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We present evidence from adult and larval morphology for the monophyly and relationships of 
Atheriniformes, using other atherinomorphs, mugilids and acanthomorph fuhes as outgroups. 
Atheriniformes is diagnosed by ten characters (larval: short preanal length, single mid-dorsal row of 
melanophores; adult: vomerine ventral face concave, long A1 muscle tendon to lacrimal, two anterior 
infraorbital bones, pelvic-rib ligament, pelvic medial plate not extended to anterior end, and second 
dorsal-fm spine flexible). We recognize six families withim the order, the hierarchical relationships among 
which are: (Atherinopsidae (Notocheiridae (Melanotaeniidae (Atherionidae (Phallostethidae, Ather- 
inidae))))). Other major conclusions include: (1) Atherinopsidae (Menidiinae, Atherinopsinae) is 
diagnosed by 20 characters (e.g. ethmomaxillary ligament attached to palatine dorsal process, ventral 
postcleithrum with two dorsal rami); (2) Melanotaeniidae (Bedotiinae (Melanotaeniinae (Telmatherinimi, 
Pseudomugilini))) is diagnosed by six characters (e.g. absence of second dorsal-fm spine, sexual 
dimorphism in body colour and median-fm development, greater body depth); (3) Dmtathnino is in 
Phallostethidae; (4) Atherinidae (Atherinomorinae (Craterocephalinae, Atherinimae)) is diagnosed by 
three characters (lacrimal notch, ventral postcleithrum between fmt and second pleural ribs, pelvic 
ventral spine); (5) Atherinidae and Phallostethidae form the Atherinoidea clade diagnosed by seven 
characters (e.g. interopercle dorsal process absent, dorsal wings of urohyal absent, ventral postcleithrum 
laminar, pelvic medial plate extended to anterior end, presence of anal plate). &doh, Rhwch, and 
melanotaeniines are shown to be derived withim atheriniforms rather than the plesiomorphic sister 
groups to a paraphyletic ‘atherinoid’ group. We also demonstrate that groups traditionally placed in 
Atherinidae (Menidiinae, Atherininae, Atherioninae, etc.) comprise a paraphyletic assemblage. 
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INTRODUCTION 

Fishes of the order Atheriniformes are antipolar, mostly circumtropical in 
distribution, though present also in temperate regions of the New World. 
Atheriniforms are mostly surface dwellers, living in marine inshore, estuarine, or 
freshwater habitats; only a few species occupy offshore pelagic environments. Most 
marine species are silvery, usually small, and occur in large schools. Strictly 
freshwater groups occur in Australasia, Madagascar, and the Americas, and their 
species are more variable in size, colour, and shape, Atheriniforms are found in rivers 
and lakes of all types, from coastal lagoons to altitudes over 4000m. Atheriniforms 
are mostly elongate, with adult sizes ranging from 25mm standard length (SL) to 
over 500mm SL. Their coloration ranges from translucent to brightly-coloured, 
sexually-dimorphic body markings. Most species have a conspicuous silvery broad 
lateral stripe and are counter shaded over a silvery background. 

The family composition of Atheriniformes varies significantly according to author, 
from two (Eschmeyer, 1990) to ten families (Saeed et d., 1994) depending on the taxa 
regarded as subfamilies of Atherinidae. Rosen & Parenti (1981) standardized the 
nomenclature by recognizing six families together called Division I, a group they 
considered to be non-monophyletic. Eight families, 47 genera, and 285 species 
comprise the Atheriniformes according to Nelson (1994). Despite its recognition as a 
group since Jordan & Hubbs’ (1919) monograph, a list of features vaguely defining 
the group has marred previous attempts to establish relationships within the 
‘atherinoids’. In general, Atherinidae has been a group comprised of taxa lacking 
externally distinctive features of body shape, coloration, fin development, or 
copulatory organs that characterize other atheriniform groups. Atherinid taxa range 
from two subfamilies (12 genera; Saeed et a/., 1994) to nine subfamilies (45 genera; 
Eschmeyer, 1990). 

Our purpose is to investigate the phylogenetic relationships among atheriniform 
fishes. The outcome of this analysis is a taxonomy based on shared derived traits 
(synapomorphies). These groups are classified hierarchically as natural (monophy- 
letic) taxa reflecting phylogenetic relationships. The taxonomic history relevant to 
our new conclusions is presented below. 

HISTORY OF RELATIONSHIPS 

A systematic study at this level of generality results in taxonomic rearrangements 
and nomenclatorial changes that need to be treated consistently throughout the 
paper. To avoid possible confusion between former and new usage, taxa will be 
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named herein according to the nomenclatorial changes presented in Table 1, except 
when direct quotes are made. 

History of the classification of atheriniform fishes is shown in Figure 1. 
Atheriniformes was created by Rosen (1964) for a group of fishes that included 
groups commonly known as halfbeaks, killifishes, and silversides and their allies. This 
assemblage was renamed Atherinomorpha in Greenwood et al. (1966) and later 
proposed as sister group to Percomorpha (Rosen, 1973). Rosen & Parenti (1981) 
diagnosed Atherinomorpha more precisely as well as the sister-group relationship 
between Cyprinodontiformes (killifishes) and Beloniformes (halfbeaks, needlefishes, 
sauries, and flyingfishes), a group they named Division I1 (Fig. 2A), a group hereafter 
called Cyprinodontea. Rosen & Parenti (1 98 1) also removed adrianichthyoids 
(ricefishes and allies) from cyprinodontiforms and placed them in Beloniformes. 
Rosen & Parenti (1981:13) also reviewed the long history of definitions for 
atheriniform fishes (see Fig. 1: Rosen, 1964) and concluded that “. . . . . there has been 
a great deal of uncertainty about exactly what it takes to be an ‘atherinoid’ fish”. 
Unable to diagnose atheriniforms, they named the assemblage of six families 
(Atherinidae, Bedotiidae, Isonidae, Melanotaeniidae, Telmatherinidae and Phallos- 
tethidae) Division I atherinomorphs (Fig. l), and treated them as a paraphyletic 
outgroup of cyprinodontiforms plus beloniforms (Fig. 2A). 

A detailed review and taxonomic history for Atherinomorpha was presented by 
Parenti (1993). Stiassny (1990) proposed that Mughdae is the sister group to 
Atherinomorpha, based on pharyngeal jaw musculature and neural arch anatomy. 
An atheriniform - mughd relationship was first postulated by Starks (1 899) and 
later by Gosline (1962, 1963), but in the context of Percesoces. Stiassny’s (1990) 
mugdid - atherinomorph hypothesis is supported with additional features in 
Stiassny (1993). Recently, Atherinomorpha was proposed as part of an enlarged 
Percomorpha when grouped together with mugdids, Elassoma, gasterosteiforms, and 
synbranchiforms into a group called Smegmamorpha by Johnson & Patterson 
(1 993). 

In previous studies of atheriniform or atherinomorph fishes, bedotiines and 
melanotaeniines have been noted to share some ‘percoid-like’ features with 
‘generalized’ acanthomorphs, such as morphology of the premaxilla and rostral 
cartilage, strong median and pelvic fin spines, the separation and underlying 
pterygiophore structure between the dorsal fins, and the placement of the pelvic fins 
(Jordan & Hubbs, 1919; Rosen, 1964; Rosen & Parenti, 1981; Parenti, 1984, 1989, 
1993; Chernoff, 1986; Stiassny, 1990). These taxa were, thus, assumed to be 
plesiomorphic atherinomorphs in comparison with other Division I ‘atherinoids’ and 
highly derived cyprinodontiforms and beloniforms. The concept of bedotiines and 
melanotaeniines as plesiomorphous atheriniforms was made explicit when Stiassny 
(1 990: fig. 2) depicted them as sequential outgroups to the remaining atherinomorphs 
(Fig. 2B) based upon Rosen & Parenti (198 1) and Parenti (1984). Stiassny (1990: 15) 
also suggested that “. . .Rheocles seems to exemplify the most generalized ather- 
inomorph condition.” In her analysis, the remaining atheriniforms were more closely 
related to Cyprinodontea than to bedotiines or melanotaeniines, i.e. atheriniforms 
comprised a paraphyletic group (Fig. 2B). 

A different set of relationships is proposed by Saeed et al. (1994), in which 
atherinopsids plus notocheirids is the sister group to Atherines (Fig. 2C). This 
hypothesis also presents atheriniforms as a paraphyletic assemblage, with the Old 
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TABLE 1. Sequenced classification of Atheriniformes. New taxonomic categories are highlighted 
in bold. Order of genera is alphabetical unless noted (*=included genera are phylogenetically 

sequenced). 

Series Atherinomorpha Greenwood, Rosen, Weitunan, Myers 
Order Atheriniformes Rosen 

Family Atherinopsidae Fowler 
Subfamily Atherinopsinae Fowler 

Tribe Atherinopsini Fowler 
Genus Atherimps Steindachner 
Genus AUrninopsis Girard 
Genus colpichthys Hubbs 
Genus Lnrnsthes Jordan & Gilbert 

Genus Bmilichthys Girard 
Genus OdontGsthes Evermann & Kendall 

Tribe Sorgentinini Pianta de Risso & Risso 

Subfamily Menidiinae Schultz 
Mbe Menidiini Schultz 

Genus Chirostomu Swainson 
Genus Lobidcstk Cope 
Genus Menidia Bonaparte 
Genus Poblunu de Buen 

Tribe Membradini Chernoff * 
Genus Atherim& Steindachner 
Genus Mcnrbms Bonaparte 
Genus Mclonwhinus Metzelaar 

Suborder Atherinoidei new usage 
Family Notocheiridae Schultz 

Genus Is0 Jordan & Starks 
Genus NotochGirus Clark 

Infraorder Atherhea new 
Family Melanotaeniidae Gill 

Subfamily Bedotiinae Jordan & Hubbs sedis mutobih 
Genus M t i a  Regan 
Genus Rhwclcs Jordan & Hubbs 

Subfamily Melanotaeniinae Gi * sedis mukrbih 
Genus Caitnsichihys Allen incertae sedis 
Genus lriathnino Meinken inurtoc sedis 
Genus Rhadimanlncs Regan incerzOe sedis 
Genus ~o~ Weber 
Genus Melurwtamia Gill 
Genus Chikatherinu Regan 

Subfamily Pseudomuflinae Kner sedis mutubdis 
Mbe Pseudomugilini Kner new rank 

Genus Kiungu Allen 
Genus PseudornugilKner 
Genus ScatuMnichthys Ivantsoff et al. 

Mbe Telmatherinini Munro new rank 
Genus Kdyptatherina Saeed & Ivantsoff 
Genus PamuIcrnu Kottelat (ex Aurich) 
Genus Telmatherinu Boulenger 
Genus Tminangra Kottelat 

Genus Atheriun Jordan & Starks 
Family Atherionidae Schultz 

Superfamily Atherinoidea new usage 
Family Phallostethidae Regan 

Subfamily Dentatherininae Patten & Ivantsoff 

Subfamily Phallostethinae Regan 
Genus Dmtuthninu Patten & Ivantsoff 

Tribe Phallostethiii Regan * 
Genus Neotdhus Regan 
Genus Phallostcthus Regan 
Genus Phmocostdhus Myers 

Genus Culuflhdus Herre 
Tribe Gulaphallhi Aurich 
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TABLE 1. (continued) 

Family Atherinidae Giinther 
Subfamily Atherinomorinae new * 

Genus Terarnulus Smith incertae sedis 
Genus A l e p h u s  Hubbs 
Genus Stenatherina Schultz 
Genus Atherinommus Fowler 
Genus Hrpoathnina Schultz 

Genus Atherinosm Castelnau 
Genus Atherinuson Whitley sedis mutabilis 
Genus LLgtatherina Pavlov et aL, sedis mutabilk 
Genus Atherina Linnaeus 
Genus Kestratherinu Pavlov et al. 

Genus AUanetta Whitley 
Genus CrateroGephalus McCulloch 
Genus Quirichthys Whitley 

Subfamily Atherininae Giinther * 

S u b h i l y  Craterocephdinae new 

Superorder cyprinodontea new 
Order Cyprinifonnes Berg 
Order Belonifonnes Berg 

World atherinoideins more closely related to Cyprinodontea than to atherinopsids 
(Fig. 2C). 

White, Lavenberg & McGowen (1 984) supported atheriniform monophyly with 
two larval features and proposed using the ordinal term Atheriniformes for Division 
I of Rosen & Parenti (1981). These two larval features remain unchallenged as 
hypotheses of homology, despite the occurrence of these characters in other taxa as 
mentioned by White et al. (1984) and alternative, albeit less parsimonious, 
interpretations by Parenti (1993). Parenti (1984, 1989, 1993) could not confirm a 
monophyletic Atheriniformes and discussed possible conflicting evidence from adult 
morphology. 

A number of systematic revisions of particular atheriniform groups have been 
published in the past decade. Atheriniforms have been traditionally regarded as 
containing New World and Old World assemblages. The phylogenetic interrelation- 
ships of New World silversides (smu Chernoff, 1986), Atherinopsinae (White, 1985) 
and Menidiinae (Chernoff, 1986), were investigated and proposed as each others’ 
closest relatives. These New World subfamilies were first proposed as sister groups in 
an unpublished study of atherinids and selected atheriniforms (Patten, 1978). Patten’s 
results, though not cladistic, are similar to our phlyogenetic results. 

Phylogenetic studies of Old World atheriniforms include Melanotaeniinae (Allen, 
1980), Phallostethinae (Parenti, 1984, 1986, 1989), and Rheocles (Stiassny, 1990; 
Stiassny & Reinthal, 1992). Relationships of two groups of freshwater atheriniforms 
from the Australia-New Guinea-Sulawesi region have been particularly con- 
troversial. Pseudomugdm have often been considered closely related to and hence 
classified within Melanotaeniiae (e.g. Jordan & Hubbs, 19 19; Schultz, 1948; Parenti, 
1984; Nelson, 1984). Pseudomqil was proposed as sister group to other melanotae- 
niines by Allen (1 980), but was later removed into its own family together with Kiungu 
(Saeed, Ivantsoff & Allen, 1989). Telmathetina has been more problematic and 
classified within ‘Melanotaeniidae’ (e.g. Jordan & Hubbs, 19 19; Rosen, 1964), within 
‘Pseudomugdidae’ (Eschmeyer, 1990; Saeed & Ivantsoff, 199 1)’ within Atherinidae 
exclusive of melanotaeniines and pseudomugdins (e.g. Nelson, 1984), or in its own 



..
 

N
b

*
 

Fi
gu

re
 1

. H
is

to
ry

 of
 cl
as
si
fi
ca
ti
on
s o

f a
th

er
in

ifo
m

 fi
sh

es
. 



ATHERINIFORM RELATIONSHIPS 7 

family (e.g. Munro, 1958, 1967; Rosen & Parenti, 198 1; Kottelat, 1990, 199 1 ; Saeed 
& Ivantsoff, 1991; Nelson, 1994). 

Non-phylogenetic studies have sigrdicantly increased our knowledge of atherini- 
form morphology and species diversity, such as in Pseudomughi (Saeed et aL, 1989), 
Telmatherinini (Kottelat, 1990a, 1991), Notocheiridae (Said, 1983), and various 
genera and species of atherinids (Ivantsoff, 1978; Ivantsoff, Crowley & Allen, 1987; 
Ivantsoff & Kottelat, 1988; Pavlov et al., 1988; Crowley & Ivantsoff, 1988, 1990 a,b, 

s+* 
Q* 'atherlnolds' 

A Rosen & Parenti, 1981 

AtherinODsoidea Atherlnoidea 

Figure 2. Interrelationships of atherinifom fishes; A, from Rosen 8t Parenti (1981); B, Stiassny (1990); C, 
Saeed d d. (1994). 
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1992; Crowley, 1990 a,b; Crowley, Ivantsoff & Allen, 1991; Ivantsoff & Crowley, 
199 1). Judgements about interrelationships in those studies, however, are phenet- 
ically based on unpolarized discrete characters or genetic distances. 

Some controversy exists regarding the relationship of Dentatbinu mercen’ Patten & 
Ivantsoff (1 983), which was first placed in a monotypic subfamily of Atherinidae (Fig. 
1). Parenti (1 984) proposed Dentathinu as sister to phallostethines and grouped these 
taxa in ‘Phallostethoidea’ (Fig. 1). Ivantsoff, Said & Williams (1987) disputed the 
homologous nature of some characters used by Parenti (1984) based on histological 
evidence and morpho-functional arguments. Ivantsoff et al. (1987) also stressed that 
D e n t a h a  shared more characters with atherinids than with phallostethines. Parenti 
(1989:248) defended her claims of homology and capped the argument with “. . . , 
additional characters are needed to refute the proposal of a phallostethid - 
Dentukm sister group.” 

METHODS 

Specimens dissected and examined in this study - listed in Appendix 1 - were 
either preserved in alcohol or cleared and stained for bone and cartilage following 
the technique of Taylor & Van Dyke (1985). The dissection procedure of cleared- 
and-stained specimens follows that of Weitzman (1974), except the branchial basket 
is removed prior to the suspensorium. Figures were all produced in a computer 
graphics program after originals were either drawn from a stereomicroscope with an 
attached camera lucida or scanned from an acknowledged source. 

Characters were polarized by multiple-outgroup comparison (Farris, 1982; Clark 
& Curran, 1986). Mugilidae and Cyprinodontea are considered as the minimum two 
taxa necessary for character polarization (Maddison, Donoghue & Maddison, 1984). 
The selected atheriniform outgroups are species that represent major lineages within 
beloniforms, cyprinodontiforms, mugilids, percoids and percopsiforms (Appendix 

The information was compiled into a data matrix (Table 2) of 31 taxa and 83 
characters. Each character is sequentially numbered in Table 2 based on its position 
on the body. The data were analysed cladistically using HENNIG86, version 1.5, of 
Farris (1 988) and PAUP, version 3.1.1 (Swofford, 1993), with outgroup rooting and 
the exact search procedure. We coded all character states as integers, restricting the 
use of ‘0’ for the plesiomorphic state, the ‘?’ for missing data or for taxa with three 
or more states. We use ‘-’ for non-applicable coding. Taxa that exhibit two states are 
coded with both states in Table 2. Characters 77,8043 represent a long list of traits 
extracted from the literature that are diagnostic of the taxa they support. Characters 
77, 80, 81, 82, & 83 were assigned a weight of five, four, five, six, and four, 
respectively, which represent the number of character states for which they are 
proxies. Distribution of characters on the cladogram(s) was analysed with PAUP 
version 3.1.1 (Swofford, 1993) and MacClade version 3.01 (Maddison & Maddison, 
1992), and with D3, version 2.1.0, of P.A. Buckup, for trees generated with 
HENNIG86 (Farris, 1988). Diagnostic features are listed in the legends of Figures 
3-6 and a summary list of all characters is given in Appendix 2. 

We analysed seven multistate characters (Chs, 2, 3, 18, 59, 64, 66, 68) as non- 
additive, i.e. without a pre-determined transformation series, and 15 multistate 
characters (Chs 6, 7, 17,22-24, 31, 33, 37,40,47,48,54,60, 71) as additive. These 

1). 
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15 multistate characters were ordered considering the derived states as nested within 
the more plesiomorphic states (Lipscomb, 1992: 5 1). An additive multistate character 
is an internested set of synapomorphies, such that the derived state is inclusive of the 
plesiomorphic state(s) and it reflects exactly the information in additive binary 
coding. Hence, the criterion of inclusiveness used for ordering multistate characters 
is equivalent to ordering multistate characters for the ontogenetic method, i.e. the 
more derived states must also exhibit the less derived traits. 

Characters and their states that uniquely or unambiguously support a particular 
node in all equally parsimonious trees are considered as diagnostic at that level of 
generality. These derived features only are considered as diagnostic of the clades they 
support, even if the characters are reversed or independently evolved in other 
groups. Characters described are only those traits that are phlyogenetically 
informative or that require some degree of discussion because of their historical 
importance in the taxonomy of the group. 

RESULTS 

Three equally most parsimonious trees were found (Length = 288 steps, 
CI = 0.55, RI = 0.79). All trees share the same f d y  resolved topology of 
interrelations among major atheriniform taxa as depicted in Figure 3. Although 
some relationships among several genera of atherinines remain equivocal (Fig. 4), 
relationships among melanotaeniids (Fig. 5) and phallostethids (Fig. 6) are f d y  
resolved. 

We recognize six families and 49 genera within Atheriniformes (Table 1). The 
classification proposed in Table 1 is designed to fully reflect the interrelationships 
among taxa in Figures 3 4  and minimize, in a generally acceptable manner, the 
number of new categories. 

Characters 

The characters are grouped into traditional anatomical units, and ordered within 
these groups from anterior to posterior, dorsal to ventral. This ordering provides the 
numerical sequence for the characters given in Table 2. The citations that follow 
most character headings indicate the original source or pertinent discussion for that 
character. The relatively primitive and derived states, their distribution and 
variability across taxa are described for each character. At the end of each character 
description, in parenthesis, is the description of character states as coded in the data 
matrix, and the consistency and retention indices (CI, RI) for that character. When 
both indices have equal values only one figure is shown. Characters analysed as non- 
additive are denoted with ‘n-add’. 

