal border of the vomer. In other
Atheriniformes there is cartilage above the vomer
and parasphenoid, the cartilage intervening be-
tween the latter 2 bones and dorsal mesethmoid.

A dorsal mesethmoid is present in Atherion,
Dentathering, phallostethines, atherinids, telmath-
erinids and melanotaeniids. However, the dorsal
mesethmoid was reported to be absent int Noto-
cheirus, the atherinid genus Craterocephalus (Pat-
ten, 1978) except C.mugiloides (Crowley, 1990)
and pseudomugilids (Saeed et al., 1989). Absence
of the dorsal mesethmoid in pseudomugilids is
associated with truncation of the rostrum, and
close approximation of contralateral lateral eth-
moids (Saeed et al.,, 1989). In telmatherinids also,
the lateral ethmoids are close to the median plane.

Saeed & Ivantsoff {1991) described the dorsal
mesethmoid as small in telmatherinids and large
in melanotaeniids.

(0=ethmoidal ossified in vertical and hori-
zontal planes; 1=dorsal and ventral meseth-
moids; 2=single dorsal mesethmoid, rostral
margin contacting vomer dorsal flange; 3 =dor-
sal mesethmoid, no flange from vorer; 4=eth-
moid unossified).

2. Oral anatomy, upper jaw morphology and
protrusibility. Plasticity of the prehensile appa-
ratus probably facilitated adaptability to novel
dietary regimes, in new habitats, during the ev-
olution of Galapagos finches (Darwin, 1859), acan-
thopterygians (Greenwood et al., 1966) and other
vertebrate groups. Mugilids have a non-protrusi-
ble upper jaw, while percomorphs may have high-
ly-protrusible jaws.

Plesiomorphically, the atheriniform premax-
illa is loosely fixed to the rostral cartilage, which
is in turn loosely attached to the ethmoid, afford-
ing the upper jaw a substantial degree of pro-
trusibility (Alexander, 1967). Agonostomus, meni-
diines, atherinids, telmatherinids, pseudomugi-
lids and phallostethines generally have: a small
gape; a narrow vomer with rostroventrally-pro-
jecting condyles; a maxiila with a small external,
and larger tubiform internal, ramus; the maxil-
lary tendon of m. adductor mandibulae inserting
on the {medial face of the) caudal maxilla (‘lower
maxillary shaft’; Greenwood et al., 1966); an elon-
gate premaxilla dorsal process; a premaxilla post-
maxillary process; an elevated dentary coronoid
process; a cylindrical submaxillary meniscus; and
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an elongate rostral cartilage. Variations include a
relatively low premaxilla dorsal process (Athe-
rinomorus, Alepidomus and Teramulus) and extrav-
agant premaxilla postmaxillary process (Atherina
spp. and telmatherinids).

Saeed et al. (1989) diagnosed pseudomugi-
lids with a tall articular {although this is not the
case in Pseudomugil novaeguineae, which has a
distinctive large gape and low dentary and artic-
ular) and described Kiunga with the maxilla ar-
ticulating directly with the lateral ethmoid. Both
fish have a non-protrusible upper jaw.

Richardson (1843) noted the angular mouth
of Melanotaenia nigrans. Regan (1903) described
Bedotin with a notch in the alveolar margin of the
premaxilla. Smith (1965) described Teramulus with
a premaxilla notch. Stiassny (1990) noted that the
notch was prominent in Bedotin, and less-devel-
oped in Rheocles. Allen (1980: fig. 6) described an
‘abrupt bend’ between rostral and alveolar rami
of the premaxilla in some melanotaeniid genera,
and coincidentally illustrated the notch. Oppo-
site the notch is the dentary labial prominence,
bearing large caniniform teeth in melanotaeniids
except Iriatherina, which has a peculiar reduced
mouth.

Saeed et al. (1994) referred to the portion of
the cranium, rostral to the lateral ethmoid in-
cisure, as the rostrum, and characterised melan-
otaeniids with a long rostrum. The lateral eth-
moid is extended rostrally (‘well-developed an-
terior arm of the lateral ethmoid’; Patten, 1978),
on the lateral facet of the ethmoid (bilaterally).
Cairnsichthys and Rhadinocentrus have a some-
what truncated rostrum.

In melanotaeniids the upper jaw is non-pro-
trusible. De Beaufort (1922} suggested that firm-
ly fixing the upper jaw, as in Chilatherina, facili-
tated scraping algae from submersed objects.
Associated with a fixed upper jaw are: a wide
gape; a broad vomer with rostrolaterally-project-
ing condyles; an elongate maxillary external ra-
mus; maxillary tendon of m. adductor mandibu-
lae inserting on the (medial face of the) rostral
maxilla; a low premaxillary dorsal process; a low
dentary coronoid process; a discoidal submaxil-
lary meniscus; and a fixed, piriform rostral carti-
lage. Iriathering has a small head, reduced gape,
small maxilla external ramus, and somewhat
raised dentary coronoid process.

(0 =upper jaw protrusible; 1=upper jaw not
protrusible, otherwise pseudomugilid-like oral
anatomy; 2=upper jaw not protrusible).
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3. Ethmomaxiilary ligament. In mugilomorphs,
percomorphs and most Atheriniformes (includ-
ing most atherinids, telmatherinids and pseu-
domugilids), this ligament is elongate, originat-
ing bilaterally on the Jateral ethmoid or caudal
region of the dorsal mesethmoid, and inserting
on the maxilla external ramus. Dyer & Chernoff
(1996) noted that the ligament is attached mid-
length to the palatine in atherinopsids.

In Chilatherina, Glossolepis, Melanotaeniz and
most Madagascan melanotaeniids, the ethmo-
maxillary ligament originates on the rostral re-
gion of the dorsal mesethmoid. At this juncture,
ossified processes develop in aged fish. The lig-
ament inserts at the caudal margin of the bifurca-
tion of the maxilla.

The ligament is absent in Craterocephalus (Pat-
ten, 1978), which has an autapomorphic arrange-
ment of rostral ligaments, and absent (replaced
by connective tissue, between the rostral angle of
the lateral ethmoid and the caudal margin of the
bifurcation of the maxilla) in Cairnsichtirys, Rhadi-
nocentrus, Iriatherina, Rheocles sikorae and R, wrigh-
tae (Stiassny, 1990). '

{0 = ethmomaxillary lizament elongate, from
lateral ethmoid or caudal dorsal mesethmoid;
1=ligament attached mid-length to palatine;
2 =ligament from rostral dorsal mesethmoid;
3=ligament absent}.

4. Vomerine condyles. Dyer & Chernoff (1996)
identified curvature of the ventral face of the
vomer as autapomorphic for Atheriniformes. In
atheriniform outgroups and most Atheriniformes,
the vomerine condyles project rostroventrally.
Melanotaeniids (except Iriathering) have a broad
head, and the condyles project rostrolaterally. In
Cairnsichthys, the condyles are caudally-placed.

(0 =vomerine condyles directed rostrally;
1 = condyles directed rostrolaterally; 2=condyles
directed caudolaterally)

5. Vomer-mesopterygoid ligament. A shortlig-
ament connects the vomer to the mesopterygoid
rostral angle in pseudomugilids (Ivantsoff et al.,
in press). Stiassny (1986) proposed that the basal
acanthomorph condition was 2 palatovomerine
ligaments (bilaterally) binding structures in this
region.

{0 = vomer-mesopterygoid ligament absent;
1=ligament present).
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6. Nasal fnrmiﬁg part of orbit. In atherinids,
the lateral margin of the lateral ethmoid is verti-

cal orslightly arcuate. In those atherinids in which .

the margin is arcuate, the caudolateral angle of
the nasal is incorporated into the orbit, and is
joined ligamentously to the lateral ethmoid.

In Atherion (Patten, 1978), Cairnsichthys and
phallostethines (Roberts, 1971) the lateral margin
of the lateral ethmoid is arcuate, and the nasal

contributes substantially to the rim of the orbit. -

In Atherion the frontal supraorbital lamina is nar-

row, the dorsolateral margin of the eye is not.

covered, and the arcuate nasal is denticulate.

In Cairnsichthys and phallostethines, the fron-
tal and nasal are broad, the lateral ethmoid later-
al ramus is relatively truncated and dorsomedi-
ally tapers to make a reduced contact with the
nasal. The nasal extends caudally, dorsal to the

lateral ethmoid, and forms a broad contact with

the frontal. In Bedotiz, the nasal and frontal are
broad, the lateral ethmoid has an arcuate lateral
margin, but only the caudolateral angle of the
nasal is in the orbit. Other melanotaeniids have a
narrower nasal and frontal, the lateral margin of
the lateral ethmoid is vertical, and the caudola-
teral angle of the nasal is virtually excluded from
the orbit.

