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Abstract

This study deals principally with the problems involved in the
identification of the ea¥ly stages of tripterygiid, clinid and
gobiesocid fish in the Cook Strait region, New Zealand.

The nomenclature of 7 tripterygiid and 4 clinid species is
reviewed to assist in the identification of the developmental stages.
Those species reviewed are preceded by an asterisk in the list included
later in this abstract.

The adult osteology of Forsterygion varium (Forster in Bloch

and Schneider, 1801) is described and illustrated in detail, together
with the osteology of the larvae and prejuveniles at different stages
of development. The adult osteology is compared with that of other
blennioid fishes. 1In F. varium the skeletal elements begin to form
over a wide range of larval sizes and full adult osteological characters
are acquired at a variable time after prejuvenile development is reached.
Functionally related elements tend to attain their adult form at about
the same size. There is no correlation between the size at initial
ossification and the endochondral or dermal orxrigin of a bone. Elements
of the vertebral column and median fins develop sequentially and therefore
provide (in tripterygiids) an index of development which is useful in
comparing the larval stages of different species.

The embryological stages of 5 tripterygiid and 3 gobiesocid fish
are described and illustrated in detail. Species studied are:

Forsterygion capito (Tripterygion capito) (Jenyns, 1842), Forsterygion

nigripenne (Tripterygion robustum) (Valenciennes in Cuvier and

Valenciennes, 1836), Forsterygion varium (Forster in Bloch and

Schneider, 1801), Gilloblennius decemdigitatus (Clarke, 1879),

G. tripennis (Forster in Bloch and Schneider, 1801), Trachelochismus

melobesia Phillipps, 1927, T. pinnulatus (Forster in Bloch and Schneider,

1801) , Diplocrepis puniceus (Richardson, 1846). The eggs of all species

are laid on submerged objects in clusters of 20-3000 eggs in shallow
coastal water. Eggs are attended by'an adult fish until hatching occurs.
Prolarvae are well developed with fully pigmented eyes, functional jaws
and reduced yolk-sacs, and are therefore useful in linking later larval

stages with -adults.
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An assessment of the general problems encountered in the
identification of larvae and prejuveniles is presented with attention
given to the fish in this study. The larval and prejuvenile stages of
10 tripterygiid, 4 clinid and 9 gobiesocid species are described and
illustrated in detail. Those described are - Tripterygiidae:

*Forsterygion varium (Forster in Bloch and Schneider, 1801),

*F. nigripenne (Valenciennes in Cuvier and Valenciennes, 1836),

*F. capito (Jenyns, 1842), *Tripterygion segmentatum McCulloch and

Phillipps, 1923, *Gilloblennius decemdigitatus (Clarke, 1879),

*G. tripennis (Forster in Bloch and Schneider, 1801), *Helcogramma

medium (in part Gunther, 1861), two Helcogramma species, new tripterygiid

species (genus not certain); Clinidae: *Notoclinus compressus (Hutton,

1872) , *N. fenestratus (Forster in Bloch and Schneider, 1801), *Ericentrus

rubrus (Hutton, 1872), *Cologrammus flavescens (Hutton, 1872);

Gobiesocidae: Trachelochismus melobesia Phillipps, 1927, T. pinnulatus

(Forster in Bloch and Schneider, 1801), Diplocrepis puniceus (Richardson,

1846) , Diplocrepis puniceus (Scouth Island form), Gastroscyphus hectoris

(Gunther, 1876), Gastroscyphus species, Gastrocyathus gracilis Briggs,

1955, Dellichthys morelandi Briggs, 1955, Haplocylix littoreus (Forster

in Bloch and Schneider, 1801). A key to the larvae and prejuveniles of
the above species is included.

Closely related tripterygiid species with very similar larval
stages were identified mainly, by considering myomere counts and by
consistent differences in size (standard length) at given stages of
development. In contrast clinid and gobiesocid larvae from unrelated
adults were readily distinguished by a wide range of characteristics.

Larvae and prejuveniles were collected using standard equipment
such as nylon mesh plankton nets and light-traps. A light-trap designed
specifically for collecting larvae is described in detail in the appendix.

An annotated bibliography of New Zealand teleost eggs and larvae
is presented in the appendix with reference to 70 marine and freshwater

species.
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INTRODUCTION

The statement by Mansueti and Hardy (1967) that "Knowledge of
early developmental stages of fishes is obviously fundamental to proper
understanding of many aspects of fishery biology and ichthyology", is
one of a number which in recent years has acknowledged the value of
studies on the early life histories of fishes. It is now well recognised
that accurate identification of the eggs and larvae of fishes is necessary
for defining breeding areas, understanding the distribution and biology of
larvae, protecting young stages, carrying out experimental research and
assisting in adult classification. All of these facets should, ideally,
be investigated since they contribute to our understanding of the overall
biology of fishes, and especially of commercially important or endangered

species.
Descriptions of egg and larval series, exemplifying recent research,

include accounts by Berry (1959), Norden (1961), Orton (1263), Peckham
(1963) , Mansueti A. J., (1964), Mansueti R. J. (1964), Ryland (1966),
Mansueti and Hardy (1967) - (the last named being an atlas of eggs and
larvae of 45 fish species and containing numerous references to other
works) = Leonard (1971), Moser (1972), Moser and Ahlstrom (1972),
Aprieto (1974), Miller and Sumida (1974) and Berrien (1975). Problems
associated with collecting early stages for descriptive and ecological
work have received attention from Colton et al., (1961), Barkley (1972),
Murphy and Clutter (1972) and Leonarz (1972) who deal with aspects such
as the effectiveness of tow nets, the value of using fine mesh purse seine
nets and the ability of different meshes to retain larvae.

Compared with eggs and larvae ccllected from the plankton, laboratory
reared material can more positively and easily be identified, i.e. matched
with parent species and with other specimens in the one series. In view
of this it is not surprising that much effort has been given to the development
of rearing techniques such as those described in Clemens (1956), Riley and
Thacker (1963), Shelbourne (1963), Shelbourne et al., (1963) - (these
three papers mark the somewhat revolutionary increase in the use of
Artemia salina (brine shrimp) as a larval food source) - Fahy (1964),
Blaxter (1968a), Delmonte et al., (1968), May (1970), Adron et al., (1974)

and Miller and Sumida (1974). May (1970) reviews the many and varied

methods of feeding larvae.




Improved rearing techniques have stemmed from studies on larval
behaviour, and in particular on feeding (Miller et al., 1963; Blaxter, 1968b;
Detwyler and Houde, 1970; Nordeng and Bratland, 1971; Hunter, 1972;
Kjelson et al., 1975). Experimental studies on the effects of temperature
and salinity on eggs and larvae (Bishai, 1961; May, 1975) have also improved
rearing techniques and contributed to our general knowledge of eggs and
larvae. -

Information gained from descriptive studies has been used in systematics
by Orton (1953b, 1963), Castle (1969), and Moser and Ahlstrom (1972, 1974)
and in population biology by Tibbo et al., (1958), Raitt (1964), Smith (1972),
and Kendall and Reintjes (1975).

The most widely used method for identification of ontogenetic stages
is to build up egg and larval series with specimens collected from the
plankton. The various stages are linked either by relatively stable
characteristics or by distinctive features whose gradual change may be
traced without difficulty e.g. photophores and pigmentation, myomere counts,
fin rays and spines, gillrakers and teeth etc. An account of the larval
characteristics used in the identification of species in general and those
herein studied is given in the larval section of this thesis. The linking
of different ontogenetic stages is often difficult because of the many
changes in form and structure which occur during development from egg to
adult. Frequently the young stages cannot readily be identified because
they have not yet acquired characteristics present in the older stages.

These distinguishing characteristics include such items as pigmentation
patterns, lateral line scales, rays, spines, vertebrae, overall adult
shape and size, or specialized structures like suckers, scutes and
tentacles. Difficulty in identification is accentuated where closely
related and often morphologically similar species are being compared, as
for example in the cyprinids (Balinsky, 1948), myctophids (Moser and
Ahlstrom, 1974), carangids (Berry, 1959; Aprieto, 1974) and centrarchids
(Applegate, 1966).

Although world literature dealing with the identification of the
early stages of fishes is extensive, only a few authors such as Berry (1959),
Runyan (1961), Mansueti and Hardy (1967), Aprieto (1974) and Miller and
Sumida (1974) have dealt with more than one or two aspects of development.
Most authors concentrate on either the eggs or the larvae or on limited

aspects of both.




Aims of the present study include highlighting the main problems
encountered in building up egg and larval series of fishes, and attempting
to provide practical solutions to these problems. None of the problems
here encountered is particularly new to developmental research. Because
the study deals with closely related and morphologically similar species,
existing solutions to problems of identification (see descriptive references
above) have had to be refined in some cases to suit the situation. It is
appreciated that no single study could hope to cover every obstacle likely
to arise, as the latter are as many and varied as the fish species
themselves. Nevertheless it is believed that the techniques illustrated
here (some of them new, others as refinements and extensions of existing
methods) will have fairly general application in developmental work. A
further aim was to provide this study with as broad a foundation as
possible, and for this reason attention is given to:- the methods of
collection, preservation, clearing and staining of delicate specimens;
techniques for keeping eggs, larvae and adults alive for observation;
the definitions of developmental stages so that different species may
be compared; the clarity and accuracy of anatomical terminology; and
the adult classification, which, if inaccurate, compounds problems of
egg and larval identificatiocn.

To achieve the above aims, the fishes of three inshore families,
Tripterygiidae, Clinidae and Gobiesocidae, were chosen for study for the
following reasons. Firstly, the three families should give adequate
scope for intra and inter familial comparison of developmental stages.

It was reasoned that if new or refined techniques could be applied
successfully to the members of these three families, then they should
apply equally well to fishes in general.

Secondly, a desirable feature of any study is to have ready
availability of the study material. Experience had shown that adult
tripterygiids, clinids and gobiesocids were easily captured and could
be kept alive in aquaria for considerable lengths of time. Stocks of
adults for "natural" and artificial spawning were, therefore, always on
hand. The eggs of many inshore fishes, and in particular the tripterygiids,
clinids and gobiesocids, are laid on or beneath objects within the tidal

range (Graham, 1939, 1953; Coakley, 1964; Darby, 1966; Gibson, 1969).
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It was known (above references and personal experience) that these eggs
could be hatched - with limited mortality - in aquaria. It was also
appreciated that parental care of egg masses was common (Graham, 1939, 1953;
Gibson, 1969) and that the presence of adults near eggs would help in their
identification (Jillet, 1968). The adult tripterygiids, clinids and
gobiesocids are abundant in shallow coastal waters of New Zealand. It
was assumed that the larvae would also be abundant and comparatively close
inshore. Trial and subsequent plankton tows proved this assumption to be
correct.

Thirdly, it was felt that information on tidal fishes and their
dependence on tidal zones for reproduction etc., would greatly improve
our understanding of the fishes in such an accessible environment. The
tidal zone is a relatively harsh environment where extremes of physical
conditions are experienced, including turbidity and pounding water. This
narrow zone supports a diverse population of fishes, each with interesting
adaptations which ensure their survival. Perhaps some of the most important
adaptations involve reproduction where a variety of methods are used ranging
from the release of pelagic eggs to the laying of eggs beneath objects with
subsequent protection by parental care, to live bearing.

When this study was begun it was believed that the classification
of the New Zealand species within the three families to be studied should
present few problems. However, it was soon discovered that the nomenclature
of the tripterygiids in particular, and to a lesser extent that of the
clinids, was confused. Embryological and larval studies would, therefore,
be restricted until the identification and nomenclature had been clarified,
as separation of the species of larvae etc., would be difficult enough
without the added confusion in adult identification and classification.
For this reason the first section of this thesis is a partial review of
the New Zealand tripterygiid and clinid species.

Following the review is a section devoted to the larval and adult

osteology of Forsterygion varium (Forster in Bloch and Schneider, 1801).

The main purpose of the osteological study was to provide information on
the sequence and timing of the development of meristic structures such
as spines, fays and vertebrae, for use in identifying the larval stages
of some New Zealand tripterygiids, clinids and gobiesocids. Further

explanation for including larval and adult osteology in this study is




given in the introduction to the section on osteology.

Following the osteology there is a section on embryology which is
presented as a series of papers. A study of embryology forms a logical
forerunner to larval research insofar as a knowledge of egg stages is of
value in identifying larval stages (Delsman, 1923; Mansueti, R. J. 1964;
Mansueti, A. J., 1964; Baker, 1972, 1973). This is particularly true in
the three families chosen, where prolarval development at hatching is
very advanced and prolarvae are guite easily matched with later stages.

The embryological work was carried out over several years, and
when the study of each egg series was completed it was published. The
order in which each species was dealt with depended mainly on the
availability of study material. Some of the publications dealing with
common species predate work done on the taxonomic review of the New
Zealand tripterygiids and clinids. These facts account for two anomalies
in the embryological section, these being the separation of the accounts

of congeneric species (i.e. Trachelochismus melobesia Phillipps, 1927, and

T. pinnulatus (Forster in Bloch and Schneider, 1801) appear in separate

papers) , and the placement of capito and robustum in the genus Tripterygion

instead of Forsterygion as in the review.

The embryological papers exhibit a progression of skill, from early
papers where trial and error techniques were used to later papers which
exhibit a more complete understanding of embryology. The series is an
expression of evolving technique and understanding.

A section on larval studies which follows the embryological work
is, perhaps, the most important section; it represents a synthesis of the
preceding research because it relies heavily on principles and conclusions
arrived at in earlier sections. Here the problems of larval classification
are outlined and solutions to these are proposed. These solutions are used
extensively in the identification of many of the tripterygiid, clinid and
gobiesocid larvae studied.

An annotated bibliography of New Zealand teleost eggs and larvae is
included in the appendix. The present study was begun at a time when
information on New Zealand fish eggs and larvae was scattered, and the
aim of the bibliography was to draw together this scattered information
on developmental stages. Since the time the bibliography was completed

considerable information on the early stages of New Zealand marine fishes




has been compiled by Dr D. A. Robertson, Fisheries Research Division,
Wellington (Robertson, 1973).

An article describing a light-trap for collecting marine fish
larvae and small invertebrates is also included in the appendix. This
light-trap was designed to meet the requirements of this study.

All references cited in the text are listed at the end of the
thesis, with the exception of those already given at the end of each
published paper on embryology and the light-trap, and those contained
within the list of references in the bibliography.

Members of the Trip£erygiidae, Clinidae (suborder Blennioidei)
and Gobiesocidae (order Gobiesociformes) are relatively common fishes of
tidal zones and shallow reef systems of the New Zealand coast. The
tripterygiids are well represented by over 20 species, outnumbering
the related clinids which have 6 species. There are 8 known endemic
gobiesocids. The 3 families are distinguished by the following character-
istics.