Neurocranium and associated sensoy canal bones 

1. Vomer ventral face curvature. The lateral condyles of the vomer are level with the 
median ventral line in outgroups and the ventral face of the vomer is flat. In all 
atheriniforms examined, the vomer is arched ventrally such that the lateral condyles 
are ventral relative to the median ventral line. This ventral arch of the vomer results 
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ATHERINIFORMES 
Atherlnoidei 

Atherines 
Atherinoidea 

1,31,60 
37,58,66,74, 
75,78,79 

Figure 3. Interrelationships of atheriniiom taxa. Diagnostic characters are unambiguously derived at that node. 
Unique characters are indicated opposite black bars and homoplasious characters are opposite white bars. 
Characters are numbered according to their location on body as in Table 2. The statistics for the tree including all 
taxa shown in Figs 3-5 are: length = 288, the consistency index = 0.55, and the retention index = 0.79. A, 
A t h o i n f i  Ch. 1: ventral face ofvomer concave; Ch. 31: A1 lacrimal tendon long to sub-nasal shelf; Ch. 37: two 
anterior infiaorbital bones; Ch. 58 pelvic medial plate not extended to anterior tip; Ch. 6 0  pelvic-rib ligament 
present; Ch. 66: seconddorsal fin spine flexible; Ch. 74 body depth less than 20% SL; Ch. 75: lateral band present; 
Ch. 78 larval pigmentation pattern; Ch. 79 larval preanal length. AUutinop* Ch. 2; ethmomaxillary ligament 
attached to palatine dorsal process; Ch. 1 4  posttemporal canal present; Ch. 4 9  pectoral-fin spur absent; Ch. 53: 
ventral postcleithrum laminar; Ch. 54 ventral postdeithrum with two dorsal rami; Ch. 55: ventral postcleithrum 
between first and second pleural ribs; Ch. 68: interdorsals without ventral sh&, Ch. 6 9  2 3 pleural ribs posterior 
to first anal pterygiophore; Ch. 82: premaxillae, oral ligaments, sphenotic process, etc. E, Afherinoidci: Ch. 12: 
epioccipital wings absent; Ch. 18: basisphenoid articulated with prootic only; Ch. 35: palatine dorsal process absent. 
NoNoroclriciridac: Ch. 47: supracleithrum absent; Ch. 6 0  pelvic-rib ligament elongated; Ch. 8 0  pectoral and pelvic 
girdles, abdominal keel, etc. C, Athcnkx Ch. 4 rostrum depression; Ch. 6 nasal bone in orbit rim, Ch. 7: nasal 
ventromedial ligament to lateral ethmoid; Ch. 1 0  parietals absent; Ch. 11: intercalars present; Ch. 50: distal radials 
of pectoral girdle ossiied; Ch. 56: scapular foramen shared with coracoid; Ch. 6 4  posterior basal pterygiophore of 
anal and second dorsal fins cartilaginous or ossified with medial plate. E, Mebtamiidnc: Ch. 22: posterior myodome 
restricted to prootic; Ch. 66 absence of second dorsal-& spine; Ch. 6 9  2 3 pleural ribs posterior to first anal 
pterygiophore; Ch. 74 body depth greater than 20% SL; Ch. 75: lateral band reduced or absent; Ch. 76 sexual 
dimorphism in body coloration and median fin development. 0, A t h & n & - A e & a  clndc: Ch. 24: hyaline- 
cartilage submaxially meniscus; Ch. 37; three anterior irkorbital bones: Ch. 41: posterodorsal border of opercle 
above articulation axis of suspensorium. Afhnimridac: Ch. 1 9  parasphenoid ventral ridge extended posteriorly; Ch. 
31: A1 mandibular tendon present; Ch. 72: presence of odontodes. F, Athetinotiha: Ch. 36 palatine ventral process 
absent; Ch. 44: absence of intempercle dorsal process; Ch. 45: absence of urohyal postercdorsal processes; Ch. 53: 
ventral postcleithrum laminar; Ch. 5 4  ventral postcleithrum with dorsal ramus; Ch. 58 pelvic medial plate extended 



ATHERINIFORM RELATIONSHIPS 15 

in a concave ventral face in transverse section (Fig. 7). (0 = vomer ventral face flat; 
1 = vomer ventral face concave; 1.00) 

2. Ethrnom'lluT ligament (Patten, 1978; Chernoff, 1986). The plesiomorphic 
atherinomorph condition found in Atherinoidei and aplocheiloids (except Epiphtys) is 
that of a thick ligament attached anteriorly to the dorsal process of the maxillary 
head and posteroventrally to the medial part of the ethmoid region. The posterior 

ATH ERI N I DAE 

Figure 4. Interrelationships of atherinid genera. See Figure 3 for explanation of characters and tree 
statistics. (-) = minus ( + )  = plus. H, Athninidoc: Ch. 38: lacrimal notch; Ch. 55: ventral postcleithrum 
between first and second pleural ribs; Ch. 63: pelvic ventral spine present. HI, Athninmnminae: Ch. 15: 
posttemporal sensory canal oriented along dorsal arm of posttemporal, Ch. 21: parasphenoid fossa with 
ventral fenestra; Ch. 2 4  fibrocartilage submaxillary meniscus; Ch. 42: hyomandibular foramen present. 
Alcpulmnur: Ch. 36 palatine ventral process present; Ch. 44 dorsal process of interopercle present; Ch. 70 
ossified PU2vt. HIA, Atlurinomorinac (-) Ai@abmnur chak Ch. 39 infraorbital two with notch in sensory 
canal, Ch. 43: preopercular notch of sensory canal present; Ch. 52: dorsal postcleithrum elongated. 
Athnitlmoruc (+) HypoathmM: Ch. 29: teeth on external surface of premaxilla; Ch. 30: villiiorm patch of 
teeth on jaws. H2, Athni t l inac-Cr&c@h c h a k  Ch. 7: nasal ventromedial ligament to palatine; Ch. 33: 
palatine anterior process directed dorsally. H3, Athnininac: Ch. 31: A1 mandibular tendon present; Ch. 
61: pelvic process attached to pleural rib six to eight. H3A, Athnitlinac (-) At.hcrhm clodc: Ch. 6 nasal 
not in orbit rim, middle as narrow as posterior border. Arhcrina (+) xislratlurinn: Ch. 40: preopercular- 
anterior infraorbital connection absent; Ch. 59: pelvic donolateral process oriented posterodonally. H4. 
Cru&roc@hulinaC: Ch. 8: nasal ventromedial process present; Ch. 19 parasphenoid ventral ridge extended 
posteriorly; Ch. 2 0  parasphenoid fossa absent; Ch. 27: maxillary shaft wide proximally; Ch. 33: palatine 
anterior process and ligament absent; Ch. 5 9  pelvic donolateral process absent. Cr&oc@halus (+) 
~(Cirichrhy: Ch. 41: posterodorsal border of opercle below articulation a x i s  of suspensorium with 
neurocranium. 

to anterior end; Ch. 65: anal plate present. G, phalbskdhidoc: Ch. 20 parasphenoid fossa absent; Ch. 22: posterior 
myodome restricted to prootic; Ch. 25: paradentary cartilage present; Ch. 46 uncinate process of first epibranchial 
absent; Ch. 73: small sized adults (a 4Omm SL). H, Athninidnc Ch. 38: lacrimal notch present; Ch. 55: ventral 
postcleithrum between first and second pleural ribs; Ch. 63: pelvic ventral spine present. 
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portion of the ligament attaches either to the mesethmoid, lateral ethmoid, or 
ethmoid cartilage (Fig 8; Patten & Ivantsoff, 1983: fig. 5; Saeed et al., 1989: fig. 6A, 
Stiassny, 1990: fig. 22). A derived condition found in Atherinopsidae is for this 
ligament to be attached to a dorsal process of the palatine (Fig 8 4  Patten, 1978; 
White, 1985; Chernoff, 1986); this condition is also present and postulated to be 
independently derived in Pucopsis. 

The ethmomaxillary ligament is absent in cyprinodontoids and beloniforms, and 
independently so in the bedotiine species Rheocles sikorae (Sauvage) and R. r.u@htae 

MELANOTAENIIDAE 
Pseudomugilinae 

3 
21 

II 22,66(2), 69, 
74,75,76 

E 

Figure 5. Interrelationships of melanotaeniid taxa. See Figure 3 for explanation of character numbers and 
tree statistics. (-) = minus; (+) = plus. E, M e h t a m k  Ch. 22: posterior myodome restricted to 
prootic; Ch. 6 6  absence of second dorsal-fin spine; Ch. 6 9  ;c 3 pleural ribs posterior to first anal 
pterygiophore; Ch. 7 4  body depth greater than 20% SL; Ch. 75: lateral band reduced or absent; Ch. 7 6  
sexual dimorphism in body coloration and median fin development. Bcdoliinac: Ch. 13: pterotic canal 
absent; Ch. 1 9  parasphenoid ventral ridge extended posteriorly; Ch. 67: anal-fin spine absent; Ch. 71: 
mandibular sensory canal enclosed. &doL.  Ch. 3: mesethmoid in contact with all bones; Ch. 21: 
parasphenoid fossa with ventral fenestra. Rhcoclcs: Ch. 45: absence of urohyal posterodorsal processes; Ch. 
5 0  distal radials of pectoral girdle cartilaginous. El, Mehtueniinas-Psnrdmnugilitlac cladc: Ch. 28: distal 
premaxillary teeth enlarged. Mchtamiinac: Ch. 14  posttemporal canal present; Ch. 6 6  second dorsal-fin 
spine strong. Mehotamia (+) Chihhina: Ch. 37: three anterior infmrbitals, Ch. 40 preopercular- 
anterior infraorbital canals connected, semi-continuous. Psnrdomugilinnc: Ch. 7: nasal ventromedial 
ligament attached to palatine; Ch. 23: enlarged submaxillary meniscus; Ch. 2 4  submaxillary meniscus 
with hyaline-cartilage core; Ch. 27: maxillary shaft wide proximally; Ch. 32: A1 maxillary tendon to distal 
half of maxilla; Ch. 65: anal plate present: Ch. 7 0  ossified PU2vt cartilage. Ps-lini: Ch. 3: 
mesethmoid absent; Ch. 13; pterotic canal absent; Ch. 33: anterior palatine process directed dorsally; Ch. 
3 4  anterior palatine ligament to nasal bone; Ch. 3 6  palatine ventral process reduced or absent; Ch. 37: 
one anterior infraorbital bone (lacrimal); Ch. 47: supracleithrum disk-like; Ch. 48: cleithrum dorsal 
enclosure reduced; Ch. 51: dorsal postcleithrum absent; Ch. 6 8  interdorsals absent. Tcbnuthninini: Ch. 37: 
three anterior infiaorbitals. 
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Stiassny (Stiassny, 1990; Stiassny & Reinthal, 1992), and in craterocephalines. In 
Notocheirus the ethmomaxillary ligament is extremely short, the derived maxilla is very 
close to the ethmoid block and with limited movement. In atherinines, a uniquely 
long and thin ligament extends to the posterodorsal region of the lateral ethmoid 
(Fig. 8D). (0 = ethmomaxillary ligament thick with direct attachment to mid- 
ethmoid region, 1 = ligament with palatine attachment, 2 = thin ligament to 
posterodorsal region of lateral ethmoid, 3 = ligament absent; 0.75, 0.89; n-add) 

3. Mesethmoid Rosen and Parenti (1981 :20) used a “dermal and endochrondral disk- 
like ethmoid ossification” to diagnose Atherinomorpha. The size of the mesethmoid, 
its shape, composition, and which bones it contacts is quite variable within 
atherinomorphs (Parenti, 1981; Tigano & Parenti, 1988; Chernoff, 1986). In 
Cyprinodontea, it is either absent, disk-like and contacts all bones of the ethmoid 
region, contacts only the lateral ethmoids and frontals, or is isolated. In 
Atherinopsidae the mesethmoid is either absent (De la Hoz & Vial, 1988: fig. 2), 
somewhat circular and isolated (De la Hoz & Tosti-Croce, 198 1 : figs 2, 4), contacts 
only the frontals and vomer (Fig. 8A; Starks, 1899: pl. 1.2), or contacts the vomer 

PHALLOSTETHIDAE 

Phallostethinae 

Figure 6. Interrelationships of phallostethid m a .  See Figure 3 for explanation oflisted characters and tree 
statistics. G, Phalloshthk Ch. 20  parasphenoid fossa absent; Ch. 22: posterior myodome reshicted to 
prootic; Ch. 25: paradentary cartilage present; Ch. 46: uncinate process of first epibranchial absent; Ch. 
73: small sued adults (s 40 mm SL). Dmtathnina: Ch. 6: posterior end of nasal narrower than middle; Ch. 
5 0  pectoral distal radials cartilaginous. GI, Phauostcthinae Ch. 11: intercalar absent; Ch. 13: pterotic canal 
absent; Ch. 22: posterior myodome absent; Ch. 37: two anterior infraorbitals; Ch. 41: posterodorsal 
border of opercle below articulation axis of suspensorium; Ch. 47: supracleithrum disk-like; Ch. 6 6  
second dorsal-& spine absent; Ch. 77: priapium. Phalbshfhzni: Ch. 83: priapial characten (Parenti, 1989). 
Guhphallini: Ch. 4 9  pectoral-fin spur absent. 
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Figure 7. Vomer of Arhmnops @ns (UMMZ uncat) in frontal, lateral, and dorsal view. 

only (Chernoff, 1986). The plesiomorphic condition for Atherinformes cannot be 
hypothesized unambiguously in this analysis because many states are present in 
Cyprinodontea and Atherinopsidae. A sub-circular, isolated mesethmoid (Fig. 8B, D) 
appears to be a widespread condition within atheriniforms. The mesethmoid is 
absent in JVotocheirus (Rosen, 1964), pseudomugdm (Saeed et al., 1989), Jveostethus, and 
in most craterocephalines. The mesethmoid is variably present in Allanetta rnilgiloides 
McCulloch and Cruterocephalus mat jorb  Whitley (Crowley, 1990a: appendix 2; 
Crowley & Ivantsoff, 1992). The mesethmoid is ossified in our specimens of Allanetta 
which, according to Patten (1978), was present in about 50% of his specimens. The 
mesethmoid is in contact with frontals and lateral ethmoids in Bedotia and 
melanotaeniines (Fig. 8C), and is in contact with the frontal only in Is0 (Fig. 8E). 
(0 = mesethmoid in contact with all bones, 1 = mesethmoid in contact with lateral 
ethmoids and frontals, 2 = mesethmoid absent, 3 = mesethmoid in contact with 
frontal only, 4 = mesethmoid disk-like and isolated, ? = polymorphic; 0.50, 0.38; 
n-add) 

4. Rostra1 fossa or depression (Patten, 1978). The plesiomorphic condition in atherini- 
forms is for the ethmoid cartilage to be thickest medially, sloping down to thinner 
anterior and lateral regions. The ethmoid region of Atherines (Fig. 3: Node C) has 
a median depression, forming a concavity in frontal view in relation to the anterior 
processes of the lateral ethmoids (Fig. 11). Saeed et al. (1994) refer to this feature as 
absence of nasal septum. The posterior extension of this depression is variable and 
may be associated with the length of the ascending processes of the p r e m d a e .  
Externally, this depression or fossa is noticeable between the medial borders of the 
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nasals. (0 = ethmoid cartilage convex medially, 1 = ethmoid cartilage concave 
medially; 1.00) 

5. NmaZ bone and posterior naris (Patten, 1978). The plesiomorphic condition for 
atherinomorphs is a dorsally directed opening of the posterior naris and a convex 
posterolateral border of the nasal bone. Atherinopsids, notocheirids, and A%n 
(Fig. 8A, E, B, respectively) have a concavity in the posterolateral border of the nasal 
bone opposite the posterior naris (White, 1985: fig. 6; De la Hoz & Tosti-Croce, 
198 1 : fig. 2). The posterolateral concavity of Atherion is in the form of a lateral notch 
(Fig 8B) because of a widening of the posterior border (see Ch. 6). The nasal bone 
of atherinids, phallostethines, and melanotaeniids is derived in that it is roughly 
triangular in dorsal view, the posterior naris is displaced to a lateral opening, and the 
lateral border is relatively straight (Fig. 8C). The nasal of Dentatherina (Patten & 
Ivantsoff, 1983: fig. 5) is apparently reversed to the relatively plesiomorphic 
condition, similar to that in atherinopsids. (0 = posterolateral border of nasal bone 

Figure 8. Dorsal view of ethmoid regions; A, Mmidin: B, Atlurion; C, BehCia sp. (UMh4Z 218508); D, 
Atherinaron; E, Iso. The apparent contact between mesethmoid and lateral ethmoids in 8E is an effect of 
the dorsal view of thii figure. Figures A, B, D, & E are modified from Patten (1978). Arrows indicate 
Characters 2, 6, & 72. 
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concave at dorsal opening of posterior naris, 1 = posterolateral border of nasal 
slightly concave or straight, posterior naris lateral, ? = polymorphic; 0.33, 0.71) 

6. Nmal bone in orbit rim (Patten, 1978). A roughly diamond-shaped nasal bone that 
does not extend to the orbital rim is a plesiomorphic condition of atherinomorphs. 
In atherinopsids, notocheirids, and Dentahrina, the nasal bone is wider at its mid- 
length and narrower posteriorly, clearly excluded from the orbital rim (Fig. 8A, E; 
Rosen, 1964 fig. 5; De la Hoz & Tosti-Croce, 1981: fig. 2; White, 1985; fig. 6). With 
the exception of Dentahrina, Atherines has a derived condition of the nasal bone in 
which it is roughly triangular in dorsal view, being widest posteriorly, such that the 
posterolateral corner of the bone is included in the orbital rim (Fig. 8B, C), In 
Ahrion, the posterolateral region of the nasal bone forms a wide portion of the orbital 
rim between the frontal and lacrimal (Fig. 8B). Another derived condition is found 
in atherines except for Athrinosoma, in which the nasal is excluded from the orbital 
rim and is as narrow in the middle between the nares as it is posteriorly (Fig. 8D). 
(0 = nasal not reaching orbital rim, middle of bone wider, 1 = nasal in orbit rim, 
posterior border wider than middle, 2 = nasal not in orbit rim, middle as narrow as 
posterior border; 0.67, 0.9 1) 
7. Nmal ventromedial ligament (Patten, 1978). Plesiomorphically, atheriniforms lack a 
nasal ventromedial ligament. The nasal bone is closely attached to the frontal and 
lateral ethmoid by strong connective tissue, and to the maxillary head by a wide 
ligament. Unique to Atherines (Fig. 3: Node C) is presence of a ventral ligament 
connecting the medial rim of the nasal to the well developed anterior process of the 
lateral ethmoid (Fig. 1OA). Another derived condition, seen in pseudomugdim, 
atherinines, and craterocephalines, is the ventral attachment of this ligament to the 
palatine (Figs 10B, 11). (0 = nasal lacking a ventromedial ligament, 1 = nasal 
ventromedial ligament present, attached to lateral ethmoid, 2 = nasal ventromedial 
ligament present, attached to palatine; 0.67, 0.94) 

A unique condition is found in Is0 where the nasal bones have a medial attachment 
to the enlarged mesethmoid that abuts between them (Fig. 8E). 

8.Nmal ventral process (Patten, 1978). Lack of a nasal ventral process is the 
plesiomorphic condition in atheriniforms (Figs 10A, 11). A feature unique to 
craterocephalines is a ventral process of the medial border of the nasal, to which the 
ventromedial ligament (Ch. 7) is attached (Fig. 10B). (0 = nasal bone without a 
ventral process, 1 = ventral process of nasal bone present; 1.00) 

A slight thickening of the medial border of the nasal bone was observed in 
Leptatherina, and atherinomorines except Alepidomus. 

9. Frontal-lateral ethmoid contact (Patten, 1978). In atheriniform outgroups the anterior 
region of the frontals overlie the cartilaginous ethmoid block but, do not contact the 
lateral ethmoids (Fig. 9). In atherinids and melanotaeniids, the frontal and lateral 
ethmoid bones articulate with no intervening cartilage (Fig. 12). (0 = frontal not in 
contact with lateral ethmoid, 1 = frontal and lateral ethmoid in contact; 0.50, 
0.88) 
10. Parietal bones (Patten, 1978). Parietals are present in atheriniform outgroups 
except for beloniforms and some cyprinodontoids (Parenti, 198 1:423). Parietals are 
also present in atherinopsids (Stark, 1899; De la Hoz & Tosti-Croce, 1981: fig. 2) 
and notocheirids, though reduced in Is0 (Said, 1983; Saeed et al., 1994). Absence of 
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Figure 9. Atherion e h u c  (UMMZ 204128), lateral view of the left side of neurocranium, with rostrai 
cartilage and internal view of right premaxilla. Arrow indicates Character 4. 

parietal bones is a derived feature of Atherines (Fig. 3: Node C; Figs 9, 12, 13), 
(0 = parietals present, 1 = parietals absent; 0.50, 0.83) 

22. Interculur bones. Presence of intercalar bones is the generalized condition in 
acanthomorphs. Presence of an intercalar is considered the plesiomorphic feature 
relative to atherinomorphs (e.g. present in mugilids). It is, however, lacking in 
Cyprinodontea, atherinopsids, and notocheirids (Fig. 13A) except for Is0 huwuihk 
Gosline (Said, 1983). The intercalar is present in Atherines (Fig. 3; Node C; Figs 9, 
12, 13B), with the exception of phallostethines (Roberts, 1971: figs 3, 4). 
(0 = intercalar present, 1 = intercalar lacking; 0.33, 0.75) 

22. Epioccipitul wing. Presence of posteriorly-widened laminar epioccipital flanges is a 
plesiomorphic feature of atherinomorphs and mugrlids (Starks, 1899). Absence of 
epioccipital wings is a derived feature of Atherinoidei (Figs 9, 12, 13), though present 
in some species of Crutmocephulus (Patten, 1978; Crowley, 1990). Epioccipital wings 

Figure 10. Schematic lateral view of ethmoid regions (modified from Patten, 1978); A, Atherinmrur ogdby'; 
B, Allanel& m ~ ' l n d e x .  Arrows indicate Characters 7, 8, 23, 24, 26, & 27. 
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Figure 11. rCplorhnina pe.s&tcdtx, schematic view of left side of head (modified from Patten, 1978). 
Cartilage in gray, ligaments and tendons in black, and A1 muscle striped. Arrows indicate Characters 31 
& 41. 

Figure 12. Rhcocla alootrmis (UMMZ 2 17679), lateral view of left side of neurocranium, including rostral 
cartilage and premaxilla. Arrow indicates Character 20. 
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are reduced or absent in species of Chirostoma and Menidia cold. (0 = epioccipital 
wings present; 1 = epiocciptal wings absent; 0.50, 0.75) 

13, 14. Tmporal region smoy canals. Lateral sensory canals of the temporal region of 
the head are present on the pterotic, posttemporal, and as ‘floating’ extrascapular 
ossifications in atherinomorph outgroups (De la Hoz & Tosti-Croce, 1981: fig. 2; 
White, 1985: fig. 13; Stiassny, 1993: fig. 7). These sensory canal ossifications are all 
present in atherinopsines, absent in Cyprinodontea, and present in part in 
menidiines, mugihds, and atherinoideins (Figs 14, 15). Mugrlids, menidiines, and 
some atherinoideins lack a posttemporal canal. Menidiines and atherinoideins lack 
extrascapsular bones. Presence of pterotic and posttemporal sensory canal bones is 
considered as plesiomorphic and derived conditions, respectively, within 
atheriniforms. 

The pterotic canal is present in most atherinodeins except for bedotiines, 
Pseudomqz*l, and phallostethines. (Ch. 13: 0 = pterotic canal present, 1 = pterotic 
canal absent; 0.25, 0.57) 

The posttemporal canal is lacking in most atherinoideins except for melanotae- 
niines, Dentatherina, and atherinids (Figs 14, 15). (Ch. 14: 0 = posttemporal canal 
absent, 1 = posttemporal canal present; 0.20, 0.67) 

Figure 13. Lateroventral view of neurocraniUm; A, Is0 rhothophilur (UMMZ 217631); B, Bedoh sp. 
(UMMZ 218508). Dashed lines indicate borden of internal features. 
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Figure 14. Athe~ina boyni(UMMZ 185092), schematic view of left side of head. Dotted lines indicate lateral 
sensory canals and pores. Arrows indicate Characters 14, 15, 16, 17, & 38. 