(0=nasal not in orbit; 1=nasal partially in
orbit; 2 =nasal substantially in orbit).

7. Temporal sensory shelf/canal. Extrascapular
bones, enclosing the laterosensory canal in the
ternporal region, are present in mugilids, Jso and
some atherinopsids (Saeed et al, 1994). Ather-
inids, Atherion, telmatherinids, Iriatherinag, Melano-
taenia, Chilathering and Glossolepis have a tempo-
ral sensory canal, coursing along the lateral as-
pect of the sphenotic and pterotic. In Dentrthering,
the canal is composed of distinct sphenotic and
pterotic portions (Patten & Ivantsoff, 1983). Bado-
tia, Rheocles, Cairnsichthys and Rhadinocentrus have
a termnporal shelf, discontinous at the junction of
sphenotic and pterotic portions. Pseudomugilids
have an undivided temporal shelf.

(0 = extrascapulars present; 1= temporal sen-
sory canal; 2=entire temporal shelf; 3 =discon-
tinuous temporal shelf).

8. Basisphenoid. The basisphenoid is absent in
Rhadinocentrus (Aarn & Ivanisoff, 1996} and phal-
lostethines. In some Pseudomugil spp., the basi-
sphenoid belophragm consists of 2 parallel trabec-
ulae.

(0=basisphenoid present; 1= basisphenoid
absent).

9. Articularmaxillary ligament. Patten (1978)
described this ligament as ‘diffuse’ in Cratero-
cephalus. Tt is absent in pseudomugilids except
Kiunga (Saeed et al., 1989). '

(0=articularmaxillary ligament present; 1=
ligament diffuse; 2 =ligament absent),

10. Premaxillary suleus. The premaxilla alveo-
lar ramus bears a deep sulcus, in which the max-
illa rests, in Cairnsichthys. In Bedotia and Iriathe-
ring, a sulcus forms at the premaxilla caudal an-
gle. In Athering, Pseudomugil novaeguinene, Rheocles,
Rhadinocentrus and Melanotaenia there is a shal-
low shelf (‘maxillary shelf') on the lateral facet of
the premaxilla.

(0 = premaxilla sulcus absent; 1 =small sulcus
present; 2 =large sulcus present).

11. Dentary and premaxillary teeth. Agonosto-
mus has small teeth associated with the oral cav-
ity, on the jaws, vomer, palatine, ectopterygoid,
mesopterygoid and hyobranchial apparatus. Re-
duction of toothed surfaces, and anisometry of
teeth, has occurred during the evolution of Ath-
eriniformes. The dentary and premaxiliary teeth
of menidiines, Iso, atherinids, Atherion, Dentathe-
rina and most telmatherinids are uniformly small
and conical. Kalyplatherina, Kiunga, Pseudomugil
novacguinede, Bedotia, Rheocles, Cairnsichthys, Rhadi-
nocentrus, some Melanotaenia spp., Chilathering and
phallostethines display moderate anisometry of
dentary and premaxillary teeth, and have some
caniniform teeth. Other melanotaeniids and pseu-
domugilids have a reduced gape, with fewer teeth
on the premaxilla, and there is pronounced ani-
sometry of the premaxillary teeth.

(0=dentary and premaxillary teeth isomet-
ric; 1 =teeth modera tely anisometric; 2= premax-
illary teeth markedly anisometric).

12. Labial ligament hyaline cattilage. Dyer &
Chernoff (1996) identified hyaline cartilage in the
labial ligament as a phallostethid autapomorphy

{0 =Iabial ligament without hyaline cartilage;
1=hyaline cartilage present).

13. Lachrymal tendon of m. adductor mandi-
bulze. Melinkat & Zeiske (197%: fig. 5) described
the insertion of the lachrymal tendon in Bedotia
geayi as being toward the rostral angle of the
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Jachrymal subnasal shelf. Stiassny (1990) identi-
fied the tendon as a synapomorphy of (Atherini-
formes + Beloniformes); homology is discussed
by Dyer & Chernoff {1996).

In most Craterocephalus spp. and Rhadinocen-
#rus the tendon inserts on a small process ventral
to the subnasal shelf. Some Rhadinocentrus spec-
imens (QM 1.14520) from the type locality have a
bifid ligament, with branches to both insertions
{Aarn & Fvantsoff, 1996). In Cairnsichthys, the ten-
don inserts towards the caudal angle of the sub-
nasal shelf. In some Craterocephalis spp. and pseu-
domugilids, the tendon inserts on the rostrome-
dial margin of the lachrymal, ventral to the rostral
angle of the subnasal shelf. In other melanotaeni-
ids, the tendon inserts on the lachrymal shelf.

{0=lachrymal tendon absent; 1=tendon in-
serting on subnasal shelf; 2=tendon ventral to
subnasal shelf; 3=tendon to margin of lachry-
mal).

14. Palatine rostral attachments. In some ather-
inids (Patten, 1978), telmatherinids, Atherion,
Dentatherina, melanotaeniids and phallostethines
(Dyer & Chernoff, 1996), the palatine rostral proc-
ess rests in, or against, a sulcus on the maxilla,
forming a ginglymus. The articulation may be
fixed with connective tissue, or a palatomaxillary
ligament (in larger fish). The palatine is also at-
tached with connective tissue toward the rostral
angle of the nasal ventromedian crest, and to the
ethmoid at the palatine ethmoid process.

In atherinids, telrmatherinids, and pseudomu-
gilids {Saeed et al., 1989), the palatine is directed
dorsally, attaching to the nasal ventromedian crest
by a variously-developed nasopalatine ligament.
In Craterocephalus (Patten, 1978) the palatine is
reduced rostrally, directed dorsally, and attached
to the prominent (but occasionally reduced; Crow-
ley & Ivantsoff, 1992) nasal ventral process, locat-
ed midlength along the nasal medial border.

Caudoventral to the palatine rostral process
is a rostroventral process (‘ventral anterior proc-
ess of palaﬁne" ; Patten, 1978) attaching to the
lateral ethmoid. The process is robust in those
groups with a well-developed ginglymus, but
reduced in some atherinids (including Cratero-
cephatus; Dyer & Chernoff, 1996}, phallostethids
and pseudomugilids (Saeed et al,, 1989). In meni-
diines the palatine also supports the ethmomax-
illary ligament (character 3).

{0 = palatine robust, forming ginglymus with
maxilla; 1=palatine directed dorsally; 2=rpala-
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tine reduced, attached to nasal ventral process).

15. Metapierygoid. In pseudomugilids (Saeed et
al,, 1989), except Scaturiginichthys, and some phal-
lostethines the metapterygoid is fused to the sym-
plectic. InIriathering, Kiunga and other phallosteth-
ines it is absent,

(0 =metapterygoid autogencus; 1=mefap-
terygoid fused to symplectic; 2=metapterygoid
absent).

16. Number of rostral infraerbitals. Rosen
{1964) cited reduction of the circumorbital bone
series as an atherinomorph characteristic. Atheri-
on, Dentathering, atherinids, telmatherinids, Chi-
lathering, Glossolepis and Melanotaenia have 3 ros-
tral infraorbitals — the lachrymal and 2 accessory
rostral infraorbitals. The 2 accessory bones dis-
playing varying degrees of fusion in some Crate-
rocephalus spp. (Crowley & Ivantsoff, 1992), Glos-
solepis multisquamata (Dyer & Chernoff, 1996) and
some Melanotaenia spp. The rostral series is re-
duced to 2 elements in phallostethines, Iriathe-
rina, Bedotia, Rheocles and Cairnsichthys. Further
reduction to a solitary, tall lachrymal occurs in
Beloniformes (Dyer & Chernoff, 1996}, Cyprino-
dontiformes, Rhadinocentrus and pseudomugilids.

{0=3+ rostral infraorbitals, accessory infraor-
bitals occasionally fused; 1 =2 rostral infraorbitals;
2 =lachrymal only).

17. Lachrymal caudal notch. The lachrymal of
atheriniform outgroups has a different morphol-
ogy to that of Atheriniformes. In atherinomorphs,
the lateral ethmoid forms a cartilaginous con-
dyle, which contacts the caudal face of a tuberos-
ity on the medial surface of the lachrymal. In fish
with a narrow head, the condyle may project
laterally beyond the tuberosity forming a notch
in the caudal margin of the lachrymal. Dyer &
Chernoff (1996) cited this as an atherinid autapo-
morphy, although not well-developed in some
Craterocephalus spp. The notch is well-developed
in telmatherinids except Kalyptatherina (Aarn et
al,, in press).