Tripterygiids have a 3 part dorsal fin, the anterior two of spines
and the posterior one of soft rays. They are all poor swimmers and
relatively sedentary. An undescribfed "oblique-swimming blenny" is unusual
in that it spends considerable time in small schools just above the bottom.
The pelvic fins are jugular and reduced to two main rays which when
extended act as struts to 1lift the front of the fish from the bottom.
Coupled with this the eyes are high on the head, giving the fish good
all round vision. Swimming is restricted to short hops. The fish is
launched from the pelvics by beating the tail and large pectorals, just
sufficient to maintain an oblique attitude above the bottom. When alarmed
however the pelvics and pectorals are drawn close to the body and the tail
beats rapidly sending the animal forward in normal fish-like motion. New
Zealand tripterygiids occupy a wide range of habitats throughout the tidal
zone, being noted for their tolerance of physical extremes, in particular

Helcogramma medium (Gunther, 1861) (Darby, 1966). They eat a wide variety

of food items: larvae of the marine mosquito Opifex fusca Hutton, amphipods,

copepods, isopods, gastropods, barnacle cirri and polychaetes (Darby, 1966,
Ruck, 1968). Scavenging is common, although they prefer live food. Sexual
dimorphism (mainly in colour) is usual particularly during the breeding
season, which is broadly from midwinter to late summer. The eggs are

laid on or under some submerged object and are usually attended by the
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male adult until hatching. A wide variety of inter-specific colour patterns
is exhibited by the tripterygiids, the vividness of which tends to increase
northwards. Intraspecific variation in colours is also considerable, where
the intensity and type of pigmentation appears influenced by the predominant
colour in the habitat. .

There are two types of clinids in New Zealand. Some are similar to
the tripterygiids in that they are oviporous and have 3 parts to the dorsal
fin. Others have continuous spinous dorsal fins and are ovoviviparous.

They swim with a sinusoidal motion and they have jugular pelvics which are
capable of independent movement allowing the fish to "walk" along the
bottom. The eyes are prominent and also capable of independent movement.
Minute embedded scales cover the body and there is an intramittent organ
in the male.

All clinids are secretive algal dwellers and have pigmentation
that matches the greens, yellows and browns of seaweed fronds. Notoclinus
compressus (Hutton, 1872) has a peculiar habit of swimming upside down when
released from algal cover. The clinids are essentially seaweed browsers
consuming small copepods, amphipods and isopods.

The gobiesocids, in contrast .to the tripterygiids and clinids, have
their pelvic fins modified as suckers. They are secretive fishes preferring
to attach themselves to algal fronds or the underside of rocks etc. The
weed-dwelling gobiesocids are more slender and smaller than the more robust
rock-dwellers. Gobiesocids feed on small invertebrates (Coakley, 1964).

The breeding season extends from midwinter to midsummer.

More general information about the different species of the 3 families
is found in the following: general characteristics and spawning (Graham,
1937, 1939, 1953); ovoviviparity (Moreland and Dell, 1950); parasites
(Laird, 1951, 1953; Hewitt, 1964; Hewitt and Hine, 1972); taxonomy
of the gobiesocids (Briggs, 1955); clingfish ecology (Coakley, 1964) ;
metabolism (Morris, 1965); general biology (Heath and Moreland, 1967);
coexistence of two tripterygiid species (Ruck, 1968); general biology

of the tripterygiids (Doak, 1972).
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Clarification of adult nomenclature

This section is intended to clarify the nomenclature of the 23 fish
species studied in this thesis. Ten of these species belong in the family
Tripterygiidae, four in the Clinidae and nine in the Gobiesocidae. All
these families are teleostean fishes belonging to the cohort Euteleostei
(Rosen, 1973).

The tripterygiids and.clinids are members of the superorder
Acanthopterygii (Greenwood et.al., 1966) a group of advanced euteleosteans
comprising "...about 35% of all living fishes and some 7000 species..."
(Cohen, 1970; Rosen, 1973). In terms of interrelationships between
families etc., this immense group of fishes is still poorly understood.

Of the 12 orders within the Acanthopterygii the tripterygiids and clinids
belong to the largest, n amely the Perciformes. They are blennioid fishes
(suborder Blennioidei) of the superfamily Blennioidae with the controversial
characteristics (Springer and Freihofer, in press) outlined by Gosline
(1968) . The various relationships of families within the Blennioidae will
be discussed in greater detail in the later section con osteology.

The gobiesocids in contrast belong to the superorder Paracanthopterygii
(Greenwood et.al., 1966). "Fishes grouped together in this superorder
represent a spiny finned radiation more or less comparable morphologically
with that of the Acanthopterygii® (Greenwood et.al., 1966). Although they
are morpholcgically comparable, evidence suggests that the two superorders,
Acanthopterygii and Paracanthopterygii, are phylogenetically distinct, hence
the common origin of the two remains unclear (Greenwood et al., 1966;
Rosen, 1973). Gosline (1968) appears unsatisfied with the inclusion, by
Greenwood et al., (1966), of the Gobiesociformes (order to which the
gobiesocids belong) within the Paracanthopterygii, preferring to consider
them as percoid derivatives and hence by implication within the Acanthopterygii.
Fraser (1972) sheds little further light on where the Gobiesociformes should
be placed, stressing mainly the equivocal relationships of this specialized
order. Gosline (1970) suggests possible notothenioid origins for the
Gobiesociformes, reinforcing his contention (Gosline, 1968) that the
Gobiesociformes have percoid origins and hence again by implication belong
to the Acanthopterygii and not the Paracanthopterygii.

Shifting the Gobiesociformes from one superorder to another has obvious

phylogenetic significance. Placing the Gobiesociformes within the
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Paracanthopterygii (Greenwood et al., 1966) makes them widely divergent
from the tripterygiids and clinids (Perciformes), whereas if placed within
the Acanthopterygii (or along that line) as Gosline (1968, 1970) indirectly
suggests, the Gobiesociformes are phylogenetically closer to the tripterygiids
and clinids. Whatever their true origins the gobiesocids (clingfishes)
constitute a specialized and advanced family of euteleosts (Greenwood et al.,
1966; Rosen, 1973). The relationships of the genera and species within
the Gobiesocidae are dealt with in detail by Briggs (1955). Included in his
work is a review of the genera and species common to New Zealand and
therefore further definition here is unnecessary. '

The early literature e.g. Hutton (1904) recognizes seven tripterygiid
species from New Zealand waters, although Waite (1913) accepts but three.
That the tripterygiid fauna is much larger is suggested by Moreland (pers.
comm.) who from a comprehensive knowledge of the fauna recognizes over 20
species. The nomenclature of the recognized New Zealand tripterygiids 'and
clinids is currently very confused, and therefore it is necessary to review
in part the adult nomenclature. For this I rely on information from four
main sources: collections by the present author of tripterygiid and clinid
fish from rockpools and sublittoral zones in Port Nicholson and along the
southern coast of Wellington; Mr J. Moreland (National Museum) who has the
group under study; Mrs M. M. Darby (1966) who has reviewed the taxonomic

status of Forsterygion varium, Tripterygion capito and the T. robustum-

T. nigripenne complex; and Mr D. Anderson, University of Auckland, who

concurrently reviewed the common New Zealand tripterygiids in conjunction

with reproductive behavioural studies of some of the species.
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Family TRIPTERYGIIDAE

Blennioid fish with lateral line canals on suborbital ring and
preopercle not covered by bone; first gill arch united to operculum by
a membrane; no cirri on nape; scales usually ctenoid; pectoral rays
usually branched; caudal rays always branched. Dorsal fin of three
distinct portions, which may be connected at their bases - Hubbs (1952)
Uppermost pectoral ray articulates with the scapula - Gosline (1968).

The New Zealand tripterygiids are abundant close inshore but many
are also to be found in deeper water offshore. Four genera and 10 species
are referred to here, but about 10-15 new forms remain undescribed. These
are currently known only by such common names as the "Oblique-swimming
blenny", "Yaldwyn's-blenny", "Blue-spotted" or "4-spotted blenny",

"Yellow and Black blenny" and the "Scaly-headed blenny".

Forsterygion Whitley and Phillipps, 1940

First dorsal fin with V-VII spines; second dorsal with XIX-XXV;
anal with about I-II, 25-31; pectoral rays about 16 to 21; lateral
line anteriorly separated from bas¢ of second spiny dorsal by 5 or 6
scales - adapted from Schultz EE.EL’,<196O)'

Whitley and Phillipps (1940) designate Blennius varius (Forster in

Bloch and Schneider, 180l1) as the type-species of Forsterygion. They state

that Cuvier and Valenciennes (1836), ..."figure this New Zealand blenny as

Tripterygion nigripenne beside the typical Tripterygion (nasus)." Cuvier

and Valenciennes (1836) describe T. nigripenne (figured as T. nigripenne)

and T. varium (= B. varius, not figured) as separate species. Whitley and

Phillipps (1940) appear to have treated the two as synonyms. Subsequent
studies (by the author) show Cuvier and Valenciennes (1836) to be correct

and therefore T. nigripenne is figured correctly by them (i.e. as a species

distinct from T. varium). Schultz et al. (1960) define Forsterygion more

precisely than do Whitley and Phillipps (1940) and obvicusly use T.
nigripenne as the type-species. This species has a lower number of spines

in the dorsal fin than T. varium (B. varius). The confusion arises from

the unfortunate synonymising of varium and nigripenne in the literature.

Forsterygion is distinct from Tripterygion in having a greater number of

spines in the dorsal fin, a proportionately larger head with a steeper

profile and an overall greater size of the adults.
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Forsterygion varium (Forster, in Bloch and Schneider, 1801)

1801 Blennius varius Forster, in Bloch and Schneider, Systema

Ichthyologiae, p.178.

1836 Tripterygion varium (Forster, in Bloch and Schneidexr, 1801),

Valenciennes, in Cuvier and Valenciennes, Histoire

Naturelle des Poissons, p.414.

1861 Tripterygium varium (Forster, in Bloch and Schneider, 1801),

Gunther, Cat. fishes British Mus., 3:277.

1872 Trypterygium varium (Forster, in Bloch and Schneider, 1801),

Hutton, Fishes of N.Z., p.33.

1877 Tripterygion nigripenne (non Valenciennes, in Cuvier and Valenciennes,

1836) , Hutton, Trans. Proc. N.Z. Inst., 9:354.

1893 Tripterygion varium (Forster,in Bloch and Schneider, 1801),

Gill, Mem. natn. Acad. Sci., 6:119.

1940 Forsterygion varium (Forster, in Bloch and Schneidexr, 1801),

Whitley and Phillipps, Trans. Proc. R. Soc. N.Z., 69:236.

1968 Forsterygion varium (Forster, in Bloch and Schneider, 1801),

Whitley, Aust. Zool., 15(1) :80.

Forsterygion capito (Jenyns, 1842) -

1842 Tripterygion capito Jenyns, Zool. Voy. H.M.S. Beagle. Fish, (4):
94, pl.19, 1 figqg.

1913 Tripterygion varium (non Forster, in Bloch and Schneider, 1801),

Waite, Rec. Cant. Mus., 2(1):7, pl.3.

2?1926 Enneapterygius varius (non Forster, in Bloch and Schneider, 1801),

Rendahl, Vidensk. Medd. Dansk nat. Foren., 81:10.

Forsterygion nigripenne (Valenciennes, in Cuvier and Valenciennes, 1836)

1836 Tripterygion nigripenne Valenciennes in Cuvier and Valenciennes,

Histoire Naturelle des Poissons, p.413, pl.338.

1861 Tripterygium nigripinne Valenciennes in Cuvier and Valenciennes,

1836; GlUnther, Cat. fishes British Mus., 3:277.

1872 Trypterygium nigripenne Valenciennes in Cuvier and Valenciennes,

1836; Hutton, Fishes of N.Z., p.31.

?1873 Trypterygium nigripenne Valenciennes in Cuvier and Valenciennes,

1836; Hutton, Trans. Proc. N.Z. Inst., 5:263.
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1879 Trypterygium robustum Clarke, Trans. N.Z. Inst., 11:292, pl.1l5.

2?1923 Tripterygion varium (non Forster, in Bloch and Schneider, 1801),

McCulloch and Phillipps, Rec. Aust. Mus., l14:21.

I have placed capito and nigripenne in Forsterygion in company with

F. varium, as they are all considerably larger and have more spines in the

dorsal fin than the type-species, Tripterygion nasus Risso, 1826 (Mediterranean).

Further examination of the known wide range of New Zealand tripterygiids may
justify reallocation of one or more of the above species. The three species

of Forsterygion described here are closely similar and considerable confusion

has arisen regarding them. Forsterygion varium may be separated from

F. capito and F. nigripenne by having more spines in the second dorsal fin

(XXII-XXV c.f.XVIII-XXI), and a lateral line which finishes beneath the

third dorsal fin. Another, as yet un-named, species of Forsterygion with

virtually identical ray counts as F. varium is found in the Wellington area.
It is distinct from the latter in having a consistent barred pigment pattern
on the ventrolateral aspect of the head (mottled in g;_varium) and the
possession of an area of papillose scales which covers the dorsum of the
head and passes further forward of the eyes.

Forsterygion capito is a smaller fish at maturity than F. nigripenne

and is separated further by having a relatively steep, straight head profile
and a higher number of tubercular scales in the anterior lateral line (21-23

c.f. 17-20). Members of the F. nigripenne series (see later) are immediately

recognized by a very robust head region, the profile of which is always
blunt and rounded. The nape is naked or covered by scales which are smaller
than those on the rest of the body.

Because of the similarity of the above three species previous
descriptions of any one species may have been derived from individuals of two
or three closely related ones. There is therefore, in past literature,
incomplete and possibly composite descriptions of fish which cannot easily
be synonymiéed with any currently accepted species.

This problem is particularly relevant to F. nigripenne. The exact

status of this species is as yet unresolved. Moreland (pers. comm.) considers
that there are two separate species, F. robustum (Clarke, 1879) a strictly

marine form and F. nigripenne (Valenciennes in Cuvier and Valenciennes, 1836)

the freshwater and estuarine form. The estuarine species differs primarily
from the marine species in having a larger first dersal fin and in the males

an extended second dorsal fin that considerably overlaps the third.
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Darby (1966) considers only one species F. nigripenne with two

subspecies, F. nigripenne nigripenne (freshwater and estuaries) and F.

nigripenne robustum (marine only). These are distinguished by differences

in vertebral counts, third dorsal ray counts and variation in fin size.
Darby recognizes only one species on the grounds that intermediate forms
can be found with meristic counts that lie between the two extremes or
subspecies. Anderson (pers. comm.) considers F. robustum (Clarke, 1879)
to be "...a species restricted to exposed coasts where there is plenty of

water movement and shelter in coralline turf etc." He regards F. nigripenne

as a form that frequents sheltered reaches of shore, in areas where there
are pools with fine sand, such as inlets, estuaries and harbours. Anderson
maintains that within this species are probably two well defined forms which
may warrant specific status after further study: an estuarine form and a
sheltered marine type.

An analysis of meristic data of 35 specimens supports the contention

of Darby (1966) and Anderson (pers. comm.) that F. nigripenne is a species

with clinal variation between individuals in an estuarine habitat and those
in a strictly marine but sheltered one (e.g. harbours or small inlets on
exposed coasts). This polymorphism may be due to the different environmental
conditions in which the eggs are incubated (see later in section on larval
osteology). I can find nothing in Clarke's (1879) description to set

F. robustum apart from F. nigripenne and the former is therefore listed herxe

as a synonym of the latter.

Gilloblennius Whitley and Phillipps, 1940

"This genus is distinguished by the very long lateral line, which
is more primitive in structure than in other New Zealand blennies, in which
it has atrophied. Dorsal spines three. Head pointed, its profile much
less steep than in other three-fin Blennies" - Whitley and Phillipps (1940).