Figure 15. Athninomom eendrachlmriF (UMMZ 19622 I), schematic view of left side of head. Arrows indicate 
Characters 14, 15, 16, 17, 29, 30, 38, 39, 40, & 43. 
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15. Posttemporal smoy canal ohtation. The plesiomorphic atheriniform condition is for 
the posttemporal to have a relatively short sensory canal oriented towards the 
pterotic sensory canal (Fig. 14). Atherinomorines have a derived condition in which 
the longitudinal axis of the posttemporal sensory canal is parallel to the dorsal arm 
of the posttemporal (that which connects to the epioccipital), forming roughly a 45O 
angle with the pterotic canal (Fig. 15). This is evident even in the reduced condition 
seen in Alepidomus. (0 = posttemporal canal oriented to pterotic canal, 1 = post- 
temporal canal oriented along dorsal arm of posttemporal; 1.00) 

16. Pterotic-posttemporal sensoy canal connection. In mughds and atherinopsids, the 
pterotic and posttemporal canals are connected by a continuous sensory canal tube. 
A derived condition is'found in some atherine taxa having both pterotic and 
posttemporal canals, in which a sensory canal connection between them is lacking 
(Figs 14, 15). (0 = pterotic and posttemporal sensory canals connected, 1 = pterotic 
and posttemporal sensory canals disconnected, - = non-applicable ? = unknown; 

17. Pterotic-preoperculur sensoy canal connection. In mugdids, atherinopsids, and Iso, the 
sensory canals of the pterotic and preopercle are connected. A derived condition of 
atherinoideins with a pterotic canal, with the exception of Iso, is for the dorsal end 
of the preopercular canal to open posterodorsally instead of connecting to the 
pterotic canal (Figs 14, 15). Oyzias and Dentuthm'na have a further derived condition 
in which the preopercular sensory canal is connected anterodorsally to the 
dermosphenotic or posterior infraorbital canal. Phallostethines lack a pterotic canal; 
their preopercular and dermosphenotic canals, though not continuous, have pore 
openings in close proximity. (0 = pterotic and preopercular sensory canals 
connected, 1 = pterotic and preopercular sensory canals disconnected, 2 = pre- 
opercular and dermosphenotic canals connected, - = non-applicable; 0.67, 0.75) 

18. Basisphmoid-prootic-p~osp~oid articulation. In Euacanthopterygii, a generalized 
condition comprises the basisphenoid articulating with the prootic and pter- 
osphenoid. The condition in mugdids differs from other outgroups in that the 
basisphenoid is reduced and does not articulate with the prootic or pterosphenoid. 
Cyprinodontiforms, adrianichthyoids, and Elassoma lack a basisphenoid. In exocoe- 
toids, the basisphenoid is attached to the prootic and pterosphenoid, rarely to the 
prootic only. In atherinopsids the basisphenoid articulates with both the pter- 
osphenoid and prootic, or with the pterosphenoid only (Stark, 1899; De la Hoz & 
Vial, 1988: fig. 1). Atherinoideins share a derived feature of the basisphenoid 
articulating solely with the prootic (Fig. 13). (0 = basisphenoid articulated with 
pterosphenoid and prootic, 1 = basisphenoid articulated with prootic only, 2 = basi- 
sphenoid reduced, not articulated dorsally, - = non-applicable ? = polymorphic; 
1.00; n-add) 

19. Parasphenoid ventral ridge Fatten, 1978). The ventromedial ridge of the para- 
sphenoid, when present, reaches its greatest expansion below or anterior to the 
opening of the posterior myodome, and extends posteriorly to about the position of 
the internal carotid foramen (Fig. 13A). In craterocephalines, the ventral ridge 
continues posteriorly to the end of the parasphenoid. The posterior extension of this 
ridge is also found, at different stages of development, in Notoc/zeim (Rosen, 1964; 
Said, 1983), Atherion, and bedotiines (Figs 9, 12, 13B). (0 = parasphenoid ventral 
ridge short, 1 = parasphenoid ventral ridge extended posteriorly; 0.25, 0.50) 

1 .OO) 
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A further derived condition of the parasphenoid is found in Nohcht+m in which a 
blade-like process is oriented anteroventrally (Rosen, 1964: fig. 4B). 

20. Purmphmoid>ssu (Patten, 1978). The plesiomorphic condition for atheriniforms is 
for there to be no fossa in the parasphenoid bone. Presence of a cavity restricted to 
the posterior region of the parasphenoid is unique to Atherinoidei (Figs 12, 13A), 
except for Notoc~m, phallostethids, and craterocephalines, where there is no fossa. 
The posterior opening of this cavity resembles that of the posterior myodome (Ch. 
22), but is non-homologous with that structure because of the co-occurrence of both 
features in Iso (Fig. 13A), thus failing the test of conjunction (Patterson, 1982). 
(0 = non parasphenoid fossa, 1 = presence of a fossa contained by the para- 
sphenoid, ? = unknown; 0.25, 0.75) 

21. Parmphmoid ventrul f m t r a .  The plesiomorphic condition for atherinoideins with a 
parasphenoid fossa is for it to have a posterior opening only. A derived condition 
present in Bedocia, Leptutherina, and atherinomorines is for the parasphenoid fossa to 
have a ventral fenestra in addition to the posterior opening (Fig. 13B). (0 = para- 
sphenoid fossa with posterior opening only, 1 = parasphenoid fossa with posterior 
and ventral fenestra; 0.33, 0.60) 

22. Posterim myodome (Patten, 1978). The posterior myodome is a cavity that houses 
the posterior extension of the external eye muscles between the floor of the braincase 
and the parasphenoid. The plesiomorphic atherinomorph condition is for the 
posterior myodome to extend beyond the prootics, ventral to the basioccipital (Fig. 
13A). Melanotaeniids, Dentutherina, and the Craterocephalus s h w u s c a r u m  species- 
group (Patten, 1978) share a derived condition in which the posterior myodome is 
restricted to the prootics (Figs 12, 13B). Cyprinodontiforms, OtyziaS, Horaichthys, and 
phallostethines share the derived condition of no posterior myodome. (0 = posterior 
myodome present under prootics and basioccipital, 1 = posterior myodome present 
under prootics only, 2 = posterior myodome absent, ? = unknown; 0.57, 0.75) 

Jaws 

23. Submuxa'lhry menkcus k e .  A relatively small, circular, and biconcave meniscus 
between the ethmoid region and the maxillary head is a plesiomorphic feature for 
acanthopterygian fishes (Parenti, 1984). A derived condition in atheriniforms is a 
greatly enlarged, sometimes barrel-shaped (taller than wide) submaxillary meniscus 
as present in phallostethids (Roberts, 1971: fig. 5; Patten & Ivantsoff, 1983), 
Stenatherina, atherinines, and craterocephalines (Figs 10B, 11). All atherinomorines 
examined have the plesiomorphic condition except Stenathernu which has an 
independently derived and greatly enlarged meniscus. Pseudomugilines and mugdids 
also have the derived condition of a somewhat enlarged meniscus relative to the 
plesiomorphic condition present in other melanotaeniids (Saeed et al., 1989) and 
other outgroups, but is never taller than it is wide. (0 = submaxillary meniscus small, 
1 = submaxillary meniscus slightly enlarged, as tall as wide, 2 = submaxillary 
meniscus enlarged, taller than wide; 0.25, 0.78) 

As discussed by Pietsch (1984) and Ivantsoff et al. (1987) the size of the 
submaxillary meniscus is correlated with longer ascending processes of the 
premaxillae and is hypothesized to enhance the extent of upper jaw protrusion. 

Size and composition of the submaxillary meniscus have been discussed as a single 
character in the literature (Parenti, 1984; Ivantsoff et uZ., 1987). In this study, size (Ch. 
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23) and composition (Ch. 24) of the meniscus were distinguished as separate of the 
same structure; their independence was corroborated by derivation at different levels 
of generality within atheriniforms. 

24. Submaxilluly menticus matrix (Parenti, 1984; Ivantsoff et al., 1987). The plesio- 
morphic condition for acanthomorphs (and certainly for atheriniforms) is a 
submaxillary meniscus of a fibro-cartilaginous matrix (Parenti, 1984). A derived 
condition within atheriniforms is a hyaline-cartilage submaxillary meniscus rather 
than a fibrocartilage meniscus (Figs 10B, 11). In Atherion, Guluphallus, and 
pseudomugilines the meniscus is mostly fibrous with a hyaline-cartilage core. A 
further derived condition is a fully hyaline-cartilage meniscus found in atherinines, 
craterocephalines, and phallostethids (Roberts, 197 1: fig. 5; Patten & Ivantsoff, 
1983). Unique within atheriniforms is a perichondral ossification of the hyaline- 
cartilage submaxillary meniscus characteristic of phallostethids except for Gulaphallus. 
(0 = fibrocartilage submaxillary meniscus, 1 = hyaline-cartilage submaxillary menis- 
cus, 2 = hyaline-cartilage submaxillary meniscus perichondrally ossified; 0.40, 
0.8 1) 

Several species of the atherinopsid genus Membras, including M. martinica, M. 
argentea, and two undescribed species, have enlarged bony menisci, but which are not 
perichondral ossifications. 

25. Labial lkaament paraa'entuly (Parenti, 1984; Ivantsoff et al., 1987). In atheriniforms 
and outgroups, the labial ligament connects the distal tips of the upper-jaw bones to 
the dentary. The labial ligament of D m t u t h n a  and phallostethines is thickened 
anteriorly, and internally has a bone close to the dentary. This labial-ligament bone 
is the so-called parandentary (Parenti, 1984, 1986). The homology of these 
paradentary bones was questioned by Ivantsoff et al. (1987) based on histological and 
functional arguments. The pardentary bones in D m t h m z  are calcified nodules 
within a hyaline cartilage (Ivantsoff et al., 1987: fig. l), whereas in phallostethines the 
bones are perichondral ossifications (Ivantsoff et al., 1987: fig. 2; Parenti, 1986: fig. 1). 
What is common to Dmtutherina and phallostethines is presence of hyaline cartilage 
in the labial ligament, and that is our basis for assessment of homology. In this study, 
paradentaries are proposed to be homologous as cartilaginous structures. Paraden- 
tary bones may have developed independently through different ontogenetic 
pathways. We agree with Parenti (1989:248) and reject Ivantsoff et al.'s use of 
functional statements to determine homology as we do all a pr;Ori statements of 
homology in absence of a phylogenetic framework. (0 = no paradentary cartilage, 
1 = paradentary cartilage present; 1.00) 

Calcification in the ligament between the distal tips of the maxilla and premaxilla 
seems to be unique to Dmtatherina (Patten & Ivantsoff, 1983: fig. 4). Beloniform 
species of Cypselums and Chriodoms have cartilaginous nodules in the maxilla- 
premaxilla ligament. 

26. Maxilhly poshodorsal spine (Patten, 1978). In mughds and other outgroups the 
proximal region of the maxillary shaft has an anterodorsal process or spine, to which 
the articular-maxillary ligament is attached. In Elassoma, Lutes and Morone this spine 
is on the antero-lateral portion of the dorsal half of the maxilla. Atherinopsids and 
Cyprinodontea lack a process or spine in the proximal region of the maxillary shaft, 
and the articular-maxillary ligament is attached lower on the maxilla (De la Hoz & 
Vial, 1988: fig. 8B). Atherinoideins have a derived posterodorsal spine-like process in 
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Figure 16. Lateral view of lefi suspensorium and jaws of &doeia sp. (Uh4MZ 218508). Arrows indicate 
Characten 26, 41, & 71. 

the proximal region of the maxilla (Figs 10A, 16), a condition unique were it not also 
present in Percopsis, though independently derived in the current hypothesis (Johnson 
& Patterson, 1993; but see Parenti, 1993). The posterodorsal spine is not prominent 
in more derived craterocephalines because the proximal region of the maxilla is 
broader (Ch. 27). The posterodorsal spine is absent in Pseudomugil in conjunction with 
absence of the articular-maxillary ligament (Saeed et ul., 1989). The posterodorsal 
spine is present, however, in other pseudomugdines and is reduced in Telmutherinu 
(Saeed & Ivantsoff, 1991). The posterodorsal spine is lacking in A4otocheiru.s (Rosen, 
1964; Said, 1983) together with most all other features of the maxillary head. (0 = no 
maxillary posterodorsal spine, 1 = maxillary posterodorsal spine present; 0.50, 
0.83) 

27. Width ofthe proximal region ofthe m * l l a v  sh$ (Patten, 1978). The plesiomorphic 
condition in atherinomorphs is for the maxillary shaft to be narrow at its junction 
with the maxillary head and wider distally. Craterocephalines and pesudomugilines 
have at least the proximal third of the maxillary shaft expanded (Fig. 10B) and 
abruptly tapered distally (Patten, 1978; Ivantsoff, 1978; Crowley, 1990a; Saeed et al., 
1989). (0 = maxillary shaft narrow proximally, 1 = maxillary shaft expanded 
proximally; 0.50, 0.75) 

This character is not to be confused with the anterior shelf of the maxilla 
overlapping the premaxilla (Fig. 14; Alexander, 1967: fig. 3), a feature diagnostic of 
Atherinu. The maxillary shelfis also illustrated in tPubo&nu rhodunicu Gaudant, 
1976 (Ferrandini, Ferrandini & Gaudant, 1976), type species of the genus, but not in 
the other described species of tPulueoutherinu (Chedhomme & Gaudant, 1984; 
Gaudant, 1989). 

28. Enlarged distal premaxillaly teeth. Distal p r e m d a r y  teeth of most atherinomorphs 
and outgroups are the same size or smaller than those near the symphysis. A derived 
condition characterizes several groups of atherinomorphs in which there are a 
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number of enlarged teeth on the distal portion of the premaxilla that overlap the 
lower jaw when the mouth is closed. Taxa with the derived feature include O y z k  
(Parenti, 1987), some hemirhamphids (Collette, pers. comm.), melanotaeniines 
(Allen, 1980), pseudomugdins (Allen, 1980; Saeed et al., 1989), telmatherins (Saeed & 
Ivantsoff, 1991), Gulaphallus, and Neostethus (Roberts, 1971). (0 = distal premaxillary 
teeth equal in size or smaller than proximal teeth, 1 = distal premaxillary teeth 
larger than proximal teeth; 0.33, 0.67) 

29. E x h a l  premaxillazy teeth. Jaw teeth on the interior face of the premaxilla and 
dentary is a plesiomorphic condition of atherinomorphs. Presence of teeth on the 
external face of the premaxilla is a derived feature of some adrianichthyoids (Rosen, 
1964; Kottelat, 1990 b,c, 1991) and some atherinoideins. Teeth present on the 
external surface of the premaxilla are found in Notocheim, Zso natalensir Regan (Said, 
1983), Atherion (Fig. 9), some Bedotia, most melanotaeniines (Allen, 1980), pseudomu- 
gdins (Saeed et al. 1989), telmatherins (Kottelat, 1990a, 199 l), Atherinomom (Fig. 15), 
Hypoathenia, and Quirichthys. (0 = no premaxillary teeth on external surface, 
1 = presence of premaxillary teeth on external surface, 0.38, 0.38) 

30.  FUjimn teeth onjam. Jaw teeth of the outer row larger than or equal to inner rows 
of teeth is the plesiomorphic condition of atheriniforms. Atherinomorus and Hypoatherina 
have a characteristic patch of relatively fine villiform teeth of equal size on the 
external and internal surfaces of the premaxillae, and on a wide area at the dentary 
symphysis (Fig. 15). (0 = jaw teeth rows of unequal size, 1 = fine villiform jaw teeth 
of equal size; 1.00) 

Smpmorium 

31.  Lacrimal and mandibular tendons of adductor mandibulae 1 muscle. The plesiomorphic 
condition present in mugdids and outgroups is for the adductor mandibulae 1 (Al) 
muscle to have anteriorly a single tendinous attachment to the maxilla. A derived 
condition of atheriniforms is a long tendon connecting the proximal end of the A1 
muscle tendon to the ventral surface of the sub-nasal shelf of the lacrimal (Fig. 1 1; 
Alexander, 1967b: fig. 2C; Melinkat & Zeiske, 1979; De la Hoz & Vial, 1988; 
Stiassny, 1990). Another derived condition found in menidiines, L.euresthes> Odontesthes, 
Atherion, melanotaeniines, Telmatherina, and atherinines, is presence of a short 
mandibular tendon from the proximal end of the A1 muscle tendon to the mandible 
near its articulation with the quadrate (Fig. 11). (0 = A1 muscle with no lacrimal 
tendon, or a short proximal tendon to the ventral region of the lacrimal, 1 = A1 
muscle with a long proximal tendon to the sub-nasal shelf of the lacrimal, 2 = A1 
muscle with long lacrimal tendon and a short mandibular tendon; 0.33, 0.69) 

32. Maxillazy tendon ofaddtutor mandibuh 1 muscle (Rosen, 1964). The plesiomorphic 
acanthomorph condition present also in mugilids and atherinoideins is for the 
adductor mandibulae (Al) muscle to insert anteriorly, via tendon, on the internal 
surface of the proximal region of the maxillary shaft (Fig. 11; Alexander, 1967a, 
196713: fig. 1A; Gosline, 1981). In cyprinodontiforms (Alexander, 1967b: fig. 4A), 
beloniforms, atherinopsids (De la Hoz & Vial, 1988), and pseudomugdines (Saeed et 
al., 1989) the maxillary tendon is attached to the distal half of the maxilla (Rosen, 
1964: fig. 1 1). (0 = A1 maxillary tendon attached to the proximal region of the shaft, 
1 = A1 maxillary tendon attached to the distal half of the maxilla; 0.33, 0.60) 
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33. Anterior palatine process (Patten, 1978). The plesiomorphic condition found in 
atherinomorph outgroups is for the palatine process (maxillary process of the 
palatine, or palatine prong) to be directed anteriorly over the proximal region of the 
maxillary shaft. In cyprinodontiforms and beloniforms the palatine process is 
directed more laterally, in some cases nearly at right angles with the body of the 
palatine. A derived condition is found in pseudomugdm (Saeed et al., 1989) and 
atherinines, in which this process is directed dorsally (Fig. 11) rather than anteriorly 
(Figs 1 OA, 16). Another derived condition is found in craterocephalines, in which the 
palatine process is absent altogether, replaced in some specimens by bony projections 
of the palatine body (Fig. IOB). (0 = anterior palatine process directed anteriorly, 
1 = anterior palatine process directed dorsally, 2 = anterior palatine process absent; 
0.67, 0.90) 

Atherina is unique in that the palatine process is a cartilaginous element separated 
from the body of the palatine by a sheath of connective tissue, rather than continuous 
with it by cartilage or cartilage replacement bone. 

34. Anterior palatine ligament (Patten, 1978). The plesiomorphic atheriniform condition 
is presence of a ligament between the anterior tip of the palatine process and the 
maxilla (Fig. 1OA). Pseudomugilins and atherinines have a derived condition in 
which the anterior palatine ligament is connected to the anterior half of the nasal 
(Fig. 1 1). Another derived condition is absence of the anterior palatine ligament (Fig. 
10B) in craterocephalines; because this condition is directly associated with absence 
of the palatine process (Ch. 33), however, it is coded as non-applicable in the data 
matrix (Table 2). (0 = anterior palatine ligament connected to maxilla, 1 = anterior 
palatine ligament connected to nasal bone, ? = unknown, - = non-applicable; 0.50, 
0.80) 

A derived condition is found in Is0 in which the anterior palatine ligament adjoins 
the anterior nasal ligament to the maxilla. This feature is considered autapomorphic 
of Iso; we were unable to confirm this condition in Notocheims. 

35. Palatine dorsal process (White, 1985; Chernoff, 1986). A dorsal process of the 
palatine, located posterior to the palatine process (Ch. 33), is present in mugdids, 
cyprinodontoids (Parenti, 198 l), and atherinopsids (White, 1985; Chernoff, 1986). 
The ethmomaxillary ligament (Ch. 2) is attached to this process in atherinopsids (Fig. 
8 4  Chernoff, 1986: fig. 4B), at times separated in two ligaments by the dorsal 
process. A derived condition of Atherinoidei is absence of the dorsal process (Figs 10, 
11, 16). (0 = palatine dorsal process present, 1 = palatine dorsal process absent; 

36. Palatine ventrulprocess (Patten, 1978). The ventral border of the palatine is keel-like 
anteriorly and is attached to the vomer by ventromedial ligaments (Patten, 1978: fig. 
16A); the so-called ventral process is the anteroventral corner of the palatine body. 
This ‘process’ is greatly reduced or absent in Notocheims (Rosen, 1964), Is0 h a w a i w  
Gosline and an Australian population of I. rhothophilus Ogilbyi (Said, 1983), some 
species of Pseudomugil (Saeed et al., 1989), phallostethids (Roberts, 1971), and 
atherinids (Fig. 1 l), except for Ahphfomus. (0 = palatine ventral process present, 
1 = palatine ventral process reduced or absent, ? = unknown; 0.25, 0.79) 

37. Number of anterior inJiar6itals (Chernoff, 1986b; Parenti, 1993). Presence of an 
infraorbital series of five or more canal bearing bones is the plesiomorphic condition 
for acanthomorphs. An incomplete series of infraorbitals, composed of one posterior 

1 .OO) 
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dermosphenotic bone and one to three anterior infraorbitals, characterizes 
atherinomorphs, Elassoma, and gasterosteiforms (Parenti, 1993; Johnson & Patterson, 
1 993). Within atherinomorphs, cyprinodontiforms and beloniforms have only one 
anterior infraorbital bone, the lacrimal. Two anterior infraorbital bones are found in 
atherinopsids (Chernoff, 1986), Notocheiw (Said, 1983), bedotiines (Stiassny, 1990: 
fig. 12), Glossolepis, Iriatherina and Cainrrichthys (Ivantsoff et al., 1987), phallostethines 
(Roberts, 1971: fig. 4), and six species of Craterocephalus (Crowley, 199Oa). 
Telmatherins and melanotaeniins such as Rhadinocentrus, Melanotaeniu, Chilatherina, 
have three anterior infraorbital bones (Chernoff, 1986; Ivantsoff et al., 1987; Stiassny, 
1990; Saeed & Ivantsoff, 1991), as do Iso, A k o n ,  Dentutherina, and atherinids (Figs 
14, 15). Pseudomugdins are unique among atheriniforms in having the lacrimal as 
the only anterior infraorbital bone (Saeed et al., 1989; Saeed & Ivantsoff, 1991). 
(0 = more than four infraorbitals present, 1 = three anterior infraorbital bones 
present, 2 = two anterior infraorbital bones present, 3 = one anterior infraorbital 
present, the lacrimal; 0.40, 0.57) 

Atherinoidein taxa with only two anterior infraorbitals have an elongate second 
infraorbital, a condition possibly due to fusion of infraorbitals as in Atherhosoma 
(Ivantsoff et al., 1987) or Craterocephalus kai loh (Ivantsoff, Crowley, & Allen, 1987). 