(0 = non-atherinomorph lachrymal; 1=lach-
rymal notch absent; 2 =lachrymal notch present).

18. Branchiostegals. Most Atheriniformes have
6 branchiostegals bilaterally. The number is re-
duced in Iso, Dentatherina (Patten & Jvantsoff,
1983), phallostethines, Kiungn (Saeed et al., 1989)
and Scaturiginichthys (Ivantsoff et al., 1991).
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{0 =6 branchiostegals; 1=fewer than 6 bran-
chiostegals).

19. Epibranchials. In mugilids, the epibranchi-
als are of approximately equivalent size but dif-
ferent geometry. The first epibranchial has a very
small uncinate process; contacting a trabecular
interarcual cartilage. Dyer & Chernoff (1996} iden-
tified absence of the uncinate process as a phal-
lostethid apomorphy.

Epibranchial IV is much larger than epi-
branchials I-III in most Atheriniformes and out-
groups. In atherinids and telmatherinids, epi-
branchials HI-IV are of similiar size, soméwhat

larger than epibranchials I-II. The uncinate proc-

ess is short. In melanotaeniids the uncinate proc-
ess is longer. In Rhadindcentrus the interarcual
cartilage is absent (absent also in some Cyprine-
dontiformes; Parenti, 1981), the uncinate process
is long (Aarn & Ivantsoff, 1996). In pseudomugi-

lids except Kiunga (Saeed et al,, 1989) the process--

es are elongate and equal, the interarcual carti-
lage is small and near-spherical.

(0 = epibranchials approximately equal and/
or uncinate process absent or short; 1 = epibranchi-
al IV massive, uncinate process short; 2= epi-
branchials Il and IV approximately equal, unci-
nate process short; 3=epibranchial IV massive,
uncinate process somewhat elongate; 4=epi-
branchial [V massive, uncinate process somewhat
elongate, interarcual cartilage absent; 5=epi-
branchial IV massive, uncinate processes elon-
gate).

20. Number of vertebrae. Greenwood et al.
(1966) cited ‘vertebrae commonly numbering 24’
in acanthopterygians, and ‘vertebral number
high’ in atherinomorphs. Mugilomorphs have
24-26 vertebrae (Gosline, 1962}, whereas Beloni-
formes (less Adrianichthyoidei) have 60+. Lind-
sey (1988) summarised environmental factors
known to cause meristic variation, including ver-
tebral number,

The number of vertebrae is variable in Ather-
iniformes. Iso, menidiines, Atherion, Dentathering
and most atherinids generally have 40+ verte-
brae. Crowley & Ivanisoff (1992} stated 29-39
vertebrae as the range in Craterocephalus. Telmath-
erinids have 32-38 vertebrae (except Kalyptathe-
rina, 29-31). Melanotaeniids have 32-41 vertebrae,
Pseudomugilids have 28-31 vertebrae (except
Pseudomugil noveeguineae 34-36, and Scaturigin-
ichthys vermeilipinnis 27-28). Phallostethines have

31-40 vertebrae (Parenti, 1989).

Allen (1980) postulated that 40+ vertebrae
was a plesiomorphic state {(relative to melanotae-
niids). Reduction of total vertebrae may be asso-
ciated with attaining maturity at a small size (in
Rhadinocentrus, Iriathering and pseudomugilids),
and/or development of a lacustrine deep-body
form. '

{0=modally 24-26 vertebrae; 1=maodally
27-31 vertebrae; 2=modally 32+ vertebrae).

21. Cranial vertebral neural processes. Elon-
gation of either {dorsally) vertebral neural proc-
esses or (ventrally) pleural ribs may result in a
deep body-form. Slender Atheriniformes, ather-
inids, telmatherinids and pseudomugilids have a
small, narrow first vertebral neural process. Ched-
homme & Gaydant (1984: fig. 17) illustrated Paleo-
atherina formosa with tall cranial vertebral neural
processes, but the first vertebra was not figured.

Saeed etal. (1994) proposed an elongate, broad
first. neural process, providing attachment for
some epaxial musculature, to be plesiomorphic.
The first vertebral neural process is moderately
developed in Telmatherina ladigesi, Bedotia, Rheo-
cles and Iriatherina. Other melanotaeniids have a
large first neural process.

The subsequent 3-6 vertebrae of telmatheri-
nids and melanotaeniids have tall, enlarged ‘neu-
ral plates’; these processes are particulaxly high in
Chilatherina, Glossolepis and most Melanotaenia spp.

(0=small first vertebral neural process;
1=moderate to broad first process; 2=broad and
tall process). '

22, Candal vertebral exostoses. Stiassny (1990)
identified exostosis {exuberant bone formation)
of the last 6 or 7 vertebrag as synapomorphic for
Bedotiz and Rhecles.

(0 = caudal vertebrae not thickened; 1=exos-
toses present).

23. Reduction of urostyle, upper hypural plate
fusion. In most melanotaeniid larvae the upper
hypural plate forms from 3 elements, although
only 2 are present in Rhadinocentrus. Psendo-
mugil signifer hatch after flexion of the notochord,
with a truncate urostyle, and the upper and low-
er hypural plates are each of a single element
(Aarn et al., 1997) The urostyle is absent in phal-
lostethines and most adult pseudomugilids, and
reduced in Deptatherina and other pseudomugi-
lids. Hypurals of the upper hypural plate are

Aarn & Ivanisoff: Anatomy of Cairrsichthys and Iriatherina




fully fused in adult phallostethines, pseudomu-
gilids, Iriatherina and Rhadinocentrus.

(0=urostyle elongate, 3 autogenous upper
hypurals; 1=urostyle reduced and/or upper
hypurals fused; 2=urostyle absent, upper hy-
purals fused).

24. Parhypural. The parhypural is large and au-
togenous in mugilids, Iso, menidiines, Atherion,
Dentatherina, phallostethines, atherinids (Patten,
1978), telmatherinids, Bedotis (Stiassny, 1990),
Cairnsichthys (Allen, 1980) and some populations

er melanotaeniids it is reduced and fused to the
(@0 ver hypural plate, although approximately 50%
“36f the Irigthering and Rhadinocentrus specimens
examined have a reduced, unfused parhypural.
~ (0=parhypural large, autogenous; 1= parhy-
Lural reduced, fused to lower hypural plate).

25. Median fin spines. Acanthopterygians dis-
play variable fin spine development, with spines
present in ‘most species’ (Greenwood et al., 1966)
| including mugilids and percomorphs examined,
but absent in Cyprinodontiformes and Beloni-
formes _

Menidiines, atherinids and Rheocles (Stiassny,
1990) have a small flexible spine at the start of the
second dorsal and anal fins. The second dorsal
spine is solely supported by the corresponding
pterygiophore. The anal spine and first anal ray
are supported on a common, enlarged pterygio-
phore. Atherion, phallostethines and telmather-
inids have an anal spine but no second dorsal
spine. Most pseudomugilid (Saeed et al., 1989)

ud Bedotia spp. specimens have a flexible anal
Y pine, but no second dorsal spine: other species
of these genera lack the anal spine. Dentatherina
has a spine in the second dorsal, but lacks an anal
spine.

. Cairnsichthys and Rhadinocentrus have an anal
spine — most specimens have a flexible second
dorsal spine. In Iriathering, there is a large pun-
gent spine in both the second dorsal and anal
ins, and large flexible spines in the first dorsal
in. The pungent spines are supported by en-
arged pterygiophores. The other melanotaeni-
ds additionally have pungent spines in the first
dorsal fin (Allen, 1980).

(0=more than one pungent spine in anal and
bach dorsal fin; or no fin spines; 1 = flexible spine
In second dorsal and anal; 2=anal spine only,
B =second dorsal spine only; 4=pungent spine
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in second dorsal and anal; 5=pungent spine in
both dorsals and anal).

26. First dorsal fin vestigial, persistent ventral
fin fold. Parenti (1989) suggested that these 2
phallostethine characteristics were paedomorphic
— both are also present in Kiunga (Saeed et al.,
1989). A ventral body keel is also present in Iso.
Arthur (1984) hypothesised that a small adult
body size was advantageous when food sources
are limited.

(0 =adults with 2 well-developed dorsal fms, |

no ventral keel; 1=adults with reduced first dor-
sal fin, presence of ventral keel).