The two species are here referred to Gilloblennius: G. tripennis

(Forster in Bloch and Schneider, 1801) and G. decemdigitatus (Clarke, 1879).

The former 'is readily distinguished from the latter by the following meristic
differences:
(i) G. tripennis D.III, XV-XVI, 13-16; A. I 22-24; Vert. 38-40.
(ii) G. decemdigitatus D,III, XVII-IXX, 14-16; A. I 26-29; Vert. 42-44.




17

Gilloblennius tripennis has a broader head than G. decemdigitatus and is

typically more vividly coloured by reds, yellows and greens compared with

the generally more uniform greys and blacks of the latter.

Gilloblennius tripennis (Forster,in Bloch and Schneider, 1801)

1801

1836

1861

1872

1877

1893

1926

Blennius tripennis, Forster,in Bloch and Schneider, Systema

Ichthyologiae, p.l74.

Tripterygion forsteri, Valenciennes, in Cuvier and Valenciennes,

Histoire Naturelle des Poissons, p.415.

Tripterygium forsteri, Valenciennes, in Cuvier and Valenciennes,

1836; Glnther, Cat. fishes British Mus., 3:278.

Trypterygium forsteri, Valenciennes,in Cuvier and Valenciennes,

1836; Hutton, Fishes of N.Z., p.3l.

Trypterygium forsteri, Valenciennes in Cuvier and Valenciennes,

1836; Hutton, Trans. Proc. N.Z. Inst., 9:354.

Tripterygion tripenne (Forster, in Bloch and Schneider, 1801),

Gill, Mem. natn. Acad. Sci., 6:100, 119.

Enneapterygius tripennis (Forster, in Bloch and Schneider, 1801),

Rendahl, Vidensk. Medd. Dansk nat. Foren., 81:9.

Rendahl (1926) includes in his description of tripennis reference to

decemdigitatus although he does not refer to it as such.

1940

1968

Gilloblennius tripennis (Forster, in Bloch and Schneider, 1801),

Whitley and Phillipps, Trans. Proc. R. Soc. N.Z., 69: 235-236.

Gilloblennius tripennis (Forster, in Bloch and Schneider, 1801),

Whitley, Aust. Zool., 15(1) :80.

Gilloblennius decemdigitatus (Clarke, 1879)

1879
1893

1913

1968

Trypterygium decemdigitatus Clarke, Trans. N.Z. Inst., 11:292, pl.15.

Tripterygion decemdigitatum Clarke,1879; Gill, Mem. natn. Acad. Sci.,
6:119.

Tripterygion tripenne (non Forster, in Bloch and Schneider, 1801),

Waite, Rec. Cant. Mus., 2(1):3, pl.l.

Gilloblennius decemdigitatus (Clarke, 1879), Whitley, Aust. Zool.,
15(1) :80.
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Helcogramma McCulloch and Waite, 1918

"This genus is closely allied to Tripterygion Risso, but differs
in the structure of its lateral line: this runs downwards from the shoulder
to the middle of the side instead of extending backward parallel with the
back, and there is no secondary series of incised scales posteriorly." -
McCulloch and Waite, 1918.

Rosenblatt [1959, in Schultz et al., (1960)] has redefined the genus
Helcogramma, and part of his definition appearing in Schultz et al., (1960)

is as follows "...is restricted to those tripterygiid species possessing an

axial lateral line composed of pored and unpored scales, one anal spine,

palatine teeth and two pelvic rays connected by a membrane for a part of

their length."

At present H. medium (Gunther, 1861) is the only New Zealand
tripterygiid assigned to this genus. Evidence from larval studies shows the
presence of at least one and possibly two other closely related species, the
adults of which have not been formally described. The differences between
these and H. medium are subtle but consistent and suggest strongly that the
adults, at least in terms of meristic data, are very similar. It is almost
certain, therefore, that some of the descriptions, even the original
(Gunther, 1861) refer to at least two very similar species. I have not
found the adults of all the larval forms that I describe later, and without
information from these I am unable to list with accuracy the synconyms of
H. medium.

The larvae herein described as Helcogramma medium fit more closely with

the first half of Glinther's (1861) description where he describes 7 specimens

with 20-21 anal rays.

Tripterygion Risso, 1826

First dorsal fin with III, occasionally IV spines; second with X
to XVIII; dorsal soft rays 6 to 15; anal I or II, 13 to 26; pectoral rays
14 to 18; lateral line represented by pores anteriorly and notched scales
posteriorly; 2 or 3 scales between anterior lateral line and base of second
dorsal - adapted from Schultz et al., (1960).

Tripterygion segmentatum McCulloch and Phillipps, 1923

1923 Tripterygion segmentatum McCulloch and Phillipps, Rec. Aust. Mus.,
14 (1) :20, pl.4.
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1930 Notoclinops segmentatum (McCulloch and Phillipps, 1923), Whitley,

Mem. Qld. Mus., 10:20.

1968 Notoclinops segmentatus (McCulloch and Phillipps, 1923) Whitley,
Aust. Zool., 15(1) :80.

Tripterygion bucknilli Griffin, 1926

1926 Tripterygion bucknilli Griffin, Trans. Proc. N.Z. Inst., 56:544, pl.97.

1930 Notoclinops bucknilli (Griffin, 1926), Whitley, Mem. Qld. Mus., 10:20.
1968 Notoclinops bucknilli (Griffin, 1926), Whitley, Aust. Zool., 15(1):80.

Whitley (1930) assigns segmentatum and bucknilli to the new genus

Notoclinops but gives no reasons for removing them from Tripterygion. I

cannot find any distinguishing characteristics which justify this move and

therefore return the latter species to Tripterygion.

Moreland (pers. comm.) and Anderson (pers. comm.) consider T. bucknilli

as a synonym of T. segmentatum as most of the distinguishing characters cited

by Griffin (1926) are attributable to the fact that the holotype described

by McCulloch and Phillipps (1923) was a juvenile (21 mm s.l.). Diagnostic
characters such as unbranched pectoral and caudal rays and incomplete
scalation relate directly to the yeung age of the holotype. Any further
differences are attributed to natural variation as a result of differences

in type locality, Otago T. segmentatum and Bay of Plenty T. bucknilli. In

the absence of information from a wide range of specimens, from the North
and South Island, to substantiate a cline for these forms, I am reluctant

to include T. bucknilli as a synonym of T. segmentatum.
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Family CLINIDAE

"Presence of scales; weak and flexible suborbital ring; covered
lateral line canals on head; absence of branched rays in pectoral fins;
absence of ctenii on scales. Jaw teeth conical in all members of this
family. Most species have a patch of cirri over each anterior nostril
and orbit" - Hubbs (1952).

Three genera and four species are referred to in this article.

Ericentrus rubrus (Hutton 1872) and Cologrammus flavescens (Hutton, 1872)

are ovoviviparous and belong to the tribe Clinini (subfamily Clininae)

(Penrith, 1969). Notoclinus fenestratus (Forster, in Bloch and Schneider,

1801) and N. compressus (Hutton, 1872) are oviparous and have been assigned

to the subfamily Clininae by R. Rosenblatt (in Schultz et al., 1960).

Notoclinus fenestratus and N. compressus should not, however, be included

in the subfamily Clininae as neither has a hook on the anterior edge of

the cleithrum, small or embedded scales, scales with radii on all margins

or unbranched rays in the caudal fin. These characters or rather the
absence of them place these two species within the subfamily Labrisominae
(Hubbs, 1952). The low number of pectoral rays (ll) and lateral line scales
(16-17) plus the presence of three ,distinct dorsal fins necessitate the

placing of N. fenestratus and N. compressus in a new tribe the Notoclinini.

Notoclinus Gill, 1893

"Differs from Tripterygion in having the spines of the first dorsal
fin descendant, and the second fin not longer than the third. Pectoral
rays less numerous and wholly undivided" - Waite, 1913.

Two species are described here, Notoclinus fenestratus (Forster, in

Bloch and Schneider, 1801) and Notoclinus compressus (Hutton,1872). These

species are readily separated by fin ray counts and relative sizes.

Notoclinus fenestratus is a larger more robust species than N. compressus

and has the following meristic counts; D.IV, X-XI, 12-13, A. I,21-23,
Vert. 39-40 compared with D.IV, X-XI, 10-11, A. I, 18-20, Vert. 35-36,
for the latter. This distinction is further qualified by consistent

differences between the larval stages.
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Notoclinus fenestratus (Forster, in Bloch and Schneider, 1801)

1801 Blennius fenestratus Forster, in Bloch and Schneider, Systema

Ichthyologiae, p.173.

1836 Tripterygium fenestratum (Forster, in Bloch and Schneider, 1801),

Valenciennes in Cuvier and Valenciennes, Histoire

Naturelle des Poissons, 1ll:416.

1861 Tripterygium fenestratum (Forster, in Bloch and Schneider, 1801),

Glinther, Cat. fishes British Mus., 3:278.

1872 Trypterygium fenestratum (Forster, in Bloch and Schneider, 1801),

Hutton, Fishes of N.Z., p.32.

1877 .Auchenopterus compressus (non Hutton, 1872), Hutton, Trans. Proc.

N.Z. Inst., 9:354.

1885 Trypterygium compressum (non Hutton, 1872), Arthur, Trans. N.Z.
Inst., 17:168, pl.l4, fig.6.

1890 Auchenopterus fenestratus (Forster, in Bloch and Schneider, 1801) ,

Hutton,Trans. Proc. N.Z. Inst., 22:28l.

1893 Notoclinus fenestratus (Forster, in Bloch and Schneider, 1801),

Gill, Mem. natn. Acad. Sci., 6:100, 119, 124.

1913 Notoclinus fenestratus (Forster, i& Bloch and Schneider, 1801),

Waite, Rec. Cant. Mus., 2(1):9, pl.4.

1968 Notoclinus fenestratus (Forster, in Bloch and Schneider, 1801),

Whitley, Aust. Zool., 15(1) :8l.

Notoclinus compressus (Hutton, 1872)

1872 Trypterygium compressum, Hutton, Fishes of N.Z., p.32.

1873 Trypterygium compressum Hutton, 1872; Hutton, Trans. Proc. N.Z.
5:263, pl.Xv, fig. 51.

1876 Auchenopterus (Tripterygium) compressum Hutton, 1872; Hutton,

Trans. Proc. N.Z. Inst., 8:214.

1926 Notoclinus fenestratus (non Forster, in Bloch and Schneider,

1801) , Rendahl, Vidensk. Medd. Dansk nat. Foren., 81:12.

Hutton (1872) describes N. compressus as distinct from N. fenestratus,

although his later works indicate that he was confused in dealing with
both species. Hutton (1873) retains compressus but relegates fenestratus

to being an "accidental variety" of F. nigripenne. Hutton (1876) places

compressus in the genus Auchenopterus but later (1877), having resurrected
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fenestratus (from being an "accidental variety"), synonymises it with

Auchenopterus (Notoclinus) compressus. Hutton (1890) accepting Forster's

(1801) priority to the species title fenestratus, reverses the situation

and lists compressus as a synonym of A. fenestratus. Gill (1893), places

fenestratus in Notoclinus but retains compressus as a synonym. They are

separated here on the grounds already described.

Ericentrus Gill, 1893

"Head and mouth small, body elongate, covered with small scales.
Two dorsal fins not entirely separate, the second very long with a single
posterior soft ray. BAnal with two spines. Pectoral with undivided rays.
Anterior portion of lateral line curved, composed of distinct scales."
- Waite, 1913.

Ericentrus rubrus (Hutton, 1872)

1872 Sticharium rubrum Hutton, Fishes of N.Z., p.33.

1873 Clinus rubrum (Hutton, 1872), Hutton, Trans. Proc. N.Z. Inst.,
5:264, pl.9, fig.53.

1893 Ericentrus rubrus (Hutton, 1872), Gill, Mem. natn. Acad. Sci.,
6:112, 123.

1913 Ericentrus rubrus (Hutton, 1872), Waite, Rec. Cant. Mus., 2(1):13,

pl.5.

1927 Ophioclinus venusta Griffin, Trans. Proc. N.Z. Inst., 58:149, fig.9

1968 Ericentrus ruber (Hutton, 1872), Whitley, Aust. Zool., 15(1):79.

Cologrammus Gill, 1893

"The Sticharium flavescens or Clinus flavescens of Hutton is
differentiated from other types (and especially Ericentrus) by the form,
more nearly even dorsal with a short-rayed portion (about 38 spines +
6 rays), and imperfect lateral line; it may appropriately be designated
as Cologrammus." - Gill 1893.

Cologrammus flavescens (Hutton, 1872)

1872 sSticharium flavescens Hutton, Fishes of N.Z., p.33.

1873 Clinus flavescens (Hutton, 1872), Hutton, Trans. Proc. N.Z. Inst.,

5:264, pl.1l5, fig. 54.
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1893 Cologrammus flavescens (Hutton, 1872), Gill, Mem. natn. Acad.’ Sci.,
6:119, 124.

1913 Cologrammus flavescens (Hutton, 1872), Waite, Rec. Cant. Mus.,
2(1) :15.

1968 Cologrammus flaveséens (Hutton, 1872), Whitley, Aust. Zool.,
15(1)x79.
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Family GOBIESOCIDAE

The larval development of 9 clingfishes is described in this thesis.
The adults of two species are as yet undescribed but the remaining 7 species
are adequately described by Briggs (1955) and therefore require no

elucidation here. The 7 are as follows:

Trachelochismus melobesia Phillipps, 1927

Trachelochismus pinnulatus (Forster, in Bloch and Schneider, 1801)

Diplocrepis puniceus (Richardson, 1846)

Gastrocyathus gracilis Briggs, 1955

Gastroscyphus hectoris (Gunther, 1876)

Dellichthys morelandi Briggs, 1955

Haplocylix littoreus (Forster in Bloch and Schneider, 1801)
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Larval, prejuvenile and adult ostology of Forsterygion varium

Introduction

Forsterygion varium (Forster, in Bloch and Schneider, 1801) is an endemic

New Zealand tripterygiid which is present in harbours and shallow coastal
waters. Previous works on F. varium include:- its taxonomy (see list in
review) ; parasites (Laird, 1951 and 1953); changes in metabolism (Morris,
1965) ; embryological and larval development (Ruck, in press a); and spawning
behaviour and sexual dimorphism (Doak, 1972). The main purpose of the present
study of its osteology was to provide information on the sequence and timing
of the development of meristic structures such as spines, rays and

vertebrae for use in identifying the larval stages of some New Zealand
tripterygiids, clinids and gobiesocids.