38. Lacrimal notch. The plesiomorphic atheriniform condition is for the lacrimal to 
articulate posteriorly with the cartilaginous lateral condyle of the lateral ethmoid. 
Atherinids share the unique feature of having a notch in the posterior margin of the 
lacrimal which exposes the cartilaginous articular surface of the lateral ethmoid 
condyle, in lateral view (Figs 14, 15) (0 = no lacrimal notch, 1 = lacrimal notch 
present; 1-00) 

39. Notch in sensoy canal of injaorbital two (Patten, 1978). The sensory canal of the 
anterior infraorbital bones is not fully enclosed by bone in Atherinoidei (see Ch. 7 1). 
The bony posterior wall usually forms a lateral enclosure of the sensory canal, and 
the canal pores are directed anterolaterally. In atherinomorines except Ahpidomus, 
the dorsal sensory canal pore of infraorbital two is more posteriorly displaced and 
larger, forming a noticeable notch in its posterolateral wall (Fig. 15), ventral to the 
articulation of infraorbital two with the lacrimal. A small notch in infraorbital two is 
also present in species of Atherina (Fig. 14), but our analysis shows this is 
independently derived because other atherinines lack this posterior pore location. 
(0 = no notch on infraorbital two, 1 = infraorbital two notch present; 0.50, 0.67) 

40. Reoperculur-anterior injaorbitul sensoy canals connection (Gosline, pers. comm.) The 
preopercular sensory canal is either connected anteriorly with the mandibular 
sensory canal in atheriniform outgroups, or is disconnected as in exocoetoids, 
atherinopsids, and notocheirids. Presence of a connection between the sensory canal 
of the anterior infraorbital series and the anterior opening of the preopercular canal 
(Fig. 15) may be unique among telosts. The preopercular-anterior infraorbital 
connection, however, it is not found in all atherinoideins and is present in two 
conditions. Atherion, Melanotaeniu and Chilatherina, share an intermediate pore between 
the two sensory canals. A direct connection between both sensory canals, without an 
intervening pore, is found in all atherinomorines and craterocephalines, and in the 
atherinines Atherinosoma elongatu (Klunzinger), Atherimon hpsetoides (Richardson) and 
Leptathmna presbyteroides (Richardson). Atherina and Kestratherina have both sensory 
canals clearly disconnected (Fig. 14), whereas Atherinosoma microstoma (Gunther) and L. 
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waZZacei (Prince, Ivantsoff, & Potter) have pores from both canals opening in close 
proximity, though still disconnected. If the character state in Atherion and some 
melanotaeniines is considered as an intermediate condition between no connection 
and f d  connectivity between both sensory canals, as in most atherinids, this 
character may be ordered in such a transformation series. (0 = preopercular and 
anterior infraorbital canals not connected, 1 = preopercular and anterior infra- 
orbital canals connected, with intermediate pore or semi-continuous, 2 = pre- 
opercular and anterior infraorbital canals connected, without intermediate pore or 
M y  continuous; 0.60, 0.76) 

41. Posterodorsal border ofthe opercle (Saeed & Ivantsoff, 1991). The dorsal border of the 
opercle varies from convex to slightly concave in atherinomorphs. The plesio- 
morphic atherinif'orm condition is for the dorsal border of the opercle to be at or 
below a line projected from the axis of articulation between the hyomandibula and 
the neurocranium (Fig. 16). Atherion, Dentatherina, and atherinids exhibit a derived 
condition in which the posterodorsal border of the opercle is elongated dorsally 
above the axis of articulation of the suspensorium, making the dorsal border of the 
bone very concave (Fig. 11). Patten (1978; table 6) listed this feature but did not use 
it to diagnose any group. Patten & Ivantsoff (1983) refer to the posterior border of the 
opercle in Denfutherina as steeply inclined, and Saeed & Ivantsoff (1991) attempt to 
characterize Atherinidae with ". . .upper edge of opercle almost invariably 
oblique...". It seems to us this feature is better interpreted by the position of the 
posterodorsal tip of the opercle relative to the axis of articulation of the 
suspensorium. Within craterocephalines, the derived condition is found in Allunetta 
and Craterocephalus honoriae (Ogilbyi), and absent in e i r ih thys  and all other species of 
Cruterocephalus (Patten, 1978; Crowley, 199Oa). (0 = posterodorsal tip of opercle 
ventral to line of articulation axis of suspensorium, 1 = posterodorsal tip of opercle 
clearly dorsal to articulation axis of suspensorium; 0.33, 0.82) 

42. Foramen of hyomandibulur nme (Patten, 1978). Plesiomorphically, the hyo- 
mandibular nerve penetrates the hyomandibular dorsomedially and ventrolaterally 
(Fig. 17A). The hyoid and mandibular nerves branch inside the hyomandibular and 
exit posteriorly and laterally, respectively. A derived condition in atherinomorines is 
a dorsal foramen in the hyomandibula, so that the hyomandibular nerve is exposed 
laterally; the nerve branches lateral to the hyomandibula and only the hyoid branch 
is housed by bone (Fig. 17B). (0 = no hyomandibular foramen, 1 = hyomandibular 
foramen present; 1 .OO) 

43. Reoperculur notch. The plesiomorphic condition in atheriniforms is for the sensory 
canal pores of the preopercular vertical shaft to be directed posteriorly. All 
atherinomorines except Alepidomus, have a noticeable notch in the ventral region of 
the vertical shaft of the preopercle (Fig. 15). This notch marks the position of the 
third pore from the top which opens anterolaterally rather than posteriorly. This 
feature has been used previously to distinguish atherinomorine genera (Smith, 1965; 
Ivantsoq 1978; Patten, 1978; Ivantsoff & Crowley, 1991). (0 = no preopercular 
notch, 1 = preopercular notch present; 1 .OO) 
44. Dorsal process ofthe interopercle (Patten, 1978). The dorsal border of the interopercle 
in atheriniforms is either strongly indented or has a dorsal process to which a short 
ligament from the posterior ceratohyal is attached (Patten, 1978: figs 16A, 17A). This 
process or indentation is absent in phallostethids and atherinids except for Alepidomus 
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Figure 17. Lateral view of left hyomandibular bones (modified from Patten, 1978); A, rCptathnina 
prcsbJl&roideq B, Atlminomow ogilby. Arrow indicates Character 42. 

(Patten, 1978: fig. 7 4  Patten & Ivantsoff, 1983: 338). (0 = dorsal process of 
interopercle present, 1 = dorsal process of interopercle absent; 0.50, 0.93) 

Branchiul basht 

45. Urohyal posterodorsal processes (Patten, 1978). The posterior end of the urohyal of 
many atherinifom fishes has a dorsally expanded shaft in the form of a keel and 
bilateral, posterodorsal processes perpendicular to the main body of the shaft (Fig. 
18). These posterodorsal processes are absent in mugilids, cyprinodontifoms and 

A 

B 

Figure 18. Lateroventral views of urohyals (modified from Patten, 1978); A, Alluwtta mugiloh, B, 
Cratnoccphalur s h m u c m m .  Arrow indicates Character 45. 
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other outgroups. Posterodorsal processes of the urohyal are present in beloniforms, 
atherinopsids (Chernoff, 1986: fig. 15; termed wings), and atherinoideins. These 
posterodorsal processes are highly reduced or absent (Fig. 18) in atherinids and 
phallostethids. Exceptions are presence of posterodorsal processes in the Crater- 
ocephalus stercusmuscamm species group (Fig. 18B; Patten, 1978; Crowley, 1990b), and 
absence of posterodorsal processes in h%ocles (Stiassny, 1990; Stiassny & Reinthal, 
1992) and some species of Pseudomllgil (Saeed et al. , 1989). (0 = urohyal posterodorsal 
processes highly reduced or absent, 1 = urohyal posterodorsal processes present; 
0.50, 0.70) 

46. First epibranchial without an uncinate process. The plesiomorphic condition of 
atheriniforms and outgroups is for the first epibranchial to have an uncinate process 
to which the interarcual cartilage is attached (Rosen & Parenti, 1981). In 
phallostethids this uncinate process is absent (as is the interarcual cartilage) and the 
first epibranchial is rod-like. (Roberts, 1971: fig. 8; Rosen & Parenti, 1981: fig. 19). 
(0 = uncinate process of first epibranchial present, 1 = uncinate process of first 
epibranchial absent; 1 .OO) 

Phallostethids also have a greatly reduced pharyngobranchial 1, which is either a 
cartilaginous nodule, an ossified nodule, or absent. In Mehorhinus, pharyngobran- 
chial 1 is absent. The first epibranchial in Dentatherina is disproportionately large. 

Pectoraljn and girdle 

47. Supracleithrum. Presence of a well developed supracleithrum is plesiomorphic for 
atheriniforms, though reduced relative to atherinomorph and mugilid outgroups 
(Figs 19, 20; Stiassny, 1993). A derived condition of the supracleithrum is its 
reduction to a small disk-like bone as found in pseudomugilins (Saeed et al., 1989) and 
phallostethines (Roberts, 1971: fig. 10; Ivantsoff et al., 1987). The supracleithrum is 

A B 
Figure 19. Left pectoral girdle of OaJmtak ngi? (UMMZ 218455); A, internal view; B, external view. 
Arrows indicate Characters 48,50,54 & 51. 
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A B 
Figure 20. Left pectoral girdle of &doti0 sp. (UMMZ 218508); A, internal view; B, external view. Arrows 
indicate Characters 48, 50, & 57. 

absent in notocheirids (Saeed et al., 1994), adrianichthyoids (Rosen, 1964), and Old 
World aplocheiloids (Parenti, 1981). (0 = supracleithrum well developed, 1 = supra- 
cleithrum small and disk-like, 2 = supracleithrum absent; 0.75, 0.67) 

48. Dorsal enclosure of cleithrurn (Allen, 1980; Stiassny, 1993). The anterior face of the 
cleithrum extends laterally and posteriorly to overlap and partially enclose the 
underlying abductor muscles of the pectoral fin. The posterolateral extension of the 
cleithrum decreases ventrally and is absent at the ventral mid-line. The posterolateral 
extension is greatest dorsally where it meets posteriorly with the medial extension of 
the cleithrum, forming a dorsal enclosure that projects beyond the posterior border 
of the scapula (Figs 19, 20; Allen, 1980: “dorsal head of cleithrum”; Stiassny, 1993: 
“dorsal cleithral process”). In Notocheirus (Rosen, 1964; Said, 1983) and pseudomugi- 
lins (Saeed et al., 1989), the posterior extension of the dorsal enclosure is reduced and 
ends anterior to the posterior border of the scapula. The dorsal enclosure is absent 
in Iso, Atherion, and phallostethids (Patten, 1978: figs 16C, 17C; Roberts, 197 1 : fig. 10; 
Patten & Ivantsoff, 1983: fig. 2). (0 = cleithrum posterodorsal enclosure present, 
projected beyond scapula, 1 = cleithrum posterodorsal enclosure reduced, not 
extended beyond scapula, 2 = cleithrum posterodorsal enclosure absent, 
? = unknown; 0.29, 0.50) 

49. Pectoraljin spur (Stiassny, 1993). A small first pectoral-fin spur, dorsal and 
proximal to the second unbranched ray, is the generalized condition in ather- 
inomorphs and outgroups (Stiassny, 1993). Absence of this spur, either by loss of this 
element or by fusion with the head of the second pectoral-ray hemitrichium, is 
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characteristic of Notoc&m, atherinopsids, and clllaphallus. (0 = pectoral-fin spur 
present, 1 = pectoral-fin spur absent, ? = unknown; 0.33) 

Kottelat (199Oa) listed presence of a pectoral spine in his diagnosis of 
Telmatherinini. The pectoral-fin spur of Teelmathmim specimens examined was no 
different from that of other melanotaeniids, but we have yet to examine other 
telmatherins in order to characterize the group. 

50. OssgficaCion ofhpectoral distal radials. In atheriniform outgroups, the pectoral distal 
radials are cartilaginous (Fig. 19B). In Atherines, the dorsal three to nine elements 
are ossified (Fig. 20B). The only exception we have found are cartilaginous radials in 
Rhocles and DentaWna. (0 = pectoral distal radials cartilaginous, 1 = pectoral distal 
radials ossified, ? = unknown; 0.33, 0.78) 

51, Dorsalpostchithrum. The plesiomorphic presence of a dorsal postcleithrum is found 
in mugilids, cyprinodontiforms (though absent in New World aplocheiloids; Parenti, 
198 l), atherinopsines (Fig. 19), and melanotaeniids (Fig. 20), except for pseudomugi- 
lins Saeed et al. (1989). The derived absence of a dorsal postcleithrum is found in 
beloniforms, some menidiines (Chernoe 1986), notocheirids, Atherion, phallostethids, 
and in the atherinids Alepzdomus, Athainason, and fi&&na. In some specimens of 
Alepldomus the dorsal postcleithrum is present as an extremely reduced nodule on one 
side only. (0 = dorsal postcleithrum present, 1 = dorsal postcleithrum absent; 0.30, 
0.36) 

52. Dorsal p o s t c h i t h ~  shape. A well developed ovate dorsal postcleithrum is the 
plesiomorphic condition for atheriniforms (Fig. 20). In L e p W ,  and ather- 
inomorines except A&ndomus, the dorsal postcleithnun is elongated ventrally and 
contacts the dorsal arm of the ventral postcleithrum. (0 = dorsal postcleithrum 
ovate, 1 = dorsal postcleithrum elongated, - = non-applicable; 0.50, 0.67) 

53. Ventral postchithrum shape. A rod-shaped ventral postcleithrum connected to the 
anterior face of the first pleural rib is the plesiomorphic condition for atheriniforms 
(Fig. 20; Parenti, 1993; fig. 2; Stiassny, 1993: fig. 4A). A derived condition present in 
atherinopsids (Fig. 19), Dentathm'na, and atherinids, is an expanded, lamipar ventral 
postcleithrum. (0 = ventral postcleithrum rod-like, 1 = ventral postcleithrum lam- 
inar, - = non-applicable; 0.50, 0.92) 

The rod-like postcleithrum in atheriniforms is invariably well-separated from the 
dorsal postcleithrum (Fig. 20A), whereas the laminar postcleithrum is always in 
contact with the dorsal postcleithrum (Fig. 19A), when the latter is present. 

Because of the highly modified nature of the pectoral girdle in phallostethines and 
the participation of some of its elements in the formation of the priapium in 
phallostethine males, the ventral postcleithrum is mostly absent or present just as a 
splint of bone (Parenti, 1989). For this reason, we have conservatively assigned a non- 
applicable coding format to this and other ventral postcleithral characters (Chs 

54. Ventral postchithrum rami. The plesiomorphic atherinomorph condition is for there 
to be no rami at the dorsal end of the ventral postcleithrum (Fig. 20A). Atherinids 
and D e n t a h  have one dorsal ramus on the ventral postcleithrum, whereas in 
atherinopsids two rami are present, of about the same size (Fig. 19A). (0 = no dorsal 
rami of ventral postcleithrum, 1 = one dorsal ramus of ventral postcleithrum, 

5 3-55). 
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2 = two dorsal rami of ventral postcliethrum, - = non-applicable; 0.67, 0.93) (see 
Ch. 53 for phallostethine condition) 

55. Ventralpostcleithlum position. The ventral postcleithrum situated anterior to the first 
pleural rib is the plesiomorphic atherinomorph condition (Parenti, 1993: fig. 2; 
Stiassny, 1993: fig. 4A), also seen in Dentathina. A derived condition of atherinopsids 
and atherinids is for the ventral postcleithrum to be located between the first and 
second pleural ribs. (0 = ventral postcleithrum anterior to first pleural rib, 
1 = ventral postcleithrum between first and second pleural ribs, - = non-applicable; 
0.50, 0.92) (see Ch. 53 for phallostethine condition) 

56. Scapular foramen. The plesiomorphic condition of atheriniforms is for the scapular 
foramen to be fully enclosed by the scapula and clearly separated from the scapula- 
coracoid articulation (Fig. 19A). In Atherines, the scapular foramen is either shared 
with the coracoid or separated from its dorsal border by a thin splint of bone (Fig. 
20A). The size of the foramen was proposed by Patten (1978) as diagnostic of 
atherinids and melanotaeniines. We do not include this feature in our analysis 
because of its variability and instead focus on the incorporation of the coracoid in its 
ventral border. (0 = scapular foramen f d y  enclosed in scapula, 1 = scapular 
foramen shared with coracoid or separated by a thin splint of bone; 1.00) 

57. Distal end ofthe coracoid. The ventral shaft of the coracoid articulates distally with 
the posteroventral region of the cleithrum. The plesiomorphic condition found in 
Cyprinodontea (Parenti, 1981), atherinopsids (Fig. 19; Parenti, 1981: fig, 7B), and 
Notocheim (Rosen, 1964; Said, 1983) is for the distal end of the coracoid to be 
relatively narrow, usually with a cartilaginous tip. In Oryzh, Horaichthys, Is0 and 
Atherines, the distal end of the coracoid is wide, non-cartilaginous, and squared by 
the forward extension of the anterior and posteromedial laminar wings to the 
articulation with the cleithrum (Fig. 20; Ivantsoff et al., 1987: fig. 6B; Saeed & 
Ivantsoff, 1991: fig, 4C). (0 = distal end of coracoid narrow, 1 = distal end of 
coracoid wide; 0.50, 0.83) 

Pelvicjn and girdle 

58. Pelvic bone mdiul plate (Chernoff, 1986). The plesiomorphic feature of ather- 
inomorphs is for the medial plate of the pelvic bone to be extended to the anterior 
end of the longitudinal shaft. In atheriniforms, the pelvic medial plate is short of the 
anterior end except for atherinids, phallostethids, Atherinella schultzi and A. mameh, 
Leuresthes, and Cauque (Dyer, in press). (0 = pelvic medial plate extended to anterior 
end; 1 = pelvic medial plate not reaching anterior end, - = non-applicable, 
? = unknown; 0.50, 0.89) 

Another derived condition is present in notocheirids, where the medial plate 
appears to be fused with the anteromedial process, forming the pelvic foramen 
characteristic of this group (Fig. 21A). 

59. Pelvic bone dorsolateral process. Mugilids and other atherinomorph outgroups have a 
poorly developed or no dorsolateral process of the pelvic bone (Parenti, 1993; fig. 2; 
Stiassny, 1990; Fig. 13; Stiassny, 1993: figs 3, 4; Stiassny & Moore, 1992). 
Beloniforms have a long and thin (Rosen, 1964: fig. 18) or sometimes expanded 
dorsolateral process, whereas cyprinodontiforms usually have a short and stubby 
process. A derived condition of atherinopsids and notocheirids is a pointed spine-like 
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process (Chernofl', 1986: fig. 17; Saeed et al., 1994) which is greatly elongated in the 
latter group (Fig. 21A, Rosen, 1964). Atherines share with cyprinodontiforms a short 
and stubby process oriented slightly anterodorsally (Fig. 21C). In Dentakna 
(Ivantsoff et al., 1987: fig. 6C), A t h i n u ,  and Kesh.aknu the dorsolateral process is 
oriented posterodorsally rather than anteriorly. In Hypotathinu, S fenuknu ,  and 
craterocephalines (Allen, 1980: fig. 1OL; Crowley & Ivantsof€, 1990a,b) the 
dorsolateral process is greatly reduced or absent. (0 = pelvic bone with no 
dorsolateral process or poorly developed, 1 = pelvic dorsolateral process spine-like, 
2 = pelvic dorsolateral process short and stubby, oriented anterodorsally, 3 = pelvic 
dorsolateral process short and stubby, oriented posterodorsally, - = non-applicable; 
0.44, 0.55; n-add) 

60. Peluic bone-pleural rib l ~ a m t o u s  connection (Parenti, 1993; Stiassny, 1993).The 
plesiomorphic condition present in mugilids and Cyprinodontea is no ligamentous 
connection between the pelvic girdle and a pleural rib (Parenti, 1993; Stiassny, 
1993). Despite presence of a dorsolateral process of the pelvic bone in cyprindonti- 
forms and beloniforms, there is no ligamentous connection to the pleural ribs, except 

Figure 21. Left side of pelvic girdle and attachment to pleural rib; A, Is0 rhorhophiluc (LTMMZ 2 1763 1); B, 
LcphLllnina (modified from Patten, 1978); C, ALllnion (LTMMZ 204128). Arrows indicate Characters 
60 & 63. 
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in the adrianichthyid Xenopoecilus (Parenti, 1993). The pelvic bone of mu+ds has a 
ligamentous attachment to the tip of the ventral postcleithrum instead of a pleural rib 
(Parenti, 1993: fig. 2A; Stiassny, 1993: fig. 4C). In atherinifoms, there is a short and 
thick ligament between the distal end of a pleural rib and the dorsolateral process of 
the pelvic girdle (Fig. 2 1). In notocheirids, the pelvic dorsolateral process is elongated 
and attached to the pleural rib by an elongated ligament (Fig. 21A). (0 = no pelvic- 
rib ligament, 1 = pelvic-rib ligament present, short and thick, 2 = pelvic-rib 
ligament present, elongated, - = non-applicable; 1 .OO) 

61. Position ofpelvic girdle (Patten, 1978). The pleural rib with which the dorsolateral 
process of the pelvic bone is associated varies among atherinomorphs. As supported 
by mugddis and other percoids, the plesiomorphic condition relative to ather- 
inomorphs is the pelvic girdle anteriorly positioned and inclined away from the 
ventral body wall, and connecting to the pectoral girdle in percoids. The posterior 
displacement of the pelvic girdle and lack of dorsal inclination of the pelvic girdle 
axis, are derived features of Atherinomorpha (Stiassny, 1993). The position of the 
pelvic girdle is variable in atherinomorphs, but its derived position is posterior to the 
sixth pleural rib. In exocoetoids, the dorsolateral process of the pelvic girdle is 
opposite or posterior to the tenth pleural rib. In Oy&s and Xenopoecilus, however, the 
dorsolateral process is opposite the third or fourth ribs (Parenti, 1993). Cyprinodonti- 
forms have the pelvic dorsolateral process close to ribs three and four, or close to ribs 
six and seven. In menidiines, the pelvic bone is attached to rib four in Melanorhinus 
and Menidia coLti Hubbs, rib five in Poblana and Chirostoma, rib six in Membras and 
Atherinella, and rib seven in Lubidesthes and Menidia. In atherinopsines, the pelvic bone 
is attached to pleural rib nine or more posteriorly. The pelvic ligament of 
atherinoideins attaches consistently to the third, fourth or fifth pleural ribs, except in 
atherinines where the attachment is to ribs six, seven and eight (Fig. 2 1B). (0 = pelvic 
dorsolateral process attached to anterior pleural rib, rib three through five, 
1 = pelvic dorsolateral process attached to posterior pleural rib, rib six or posterior, 
- = non-applicable; 0.80) 

62. Membrane between the@hpelvic$n r q  and body wall (Allen, 1980). The plesiomorphic 
condition is for there to be no membranous attachment of the fifth pelvic-& ray to 
the body wall. Presence of such a membrane, enclosing a naked area around the anus 
and urogenital openings, is a derived feature of pseudomugdins and melanotaeniines. 
This feature was proposed as diagnostic of a sister-group relationship between 
pseudomugdins and melanaotaeniines (Allen, 1980; Allen & Cross, 1982), a group 
which included Caimichthys, Rhadinocentm and Iriatherina. This membrane, however, 
is lacking in our specimens of Telmathmina and it was not mentioned by Kottelat 
(1990, 1991) or Saeed & Ivantsoff (1991). We code this feature as absent in 
telmatherins, despite not knowing what conditions are present in Scatu@ginkhthys, 
Xa&dherinu, Tominanga, and Parathoim. (0 = no membrane between fifth pelvic-fin 
ray and body wall, 1 = membrane present between fifth pelvic-fin ray and body wall; 
0.50, 0.67) 

A naked area around the urogenital and anus openings is also present in the 
Rheocles alaotrenis species group (Stiassny, 1990; Stiassny & Reinthal, 1992), though 
lacking a membrane. Concurring with Stiassny (1990), we consider the naked area 
as independently derived in Rheocles, Pseudomugil and melanotaeniines. 