27. Interdorsal pterygiophores. In percomorphs,
the dorsal fins are united. In mugilomorphs, there
are 0-4 narrow, obtusely-angled interdorsal ptery-
giophores. Cyprinodontiformes and Beloniformes
have a single dorsal fin. Atherion and atherinids
have 4-7 interdorsal pterygiophores (absent in
some Craterocephalus spp.; Crowley & Ivantsoff,
1992), Dentatherina 8-10, tebmatherinids 4-5 ex-
cept Kalyptatherinag with 3 (or 2; Saeed & Ivant-
soff, 1991). Melanotaeniids modally have 3 ptery-
glophores (range 2-4), except Cairnsichthys and
Rhadinocentrus, which have 1-2. Interdorsal ptery-
giophores are rudimentary/absent in Iso, meni-
diines, phallostethines and pseudomugilids (Al-
len, 1980) except Pseudomugil reticulatus {Ivant-
soff et al., in press).

(0=single dorsal fin, or mugilomorph-type
interdorsal pterygiophores; 1=4+ pterygio-
phores; 2=modally 3 pterygiophores; 3 = modal-
ly 2 ptergiophores; 4=1-2 pterygiophores; 5=
pterygiophores rudimentary/absent).

28. Second dorsal and anal fin origins, body
depth and compression. As discussed above, de
Beaufort (1922) suggested that changes in fin
placement were necessarily concomitant with the
{ransition from a fusiform (‘open water form’;
Robinson & Wilson, 1995) to a compressed, deep-
bodied (‘benthic’) form. Alexander (1974) sug-
gested that a deep body was suited to life in
aquatic vegetation. Cranial relocation of the anal
fin and first anal pterygiophore was restricted by
the urogenital ducts. In Atheriniformes the level
of origin of the second dorsal and anal fins, and
body form, may be considered to form a trans-
formation series, and are thus considered to be
components of a single character.

Patten (1978) tabulated the number of anal
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fin radials cranial to the first haemal spine. Here,
the number of pleural rib distal angles ('rib tips'),
located caudal to the level of the origin of the
spine of the anal fin, is considered .

In mugilids, Iso, menidiines, Atherion, Den-
tathering, phallostethines, atherinids, Paratherina,
pseudomugilids, Bedotia and Rheocles the second
dorsal fin originates caudal to the last pleural rib.
In ofher telmatherinids and the remaining melan-
otaeniids, the second dorsal fin originates eranial
to the lastrib. In Iso, Atherion, Dentatherina, phal-
lostethines, atherinids and Parathering, the anal
originates caudal to the last rib. In Crateracephalus
and other telmatherinids, the anal originates cra-
nial to the level of the last 1-3 ribs (in Tominanga,
Jast 34 ribs). In most pseudomugilids, the posi-
tion of the pterygiophore is as in telmatherinids.
In Pseudomugil novaeguineae and P. reticulatus, the
anal originates cranial to the last 4-5 ribs. In Bedo-
tiz and Rheocles the ana) originates cranial to the
last 3-6 ribs. In Cairnsichthys and Rhadinocentrus,
the anal originates cranial to the last 6-8 ribs: the
proximal radial of one or more anal pterygi-
ophores is bifid in most Rhadinocentrus and seme
Caimsichthys specimens. In Rhadiriocentrus the anal
fin is placed far cranially and the caudal fin has
an enlarged ventral lobe. In Iriathering, the anal
originates cranial to the last 7-8 ribs. In Chilnthe-
rina, Glossolepis and Melanotaenia the anal origi-
nates cranial to the last 10-12 ribs.

‘Deep-bodied’ hasbeen defined quantitatively
as body depth >25 % of standard length (Dyer &
Chemoff, 1996). In general, menidiines and athe-
rinids are slender-fusiform or -tubiform. Atheri-
on and Dentathering are particularly tubiform,
while some Craterocephalus spp. (including C. stra-
wnineus) are deep-bodied. '

Iso has a distinctive ‘hatchet’ shape due to
marked bilateral compression, and elongation of
the pleural ribs.

In general, Atheriniformes {except atherinop-
sids and Tominanga) which penetrate freshwaters
develop a deep body: ventral elongation of the
ribs and dorsal elongation of the vertebral neural
pracesses. Paratherine, Kalyptatherina, pseudomu-
gilids, Bedotia, Rheocles, Cairnsichthys and Rhadino-
centrus are relatively deep-bodied. Telmathering
is deep-bodied and compressed: Chilatherina, Glos-
solepis and some Melanotaeria spp. become near-
discoidal (Weber, 1908: pl. 11; Regan, 1914: pl. 31).

(0 = second dorsal and anal fins originate cau-
dal to pleural ribs, body glender or ‘hatchet’
shape; 1=second dorsal caudal to last rib, anal

cranial to last rib, body slender; 2= second dorsal
caudal to last Tib, anal cranial to 1-5 ribs, body
relatively deep; 3 =second dorsal at or caudai to
last rib, anal cranial to 3-6 1ibs, body relatively
deep; 4=second dorsal cranial to last rib, anal
cranial to 1-5 ribs, body relatively deep; 5= sec-
ond dorsal cranial to last rib, anal cranial to 6-8
ribs, some bifid pterygiophores, body relatively
deep; 6=second dorsal cranial to last rib, anal
cranial to 10+ ribs, body discoidal; nfa=not ap-
plicable, single dorsal fin).

29. Shape of first anal pterygiophore. In ather-
iniform outgroups the first anal pterygiophore is
elongate, narrow, craniodorsally-oriented, and
generally caudal to the visceral cavity (charac-
ter 28). This is the plesiomorphic condition in Iso,
menidiines, Atherion. In Bedotia and Rheocles the
pterygiophore is craniodorsally-oriented but very
reduced (and positioned cranial to the last 3-6
pleural ribs).

Patten (1978) characterised atherinids with
the first anal pterygiophore (fused first 2 proxi-
mal radials supporting a spine and an unbranched
ray) forming a large triangular ‘anal plate’. In
telmatherinids and pseudomugilids, the pterygi-
ophore is tall, with a concave profile abutting the
caudoventral angle of the visceral cavity. In Pseu-
domugil novaeguineae, P. reticulatus and Irintherina
the pterygiophore is slightly truncated.

In Cairusichthys, Rhadirocenirus, Chilatherina,
Glossolepis and Melanotaenia the pterygiophore is
short and narrow.

In phallostethines, the plerygiophore is an
elongate rightangular bone at the caudal termi-
nation of the visceral cavity. Dentatherina has a
very elongate horizontal pterygiophore, with a
caudodorsal process (Ivantsoff et al,, 1987: fig. 4.

(0 =first anal ptergiophore narrow, directed
craniodorsally; 1=pterygiophore plate-like;
2= pterygiophore elongate/ right-angular; 3=
pterygiophore short and narrow; 4=pterygio-
phore craniodorsally oriented, very reduced)

30. Caudal principal rays. Greenwood et al
(1966) noted 17 caudal branched rays in ‘more
primitive’ acanthopterygians. There are 9+8 {(dor-
sal + ventral) principal branched and unbranched
caudal rays in Iso, menidiines, Atherion, Dentathe-
vina atherinids, telmatherinids and melanotaeni-
ids (except Rhadinocentrus: 8+8 rays). Pseudomu-
gilids have 8+8-7 rays while phallostethines have
7-6+7-6 Tays.

Aamn & Ivantsoff; Anatomy of Caimsiclfiys and Irintherina

£






{0 = caudal rays 9+8; 1 =rays 8+8; 2 =rays B+7;
3=rays<8+7).

31. Pectoral fin shape. The pectoral fin is mod-
erately tall, with a straight-to-slightly-concave
caudal margin in mugilids, many percomorphs,
menidiines, Atherion, Dentatherina and atherinids
{Patten, 1978), Bedotin, Rheocles and Crirnsichthys.
The fin is set lower, with an arcuate caudal bor-

der, the ventral interpectoral contact located fur- -

ther rostrally, in telmatherinids, pseudomugilids
and other melanotaeniids. In Iriathering the pec-
toral is very low-set, the scapula and coracoid
foramina are relatively large (Fig. 28).

(0=pectoral fin tall; 1=pectoral fin low-round-
ed).