Spines, rays and vertebrae are formed sequentially and the larval size
at which these structures are laid down may be characteristic of a species
and hence of value in identifying closely related species. The sequence
of appearance and the position of fins and other bony structures have been
used to identify larval stages of éarangids (Ahlstrom and Ball, 1954;

Berry, 1959; Aprieto, 1974; Miller and Sumida, 1974), myctophids (Moser
and Ahlstrom, 1970, 1972, 1974), cyprinids (Balinsky, 1948; Richards and
McBean, 1966), percids (Norden, 1961) and scorpaenids (Moser, 1972).
However, what has not been used to any significant degree is the sequential
development of, either spines and rays within any one fin, or vertebrae.
Because tripterygiids and clinids have slender bodies and long dorsal and
anal fins it was thought that the sequential development of their bony
structures might be exaggerated enough in time or spread out over enough
of the larval life to make interspecific comparison of larvae easier.
Preliminary observations of preserved larvae (not prepared for bone study)
indicated this assumption to be correct. Accordingly it became necessary
to document the time of appearance of bony structures, that is the larval
size at which a structure began to ossify, and to see whether the uptake
of alizarin (an indication of degree of ossification) varied with the
condition (size and time in formalin) of the specimen. In addition it was
necessary to find out the sequence of ossification, to determine when a

ray, spine or vertebral complement was complete, and to see whether other
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less obvious bony features could be of value in characterizing larvae. It
was hypothesised that the overall degree of ossification could be
characteristic of a particular size larva of one species. However it was
impossible to say how well a structure had ossified without knowing the
condition in the mature adult. Therefore a detailed study of the adult
osteology of F. varium was undertaken, not only for the above purpose but
also because the larval work appeared incomplete without some extension
into the adult. The results of the osteology could also form a necessary
base for a careful review of all the New Zealand tripterygiids, a task
beyond the scope and aims of this thesis.

Initially it was intended to compare the larval and adult osteology
of two tripterygiids, F. varium and an Helcogramma species (believed to be
H. medium (Glinther,1861) at the time the study was begun), with that of a

clinid, Notoclinus compressus (Hutton, 1872). The comparison of three

species was later considered unnecessary as the main purpose of this study
was to supplement work on the identification of larval fishes. However

the anterior skeleton of the Helcogramma species was already prepared and

is included to show the relative position of the skull bones in tripterygiids.

Seven adults ranging in size from 55-80 mm s.l. and 16 larvae were
cleared in KOH and then the bone w;s stained with Alizarin Red S. The
technique follows that of Hollister (1934) but was also used in combination
with a trypsin method modified from Taylor (1967). Adults and larvae were
partially cleared and stained in KOH and then transferred to trypsin
solutions to prevent the disintegration of muscle tissue, and also to
destain. Final clearing was in 50:50 glycerin and distilled water. Tap
water was avoided as it tended to destain the bone, possibly due to the
bleaching effects of chlorine. KOH at half the original strength was
used to clear and stain the larvae. The cartilaginous elements of drawn
specimens were not stained as they were clearly visible as translucent
granular areas. Several adult skeletons were completely disarticulated by
strong solutions of trypsin so that internal structures could be seen.

The degree to which alizarin is absorbed by the skeleton is taken as
an indication of the amount of bone present at any particular larval stage.
Only the best stained individuals were used to indicate the beginning of
ossification of skeletal elements.

The terminology of the skull bones follows Harrington (1955), the
axial and fin skeletons Hollister (1936) and Springer (1968), while that
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of the chondrocranium De Beer (1937). Drawings were made with the help
of a camera lucida from a specimen 80 mm s.l. Unless otherwise stated the

sizes of the adults and larvae are given as standard length.

The adult skeleton

In general the skeleton is well ossified with broad overlapping joints
particularly of the bones forming the roof and floor of the neurocranium.
There is very little firm interdigitation of adjacent bones. The elements
are well ossified but quite transparent when stained showing the internal
and external relief. Considerable time is required to distinguish the two

aspects.

Neurocranium (Figs. 2 & 3)

Ethnoid: This is a small bone which lies in the sagittal plane supported

by the cartilaginous ethmoid plate and nasal septum, but making no firm
contact with any adjacent bones. It is thin and membranous and curls

around the anterior face of the nasal septum with the rear end copen, in

line with the splayed anterior vertical edge of the septal bone. Anteriorly
the ethmoid appears waisted broadening posterodorsally toward the anteriox
wings of the frontals, and expanding considerably anteroventrolaterally

onto the ethmoid plate. There are two rounded points on the anteroventral

edge.

Lateral Ethmoid: A broad membranous bone which is concave posteriorly

around the anterior curvature of the orbit, broadly convex anterodorsally
but concave anteroventrally to accomodate the olfactory organ. The
dorsal lateral portion is simple and single layered but divides to form a
two layereé, complexly folded ventral portion. The two layers form a
curved, almost tubular section which transversely crosses each lateral
ethmoid. This tube (surrounding the lamina orbitonasalis) is complete
ventrolaterally and on the medial edge of the large foramen for the
olfactory tract. The layers radiate anteriorly, posteriorly and ventrally
from the ventromedial edge of the tube to align with the posterolateral
edge of the ethmoid, the anterolateral edge of the septal bone and

the posterolateral margin of the prevomer, respectively. Each lateral
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ethmoid is held firmly by the ethmoid plate, nasal septum and the lamina
orbitonasalis, therefore making no direct contact with adjacent bones.
Mid-ventrally there is a tight membranous fold which is filled with
cartilage to form a round condyle. This articulates with a posterodorsal
extension of the palatine.’ The lateral arm of the lateral ethmoid

(lateral extension of tube section) attaches ventrally to the lachrymal.

Prevomer: This is a T-shaped bone with a tapered posterior shaft
overlapping the anterior rostrum of the parasphenoid. The head is broad
and hollowed ventrally, bearing about 30-35 sharp conical teeth on the
anterior ventral margin. On the anterior border of the head is an almost
vertical bony plate, slightly concave anteriorly, which is divided into
three, a medial and two lateral sections. The dorsal surface of the

prevomer is broadly attached to the ethmoid plate.

Parasphenoid: This is a long ventrally keeled bone, with a narrow

anterior rostrum and a broad posterior plate. The posterior tapered
extension of the prevomer slides into a similarly shaped groove on the
ventral surface of the rostrum. Posteriorly the edges of this groove curl
ventrally to firmly contain the prevomer. The rostrum forms the floor of
the orbit. Level with the anterior margin of the prootic, wings extend
abruptly dorsolaterally toward the anterolateral wings of the sphenotic.
From these dorsolateral points each lateral margin converges gradually
posteromedially across the prootics to the median ventral surface of the
exoccipital. There is a pronounced groove along the posterior, ventral
mid-line which broadens into a deep notch on the posterior margin. The
keel is deepest adjacent to the dorsolateral wings, level with the

ventrolateral foramen for the carotid artery.

Basioccipital: A single strongly ossified bone with an expanded posterior

circular condyle which articulates with the centrum of the first vertebra.
Anteriorly it divides as two arms each grooved internally to form the
postero-ventromedial floor of the otic bulla (contains the sagitta). Between
these two arms is a shallow external groove which is covered by the posterior
plate of the parasphenoid. The antero-ventrolateral edges meet the bulla
portions of each prootic while the posterolateral edges are bordered by the

antero-ventromedial margins of the exoccipitals. The arms are double
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membraned bones, while the central condyler portion is simply a thick

margined tube.

Frontal: This bone is broad and thin posterodorsally and posterolaterally
but narrows anteriorly above the orbit. The antero-ventrolateral margin
is hollowed slightly encifcling the dorsal and posterior curvature of the
eye. Anteriorly this margin overlaps the posterodorsal extension of the
lateral ethmoid. Above the margin and forming part of it is the bony
tube which carries the supra-orbital canal. The anterior median part

of this tube meets its opposite along the mid-line. The posterior medial
edges of each frontal overlap broadly (either the right or the left may
overlie its opposite). The anteriormost extension of the supraorbital
tube swings away from the mid-line to line up with the nasal tube. There
is a lateroventrally directed wing which tapers to a mid-lateral point
overlapping the antero-dorsolateral surface of the sphenotic. The arched
posterior edge of the frontal overlaps the anterior lateral wing of the
supraoccipital and the anterior edge of the parietal. The posteriormost
tip of each frontal may slide into a pocket on the parietal. A vertical
fillet runs obliquely across the inner surface from the posterodorsal

margin of the orbit towards the anterior lateral wing of the supraoccipital.

Parietal: This narrow bone borders antero-dorsomedially the deep otic
depression which is formed by the 3 semicircular canals. The dorsal
medial end is broad and double lobed while the anterior lobe lies partly
beneath the frontal and overlies the anterolateral corner of the supra-
occipital which interposes broadly between the parietals. The larger
posterior lobe overlies the posterior lateral edge of the supraoccipital
and the anterior dorsal surface of the epiotic. The entire anterior
dorsolateral surface of the parietal is overlapped by the frontal. The
antero-ventrolateral arm of the parietal tucks beneath the anterodorsal
projection of the pterotic and part of the frontal, but overlies the
dorsal surface of the sphenotic. Each parietal bends abruptly into the
otic depression, forming a sharp ridge which rises to the dorsolateral
surface and swings anteromedially in line with the commissural canal.
Three curled membraneous bones lie above the parietal supporting the
commissural sensory canal. The internal surface has a shallow groove
which is continuous ventrally with another on the inside of the sphenotic.

The anterior vertical semicircular canal follows this groove.
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Pterotic: This is a lateral bone forming the floor of the otic depression.
It consists of an internal U-shaped tube with internally directed flared
apertures. This tube carries the horizontal semicircular canal. An outer
membranous bone (not tubular) meets the prootic antero-ventromedially, the
exoccipital posteroventraily and the epiotic medially in the otic depression.
The anterodorsal extension of the pterotic overlaps the posterodorsal
surface of the sphenotic and the lowest posterior corner of the parietal.

A scroll-like ledge of bone extends anterolaterally from the pterotic to
support part of the sensory canal. Beneath this ledge is a ventrolateral
fossa which receives the posterior condyle of the hyomandibular. There is

a posterolateral scalloped wing attached to the dilator operculi muscle.

Sphenotic: This is a relatively small bone on the anterolateral corner

of the neurocranium. It is bordered and overlain by the frontal, parietal,
pterotic and lateral edge of the prootic. A pointed portion (dermosphenotic)
extends from the anterolateral margin to meet the posteriormost bone of the
circumorbitals. Ventrally behind this is the deep, anterior hyomandibular
fossa, half of which is also formed by the prootic. Directly above the
fossa extending laterally from the sphenotic is a curled ledge of

membranous bone. This is continuous with a similar structure on the
pterotic and supports the sensory canal leading onto the circumorbitals.

The anterior medial margin of the sphenotic meets the posterclateral edge

of the pterosphenoid which is tucked under the orbital ledge of the frontal.

Prootic: Each complex prootic is bordered anterodorsally by the ptero-
sphenoid, postero-dorsolaterally by the pterotic, dorsolaterally by the
sphenotic, posteriorly by the exoccipital and posteromedially by the
basioccipital. The ventral medial surface is broadly overlaid by the
paraspenoid, while part of the posterior ventral surface is overlapped
lcosely by the opisthotic. The posterior ventrolateral surface of each
prootic is rounded externally, grooved internally and bordered by inward
projecting lamellae to form the antero-ventrolateral portion of the otic
bulla, It is within this bulla formed by the prootic, exoccipital and
basioccipital that the sacculus and its two otoliths, sagitta and tiny
asteriscus, sit. Anterolateral to the bulla is a shallow and smaller
internal depression carrying the utriculus with its flat, semicircular

lapillus.
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The otoliths are relatively large and show faint growth rings -
in particular the large sagitta. Externally at the anterolateral corner
is a stout bridge crossing a long, deep depression to meet the ventral
edge of the fossa in which the anterior condyle of the hyomandibular
articulates. Within the depression directly beneath the bridge lies a
large anterior and a small posterior foramen through which the trigeminal
and facial nerves pass. The anterior end of this depression opens towards
the orbit, spreading laterally around the hyomandibular fossa,
anterodorsally (broadly) to meet the pterosphenoid and medially onto a
solid transverse bar which meets its opposite and the basisphenoid on the
mid-line., This bar arises from the anterior medial surface of the prootic
and has an anterolaterally directed foramen (presumably for the oculomotor
nerve), The anterior ventrolateral surface of the prootic and the
parasphenoid wings extend slightly further forward of the bar (obscuring
its view ventrally). The ventromedial corner of the pterosphenoid is
pocketed to receive the antero-dorsomedial margin of the prootic. The
prootic, like most of the otic bones, is a double membraned structure
which forms as perichondral lamellae on the otic capsule.
Epiotic: This is a small bone which forms the postero-dorsolateral
corner of the neurocranium and carries part of the posterior vertical
semicircular canal. It consists of a thin inner tube surrounded by an
outer membranous bone. Antero-dorsomedially this tube is broadly flared
and is directed in toward the brain. The ventral aperture is also flared,
adjacent to the posterior opening of the pterotic tube, and in line with
the shallow internal groove in the exoccipital. The outer membranous bone
obscures the inner tube, meets the medial edge of the pterotic, the
dorsolateral border of the exoccipital and the postero-ventrolateral
margin of the supraoccipital, and slides under the parietal anterodorsally.
The epiotic bears a postero-ventrolateral extension which is joined by a

ligament to the post-temporal.

Opisthotic:; This is a superficial bone overlying the ventral junction of
the exoccipital, pterotic and prootic. It is a sub-triangular bone with

a curled anteromedial edge which follows the lateral contour of the otic

bulla. A small narrow ridge runs across the opisthotic towards the

pterotic wing. It is easily removed from the rest of the neurocranium.
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Supraoccipital: A small median dorsal bone with its flat medial dorsal

portion tucked beneath the frontals anteriorly and parietals laterally.
The sloping posterior and medial areas are more ossified than the rest.
The posteroventrolateral edges abutt the epiotics. The pointed postero-
ventral edge of the supraoccipital meets the antero-dorsomedial margins

of the exoccipitals.

Exoccipital: An extremely complicated bone which forms the posterior
ventral wall of the neurocranium. Externally each exoccipital meets

its respective prootic anteriorly, basioccipital ventromedially,
supraoccipital dorso-anteromedially, pterotic laterally, epiotic antero-
dorsolaterally and the opposite exoccipital medially. The short, lateral,
vertical junction between the exoccipital and the pterotic is strongly
interdigitated. Each exoccipital is a double layered (perichondral)
structure with a dorsolaterally directed internal groove (round externally)
which is continuous with a similar groove in the epiotic. This carries
the ventral part of the posterior vertical semicircular canal. At the
lower end of this groove is a large ventrolaterally directed foramen

for nerve X. Adjacent to the foramen is a small internal pocket carrying
the asteriscus. This pocket broaéens antero-ventrolaterally into the

otic bulla carrying the sagitta. A small portion of the bulla is formed
by the exoccipital while the rest is formed by the basioccipital and
prootic. On the posteromedial internal border of each otic bulla is a
solid septum which runs obliquely ventral from the middle of the
exoccipital to attach firmly to the inner surface of the basioccipital.
These two struts add considerable strength to this part of the neurocranium
possibly to take the stress transmitted from the vertebral column.
Projecting posteriorly from each exoccipital is a cone shaped condyle

that articulates with equivalent surfaces of the first vertebra. A

deep hollow curves down toward the foramen for nerve X between the rounded
external portion of the semicircular canal and the dorsal medial ridge at
the junction of the two exoccipitals. These and the basioccipital surround

the posteriorly directed foramen magnum.

Basisphenoid: This bone is T-shaped when viewed dorsally, with the lateral

edges of the T firmaly attached to the transverse prootic bar. The shaft
passes anteroventrally toward the parasphenoid broadening vertically and
splitting to form an upper and a lower arm. The lower arm is blunt and

paired laterally as weakly ossified membranes which meet the internal
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mid-line of the parasphenoid. The dorsal arm tapers anteroventrally meeting

no other bone.