63. Pelvic ventral spine. The ventral face of the pelvic bone, lateral to the longitudinal 
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shaft, is a smooth surface to which the abductor muscles are attached. Unique to 
atherinids is a small, anteroventrally directed spine which is between the base of the 
dorsolateral process and the longitudinal shafi of the pelvic bone (Fig. 21B). This 
spine lies between and clearly separates, the abductor muscles of the pelvic spine and 
those of the pelvic rays. (0 = no pelvic ventral spine, 1 = pelvic ventral spine present, 
- = non-applicable; 1.00) 

Medianjm 

64. Posterior basalptmygiophes ofsecond dorsal and analjm. In mugilids and atherinifoms 
except Notocheinrs, the posterior two-fin rays (couplet) of the second dorsal and anal 
fins share the posterior distal pterygiophore of the penultimate basal pterygiophore. 
The posterior two basal pterygiophores also share an enlarged cartilaginous plate 
medial to the fin-ray couplet (Fig. 22). The plesiomorphic condition is for the 
posterior basal pterygiophore to be reduced and separate from the penultimate basal 
pterygiophore (Fig. 22A), despite sharing a cartilaginous plate; this condition is found 
in mughds, atherinopsids, and Is0 (though very small). A derived condition found in 
Atherines is the posterior basal pterygiophore to be either cartilaginous (Fig. 22B) or 
f d y  ossified together with the shared medial plate (Fig. 22C), and supporting a fin- 
ray couplet. Another derived condition is found in Cyprinodontea and Notocheirus in 
which a single ray is attached to the posterior distal pterygiophore of the median fins, 

Figure 22. Posterior anal-fm pterygiophores; A, Oabntatha incira (UMMZ 95499); B, Arhnion &nus 
(UMMZ 204128); C, &doh sp. (UMMZ 218508). Arrows indicate Character 64. 
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and the two posterior basal pterygiophores do not share a cartilaginous plate 
(Parenti, 1981: figs 69, 70). (0 = posterior basal pterygiophore ossification reduced, 
sharing a medial cartilaginous plate with the penultimate pterygiophore, and 
supporting a fin-ray couplet, 1 = posterior basal pterygiophore cartilaginous or 
ossified with the medial plate, and supporting a fin-ray couplet; 2 = posterior basal 
pterygiophore fully developed, not sharing a medial plate with penultimate basal 
pterygiophore and no fin-ray couplet; 0.67, 0.83; n-add) 

65. Anal plate ofjfrst anal ptmygioptwre (Ivantsoff et al., 1987; Parenti, 1984). The 
plesiomorphic atheriniform condition is for the first pterygiophore of the anal fin to 
be slightly enlarged relative to the other pterygiophores, and support a spine and an 
unbranched fin ray (Fig. 23A). Unique to pseudomughes, phallostethids, and 
atherinids is presence of an anteriorly expanded first anal pterygiophore in the shape 
of a roughly triangular plate (Fig. 23D; Ivantsoff et al., 1987: fig. 4). Reduction of this 
anal plate in the Craterocephalus gresii species group is reported by Patten (1  978: 65) 
and Crowley (1990). (0 = no anal plate, 1 = anal plate present; 0.50, 0.92) 

We interpret the condition in melanotaeniines (Fig. 23C; Ivantsoff et al., 1987: fig. 
4A) not as a reduced anal plate, but as a basal pterygiophore modified to support the 

Ch. 67: 

rib #6 

rib#11 

C 

Figure 23. Anterior anal-fin pterygiophores; A, Athnbn e&mu (UMMZ 204128); B, &dolin sp. (UMMZ 
218508); C, Mehotuenia solato (UMMZ 203850); D, PseuahUgil +$r (UMMZ 217684). Amom indicate 
Characters 65 & 67. 
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strong anal spine ventral to the body cavity. Bedotiines have a modified first 
pterygiophore (Fig. 23B) Werent from that in melanotaeniines or Atheron (Fig. 
23A). 

66. Second dorsal$n spine. Presence of a strong spine (unsegmented ray) preceding the 
second dorsal fin is the plesiomorphic condition found in outgroups of ather- 
inomorphs and mugilids. The second dorsal fin of atheriniforms and mughds is 
hypothesized to be homologous with the single dorsal fin possessed by cyprinodonti- 
forms and belodorms (Parenti, 1993: 188). With the exception of Jordanella, an 
advanced cyprinodontiform (Parenti, 1981), Cyprinodontea lack a spine on the 
dorsal fin (Parenti, 1993). Mugilids lack a spine on the second dorsal fin. Most 
atheriniforms, possess a single flexible spine preceding the second dorsal fin (Ivantsoff 
et al., 1987: figs 4, 5). A second dorsal-fin spine is lacking, however, in bedotiines, 
pseudomugdines, and phallostethines, whereas some melanotaeniines such as 
Melanotaenia, Glossolepis, and Chilatherina have strong stout spines. (0 = second dorsal 
fin with strong spine, 1 = second dorsal fin with flexible spine, 2 = second dorsal fin 
without spine; 0.40, 0.75; n-add) 

Allen (1 980) reported Iriatherina as having a relatively weak but s t i l l  strong second 
dorsal-fin spine, whereas Cairtlsich~ys and Winocentnu lack a spine. Saeed et al. 
(1994) discuss the segmentation of the anteriormost ray of the second dorsal fin in 
R.h.eocles alaotr& and in Bedocia geayi, but did not consider it as a general feature for 
the group and did not discuss this feature in melanotaeniines. 

Patterson (1992: fig. 2) characterized Atherinomorpha as having a single dorsal 
supernumerary ray. Cyprinodontea has one dorsal supernumerary ray as do 
mughds, however, the first dorsal fin of atheriniforms has two supernumerary 
rays. 

67. Anal-jin spine. Presence of a strong spine (unsegmented ray) preceding the anal fin 
is a plesiomorphic condition found in atherinomorph outgroups. Cyprinodontea, 
bedotiines, and some pseudomugilins of the Pseudomugil sign$i=r species group (Saeed 
et al., 1989) share the derived absence of an anal-fin spine (Fig. 23B); the remaining 
atheriniforms have a flexible anal-fin spine (Fig. 23A, Ivantsoff et al., 1987: figs 4, 5). 
(0 = anal-fin spine present, 1 = anal-fin spine absent; 0.50, 0.67) 

68. Interdorsal bones (Ivanhofet aLJ 1987). Pterygiophores without associated fin rays 
between the dorsal fins (interdorsals) are found in mugihds (Parenti, 1993: fig. 8A), 
and in most atheriniforms except for Iso, some atherinopsids (e.g. A.%imlla eriarcha 
Jordan & Gilbert), pseudomugilins (Said, 1983; Saeed et al., 1289), and Crahrocephalus 
marjoriae. In atheriniforms, interdorsals resemble a basal pterygiophore in that they 
have a ventral shaft (Ivantsoff et al., 1987 fig. 5 4  Parenti, 1993: fig. 8B). Interdorsals 
lacking a ventral shaft is a derived feature of atherinopsids (Parenti, 1993: fig. 8C), 
Dentatherina (Ivantsoff et al., 1987: fig. 5B), and T e l m k n a ;  the telmatherin 
Ka&ptatherina helodes has the plesiomorphic interdorsal with a ventral shaft (Saeed & 
Ivantsoff, 1991). Another derived condition is found in phallostethines in which a 
single spine-like element of the first dorsal pterygiophore is in place of interdorsals 
(Ivantsoff et al., 1987: fig. 5C). Whether the phallostethine interdorsals are actually 
fused into this spine-like element or are absent altogether could not be determined 
in this study. (0 = interdorsals with ventral shaft, 1 = interdorsals lacking a ventral 
shaft, 2 = interdorsals absent, 3 = interdorsals fused into spine-like element, 
- = non-applicable; 0.67, 0.60; n-add) 
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A derived condition is found in Rh,?ocles lateralis Stiassny & Reinthal, in which the 
interdorsals are broad and plate-like (Stiassny & Reinthal, 1992: fig. 6A). Allen (1 980) 
considered the reduced number of interdorsal elements (2-3) to be a derived feature 
diagnostic of melanotaeniines. Though not coded by us because of variability and 
overlap of ranges, the generalized condition for atheriniforms seems to be five or 
more interdorsals. Such is the case in atherinopsids, Athmion, Dentutherina, atherinines, 
Craterocephlus hononiu (Ogilby), Allanetta, and Stenahina. Bedotiines and .most 
craterocephalines have four or five elements, atherinomorines other than Stenahina 
have five or fewer, telmatherins and melanotaeniines have two or three, and 
pseudomugdins, phallostethines, and Is0 have none. 

Caudalfin and axial skeleton 

69. Pleural ribs posterior to anal-Jin o e n .  The plesiomorphic condition found in most 
atherinomorphs is for the posterior pleural rib to be anterior to the and-fin origin 
(Schultz, 1948: fig. 1A). In atheriniforms, atherinopsids and melanotaeniids have 
three or more pleural ribs posterior to the anal-fin origin (Fig. 23B, C, D), together 
with posterior projection of the coelomic cavity. Within atherinoideins, melanotae- 
niines have roughly 10 to 12 ribs posterior to the anal-fin origin, bedotiines have six 
to eight, and telmatherins and pseudomugdins have three to five. In atherinopsids, 
three to ten ribs are posterior to the anal-spine origin except for Membras, 
Melanorhinus, and species of Odontesh (Dyer, 1993). (0 = no pleural ribs posterior to 
anal-fin origin, 1 = three or more pleural ribs posterior to and-fin origin; 0.50, 
0.88) 

70. Ventral interhaemal cartilage PU2ut. Presence of a cartilage between the distal ends of 
the PU2 and PU3 haemal spines is widespread throughout acanthomorphs (Stiassny, 
1990). Ossification of the cartilage is a derived feature shared by psuedomugilins, 
telmatherins and Ale$zdomus. (0 = PU2vt cartilaginous, 1 = PU2vt ossified; 0.50) 

External features 

71. Smov canak ofthe had. The plesiomorphic condition as found in mugdids and 
exocoetoids (Astakhov, 1980), is for the sensory canals of the head, except the 
preopercular canal, to be fully enclosed by bone. Atherinopsids have all head sensory 
canals enclosed, including the preopercular canal which is partially or fully enclosed 
by bone (Chernoff, 198613; Dyer, 1993, in press). A derived condition is present in 
adrianichthyoids (e.g. Oryzius, Horaichthys), cyprinodontiforms, and atherinodeins, in 
which the sensory canals of the head are in an open canal or trough, rather than in 
a tube fully enclosed by bone (Fig. 8A). Bedotiines and atherinids, with the 
exceptions of Alepidomus and Ahinomorus stipes Muller & Troschel, share a derived 
condition in which only the mandibular canal is enclosed by bone (Figs 14, 16). 
(0 = head sensory canals enclosed by bone, except for preopercular canal, 1 = all 
head sensory canals open, 2 = head sensory canals open, except for mandibular 
canal; 0.50, 0.80) 

A derived condition is found in Craterocephalus kailoh in which the anterior 
infraorbital, frontal, nasal, and posttemporal sensory canals are enclosed (Crowley, 
1990a; Crowley & Ivantsoff, 1992). 

72. Odontodes. T h e  plesiomorphic condition is for teeth to be attached only to the oral 
and pharyngeal jaws. Teeth attached to other dermal bones of the head (e.g. frontal, 
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infraorbitals, preopercular, etc.) or odontodes, are a derived feature of Notocheirus and 
AtYwion (Figs 8, 9; Ivantsoff, 1978; Patten, 1978; Said, 1983). Notoch.f?in~~ has head 
odontodes attached either to dermal bones or restricted to scales as in the rest of the 
body. (0 = teeth attached only to jaws, 1 = teeth attached to jaws and other head 
bones; 0.50, 0.0) 

73. Bo& size (as Standard Length: SL) of adult atheriniforms, mugdids, cyprinodonti- 
forms, and beloniforms is variable. A derived condition for atheriniform fishes is the 
small adult size of phallostethids, with a maximum recorded size of 37 mm SL in 
Culaphallm eximim Herre (Parenti, 1989). This is about one-and-a-half times the 
maximum size of minature fishes, as defined by Weitzman & Vari (1988). 
(0 = z 50mm SL adult size, 1 = s 40mm SL adult size; 1.00) 

The only atheriniform species that clearly qualifies as a miniature is the 
pseudomuguilin Sc&@nich@ys vermeilipinnis Ivantsoff et d. (1991), though some 
species of Pseudomugil are possible candidates (Saeed et al., 1989). The maximum size 
recorded for any atheriniform is 520 mm SL (Odontesths b o n a e ,  MNHM-N 199), 
or about 600mm Total Length. 

74. Bo& depth. Mugilids, adrianichthyoids and cyprinodontiforms usually have body 
depths over 25% of Standard Length (SL), with some exceptions (Parenti, 1981; 
Kottelat, 1990b). The body form typical of exocoetoids and atheriniforms is elongate 
and fusiform, with body depth at the anal fin origin less than 20% of SL. Within 
atheriniforms, melanotaeniids and Quikhthys share the primitive condition of body 
depths more than 20% of SL. (0 = body deep, depth at anal fin origin more than 
20% SL, 1 = body elongate, depth at anal fin origin less than 20% SL; 0.50, 
0.80) 

Notoch.f?iw also has a deep body at the anal fin origin, but this is considered 
independently derived as a result of the great body depth at the pectoral fin origin 
and the anterior position of anal fin origin (Ch. 80). 

75. Lateral band. Lack of a lateral band, as in mugilids and cyprinodontiforms, is 
considered the plesiomorphic condition for atherinomorphs. A broad lateral silvery 
band that is characteristic of exocoetoids and accounts for the vernacular name of 
atheriniforms in North America (silversides), is reduced or absent in adrianich- 
thyoids, melanotaeniids, and @ikhthyJ. (0 = no lateral band or greatly reduced, 
1 = lateral band present; 0.50, 0.80) 

76.Sexual dimorphism. The plesiomorphic atherinomorph condition, as seen in 
exocoetoids and most atheriniforms, is no pronounced sexual dimorphism. Sexual 
dimorphism in body and fin coloration, dorsal fin position, and anal fin-ray 
modifications is considered a derived feature in cyprinodontiforms and adrianich- 
thyoids (Parenti, 198 1 ; Kottelat, 1990 b,c). Atheriniforms are mostly monomorphic 
except for melanotaeniids and @irkhthys, which are sexually dimorphic in body and 
fin coloration, and median fin-ray extensions (Men & Cross, 1982). (0 = sexually 
monomorphic, 1 = sexually dimorphic, bright coloration and median fin elongation 
in males; 0.50, 0.75) 

77. Characters o f  Phalbsthethim. Phallostethines are strongly sexual dimorphic in 
having a subcephalic copulatory organ, the priapium, modified from the pelvic girdle 
and fin, and parts of the pectoral girdle and fin (Parenti, 1984, 1989). Five features 
were extracted from Parenti (1989) as diagnostic of phallostethines: (1) sexually 
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dimorphic characters associated with the priapium, and bilateral asymmetry of the 
anus and urogenital pores; (2) dorsal hypohyal absent; (3) first dorsal fin reduced or 
absent (similar in Notocheiw); (4) postcleithra reduced to bony slivers or absent; and 
(5) presence of a fleshy keel from urogenital opening to anal fin (a reduced membrane 
is also present in Iso). These characters were used to provide Ch. 77 with a weight 
of five in the analysis (1 .OO) 
78. Lama1 mlanophores in a siqgle mid-dorsal row (White et al., 1984). The larval 
pigmentation pattern of atheriniform outgroups is of two or more rows of 
melanophores arranged along the dorsal mid-line, or no observable pattern. 
Atheriniform larvae have the derived condition of a single row of melanophores 
arranged along the dorsal mid-line (White et al., 1984: fig. 189A). The same 
pigmentation pattern is found, however, in some adrianichthyoids (White et al., 1984: 
359; Parenti, 1993). (0 = two or more mid-dorsal rows of melanophores, 1 = one 
mid-dorsal row of melanophores; 1 .OO) 
79. Ffeanal lagth in hatchlirg$&n period (White et al., 1984). The preanal length of 
larvae through flexion in atheriniform outgroups is greater than 40% of body length. 
Atheriniform larvae have a short preanal length in the hatchling-flexion period, of 
about 33% of body length at the time of flexion (White et al., 1984: fig. 188). This 
feature, among acanthomorphs, is also found in gadids and has been considered 
potentially homologous by Parenti (1993), or independently derived by White et al. 
(1984) and Johnson & Patterson (1993). (0 = preanal length greater than 40% of 
body length, 1 = preanal length less than 40%; 1.00) 

80.  Characlm 0f.Notocheiridat (Rosen, 1964). Of the ten features listed by Rosen (1 964: 
227) for the diagnosis of Notocheiridae, five are unique to Notocheiw and only five are 
characteristic of the family: “scapula and coracoid entirely above midlateral line; 
cleithrum a long strut extending from above scapula to midventral line where it joins 
fellow; postcleithrum almost as long as cleithrum, its ventral tip expanded and 
dentate where it joins fellow at midventral line somewhat posterior to cleithral 
symphysis; pelvic bone with lateral spur extending upward between pleural ribs 
nearly to ventral column; last few caudal vertebrae, neural and hemal spines 
bunched together”. Schultz (1948) first diagnosed the family with, among other 
characters: “the greatest depth of the body occurring near the rear of the head and 
then the body tapering to the least depth at the caudal peduncle and compressed 
throughout, with the ventral edge of the belly of almost paper thinness”. Because of 
the overlap of features described above, the following is a summary diagnosis for the 
group involving the pectoral and pelvic girdles: (1) body depth greatest at pectoral fin 
origin, with greatly elongated cleithra and postcleithra; (2) ventral abdominal edge in 
a sharp keel, with ventral expansions of the cleithra and postcleithra contacting at the 
mid-line; (3) pectoral fin and scapula above mid-lateral band; (4) pelvic bones greatly 
modified to form a sharp ventral keel, a foramen apparently formed by the fusion of 
the antero-medial spine to the medial plate (Fig. 21A), and a long dorsolateral 
process of the pelvic bone attached to the pleural rib via a broad ligament (Ch. 60). 
The above-listed characters were used to provide Ch. 80 with a weight of four in the 
analysis (1 .OO) 

8 1 .  Characters ofAtherinorno@ha Stiassny, 1990, 1993; Parenti, 1993). Of a list of 18 
characters compiled from Parenti (1 993) and Stiassny (1 993), we conservatively 
selected five unique features to diagnose atherinomorphs: (1) spermatogonia 
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restricted to distal end of testicular tubules; (2) pelvic girdles lacking median suture 
and dorsolateral processes associated with pleural ribs; (3) supracleithrum reduced 
and saddled on cleithral dorsal enclosure rather than laterally; (4) enlarged fourth 
epibranchial and fourth pharyngobranchial; and (5) olfactory sensory epithelium 
arranged in sensory islets. The above-listed characters were used to provide Ch. 81 
with a weight of five in the analysis. (1.00) 

82. Characters ofAtherinposidae (White, 1985; Chernoff, 1986; Dyer, in press). The 
following characters are diagnostic of atherinopsids: (1) sphenotic postorbital process 
wide; (2) dermosphenotic not articulated to postorbital process and (3) with sensory 
canal enclosed; (4) presence of pterotic wing and (5) exoccipital wing; (6) 
posttemporal with anterior process; (7) premaxilla with narrow anterior joint; (8) 
premaxillary alveolar arm greatly expanded; (9) premaxilla-dentary coronoid 
ligament very short; (10) presence of a maxilla-anguloarticular ligament; (1 1) 
premaxilla-maxilla ligament long; (12) ethmomaxillary ligament with palatine 
attachment; (1 3) vertical shaft of preopercular canal enclosed; (14) dorsal border of 
opercle displaced medially from dorsal process; (15) Baudelot’s ligament posteriorly 
attached to cleithrum, parapophysis and epineural of first vertebra; (16) presence of 
pectoral struts in cleithral dorsal enclosure; (1 7) pectoral-fin spur fused to second ray; 
(1 8) ventral postcleithrum between pleural ribs one and two; (19) interdorsals without 
a ventral shaft; (20) pleural ribs posterior to first anal-fin pterygiophore. The above- 
listed characters 1,5, 7,8,9, and 15 are unique features of Atherinopsidae and were 
used to provide Ch. 82 with a weight of six in the analysis (1 .OO) 

83. Characters o f  Phllostefhini (Parenti, 1989). The Phallostethini ( = ‘Phallostethini 
+ Neostethini’ of Parenti, 1989:fig. 7) is diagnosed by four unique features (Parenti, 
1989:256), as follows: (1) second ctenactinium present; (2) shieldlike pulvinus present 
and outer pulvinular bone robust; (3) highly protrusible oral jaws; and (4) reduction 
of hyobranchial apparatus. The above-listed characters were used to provide Ch. 83 
with a weight of four in the analysis. (1 .OO) 

Phylogenetic relationships 

Claims of monophyly are supported solely by diagnostic features, i.e. characters 
that are unambiguously derived at that node (whether unique or homoplasious) in 
the context of the proposed hypothesis of phylogenetic relationships. Most nodes 
have an additional suite of characters that are ambiguously optimized at that node 
but are, nevertheless, deemed informative of the group’s historical identity. 

Arnb@uous characters 
Ambiguity due to alternative equally parsimonious reconstructions of a character’s 

evolution may lead to loss of diagnostic information if only the unique and 
unambiguous traits are considered as informative of relationships. Some of this 
phylogenetic information can be retrieved, in the form of additional supporting 
characters, by identifying the type of ambiguity affecting each character. 

Three classes of character ambiguities were identified in this study that allow, 
given the assumptions, for the recovery of characters as evidence of monophyly: 

(1) character is ambiguous because the relatively primitive state is present in a 
highly derived sister taxon to one of two ingroup sister taxa (Fig. 24A). Examples 
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such as Chs 20, 26, 57 (Appendix 2: Atherinoidei, except in Notochims), Ch. 14 
(Appendix 2: Node F, except in phallostethines), and Ch. 71 (Appendix 2: 
Atherinidae, except in Alepidomus) are otherwise unique or clearly derived characters 
and are deemed as informative of relationships at those nodes. The auxiliary 
assumption is that the ingroup sister-taxon in particular (e.g. Notocheim, Alepidomus) is 
highly derived by some mode of paedomorphic development; (2) despite presence of 
the derived character state in the ingroup, that character state is ambiguous because 
of other character-state polymorphism, absence of data, or both, in one or more 
outgroups (Fig. 24B) (Appendix 2: Atherinopsidae, Chs 32,61; Atherinoidei, Ch. 7 1). 
The auxiliary assumption is the pleisomorphic condition is present at the outgroup 
nodes; and (3) a non-additive multistate character is ambiguous because the 
character states present in each of two ingroup sister taxa are different and derived 

0 0 0 0  1 1 

0 0 1 0  1 2 

0 0 0 1 2 

Figure 24. Three classes of character state distributions that result in ambiguous optimizations when 
mapped on a cladogram; A, Type 1 ambiguity; B, Type 2 ambiguity; C, Type 3 ambiguity. See text for 
explanation under Relationships section. Arrows indicate node of a postcriOn' suggested optimization. 
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relative to the plesiomorphic state present in outgroups. Examples such as Ch. 2 
(Appendix 2: Atherininae & Craterocephalinae), Ch. 68 (Appendix 2: Phallostethi- 
nae & Dentatherininae) are otherwise diagnostic of the clades in which they are 
present. The auxiliary assumption is that both states are derived independently from 
the primitive condition present in their common ancestor. 