32. Supracleithrum/axialpectoral ligament. In
mugilids and some atherinopsids (Dyer & Cher-
noff, 1996) the axialpectoral ligament originates
on the first vertebra and inserts on the medial
face of the elongate supracleithrum. In other
mugilids, atherinopsids, atherinids, telmathe-
rinids and melanotaeniids the ligament originates
on the basioccipital. Variations to this arrange-
ment are present in some atherinids (Patten, 1978),
Atherion and Dentatherina (Patten & Ivantsoff,
1983). In Craferccephalus, the ligament originates
very close to the foramen magnum. In Rhadino-
centrus (Aarn & Ivantsoff, 1996) the ligament in-
serts on the cleithrum. The supracleithrum is
broad in Cairnsichthys: it is reduced in pseudomu-
gilids, in which it is round-reniform, and in phal-
lostethines, in which it is ovate: in the latter 2
groups the axialpectoral ligament is absent.

In Iriathering an accessory axialpectoral liga-
ment is present, attached to the cleithrum crani-
odorsal spine.

(0 =axialpectoral ligament to elongate supra-
cleithrum; 1=accessory axialpectoral ligament
present; 2=axialpectoral ligament to cleithrum
only; 3 =axialpectoral ligament absent, supraclei-
thrum reduced).

33. Postcleithrum/cleithrum caudodorsal pro-
cess. In mugilids, percomorphs, Iso and menidi-
ines the postcleithrum comprises 2-3 elements,
coursing from the level of the horizontal plane
towards the ventral midline, deep to the caudal
border of the pectoral fin. Parenti (1981) discussed
postcleithral variation in Cyprinodontiformes.
Gosline (1962) postulated that the postcleithrum
functioned to support the pelvic fin in certain

[chthyol. Explar, Freshwaters, Vol. 8, No. 2

141

fish, including mugilids: in percomorphs it may
support pectoral and pelvic fins, while in Atherini-
formes it supports the pectoral fin.

In atherinids, the postcleithrum consists of 2
large laminar plates, occasionally in contact, the
dorsal postcleithrum deep to the cleithrum cau-
dodorsal process, the ventral postcleithrum on
the Jateral aspect of the first rib. In some Cratero-
cephalus spp., the ventral postcleithrum is some-
what narrower. In telmatherinids and melano-
taeniids, the dorsal postcleithrum is reduced and
‘scale-like’, the ventral postcleithrum is some-
what broad proximally but narrow distally. In
Dentatherina, the clejithrum caudodorsal process
is not developed, the dorsal postcleithrum is
absent, the ventral postcleithrum is a broad flange
cranial to the first rib. In A#herion, some ather-
inids lacking the deithrum caudodorsal process,
and pseudemugilids, the dorsal postcleithrum is
absent, and the ventral postcleithrum is a nartow
trabeculum on the cranial facet of the first pleural
rib. In phallostethines, the postcleithra are absent
(Parenti, 1986), presumably incorporated into the
pelvic moedification

{0 = large laminar postcleithra, of 2-3 elements;
1=dorsal postcleithrum reduced, ventral post-

- cleithrum trabecular; 2=dorsal postcleithrum

absent, ventral postcleithrum laminar; 3 = dorsal
postcleithrum absent, ventral postcleithrum
trabecular; n/a =not applicable, phallostethine
condition).

34. Posttemporal canal. An osseous sensory ca-
nal is fused to the posttemporal in some ather-
inids (including Craterocephnalus), Iriatherina, Chi-
latherina, Glossolepis and Melanwigenia. A small
canal, beating odontodes, is present in Atherior.
Telmatherinids, pseudomugilids, Bedotiz, Rheo-
cles, Cairnsichthys and Rhadinocenirus lack a post-
temporal canal.

(0= posttemporal canal present; 1= posttem-
poral canal absent).

35. Pectoral spur. The pectoral dorsal spur (ru-
dimentary pectoral spine) is absent in phallosteth-
ines and pseudomugilids.

{0=pectoral spur present; 1=pectoral spur
absent).

36, Pelvic cranial spinous process. Stiassny
(1990) characterised percomorphs with the pel-
vic cranial spinous process directed ventrally.
Atheriniformes {except phallostethines) have a
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pelvic fin medial process that overlaps the proc-
ess of the contralateral fin. A cranjal spinous
process usually arizes from the medial process,
giving o:igin to m. abductor pelvicus supertficia-
lis. The spinous process. is absent in Psendommigil

nowaeguinere, some specimens of P. sigitifer (Saeed -

et al, 1989), some Bedotia spp. (Stiassny, 1990)
and Cairngichthys (Allen, 1980), in which fishes

the muscle arises on the ventromedian fibrous

raphe. .

(0= pelvic cranial spinous process directed
ventrally; 1=process not directed ventrally;
2 =process absenf; n/a =not applicable).

37. Pelvic girdle caudodorsal Pprocess site of
attachment. In atherinomorph outgroups, the
pelvic girdle caudomedially contacts the ventral
postcleithrum. In Atheriniformes, the pelvic cau-
dodorsal angle is attached ligamentously to. a
pleural rib. In Iso, menidiines, Dentathering (Pat-
ten & Ivantsoff, 1983) and Cairnsichthys the proc-
ess is elongate.

In Iso the caudolateral process is markedly
elongate and contacts rib 3. In atherinids, the
angle is attached to rib 4-7 (Patten, 1978). In tel-
matherinids, pseudomugilids, Bedotig and Rheo-
cles attachment is to rib 4-5 (rib 3 in some
P. reticulatus — Ivantsoff et al., in press). In Athe-
rion, attachment is to rib 3 (Patten, 1978); in Den-
tatherina, to rib 5 (Patten & Ivantsoff, 1983) or 6.

In Cairnsichthys, attachment is to rib 4. In
Rhadinocentrus the anal fin originates far-cranial-

ly, the pelvic girdle is truncate and attached torib -

2 (occasionally rib 3 - Allen, 1980), and the cau-
dal fin has an expanded dorsal lobe. In Iriathe-
rina, attachment is to rib 3-4. In the remaining
melanotaeniids attachment is to rib 3.

{0 =pelvic caudolateral process attached to
pleural rib 5-+; 1= process to rib 4; 2= process to
rib 3; 3 =process to 1ib 2; n/a=not applicable}.

38. Pelvic ventrolateral spinous process/pelvic
fin spine position. Dyer & Chernoff (1996} iclen-
tified the pelvic ventrolateral spinous process
(“pelvic ventral spine’), arising from the pelvic
lateral plate, between the insertions of the dorsal
and ventral pelvic arrector muscles on either side
of the basal indentation of the pelvic fin spine.
There is a small process in this position in Agono-
stomus. In some atherinids (e.g. Atherinomorus)
the process is well-developed and spatulate, in
others (eg. some Craterocephalus spp.) it is linear,

in others (including Alepidomus and some Crate-
rocephalus spp.) itis absent. This process is present
in telmatherinids except Telmathering ladigesi
(Dyer & Chernoff, 1996) and Kalyptatherina.

In pseudomugilids, Bedotia, Rheocles, Cairns-
ichthys and Rhadinocentrus the spinous process is
absent, the spine is placed close to the medial
plate. In the remaining melanotaeniids, the spine
is strongly developed, lying over the pelvic cen-
tral part: the indentation at the base of the spine
is obliterated.

(0 = pelvic spinous process absent; 1 =spinous

_ process present; n/a=not applicable).

39. Pelvic medial process asymmetry. Stiassny
(1990: fig 14) reported asymmetry of the medial
processes of the pelvic fin as synapomorphlc for
Bedotia and Rheocles.

(0=pelvic medial processes symmetnc, 1=
processes asymmetric).

40. Pelvic fin elements. The pseudomugilid
Scaturiginichthys vermeilipinnis has fewer pelvic
fin elements than the general atheriniform I-5
configuration (Ivantsoff et al., 1991), probably an
adaptation to shallow pools.

(0 =pelvic fin configuration I-5; 1=less than
I-5; n/fa=not applicable).

41. Pelvic-body membrane. Allen (1980: fig. 2b)
noted the presence of a partial pelvic-body mem-
brane in some atherinoids, including Bedotiz, and
well-developed membranes in melanotaeniids
and various percomorphs.

In some mugilids, cranially the inner pelvic
ray is attached to the ventral midline, very sim-
ilar to the state in Bedofir. This is the general
situation in Atheriniformes. In other mugilids,
some atherinopsines, pseudomugilids and melan-
otaeniids there is a pelvic-body meinbrane: some
uncleared Telmatherina ladigesi (CMK 6101, ZMA
119.412) and Kalypiathering (AMS 1.22838 ) have
the membrane (or debris resulting from damage
to it). In melanctaeniids the meémbrane extends
the entire length of the pelvic girdle.