Pterosphenoid: A small sub-triangular bone situated in the posterior

lateral corner of the orbit. Dorsolaterally it is overlain by the frontal
ledge, laterally it meets the medial orbital extension of the sphenotic

and ventrally it contacts and partly underlies a broad orbital projection
of the prootic. The ventral anterior surface is perforated by two oblique

foramina which carry the trigeminalis and trochlearis nerves.

Septal bone: A single median bone consisting of a large compressed,

curved tube with an anterior flared aperture which wraps around the posterior
edge of the nasal septum. The posterior ventral end-of the tube is broadly
flared onto the trabecula communis directly above the parasphenoid rostrum.

A membraneous septum arises in the sagittal plane from the dorsum of the

tube. This septum passes between the eyes.

Circumorbital bones: There are 4 membranous bones around the ventral

curvature of the eye. These extend from the lateral ethmoid to the
sphenotic. The lachrymal is broad anteriorly and bears a posterodorsal
projection which articulates with the arm of the lateral ethmoid. The
bones decrease in size posteriorly, and the dorsal portion of each is
curled to partly surround the infraorbital sensory canal. The antero-
dorsal margins slide beneath the preceeding bones of the series and are
held firmly by connective tissue. The fourth circumorbital curls around
the antero-ventrolateral wing of the sphenotic. The ventral margin of the

second, third and fourth circumorbitals is curled laterally in places.

Sclerotic bones: The eye is bounded anteriorly and posteriorly by

membranous concave schlerotic bones (not illustrated).
Nasal: Each nasal is a curved tubular bone which runs antero-ventrolaterally
from the forward margins of the frontals. The apertures are both broadly

flared.

Extrascapular: An L-shaped membranous bone with curled edges lying

dorsolaterally above the otic depression. The dorsal arm of the L carries
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the commissural sensory canal while the lower arm carries the lateral

line proper. The antero-ventrolateral angle of the L is open to receive

the posterior extension of the pterotic sensory canal.

Opercuiar Series (Fig. 4, no.2)

This is a broad overlapping series whose elements are strongly

ossified anteriorly and membranous posteriorly.

Preoperculum: A crescent shaped bone closely associated on the anterior

curvature with the hyomandibular, symplectic and posterior quadrate. The
entire length accommodates the preoperculomandibular sensory canal. Around
the curvature runs an interrupted ossified tube with a medial surface
spreading posteriorly and ventrally, and partly overlies the interoperculum.
A rounded ledge or bone protrudes forward between the hyomandibular and

the symplectic, while the anterior medial surface is notched to receive

the interhyal which is fixed by a ligament.

Operculum: A triangular bone, concave medially and rounded on the
posterodorsal margin. The long posteroventral margin overlaps the
suboperculum and leads to a sharp point ventrally. A strongly ossified
condyle at the anterodorsal corner articulates firmly with an elongate

condyle of the hyomandibular.

Suboperculum: An elongate bone curving beneath the posteroventral margin

of the operculum and tapering posterodorsally to a thin weakly ossified
slither. A narrow well ossified hook curves abruptly around the anterior

and anteroventral edge of the operculum.

Interoperculum: An almost rhomboid plate which is considerably overlapped

by the preoperculum. The dorsal portion is more strongly ossified than the
rest and there is a poorly developed ball and socket joint between the
posterodorsal edge and the adjacent suboperculum. The joint is held by

ligament.
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Suspensorium (Fig.4, no.2)

Hyomandibular: This a Y-shaped tubular bone with membranous bone

webbing the arms of the Y. The two dorsal ends are capped with cartilage
(remains of the hyosymplecfic cartilage). These make firm contact with
facets formed by the prootic, sphenotic and pterotic. The medial surface
of the anterior dorsal arm i§ perforated by an elongate foramen opening
into a canal which carries the hyomandibular branch of the facial nerve.
This canal passes through the ventral arm of the Y and opens on the ventral
lateral surface. The posteroventral margin curls laterally to make broad
contact with the anterodorsal edge of the preoperculum. A tubular
extension passes beneath the upper preoperculum from the dorsal posterior
margin to meet the anterodorsal condyle of the operculum. This also

has a solid cartilagenous plug to articulate on.

Symplectic: This is a tapered tubular bone, broadly flattened posterodorsally
and spherical at the narrow anteroventral end. The latter passes deeply

into a pocket in the quadrate firmly held by the unossified end of

the hyosymplectic. The symplectiq is joined to the hyomandibular by
cartilage. Two membranous wings extend from the symplectic, one passing
posteroventrally beneath the preoperculum and the other extending postero-

ventrolaterally.

Metapterygoid: A rectangular bone bordering the antero-ventromedial

margin of the hyomandibular, the upper anterodorsal edge of the symplectic
and the posterodorsomedial quadrate. The antero-dorsomedial corner is
notched to receive the endopterygoid, while the opposite corner loosely
overlaps the hyomandibular. The anteroventral sector is wedge shaped and
double layered and formed by perichondral lamellaé on the posterior

palatopterygoquadrate.

Quadrate: A broad fan shaped bone with a large double headed anteroventral
condyle articulating with the angular ("articulaxr"). A long arm extends
posterodorsally along the lower anterodorsal surface of the preoperculum.
Between this and the quadrate proper is a deep pocket which receives the
symplectic. The anterior vertical margin sits on a medial ledge along

the posterior border of the ectopterygoid. A posteriorly directed flap

of the ectopterygoids' lateral surface crosses the anterodorsal corner.
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Endopterygoid: A boomerang shaped membranous bone arching medially along

the dorsal medial surfaces of the ectopterygoid and quadrate and notching
posteriorly into the metapterygoid. The middle of the arch is ridged and

bent vertically on the same plane as the other pterygoid bones.

Ectopterygoid: This is a narrow crescent shaped bone which is the most

ossified in the series. The posterior vertical edge has a ledge to carry
the quadrate. This ledge continues as a deep groove around the
posterodorsal curvature to receive the anteroventral edge of the endo-
pterygoid. The anterodorsal point passes into a tapered groove on the
medial surface of the palatine. The tapered posteroventral point of the
palatine slips into a pocket on the dorsal lateral surface of the

ectopterygoid.

Palatine: Each palatine consists of a solid posteroventral portion and

a curved antero-dorsolaterally directed arm. The lower portion is firmly
attached to the ectopterygoid by ligament. There are several sharp
cardiform teeth (6 + 3 small) protruding from the anterior medial surface,
representing the dermopalatine. Above these is a bony rod which is
directed posteroventrally toward the endopterygoid - an ossified vestage
of the cartilagenous palatopterygoquadrate. Dorsally there is a deeply
cupped mouth-like structure which articulates firmly with the ventral
condyle of the lateral ethmoid. The antero-dorsolateral arm lies in a

~groove on the head of the maxillary.

Lower Jaw (Fig.4, no's 1 & la)

Angular (“articular"): A well ossified bone with a broad shallow guadrate
articulation surface bordered posteriorly by a hook-like posterodorsal
extension. The angular rises steeply anterior to the point of articulation,
and then falls gradually anteriorly into a deep pocket between the arms

of the dentary. The main body of the angular is concave medially and
convex laterally. Posteriorly within this concavity is a rod of bone
(articular) which continues forward onto the dentary as meckel's cartilage.
A ventral vertical plate bears the tube for the preoperculomandibular

sensory canal. The medial surface of this plate is convex forming the
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inner wall of the tube. The lateral wall of the tube is incomplete.
Directly beneath the articulation facet on the medial surface is a wide

groove which snugly receives the retroarticular ("angular").

Retroarticular ("angular“f: A small bone, with a dorsal conical and a

ventral hoof-shaped portion. There is a ventral lateral ledge abutting

the posteroventral edge of the angular.

Dentary: This is a stout bone with two posterxior arms and a medially
curved anterior shaft meeting its opposite at the midline. Along the
dorsal edge are about 25 cardiform teeth. A further 24 much smaller

teeth lie on a shelf of bone on the anterior inner curvature making a
total of about 100 teeth on the lower jaws. The ventral area of the
dentary including the lower posterior arm forms a tube carrying the
anterior extension of the preoperculomandibular sensory canal. This tube
is perforated by two large ventrolateral foramina and a ventromedial

one. Posteriorly between the two arms is a deep pocket or tube which
receives the angular. The meckel's cartilage also passes into this pocket
deep within the dentary and is continuous with the anterior mentomeckelian

ossification.

Upper Jaw (Fig.4, no.3)

Premaxillary: This is a relatively large bone with a long slender

posterodorsally directed medial process. The solid ventral part is

curved and bears on its anterior margin a row of about 20 pointed cardiform
teeth. On the medial curvature is a pad of several hundred teeth which
reduce in number towards the posteroventral end of the arm. The
premaxillaries are separated by a thin layer of connective tissue. The
posterodorsal ends of each long process are embedded in a mass of

cartilage which slides along the anterodorsal groove of the frontals.
Adjacent to the process is a posterodorsally directed portion loosely
articulating with the head of the maxillary. Ventrally on each pre-

maxillary is another posteriorly directed phlange.
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Maxillary (See shape on Helcogramma sp., Fig.l): BAn elongate bone wit
a solid ventro-posterolateral shaft (flared ventrally) joined by loose
menbranous connective tissue to the posterior margins of the premaxillary.
At the anterodorsomedial end of the shaft is a solid spiralled head.
This is large and bulbous posteriorly with the rounded surface
articulating on the anterolateral concave surxface of the prevomer.

The head also has an anteromedial extension articulating on the smaller
posterodorsally directed process of the premaxillary. Between the
articulating surfaces of the vomer, maxillary and premaxillary are
circular wads of cartilage which provide lubricated surfaces. The
anterodorsal extension of the autopalatine sits in a deep groove on the

posterodorsal part of the head.

The laterosensory system

The laterosensory pattern of F. varium is similar to that found
in the blenniids (Springer, 1968). The canals are supported by continuous
or interrupted ossified tubes and scroll-like ledges. The integumentary
pores may open directly from the canals or via long, tubular extensions
leading away from the main system.

The anteriormost opening of the supraorbital system is on the
maxillary lip just forward of the nasal bone. The canal passes
posteriorly through the tubular nasal, but before doing so gives off
7-8 small pores. These are arranged in a V-pattern around the edge of
the large anterior aperture of the nasal bone. A single pore opens
mid-dorsally on the tubular nasal, which itself has a broad posterior
opening with two arms. The anterolateral arm carries part of the
supraorbital<canal to a large tubular pore opening directly in front of
the posterior nostril. The posterior arm leads into the tubular
ossification bordering the frontal. These two arms partly encircle
the posterior tubular nostril. Passing from the supraorbital canal at
the junction of the nasal, frontal and lateral ethmoid is an elongate
tubular pore opening laterally on the fleshy circumcrbital margin. This
arrangement is typical of many pores around the eye. Scattered above
the posterior opening of the nasal are 8-9 small pores opening directly

to the surface. Nearly all of the cephalic canals are covered by these
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direct, irregularly arranged pores. The supraorbital canal passes around
the lateral edge of the frontal onto the lateral surface of the sphenotic.
A short transverse canal joins the two supraorbital canals at the narrow
anterior junction of the frontals. This transverse connection passes
through medial, narrow, elongate and opposing apertures in the tubular
ossifications. Two medially placed pores lie above this connecting canal.
The supraorbital canal has two rows of pores, one lateral series opening
on the fleshy margin of the eye and another medial row with pores opening
among the papillose scales. The supraorbital canal divides on the
sphenotic to send one branch along the circumorbital bones to the
lachrymal and the other onto the pterotic. The canal is supported on the
pterotic and sphenotic by scroll-like folds which protrude laterally from
each bone. Just before reaching the sphenotic the supraorbital canal
sends a large branch across the frontal to a large lateral pore.

The infraorbital canal is partly surrounded by the circumorbital
bones, moreso dorsally than ventrally. Two distinct rows of pores arise
from this canal, an upper of small pores running along the lower margin
of the eye and are partly surrounded by bone, and a lower of elongate
tubular pores passing from the ventral margin of the canal to open above
the cheek muscle. The longest ané largest of these lower pores radiates
anteroventrally across the surface of the lachrymal. The infraorbital
canal terminates as a single large pore on the anterodorsal extension
of the lachrymal adjacent to the anterior nostril. The pterotic canal,
before passing onto the extrascapular, sends a branch down onto the
preoperculum. This passes through an ossified tube on the angular,
through another on the dentary, out a medial fenestra and across the
intermandibular tissue to join with its equivalent from the other side.
Only portions of the canal on the preoperculum, angular and dentary are
fully enclosed by bony tubes. This preoperculomandibular canal has two
well defined rows of pores, an anterolateral and a posterolateral one.
They are, however, interspersed by numerous smaller pores arising all
over the canal. There are fewer pores along the angular and dentary
and there is a single medial pore where the canals of each side join
below the mandibles.

The pterotic canal divides on the extrascapular to form the
commissural canal which meets its opposite above the supraoccipital

and the lateral line proper. The latter passes posteriorly through a
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partly ossified tube on the post-temporal into tubular scales which run
along the trunk following the dorsal contour to a point below the first
ray of the third dorsal. From here it continues beneath a series of
perforated scales along the mid-lateral line to the caudal joint. The
commissural canal passes anterodorsally around the scale margin forming

a posterior (relative to the canal) row of 10 tubular pores opening above
the anterior myotome. Smaller tubular pores pass anteriorly above the
parietals opening amongst the papillose scales. These pores along with
tubular ones from the posterodorsolateral supraorbital form a uniform

series above the frontals and parietals.

Hyoid arch (Fig.5, no's 5 & 5a)

Interhyal: An elongate tubular bone with its cartilagenous ends firmly
attached anterodorsally to the preoperculum and posteroventrally to the

epihyal by ligaments.

Epihyal: A triangular bone strongly interdigitated on its anteroventral
margin with the posterodorsal edge of the ceratohyal. The ventral lateral
surface receives the heads of the two upper branchiostegals, which are the
longest and broadest of the series. The antero-mesodorsal corner is

hooked,

Ceratohyal: This is the longest bone of the arch. It has a broad
posterodorsal blade and a tapered anteroventral shaft running beneath the
ventral hypohyal. The anteroventral margin of the blade is notched to
receive the two lower branchiostegals. The two remaining middle
branchiostegals lie on the ventral lateral surface of the blade. On the
antero-mesodorsal edge of the tubular shaft is an elongate membranous
cone surréunding at its open end the posteroventral extension of the

dorsal hypohyal.

Ventral hypohyal: This is a squat cone with a well ossified basal

point which has a long posterodorsal extension. Between this extension
and the cone is a deep pocket partly surrounding the ventral tubular
shaft of the ceratohyal. The ventral hypohyals are joined medially by

ligaments.
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Dorsal hypohyal: This is a fold of bone capping the medial mound of

cartilage between the ventral hypohyal and the cone of the ceratohyal.
The posteroventral surface is indented and overlies a small antero-
dorsomedial phlange of the ceratohyal. The posteroventral edge extends
a short way into the cone mouth of the ceratohyal. The dorsomedial
margin is ridged and curves abruptly onto the flattened anterodorsal

surface.

Basihyal: An elongate tubular bone which is slightly wider anteriorly

than posteriorly. The cartilage protrudes from each end.

Urohyal: This is a T-shaped bone with the dorsal horizontal surface
broad anteriorly and tapered abruptly posteriorly. At right angles
to this is a vertical posteriorly tapered plate which is divided
anteriorly into two ventrolaterally directed phlanges. Between these
phlanges is a sponge like network of bone. The urohyal is attached

anteriorly to the posterior margins of the ventral hypohyals.