Different modes of optimization are chosen for each individual character 
according to the type of ambiguity identified after the phylogenetic analysis. Rather 
than choosing a single optimization criterion for all characters prior to the analysis, 
we chose an a posterion’ approach as a more appropriate method for additional- 
character support of monophyly. In the first and second types of ambiguity, 
characters are optimized to the node of greater generality with subsequent reversals 
(ACCTRAN in PAUP), whereas in the third type of ambiguity the derived character 
states are optimized to nodes of lesser generality by assuming the primitive state at 
the preceding node (DEL’I” in PAUP). The number of ad hoc assumptions 
decreases when suites of characters of the same class of ambiguity are present at one 
node (Appendix 2: Atherinoidei). In this manner a total of 30 character states were 
‘recovered’ and ‘allocated’ to particular nodes as additional support to the diagnosis 
of a group. 

Monophyb ofAtherin$ovmes 
Adult morphology of the vomer (Ch. l), jaw musculature (Ch. 31), number of 

infraorbital bones (Ch. 37), pelvic girdle (Chs 58, 60), second dorsal-fln spine (Ch. 
66), body depth (Ch. 74), and lateral band (Ch. 75) corroborate the monophyly of 
AtherinXormes proposed by White el d. (1 984) based on larval characters alone (Chs 
78, 79). The scarcity of larval material in collections raises some concern about the 
universality of the larval characters. Nonetheless, the larval pigmentation pattern 
(Ch. 78) and preanal length at flexion (Ch. 79) continue to be robust hypotheses of 
homology supporting a monophyletic assemblage, each feature challenged by only 
one other independent occurrence in different taxa within beloniforms (White et al., 
1984; Parenti, 1993). 

Stiassny (1990: fig. 2) explicitly proposed atheriniforms as a paraphyletic 
assemblage by placing bedotiines and melanotaeniines as sequential outgroups to the 
remaining ‘atherinoids’ and Cyprinodontea. Based on the characters presented 
herein (Table 2), Stiassny’s hypothesis requires at least 30 additional steps relative to 
the hypothesis presented by us (Fig. 3). More recently, Saeed et al. (1994) also 
proposed a paraphyletic Atheriniformes with atherinopsids and notocheirids as sister 
to Cyprinodontea and Atherines. Based on the characters of Table 2, which includes 
most of Saeed et a h  (1994) features, their hypothesis is 29 steps longer than that of 
Figure 3. 

Monophyb of A.%?rinop& 
Atherinopsidae, comprised of the New World silversides Menidiinae and 

Atherinopsinae, is the sister group to other atheriniforms (Fig. 3). Twenty diagnostic 
characters support the monophyly of this group (Dyer, 1993, in press). Character 82 
represents six unique features that diagnose atherinopsids (Appendix 2; see 
Characters section) taken from the works of Patten (1978), White (1985), Chernoff 
(1 986), and Dyer (1 993, in press). The following eight characters are also diagnostic 
features of Atherinopsidae: e thmomdary ligament attached to palatine (Ch. 2); 
presence of posttemporal canal (Ch. 14); pectoral-h spur absent (Ch. 49); ventral 
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postcliethrum laminar (Ch. 53; also in Dentatherina and atherinids), with dorsal and 
anterior rami of about equal size (Ch. 54), and between first and second pleural ribs 
(Ch. 55; also in atherinids); interdorsals without a ventral shaft (Ch. 68; also in 
Dentathinu); and three to ten ribs posterior to anal-fin origin (Ch. 69). Additional 
support is the A1 maxillary tendon attached to the distal half of maxilla (Ch. 32) and 
the posterior position of the pelvic girdle (Ch. 61). 

The New World silversides were first proposed as a monophyletic group by Patten 
(1978), and this was later confirmed by White (1985) and Chernoff (1986). Saeed & 
Ivantsoff (1 99 1) discussed the difference between New and Old World silversides, 
and grouped the Old World silversides with melanotaeniids and phallostethines. 
Saeed et al. (1994) proposed the New World silversides as a separate family, 
Atherinopsidae, diagnosed by eleven characters extracted from Patten (1 978), White 
(1 985), and Chernoff (1 986). 

Monophyly ofdtherinoidei 
Atherinoidei is a monophyletic group which includes notocheirids, melanotae- 

niids, Atherion, phallostethids and atherinids. This group is diagnosed by three 
features: lack of epioccipital wings (Ch. 12; also in Chirostoma), the basisphenoid 
articulated with the prootic only (Ch. 18; also in beloniforms), and lack of a palatine 
dorsal process (Ch. 35). The derived nature ofNotochim and Iso, in combination with 
their phylogenetic position (Fig. 3: Notocheiridae), resulted in the ambiguous 
optimization (type 1, see above) of four characters (Chs 17, 20, 26, 57) that would 
otherwise have diagnosed Atherinoidei. Two of these additional-support characters 
are the otherwise unique presence of a parasphenoid fossa (Ch. 20) and presence of 
a maxillary posterodorsal spine (Ch. 26), both of which are absent in Notocheim. 
Open sensory canals of the head (Ch. 7 1) is a feature also found in cyprinodontiforms 
and adrianichthyoids, and presents an example of ambiguity type 3. 

Patten (1 978) proposed these taxa as a clade, with the exception of phallostethids 
which were omitted from the analysis, but his characters are not diagnostic at this 
level in our hypothesis of relationships. 
Monophyly OfNotocheidm 

Notocheiridae, comprised of Notocheim and I O ,  is the sister group to the other 
lineages within Atherinoidei (Fig. 3). Rosen (1964: 227) listed ten features in his 
diagnosis of the family, but only five characters are actually diagnostic of 
Notocheiridae. The notocheirid traits listed by Rosen are reanalyzed and 
summarized in the data matrix as Character 80 (Table 2, Appendix 2; For a 
discussion of features see Ch. 80 in Characters section). Other diagnostic features of 
notocheirids are an elongated pelvic-pleural rib ligament (Ch. 60) and absence of a 
supracleithrum (Ch. 47), the latter feature not mentioned by Rosen (1964) despite it 
being listed for Oryziidae. 

Notocheirus and Is0 were first proposed as close relatives by Schultz (1 948), based 
mainly on body shape. The subfamily name was later corrected from Tropidostethi- 
nae to Notocheirinae, and Notocheim was explicitly nominated as type genus (Schultz, 
1950). Rosen (1964) called this same group of fishes Isonidae with a diagnosis based 
mainly on unique osteological modifications of the head, pectoral, and pelvic girdles. 
Notocheiridae of Schultz (1 950), has precedence over Isonidae of Rosen (1 964). 
Saeed et al. (1 994) placed each genus in a separate family, but with no justification 
beyond citing unpublished work by Saeed & Ivantsoff we find no reason to follow 
that proposition. Saeed et al. (1994) also proposed this group as a sister to 
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atherinopsids and named that assemblage ‘Atherinopsoidea’, based solely on the 
spine-like dorsolateral process of the pelvic girdle (Ch. 59{ 1)). 

From Rosen’s (1964: 227) list of characters, the first four and the tenth are 
diagnostic of Jvotochim: teeth restricted to external surface of a laminar and convex 
premaxillary head (Ch. 29), palatine minute, vomer absent, large antero-ventral 
process of parasphenoid, and epurals absent. Saeed et al. (1 994) diagnosed Jvotocfims 
with seven features of which two are derived and not previously mentioned by 
Rosen: first dorsal fin absent and body scales elongated with teeth. Five other 
diagnostic features (Chs 19, 36,49,64) result from this study, ofwhich one is unique 
in atheriniforms and independently derived in Cyprinotontea: the posterior 
pterygiophore of the anal and dorsal fins is well developed, not sharing a basal plate 
with the penultimate pterygiophore, and hence, the posterior two rays do not form 
a couplet (Ch. 64). Additional-support characters are absence of mesethmoid (Ch. 3) 
and reduced dorsal enclosure of cleithrum (Ch. 48; also in pseudomugilins). 

Diagnostic features of Is0 from Said (1983) and Saeed et al. (1994) are: a small 
fleshly keel behind the genital opening; absence of scales on anterior regions of the 
body and head (also in Atherinella lira Meek); parietals small, not in posttemporal 
fossa; interhyal long; an enlarged postero-medial spine of the pelvic girdle (Fig. 2 1A); 
and an exoccipital process (Fig. 13A). Of four additional-support characters (Chs 3, 
37,48,68) for this group, one is the unique shape of the mesethmoid (Ch. 3; Fig. 8E) 
which is not diagnostic because of ambiguity (type 3). 

Monophyb gAthmims, new intaorder (Fig. 3, Node C) 
This clade is comprised of melanotaeniids, Atherion, phallostethids, and atherinids. 

Eight characters are diagnostic of this group: presence of a rostral fossa depression 
(Ch. 4); nasal bone participating in the orbital rim (Ch. 6); presence of a nasal 
ventromedial ligament to lateral ethmoid (Ch. 7); absence of parietals (Ch. 10; also 
in O.y,&s); presence of intercalars (Ch. 11); distal radials of pectoral girdle ossified 
(Ch. 50); scapular foramen shared with coracoid (Ch. 56); and the posterior basal 
pterygiophore of the anal fin and second dorsal fin cartilaginous or ossified with 
medial plate (Ch. 64; Fig. 22 B,C). Characters of additional support are an isolated 
mesethmoid (Ch. 3); pterotic and posttemporal canals disconnected (Ch. 16); and the 
dorsolateral process of pelvic girdle short and directed anteriorly (Ch. 59). 

Saeed & Ivantsoff (1991: 229) agreed with Parenti (1984) on the non-monophyly 
of Division I (Atherininifomes, Table l), but regarded “. . .Melanotaeniidae, Old 
World Atherinidae (but not the New World Atherinidae), Dentatherinidae, 
Telmatherinidae, Phallostethidae and Pseudomugilidae” as a monophyletic group. 
Although Saeed & Ivantsoff (1991) distinguished a portion of this clade from 
Atherinopsidae by four features (Chs 4, 10, 59, 64), notocheirids were not included 
in their comparative analysis. Saeed et al. (1994) included bedotiines in the above list 
of families and named it ‘Atherinoidea’, which is equivalent to Atherines of this 
study. 

Monophrb of Melanotaeniidae 
A monophyletic Melanotaeniidae (Fig. 5) is proposed as the oldest available 

family-level name for an assemblage of four groups of freshwater fishes known as 
Madagascar rainbows (bedotiines), rainbowfishes (melanotaeniines), blue-eyes @sew 
domughs), and sailfin silversides (telmatherins). 

Melanotaeniidae is diagnosed by six features: posterior myodome restricted to the 
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prootics (Ch. 22), absence of a second dorsal-fin spine (Ch. 66), three or more pleural 
ribs posterior to first anal pterygiophore (Ch. 69; also in atherinopsids), greater body 
depth (Ch. 74), reduction or loss of the silvery lateral band (Ch. 75), and sexual 
dimorphism in body colour and median-fin ray elongation (Ch. 76). Characters 
74-76 are also present in cyprinodontiforms, adrianchthyoids, and the craterocepha- 
line Quirihthys, but are considered as independently derived in this hypothesis of 
relationships. 

Saeed et al. (1994) proposed bedotiines and melanotaeniines as sister taxa, but 
considered telmatherins and pseudomugdins to be more closely related to 
phallostethines. The relationship among bedotiines, pseudomugilines, and melano- 
taeniines is weak (Fig. 5: Node El). Furthermore, the addition of new characters and 
especially the addition of taxa lacking in this analysis (e.g. Rhadinocentrus, Caimskhthys, 
Gunga, Kabptuthm'na, Tminanga, Paratherina, etc.) may shift the level of generality at 
which some of these characters are diagnostic. The results of this study provide us 
with strong support for each of the subfamilies and a fully resolved, though weakly 
supported set of melanotaeniid interrelationships (Fig. 5 )  which is, nevertheless, 
shorter than Saeed et a h  (1 994) hypothesis and deserves some discussion. 

Melanotaeniinae is tentatively considered to be the sister group to Pseudomugh- 
nae (Pseudomugilini-Telmatherinini clade) as supported by presence of enlarged 
distal premaxillary teeth (Ch. 28; also in phallostethines and 0ryziu.s). Additional 
support is presence of external premaxillary teeth (Ch. 29) and A1 muscle manibular 
tendon (Ch. 31). Taxa of Node El  (Fig. 5)  are in freshwater systems east of Wallace's 
Line, whereas its sister group, Bedotiinae, is a strictly freshwater group endemic to 
Madagascar. 

Bedotiinae is comprised of Bedotiu and Rhocles. Four features diagnose this group: 
absence of pterotic canal (Ch. 13), a posterior extension of the parasphenoid ridge 
(Ch. 19), absence of an anal-fin spine (Ch. 67), and enclosed mandibular sensory 
canals (Ch. 7 1). Character 67 is unique within Atheriniformes, but is also a feature 
of Cyprinodontea. Stiassny (1990) diagnosed Bedotiinae with three characters: 
assymetric medial processes of the pelvic bones, thickening of the posterior vertebrae, 
and two anterior infraorbitals (Ch. 37). In this analysis, the latter trait is ambiguously 
optimized at this node because two bones are also present in Glossolepis, Cairnsichthys, 
and Iriatherina (Ivantsoff et al., 1987). 

Rheocles is diagnosed by absence of urohyal posterodorsal processes (Ch. 45) and 
with cartilaginous pectoral distal radials (Ch. 50). Fused ventral elements of the 
caudal skeleton was the only diagnostic feature of Rhocles proposed by Stiassny 
(1990). That feature, however, is also present in most melanotaeniines (Allen, 1980) 
and pseudomugdins (Saeed et al., 1989). Bedotia is diagnosed by presence of a 
parasphenoid ventral fenestra (Ch. 2 1) and an enlarged mesethemoid (Ch. 3; also in 
Melanotaenia and Chilutherina). Stiassny (1 990) diagnosed Bedotiu with the following 
features: a premaxillary notch, a paired tooth patch on basibranchial three, absence 
of pelvic anteromedial spines, and reduction of pelvic posteromedial spines. We 
tentatively accept these features as diagnostic because we lack the appropriate 
comparative material and the features are present in some other melanotaeniid taxa 
(De Beaufort, 1922; Allen, 1980: figs 6, 10; Saeed et al., 1989). Confirmation of these 
characters as diagnostic features can only come from a complete revision of the 
melanotaeniid group. 

Melanotaeniinae sensu strict0 (Melunotaenia. Chilathminu, Glossolepis, ?Iriatherina) is 
diagnosed by presence of a posttemporal canal (Ch. 14), and strong or stout spines 
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of the median fins (Ch. 66). Additional support is presence of the pelvic-fin ray-to- 
body membrane (Ch. 62). Characters shared by Melanotaenia and Chilatherina are 
presence of three anterior infraorbitals (Ch. 37) and a connection between the 
preopercular and anterior infiraorbital sensory canals (Ch. 40); additional support is 
the enlarged mesethmoid (Ch. 3; also in Bedotia). The interrelations of melanotae- 
niine genera are not addressed in this study because we are unable to include 
Zrdherim, Cairnsichthys and Rhudinocmhus in the analysis of all characters. Allen (1 980) 
and Allen & Cross (1982) suggested these three monotypic genera are melanotae- 
niines. The combination of characters used by these authors, however, suggest these 
genera could be either related with melanotaeniines (Allen, 1980; Allen & Cross, 
1982) or with other melanotaeniid subfamilies. 

Pseudomugdinae is comprised of pseudomugilins and telmatherins (Fig. 5), a clade 
diagnosed by seven derived features: nasal ventromedial ligament attached to 
palatine (Ch. 7); an enlarged s u b m d a r y  meniscus (Ch. 23) with a hyaline-cartilage 
core (Ch. 24), maxillary shaft wide proximally (Ch. 27), A1 maxillary tendon to distal 
half of maxilla (Ch. 32), presence of anal plate (Ch. 65), and an ossified PU2vt 
cartilage (Ch. 70). The proposed relationship between these two groups is not new, 
though usually they have been lumped together with melanotaeniines, with 
phallostethids, or with both (Patten, 1978; Parenti, 1984; Saeed & Ivantsoff, 1991). 
Characters presented by Patten (1978: 96, 97) and Saeed & Ivantsoff (199 1 : table 1) 
in support of this sister-group relationship are plesiomorphic and uninformative 
about relationships. Saeed et al. (1 994) consider pseudomugilins more closely related 
to phallostethids. 

Psuedomugilini was revised by Saeed et al. (1989) to include 13 species of 
Pseudomugil and the monotypic Kunga Allen, 1983. Recently, Ivantsoff et al. (1991) 
described a new pseudomugdin genus Scatu@nichthys. Pseudomugilini has been 
diagnosed with six characters (Saeed et al., 1989; Saeed & Ivantsoff, 1991: 230): 
absence of a mesethmoid (Ch. 3; also in Notocheim, Craterocephalus, &irichthys, and 
Odonkssthes), a single anterior infraorbital or lacrimal (Ch. 37; also in Cyprinodontea), 
supracleithrum small and disk-like (Ch. 47; also in phallostethines), interdorsals 
absent (Ch. 68; also in Is0 and some Atherinella), coronoid processes of articular and 
dentary of equal height (also in Bm'lichthys), and interhyal reduced or unossified. 
Another six diagnostic features resulted from this study: pterotic canal absent (Ch. 
13), anterior palatine process directed dorsally (Ch. 33), anterior palatine ligament to 
nasal bone (Ch. 34), palatine ventral process reduced or absent (Ch. 36), cleithrum 
dorsal enclosure reduced (Ch. 48), and dorsal postcleithnun absent (Ch. 51). Allen 
(1980) presented the pelvic-fin ray-to-body membrane (Ch. 62) as evidence of a 
sister-group relationship between melanotaeniines and Pseudomugil. This membrane 
is also present in Kunga (Allen, 1983), but was not mentioned by Ivantsoff et al. (1 99 1) 
in the description of Scaturiginichthys, nor was it discussed by Saeed et al. (1989) or 
Saeed & Ivantsoff (1991). Hence, this pelvic-fin membrane is an ambiguous feature, 
yet treated in this study as additional support for melanotaeniines and 
pseudomugdins. 

Telmatherinini was recently revised by Kottelat (1990a, 199 1) who recognized ten 
species of Telmatherina, four species of Paratherina, and two new species of Tominanga. 
Saeed & Ivantsoff (1 99 1) added the monotypic Xa&!uhina helodes (Ivantsoff & Allen) 
to this group, a species described in Pseudomqil. Kottelat (1990a: 228) listed seven 
characters in his diagnosis of Telmatherinini and Saeed & Ivantsoff (1991) presented 
at least three characters as apomorphic, none of which we have been able to support 
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in this study. A feature we were unable to confirm in our specimens of Telmatherina, 
but is potentially of diagnostic value is ‘presence of a spine in pectoral’ (Kottelat, 
1990a: 228). Telmatherinini is diagnosed solely by presence of three anterior 
infraorbitals (Ch. 37). A feature possibly diagnostic of TeZmathmina is absence of the 
ventral interdorsal stays (Ch. 68), but the stays are present in Ka&tathuina (Saeed & 
Ivantsoff, 199 1) and the states in other telmatherin groups is unknown to us. 

Rosen & Parenti (1 98 1) superficially discussed some features shared by bedotiines 
and melanotaeniines they considered plesiomorphic to all atherinomorphs, and 
which separated them from the remaining ‘atherinoids’. Parenti (1984) was more 
specific, and proposed the reduction of the articular process of the premaxilla and the 
partial decoupling of the rostral cartilage from the ascending processes of the 
premaxillae as evidence of their percoid-like features and ‘primitive’ status relative to 
other atherinomorphs. The morphological trends assumed by Rosen & Parenti are 
reversed in the phylogenetic hypothesis presented herein. 

Atherionid&-Atherinoidea clade 
This group is comprised of Atherionidae, Phallostethidae, and Atherinidae, 

diagnosed by three characters: a hyaline-cartilage submaxillary meniscus (Ch. 24), 
three anterior infraorbitals (Ch. 37), and posterodorsal border of opercle above 
articulation axis of suspensorium (Ch. 4 1). Additional-support characters are the 
posterolateral border of the nasal bone straight (Ch. 5), and a bony contact between 
the frontal and lateral ethmoids (Ch. 9). 

Patten (1 978) proposed a close relationship between melanotaeniids and 
atherinids, but he did not include phallostethids in his analysis, and supported this 
assemblage with two plesiomorphic features. Saeed et aZ. (1994) include Atherion in 
their ‘Atherinidae’ and phallostethines as sister group to pseudomudins. 

Monophyb ofAtherionidu 
Atherionidae is comprised by the single genus Atherion and is diagnosed by three 

characters: parasphenoid ventral ridge extended posteriorly (Ch. 19), A1 muscle 
mandibular tendon (Ch. 31), and presence of odontodes (Ch. 72; also in Notocheirus). 
Additional-support characters include presence of external premaxillary teeth (Ch. 
29), preopercular-anterior infraorbital canal connected semi-continuous (Ch. 40), 
and absence of the dorsal cleithrum enclosure (Ch. 48; also in Notocheirus and 
phallostethids). 

Atherion was placed in a monotypic atherine subfamily by Schultz (1948:24) 
because it “. , .appears to be intermediate between the Taeniomembrasinae {Old 
World Atherinidae in part} and Menidiinae”. Patten (1978: fig. 19A) proposed 
Atherioninae as sister to melanotaeniids plus atherinids, and Saeed & Ivantsoff (1 99 1) 
considered Atherion as distinct from other ‘Old World atherinids’, or as a subfamily 
of ‘Atherinidae’ (Saeed et al., 1994). 

Monophyb oj’Atherinoidea (Fk. 3, Node F )  
This clade is formed by phallostethids and atherinids as sister groups (Fig. 3), a 

novel hypothesis diagnosed by seven characters: absence of the palatine ventral 
process (Ch. 36); absence of a notch or process on the dorsal border of the 
interopercle (Ch. 44); absence of urohyal posterodorsal processes (Ch. 45); ventral 
postcleithrum laminar (Ch. 53) and with dorsal ramus (Ch. 54); pelvic medial plate 
extended to anterior end (Ch. 58), and presence of anal plate (Ch. 65). Two 
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characters are ambiguously optimized at this node (type 1) and are of additional 
support to this clade: presence of a posttemporal sensory canal (Ch. 14; absent in 
phallostethines) and enlarged submaxillary meniscus (Ch. 23: small in 
atherinomorines). 