{0 = pelvic-body membrane absent; 1=mem-
brane present; 2=membrane elongate n/a=not
applicable).

42, Position of the anus. The anﬁs is sifuated

cranial and adjacent o the genital papilla, in the
ventral midline. In mugilids, menidiines, ath-

Aam & Ivantsoff: Anatomy of Cairnsichthys and Irintherime




erinopsines, fso and Rheocles the anus is caudal to
the pelvic tips, almost at the origin of the anal fin.
In atherinids, the anus is between the pelvics. In
pseudomugilids and other melanotaeniids, the
anus is within the interpelvic membrane-bound
asquamate area. In telmatherinids the anus is
placed very close to the overlapping pelvic medi-
al processes, the pelvic caudal spinous processes
are truncated and directed laterally (except in
Telmatherina ladigesi and Kalyptatherina, in which
the position of the anus is somewhat caudal).

{0=anus caudal to pelvic tips; 1=anus be-
tween pelvics; 2 =anus adjacent to pelvic medial
processes).

43. Peri-anal squamation. Most Atheriniformes
and outgroups have small peri-anal scales. Two
species of Rheocles lack peri-anal squamation
(Stiassny & Reinthal, 1992). In atherinids and tel-
matherinids there is an elongate peri-anal scale.
Pseudomugilids have an elongate peri-anal scale,
to the medial border of which attaches the pelvic-
body membrane. In other melanotaeniids the peri-
anal scales (lateral to the membrane) are small.
(0 = small peri-anal scales; 1= peri-anal region
asquamate; 2 = elongate peri-anal scale).

44. External genitalia. The external genitalia of
Melanotaenia duboulayi {Aarn et al., 1997), Rhadi-
nocentrus and Iriathering is produced as a fleshy
rosette.

{0 =genitalia unornamentec; 1 = genitalia or-
namented).

45. Scale morphology. Atherinomorph out-
groups have ctenoid or heavily-armoured scales.
Srales Jack prominent rostral crenulations in Athe-
rion, Dentatherina, atherinids and Cairnsichthys.
Other Atheriniformes have crenulations on the
larger lateral scales; some Glossolepis spp. have
scales with a crenulated caudal margin, not ar-
ranged in regular rows along the body (Weber,
1908).

{0 =ctenoid or armoured scales; 1 =5cales lack-
ing crenulations; 2=scales crenulated rostrally;
3 =scales crenulated rostrally and caudally).

46. Odontodes. Teeth occur on the external sur-
face of the premaxilla in some atherinids, tel-
matherinids, pseudomugilids and melanotaeni-
ids. External ‘teeth’, not associated with the bite,
are also present in Teramulus, Tominanga, Para-

[chthyol. Explor. Freshwaters, Vol. 8, No. 2

143

thering, Telmathering (Munro, 1967) and Iriathe-
ring. Atherion and Notocheirus additionally have
odontodes on the head, as far caudal as the post-
tempeoral canal.

(0 =odontodes absent; 1=odontodes restrict-
ed to external jaws; 2 = cdontodes distributed on
head),

Results

Phylogenetic analysis using the simple heuristic
search option yielded 12 most-parsimonious trees
(length 184), in which ordering of (Dentatherina +
Phallostethinae) (as monophyletic or paraphylet-
ic), (Atherinidae+Telmatherinidae) (as mono-
phyletic or paraphyletic) and (Chilatherina+
Glossolepis+Melanotaenia) (3 possible hierarchies)
differed. A ‘bootstrap’ analysis (100 replicates)
generated a consensus tree with an unresolved
polytomy of 6 in-group taxa (Atherionidae, Phal-
lostethidae, Atherinidae, Telmatherinidae, Pseu-
domugilidae and Melanoteeniidae). The hierar-
chy of relationships in Melanotaeniidae (Fig. 30)
was: (Iriatherina, (((Bedotia, Rheocles), (Cairnsich-
thys, Rhadinocentrus)), (Chilatherina/Glossolepis/
Melanotaenia))).

Discussion

This further analysis of Melanotaeniidae has ben-
efitted from anatomical data unavailable to Allen
{1980} and Dyer & Chernoff (1996). It is not the
present purpose to re-analyse Atheriniformes,
although examination of the ethmoid and pel-
vic/peri-anal regions identified novel character
states of Atheriniformes. Here, Dentatherina is in
Phallostethidae (sensu Dyer & Chernoff, 1996).
However, Pseudomugilidae (see also Ivanisoff
et al,, in press) and Telmatherinidae (see also Aarn
et al., in press) are considered to be valid fami-
lies. The authors accept Dyer & Chernoff's (1996)
placement of Bedotig and Rheocles with the melan-
otaeniids of Australia and New Guinea, but con-
cede that support for this group on biogeograph-
ic grounds (below) is speculative. After extensive
examination of Chilathering, Glossolepis and Melan-
otaenia, no consistent characters facilitating reso-
lution of the trichotomy were found. These gen-
era may require redefinition on a basis other than
osteology and meristics,
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Percomorpha Fig. 30, Cladogram of systematic relationships of Mela-
Mugilomorpha notaeniidde. Diagnhostic characters at each node listed;
Cyprinodontiformes postulated character reversals (within Melanotaeniidae)
Beloniformes indicated by R.
Notocheiridae Node 1. Atheriniformes. Characters chscussed by
[ 1 _ o veri d Parenti {1993), Dyer & Chernoff (1996).
4 At Ernopsidae Node 2. Notocheiridae. Characters discussed by
- Atherionidae Dyer & Chernoff {1996).
2 5 -Dentatherina Node 3. Atherinopsidae. Characters d:scussed by
il Phallostethinae - Dyer (in press).
L s Astherinidae Node 4. Atherionidae, Characters discussed by
Telmatherinidae Dyer & Chernoff (1996).
| 3 ] . Kiunga Node 5. Phallostethidae. Characters discussed by
8 . Dyer & Chernoff (1996).
E‘P seudo'm'ugzl Node 6. Atherinidae. Characters discussed by
o —~——— Scaturiginichthys Farenti (1989); Dyer & Chernoff (1996).
Iriathering Node 7. Telmatherinidae. Characters discussed by
Bedotia Saeed & Ivantsoff (1991), Aarn et al. (in press)
Rheocles Node 8. Pseudomugilidae. Characters discussed

by Saeed et al. {1989), Ivantsoff et al. (in press).
Node 9. Melanotaeniidae, Upper jaw non-protrusi-

16 gﬁ?{f;iﬁf::m ble (character 2); ethmomaxillary ligament from ros-
13117 . trodorsal mesethmoid, or absent (character 3); first
> —1"8—"'"GIOS-5' olepis neural process moderate to tall (character 21); one to 3
e Melanotaenia interdorsal pterygiophores {character27); analfin origin

cranial to last 3 pleural ribs (character 28); dorsal post-
cleithrum reduced, ventral postcleithrum trabecular (character 33); elongate pelvic-body membrane (chatacter 41).

Node 10. Iriatherininae, Reduced external ramus of maxifla, premaxilla compact (character 2}; metapterygoid
absent {character 15); fusion of upper hypurals (character 23); pungent spine in second dorsal and anal fins
{character 25); first anal pterygiophore plate-like (character 29); accessory axialpectoral lignment (character 32);
genital rosette (character 44); odontodes on jaws {character 46).

Node 11. Melanotaeniinae. Maxilla external ramus moderate to elongate, premaxilla large and elongate
{character 2}; first anal fin pterygiophore reduced (character 29).

Node 12. Bedotiini. Temporal shelf {character 7); posttemporal canal absent (character 34).

Node 13. Melanotaeniini. Characters discussed by Allen (1980). Three rostral infraorbitals (character 16); pun-
gent spine in anal and both dorsal fins (character 25); anal fin cranial to 10+ ribs, body discoidal (character 28); pelvic
fin attached ligamentously to rib 3 (character 37).

Node 14. (Bedotia + Rheacles). Characters discussed by Stiassny (1990). Median ossification of mesethmoid
(character 1 R); caudal veriebral exostoses {character 22); second dorsal fin origin caudal to last pleural rib
(character 28); first anal pterygiophore reduced, but different morphology to other melanotaeniines
(character 29); pelvic fin attached to pleural rib 4-5 (character 37); pelvic medial process asymmetry (charac-
ter 39).

Node 15. (Cairnsichthys + Rhadinocentrus). Lachrymal tendon inserting ventral to subnasal shelf
(character 13); one or 2 interdorsal pterygiophores (character 27).