Branchiocrantum (Fig.5, no's 4 & 4a)

The main elements are well ossified and tubular. Each tube is
filled with cartilage which protrudes at each end to make contact with
that of adjacent elements. The entire branchiocranium is surrounded by
tissue of the anterior alimentary canal. The epibranchials and upper
pharyngeals of each side approach each other at the dorsal mid-line and

attach broadly via muscles to the ventral neurocranium.

Pharyngobranchial (upper pharyngeal): This is a broad bone which is

concave dorsally and convex ventrally. The posterolateral end is a

double tube structure facing the medial ends of the third and fourth
epibranchials. A flattened tubular extension juts at right angles

from the anterodorsal corner. The medial end of the second epibranchial
fits closely into the inner angle of this extension. Because of its

close association with the last 3 epibranchials it is likely the upper
pharyngeal bone represents the second, third and fourth pharyngobranchials.

Each upper pharyngeal bears about 25 curved conical teeth on its ventral
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surface (the largest are on the anteromedial edge).

Epibranchials: There are 4 curved tubular epibranchials. The first two

are the longest having simple tubular medial ends and broad, phlanged
lateral ends. The short third and fourth epibranchials have flared medial
and lateral tubular ends. Only the posterior margins on these bear small

phlanges.

Ceratobranchials: These are elongate (except the fifth), slightly curved

tubular bones. The medial and lateral ends of each are flared while the
middle section is quite narrow. On the antero-ventrolateral and postero-
ventrolateral margins are two long keels aligning with two rows of ossified
filaments supporting the gill lamellae. These filament rows pass ventrally
beneath the hypobranchials and dorsally adjacent to the lateral ends of

the epibranchials. On the medial curvature of each ceratobranchial is

an anterior and a posterior row of gill rakers. The anterior row consists
of 1l curved tooth-like elements. The posterior row is composed of 10
rakers consisting of inverted cones whose apexes are strongly denticulated.
Each row is connected to the ceratobranchial by connective tissue. The
fifth ceratobranchial is an elongate plate posterolaterally tapered and
medially bluntly broad. The dorsal surface except the lateral end is
covered in numerous curved, pointed teeth with the largest bordering the
posteromedial margin. From the ventral antero-medial corner a tapered

rod protrudes and plunges antero-ventrolaterally. The fifth ceratobranchials

draw close together anteriorly on the ventral mid-line.

Hypobranchials: The first two are curved tubes with slightly flared ends.

The posteromedial and anterolateral edges bear horizontal phlanges.

The third hypobranchial is horn-shaped with its curved tapered end directed
antero-ventrolaterally beneath the second hypobranchial. The open end is
angled and faces the anteromedial projections of the third and fourth

ceratobranchials.

Basibranchials: A single row is present along the ventral mid-line

between the medial ends of the hypobranchials. The first is shaped like
an arrow-head with curled lateral edges while the second is a shoxt
waisted tube half as long as the third which is elongate, narrow and

posteriorly tapered.
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Pectoral and Pelvic girdles and fins

(Fig.5, no's 1, 2, 2a, 3 & 3a)

Posttemporal: Each has an anterodorsal arm attached by ligament to the

epiotic and an anteroventral arm firmly attached to the posterolateral
surface of the pterotic. On the lateral surface level with the junction
of the arms is an incomplete tube carrying the anterior lateral line
before it passes into the tubular scales on the trunk. Beneath the
posterior end of this tube is a solid, ventrally rounded condyle which

fits into a shallow fossa on the supracleithrum.

Supracleithrum: This is a curved, laterally compressed bone with a

lateral ledge bearing a dorsally directed fossa. The broad medial face
overlaps and is firmly adhered to the dorsal blade of the cleithrum.
The fossa receives the condyle of the posttemporal, and the anterodorsal

extension slides beneath the latter.

Cleithrum: This is a broadly crescent-shaped bone which arches antero-
ventromedially to meet its opposite medially on the ventral mid-line.
The cleithra are joined to the tréiling edges of the urohyal by an
elastic ligament. Each cleithrum is like a curved portion of "right-
angled iron" with an almost vertical medial plate and a curved, laterally
directed phlange. The lateral plate or phlange has a broad concave
surface anteromedially. The internal angle of the right-angle is filled
with a porous, bony fillet. The vertical plate broadens dorsally to
receive the supracleithrum laterally and the postcleithrum medially.

The anterodorsal corner is projected dorsally as a spine and there are
secondarily thickened strips on the medial surface. The lateral plate
tapers dorsally towards a broad foramen which opens into a deep sinus
within the bony fillet. A similar foramen opens into a ventral sinus

on the lateral surface above the pelvic girdle. An anterior marginal
ridge which is continuous with the dorsal spine lies high on the medial
surface. This ridge steps down to a broad posterior medial surface
receiving the proximal ends of the scapula and coracoid. The marginal
ridge broadens ventrally to lose its distinctiveness on the lower medial
surface. Just above the cleithral symphasis on the inner aspect is a
ventromedially directed foramen leading into the sinus within the porous

bone,




43,

Scapula: The scapula is laterally compressed anteroventrally with the
ventral lateral surface firmly attached to the cleithrum. The distal

end is strongly ossified and has 3 definite condyles: an anterodorsal

one ligamentously attached to the posterior margin of the cleithrum, a
posterodorsal one with a cartilagenous cap (part of the main tubular
structure of the scapula) directed toward the dorsal pectoral rays, and

a postero-ventromedial condyle loosely attached by muscle to the dorso-
medial margin of the upper radial. The centre of the scapula is perforated
by an elongate foramen. The cartilagenous core is continuous ventrally

with that of the coracoid.

Coracoid: An L-shaped bone with a posteromedially directed spur. The
main part is a flattened membranous tube which is narrow anteroventrally
where it attaches to the outer surface of the cleithrum. The lateral
surface of the flared dorsal end is broadly adhered to the medial surface
of the cleithrum. The posterior margins of the scapula and coracoid

articulate with the radials.

Radials: The lower 3 are horizontal "hour-glass" tubes surrounding
cartilage. Posteriorly they artiéulate with the pectoral rays and
anteriorly with the posterior margins of the scapula and coracoid. The
articulating ends are cartilagenous. The area between the flared
extremeities of the radials is filled with vertical membranous bone. The
lower membrane of the ventral radial is curled posterolaterally

receiving on its anterodorsal surface a triangular muscle, which runs
forward to the lateral cleithral plate. The dorsal radial has a well
ossified proximal end fused to the posteroventral margin of the scapula.
The dorsal vertical web is absent and the distal end is fan-shaped like
the other radials. The rays are all segmented distally and gradually
decrease in length dorsally and ventrally to the thirteenth. The uppermost
3-4 are the unbranched, the next 6-7 branched, followed by 7 thickened and
unbranched rays. The proximal ends are divided and have strong lateral

and medial processes for the attachment of adductor and abductor muscles.

Postcleithra: Two laterally flattened, elongate bones which pass

obliquely beneath the proximal ends of the pectoral rays. The dorsal one

is broad anterodorsally where it joins the cleithrum and tapers
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posteroventrally to meet the thin "boomerang" shaped ventral postcleithrum.

Pelvic girdle: Each pelvis is a laterally convex bone (deeply concave

medially) with a thin, external, dorsoposteriorly directed phlange on
the antero-dorsolateral margin. Directly beneath this phlange is a
curved posterolaterally tabered tube which gives strength to this part
of the pelvis. Extending posteriorly from this tube is the thin
dorsolateral "roof" curving to meet the strongly ossified postero-
dorsolateral edge. The antero-ventrolateral and postero-ventrolateral
"flooxr" is irregular and incomplete. In the vertical medial plane there
is a pitted plate, broad posterodorsally and tapered unevenly antero-
ventrally. The medial surface of this plate, the edge of the "roof"

and the open ends of the tube are firmly joined to their opposites on
the neighbouring pelvis. The complete unit is tightly wedged between
the ventral cleithra. Most of the contact with each cleithrum is along
the external surface of the phlange. The posterolateral point of each
pelvis is strongly ossified and has condyles and depressions articulating
with the pelvic spine and the two proximally divided rays. The spine is
short, tapered and considerably dwarfed by the long, curved, segmented
rays. The medialyray is the longgst. There is a prominent, triangular
dorsélateral and a ventromedial process on the spine. The latter process
passes well beneath the rays. The upper arm of the medial ray has a
dorsolateral process and the lower a medial one. Adjacent to the inner
ray is a small posteromedially directed spur which is attached to the
pelvis. This is possibly a vestige of the third ray found in blenniids

(Springer, 1968).

Vertebrae and Unpaired fins (Fig's 6 & 7)

There are 3 dorsal fins, the anterior two have spines, and the
last soft segmented rays. The spines vary in length and each articulates
via a ring-joint with an elongate pterygiophore. The pterygiophore is a
curved tubular rod dorsally enclosing a foramen. The posterodorsal end
loosely articulates with a recess in the anterior dorsal margin of the
next pterygiophore. The ventral end of the tubular rod is extended
anteriorly and posteriorly by broad membranous webs. The pterygiophores

of the first dorsal fin are smaller and narrower than those of the second,
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although the very first has an anteriorly expanded web lying close

to the posterodoréal roof of the neurocranium. There are 6-7 spines
in the first and 23-25 in the second dorsal fin. The proximal
pterygiophores of the third dorsal and anal rays eaéh consist of a
single curved tube with a ‘flared distal and a tapered proximal end.
The anterior and posterior margins bear broad web-like extensions and
the anterior web is reduced in the anal fin.

The flared end of the proximal pterygiophore is smoothed by a
cartilagenous condyle articulating with the anterior end of the distal
pterygiophore. 2An anterodorsal process (anteroventral is the anal £fin)
meets the posterior, rounded end of the preceeding distal pterygiophore.
The latter is a short curved cartilage which.is ossified laterally as a
paired structure. The rays are divided to produce lateral arms with
medial processes running beneath the ventral concavity of each distal
pterygiophore. The last proximal pterygiophore of the third dorsal
and anal fin has an additional posteroventral and posterodorsal process
respectively. Also the distal articulating surfaces are doubled and
rouﬂaed laterally to receive the last two reduced rays of each fin.
There is no distal pterygiophore. It is likely that the last proximal
pterygiophore of each fin is forméd by the fusion of two previously
separate ones. The third dorsal has 14-15 rays and the anal fin 26-30.

The anal rays are preceeded by two spines. The anterior one
articulates via a ring-joint with a slender pterygiophore. The posterior
spine also articulates via a ring joint, but this is with an anteroventral
process from the proximal pterygiophore of the first anal ray.

There are 48-51 vertebrae including the urostyle. Sixteen to 17
of these are precaudal without haemal spines. The centra are amphicoelus,
constricted medially with definite longitudinal struts and bearing a
notochordal canal. The anterior 5 centra are shorter than the rest and
are more firmly articulated with each other. The centra of the first
3 vertebrae have posteroventrally directed processes overlapping the
next succeeding centrum. These processes are not homologous to
neural, haemal, pre- or postzygapophyses (Springer, 1968). The neural
Prezygapophyses of the first vertebra are enlarged anteriorly and
articulate with the exoccipital condyles. The next 4 vertebrae also
have well developed but more slender neural prezygapophyses which

articulate anteromedially with the postero-dorsolateral surface of the
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preceeding centrum. The remaining vertebrae have zygapophyses which draw
near to but do not contact those of adjacent centra. Articulation is
restricted to the anterior and posterior surfaces of the centra. The
fifth to eleventh vertebrae have ventrolaterally directed parapophyses
bearing the third to ninth pleural ribs. The first two pleural ribs
articulate with small foséé on the ventral lateral surfaces of the third
and fourth neural arches. The parapophyses of the twelfth to sixteenth
centra are directed ventrally and are joined medially by parapophysial
stays. The ventral extensions of the parapophyses swing laterally to
carry the remaining 5 pleural ribs which decrease in length posteriorly.
The first two epipleurals are attached loosely to sockets in the neural
arches of the two anterior vertebrae. The third to twelfth have elongate
heads fastened to the trailing edges of the first 10 pleural ribs. The
thirteenth to seventeenth epipleurals meet the haemal arches of adjacent
vertebrae, while the remaining 8 smaller ones lie on the septum between
the hypaxial and epaxial muscles. All vertebrae except the first and
last have neural spines and arches which extend posterodorsally to
overlap the pterygiophores of the dorsal fins. The second neural spine
is poorly defined. Each broad neural arch from the sixth to the penultimate
vertebra is perforated by a large ,lateral foramen. The haemal spine is
present on all vertebrae from the eighteenth onwards overlapping the
proximal pterygiophores of the anal fin. The haemal arches are narrow
on all but the last 8 vertebrae where they are broad in keeping with the
neural spines. These and the solid neural arches and spines support the
slender caudal peduncle. The penultimate vertebra has a well developed
haemal spine which helps support the 7-8 procurrent rays. The neural
spine is reduced extending posteriorly between an anterodorsal groove

in the urostyle. This groove also receives the anteroventral ends of the
epurals.

The 9-10 dorsal procurrent rays are supported by the posterodorsal
extensions of the two epurals and the neural spine of the antipenultimate
vertebra. The broad dorsal hypural plate is fused to the posteroventral
margin of the urostyle and carries one unbranched and 6 branched rays.
The ventral hypural plate is firmly attached to the lower posteroventral
curve of the urostyle and carries 5 branched and two unbranched rays. It
is perforated on the anterior lateral surface by foramina which receive

the branches of the caudal artery. Each caudal ray is segmented and
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divided (except procurrent rays) with arms which overlap the posterioxr

borders of the hypurals.

Discussion - adult skeleton

Before relating the dsteology of F. varium to that of other
blennioid fishes it is necessary to outline current views on the status
of families within the superfamily Blennioidae. Hubbs (1952) recognizes
four families, the Pterygocephalidae (fossils only), Tripterygiidae,
Clinidae and Blenniidae within the superfamily Blennioidae (Blenniicae)
of the suborder Blennioidei. Stephens (1963, 1970) includes another
family, the Chaenopsidae, recognized earlier as a subfamily (Chaenopsinae)
within the Blenniidae (Hubbs, 1953) or the Clinidae (Springer, 1955).
Although Springer (1964) doubts the family status of the Chaenopsidae he
apparently continues to regard them as distinct from other blennioid
families (Springer, 1968). Greenwood et al., (1966) and Gosline (1968)
recognize the Chaenopsidae and the other three families of living fishes"
within the Blennioidae. .

Bohlke (1957), Robins and Randall (1965) and Bohlke and Chaplin
(1968) do not recognize the Chaenopsidae as a family separate from the
Clinidae. Bohlke and Robins (1974) go so far as to group the chaenopsids,
the tripterygiids® and the clinids within the one family Clinidae, and
they recognize only two families the Clinidae and the Blenniidae. Springer
(1966) even suggests that "...when these families are better known all
will be synonymized with the Blenniidae."