Monophyb of Phallostethidue 
We have expanded the family to include the genus Dentatherina (Fig. 6) and, thus, 

have made Phallostethoidea of Parenti (1984) synonymous with Phallostethidae (Fig. 
1). Parenti (1984, 1989) discussed some characters shared by Dentatheha and 
phallostethines which unambiguously place them as sister taxa. Together they form 
a clade diagnosed by five characters: absence of parasphenoid fossa (Ch. 20), 
posterior myodome restricted to. prootics (Ch. 22), presence of paradentaries (Ch. 
25), absence of an uncinate process on epibranchial one (Ch. 46), and small sized 
adults (Ch. 73). Additional support is absence of the dorsal enclosure of the cliethrum 
(Ch. 48; also in Is0 and Athmion). The first sentence to Parenti’s (1989: 266) diagnosis 
of the family still stands for this expanded Phallostethidae: “Small to minute, laterally 
compressed, nearly transparent, atherinomorph fishes, largest size recorded 37 mm 
SL.”. 

Phallostethinae is monophyletic (Fig. 6) diagnosed by a suite of characters detailed 
in Parenti (1989) and Saeed & Ivantsoff (1991), the most obvious of which are 
summarized in Character 77: sexually dimorphic males with priapium, and 
asymmetric position of anus and urogenital pore; dorsal hypohyal absent; first dorsal 
fin reduced or absent (also absent in Notoc~rus); and presence of a fleshy keel from 
urogenital opening to anal fin (a reduced membrane in Iso). Another seven diagnostic 
features resulted from this study all of which involve reductions, reversals, or 
absences in different parts of the body: absence of an intercalar (Ch. 1 I), lack of 
pterotic canal (Ch. 13), posterior myodome absent (Ch. 22), two anterior infraorbital 
bones (Ch. 37), posterodorsal border of opercle below articulation axis of 
suspensorium (Ch. 41), supracleithrum disk-like (Ch. 47), and second dorsal-& spine 
absent (Ch. 66). Additional support is an ossified hyaline-cartilage submaxillary 
meniscus (Ch. 24), premaxillary distal teeth enlarged (Ch. 28), and lack or fusion of 
interdorsals (Ch. 68). Parenti (1 989) evidenced a phallosthethin-neostethin sister- 
group relationship (Fig. 6: Phallostethini) with a suite of priapial characters 
summarized as Character 83 in the data matrix (Table 2). 

Of the 15 characters used by Patten & Ivantsoff (1 983) to diagnose Dentatherina, ten 
survive as derived features in our hypothesis of relationships: large lateral wings of 
the parasphenoid, frontals narrow anteriorly, spatulate process of the maxilla, ventral 
excavation of dentary near the symphysis, metapterygoid and symplectic bones 
fused, ectopterygoid and quadrate bones fused, five branchiostegal rays, a sphenotic 
component of the temporal sensory canal, hypural five fused to uroneurals and ural 
centrum, and parhypural spine directed anteriorly. Two more diagnostic characters 
were found in this study, both of which are reversals: nasal not reaching orbit rim 
(Ch. 6) and distal radials of pectoral girdle cartilaginous (Ch. 50). Four additional- 
support characters are: preopercular sensory canal connected to dermosphenotic 
canal (Ch. 17), calcified hyaline-cartilage submaxillary meniscus (Ch. 24), pelvic 
dorsolateral process directed posteriorly (Ch. 59), and interdorsals without ventral 
shafts (Ch. 68). 
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Monoptzyb ofAtherindae 
This restricted version of Atherinidae includes the subfamilies Atherinomorinae, 

Atherininae, and Craterocephalinae (Fig. 4). Atherinidae is diagnosed by three 
characters: presence of a lacrimal notch (Ch. 38), ventral postcleithrum between first 
and second pleural ribs (Ch. 55), and a ventral pelvic spine (Ch. 63). Characters 38 
and 63 are unique in atheriniforms. Additional-support characters are the 
preopercular and anterior infraorbital canals fully connected (Ch. 40; ambiguity type 
2) and the mandibular sensory canal enclosed by bone (Ch. 7 1; absent in Alepidomus, 
ambiguity type 1). 

Atherinidae s m u  strict0 corresponds to ‘Atherininae’ of Patten (1978) and Saeed et 
al. (1994), and the ‘Old World Atherinidae’ of Saeed & Ivantsoff (1991). Patten 
(1978: fig. 19B) diagnosed three tribes that correspond to our subfamilies 
Atherinomorinae ( = Pranesini), Atherininae ( = Atherinini), and Craterocephalinae 
( = Craterocephalini), but left the relationships among them unresolved. In this study 
we have demonstrated the monophyly of the subfamilies and we have also found 
some evidence to suggest that atherinines and craterocephalines are sister groups 
(Fig. 4: Chs 7, 24). We consider the following phylogenetic hypotheses within each 
of the subfamilies as preliminary. The survey of characters and taxa within these 
groups is not extensive and the results are presented as a working hypothesis to 
stimulate further research in this group. 

Monoply& of Atherinomorinae, new subfami& 

Type Genus: Athm‘nomom Fowler, 1903 
Atherinomorinae is comprised of Atherinomom, Hypoathen’na, Stmatherina, Tuamulus, 
and Alepidomus. This taxon is diagnosed by four characters: posttemporal sensory 
canal oriented along dorsal arm of posttemporal bone (Ch. 15), parasphenoid fossa 
with ventral fenestra (Ch. 21), fibrocartilage submaxillary meniscus (Ch. 24), and 
presence of a hyomandibular nerve foramen (Ch. 42). 

Alepidomus euermanni Eigenmann, is the monotypic sister taxon to the remaining 
atherinomorines and is diagnosed by three characters: presence of the palatine 
ventral process (Ch. 36), presence of dorsal process of interopercle (Ch. 44), and an 
ossified PU2vt (Ch. 70). The remaining atherinomorines form a clade (Fig. 4: Node 
H1 A) diagnosed by three features the first two of which are unique: a large notch in 
the canal bone of infraorbital two (Ch. 39), a preopercular notch (Ch. 43), and an 
elongated dorsal postcleithrum (Ch. 52). Relationships among genera of this clade 
(Atherinomom, Hypoatherina, Stmatherina and Tramulus) are tenuously supported in this 
study. Despite important regional treatments of these groups by Ivantsoff (1978), 
Patten (1 978), Ivantsoff & Kottelat (1 988), and Ivantsoff & Crowley (1 99 l), 
systematic revisions of entire groups are st i l l  wanting and only preliminary diagnoses 
are at hand. In this study we used the following species to represent the morphologies. 
of their respective genera: Athernomom stipes, Hypoatherina harringtonensiE and 
Stmatherina ovalaua. Stmatherina is distinguished from the other taxa by an enlarged 
submaxillary meniscus (Ch. 23: correlated with long premaxillary ascending 
processes and upper jaw protrusion) and a posteromedial extension of the vomerine 
tooth patch (Patten, 1978). Atherinomom is distinguished by a pointed posterior edge 
of the dentary coronoid process (Patten, 1978; Whitehead & Ivantsoff, 1983; 
Ivantsoff & Crowley, 1991). The limits and species composition of Hypoatherina are 
most problematic, as it seems to have a morphology intermediate between that of 
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Atherinomorus and Stenatherina (Ivantsoff & Kottelat, 1988). Atherinomow and Hypoah-  
ina have premaxillae with relatively short and wide ascending processes, relatively 
reduced protrusion, and a patch of villiform teeth extended on to the lateral surface 
of the jaws (Chs 29, 30). Stena& and Hypoatherina, however, lack the laterodorsal 
process of the pelvic bone (Ch. 59). Though material of Tk.amulus was not available 
for examination, this taxon was placed in this group of four genera because the 
preopercular notch (Ch. 43) is mentioned and figured in the original description 
(Smith, 1965). 

Atherininae-Craterocephalim c u e  (Fk. 4, Node H2) 
The sister-group relationship between atherinines and craterocephalines is 

diagnosed by two features: a nasal ventromedial ligament to the palatine (Ch. 7; also 
in pseudomughes) and the anterior palatine process directed dorsally (Ch. 33). 
Additional support is the enlarged size of the submaxillary meniscus (Ch. 23; also 
present in Stenatherina and phallostethids). 

Monophyb of Atherininae 
Atherininae is monophyletic, comprised of Atherin, Atherinason, Atherinosoma, 

Kestrathenna, and bptutherina. This groups is diagnosed by presence of the A1 muscle 
mandibular tendon (Ch. 3 1) and the posterior position of the pelvic girdle (Ch. 6 1 ; 
also in atherinopsids). Two characters are of additional support at this node: a thin 
ethmomaxillary ligament to the posterodorsal region of the lateral ethmoid (Ch. 2; 
Fig 8D) and anterior palatine ligament to nasal (Ch. 34). Both characters are 
ambiguous (Ch. 2: type 3; Ch. 34: type 2), though Character 2 is otherwise unique 
in atheriniforms. 

Atherinosoma is the sister group to other atherinines (Fig. 4 H3A) a group diagnosed 
by the unique shape of the nasal (Ch. 6; Fig. 8D). Other results, though preliminary, 
support Kestratherina and Atherina as sister taxa (Chs 40, 59; Fig. 4), and form a 
trichotomy with Atherinason and Leptuthnina, the resolution of which is beyond the 
scope of this study. 

Monophyb of Craterocephlinae, nau subfarnib. 
Type Genus: Craterocephalus McCulloch, 19 12 
Craterocephalinae includes the nominal genera Allanettu, Craterocephalus, and 

Quirichthys, and is diagnosed by six characters: presence of a nasal ventral process 
(Ch. a), parasphenoid ventral ridge extended posteriorly (Ch. 19), absence of a 
parasphenoid fossa (Ch. 20), maxillary shaft wide proximally (Ch. 27), absence of the 
anterior palatine process (Ch. 33), and absence of the pelvic dorsolateral process (Ch. 
59). Additional support is the absence of an ethmomaxillary ligament (Ch. 2) that is 
ambiguously optimized (type 3) at this node but otherwise unique in 
atheriniforms. 

The monotypic @irichhys s tramim Whitley, and Allanetta mugiloides McCulloch, 
are regarded as junior synonyms of Craterocephalus by Patten (1978), Crowley & 
Ivantsoff (1 988, 1992), and Crowley (199Oa). In this study, Quikhthys is diagnosed by 
four characters: presence of p r e m d a r y  teeth on external surface (Ch. 29), body 
deep (Ch. 74), lateral band reduced to absent (Ch. 75), and sexually dimorphic (Ch. 
76). @irichthys is more closely related to Craterocephalus than either is to A l h t t u  (Fig. 
4) based upon the posterodorsal end of the opercle below the articulation axis of the 
suspensorium to neurocranium (Ch. 41). Additional support is the lack of a 



ATHERINIFORM RELATIONSHIPS 57 

mesethmoid (Ch. 3), ambiguously optimized (type 2) because of the polymorphic 
state in Allanetta. 

We refer to these taxa by their generic names pending a cladistic analysis of the 
group. In Patten’s (1 978) statements of craterocephaline relationships Alhettu is sister 
to other craterocephalines, but Quirkhthys was not included in the analysis. Inclusion 
of Quirichthys in Craterocephlus was first suggested by Ivantsoff et al. (1987), stated with 
some reservations by Crowley & Ivantsoff (1988: 165), and finally adopted by 
Crowley (199Oa) and Crowley & Ivantsoff (1992). In the cladistic analysis section of 
Crowley’s (1 990a: appendix 5) revision of Craterocephalus, Quirichthys is the sister group 
to other craterocephalines, and Alhnetta, together with C. honorbe, is sister to the 
remaining craterocephalines. Crowley & Ivantsoff (1 988) and Crowley (1 99Ob), 
however, have only published results of cluster analyses which include Alhnettu, but 
exclude Quirichthys from the analysis. Crowley & Ivantsoff (1992)) in their final 
revision of the group, placed C. stramineus in the Craterocephlus stercusmuscamm species 
group. The results presented by us are far from conclusive about relationships within 
Craterocephalinae. Our results, however, corroborate Crowley & Ivantsoil’s (1 992) 
placement of Quirichthys as a craterocephaline and not as a melanotaeniid (Whitley, 
1951: 63), a telmatherine (Munro, 1958: 98)) or as a monotypic atherinid genus with 
unknown relationships (Lake, 1971; Allen, 1980; Merrick & Schmida, 1984). 

DISCUSSION 

The evolution of several characters deserve discussion in the context of the 
phylogenetic hypothesis (Figs 3-6). 

The posttemporal sensory canal (Ch. 14) is plesiomorphically lacking in 
atheriniforms and appears to have been derived independently at least three times 
according to this phylogenetic hypothesis: in atherinopsids, melanotaeniines, 
Dentathm’na, and atherinids. This is the case if the posttemporal canal is considered 
separately from the pterotic canal (Ch. 13). One pattern that has emerged is that all 
atherinomorph taxa lacking a pterotic sensory canal also lack a posttemporal canal. 
The latter situation is observed in Cyprinodontea, bedotiines, pseudomugdm and 
phallostethines. This association of characters could be the expression of a progenetic 
truncation of an ontogenetic sequence in which the development of the pterotic canal 
precedes that of the posttemporal canal. If true, absence of the posttemporal canal 
in Pseudomugil and Telmatherina would be due to different paedomorphic events in the 
ontogeny of the sensory canals of the temporal region. In Pseudomu& absence of a 
posttemporal canal would be due to a pre-pterotic canal truncation and in 
Telmathmina a post-pterotic truncation of development. In the context of these 
phylogenetic and ontogenetic hypotheses, absence of a posttemporal canal and 
presence of pterotic canal is the plesiomorphic condition of atherinomorphs, a 
condition found only in notocheirids, Atherion, and telmatherins. These hypotheses 
may be addressed with appropriate tests from ontogenetic studies, but until results of 
those studies are made available, we consider presence of the posttemporal canal to 
be diagnostic of atherinopsids (Fig. 3), melanotaeniines (Fig. 5)) and to provide 
additional support for atherinoideans (Appendix 2: F). Presence or absence of the 
pterotic canal also affects the historical interpretation of the connectivity between the 
pterotic and posttemporal sensory canals (Ch. 15) as it does with the connectivity 
between the pterotic and preopercular canals (Ch. 17). 
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The A1 lacrimal tendon was considered a diagnostic feature of Atherinomorpha 
by Stiassny (1 990). Parenti (1 993) agreed with Stiassny’s hypothesis despite absence 
of this feature in cyprinodontiforms. One problem with this hypothesis is that 
exocoetoids have a lacrimal l&pnent instead of a tendon and an A1 lacrimal tendon 
is present in some cyprinodontiforms. In all exocoetoids examined, a strong ligament 
connects the mandible and the ventromedial end of the lacrimal (Fig. 25A), a 
condition that is questionably homologous to the atheriniform A1 lacrimal tendon. 
A lacrimal ligament is lacking in 0.tyzias and Horuichthys. Exocoetoids have a reduced 
A1 muscle, attached directly to the lacrimal (e.g. Cohhbis, Fodiator) or not, or with a 
maxillary tendon (e.g. Anhphus ,  Hyporhamphus) or without. The plesiomorphic 
condition for beloniforms and the homology of the lacrimal ligament is unclear at 
this time. Cyprinodontiforms and atheriniforms, however, share the presence of an 
A1 lacrimal tendon. Most cyprinodontiforms have a short tendon from the distal end 

Figure 25. Schematic view of left side of head: A, Demwgenyspusih (UMMZ 19591 7); B, Epzpb&s spillurchm 
(UMMZ 187902). Arrows indicate potentially homologous lacrimal ligament (A) and A1 lacrimal tendon 
(s). 
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of the A1 maxillary tendon to the medial face of the lacrimal's anteroventral region 
(Fig. 25B), despite Stiassny (1993) and Parenti's (1993) claim otherwise. This 
connection is absent in Projkdulus, Chpalichthys, and other genera. The A1 muscle 
attaches directly to the maxilla with no tendon in fundulines (Alexander, 1967b: fig. 
4A). The A1 mandibular tendon characteristic of some atheriniforms is not present 
in cyprinodontiforms. The articular-maxilla ligament of atheriniforms is clearly 
separated from the A1 muscle tendons, unlike that found in atherinomorph 
outgroups. Hence, the primitive condition clearly seems to be absence of a lacrimal 
connection of the A1 muscle, but the homologies between the lacrimal tendons of 
atheriniforms and cyprinodontiforms, and the lacrimal ligament of exocoetoids 
remains to be tested. 

The number of anterior infraorbital bones (Ch. 37) considered plesiomorphic for 
atheriniforms in this analysis was five or more. Chernoff (1986: 198) discussed the 
distribution of infraorbital numbers and concluded that three anterior infraorbitals is 
the plesiomorphic condition for atheriniforms. He reasoned that six or more bones 
is primitive for atherinomorphs with a derived trend of reduction in numbers. 
Results from this study, however, do not support that hypothesis and indicate instead 
that two anterior infraorbitals is the plesiomorphic condition for atherinomorphs 
with an increase and decrease in numbers of bones. The evolution of this character 
as derived from the cladogram indicates an increase in the number of anterior 
infraorbitals from 1+2-3 with some reversals and independent derivations. In 
this hypothesis of relationships (Figs 3, 5, 6), three anterior infraorbitals is a derived 
feature diagnosing the atherionid-atherinoidea clade, Iso, melanotaeniines, and 
telmatherins. Concomitantly with number of elements, however, is the discontinuity 
of the infraorbital sensory system into anterior and posterior canals, a gap found also 
in mugdids and other atherinomorph outgroups such as Elassoma and most 
gasterosteiforms (Johnson & yatterson, 1993: 581). In addition to the structural and 
phylogenetic patterns there is the ontogeny of the infraorbital canals. In centrarchids, 
the developmental pattern of appearance of the infraorbital bones is from first to last: 
lacrimal + dermosphenotic - infraorbitals 6 -, 2 (Mabee, 1993: 263). A similar 
pattern is found in other percoids, anabantids (Mabee, pers. comm.), channids and 
silurids (Kapoor, 196 l), suggesting an ontogenetic pattern of greater generality. If the 
above structural, ontogenetic, and phylogenetic patterns are integrated into the 
hypothesis that the plesiomorphic condition for atherinomorphs is a single anterior 
infraorbital (the lacrimal), then infraorbitals two and three of atheriniforms are not 
homologous to infraorbitals two and three of mugilids and outgroups. Hence, if one 
anterior infraorbital is considered as the plesiomorphic condition for atheriniforms 
@resent in mugdids and Cyprinodontea) and an increase in anterior infraorbital 
bone numbers as relatively derived conditions, then one anterior infraorbital is the 
plesiomorphic condition for atherinomorphs and two anterior infraorbitals is 
unambiguously diagnostic of atheriniforms. The latter hypothesis is two steps shorter 
than that which considers four or more bones as the plesiomorphic condition. 

The position of the pelvic girdle (Ch. 61) in atheriniforms was determined by the 
pleural rib to which the pelvic dorsolateral process is attached (Ch. 60). The position 
that is plesiomorphic of Cyprinodontea and atherinopsids is ambiguous. Assuming 
the condition present in mughds, percoids and other acanthomorphs is plesio- 
morphic, the posterior displacement of the pelvic girdle to a position beyond the 
sixth pleural rib has evolved at least three times in Atherinomorpha: in exocoetids, 
in atherinopsines, and in atherinines. Allen (1980) proposed that attachment of the 
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pelvic girdle to pleural ribs two or three is diagnostic of melanotaeniines. Even 
though bedotiines and pseudomugilines have the pelvic bone connected to pleural 
ribs four or five, Allen’s hypothesis may not stand in a future revision of 
melanotaeniids because the closely related outgroups Atherion and Is0 have the pelvic 
process attached to pleural rib three. 

Presence of a greatly modified anal pterygiophore (Ch. 65) into a roughly 
triangular plate and the anterior displacement of the anus may be unique in teleosts. 
In this hypothesis, however, the anal plate is independently derived in pseudomugi- 
lines and atherinoideans. Should hture evidence support melanotaeniines and 
bedotiines as sister groups, the statement of non-homology presented by this 
hypothesis would not be refuted. 

Presence of strong stout spines (Ch. 66) in the median fins of Melanotaenia, an 
enlarged mesethmoid (Ch. 3) present in Melanotaeniu and Bedotia, as well as deep 
bodies (Ch. 74) and premaxillae closely attached to the rostral cartilage, were the key 
percoid-like characters used by Jordan & Hubbs (1919), Rosen (1964), Rosen & 
Parenti (1981), Chenoff (1986) and Stiassny (1990) to regard them as ‘primitive 
atherinoids’. All these characters, however, are clearly derived features within the 
Melanotaeniidae and represent independent derivations of these conditions relative 
to other percomorphs. 

CONCLUSIONS 

This study has corroborated the monophyly of Atheriniformes proposed by White 
et al. (1984) and its sister-group relationship to Cyprinodontea, the Cyprinodonti- 
formes - Beloniformes clade. The traditional assemblage of ‘atherinid’ taxa is 
confirmed as paraphyletic. Atherinidae ( s m  stricto) is a subset of the ‘Old World 
atherinid’ genera of Saeed & Ivantsoff (1991), which includes atherinomorines, 
craterocephalines and atherinines. Of the taxa formerly placed in Atherinidae, 
Atherion is in a monotypic family, Menidiinae and Atherinopsinae constitute 
Atherinopsidae, and Dentathmina is included in an expanded Phallostethidae. 
Atherinopsidae is the sister group to other atheriniforms, or Atherinoidei. 
Notocheiridae is the sister taxon to Atherines. The latter group comprises 
melanotaeniids, atherionids, phallostethids , and atherinids. Atherinids and phallos- 
tethids constitute the Atherinoidea clade which is the sister taxon to Atherionidae. 

Bedotiines and melanotaeniines have been traditionally assumed to be ‘primitive 
atherinoids’. These taxa have been used by systematists as ‘representative 
atherinomorphs’ in their choice of outgroups for systematic revisions of acantho- 
morph fishes, and also as the ‘primitive atherinoids’ in revisions of atheriniform 
families. Bedotiines are by no means generalized atherinomorphs in the present 
hypothesis but are, instead, part of an expanded Melanotaeniidae that includes 
pseudomugdins and telmatherins. Relationships among melanotaeniids are only 
tentative, but, they do indicate that pseudomugdm and telmatherins are sister 
groups. The relevance of this phylogenetic hypothesis to the biogeographic history of 
the Indo-West Pacific region is significant because Melanotaeniidae is a monophy- 
letic group of primarily freshwater fishes. 

The placement of Dentatherina with respect to atherinids or phallostethids has been 
discussed many times in the literature (Patten & Ivantsoff, 1983; Parenti, 1984; 
Ivantsoff et al., 1987; Parenti, 1989) and was a point of contention in this analysis. 
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Ultimately, we conclude with Parenti (1984) that Dentuthnina is the sister group to 
phallostethines. The alternative hypothesis of Dentatherina as sister group to atherinids 
requires four additional steps and is supported by a smaller suite of diagnostic 
features. The nature of these latter characters is not sufficiently compelling to prefer 
them over the most parsimonious solution. 

Relationships within Atherinidae s m u  strict0 are resolved into three large clades, 
with atherinines and craterocephalines most closely related. Alepidomus is the sister 
species of a monophyletic Atherinomorinae, and Q~irichthys is part of a monophyletic 
Craterocephalinae. Alepidomus evennanni, Atherinomorus stipes, and Hypoahrina harringto- 
nesis, each of which live in the West Indies, are part of Indo-West Pacific 
atherinomorine lineages that extend into the Atlantic Ocean Basin. 