Node 16. Chilatherina. Moderate anlsumetfy of premaxillary teeth (character 11).

Node 17. Glossolepis. Marked anisometry of premaxillary teeth (character 11); some species with crenulate

caudal margin of scales (character 45).

Node 18. Melanotaenia. Some species with marked anisometry of premaxillary teeth (character 11).

Node 19. Bedotin. Nasal forming part of orbit (character 6); parhypural autogenous (character 24 R); no spine
in second dorsal (character 25).

Node 20. Rheocles. Ethmomaxillary ligament absent in 2 species {character 3); anus caudal to pelvic tips
{character 42 R); peri-anal region asquamate in 2 species (character 43).

Node 21. Cairnsichthys. Vomerine condyles directed caudolaterally (character 4); nasal substantially in orbit
{character 6); extensive premaxillary sulcus (character 10); parhypural autogenous {character 24 R); pelvic
cranial spinous process absent (character 36); pelvic fin attached to rib 4 (character 37).

Node 22. Rhadinocentrus. Characters discussed by Aarn & Ivantsoff (1996). Basisphenoid absent
{character 8); rostral infraorbital series reduced fo lachrymal only (character 16); interarcual cartilage absent
(character 19); upper hypurals fused (character 23); caudal principal rays 8+8 (character 30); axialpectoral
ligament to cleithrum {(character 32); pelvic fin to 1ib 2 (character 37); genital rosette {character 44).

Aarn & Ivanisoff: Anatomy of Cairnsichthys and Iriathering




Bamber & Henderson (1988) hypothesised
that phenotypic plasticity enabled marine ather-
inids to colonise estuaries. Evidence of plasticity
was obtained from morphological studies. In the
absence of competitors, estuarine atherinids in-
vaded and speciated in some freshwaters of the
New World, Madagascar and Australia. Athe-
rinidae, as presently conceived (Nelson, 1994)
consists largely of cosmopolitan old world estu-
arine and marine forms, with some purely fresh-
water representatives (including populations of

Table 1. Character data matrix for 16 atherine taxa and
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Atherina boyeri and Atherinosoma microstoma, and
various Craterocephalus spp.). Some species may
have re-entered the oceans: Crowley (1990) con-
sidered the distribution of Craterocephalus to be
congistent with such an evolutionary progres-
sion, Telmatherinids, pseudomugilids and melan-
otaeniids are fresh- or brackish-water forms.
Madagascar has been isolated from the Afri-
can mainland for at least 65 Ma (Archer, 1984),
predating the earliest fossil evidence of Atherini-
formes {Chedhomme & Gaudant, 1984). Austral-
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ja and New Guinea were linked as recently as
6000 years BP (Powell et al., 1984).

Iriathering (and some Melanotaenia spp.) has a
distribution spanming the Torres Straight. Iris-
therina inhabits the upper level of densely-vege-
tated, slow-flowing brackish- and fresh-waters.
Tt may be the least-derived descendant of a mela-
notaeniid precursor species. Extravagant fin de-
velopment, reduction of the mouth, and. small
body-size may be adaptations for the particular
habitat of Irigthering.

Bedotia and Rheocles pcour on the eastern sea-
board of Madagascar and may be exclusively
freshwater forms (Stiassny & Raminosa, 1994).
They occupy a similar habitat (oligotrophic high-
land streams) to Cafrnsichthys of the eastern sea-
board of Australia. Rhadinocentrus has a purely
freshwater distribution in subtropical eastern
Australia, from highland streams to coastal lakes.
Morphological analysis supports a close relation-
ship between these geographically-disparate lin-
eages.

 Melanotaenin is a wide-ranging, environmen-
tally-tolerant, speciose genus in Australia and
New Guinea. Chilathering and Glossolepis occur
predominantly north of the central dividing range
of New Guinea. Meristic variation, and the in-
congistency of (osteological and other reported)
characters, indicate that re-evaluation of the sta-
tus of these 3 genera is warranted.

The authors caution that the application of
parsimony, in computer-based analyses of phyl-
ogenetic relationships, may equate character
states resulting from convergent evolution. This
would result in false monophyletic groupings.
Comparative osteclogy, without a consideration
of ecological and functional anatomical adapta-
tion, may erroneously asscciate homoplasious
traits (such as those associated with small aduit
body-size/ paedomorphism) rather than identify
common evolutionary descent. Further progress
in the understanding of melanotaenild systemat-
ics should consider evidence from comparative
developmental and molecular genetic studies.

Material examined

Institutional abbreviations follow Leviton et al.
(1985). CMK is material in the collection of Mau-
rice Kottelat. For each collection, institutional
identification (number and size of cleared and
stained fish examined); and location, if recorded,

is given.

Acanthopterygiv: Percomorpha: Berycifor-
mes: Anomalopidae: Anomalops katoptron. AMS
1.19291 (2, 44-64 mm SL). Diretmidae: Direfmus
argentea. MQU F/607 (2, 34-39 mm SL). Mono-
centridae. Cleidopus gloriamaris. AMS 116174 (1,
42 mm SL); Queensland, Moreton Bay, Stradbroke
Island.

Zeiformes: Zeidae: Cyttomimus affinis. AMS
120651-002 (1, 74 mm SL); Queenstand, Danger
Point.

Gasterosteiformes: Gasterosteidae: Pungitivs
pungitius. MQU uncat. (7, 28-41 mm SL); Maine,
Damariscotta River, Love’s Cove.

Mugilomorpha: Mugilidae: Agonostomus mon-
ticola. CAL-SU 18622 (3, 37-54 mm SL); Panama.
— USNM 314423 (3, 41-70 mm SL); Dominican
Republic, Santo Domingo, Paraiso. Liza argenteq.
MOU unreg. (2, 115-130 mm SL); New South
Wales, Smith’s Lake. Mugil cephalus. MQU un-
reg. (4, 52-92 mm SL); New South Wales, Sydney.
Muyyrus elongatus. MQU unreg. (3, 78-105 mm SL);
New South Wales, Sydney.

Atherinomorpha: Cyprinodontiformes: Cy-
prinadontidae: Aplocheilus sp. AMS uncat. (2, 30-
35 mm SL); Thailand, 10 km north of Bangsapan.
Funduius sp. MQU uncat. {3, 46-52 mm 5L); Maine,
Damariscotta River, Love’s Cove. Poeciliidae:
Gambusia holbrooki. MQU unreg. (3, 18-28 mmSL);
New South Wales, Smith’s Lake. Poecilia reticula-
ta. MQU unreg; (2, 16-22 mm SL); Queensland,
Gordonvale.

Beloniformes: Hemiramphidae: Hemirham-
phodon sp. AMS uncat. (2, 28-46 mm SL); Thai-
land, Petchabury. Hyporhampus australis, MQU
unreg. (3, 96-108 rnm SL); New South Wales,
Smith’s Lake.

Atheriniformes: Notocheiridae: Ise rhothophi-
Tus. MQU 1122 (5, 42-48 mm SL); New South
Wales, Seal Rocks.

Atherinopsidae: Menidiinae: Atherinelln crys-
tallina. CAS 44714 (2, 36-45 mm SL). Eurystole
eriarcha. MQU 1.124 (8, 35-48 mm SL); California,
Baha, Los Freiles. Membras martinica. MQU 1.246
(2, 44-64 mm SL); Georgia, McIntosh County,
Dobby River. Menidia menidie. MQU 1.494 (5, 45-
62 mm SL}); Maine, Damariscotta River.

Atherines: Atherionidae: Atherion elymus.
MQU uncat. {6, 32-48 mm SL); Hong Kong.
A. maccullochi. MQU uncat. (1, 50 mm SL).