Despite the differing views outlined above and regardless of the
taxa used it is possible to recognize groups of fishes which have "clinid",
"chaenopsid", "tripterygiid" and "blenniid" characteristics indicating
lines of divergence from some basal stock. When referring to their
expanded family Clinidae Bohlke and Robins (1974) suggest that further
research may reveal "...other lines of divergence within the larger unit
that are similar in degree of specialization....to those that are
'tripterygiid' and 'chaenopsid'. For convenience in comparing the
ostology of F. varium with that of other Blennioids, the somewhat less
ambitious path of recognizing the four families Chaenopsidae, Clinidae,

Tripterygiidae and Blenniidae is chosen in the present study.
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That the Clinidae, Tripterygiidae, Blenniidae and Chaenopsidae
have a close relationship has been substantiated by Hubbs (1952),

Makushok (1958), Ford (1959 in Penrith, 1969), Gosline (1968), Stephens
(1963) and Bohlke and Robins (1974). But "...the relationship of the
"tropical" blennies (Blennioidae*) to any other fish group is by no

means clear." (Gosline, 1968). Hubbs (1952) believes that the Blenniidae
diverged from the main stalk of the superfamily earlier than either the
Tripterygiidae or Clinidae, because all living blenniids are specialized
in having high anteriorly located eyes and in being scaleless. Presumably
a considerable amount of time (of separation) would be required to bring
about these specializations (Penrith, 1969). The Clinidae and the
Tripterygiidae share more generalized features than the Blenniidae, and
the Tripterygiidae are perhaps more primitive than the Clinidae. The
Chaenopsidae have characteristics essentially intermediate between those
of the Clinidae and those of the Blenniidae (Penrith, 1969; Stephens,
1963) perhaps with a greater leaning toward the Clinidae (Stephens,1970;
Bohlke and Robins, 1974).

As previously stated the developmental and adult osteology of
F. varium was studied to supplement larval work and therefore no extensive
ostological survey of the New Zealand tripterygiids and clinids has been
attempted. The osteology of F. varium is, however, compared with that
of the Clinidae, Chaenopsidae and Blenniidae (from information contained
within accounts given in the following paragraph). No chaenopsids and
only two blenniids are found in New Zealand waters, the latter two being
restricted to Northern latitudes. In contrast the known New Zealand
tripterygiids number over 20 species and the clinids four.

The osteology of the blenniids (excluding the New Zealand species)
has been thoroughly covered by Springer (1968) but except for superficial
coverage in taxonomic studies (Hubbs, 1952; Bohlke, 1957; Stephens,

1963, 1970; Bchlke and Robins, 1974) the osteology of the chaenopsids,
clinids and tripterygiids is at present unknown. A paper by R. H. Rosenblatt
and J.S.Stephens Jr,is soon to be published and one on chaenopsid osteology
by V. G. Springer is being prepared (Springer, pers.comm.).

In the present study six specimens of adult clinids and eight of
adult tripterygiids were prepared for bone study for comparison with

F. varium: Of the clinids, three were Ericentrus rubrus (Hutton, 1872)

subfamily Clininae and three were Notoclinus compressus (Hutton, 1872)

* Author's addition.
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subfamily Labrisominae; of the tripterygiids, four were Helcogramma
species [possibly H. medium (Gunther, 1861)] and four Forsterygion capito
(Jenyns, 1842).

The skull

The tripterygiid and clinid skull is markedly less specialized
than that found in the blenniids (Springer, 1968). The discussion which
follows is one of comparison between the generalized osteology of the
clinids and tripterygiids and the more specialized osteology of the
blenniids, appreciating that the information on the former two families
is almost entirely restricted to the few species mentioned above.

The clinid and tripterygiid neurocranium is narrower than that
of the blenniids, particularly above the orbits where the frontals taper
anteriorly. The prevomer is the anteriormost bone of the neurocranium.
In the blenniids, however, the ethmoids typically extend forward of the
prevomer, an arrangement which when coupled with the foreshortened jaw
bones gives the typical blunt snout of the blenniids. The bones of the
clinid and tripterygiid neurocranium are less firmly sutured than those in
the blenniids, especially in the ethmoid region where the margins of the
ethmoids and the prevomer merely touch in places, being supported and
separated by the anterior chondrocranium. Where bones do overlap in the
tripterygiids and clinids very little interdigitation takes place, an
exception being between the exoccipital and the pterotic in the mature
skull,

"In the blenniids the ascending wings of the parasphenoid reach the
descending wings of the frontals and thus exclude the pterosphenoids from
the orbital region" (Springer, 1968). In the clinids and the tripterygiids
the wings of the parasphenoid are widely separated from those of the
frontals, by interposing sphenotics and prootics. The sphenotic,
parasphenoid and prootic bones are arranged to form a sharp angle to the
posterclateral corner of the orbit, and the pterosphenoids are displaced
anteriorly to form part of the posterior wall of the orbits (Fig.3 no.lj.
This arrangement places the articulation point of the hyomandibular very
close to the orbit. The blenniid condition effectively elongates the
neurocranium and separates the orbit from the hyomandibular,and allows

the jaws to lie further back, almost directly beneath the orbit. In
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both the Clininae and the Labrisominae (Clinidae) the ascending wings of
the parasphenoid are reduced (i.e. as represented by E. rubrus and

N. compressus respectively). In the tripterygiids the laterosensory

organs and canals are supported by continuous or interrupted ossified
tubes and scroll-like ledées especially on the sphenotic and the pterotic.
The lateral extrascapular is a delicate tubular or scroll like bone
(supporting the commissural sensory canal) which lies loosely supported
by connective tissue within a depression bounded by the three semi-
circular canals of the parietal, pterotic and epiotic bones. The

Labrisominae and the Clininae, as illustrated by N. compressus and E. rubrus

respectively. exhibit a greater amount of bony protection for all their
sensory canals than do the tripterygiids. 1In the blenniids the sensory
system is extensively protected by bone and the autogenous lateral
extrascapulars are, in direct contrast with those of the tripterygiids and
clinids, more closely associated with the parietal, pterotic and epiotic
bones (Springer, 1968).

Smith and Bailey (1962) report that most teleosts, including the

basal percoids, have six circumorbitals [more correctly infraorbitals

(Springer, pers. comm.)]. Blennijds have two to five circumorbitals,
including the dermosphenotic? (Springer, 1968, 1971, 1972). Springer
(pers. comm.) states that primitive blenniids have five circumorbitals,
Clinins five, labrisomins three to five, chaenopsids two to four and
tripterygiids five, including in each case the dermosphenotic. The
New Zealand clinids and tripterygiids have four or five circumorbital
bones. In the clinids and tripterygiids the last circumorbital makes
contact with a short, curled projection (dexrmosphenotic?) of the auto-
sphenotic. 1In the blenniids the posteriormost circumorbital (referred to
as the dermosphenotic) makes contact with the descending wing of the
frontal, and may lie some distance from the sphenotic (Springer, 1968).
The clinid circumorbital series is a weak one compared with that of
either the blenniids or the tripterygiids. 1In the tripterygiids the
bony canal of the infraorbital laterosensory system is poorly formed,
existing only as small curled ledges in F. varium and F. capito.

All the clinids and tripterygiids examined have medial projections
from the prootic bones which meet at the midline, and which join the
meningost (posterior) portion of the basisphenoid. The prootic projection

and the meningost form the roof of the posterior myodome. A similar
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condition is known in only two blenniid species, medial projections of
the prootic being absent altogether in all others (Springer, 1968).

The parietals typically meet in the midline in the blenniids,
whereas in the clinids and tripterygiids they are separated by the
supraoccipital. The opisthotic (intercalar of Springer) in the clinids
and tripterygiids is a loosely held plate on the ventral aspect of the
posterior neurocranium. In the blenniids the opisthotic is more firmly
sutured to the pterotic, prootic and exoccipital bones in that region.

"The other families of the Blenniicae, generally considered less
specialized than the Blenniidae, as well as many of the perciforms usually
considered more primitive, have moderately well developed premaxillary
ascending processes, teeth implanted on the bones of the jaws, no
specialized posterior canines and dentaries that are joined by an even
non-suturing joint" Springer (1968). The clinids and the tripterygiids
generally comply with the above except that the premaxillary ascending
processes are very well developed, in fact more so than those in the
Blenniidae. This factor gives the tripterygiids and the clinids a
potentially more protrusible jaw system than that of the blenniids.

Notoclinus compressus (Labrisominae) has peg-like teeth on the pre-

maxillaries and dentaries, unlike-the typical pointed teeth of other
clinids and tripterygiids. Villiform teeth are found on the palatines
and the prevomer in the latter two families, but are never present on the
palatines and only occasionally on the prevomer in the blenniids.

The suspensory elements of the blenniids appear to be more loosely
arranged than those of the other three families, there being less of an
integrated "shield" of elements protecting the gills and suspending the
lower jaw. Furthermore in the blenniids the hyomandibula and the
opercular series lie a considerable distance from the orbit (Springer,
1968) .

The New Zealand tripterygiids have an ossification on the
cartilagenous interorbital septum. The origin and/or homologies of
this bone is uncertain. The question that arises is whether this bone is
a modified (beryciform) orbitosphenoid, considered lost in Perciformes
(Greenwood et al., 1966), or whether it is a de novo ossification, the
septal bone, as described by Springer and Freihofer (in press) for

Pholidichthys. A description of its formation during larval development

is included here in an attempt to clarify the situation. The anterior
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chondrocranium of F. varium (Fig. 11, no's 1 & 2) has a small cartilagenous
interorbital septum which extends posteroventrally from the nasal septum
(upper portion) to make contact with the trabecular communis. Anteriorly
this septum, while making contact with the nasal septum is also continuous
with the taenia marginalié and the lamina orbitonasalis, the latter being
perforated by the foramen olfactorium advehens. The olfactory nerve emerges
from the anterior membranous case around the brain, via the-foramen
olfactorium evehens at the upper margin of the interorbital septum and
runs beside it, then through the foramen olfactorium advehens to the
olfactory organ. The bone in dispute forms around this interorbital
septum and complies essentially but not fully with De Beer's (1937) &
description that the orbitosphenoid "...ossifies as perichondral lamellae
on the interorbital septum and in the cartilage (preoptic root of the
orbital cartilage) surrounding the foramen olfactorium evehens. The
paired orbitosphenoids eventually fuse." In F. varium the bone does not
form around the foramen olfactorium evehens but just in front, a situation
that would only require a reduction in the amount of ossification of the
orbitosphenoid, especially as this nerve foramen perforates the posterior
margin of the orbitosphenoid normally. It appears that by definition the
bone forming on the interorbital septum in tripterygiids could be called
a modified orbitosphenoid. The bone, however, does not make contact
with the pterosphenoid, as is typical of lower teleosts (Harrington, 1955)
and the Beryciformes (Rosen, pers. comm.; Springer, pers. comm.), but
instead it is widely separated from it by the membranous connective
tissue supporting the brain. It does make contact, or at least closely
approaches, the anterior arms of the frontals which form around the
taenia marginalis, and in this complies with the situation in the
Beryciformes.

The bone on the interorbital septum occupies a position similar to
that of the rhinosphenoid of characids (Weitzman, 1962; Roberts, 1966,
1969) . The rhinosphenoid possibly represents an anterior fragmentation
of the orbitosphenoid (Daget, 1964; Patterson, 1975). If the bone in
F. varium is homologous to the rhinosphenoid then separation from the
pterosphenoid would be accounted for by the loss of the true orbitosphenoid
portion.

An argument against the presence of a true orbitosphenoid in

F. varium is the phylogenetic relationship between the Beryciformes
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and the Perciformes of the Acanthopterygii, where the Beryciformes differ
from the Perciformes by three main characteristicé one of which is the
possession of an orbitosphenoid (Greenwood et al., 1966). Rosen (pers.
comm.) concludes "...that there is a transformation series of the
character state orbitosphenoid which deséribes its gradual reduction

and loss," from the Beryciformes through to the Perciformes. Rosen (pers.
comm.) also comments on the relation of the bone to the olfactory nerves
in saying that "...an osteological novelty forming in the region of the
olfactory sacs and extending backward in the orbit...would be expected

to include these nerves." Furthermore the problem of homology is difficult
because if there is going to be an ossification of cartilage in the
interorbital region where else would it occur but in or around the
cartilagenous interorbital septum? (Springer, pers.comm.). The fact

that the rhinosphenoid of characids'(in combination with an orbitosphenoid)
is not present in any other family of fishes (Weitzman, 1962; Roberts,
1969) makes it unlikely that it is homologous with the bone in F. varium.
The latter is almost certainly not a modified beryciform orbitosphenoid
(above reasons) but appears to be an autogenous ossification, somewhat
analogous to the rhinosphenoid in that it forms from two centres of
ossification on a reduced anteriof septum (interorbital) of cartilage
(Bertmar, 1959). Its relative size, shape and position (with the
exception of the orbitosphenoid) approaches that of the rhinosphenoid in

the characid Acestrorhynchus (Roberts, 1969).

The bone which forms on the cartilagenous interorbital of F. varium
is here referred to as a septal bone (de novo ossification) as described
by Springer and Freihofer (in press) for a similar ossification in

Pholidichthys. Springer is at present using this information as evidence

of a possible relationship between the Pholidichthyidae and the
Tripterygiidae.

.

Vertebral column, unpaired and paired fins

The vertebral columns of the bleniids, clinids and tripterygiids
are similar, with no neural spine on the first vertebra, a low spine on
the second and a pronounced spine on the third. They all share the same ten-
dency "..for the parapophyses of the middle precaudal vertebrae to develop

wing-like processes that overlap and attach ligamentously to the next
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vertebra anteriorly" (Springer, 1968). The general pattern of epipleurals
and pleurals is also similar for the three families, excepting minor
variation between genera and species.

Gosline (1968) and Springer (1968) believe that the Acanthoclinidae
or Opisthognathidae are the most primitive members of the blennioid stock.

Springer uses the caudal fin of Acanthoclinus (from New Zealand material)

"...as a basis for interpretation of the blenniid caudal." The
tripterygiid and clinid caudal fin, like that of the blenniids, is more

specialized than that of Acanthoclinus, due to fusions or loss of some

elements. The most primitive blenniid caudal has two epurals, an
autogenous hypural five, a fused dorsal hypural plate and urostyle

an autogenous ventral hypural plate and nine branched caudal rays. Other
blenniids show variation on this one theme with fusion of the epurals

and loss in some of hypural five (Springer, 1968). Individuals of the
Clinidae and the Tripterygiidae also show variations that parallel those

found in the Blenniidae. Notoclinus compressus (Labrisominae) has one

epural (two have fused?) and a reduced hypural five. The ventral hypural
may possess a ventral, posteroventrally directed spur. What this spur
represents is uncertain. Helcogramma sp. and F. varium have two well
developed and separate epurals but hypural five is not present. Notoclinus,

Forsterygion and Helcogramma have branched and unbranched rays in their

caudal fin, typical of the families (and subfamilies) they belong to.

Ericentrus rubrus (Clininae) has two epurals and no hypural five. The

epurals in some specimens are partially fused resembling closely the most
specialized caudal type found within the Nemophidinae of the Blenniidae

(Springer, 1968). Ericentrus rubrus has no branched rays in the caudal

fin, another characteristic it shares with the Nemophidinae. The caudal

fin of adult blenniids, chaenopsids, tripterygiids and clinids is typically
rounded, although there are a few exceptions with notched and straight

caudals. The number of segmented caudal rays in the clinids and tripterygiids
falls within the range for blenniids of 10-15 (Stephens, 1963, 1970; Springer,
1968; Penrith, 1969; Bohlke and Robins, 1974).