An interesting case emerges from our phylogenetic results (Fig. 3). There are two 
instances in which groups with many, notable morphological specializations 
(notocheirids and phallostethids) are the sister groups to large clades with less obvious 
specializations (e.g. Atherines and Atherinidae, respectively). We caution systematists 
on the use of single taxa as plesiomorphic representatives of clades in their choice of 
outgroups, especially when the relationships within that clade are unknown or poorly 
supported. The example of bedotiines, mentioned above, demonstrates how choices 
of a single taxon assumed to be generalized can mislead the results of a systematic 
study. 
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APPENDIX 1 

Material examined 

Institutional abbreviations follow Leviton et al. (1985), and the number of cleared-and-stained specimens examined 

Percopsiformes: Aphredodmrc sayanus FMNH 7282(5), ANSP 1 16656(5); Percopsis omircomayclrs UMMZ 146339(3). 
'Percoids': Elassoma pulchellum UMMZ 133263(10); Elassoma zonatum UMMZ 18047(1); rcpOmir megalatis UMMZ 

60240(2); Perca javescmr UMMZ 2 10284(1); Pobhp lur  approximans UMMZ 190261 (4). 
Mugilidae: Agonostomus montimla UMMZ 178460(5), UMMZ 199463(3), ANSP 122356(2), FMNH 4623; Crenimugil 

crenilabir ANSP 114275(1); Jotunis puhardi ANSP 99859(1); &a argentea ANSP 135485(4); Mugir curema UMMZ 

Adrianichthyoidei: Horaichthys sefnai UMMZ 201 181(1), UMMZ 213443(3), ANSP 157315(4); 0yzia.r j a v a n h  
UMMZ 146566(10), FMNH 68669(5); 0 y z k  latips UMMZ 146592(10), UMMZ 218498, FMNH 58732(5); 0yzia.r 
melastigma UMMZ uncat(3). 

Exocoetoidei: Arrhamphus br& FMNH 47553, UMMZ 100333; Chriodonis atherinoidw UMMZ 143079(4), UMMZ 
102192; CololabtS saira FMNH 63758(1), ANSP 88978(1), UMMZ 7.1 135; C&hhm hclRncrur ANSP 50519-33(3); 
Cypselurus starski UMMZ 212929(1); Dermogenyspusilh UMMZ 19591 7(4); h o g e n y s  V i u p m  ANSP 48843-48852(2); 
Fodiabr mtus ANSP 88928( I), UMMZ 190985; Hemirhamphus balao ANSP 1 114440); H i d u h t h y s  a@is ANSP 
14973(1); Hyporhamphur unifasctitus ANSP 118641(5), UMMZ 1588370); Parexocoetus b r a c h y p h  ANSP 144887(1); 
Scomberesox saunis FMNH 48552(2); Stroqylura marin0 ANSP 116170(5); Stronglura nohh UMMZ 174356(1); Xmmlodon 
cancila ANSP 123993(2); Xenentodon sp. UMMZ 2 185 1 O(2); ,@uzrchoptmu dirpar ANSP 79674(2). 

Cyprinodontiformes: Adinia m i c a  UMMZ 158860(5); Ayaro cultratus ANSP 104371(4); Anabhps dowi ANSP 
9 1678(2); Aphyosemion australc ANSP I4 1548(4); Aphyosemwn gulare ANSP 14 I552(5); Aplochcilichthys sprlauchma ANSP 
38679-88(2); Chapahhhys pardalk UMMZ 202427(4); Luania g& ANSP 140561(5); Cyprinodon varitgaiw ANSP 
95086(5); Epipla&s spilauchen UMMZ 187902(2); Fundulus d iaphus  ANSP 90980(4); Fundulus heteroclitus ANSP 
116576(5); Fundulus notohcr UMMZ 209055(5); Ores& agami FMNH 77376(2); Ao&ndulr*r gualrmalmric UMMZ 
218513(2); Ao&ndulus lab& ANSP 64747-64779(4); Ao&nduh hildebrandi UMMZ 157634(5); plcrollbias sp. ANSP 
141546(4); RivulusagiilcFMNH 85368(5); R i v u h  bondiUMMZ 141915(10); Riuuh&ltuphilusFMNH 70375(4); Rivuh 
h a d  FMNH 50098(2); Rivulus hildcbrandi ANSP 151286(3); Rivulus marnoratus ANSP 103453(2); R i v u h  h r U r  FMNH 
82 194(4); Valenciu lebumeui UMMZ 2 13902(3). 

Atherinopsinae: Atherinops a j n k  UMMZ 72212(2); Atherinopsis califomomimris UMMZ 190946(1), UMMZ 68147(3); 
Odontesthes re& 215521(1), UMMZ 218455(1), UMMZ 215530(1), SU 374310); OhnfesthessmittiUMMZ 218448(1); 
Barilichthys sp. UMMZ 215515(1), UMMZ 215520(4), UMMZ 215505(3), UMMZ 218074(3), CAS 42587(3); 
Colpichthys re& UMMZ 190400( 1); Leurestha huir  UMMZ 659 10( 1); Odonteshs hukheri UMMZ 2 18450(2); Odontestha 
inciSa UMMZ 95499(1); Odonfesthes Prmgiac UMMZ 221328(1), UMMZ uncat(1); Odonfesthcs retropinnis 218796(2). 

Menidiinae: Atherinella alvarezi UMMZ 196439(6); Atherinella argentea UMMZ 202408(4); Atherinella qvstallina 
UMMZ 171990(3); Atherinella guatemalnui~ UMMZ 173523(5); Athe~inella Salk UMMZ 184767(3); Chimsbma arge 
UMMZ 197622(6); C h i m s h  chapah UMMZ 197612(4); Chirosbm esbr UMMZ 197650(2); Chirosbma humboldtianurn 
UMMZ 97663( 1); Chirostoma jordani UMMZ 197602(5); Chirosbma labarcac UMMZ 193463(3); C h i r o s h  meZquital 
UMMZ 21 1095(3); Chirostomaprmnelas UMMZ 193465(1); C h i r o s h  sphyaena UMMZ 186203(1); Lubia'estha sitculus 
UMMZ 222857(3); UMMZ uncat(1); Mehwhinus micmps UMMZ 198779(1); Membras sp. UMMZ 202405(1); 
Membras madnica UMMZ 199183(1); Menidia mmidia UMMZ 136589(3); Mmdia  coln' UMMZ 196562(5); Poblana 
alchichica UMMZ 192371(7) 

Notocheiridae: Notochaw hubbsi UMMZ uncat(3), IZUC 18406, IZUC 22479; Zso rhothophilus UMMZ 217631(1), 
UMMZ 212579(2); Is0 n a t a h . k  USNM uncat(2). 

Atherionidae: Alherion e h u s  UMMZ 204128(1); Athnion sp. USNM 231354(3). 
Bedotiinae: BedotiageayiUMMZ 217630(3), UMMZ 218508(4); Bedotia sp. AMNH 88011(1), UMMZ 218515(2), 

FMNH 99280(3); R l u o c b  ah&& UMMZ 217679(1), FMNH 99281(1), AMNH 88171(1). 
Melanotaeniinae: Chilathmna crassispinosa FMNH 97767(3); Glossohpis multisquamata FMNH 97766(2); Mehohnia 

maccullochi UMMZ 218504; Mehiuen ia  nigrm UMMZ 203847(3); M e h h i a  rubmshiata UMMZ 203849(3); 
Melanotaenia solata UMMZ 203850(3); M e h h n i a  tnJashta UMMZ 218505, UMMZ 218506(2). 

Pseudomughi: Pseudomugil &ifm UMMZ 2 17684( l), ANSP 135502(5), I-081(3); Pseudomugi'l tmcllus UMMZ 
203852. 

Telmatheriniii: Telmatherina ladigesi FMNH 152041 (2). 
Phallostethidae: Dmtatherina mercm' UMMZ 217685, FMNH 99632(3); Culaphallus mirabilir UMMZ 21 1664(3), 

ANSP 91045(2); Neostethus sp. UMMZ 21 1666(3); Cerabstethus bicomk FMNH 51 726(10). 
Atherinidae: AIepuiomus cvermMni UMMZ 64226, UMMZ 103358, S90-39(6), MCZ 36165(4); A l h t t a  mugi'loides 

UMMZ 212569(1), UMMZ 212571(2);Athnina bym'UMMZ 185092(1);AtherinahepsetusUMMZ 185116; Atherinasp. 
FMNH 77485(2); Athe~ina mochon FMNH 62520(2); Atherinason hepsebidcs UMMZ 212576; Atherinmnonis duo&&alk 
UMMZ 204125(2); Atherinomonis endrachtmrG UMMZ 196221, UMMZ 203854(3); Alhninomorur h o r n  FMNH 
21107(1), FMNH 21126(1), FMNH 63916(2), FMNH 21206(1), FMNH 21209(1); Atherinomwur inrulanun FMNH 
55704(1); Atherinomom lineatus FMNH 40800(2); Atherin- ogilbvi UMMZ 212573(3); Atherinomonis sh)es UMMZ 
199482, UMMZ 174207(2), FMNH G72-22(1); Atherinosoma elangata UMMZ 212566(3); Atherinosoma minostoma 

are in parentheses. Genera and species are listed alphabetically within each major grouping. 

209709(3), ANSP 128030(3); Mugi'l d u d  ANSP 61891-93(1); Mugi'l hichodon ANSP 145654(5). 
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UMMZ 212562(3), UMMZ 212581; Cr&ocL$Jk hnorioC UMMZ uncat(5); CrutcmL$Jhulus gwiUMh4Z 212564(2); 
CratnOGghalus paucirudktus UMMZ 214554; H*ou.hinu b M  FMNH 52131(1), FMNH 57459(1); Hvpwulnina 
haningtOnCnrir U M M Z  175987, UMMZ 175992(2), FMNH G74-18(4); H@outh&nu valmcimnk UMMZ 191279(3); 
Kcsfruthminu csox UMMZ 212580, U M M Z  21584( 1); L@izth& p m & f m k h  UMMZ 212568(5); Lcptuthoinn wullacn' 
UMMZ 209402-(4); QGchhys sfrminnrr FMNH uncat. (4); Stmathminu @sttus FMNH 46092(2); Stmnthnina ovaha 
UMMZ 212578(1); Stmatherim punalela U M M Z  198330; Stmathninn rqginn FMNH 40475(1), FMNH 40476(1), 
FMNH 23506(1), IMNH 23507(1); Stmalhnina r~mmincki FMNH 44136(2); Stmathoinn sp. FMNH 77487(4), FMNH 
84703(4), Fh4NI-l 90685(4). 

AF'PENDK 2 

f i t  Of synapomorphies 

Characten preceded by a dash (-) are diagnostic, and those preceded by an asterisk (*) are additional support to 
that clade (ambiguously polarized features). 

A-----ATHERINIFORMES 
-Ch. 1: ventral face of vomer concave. 
-Ch. 31: A1 lacrimal tendon long, to sub-nasal sheK 
-Ch. 37: two anterior infraorbital bones. 
-Ch. 5 8  pelvic medial plate not extended to anterior tip. 
-Ch. 6 0  pelvic-rib ligament present. 
-Ch. 66: second dorsal-fin spine flexible. 
-Ch. 7 4  body depth less than 20% SL. 
-Ch. 75: lateral band present. 
-Ch. 78: larval pigmentation pattern. 
-Ch. 79: larval preanal length. 

-___-_ ATHERINOPSLDAE 
-Ch. 2: ethmomaxillary ligament attached to palatine. 
-Ch. 1 4  posttemporal canal present. 
-Ch. 4 9  absence of pectoral-fin spur (also in Nootoc&w). 
-Ch. 53: ventral postcleithrum laminar. 
-Ch. 5 4  ventral postcleithrum with two dorsal rami of about equal sue. 
-Ch. 55: ventral postcleithrum between first and second pleural ribs. 
-Ch. 68: interdorsals without ventral shaft. 
-Ch. 69: L 3 pleural ribs posterior to first anal ptecygiophore. 
4h.82:  premaxilla with narrow anterior joint; premaxillary alveolar arm expanded distally; premaxilla- 
coronoid ligament very short and premaxilla-maxilla ligament long postorbital sphenotic process wide; 
exoccipital with wing processes; pectoral s h u t s  present. 
*Ch. 32: A1 maxillq tendon to distal half of maxilla. 
*Ch. 61: pelvic girdle attached to pleural rib L 6. 

B-----ATHERMOIDEI 
-Ch. 12: epioccipital wings absent. 
-Ch. 1 8  basisphenoid articulated with prootic only. 
-Ch. 35: palatine dorsal process absent. 
*Ch. 17: pterotic-preopercuh sensory canals disconnected (connected in Zso). 
*Ch. 2 0  presence of a parasphenoid fossa (absent in Nootoch).  
*Ch. 26: maxillary posterodonal spine (absent in NoNofochknrs). 
+Ch. 57: distal end of coracoid wide (narrow in N o t o c h ) .  
*Ch. 71: all sensory canals of the head open. 

-_--- NOTOCHEXRIDAE 
-Ch. 47: absence of the supracleithnun. 
-Ch. 6 0  pelvic-rib ligament elongated. 
-Ch. 80: pectoral fin and scapula entirely above mid-lateral line; pelvic bone short and flat, with foramen; 
cleithrum and coracoid elongated, to give greatest body depth at pectoral origin; cleithrum and ventral 
postcleithrum adjoining fellow at mid-ventral line, expanded ventrally to form abdominal keel with pelvic 
bones. 
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C-----ATHERINES 
-Ch. 4: ethmoid cartilage concave medially (rostrum depression). 
-Ch. 6 nasal bone in orbit rim, posterior wider than middle. 
-Ch. 7: nasal ventromedial ligament to lateral ethmoid. 
-Ch. 1 0  parietals absent 
-Ch. 11: presence of intercalars. 
-Ch. 5 0  distal radials of pectoral girdle ossified. 
-Ch. 5 6  scapular foramen shared with coracoid. 
-Ch. 6 4  posterior basal pterygiophores cartilaginous or ossified with medial plate. 
*Ch. 3: mesethmoid isolated. 
*Ch. 16: pterotic and posttemporal canals disconnected. 
*Ch. 59: dorsolateral process of pelvic bone short and stubby, directed anteriorly. 

E-----MELANOTAENIIDAE 
-Ch. 22: posterior myodome restricted to prootic. 
-Ch. 6 6  absence of second dorsal-fin spine. 
-Ch. 6 9  z 3 pleural ribs posterior to first anal pterygiophore. 
-Ch. 7 4  body depth greater than 20% SL. 
-Ch. 75: lateral band reduced or absent. 
-Ch. 76: sexual dimorphism in body coloration and median fin development. 

____-_ BEDOTIINAE 

-Ch. 13: pterotic canal absent. 
-Ch. 19: parasphenoid ventral ridge extended posteriorly. 
-Ch. 67: absence of anal-fin spine (also in Cyprinodontea). 
-Ch. 7 1 : mandibular sensory canals enclosed. 

E 1 ----MELANOTAENIWAE-PEUDOMUGILINAE CLADE 
-Ch. 28: distal premaxillary teeth enlarged. 
*Ch. 2 9  teeth on external surface of premaxilla. 
*Ch. 31: A1 mandibular tendon present. 

-_-__- MELANOTAENIINAE 

-Ch. 1 4  posttemporal canal present. 
-Ch. 6 6  strong or stout second dorsal-fin spine (absent in Rhudinocentt~, CuimciChthys). 
*Ch. 62: presence of membrane connecting fifth pelvic-fin ray and body wall (also in pseudomugdim). 

-----MELANOTAENIA ( + ) CHlLATHERINA 
-Ch. 37: three anterior infraorbitals. 
-Ch. 40: preopercular-anterior infraorbital canals connected, semi-continuous. 
*Ch. 3: enlarged mesethmoid. 

--__-_ PSEUDOMUGIUNAE 

-Ch. 7: nasal ventromedial ligament attached to palatine. 
-Ch. 23: enlarged submaxillary meniscus. 
-Ch. 2 4  submaxillary meniscus with hyaline-cartilage core. 
-Ch. 27: maxillary shaft wide proximally. 
-Ch. 32: A1 maxillary tendon to distal half of maxilla. 
-Ch. 65: anal plate present. 
-Ch. 70: ossified PU2vt cartilage. 

------ PSEUDOMUGIUNI 

-Ch. 3: absence of a mesethmoid. 
-Ch. 13: pterotic canal absent. 
-Ch. 33: anterior palatine process directed dorsally. 
-Ch. 3 4  anterior palatine ligament to nasal bone. 
-Ch. 36: palatine ventral process reduced or absent. 
-Ch. 37: one anterior infraorbital bone (lacrimal). 
-Ch. 47: supracleithrum disk-like. 
-Ch. 48: cleithrum dorsal endosure reduced. 
-Ch. 51: dorsal postcleithrum absent. 
-Ch. 6 8  interdorsals absent. 
*Ch. 62: presence of membrane connecting fifth pelvic-fin ray and body wall. 
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TELMATHEIUNINI 
-Ch. 37: three anterior infraorbitals 

D-----ATHERIOhTDAE-ATHERINOEJM CLADE 
-Ch. 2 4  hyaliie-cartilage s u b m d a r y  meniscus. 
-Ch. 37: three anterior infraorbital bones. 
-Ch. 41: posterodorsal border of opercle above articulation axis of suspensonum. 
*Ch. 5: posterolateral border of the nasal bone straight, posterior naris lateral. 
*Ch. 9: bony contact between frontal and lateral ethmoid. 

___--- ATH ERIONIDAE 
-Ch. 1 9  parasphenoid ventral ridge extended posteriorly. 
-Ch. 31: A l  mandibular tendon present. 
-Ch. 72: presence of odontodes. 
*Ch. 29: teeth on external surface of p r e m d a .  
*Ch. 40: preopercular-anterior infraorbital canal connected, semi-continuous. 
*Ch. 48: absence of cleithrum donal enclosure. 

F----ATHERINOIDM 
-Ch. 3 6  palatine ventral process absent. 
-Ch. 44: absence of interopercle dorsal process. 
-Ch. 45: absence of urohyal postercdonal processes. 
-Ch. 5 3  ventral postcleithrum laminar. 
-Ch. 54 ventral postcleithrurn with donal ramus. 
-Ch. 58: pelvic medial plate extended to anterior end. 
-Ch. 65: presence of anal plate. 
*Ch. 1 4  posttemporal canal present. 
*Ch. 23: s u b m d a r y  meniscus enlarged. 

G----PHWOSTETHWAE 
-Ch. 2 0  parasphenoid fosaa absent. 
-Ch. 22: posterior myodome restricted to prootic. 
-Ch. 25: presence of paradentary cartilage. 
-Ch. 46 uncinate process of first epibranchial absent. 
-Ch. 73 small sized adults (s 40 mm SL). 
*Ch. 48: absence of cleithrum donal enclosure. 

G 1 ----PHWOSTETHINAE 
-Ch. 11: intercalar absent. 
-Ch. 13: pterotic canal absent. 
-Ch. 22: posterior myodome absent. 
-Ch. 37: two anterior infraorbital bones. 
-Ch. 41: postemdonal border of opercle below articulation axis of suspensorium. 
-Ch. 47: supracleithrum disk-like. 
-Ch. 6 6  second donal-fin spine absent. 
-Ch. 77: priapium; asymmetric males; donal hypohyal absent; first dorsal reduced or absent; ventral keel (also 

*Ch. 2 4  hyaline-cartilage submaxillary meniscus ossified. 
*Ch. 28: p r e m d a r y  distal teeth enlarged. 
*Ch. 6 8  interdonah absent or fused. 

in Is0 B Kiunga). 

__---- PHALLOSTETHINI 
-Ch. 83: phallostethii priapial characters (Parenti, 1989) 

------ GULAPHALIJNI 
-Ch. 49 pectoral-fin spur absent. 

----- DENTATHEIUNINAE 
-Ch. 6 nasal not reaching orbit rim, middle of bone wider. 
-Ch. 50 distal radials of pectoral girdle cartilaginous. 
*Ch. 17: preopercular-dermosphenotic sensory can& connected. 
*Ch. 2 4  hyalinesdage submaxillary meniscus calcified. 
*Ch. 5 9  pelvic donolateral process directed posteriorly. 
*Ch. 68: interdonah without ventral shaft. 
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H---ATHEIUNIDAE 
-Ch. 38: lacrimal notch present. 
-Ch. 55: ventral postcleithrum between first and second pleural ribs. 
-Ch. 63: pelvic ventral spine present. 
*Ch. 40: preopercular-anterior infraorbital canals connected, fully continuous. 
*Ch. 71: mandibular sensory canals enclosed (except in Akpidornur). 

H 1 ----ATHEMNOMORIN~ 
-Ch. 15: posttemporal canal oriented along dorsal arm of posttemporal bone. 
-Ch. 21: parasphenoid fossa with ventral fenestra. 
-Ch. 24: fibrocartilage submaxillary meniscus. 
-Ch. 42: hyomandibular foramen present. 

__---- ALEPIDOMUS 

-Ch. 36: palatine ventral process present. 
-Ch. 44: dorsal process of interopercle present. 
-Ch. 7 0  ossified PU2vt (also in pseudomugilines). 

H~A---ATHERINOMORINAE (-) ALEPIDOMUS CLADE 
-Ch. 39: infraorbital two with notch in sensory canal. 
-Ch. 43: preopercular notch of sensory canal present. 
-Ch. 52: dorsal postcleithrum elongated. 

----ATHERINOMORUS ( -k ) HYWATHERINA 

-Ch. 2 9  teeth on external surface of premaxilla. 
-Ch. 3 0  villiform patch of teeth on jaws. 

H2----ATHERININAE-CRATEROCEPHALINE CLADE 
-Ch. 7: nasal ventromedial ligament to palatine. 
-Ch. 33: anterior palatine process directed donally. 
*Ch. 23: submaxillary meniscus enlarged, barrel-like. 

HQ---ATHERININAE 
-Ch. 31: Al mandibular tendon present. 
-Ch. 61: pelvic process attached to pleural rib six to eight. 
*Ch. 2: thin ethmomaxillary ligament to posterodorsal region of lateral ethmoid. 
*Ch. 3 4  anterior palatine ligament to nasal. 

H3A-ATHERININAE (-) ATHERINOSOMA CLADE 
-Ch. 6: nasal not in orbit rim, middle as narrow as posterior border. 

------ATHERINA ( -k ) KESTRATHERINA 

-Ch. 40: preopercular-anterior infraorbital connection absent. 
-Ch. 5 9  pelvic dorsolateral process oriented posterodorsally. 

H4----CRATEROCEPHALINAE 
-Ch. 8: nasal ventral process present. 
-Ch. 1 9  parasphenoid ventral ridge extended posteriorly. 
-Ch. 2 0  parasphenoid fossa absent. 
-Ch. 27: maxillary shaft wide proximally. 
-Ch. 33: anterior palatine process and ligament absent. 
-Ch. 5 9  pelvic dorsolateral process absent. 
*Ch. 2: ethmomaxillary ligament absent. 

------CRATEROCEPHALUS ( -k ) QunUCHTHYS 
-Ch. 4 1 : posterodorsal border of opercle below articulation axis of suspensorium with neurocranium. 
*Ch. 3: mesethmoid absent. 