Phallostethidae: Dentatherininae: Dentgthe-
ring merceri, AMS 1.22652 (7, 22-29 mm SL); Indo-
nesia, Moluccas, Ceram. — USNM 210180 (3, 18-
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24 mm SL); Indonesia, Moluccas, Ceram. Phal-
lostethinae: Gulaphallus bikolanus, AMNH 50592
{1, 19 mm SL); Philippines, Luzon, Guinobatan
River. Neostetius barneensis. USNM 321316 (2, 14-
16 mm SL); Brunei, Dolhakim River. N. fankesteri.
AMS L1.19355 (2, 27-31 mm SL); Borneo, East Ka-
limantan, Balikapan. Phenacostetitus smithi, USNM
(88668 (1, 14 mm SL); Thailand, Bangkok.
Atherinidae: Alepidomus evermanni. MQU
WL78-6 (2, 25-33 mm 5L); Cuba, Arroyo Bano de
Guadalupe Camaguey. Atherina breviceps. MQU
1343 (2, 43-52 mm 5SL); South Africa. A. hepsefus,
MQU WI1.74-11 (1, 78 mm SL); France, Port Ban-
yuls. A. presbyter. MQU WI74-10 (2, 62-63 mm
SL); France, Brittany, Roscoff. Atherinomorus cy-
Tindricus. MQU 1.152 (1, 43 mm SL); Santa Cruz,
Utupua Island. A. lacunosa. AMS 1.28110 (3, 39-
50 mm 5L); Madagascar, Nosy Be. A. ogilbyi. MQU
unreg. (3, 42-51 mm 5L); New South Wales, Na-
rooma. A. stipes. MQU 1475 (2, 30-34 mm SL);
Cuba, Guantanama Bay. Atherinosoma elongata.
MQU W1.73-15 (6, 56-64 mm SL); South Austral-
ia, Edithburg. A. endrachtensis. MQU 1.375 {5, 36-
39 mm SL); Solomon Islands. A. microstomg. MQU
unreg. (3, 41-46 mm SL); New Sauth Wales, Nar-
rabeen Lake. Craferocephalus marjoriae. MQU 1.394
(2, 30-32 mm SL); Queensland, Mary River.
C. mugiloides. MQU WIL75-46 (7, 3444 mm 5L);
Western Australia, Swan River. C. sfercusmius-
carum stercusmuscarum. MQU JMP.75-74 (5, 29-
42 mm SL); Queensland, Loftus Creek. C. stra-
mineus. AMS 120863 (4, 18-31 mm SL); Northern
Territory, south of Wickham Gorge. - MQU 1.303
(2, 32-41 mm SL); Northern Territory, Wickham
River. - MQU uncat. {3, 37-42 mm SL}); Northermn
Territory, Katherine River. Hypoatherina barnesi.
AMS 1.28110 (1, 39 mm 5L); Madagascar, Nosy
Be. H. ovalaua. MQU 1.022 (1, 58 mm 5L); New
Guinea, New Ireland, Kalili. Stenatherina panatel-
Ia. MQU L.176 (1, 68 mm SL); Fiji, Rotuma Island.
Telmatherinidae: Kalypiatherina helodes. AMS
1.22838 (3, 17-20 mm 5L); Irian Jaya, Misool Is-
land. Parathering wolterecki, CMK 6481 (I, 39 mm
SL); Sulawesi, Lake Towuti. Telmatherina antoni-
ze. CMK 6588 (5, 59-84 mm SL); Sulawesi, Lake
Matano. - ZMA 110.181 (1, 46 mm SL); Sulawesi,
Lake Matano. ~ CMK 7577 (2, 59-67 mm SL); Su-
lawesi, Lake Matano. — NT 5.12706 (2, 18-25 mm
SL); Sulawesi, Lake Towuti. T. bonti. CMK 6232
(2, 26-38 mm SL}; Sulawesi, Lake Towuti. T. elon-
gata. CMK 6589 (1, 65 mm SL); Sulawesi: Lake
Matano. T. indigesi. CMK 6101 (5, 14-24 mm SL);
Sulawesi: Bantimurung. ~ CMK 6108 (1, 44 mm
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5L); Sulawesi, Bantimurung. — MQU uncat. (1,
43 mm SL); aquarium specimen. - ZMA 119.412
(uncleared specimen, 46 mm S5L); Sulawesi.
T. opridi. CMK 6593 (2, 45-47 mun 5L); Sulawesi,
Lake Matano. T. sarasinorum. CMK 6591(2, 41-
47 mm 5L); Sulawesi, Lake Matano. T. wahjui.
CMK 6594 (2, 36-43 mm SL); Sulawesi, Lake
Matano. Tominanga aurea. CMK 6595 (2, 40-55 mm
5L); Sulawesi, Lake Mahalona. T. sanguicauda.
CMK 7578 (1, 49 mm SL); Sulawesi, Lake Towuti.

Pseudomugilidae: Kiungn ballochi. AMS
123842 (2, 21-26 mm 5L); New Guinea, Upper
Fly River. Pseudomugil furcata. MQU 1374 (2,
34-39 mm SL); New Guinea, Safia Creek. P. ger-
trudne. MQU uneat. (3, 17-24 mm SL); Queens-
land, Jardine River. P. novaeguineaze. MQU 1.369
{1, 37 mm SL}; New Guinea, 5 ki north of IGun-
ga. P. reticulatus. WAM uncat. (8, 22-31 mm 5L);
Irian Jaya. P. signifer. MQU L83-9 (2, 28-38 mm
SL); Queensland, Cairns. — MQU uncat. (3, 20-
28 mm SL); New South Wales, Smith’s Lake.
Scaturiginichthys vermeilipinnis, MQU 1461 (3, 12-
14 mm SL); Queensland, Edgbasion, northwest
of Aramac.

Melanotaeniidae: Iriatherininae: Iriatherina
werneri. MQU 1.133 (1, 34 mm SL); Queensland,
Jardine River. — MQU L463 (7, 16-20 mm SL);
New Guinea, Bensbach River. - MQU 1468 (10,
14-24 mm 5L); Queensland, Jardine River. Mela-
notaeniinae: Bedotia geayi. MIQU 1.200 (5, 43-78 mm
SL); aquarium specimens. — USNM 199271 (2, 52-
55 mm SL); Madagascar, Fianarantsoa Province,
Ifanadiana. Bedotin sp. AMNH 88008 (1, 34 mm
SL); Madagascar, Namorona River. Bedofin sp.
AMS1.25045001 (1, 54 mmn SLY; Madagascar, Saka-
fiana River (iributary of Faravory River). Cairns-
ichthys rhombosomoeides. MQU 1469 (11, 25-58 mm
SL); Queensland, Babinda. — MQU 1.470 (6,
31-64 mum SL); Queensland, Babinda. - MQU 1.471
(6, 25-49 mun 5L); Queensland, Mulgrave River.
Chilatherina axelrodi. MQU uncat. (3, 38-46 mm
SL); aquarium specimens. C. crassispinosaz. WAM
P.30197 (3, 44-64 mm 5L); New Guinea, Erap
River. C. loventzi. WAM P.26741 (3, 34-57 mm
SL); New Guinea, Puive Creek. C. sentaniensis.
WAM P.27782 (6, 51-77 mm SL); Irian Jaya, Lake
Sentani. Glossolepis incisus. MQU 1.364 (4, 33-
58 mon SL); Irian Jaya, Lake Sentani. - MQU un-
cat. (2, 42-49 mm SL); aquarium specimens.
G. maculosus. WAM P.29839 (3, 49-57 mm SL);
New Guinea, Omsis River. G. ramuensis. WAM
P.29602 (3, 48-63 mm S5SL); New Guinea, Gogol
River. G. wanamensis. WAM P.26975 (2, 47-58 mm
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SE); New Guinea, Lake Wanam. Melunotaenia af-
fireis. MQU 1.502 €12, 19-89 mm SL); New Guinea,
Passarm. M. arfakensis. WAM P.29950 (3, 23-19 mum
SL); Irian Jaya, Prafi River. M. bogsmani WAM
P.27866 (3, 30-43 mm SL); Irian Jaya, Lake
Ajamaru. M. duboulayi. MQU 1.256 (6, 18-38 mm
SL.); Queensland, Fraser Island. M. gracillis, WAM
P.25427 (3, 36-50 mm SL); Western Australia,
Drysdale River. M. lacustris. WAM P.28158 3,
58-71 mm SL); New Guinea, Lake Kutubu.
M. nigrans. MQU uncat. (3, 38-48 mm SL); North-
ern Territory, Twin Falls. M. monticola. WAM
P.28157 (4, 34-58 mm SL); New Guinea, Omei
Creek. M. okfedensis. WAM P.27802 (3, 44-46 mm
SL); New Guinea, upper Fly River. M. pygmae.
WAM P.25034 (3, 28-35 mun SL);. Western Aus-
tralia, Cascade Creek. Rhadinocentrus ornatus.
MQU 1.257 (11, 19-34 mm SL); Queensland, Fra-
ser Isiand, Lake Coomboo. —- MQU 1.472 (11, 25-
48 mm SL); Queensland, Seary’s Creek. — QM
1.14520 (6, 21-29 mm SL); Queensland, Moreton
Island, Eager’s Creek. Rheocles alontrensis. MQU
1.449 (4, 44-58 mm SL}; Madagascar, Lac Vert.
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