The anal fins of the four families are similarly arranged, being long
continuous series of rays preceded by I-II spines. The first spine is attached
to its own pterygiophore (proximal) while the second is attached to the
proximal pterygiophore of the first anal ray. It is realized
that the pterygiophores in the blennioid dorsal and anal fins

constitute the distal, medial and proximal radials with the latter two
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fused (Springer and Freihofer, in press; Springer, pers. comm.). However,
the terminology proximal pterygiophore (= medial + proximal radials) and
distal pterygiophore (= distal radial) is used here, when comparing
blennioid families, in keeping with that used by Springer (1968). In the
tripterygiids, as in some blenniids (Springer, 1968), the terminal
proximal anal pterygiophore supports two rays, and the posterior of the two
rays is usually small and slender. This is not the case in Erubrus and

N. compressus where there is no reduced extra ray on the terminal proximal

pterygiophore. They do, however, lack the terminal paired distal anal
pterygiophore and also the terminal paired distal dorsal pterygiophore.

The absence of the distal pterygiophores and a single terminal ray present,
is the more typical condition in the blenniids (Springer, 1968).

The dorsal fin exhibits a wide range of variation in the four
families. There is a spinous portion followed by a rayed portion. The
relative number of spines and rays in each portion is variable and the
spinous portion is frequently subdivided into two parts (tripterygiids
in particular). There are no gaps in the dorsal fins of either the
blenniids or the chaenopsids that would indicate the loss of either a ray
or spine (Stephens, 1963, 1970; §pringer, 1968). The terminal spine in
the blenniids may be reduced and the fin notched at this point to give a
divided appearance to the dorsal fin. Furthermore different lengths of
the spines and rays may add to the divided appearance of the dorsal fin,
extreme examples of this being illustrated by the male chaenopsid Emblemaria

diphyodontus (Stephens and Cervigon n.sp) (Stephens, 1970) and the

blenniid Omobranchus aurcsplendidus (Richardson, 1846) (Springer and

Gomon, 1975). The dorsal fin in the clinids, especially the Clininae,
may also form a continuous series with the spines typically twice as

numerous as the rays (Penrith, 1969). In Ericentrus rubrus there are

no gaps and only cne ray. This ray attaches to the proximal pterygiophore
of the preceding spine (last in the spine series). 1In some clinids of

the Clininae and frequently in the Labrisominae the first three or four
spines maybe separated from the rest by a gap which has been formed by

the loss of one or two spines (Hubbs, 1952; Penrith, 1969; Rosenblatt

and Parr, 1969; Stephens and Springer, 1973). Notoclinus compressus

(Labrisominae) has lost one or two terminal dorsal spines which are
represented by one or two reduced proximal pterygiophores. The first

dorsal portion of N. compressus is composed of four spines. There is a
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large gap between the fourth and fifth spines suggesting the loss of at
least two spines and their pterygiophores. There is also a gap between
the third and fourth spine (within the first dorsal fin) which may
indicate the loss of at least one spine and its pterygiophore. A similar
and more extreme situation exists in the "clinid" Haptoclinus apectolophus

(Bohlke and Robins, 1974).

The tripterygiids tyﬁically have three well defined dorsal fins,
two anterior ones of spines only and a third of rays. Typically the
divided dorsal fin is formed by the loss of spines and pterygiophoxres from
between the first, second and sometimes third fins. The number of vertebrae
between the second and third dorsal fin of the Helcogramma sp. suggests the

loss of two pterygiophores and spines. In F. varium and F. capito, however,

no such loss is apparent, except that there is no terminal spine on the
proximal pterygiophore of the first ray as occurs in the blenniids (Springer,
1968) . The spines in the first dorsal fin number less than those in the
second and the total spine count always exceeds the ray count.

In the blenniids the coracoid is reduced and fused (synostosis)
with the cleithrum (Springer, 1968). 1In the tripterygiids no fusion has
occurred and the coracoid is well developed. The scapula is reduced in the
blenniids (Springer) and does not support the upper pectoral rays, whereas
in the tripterygiids the scapula is elongate and its distal end lies level
with the distal margins of the radials and characteristically supports the

upper pectoral rays (Gosline, 1968). Notoclinus compressus has a pectoral

condition similar to that in the tripterygiids. This situation, coupled
with the three part dorsal fin (lost spines), castes some doubt about

whether or not N. compressus belongs to the Labrisominae,suggesting

instead a possible affinity with the tripterygiids. A much more detailed
study is necessary, however, before any conclusions about such a

relationship can be made. Ericentrus rubrus, however, falls intermediate

between the blenniid and tripterygiid condition. The scapula, although not
as reduced as that in the Blenniidae, does not extend to the outer edge of
the radials and therefore does not support any upper pectoral rays. A

similar situation exists in the "clinid" Haptoclinus apectolophus (Bohlke

and Robins, 1974). The coracoid in E. rubrus is not as reduced as that in
the blenniids but it is similar in being partially fused to the cleithzum.

Ericentrus rubrus has the anterior "hook" on the cleithrum, typical of the

Clininae but not of the Labrisominae although Springer (1958) notes the
presence of the cleithral hook in some specimens of some species of

Malacoctenus (Labrisominae). The clinids, blenniids and chaenopsids have




57.

simple rays in the pectoral fin. In the tripterygiids the uppermost rays

are characteristically branched. The dorsal pectoral ray of N. compressus,

which is supported by the scapula, is very reduced and visible only in
stained specimens.

The clinids (Clininae and Labrisominae), chaenopsids and the
tripterygiids have a radial formula of 2-1-1 which conforms with the
generalized perciform condition of 2-1-1 (Regan, 1913). Springer (1968)
suggests that most of the less specialized perciforms have a radial formula
of 3-1-0 or 2-1-1 and therefore all chaenopsids, clinids and tripterygiids
having a formula of 2-1-1 are less specialized than the blenniids (with
2-1-1, 2-0-2 or 1-0-3). Springer suggests that 2-1-1 is the most primitive
for blenniids, 2-0-2 is the most common and 1-0-3 is the most specialized
where the radials have "dropped" from the scapula onto the coracoids.

The pelvic fins lie forward of the pectorals in the four families.
The pelvic rays of the blenniids, chaenopsids and tripterygiids pass
posterolaterally and act as simple struts on which the animal may rest.
The range of movement of the rays is limited. 1In the clinids, however,
the pelvics curve laterally from the body (Hubbs, 1952; Penrith, 1969;
Rosenblatt and Parr, 1969) and are capable of a wide range of movements
that allows a "walking" type of motion along the bottom. This greater
movement is possible in the clinids (E. rubrus) because the pelvic rays
and spine are less firmly fixed to the pelvic girdle than in the other
three families where association is via a "ball and socket" type of joint.

"Nearly all tripterygiids are described as having I,2 (pelvic fin
rays) yet individuals of the West Atlantic species....have reduced third

rays present” (Bohlke and Robins, 1974). Forsterygion varium has I,2

whereas Helcogramma has I,3 with the third very reduced as described by
Bohlke and Robins (1974). All chaenopsids have I,3 pelvic fin elements
(stephens, 1963, 1970). Bohlke and Robins (1974) suggest that although
clinids are described as having I,2 or I,3 pelvic fin rays, "re-examination
of several species always recorded as having I,2 showed otherwise."

Ericentrus rubrus very definitely has a I,2 ratio whereas N. compressus has

I,3 pelvic-fin rays, with the third ray very reduced. Calliclinus
(Labrisominae) has I,4 pelvic fin rays (Stephens and Springer, 1973).
In the blenniids there is a range of I,2 to I,4 (Springer, 1968).

It is generally accepted that the blenniids are more specialized
than the chaenopsids, clinids and tripterygiids (Hubbs, 1952; Springer,
1968; Penrith, 1969). The tripterygiids and clinids are a mozaic of both
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"primitive"” and "advanced" features and according to Penrith (1969) it is
difficult to say with any certainty which group is collectively more
advanced than the other. The clinids possess several characteristics
which are almost as specialized as those found in the blenniids. For
example clinids have unbranched pectoral and caudal rays, partially

fused coracoid and cleithrum (E. rubrus), covered laterosensory canals,
reduced scales (Clininae) and a scapula which typically does not support
the uppermost pectoral rays. The tripterygiids also show some
specialized features such as loss of spines from the dorsal fin, reduced
pelvics (I,2 or I,3) compared with I,5 of the less specialized perciforms,
and a depressed body. The tripterygiids and clinids share generalized
features such as villiform teeth on jaws, vomer and palatines, no canines
a typically perciform jaw apparatus and scales. However, "Aside from
their specializations it would seem that the Tripterygiidae does show
more unspecialized characters (branched pectoral-fin rays, ctenoid scales,
scapula supporting pectoral-fin ray, sensory canal tube bones unrcofed

by bones etc.) than do the Clinidae" (Springer, pers. comm.) . The
chaenopsids on external features alone (Stephens, 1963, 1970; Penrith,
1969) share characteristics in common with both the blenniids and the
clinids. Lack of information on éhaenopsid osteology prevents further

qualification of this point.

The larval skeleton (Figs 8,9, & 10)

The cartilaginous skeleton: At hatching (5.85 mm s.l.) the anterior

cartilaginous skeleton is present including the chondrocranium, jaws,
hyoid arch and branchiocranium. The cartilaginous elements of the
vertebral column and fins are laid down during later stages. The
cartilaginous skeleton of the 16.5 mm larva has all the basic structures
and is described here in detail. The cartilage is overlain with bone

but continues to grow during later development.

Chondrocranium: The complete chondrocranium is broad posteriorly

narrowing gradually anteriorly. The posterior dorso- and ventrolateral
walls are formed by the otic capsules: regions of solid cartilage

surrounding the auditory canals. The medial intrusions enclose the canals
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but not the sacculus or utriculus. Anteromedially the walls of the otic
capsules are contoured to fit around the mesencephalon and myelencephalon.
The elongate head of the hyosymplectic fits into a ventral groove under
the horizontal semicircular canal. The anterior part of this groove

forms a distinct fossa which receives the forward condyle of the
hyosymplectic head. Medial to the fossa is a broad bridge overlying the
long depression leading into the foramina for nerves V and VII. The
contours on the otic capsule correspond to similar relief on the otic
bones present in the adult. The floor between the otic capsules is

broad, even, divided posteriorly by the notochord and perforated anteriorly
by the hypophysial foramen. This foramen is obscured at 16.5 mm by the
parasphenoid plate. The lateral arms of the trabecula cranii border the
hypophysial foramen to join anteriorly as the trabecula communis, which
continues forward as a narrow bar beneath the orbit and expands anteriorly
as the ethmoid plate. The tectum synoticum forms the thin posterior roof
of the chondrocranium between the otic capsules. The tectum cranii (roof
above orbit) is represented by a narrow transverse epiphysial bar with

a posterior, medial, poorly defined plate (taenia tecti medialis) which
extends back toward the tectum synoticum. A similar plate (taenia tecti
medialis anterior) passes forward to divide the epiphysial fenestra and
broadening anteriorly to join the taenia marginalis laterally and the nasal
septum anteriorly. These two medial plates arch gently over the mesencephalon
and telencephalon. The nasal septum plunges obliquely to join the broad
ethmoid plate, and consists of a solid sagittal ridge joined to the lamina
orbitonasalis by a thin concave membranous cartilage. This shallow
concavity (nasal fossa) continues ventrally with the dorsal surface of the
ethmoid plate and accommodates the olfactory tube and organ. Olfactory
nerves and blood vessels pass through a small foramen perforating the
ventral end of the nasal fossa. The lamina orbitonasalis is anteriorly a
well defined pillar extending laterally and ventrally beyond the lateral
margins of the ethmoid plate. From here it rises postero-doxsolaterally
around the curvature of the orbit as the taenia marginalis to join the
epiphysial bar and finally meet the anterodorsolateral corner of each otic
capsule. The brain is held in place by membranous connective tissue which
lines the inner oxbit and the area between the taenia marginalis. Between
the maxillary bone and the anterolateral, scalloped face of the ethmoid

plate is a small cylindrical rod. This is the preethmoid cartilage which
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acts as a lubricating surface between the maxillary and vomer. The
posterior wall of the chondrocranium is formed by the externally grooved
occipital arches which merge laterally and ventrally with the otic
capsules. Each arch is perforated by a foramen for nerve X, and joined
dorsally with its opposite by the tectum posteriorus. The lateral
commissure of the prootic basses transversely as a rod of cartilage behind
the orbit. The interorbital septum is small and is joined to the nasal

septum.

Suspensorium and hyoid arch: The hyosymplectic is broad dorsally and

tapers anteroventrally to meet the posteroventral margin of the quadrate.
The medial and lateral surfaces are smooth and perforated to carry the
hyomandibular nerve. The dorsal head articulates with the ventral
lateral surface of the otic capsule. The palatopterygoquadrate forms
the ventral curvature of the orbit. The fan-shaped quadrate leads into
the long pterygoid and palatine shaft on its anterodorsal corner while
the concave medial surface of the palatine meets the lateral margin of
the ethmoid plate. An elongate drop-shaped 'labial' cartilage surrounds
the two posterodorsal premaxillary processes acting as a sliding surface
between the premaxillaries and the nasal septum. The ventral condyle

of the quadrate fits firmly into a posterior dorsal socket on meckel's
cartilage, from which a pronounced coronoid process rises anterodorsally.
The main bar of meckel's cartilage curves medially to meet its neighbour
at the mid-line.

The hyoid arch is complete. The ceratohyal is long, broad in the
middle and tapered either end. Antero-ventromedially the ceratohyal meets
the hypohyal which is a blunt anteriorly tapered cartilage with a curved
posterolateral and a medial spur. The latter tucks beneath the anterior
basibranchial. The basihyal is a single elongate rod overlapping the
anterior tip of the first copula which is an elongate medial rod ossified
later in three parts. The second copula is a small disc of cartilage
sitting on the end of the first. It does not ossify later. The remaining
elements of the branchiocranium are present as solid cartilages

resembling the tubular portions of those in the adult.
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Vertebral column, girdles and fins: Each pelvis is concave medially,

convex laterally and tapered posteriorly. The blunt anterior end meets
its neighbour medially and the two lie wedged between the cleithra. The
coracoid and scapula are continuous forming a narrow inverted T-shaped
plate. Four rectangular rgdials border the curved posterior margin of the
scapula. The notochord is a cellular tube surrounded by a thickened
sheath and is constricted slightly between centra. Each bony centrum is
clasped on its anterior dorsolateral and ventrolateral surfaces by

broad arch bases (basidorsals and basiventrals). These are directed
posterodorsally and posteroventrally to semi-enclose the spinal cord and
blood vessels respectively. The supradorsal and infrahaemal cartilages
(spines) are laterally compressed and slightly wider than their respective
arch bases. The cartilagenous arch bases and spines are joined only by
ossified sections of the arches, although in 16.5 mm larvae they are
close together and appear joined. The last vertebrae are without arch
bases, although their associated spines are well developed. The first

17 centra bear tiny arch bases at points where later parapophyses arise.
The neural spines (supradorsal cartilages) of the first 11 centra are
absent although their arch bases are present. The arches of these centra
remain unjoined through to the late prejuvenile stage. It is apparent
that the cartilagenous precursors of bony axial elements are Fformed just
prior to the onset of ossification. The centra of the ver